

    
      
          
            
  
Chempy

This package is a flexible elemental abundance fitting tool for stellar abundances.
It takes nucleosynthetic yield tables from literature, integrates them over the IMF for simple stellar (SSP) populations
and uses successive SSPs to integrate the chemical evolution of an open-box one-zone inter stellar medium (ISM) over time.


Package main content

This package is mostly organized around:


	Chempy.wrapper.SSP_wrap that handles the SSP enrichment.


	Chempy.wrapper.Chempy() that handles the time-integration.




Additionally, and for convenience


	Chempy.wrapper.mcmc() can be used to infer most likely parameters.




To get started with using Chempy it is strongly recommended to browse through the extensive tutorial [https://github.com/jan-rybizki/Chempy/tree/master/tutorials].
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Installation


	Using pip:




pip install git+https://github.com/jan-rybizki/Chempy.git






	Manually:




git clone https://github.com/jan-rybizki/Chempy
cd Chempy
python setup.py intall








Quick Start

Look into the very extensive jupyter tutorial [https://github.com/jan-rybizki/Chempy/tree/master/tutorials]. Here is a short preview:

# Loading the default parameters
from Chempy.parameter import ModelParameters
a = ModelParameters()

# Evaluating the Chempy posterior at the maximum prior parameters
from Chempy.cem_function import cem
a.testing_output = True
a.summary_pdf = True
a.observational_constraints_index = ['gas_reservoir','sn_ratio','sol_norm']
posterior, blobs = cem(a.p0,a)
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Chempy package


Submodules



Chempy.cem_function module


	
Chempy.cem_function.cem(changing_parameter, a)[source]

	This is the function calculating the chemical evolution for a specific parameter set (changing_parameter) and for a specific observational constraint specified in a (e.g. ‘solar_norm’ calculates the likelihood of solar abundances coming out of the model). It returns the posterior and a list of blobs. It can be used by an MCMC.
This function actually encapsulates the real cem function in order to capture exceptions and in that case return -inf. This makes the MCMC runs much more stable

INPUT:


changing_parameter = parameter values of the free parameters as an array

a = model parameters specified in parameter.py. There are also the names of free parameters specified here




OUTPUT:


log posterior, array of blobs

the blobs contain the prior values, the likelihoods and the actual values of each predicted data point (e.g. elemental abundance value)









	
Chempy.cem_function.cem2(a)[source]

	This is the function calculating the chemical evolution for a specific parameter set (changing_parameter) and for a specific observational constraint specified in a (e.g. ‘solar_norm’ calculates the likelihood of solar abundances coming out of the model). It returns the posterior and a list of blobs. It can be used by an MCMC.
This function actually encapsulates the real cem function in order to capture exceptions and in that case return -inf. This makes the MCMC runs much more stable

INPUT:


a = model parameters specified in parameter.py and alteres by posterior_function




OUTPUT:


predictions, name_of_prediction

the predicted element abundances for the time of the birth of the star (specified in a) are given back, as well as the corona metallicity at that time and the SN-ratio at that time.









	
Chempy.cem_function.cem_real(changing_parameter, a)[source]

	real chempy function. description can be found in cem






	
Chempy.cem_function.cem_real2(a)[source]

	real chempy function. description can be found in cem2






	
Chempy.cem_function.extract_parameters_and_priors(changing_parameter, a)[source]

	This function extracts the parameters from changing parameters and writes them into the ModelParamaters (a), so that Chempy can evaluate the changed parameter settings






	
Chempy.cem_function.gaussian(x, x0, xsig)[source]

	function to calculate the gaussian probability (its normed to Pmax and given in log)

INPUT:


x = where is the data point or parameter value

x0 = mu

xsig = sigma









	
Chempy.cem_function.gaussian_log(x, x0, xsig)[source]

	function to calculate the gaussian probability (its normed to Pmax and given in log)

INPUT:


x = where is the data point or parameter value

x0 = mu

xsig = sigma









	
Chempy.cem_function.get_prior(changing_parameter, a)[source]

	This function calculates the prior probability

INPUT:


changing_parameter = the values of the parameter vector

a = the model parameters including the names of the parameters (which is needed to identify them with the prescribed priors in parameters.py)




OUTPUT:


the log prior is returned









	
Chempy.cem_function.global_optimization(changing_parameter, result)[source]

	This function is a buffer function if global_optimization_real fails and it only returns the negative posterior






	
Chempy.cem_function.global_optimization_error_returned(changing_parameter, result)[source]

	this is a buffer function preventing failures from global_optimization_real and returning all its output including the best model error






	
Chempy.cem_function.global_optimization_real(changing_parameter, result)[source]

	This function calculates the predictions from several Chempy zones in parallel. It also calculates the likelihood for common model errors
BEWARE: Model parameters are called as saved in parameters.py!!!

INPUT:


changing_parameter = the global SSP parameters (parameters that all stars share)

result = the complete parameter set is handed over as an array of shape(len(stars),len(all parameters)). From those the local ISM parameters are taken




OUTPUT:


-posterior = negative log posterior for all stellar zones

error_list = the optimal standard deviation of the model error

elements = the corresponding element symbols









	
Chempy.cem_function.lognorm(x, mu, factor)[source]

	this function provides Prior probability distribution where the factor away from the mean behaves like the sigma deviation in normal_log 
BEWARE: this function is not a properly normalized probability distribution. It only provides relative values.

INPUT:


x = where to evaluate the function, can be an array

mu = peak of the distribution

factor = the factor at which the probability decreases to 1 sigma




Can be used to specify the prior on the yield factors






	
Chempy.cem_function.lognorm_log(x, mu, factor)[source]

	this function provides Prior probability distribution where the factor away from the mean behaves like the sigma deviation in normal_log

for example if mu = 1 and factor = 2

for     1 it returns 0

for 0,5 and 2 it returns -0.5

for 0.25 and 4 it returns -2.0

and so forth

Can be used to specify the prior on the yield factors






	
Chempy.cem_function.posterior_function(changing_parameter, a)[source]

	The posterior function is the interface between the optimizing function and Chempy. Usually the likelihood will be calculated with respect to a so called ‘stellar wildcard’.
Wildcards can be created according to the tutorial 6. A few wildcards are already stored in the input folder. Chempy will try the current folder first. If no wildcard npy file with the name a.stellar_identifier is found it will look into the Chempy/input/stars folder.

INPUT:


changing_parameter = parameter values of the free parameters as an array

a = model parameters specified in parameter.py. There are also the names of free parameters specified here




OUTPUT:


log posterior, array of blobs

the blobs contain the likelihoods and the actual values of each predicted data point (e.g. elemental abundance value)









	
Chempy.cem_function.posterior_function_for_minimization(changing_parameter, a)[source]

	calls the posterior function but just returns the negative log posterior instead of posterior and blobs






	
Chempy.cem_function.posterior_function_local(changing_parameter, stellar_identifier, global_parameters, errors, elements)[source]

	The posterior function is the interface between the optimizing function and Chempy. Usually the likelihood will be calculated with respect to a so called ‘stellar wildcard’.
Wildcards can be created according to the tutorial 6 from the github page. A few wildcards are already stored in the input folder. Chempy will try the current folder first. If no wildcard npy file with the name a.stellar_identifier is found it will look into the Chempy/input/stars folder.

INPUT:


changing_parameter = parameter values of the free parameters as an array

a = model parameters specified in parameter.py. There are also the names of free parameters specified here

global_parameters = the SSP Parameters which are fixed for this optimization but need to be handed over to Chempy anyway

errors = the model error for each element

elements = the corresponding names of the elements




OUTPUT:


log posterior, array of blobs

the blobs contain the actual values of each predicted data point (e.g. elemental abundance value)









	
Chempy.cem_function.posterior_function_local_for_minimization(changing_parameter, stellar_identifier, global_parameters, errors, elements)[source]

	calls the local posterior function but just returns the negative log posterior instead of posterior and blobs






	
Chempy.cem_function.posterior_function_local_real(changing_parameter, stellar_identifier, global_parameters, errors, elements)[source]

	This is the actual posterior function. But the functionality is explained in posterior_function.






	
Chempy.cem_function.posterior_function_many_stars(changing_parameter, error_list, elements)[source]

	The posterior function is the interface between the optimizing function and Chempy. Usually the likelihood will be calculated with respect to a so called ‘stellar wildcard’.
Wildcards can be created according to the tutorial 6. A few wildcards are already stored in the input folder. Chempy will try the current folder first. If no wildcard npy file with the name a.stellar_identifier is found it will look into the Chempy/input/stars folder.
The posterior function for many stars evaluates many Chempy instances for different stars and adds up their common likelihood. The list of stars is given in parameter.py under stellar_identifier_list.
The names in the list must be represented by wildcards in the same folder.

INPUT:


changing_parameter = parameter values of the free parameters as an array

error_list = the model error list for each element

elements = the corresponding element symbols




OUTPUT:


log posterior, array of blobs

the blobs contain the likelihoods and the actual values of each predicted data point (e.g. elemental abundance value)









	
Chempy.cem_function.posterior_function_many_stars_real(changing_parameter, error_list, error_element_list)[source]

	This is the actual posterior function for many stars. But the functionality is explained in posterior_function_many_stars.






	
Chempy.cem_function.posterior_function_predictions(changing_parameter, a)[source]

	This is like posterior_function_real. But returning the predicted elements as well.






	
Chempy.cem_function.posterior_function_real(changing_parameter, a)[source]

	This is the actual posterior function. But the functionality is explained in posterior_function.






	
Chempy.cem_function.posterior_function_returning_predictions(args)[source]

	calls the posterior function but just returns the negative log posterior instead of posterior and blobs






	
Chempy.cem_function.shorten_sfr(a)[source]

	This function crops the SFR to the length of the age of the star and ensures that enough stars are formed at the stellar birth epoch

INPUT:


a = Modelparameters




OUTPUT:


the function will update the modelparameters, such that the simulation will end when the star is born and it will also check whether there is enough sfr left at that epoch










Chempy.data_to_test module


	
Chempy.data_to_test.arcturus(summary_pdf, name_string, abundances, cube, elements_to_trace, element_names, sol_table, number_of_models_overplotted, arcturus_age, produce_mock_data, use_mock_data, error_inflation)[source]

	This is a likelihood function for the arcturus abundances compared to the model ISM abundances from some time ago (the age of arcturus which needs to be specified). The abundances are taken from Ramirez+ 2011 and all elements except for Fe are given in [X/Fe]

INPUT:


summary_pdf = boolean, should a pdf be created?

name_string = string to be added in the saved file name

abundances = abundances of the IMS (can be calculated from cube)

cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

elements_to_trace = Which elements should be used for the analysis

sol_table = solar abundance class

number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

produce_mock_data = should the predictions be saved with an error added to them (default = False)

use_mock_data = instead of the real data use the formerly produced mock data (default = False)

error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)




OUTPUT:


probabilities = each elements likelihood in a list

model_abundances = each elements model prediction as a list

elements_list = the names of the elements in a list









	
Chempy.data_to_test.cosmic_abundance_standard(summary_pdf, name_string, abundances, cube, elements_to_trace, solar, number_of_models_overplotted, produce_mock_data, use_mock_data, error_inflation)[source]

	This is a likelihood function for the B-stars (a proxy for the present-day ISM) with data from nieva przybilla 2012 cosmic abundance standard paper.

INPUT:


summary_pdf = boolean, should a pdf be created?

name_string = string to be added in the saved file name

abundances = abundances of the IMS (can be calculated from cube)

cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

elements_to_trace = Which elements should be used for the analysis

solar = solar abundance class

number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

produce_mock_data = should the predictions be saved with an error added to them (default=False)

use_mock_data = instead of the real data use the formerly produced mock data (default = False)

error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)




OUTPUT:


probabilities = each elements likelihood in a list

model_abundances = each elements model prediction as a list

elements_list = the names of the elements in a list









	
Chempy.data_to_test.elements_plot(name_string, agb, sn2, sn1a, elements_to_trace, all_elements, max_entry)[source]

	This function plots the available elements for specific yield sets.

INPUT:


name_string = a string that will be added to the file name

agb = agb yield class

sn2 = sn2 yield class

sn1a = sn1a yield class

elements_to_trace = which elements do we want to follow (a list)

all_elements = Symbols of all elements (available in the solar abundances class)

max_entry = until which element number the figure should be plotted




OUTPUT:


a figure in the current directory









	
Chempy.data_to_test.fractional_yield_comparison_plot(yield_name1, yield_name2, yield_class, yield_class2, solar_class, element)[source]

	a function to plot a comparison between the fractional yield of two yield sets. The fractional yield is the mass fraction of the star that is expelled as the specific element. Depending on the yield class it will be net or total yield.

INPUT


yield_name1 = Name of the first yield class

yield_name2 = Name of the second yield class

yield_class = a Chempy yield class (e.g ‘Nomoto2013’ from SN2_Feedback, see tutorial)

yield_class2 = a Chempy yield class (e.g ‘Nomoto2013’ from SN2_Feedback, see tutorial)

solar_class = a Chempy solar class (needed for normalisation)

element = the element for which to plot the yield table




OUTPUT


the figure will be saved into the current directory









	
Chempy.data_to_test.gas_reservoir_metallicity(summary_pdf, name_string, abundances, cube, elements_to_trace, gas_reservoir, number_of_models_overplotted, produce_mock_data, use_mock_data, error_inflation, solZ)[source]

	This is a likelihood function for the present-day metallicity of the corona gas. Data is taken from the Smith cloud

INPUT:


summary_pdf = boolean, should a pdf be created?

name_string = string to be added in the saved file name

abundances = abundances of the IMS (can be calculated from cube)

cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

elements_to_trace = Which elements should be used for the analysis

gas_reservoir = the gas_reservoir class containing the gas_reservoir evolution

number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

produce_mock_data = should the predictions be saved with an error added to them (default=False)

use_mock_data = instead of the real data use the formerly produced mock data (default = False)

error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)

solZ = solar metallicity




OUTPUT:


probabilities = each elements likelihood in a list

model_abundances = each elements model prediction as a list

elements_list = the names of the elements in a list









	
Chempy.data_to_test.gaussian(x, x0, xsig)[source]

	function to calculate the gaussian probability

INPUT:


x = where is the data point or parameter value

x0 = mu

xsig = sigma









	
Chempy.data_to_test.likelihood_evaluation(model_error, star_error_list, abundance_list, star_abundance_list)[source]

	This function evaluates the Gaussian for the prediction/observation comparison and returns the resulting log likelihood. The model error and the observed error are added quadratically

INPUT:


model_error = the error coming from the models side

star_error_list = the error coming from the observations

abundance_list = the predictions

star_abundance_list = the observations




OUTPUT:


likelihood = the summed log likelihood









	
Chempy.data_to_test.likelihood_function(stellar_identifier, list_of_abundances, elements_to_trace, **keyword_parameters)[source]

	This function calculates analytically an optimal model error and the resulting likelihood from the comparison of predictions and observations

INPUT:


list_of_abundances = a list of the abundances coming from Chempy

elements_to_trace = a list of the elemental symbols




OUTPUT:


likelihood = the added log likelihood

element_list = the elements that were in common between the predictions and the observations, has the same sequence as the following arrays

model_error = the analytic optimal model error

star_error_list = the observed error

abundance_list = the predictions

star_abundance_list = the observations









	
Chempy.data_to_test.mock_abundances(a, nsample, abundances, elements_to_sample, element_error='solar', tracer='red_clump', random_seed=None)[source]

	This function provides a convenient wrapper for the SampleStars() function.
1) Loads selection function and interpolates to time steps of Chempy run.
2) Compiles and formats abundances and errors for each element
3) Passes abundances, errors, selection function, and SFR to SampleStars()

INPUT


a: The Model Parameters used for the Chempy run.

nsample: Number of stars that should be realized

abundances: Abundance output from Chempy()

elements_to_sample: List of strings corresponding to element symbols that you’d like to sample


	element_error: Observational error to provide scatter to sample.

	-‘solar’: for observational errors of solar abundances
-float: uniform observational error accross all abundances
-np.ndarray: array of observational errors for each element (must be same length as elements_to_sample)
-dict: Of the form {<element symbol>: <observaational error for element>}





tracer: Stellar tracer to sample. Looks for age distribution in inputs/selection/<tracer>.npz




OUTPUT


	sampled_abundances: Dictionary with an array of nsample abundances for each key in elements_to_sample.

	All abundances are given as [X/Fe] except for iron, which is given as [Fe/H]
i.e. [Al/Fe] for star0 is sampled_abundances[‘Al’][0]


[Fe/H] for star0 is sampled_abundances[‘Fe’][0]




Also includes abundance error for each star under the element key + ‘_err’
i.e. sigma[Fe/H] for star0 is sampled_abundances[‘Fe_err’][0]










	
Chempy.data_to_test.plot_abundance_wildcard(stellar_identifier, wildcard, abundance_list, element_list, probabilities, time_model)[source]

	this function plots the abundances of a stellar wildcard and the abundances of a chempy model together with the resulting likelihood values

INPUT:


stellar_identifier = str, name of the Star

wildcard = the wildcard recarray

abundance_list = the abundance list from the model

element_list = the corresponding element symbols

probabilities = the corresponding single likelihoods as a list

time_model = the time of the chempy model which is compared to the stellar abundance (age of the star form the wildcard)




OUTPUT:


This saves a png plot to the current directory









	
Chempy.data_to_test.plot_processes(summary_pdf, name_string, sn2_cube, sn1a_cube, agb_cube, elements, cube1, number_of_models_overplotted)[source]

	This is a plotting routine showing the different nucleosynthetic contributions to the individual elements.

INPUT:


summary_pdf = boolean, should a pdf be created?

name_string = string to be added in the saved file name

sn2_cube = the sn2_feeback class

sn1a_cube = the sn1a_feeback class

agb_cube = the agb feedback class

elements = which elements should be plotted

cube1 = the ISM mass fractions per element (A Chempy class containing the model evolution)

number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once




OUTPUT:


A plotfile in the current directory









	
Chempy.data_to_test.produce_wildcard_stellar_abundances(stellar_identifier, age_of_star, sigma_age, element_symbols, element_abundances, element_errors)[source]

	This produces a structured array that can be used by the Chempy wildcard likelihood function.

INPUT:


stellar_identifier = name of the files

age_of_star = age of star in Gyr

sigma_age = the gaussian error of the age (so far not implemented in the likelihood function)

element_symbols = a list of the element symbols

element_abundances = the corresponding abundances in [X/Fe] except for Fe where it is [Fe/H]

element_errors = the corresponding gaussian errors of the abundances




OUTPUT:


it will produce a .npy file in the current directory with stellar_identifier as its name.









	
Chempy.data_to_test.ratio_function(summary_pdf, name_string, abundances, cube, elements_to_trace, gas_reservoir, number_of_models_overplotted, produce_mock_data, use_mock_data, error_inflation)[source]

	This is a likelihood function for the present-day SN-ratio. Data is approximated from Manucci+2005.

INPUT:


summary_pdf = boolean, should a pdf be created?

name_string = string to be added in the saved file name

abundances = abundances of the IMS (can be calculated from cube)

cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

elements_to_trace = Which elements should be used for the analysis

gas_reservoir = the gas_reservoir class containing the gas_reservoir evolution

number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

produce_mock_data = should the predictions be saved with an error added to them (default=False)

use_mock_data = instead of the real data use the formerly produced mock data (default = False)

error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)




OUTPUT:


probabilities = each elements likelihood in a list

model_abundances = each elements model prediction as a list

elements_list = the names of the elements in a list









	
Chempy.data_to_test.read_out_wildcard(stellar_identifier, list_of_abundances, elements_to_trace)[source]

	This function calculates analytically an optimal model error and the resulting likelihood from the comparison of predictions and observations

INPUT:


list_of_abundances = a list of the abundances coming from Chempy

elements_to_trace = a list of the elemental symbols




OUTPUT:


likelihood = the added log likelihood

element_list = the elements that were in common between the predictions and the observations, has the same sequence as the following arrays

model_error = the analytic optimal model error

star_error_list = the observed error

abundance_list = the predictions

star_abundance_list = the observations









	
Chempy.data_to_test.sample_stars(weight, selection, element1, element2, error1, error2, nsample)[source]

	This function samples stars along a chemical evolution track properly taking into account the SFR and the selection function of the stellar population (e.g. red-clump stars). It can be used to produce mock observations which can be compared to survey data.

INPUT


weight: The SFR of the model

selection: The age-distribution of a stellar population (e.g. red-clump stars). The time intervals need to be the same as for ‘weight’.

element1 = the values of one element for the ISM of the model (same time-intervals as SFR)

element2 = the values of the other element for the ISM

error1 = the measurement error of that element

error2 = measurement error

nsample = number of stars that should be realized









	
Chempy.data_to_test.sample_stars_all_elements(weight, selection, elements, errors, nsample, random_seed=None)[source]

	This function samples stars along a chemical evolution track properly taking into account the SFR and the selection function of the stellar population (e.g. red-clump stars). It can be used to produce mock observations which can be compared to survey data.

This is an updated version of sample_stars() and can return mock observations with abundances for as many elements as are tracked

INPUT


weight: The SFR of the model

selection: The age-distribution of a stellar population (e.g. red-clump stars). The time intervals need to be the same as for ‘weight’.

elements = the ISM abundance of all tracked elements of the model (same time-intervals as SFR)

errors = the measurement error of each element

nsample = number of stars that should be realized









	
Chempy.data_to_test.save_abundances(summary_pdf, name_string, abundances)[source]

	a function that saves the abundances in the current directory

INPUT:


summary_pdf = boolean should the abundances be saved?

name_string = name for the saved file

abundances = the abundance instance derived from the cube_class




OUTPUT:


Saves the abundances as a npy file









	
Chempy.data_to_test.sol_norm(summary_pdf, name_string, abundances, cube, elements_to_trace, element_names, sol_table, number_of_models_overplotted, produce_mock_data, use_mock_data, error_inflation)[source]

	This is a likelihood function for solar abundances compared to the model ISM abundances from 4.5Gyr ago.

INPUT:


summary_pdf = boolean, should a pdf be created?

name_string = string to be added in the saved file name

abundances = abundances of the IMS (can be calculated from cube)

cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

elements_to_trace = which elements are tracked by Chempy

element_names = which elements should be used for the likelihood

sol_table = solar abundance class

number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

produce_mock_data = should the predictions be saved with an error added to them (default=False)

use_mock_data = instead of the real data use the formerly produced mock data (default = False)

error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)




OUTPUT:


probabilities = each elements likelihood in a list

model_abundances = each elements model prediction as a list

elements_list = the names of the elements in a list









	
Chempy.data_to_test.star_function(summary_pdf, name_string, abundances, cube, elements_to_trace, gas_reservoir, number_of_models_overplotted)[source]

	!!! Should only be used for plotting purposes

A likelihood function for the stellar surface mass density. It is not updated. Should only be used for plotting purposes as it shows the infall and SFR of a Chempy model






	
Chempy.data_to_test.wildcard_likelihood_function(summary_pdf, stellar_identifier, abundances)[source]

	This function produces Chempy conform likelihood output for a abundance wildcard that was produced before with ‘produce_wildcard_stellar_abundances’.

INPUT:


summary_pdf = bool, should there be an output

stellar_identifier = str, name of the star

abundances = the abundances instance from a chempy chemical evolution




OUTPUT:


probabilities = a list of the likelihoods for each element

abundance_list = the abundances of the model for each element

element_list = the symbols of the corresponding elements




These list will be used to produce the likelihood and the blobs. See cem_function.py






	
Chempy.data_to_test.yield_comparison_plot(yield_name1, yield_name2, yield_class, yield_class2, solar_class, element)[source]

	a function to plot a comparison between two yield sets. It is similar to ‘yield_plot’ only that a second yield set can be plotted.

INPUT


yield_name1 = Name of the first yield class

yield_name2 = Name of the second yield class

yield_class = a Chempy yield class (e.g ‘Nomoto2013’ from SN2_Feedback, see tutorial)

yield_class2 = a Chempy yield class (e.g ‘Nomoto2013’ from SN2_Feedback, see tutorial)

solar_class = a Chempy solar class (needed for normalisation)

element = the element for which to plot the yield table




OUTPUT


the figure will be saved into the current directory









	
Chempy.data_to_test.yield_plot(name_string, yield_class, solar_class, element)[source]

	This function plots [X/Fe] for the complete mass and metallicity range of a yield class.

INPUT:


name_string = a string which is included in the saved file name

yield_class = a Chempy yield class (e.g ‘Nomoto2013’ from SN2_Feedback, see tutorial)

solar_class = a Chempy solar class (needed for normalisation)

element = the element for which to plot the yield table




OUTPUT


the figure will be saved into the current directory










Chempy.imf module


	
class Chempy.imf.IMF(mmin=0.08, mmax=100.0, intervals=5000)[source]

	Bases: object

This class represents the IMF normed to 1 in units of M_sun.

Input for initialisation:


mmin = minimal mass of the IMF

mmax = maximal mass of the IMF

intervals = how many steps inbetween mmin and mmax should be given




Then one of the IMF functions can be used


self.x = mass base

self.dn = the number of stars at x

self.dm = the masses for each mass interval x





	
BrokenPowerLaw(paramet)[source]

	




	
Chabrier_1(paramet=(0.69, 0.079, -2.3))[source]

	Chabrier IMF from Chabrier 2003 equation 17 field IMF with variable high mass slope and automatic normalisation






	
Chabrier_2(paramet=(22.8978, 716.4, 0.25, -2.3))[source]

	Chabrier IMF from Chabrier 2001, IMF 3 = equation 8 parameters from table 1






	
imf_mass_fraction(mlow, mup)[source]

	Calculates the mass fraction of the IMF sitting between mlow and mup






	
imf_number_fraction(mlow, mup)[source]

	Calculating the number fraction of stars of the IMF sitting between mlow and mup






	
imf_number_stars(mlow, mup)[source]

	




	
normed_3slope(paramet=(-1.3, -2.2, -2.7, 0.5, 1.0))[source]

	Three slope IMF, Kroupa 1993 as a default






	
salpeter(alpha=2.35)[source]

	Salpeter IMF

Input the slope of the IMF






	
stochastic_sampling(mass)[source]

	The analytic IMF will be resampled according to the mass of the SSP.
The IMF will still be normalised to 1

Stochastic sampling is realised by fixing the number of expected stars and then drawing from the probability distribution of the number density
Statistical properties are tested for this sampling and are safe: number of stars and masses converge.










	
Chempy.imf.lifetime(m, Z)[source]

	here we will calculate the MS lifetime of the star after Argast et al., 2000, A&A, 356, 873
INPUT:


m = mass in Msun

Z = metallicity in Zsun




OUTPUT:


returns the lifetime of the star in Gyrs









	
Chempy.imf.slope_imf(x, p1, p2, p3, kn1, kn2)[source]

	Is calculating a three slope IMF

INPUT:


x = An array of masses for which the IMF should be calculated

p1..p3 = the slopes of the power law

kn1, kn2 = Where the breaks of the power law are




OUTPUT:


An array of frequencies matching the mass base array x










Chempy.infall module


	
class Chempy.infall.INFALL(t, sfr)[source]

	Bases: object

This class provides the infall mass over time and is matched to the SFR class


	
constant(paramet=1)[source]

	Constant gas infall of amount in Msun/pc^2/Gyr (default is 1)
For test purposes only.






	
exponential(paramet=(-0.24, 0.0, 1.0))[source]

	Exponential gas infall rate in Msun/pc^2/Gyr.
The exponent is b * t + c, whole thing shifted up by d and normalised by e to the SFR.
Default is b = -0.15 and e = 1, rest 0






	
gamma_function(mass_factor=1, a_parameter=2, loc=0, scale=3)[source]

	the gamma function for a_parameter = 2 and loc = 0 produces a peak at scale so we have a two parameter sfr.
Later we can also release a to have a larger diversity in functional form.






	
linear(paramet=(6.3, -0.5))[source]

	Linear gas infall rate (usually decreasing) in Msun/pc^2/Gyr
with an initial infall rate of start (default 6.5)
and a decrease/increase of slope * t from above (default -0.5)






	
polynomial(paramet=[-0.003, 0.03, -0.3, 5.0])[source]

	Polynomial gas infall rate in Msun/pc^2/Gyr.
coeff: 1D array of coefficients in decreasing powers.
The number of coeff given determines the order of the polynomial.
Default is -0.004t^3 + 0.04t^2 - 0.4t + 6 for okay-ish results






	
sfr_related()[source]

	the infall will be calculated during the Chempy run according to the star formation efficiency usually following a Kennicut-Schmidt law










	
class Chempy.infall.PRIMORDIAL_INFALL(elements, solar_table)[source]

	Bases: object


	
primordial()[source]

	This returns primordial abundance fractions.






	
sn2(paramet)[source]

	This can be used to produce alpha enhanced initial abundances

the fractions of the CC SN feedback and the iron abundance in dex needs to be specified






	
solar(metallicity_in_dex, helium_fraction=0.285)[source]

	solar values scaled to a specific metallicity

INPUT


metallicity_in_dex =
helium_fraction =














Chempy.making_abundances module


	
Chempy.making_abundances.abundance_to_mass_fraction(all_elements, all_masses, all_abundances, abundances, symbols)[source]

	Calculating mass fractions from abundances.

INPUT:


all_elements = list of all elements from solar abundance instance

all_masses = list of corresponding masses from solar abundances

all_abundances = solar abundances (not needed)

abundances = the abundances

symbols = a list of the elemental symbols corresponding to the abundances




OUTPUT:


the fractions as an array









	
Chempy.making_abundances.abundance_to_mass_fraction_normed_to_solar(all_elements, all_masses, all_abundances, abundances, symbols)[source]

	Calculating mass fractions normed to solar from abundances.

INPUT:


all_elements = list of all elements from solar abundance instance

all_masses = list of corresponding masses from solar abundances

all_abundances = solar abundances (not needed)

abundances = the abundances

symbols = a list of the elemental symbols corresponding to the abundances




OUTPUT:


the fractions as an array









	
Chempy.making_abundances.mass_fraction_to_abundances(cube, solar_abundances)[source]

	calculating the abundances in dex from mass fractions

INPUT:


cube = cube table instance

solar_abundances = solar abundance table instance




OUTPUT:


abundances

element_names

element_numbers










Chempy.optimization module


	
Chempy.optimization.creating_chain(a, startpoint)[source]

	This function creates the initial parameter values for an MCMC chain.

INPUT:


a = default parameter values from parameter.py

startpoint = from where the pointcloud of walkers start in a small sphere




OUTPUT:


returns the array of the initial startpoints









	
Chempy.optimization.gaussian_log(x, x0, xsig)[source]

	




	
Chempy.optimization.minimizer_global(changing_parameter, tol, maxiter, verbose, result)[source]

	This is a function that minimizes the posterior coming from global optimization

INPUT:


changing_parameter = the global SSP parameters (parameters that all stars share)

tol = at which change in posterior the minimization should stop

maxiter = maximum number of iteration

verbose = print or print not result (bool)

result = the complete parameter set is handed over as an array of shape(len(stars),len(all parameters)). From those the local ISM parameters are taken




OUTPUT:


rex.x = for which global parameters the minimization returned the best posterior









	
Chempy.optimization.minimizer_initial(identifier)[source]

	This is a function that is minimizing the posterior of Chempy from initial conditions (and can be called in multiprocesses)

INPUT:


a = model parameters




OUTPUT:


res.x = the free Chempy parameter for which the posterior was minimal (log posterior is maximized)









	
Chempy.optimization.minimizer_local(args)[source]

	




	
Chempy.optimization.one_chain(args)[source]

	This function is testing the startpoint of an MCMC chain and tries to find parameter values for which Chempy does not return -inf






	
Chempy.optimization.posterior_probability(x, a)[source]

	Just returning the posterior probability of Chempy and the list of blobs







Chempy.parameter module


	
class Chempy.parameter.ModelParameters[source]

	Bases: object

In this class the model parameters are specified. It contains a lot of information which is (not always) necessary to run Chempy.
The individual definitions are given as comments.


	
ISM_parameters = [-0.3, 0.55, 0.5]

	




	
ISM_parameters_to_optimize = ['log10_starformation_efficiency', 'log10_sfr_scale', 'outflow_feedback_fraction']

	




	
N_0 = 0.0017782794100389228

	




	
SSP_parameters = [-2.29, -2.75, -0.8]

	




	
SSP_parameters_to_optimize = ['high_mass_slope', 'log10_N_0', 'log10_sn1a_time_delay']

	




	
S_0 = 1

	




	
a_parameter = 2

	




	
agbmmax = 8

	




	
agbmmin = 0.5

	




	
arcturus_age = 7.1

	




	
basic_infall_index = 2

	




	
basic_infall_name = 'sfr_related'

	




	
basic_infall_name_list = ['exponential', 'constant', 'sfr_related', 'peaked_sfr', 'gamma_function']

	




	
basic_sfr_index = 1

	




	
basic_sfr_name = 'gamma_function'

	




	
basic_sfr_name_list = ['model_A', 'gamma_function', 'prescribed', 'doubly_peaked', 'normal']

	




	
beta_error_distribution = [True, 1, 10]

	




	
bhmmax = 100.0

	




	
bhmmin = 100.0

	




	
calculate_model = True

	




	
chabrier_para1 = 0.69

	




	
chabrier_para2 = 0.079

	




	
check_processes = False

	




	
constraints = {'N_0': (0.0, 1.0), 'a_parameter': (0.0, None), 'c_infall': (None, None), 'gas_at_start': (0.0, 2.0), 'gas_power': (1.0, 2.0), 'gas_reservoir_mass_factor': (0.0, 20.0), 'high_mass_slope': (-4.0, -1.0), 'infall_scale': (0.0, 13.5), 'log10_N_0': (-5, -1), 'log10_a_parameter': (None, None), 'log10_beta_parameter': (0, None), 'log10_gas_power': (None, None), 'log10_gas_reservoir_mass_factor': (None, None), 'log10_sfr_factor_for_cosmic_accretion': (None, None), 'log10_sfr_scale': (-1, 1), 'log10_sn1a_time_delay': (-3, 1.0), 'log10_starformation_efficiency': (-3, 2), 'mass_factor': (0, None), 'norm_infall': (0.0, 2.0), 'outflow_feedback_fraction': (0.0, 1.0), 'sfr_scale': (0.0, None), 'sn1a_norm': (0.0, None), 'sn1a_scale': (0.0, None), 'sn1a_time_delay': (0.0, 13.5), 'starformation_efficiency': (0.0, None), 'tau_infall': (None, None)}

	




	
cosmic_accretion_element_fractions = [0.76, 0.24]

	




	
cosmic_accretion_elements = ['H', 'He']

	




	
dummy = 0.0

	




	
element_names = ['He', 'C', 'N', 'O', 'F', 'Ne', 'Na', 'Mg', 'Al', 'Si', 'P', 'S', 'Ar', 'K', 'Ca', 'Ti', 'V', 'Cr', 'Mn', 'Fe', 'Co', 'Ni']

	




	
elements_to_trace = ['Al', 'Ar', 'B', 'Be', 'C', 'Ca', 'Cl', 'Co', 'Cr', 'Cu', 'F', 'Fe', 'Ga', 'Ge', 'H', 'He', 'K', 'Li', 'Mg', 'Mn', 'N', 'Na', 'Ne', 'Ni', 'O', 'P', 'S', 'Sc', 'Si', 'Ti', 'V', 'Zn']

	




	
end = 13.5

	




	
error_inflation = 1.0

	




	
error_marginalization = False

	




	
flat_model_error_prior = [0.0, 1.0, 51]

	




	
gas_at_start = 0.0

	




	
gas_power = 1.0

	




	
gas_reservoir_mass_factor = 1.0

	




	
gibbs_sampler_maxiter = 10

	




	
gibbs_sampler_tolerance = 0.1

	




	
high_mass_slope = -2.29

	




	
imf_parameter = (0.69, 0.079, -2.29)

	




	
imf_type_index = 1

	




	
imf_type_name = 'Chabrier_1'

	




	
imf_type_name_list = ['normed_3slope', 'Chabrier_1', 'Chabrier_2', 'salpeter', 'BrokenPowerLaw']

	




	
interpolation_index = 1

	




	
interpolation_list = ['linear', 'logarithmic']

	




	
interpolation_scheme = 'logarithmic'

	




	
log_time = False

	




	
m = 1000

	




	
mass_factor = 1.0

	




	
mass_steps = 5000

	




	
maxiter_minimization = 500

	




	
mburn = 1

	




	
mcmc_tolerance = 0.5

	




	
min_mcmc_iterations = 300

	




	
mmax = 100

	




	
mmin = 0.1

	




	
name_infall = 'solar'

	




	
name_infall_index = 1

	




	
name_infall_list = ['primordial', 'solar', 'simple', 'alpha']

	




	
name_string = 'Chempy_default'

	




	
ndim = 6

	




	
number_of_models_overplotted = 1

	




	
nwalkers = 64

	




	
only_net_yields_in_process_tables = True

	




	
outflow_feedback_fraction = 0.5

	




	
p0 = array([-2.29, -2.75, -0.8 , -0.3 ,  0.55,  0.5 ])

	




	
parameter_names = ['$\\alpha_\\mathrm{IMF}$', '$\\log_{10}\\left(\\mathrm{N}_\\mathrm{Ia}\\right)$', '$\\log_{10}\\left(\\tau_\\mathrm{Ia}\\right)$', '$\\log_{10}\\left(\\mathrm{SFE}\\right)$', '$\\log_{10}\\left(\\mathrm{SFR}_\\mathrm{peak}\\right)$', '$\\mathrm{x}_\\mathrm{out}$']

	




	
percentage_of_bh_mass = 0.25

	




	
percentage_to_remnant = 0.13

	




	
priors = {'N_0': (0.001, 3.0, 1), 'a_parameter': (3.0, 3.0, 0), 'gas_at_start': (0.1, 2.0, 1), 'gas_power': (1.5, 0.2, 0), 'gas_reservoir_mass_factor': (3.0, 2.0, 1), 'high_mass_slope': (-2.3, 0.3, 0), 'infall_scale': (3.3, 0.5, 0), 'log10_N_0': (-2.75, 0.3, 0), 'log10_a_parameter': (0.3, 0.2, 0), 'log10_beta_parameter': (1.0, 0.5, 0), 'log10_gas_power': (0, 0.15, 0), 'log10_gas_reservoir_mass_factor': (0.3, 0.3, 0), 'log10_sfr_factor_for_cosmic_accretion': (0.2, 0.3, 0), 'log10_sfr_scale': (0.55, 0.1, 0), 'log10_sn1a_time_delay': (-0.8, 0.3, 0), 'log10_starformation_efficiency': (-0.3, 0.3, 0), 'mass_factor': (1.0, 1.2, 1), 'norm_infall': (1.0, 1.2, 1), 'outflow_feedback_fraction': (0.5, 0.1, 0), 'sfr_scale': (3.5, 1.5, 0), 'sn1a_time_delay': (0.3, 3.0, 1), 'starformation_efficiency': (0.5, 3.0, 1)}

	




	
produce_mock_data = False

	




	
sagbmmax = 8.0

	




	
sagbmmin = 8.0

	




	
save_state_every = 1

	




	
send_email = False

	




	
sfr_beginning = 0

	




	
sfr_factor_for_cosmic_accretion = 1.0

	




	
sfr_scale = 3.5

	




	
shortened_sfr_rescaling = 1.0

	




	
sn1a_exponent = 1.12

	




	
sn1a_parameter = [0.0017782794100389228, 0.15848931924611134, 1.12, 0.0]

	




	
sn1a_time_delay = 0.15848931924611134

	




	
sn1ammax = 8

	




	
sn1ammin = 1

	




	
sn2_to_hn = 1.0

	




	
sn2mmax = 100.0

	




	
sn2mmin = 8.0

	




	
solar_abundance_name = 'Asplund09'

	




	
solar_abundance_name_index = 1

	




	
solar_abundance_name_list = ['Lodders09', 'Asplund09', 'Asplund05_pure_solar', 'Asplund05_apogee_correction', 'AG89']

	




	
starformation_efficiency = 0.5011872336272722

	




	
start = 0

	




	
stellar_identifier = 'Proto-sun'

	




	
stellar_identifier_list = ['Proto-sun']

	




	
stellar_lifetimes = 'Argast_2000'

	




	
stellar_lifetimes_index = 0

	




	
stellar_lifetimes_list = ['Argast_2000', 'Raiteri_1996']

	




	
stochastic_IMF = False

	




	
summary_pdf = False

	




	
testing_output = False

	




	
time_delay_functional_form = 'maoz'

	




	
time_delay_functional_form_list = ['normal', 'maoz', 'gamma_function']

	




	
time_delay_index = 1

	




	
time_steps = 28

	




	
to_optimize = array(['high_mass_slope', 'log10_N_0', 'log10_sn1a_time_delay',        'log10_starformation_efficiency', 'log10_sfr_scale',        'outflow_feedback_fraction'], dtype='|S30')

	




	
tol_minimization = 0.1

	




	
total_mass = 1

	




	
use_mock_data = False

	




	
verbose = 0

	




	
yield_table_name_1a = 'Seitenzahl'

	




	
yield_table_name_1a_index = 2

	




	
yield_table_name_1a_list = ['Iwamoto', 'Thielemann', 'Seitenzahl', 'TNG']

	




	
yield_table_name_agb = 'Karakas_net_yield'

	




	
yield_table_name_agb_index = 2

	




	
yield_table_name_agb_list = ['Karakas', 'Nugrid', 'Karakas_net_yield', 'Ventura_net', 'Karakas16_net', 'TNG_net', 'Nomoto2013']

	




	
yield_table_name_hn = 'Nomoto2013'

	




	
yield_table_name_hn_index = 0

	




	
yield_table_name_hn_list = ['Nomoto2013']

	




	
yield_table_name_sn2 = 'Nomoto2013'

	




	
yield_table_name_sn2_index = 2

	




	
yield_table_name_sn2_list = ['chieffi04', 'OldNugrid', 'Nomoto2013', 'Portinari_net', 'francois', 'chieffi04_net', 'Nomoto2013_net', 'NuGrid_net', 'West17_net', 'TNG_net', 'CL18_net', 'Frischknecht16_net']

	




	
zero_model_error = True

	









Chempy.plot_mcmc module


	
Chempy.plot_mcmc.plot_element_correlation(directory)[source]

	This is an experimental plotting routine. It can read the mcmc folder content and plot element / parameter / posterior correlations.

For that the name-list of the blobs needs to be provided which can be generated running Chempy in the ‘testing_output’ mode.






	
Chempy.plot_mcmc.plot_mcmc_chain(directory, set_scale=False, use_scale=False, only_first_star=True)[source]

	This routine takes the output from ‘restructure_chain’ function and plots the result in a corner plot
set_scale and use_scale can be used to put different PDFs on the same scale, in the sense that the plot is shown with the same axis range.

In the paper this is used to plot the Posterior in comparison to the prior distribution.






	
Chempy.plot_mcmc.plot_mcmc_chain_with_prior(directory, use_prior=False, only_first_star=True, plot_true_parameters=True, plot_only_SSP_parameter=True)[source]

	This routine takes the output from ‘restructure_chain’ function and plots the result in a corner plot
set_scale and use_scale can be used to put different PDFs on the same scale, in the sense that the plot is shown with the same axis range.

In the paper this is used to plot the Posterior in comparison to the prior distribution.






	
Chempy.plot_mcmc.restructure_chain(directory, parameter_names=['$\\alpha_\\mathrm{IMF}$', '$\\log_{10}\\left(\\mathrm{N}_\\mathrm{Ia}\\right)$', '$\\log_{10}\\left(\\tau_\\mathrm{Ia}\\right)$', '$\\log_{10}\\left(\\mathrm{SFE}\\right)$', '$\\log_{10}\\left(\\mathrm{SFR}_\\mathrm{peak}\\right)$', '$\\mathrm{x}_\\mathrm{out}$'])[source]

	This function restructures the chains and blobs coming from the emcee routine so that we have a flattened posterior PDF in the end.

The following files need to be there: flatchain, flatlnprobability, flatmeanposterior and flatstdposterior. flatblobs is optional

INPUT:


directory = name of the folder where the files are located

parameter_names = the names of the parameters which where explored in the MCMC




OUTPUT:


a few convergence figures and arrays will be saved into directory










Chempy.sfr module


	
class Chempy.sfr.SFR(start, end, time_steps)[source]

	Bases: object

The SFR class holds the star formation history and the time-steps of Chempy


	
doubly_peaked(S0=45.07488, peak_ratio=1.0, decay=2.0, t0=2.0, peak1t0=0.5, peak1sigma=0.5)[source]

	a doubly peaked SFR with quite a few parameters






	
gamma_function(S0=45.07488, a_parameter=2, loc=0, scale=3)[source]

	the gamma function for a_parameter = 2 and loc = 0 produces a peak at scale so we have a two parameter sfr.
Later we can also release a to have a larger diversity in functional form.






	
model_A(S0=45.07488, t0=5.6, t1=8.2)[source]

	This was the method to load the Just Jahreiss 2010 Model A from txt






	
non_parametric(S0=45.07488, breaks=(1, 2, 3), weights=(1, 2, 1))[source]

	non-parametric SFH






	
normal(S0=45.07488, loc=2, scale=1)[source]

	gaussian SFH centered at loc (Gyr) with a width of scale (Gyr)






	
prescribed(mass_factor, name_of_file)[source]

	a method to read in prescribed SFR from textfile
x time is given in log years. our time is in linear Gyrs






	
step(S0=45.07488, loc=2)[source]

	Constant SFH ending at loc (Gyr)











Chempy.solar_abundance module


	
class Chempy.solar_abundance.solar_abundances[source]

	Bases: object

The solar abundances class. Holds information on the element names, symbols, mass numbers and photospheric abundances.


	
AG89()[source]

	Photospheric abundances and errors are loaded from Anders & Grevesse 1989. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.






	
Asplund05_apogee_correction()[source]

	Photospheric abundances and errors are loaded from Asplund+ 2005 but corrected for the APOGEE scale. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.
It is not sure for which elements from Asplund+ 2005 the apogee consortium has used the photospheric or the meteoritic abundances.
Therefore I try here to use only the photospheric except for elements without photospheric values.






	
Asplund05_pure_solar()[source]

	Photospheric abundances and errors are loaded from Asplund+ 2005. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.
It is not sure for which elements from Asplund+ 2005 the apogee consortium has used the photospheric or the meteoritic abundances.
Therefore I try here to use only the photospheric except for elements without photospheric values.






	
Asplund09()[source]

	Photospheric abundances and errors are loaded from Asplund+ 2009. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.






	
Lodders09()[source]

	Photospheric abundances and errors are loaded from Lodders+ 2009. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.











Chempy.time_integration module


	
class Chempy.time_integration.ABUNDANCE_MATRIX(time, sfr, infall, list_of_elements, infall_symbols, infall_fractions, gas_at_start, gas_at_start_symbols, gas_at_start_fractions, gas_reservoir_mass_factor, outflow_feedback_fraction, check_processes, starformation_efficiency, gas_power, sfr_factor_for_cosmic_accretion, cosmic_accretion_elements, cosmic_accretion_element_fractions)[source]

	Bases: object

This class contains all information necessary to characterize the chemical evolution of the open-box one-zone Chempy model.

It calculates the mass flow between the different components. And can advance the chemical evolution when the enrichment from the SSP is provided.


	
advance_one_step(index, ssp_yield, sn2_yield, agb_yield, sn1a_yield, bh_yield)[source]

	
This method advances the chemical evolution one time-step.

INPUT:


index = which time step should be filled up

ssp_yield = yield of the ssp

sn2_yield = yield of sn2 only

agb_yield = yield of agb only

sn1a_yield = yield of sn1a only







bh_yield = yield of bh only











Chempy.weighted_yield module


	
class Chempy.weighted_yield.SSP(output, z, imf_x, imf_dm, imf_dn, time_steps, elements_to_trace, stellar_lifetimes, interpolation_scheme, only_net_yields_in_process_tables, log_time=False)[source]

	Bases: object

The simple stellar population class can calculate the enrichment over time for an SSP from a few assumptions and input yield tables.


	
agb_feedback(agb_elements, agb_yields, agb_metallicities, agb_mmin, agb_mmax, fractions_in_gas)[source]

	AGB enrichment calculation adds the feedback to the total SSP table and also to the self.agb_yield table.

INPUT:


agb_elements = which elements are provided by the yield table, list containing the symbols

agb_yields = the yield table provided by Chempys AGB yield class

agb_metallicities = the metallicities of that table

agb_mmin = the minimal mass of the AGB stars (default 0.5) in Msun

agb_mmax = the maximum mass of the AGB stars (default 8) in Msun

fractions_in_gas = the birth material of the SSP (will be mixed into the enrichment as unprocessed material)




OUTPUT:

the classes table will be filled up and a sn2_table will be added (so that the individual processes can be tracked)






	
bh_feedback(bhmmin, bhmmax, element_list, fractions_in_gas, percentage_of_bh_mass)[source]

	BH enrichment routine, just no enrichment for a specific mass range. A set percentage is fed back into the ISM


	Inputs:

	Min/Max black hole mass (40-100 is default - see parameter file).

Element list to be calculated

Fractions of each element in the ISM gas

Percentage of BH progenitor fed back into the ISM (75% default)










	
post_agb_feedback(mmin, mmax, element_list, fractions_in_gas, percentage_to_remnant)[source]

	just to produce no new elements for stars between agb and sn2, like in kobayashi 2011






	
sn1a_feedback(sn1a_elements, sn1a_metallicities, sn1a_yields, time_delay_functional_form, sn1a_min, sn1a_max, time_delay_parameter, ssp_mass, stochastic_IMF)[source]

	Calculating the SN1a feedback over time

INPUT:


sn1a_elements = Which elements are provided by the yield table

sn1a_metallicities = metallicities in the yield table

sn1a_yields = yield table

time_delay_functional_form = which functional form of the delay time should be used (‘normal’,’maoz’,’gamma_function’). Maoz is the default and the others are not tested. Check for functionality

sn1a_min = the minimum mass from which sn1a can occur (does not matter for maoz)

sn1a_max = the maximum mass from which SN Ia can occur (does not mater for maoz)

time_delay_parameter = a tuple containing the parameters for the specific functional form

ssp_mass = the mass of the SSP

stochastic_IMF = bool, do we want to use stochastci explosions




OUTPUT:

the classes table will be filled up and a sn2_table will be added (so that the individual processes can be tracked)

for MAOZ functional form the following parameters are in time_delay_parameter:


N_0 = Number of SNIa exploding per Msun over the course of 15Gyr

tau_8 = The delay time when the first SN Ia explode (usually 40Myr are anticipated because then 8Msun stars start to die but our Prior is more at 160Myr)

s_eponent = the time decay exponent

dummy = not in use anymore









	
sn2_feedback(sn2_elements, sn2_yields, sn2_metallicities, sn2_mmin, sn2_mmax, fractions_in_gas)[source]

	Calculating the CC-SN feedback over time.
The routine is sensitive to the ordering of the masses in the yield table, it must begin with the smallest increase to the biggest value.

INPUT:


sn2_elements = which elements are provided by the yield table, list containing the symbols

sn2_yields = the yield table provided by Chempys SN2 yield class

sn2_metallicities = the metallicities of that table

sn2_mmin = the minimal mass of the CC-SN (default 8) in Msun

sn2_mmax = the maximum mass of the CC-SN (default 100) in Msun

fractions_in_gas = the birth material of the SSP (will be mixed into the enrichment as unprocessed material)




OUTPUT:

the classes table will be filled up and a sn2_table will be added (so that the individual processes can be tracked)






	
sn2_feedback_IRA(sn2_elements, sn2_yields, sn2_metallicities, sn2_mmin, sn2_mmax, fractions_in_gas)[source]

	The mass fraction of the IMF between sn2_mmin and sn2_mmax is fed back instantaneously
to the ISM according to the relative yields of sn2. The interpolation is linear in mass and metallicity
Also the mass transformed into remnants is calculated.
The routine is sensitive to the ordering of the masses in the yield table, it must begin with the smallest increase to the biggest value.










	
Chempy.weighted_yield.imf_mass_fraction_non_nativ(imf_dm, imf_x, mlow, mup)[source]

	Function to determine the mass fraction of the IMF between two masses

INPUT:

imf_dm = imf_class.dm

imf_x = imf_class.x

mlow = lower mass

mup = upper mass

OUTPUT:

the mass fraction in this mass range






	
Chempy.weighted_yield.lifetime_Argast(m, Z_frac)[source]

	here we will calculate the MS lifetime of the star after Argast et al., 2000, A&A, 356, 873

INPUT:

m = mass in Msun

Z_frac = fractions of metals of the stellar composition

Z = metallicity in Zsun

OUTPUT:

returns the lifetime of the star in Gyrs






	
Chempy.weighted_yield.lifetime_Raiteri(m, Z)[source]

	INPUT:


m = mass in Msun

Z = metallicity in Zsun




returns the lifetime of the star in Gyrs







Chempy.wrapper module


	
Chempy.wrapper.Chempy(a)[source]

	Chemical evolution run with the default parameters using the net yields.

INPUT:


a = ModelParameters() from parameter.py




OUTPUT:


cube = The ISM evolution class

abundances = The abundances of the ISM









	
Chempy.wrapper.Chempy_gross(a)[source]

	Chemical evolution run with the default parameters but now using solar scaled material (testing the worse case when total yields provided).

INPUT:


a = ModelParameters() from parameter.py




OUTPUT:


cube = The ISM evolution class

abundances = The abundances of the ISM









	
class Chempy.wrapper.SSP_wrap(a)[source]

	This is the wrapper around the SSP function. It preloads the needed classes and calls all nucleosynthetic enrichment processes when the enrichment is calculated.


	
calculate_feedback(z, elements, element_fractions, time_steps, ssp_mass)[source]

	The feedback is calculated for the initializes SSP.

INPUT:


z = metallicity of the SSP in mass fraction (not normed to solar!)

elements = which elements to follow

element_fractions = the birth material of the SSP in the same order as ‘elements’

time_steps = the time-steps for which the enrichment of the SSP should be calculated (usually the time-steps until the end of the chempy simulation)













	
Chempy.wrapper.initialise_stuff(a)[source]

	Convenience function initialising the solar abundance, SFR and infall with the default values provided in parameter.py as a






	
Chempy.wrapper.mcmc(a)[source]

	Convenience function to use the MCMC. A subdirectory mcmc/ will be created in the current directory and intermediate chains will be stored there.
The chains are not actually flattened as the file name suggests.

The MCMC will sample the volume of best posterior for the likelihood functions that are declared in parameter.py. Default is [‘sol_norm’,’gas_reservoir’,’sn_ratio’] which corresponds to ‘Sun+’ from the paper.






	
Chempy.wrapper.mcmc_multi(changing_parameter, error_list, elements)[source]

	Convenience function to use the MCMC for multiple zones (and therefore multiple observations). A subdirectory mcmc/ will be created in the current directory and intermediate chains will be stored there.
The MCMC will sample the volume of best posterior for the likelihood functions that are declared in parameter.py. 
Default is a list of Proto-sun, Arcturus and B-stars. The MCMC uses many walkers and can use multiple threads. Each walker will evaluate a series of Chempy zones and add their posterior together which then will be returned.

INPUT:


changing_parameter = the parameter vector for initialization (will usually be found from minimization before). The initial chain will be created by jittering slightly the initial parameter guess

error_list = the vector of element errors

elements = the corresponding element symbols




OUTPUT:


The function will create a folder and store the chain as well as the predicted element values




The MCMC stops when the convergence criteria is met, which is when the median posterior of all walkers does not change much inbetween 200 steps anymore.






	
Chempy.wrapper.multi_star_optimization()[source]

	This function will optimize the parameters of all stars in a hierachical manner (similar to gibbs sampling)

INPUT:


a = will be loaded from parameter.py (prepare all variables there)




OUTPUT:


log_list = a list of intermediate results (so far only for debugging)









	
Chempy.wrapper.send_email(thread_count, iteration_count, posterior_beginning, posterior_end, parameters, time)[source]

	





Chempy.yields module


	
class Chempy.yields.AGB_feedback[source]

	Bases: object


	
Karakas()[source]

	loading the yield table of Karakas 2010.






	
Karakas16_net()[source]

	load the Karakas 2016 yields send by Amanda and Fishlock 2014 for Z = 0.001. With slight inconsistencies in the mass normalisation and not sure which Asplund2009 solar abundances she uses






	
Karakas_net_yield()[source]

	loading the yield table of Karakas 2010.






	
Nomoto2013()[source]

	Nomoto2013 agb yields up to 6.5Msun and are a copy of Karakas2010. Only that the yields here are given as net yields which does not help so much






	
Nugrid()[source]

	loading the Nugrid intermediate mass stellar yields NuGrid stellar data set. I. Stellar yields from H to Bi for stars with metallicities Z = 0.02 and Z = 0.01






	
TNG_net()[source]

	This gives the yields used in the IllustrisTNG simulation (see Pillepich et al. 2017)
These are net yields, and a combination of Karakas (2006), Doherty et al. (2014) & Fishlock et al. (2014)
These were provided by Annalisa herself.

This is indexing backwards in mass (high to low) to match with Karakas tables






	
Ventura_net()[source]

	Ventura 2013 net yields from Paolo himself






	
one_parameter(elements, element_fractions)[source]

	Another problem: He and the remnant mass fraction is not constrained in the APOGEE data. Maybe these can be constrained externally by yield sets or cosmic abundance standard or solar abundances.










	
class Chempy.yields.Hypernova_feedback[source]

	Bases: object


	
Nomoto2013()[source]

	Nomoto2013 sn2 yields from 13Msun onwards










	
class Chempy.yields.SN1a_feedback[source]

	Bases: object


	
Iwamoto()[source]

	Iwamoto99 yields building up on Nomoto84






	
Seitenzahl()[source]

	Seitenzahl 2013 from Ivo txt






	
TNG()[source]

	IllustrisTNG yield tables from Pillepich et al. 2017.
These are the 1997 Nomoto W7 models, and sum all isotopes (not just stable)






	
Thielemann()[source]

	Thilemann 2003 yields as compiled in Travaglio 2004










	
class Chempy.yields.SN2_feedback[source]

	Bases: object


	
CL18_net()[source]

	These are net yields from Chieffi + Limongi 2018 (unpublished), downloaded from http://orfeo.iaps.inaf.it/






	
Frischknecht16_net()[source]

	DO NOT USE!!
pre-SN2 yields from Frischknecht et al. 2016. These are implemented for masses of 15-40Msun, for rotating stars.
Yields from stars with ‘normal’ rotations are used here.
These are net yields automatically, so no conversions need to be made






	
Nomoto2013()[source]

	Nomoto2013 sn2 yields from 13Msun onwards






	
Nomoto2013_net()[source]

	Nomoto2013 sn2 yields from 13Msun onwards






	
NuGrid_net(model_type='delay')[source]

	This gives the net SNII yields from the NuGrid collaboration (Ritter et al. 2017 (in prep))
Either rapid or delay SN2 yields (Fryer et al. 2012) can be used - changeable via the model_type parameter.

Delay models are chosen for good match with the Fe yields of Nomoto et al. (2006) and Chieffi & Limongi (2004)






	
OldNugrid()[source]

	loading the Nugrid sn2 stellar yields NuGrid stellar data set. I. Stellar yields from H to Bi for stars with metallicities Z = 0.02 and Z = 0.01
The wind yields need to be added to the exp explosion yields.
No r-process contribution but s and p process from AGB and massive stars
delayed and rapid SN Explosiom postprocessing is included. Rapid is not consistent with very massive stars so we use the ‘delayed’ yield set
mass in remnants not totally consistent with paper table: [ 6.47634087,  2.67590435,  1.98070676] vs. [6.05,2.73,1.61] see table 4
same with z=0.02 but other elements are implemented in the right way:[ 3.27070753,  8.99349996,  6.12286813,  3.1179861 ,  1.96401573] vs. [3,8.75,5.71,2.7,1.6]
we have a switch to change between the two different methods (rapid/delay explosion)






	
Portinari_net()[source]

	Loading the yield table from Portinari1998. 
These are presented as net yields in fractions of initial stellar mass.






	
TNG_net()[source]

	This loads the CC-SN yields used in the Illustris TNG simulation.
This includes Kobayashi (2006) and Portinari (1998) tables - see Pillepich et al. 2017

THIS ONLY WORKS FOR IMF SLOPE IS -2.3 - DO NOT OPTIMIZE OVER THIS






	
West17_net()[source]

	CC-SN data from the ertl.txt file from Chris West & Alexander Heger (2017, in prep)

Only elements up to Ge are implemented here - but original table has all up to Pb






	
chieffi04()[source]

	Loading the yield table of chieffi04.






	
chieffi04_net()[source]

	Loading the yield table of chieffi04 corrected for Anders & Grevesse 1989 solar scaled initial yields






	
francois()[source]

	Loading the yield table of Francois et. al. 2004. Taken from the paper table 1 and 2 and added O H He from WW95 table 5A and 5B
where all elements are for Z=Zsun and values for Msun > 40 have been stayed the same as for Msun=40.
Values from 11-25 Msun used case A from WW95 and 30-40 Msun used case B.






	
one_parameter(elements, element_fractions)[source]

	This function was introduced in order to find best-fit yield sets where each element has just a single yield (no metallicity or mass dependence).
One potential problem is that sn2 feedback has a large fraction of Neon ~ 0.01, the next one missing is Argon but that only has 0.05%. This might spoil the metallicity derivation a bit.
Another problem: He and the remnant mass fraction is not constrained in the APOGEE data. Maybe these can be constrained externally by yield sets or cosmic abundance standard or solar abundances.
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A


  	
      	a_parameter (Chempy.parameter.ModelParameters attribute)


      	ABUNDANCE_MATRIX (class in Chempy.time_integration)


      	abundance_to_mass_fraction() (in module Chempy.making_abundances)


      	abundance_to_mass_fraction_normed_to_solar() (in module Chempy.making_abundances)


      	advance_one_step() (Chempy.time_integration.ABUNDANCE_MATRIX method)


      	AG89() (Chempy.solar_abundance.solar_abundances method)


      	AGB_feedback (class in Chempy.yields)


  

  	
      	agb_feedback() (Chempy.weighted_yield.SSP method)


      	agbmmax (Chempy.parameter.ModelParameters attribute)


      	agbmmin (Chempy.parameter.ModelParameters attribute)


      	arcturus() (in module Chempy.data_to_test)


      	arcturus_age (Chempy.parameter.ModelParameters attribute)


      	Asplund05_apogee_correction() (Chempy.solar_abundance.solar_abundances method)


      	Asplund05_pure_solar() (Chempy.solar_abundance.solar_abundances method)


      	Asplund09() (Chempy.solar_abundance.solar_abundances method)


  





B


  	
      	basic_infall_index (Chempy.parameter.ModelParameters attribute)


      	basic_infall_name (Chempy.parameter.ModelParameters attribute)


      	basic_infall_name_list (Chempy.parameter.ModelParameters attribute)


      	basic_sfr_index (Chempy.parameter.ModelParameters attribute)


      	basic_sfr_name (Chempy.parameter.ModelParameters attribute)


  

  	
      	basic_sfr_name_list (Chempy.parameter.ModelParameters attribute)


      	beta_error_distribution (Chempy.parameter.ModelParameters attribute)


      	bh_feedback() (Chempy.weighted_yield.SSP method)


      	bhmmax (Chempy.parameter.ModelParameters attribute)


      	bhmmin (Chempy.parameter.ModelParameters attribute)


      	BrokenPowerLaw() (Chempy.imf.IMF method)


  





C


  	
      	calculate_feedback() (Chempy.wrapper.SSP_wrap method)


      	calculate_model (Chempy.parameter.ModelParameters attribute)


      	cem() (in module Chempy.cem_function)


      	cem2() (in module Chempy.cem_function)


      	cem_real() (in module Chempy.cem_function)


      	cem_real2() (in module Chempy.cem_function)


      	Chabrier_1() (Chempy.imf.IMF method)


      	Chabrier_2() (Chempy.imf.IMF method)


      	chabrier_para1 (Chempy.parameter.ModelParameters attribute)


      	chabrier_para2 (Chempy.parameter.ModelParameters attribute)


      	check_processes (Chempy.parameter.ModelParameters attribute)


      	Chempy (module)


      	Chempy() (in module Chempy.wrapper)


      	Chempy.cem_function (module)


      	Chempy.data_to_test (module)


      	Chempy.imf (module)


      	Chempy.infall (module)


      	Chempy.making_abundances (module)


  

  	
      	Chempy.optimization (module)


      	Chempy.parameter (module)


      	Chempy.plot_mcmc (module)


      	Chempy.sfr (module)


      	Chempy.solar_abundance (module)


      	Chempy.time_integration (module)


      	Chempy.weighted_yield (module)


      	Chempy.wrapper (module)


      	Chempy.yields (module)


      	Chempy_gross() (in module Chempy.wrapper)


      	chieffi04() (Chempy.yields.SN2_feedback method)


      	chieffi04_net() (Chempy.yields.SN2_feedback method)


      	CL18_net() (Chempy.yields.SN2_feedback method)


      	constant() (Chempy.infall.INFALL method)


      	constraints (Chempy.parameter.ModelParameters attribute)


      	cosmic_abundance_standard() (in module Chempy.data_to_test)


      	cosmic_accretion_element_fractions (Chempy.parameter.ModelParameters attribute)


      	cosmic_accretion_elements (Chempy.parameter.ModelParameters attribute)


      	creating_chain() (in module Chempy.optimization)


  





D


  	
      	doubly_peaked() (Chempy.sfr.SFR method)


  

  	
      	dummy (Chempy.parameter.ModelParameters attribute)


  





E


  	
      	element_names (Chempy.parameter.ModelParameters attribute)


      	elements_plot() (in module Chempy.data_to_test)


      	elements_to_trace (Chempy.parameter.ModelParameters attribute)


      	end (Chempy.parameter.ModelParameters attribute)


  

  	
      	error_inflation (Chempy.parameter.ModelParameters attribute)


      	error_marginalization (Chempy.parameter.ModelParameters attribute)


      	exponential() (Chempy.infall.INFALL method)


      	extract_parameters_and_priors() (in module Chempy.cem_function)


  





F


  	
      	flat_model_error_prior (Chempy.parameter.ModelParameters attribute)


      	fractional_yield_comparison_plot() (in module Chempy.data_to_test)


  

  	
      	francois() (Chempy.yields.SN2_feedback method)


      	Frischknecht16_net() (Chempy.yields.SN2_feedback method)


  





G


  	
      	gamma_function() (Chempy.infall.INFALL method)

      
        	(Chempy.sfr.SFR method)


      


      	gas_at_start (Chempy.parameter.ModelParameters attribute)


      	gas_power (Chempy.parameter.ModelParameters attribute)


      	gas_reservoir_mass_factor (Chempy.parameter.ModelParameters attribute)


      	gas_reservoir_metallicity() (in module Chempy.data_to_test)


      	gaussian() (in module Chempy.cem_function)

      
        	(in module Chempy.data_to_test)


      


  

  	
      	gaussian_log() (in module Chempy.cem_function)

      
        	(in module Chempy.optimization)


      


      	get_prior() (in module Chempy.cem_function)


      	gibbs_sampler_maxiter (Chempy.parameter.ModelParameters attribute)


      	gibbs_sampler_tolerance (Chempy.parameter.ModelParameters attribute)


      	global_optimization() (in module Chempy.cem_function)


      	global_optimization_error_returned() (in module Chempy.cem_function)


      	global_optimization_real() (in module Chempy.cem_function)


  





H


  	
      	high_mass_slope (Chempy.parameter.ModelParameters attribute)


  

  	
      	Hypernova_feedback (class in Chempy.yields)


  





I


  	
      	IMF (class in Chempy.imf)


      	imf_mass_fraction() (Chempy.imf.IMF method)


      	imf_mass_fraction_non_nativ() (in module Chempy.weighted_yield)


      	imf_number_fraction() (Chempy.imf.IMF method)


      	imf_number_stars() (Chempy.imf.IMF method)


      	imf_parameter (Chempy.parameter.ModelParameters attribute)


      	imf_type_index (Chempy.parameter.ModelParameters attribute)


      	imf_type_name (Chempy.parameter.ModelParameters attribute)


  

  	
      	imf_type_name_list (Chempy.parameter.ModelParameters attribute)


      	INFALL (class in Chempy.infall)


      	initialise_stuff() (in module Chempy.wrapper)


      	interpolation_index (Chempy.parameter.ModelParameters attribute)


      	interpolation_list (Chempy.parameter.ModelParameters attribute)


      	interpolation_scheme (Chempy.parameter.ModelParameters attribute)


      	ISM_parameters (Chempy.parameter.ModelParameters attribute)


      	ISM_parameters_to_optimize (Chempy.parameter.ModelParameters attribute)


      	Iwamoto() (Chempy.yields.SN1a_feedback method)


  





K


  	
      	Karakas() (Chempy.yields.AGB_feedback method)


  

  	
      	Karakas16_net() (Chempy.yields.AGB_feedback method)


      	Karakas_net_yield() (Chempy.yields.AGB_feedback method)


  





L


  	
      	lifetime() (in module Chempy.imf)


      	lifetime_Argast() (in module Chempy.weighted_yield)


      	lifetime_Raiteri() (in module Chempy.weighted_yield)


      	likelihood_evaluation() (in module Chempy.data_to_test)


      	likelihood_function() (in module Chempy.data_to_test)


  

  	
      	linear() (Chempy.infall.INFALL method)


      	Lodders09() (Chempy.solar_abundance.solar_abundances method)


      	log_time (Chempy.parameter.ModelParameters attribute)


      	lognorm() (in module Chempy.cem_function)


      	lognorm_log() (in module Chempy.cem_function)


  





M


  	
      	m (Chempy.parameter.ModelParameters attribute)


      	mass_factor (Chempy.parameter.ModelParameters attribute)


      	mass_fraction_to_abundances() (in module Chempy.making_abundances)


      	mass_steps (Chempy.parameter.ModelParameters attribute)


      	maxiter_minimization (Chempy.parameter.ModelParameters attribute)


      	mburn (Chempy.parameter.ModelParameters attribute)


      	mcmc() (in module Chempy.wrapper)


      	mcmc_multi() (in module Chempy.wrapper)


      	mcmc_tolerance (Chempy.parameter.ModelParameters attribute)


  

  	
      	min_mcmc_iterations (Chempy.parameter.ModelParameters attribute)


      	minimizer_global() (in module Chempy.optimization)


      	minimizer_initial() (in module Chempy.optimization)


      	minimizer_local() (in module Chempy.optimization)


      	mmax (Chempy.parameter.ModelParameters attribute)


      	mmin (Chempy.parameter.ModelParameters attribute)


      	mock_abundances() (in module Chempy.data_to_test)


      	model_A() (Chempy.sfr.SFR method)


      	ModelParameters (class in Chempy.parameter)


      	multi_star_optimization() (in module Chempy.wrapper)


  





N


  	
      	N_0 (Chempy.parameter.ModelParameters attribute)


      	name_infall (Chempy.parameter.ModelParameters attribute)


      	name_infall_index (Chempy.parameter.ModelParameters attribute)


      	name_infall_list (Chempy.parameter.ModelParameters attribute)


      	name_string (Chempy.parameter.ModelParameters attribute)


      	ndim (Chempy.parameter.ModelParameters attribute)


      	Nomoto2013() (Chempy.yields.AGB_feedback method)

      
        	(Chempy.yields.Hypernova_feedback method)


        	(Chempy.yields.SN2_feedback method)


      


  

  	
      	Nomoto2013_net() (Chempy.yields.SN2_feedback method)


      	non_parametric() (Chempy.sfr.SFR method)


      	normal() (Chempy.sfr.SFR method)


      	normed_3slope() (Chempy.imf.IMF method)


      	Nugrid() (Chempy.yields.AGB_feedback method)


      	NuGrid_net() (Chempy.yields.SN2_feedback method)


      	number_of_models_overplotted (Chempy.parameter.ModelParameters attribute)


      	nwalkers (Chempy.parameter.ModelParameters attribute)


  





O


  	
      	OldNugrid() (Chempy.yields.SN2_feedback method)


      	one_chain() (in module Chempy.optimization)


      	one_parameter() (Chempy.yields.AGB_feedback method)

      
        	(Chempy.yields.SN2_feedback method)


      


  

  	
      	only_net_yields_in_process_tables (Chempy.parameter.ModelParameters attribute)


      	outflow_feedback_fraction (Chempy.parameter.ModelParameters attribute)


  





P


  	
      	p0 (Chempy.parameter.ModelParameters attribute)


      	parameter_names (Chempy.parameter.ModelParameters attribute)


      	percentage_of_bh_mass (Chempy.parameter.ModelParameters attribute)


      	percentage_to_remnant (Chempy.parameter.ModelParameters attribute)


      	plot_abundance_wildcard() (in module Chempy.data_to_test)
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  All modules for which code is available

	Chempy.cem_function

	Chempy.data_to_test

	Chempy.imf

	Chempy.infall

	Chempy.making_abundances

	Chempy.optimization

	Chempy.parameter

	Chempy.plot_mcmc

	Chempy.sfr

	Chempy.solar_abundance

	Chempy.time_integration

	Chempy.weighted_yield

	Chempy.wrapper

	Chempy.yields




          

      

      

    

  

    
      
          
            
  Source code for Chempy.cem_function

import numpy as np
import os
from .sfr import SFR
from .solar_abundance import solar_abundances
import time
from .data_to_test import likelihood_function, wildcard_likelihood_function, elements_plot, arcturus, sol_norm, plot_processes, save_abundances,  cosmic_abundance_standard, ratio_function, star_function, gas_reservoir_metallicity
import multiprocessing as mp
from .wrapper import initialise_stuff, Chempy
from scipy.special import logsumexp

[docs]def gaussian_log(x,x0,xsig):
	'''
	function to calculate the gaussian probability (its normed to Pmax and given in log)
	
	INPUT:
	
	   x = where is the data point or parameter value
	
	   x0 = mu
	
	   xsig = sigma
	'''
	return -np.divide((x-x0)*(x-x0),2*xsig*xsig)


[docs]def lognorm_log(x,mu,factor):
	'''
	this function provides Prior probability distribution where the factor away from the mean behaves like the sigma deviation in normal_log 
	
	for example if mu = 1 and factor = 2 
	
	for	1 it returns 0
	
	for 0,5 and 2 it returns -0.5
	
	for 0.25 and 4 it returns -2.0
	
	and so forth
	
	Can be used to specify the prior on the yield factors
	'''
	y = np.log(np.divide(x,mu))
	y = np.divide(y,np.log(factor))
	y = gaussian_log(y,0.,1.)
	return y


[docs]def gaussian(x,x0,xsig):
	'''
	function to calculate the gaussian probability (its normed to Pmax and given in log)
	
	INPUT:
	
	   x = where is the data point or parameter value
	
	   x0 = mu
	
	   xsig = sigma
	'''
	factor = 1. / (np.sqrt(xsig * xsig * 2. * np.pi))
	exponent = -np.divide((x - x0) * (x - x0),2 * xsig * xsig)
	return factor * np.exp(exponent)


[docs]def lognorm(x,mu,factor):
	'''
	this function provides Prior probability distribution where the factor away from the mean behaves like the sigma deviation in normal_log 
	BEWARE: this function is not a properly normalized probability distribution. It only provides relative values.
	
	INPUT:

	   x = where to evaluate the function, can be an array

	   mu = peak of the distribution

	   factor = the factor at which the probability decreases to 1 sigma
	
	Can be used to specify the prior on the yield factors
	'''
	y = np.log(np.divide(x,mu))
	y = np.divide(y,np.log(factor))
	y = gaussian(y,0.,1.)
	return y


[docs]def shorten_sfr(a):
	'''
	This function crops the SFR to the length of the age of the star and ensures that enough stars are formed at the stellar birth epoch

	INPUT:

	   a = Modelparameters

	OUTPUT:
	
	   the function will update the modelparameters, such that the simulation will end when the star is born and it will also check whether there is enough sfr left at that epoch
	'''
	try:
		star = np.load('%s.npy' %(a.stellar_identifier))
	except Exception as ex:
		from . import localpath
		star = np.load(localpath + 'input/stars/' + a.stellar_identifier + '.npy')
	age_of_star = star['age'][0]
	assert (age_of_star <= 13.0), "Age of the star must be below 13Gyr"

	basic_sfr = SFR(a.start,a.end,a.time_steps)
	if a.basic_sfr_name == 'gamma_function':
		getattr(basic_sfr, a.basic_sfr_name)(S0 = a.S_0 * a.mass_factor,a_parameter = a.a_parameter, loc = a.sfr_beginning, scale = a.sfr_scale)
	elif a.basic_sfr_name == 'model_A':
		basic_sfr.model_A(a.mass_factor*a.S_0,a.t_0,a.t_1)
	elif a.basic_sfr_name == 'prescribed':
		basic_sfr.prescribed(a.mass_factor, a.name_of_file)
	elif a.basic_sfr_name == 'doubly_peaked':
		basic_sfr.doubly_peaked(S0 = a.mass_factor*a.S_0, peak_ratio = a.peak_ratio, decay = a.sfr_decay, t0 = a.sfr_t0, peak1t0 = a.peak1t0, peak1sigma = a.peak1sigma)
	elif a.basic_sfr_name == 'normal':
		basic_sfr.normal(S0=a.mass_factor*a.S_0, loc=a.sfr_peak, scale=a.sfr_scale)
	elif a.basic_sfr_name == 'step':
		basic_sfr.step(S0=a.mass_factor*a.S_0, loc=a.sfr_cutoff)
	elif a.basic_sfr_name == 'non_parametric':
		basic_sfr.non_parametric(S0=a.mass_factor*a.S_0, breaks=a.sfr_breaks, weights=a.sfr_weights)
	basic_sfr.sfr = a.total_mass * np.divide(basic_sfr.sfr,sum(basic_sfr.sfr))
	mass_normalisation = a.total_mass
	mean_sfr = sum(basic_sfr.sfr) / a.end
	
	# at which time in the simulation is the star born
	star_time = basic_sfr.t[-1] - age_of_star
	cut = [np.where(np.abs(basic_sfr.t - star_time) == np.min(np.abs(basic_sfr.t - star_time)))]
	if len(cut[0][0]) != 1:
		cut = cut[0][0][0]
	
	# updating the end time and the model steps and rescale the total mass
	time_model = float(basic_sfr.t[cut])
	a.end = time_model
	a.time_steps = int(cut[0][0]) + 1
	a.total_mass = sum(basic_sfr.sfr[0:a.time_steps])

	# check whether the sfr is enough at end to produce reasonable number of stars (which is necessary in order to have a probability to observe a star at all)
	sfr_at_end = float(basic_sfr.sfr[cut] / basic_sfr.dt)
	fraction_of_mean_sfr = sfr_at_end / mean_sfr 	
	assert fraction_of_mean_sfr > 0.05, ('The total SFR of the last age bin is below 5% of the mean SFR', 'stellar identifier = ', a.stellar_identifier, 'star time = ', star_time, 'model time = ', time_model ) 
	a.shortened_sfr_rescaling = a.total_mass / mass_normalisation	
	return a


[docs]def cem(changing_parameter,a):
	'''
	This is the function calculating the chemical evolution for a specific parameter set (changing_parameter) and for a specific observational constraint specified in a (e.g. 'solar_norm' calculates the likelihood of solar abundances coming out of the model). It returns the posterior and a list of blobs. It can be used by an MCMC.
	This function actually encapsulates the real cem function in order to capture exceptions and in that case return -inf. This makes the MCMC runs much more stable

	INPUT: 
	
	   changing_parameter = parameter values of the free parameters as an array
	
	   a = model parameters specified in parameter.py. There are also the names of free parameters specified here

	OUTPUT:
	
	   log posterior, array of blobs
	
	   the blobs contain the prior values, the likelihoods and the actual values of each predicted data point (e.g. elemental abundance value)
	'''
	try:
		posterior, blobs = cem_real(changing_parameter,a)
		return posterior, blobs
	except Exception as ex:
		import traceback; traceback.print_exc()
	return -np.inf, [0]


[docs]def cem_real(changing_parameter,a):
	'''
	real chempy function. description can be found in cem
	'''
	a = extract_parameters_and_priors(changing_parameter, a)
	
	basic_solar = solar_abundances()
	getattr(basic_solar, a.solar_abundance_name)()
	elements_to_trace = a.elements_to_trace
		
	directory = 'model_temp/'
	### Model is calculated
	if a.calculate_model:
		#for item in dir(a):
    		#	print(item,getattr(a,item))
		cube, abundances = Chempy(a)
		cube1 = cube.cube
		gas_reservoir = cube.gas_reservoir
		if a.testing_output:
			if os.path.exists(directory):
				print(directory, ' already exists. Content might be overwritten')
			else:
				os.makedirs(directory)
			np.save(directory + '%s_elements_to_trace' %(a.name_string), elements_to_trace)
			np.save(directory + '%s_gas_reservoir' %(a.name_string),gas_reservoir)
			np.save(directory + '%s_cube' %(a.name_string),cube1)
			np.save(directory + '%s_abundances' %(a.name_string),abundances)
	else:
		cube1 = np.load(directory + '%s_cube.npy' %(a.name_string))
		abundances = np.load(directory + '%s_abundances.npy' %(a.name_string))
		gas_reservoir = np.load(directory + '%s_gas_reservoir.npy' %(a.name_string))
		elements_to_trace = np.load(directory + '%s_elements_to_trace.npy' %(a.name_string))


	### LIKELIHOOD is being calculated
	a.probability = []
	a.abundance_list = []
	a.names = []
	### these functions need to return lists of the probabilities, likelihoods and elements names. The latter ones are important for the blobs so that the MCMC result can be enriched with elemental likelihoods and the like.
	if 'gas_reservoir' in a.observational_constraints_index:
		probabilities, result, names = gas_reservoir_metallicity(a.summary_pdf,a.name_string,np.copy(abundances),np.copy(cube1),elements_to_trace,np.copy(gas_reservoir),a.number_of_models_overplotted,a.produce_mock_data,a.use_mock_data,a.error_inflation, np.copy(basic_solar.z))
		a.probability.append(probabilities)
		a.abundance_list.append(result)
		a.names.append(names)
	if 'sn_ratio' in a.observational_constraints_index:
		probabilities, result, names = ratio_function(a.summary_pdf,a.name_string,np.copy(abundances),np.copy(cube1),elements_to_trace,np.copy(gas_reservoir),a.number_of_models_overplotted,a.produce_mock_data,a.use_mock_data,a.error_inflation)
		a.probability.append(probabilities)
		a.abundance_list.append(result)
		a.names.append(names)
	if 'cas' in a.observational_constraints_index:
		probabilities, abundance_list, element_names = cosmic_abundance_standard(a.summary_pdf,a.name_string,np.copy(abundances),np.copy(cube1),elements_to_trace,np.copy(basic_solar.table),a.number_of_models_overplotted,a.produce_mock_data,a.use_mock_data,a.error_inflation)
		a.probability.append(probabilities)
		a.abundance_list.append(abundance_list)
		a.names.append(element_names)
	if 'sol_norm' in a.observational_constraints_index:
		probabilities, abundance_list, element_names = sol_norm(a.summary_pdf,a.name_string,np.copy(abundances),np.copy(cube1),elements_to_trace,a.element_names,np.copy(basic_solar.table),a.number_of_models_overplotted,a.produce_mock_data,a.use_mock_data,a.error_inflation)
		a.probability.append(probabilities)
		a.abundance_list.append(abundance_list)
		a.names.append(element_names)
	if 'arcturus' in a.observational_constraints_index:
		probabilities, abundance_list, element_names = arcturus(a.summary_pdf,a.name_string,np.copy(abundances),np.copy(cube1),elements_to_trace,a.element_names,np.copy(basic_solar.table),a.number_of_models_overplotted,a.arcturus_age,a.produce_mock_data,a.use_mock_data,a.error_inflation)
		a.probability.append(probabilities)
		a.abundance_list.append(abundance_list)
		a.names.append(element_names)
	if 'wildcard' in a.observational_constraints_index:
		probabilities, abundance_list, element_names = wildcard_likelihood_function(a.summary_pdf,a.stellar_identifier, np.copy(abundances))
		a.probability.append(probabilities)
		a.abundance_list.append(abundance_list)
		a.names.append(element_names)
	### These functions are for plotting and saving purposes they just return 0 probability not interfering with the likelihood. But they will make the MCMC blobs crash. Therefore take them out when running the MCMC
	if 'stars_at_end' in a.observational_constraints_index:
		a.probability.append(star_function(a.summary_pdf,a.name_string,np.copy(abundances),np.copy(cube1),elements_to_trace,np.copy(gas_reservoir),a.number_of_models_overplotted))
	if 'save_abundances' in a.observational_constraints_index:
		a.probability.append(save_abundances(a.summary_pdf,a.name_string,np.copy(abundances)))
	if 'plot_processes' in a.observational_constraints_index:
		a.probability.append(plot_processes(a.summary_pdf,a.name_string,cube.sn2_cube,cube.sn1a_cube,cube.agb_cube,a.element_names,np.copy(cube1),a.number_of_models_overplotted))
	if 'elements' in a.observational_constraints_index:
		a.probability.append(elements_plot(a.name_string,basic_ssp.agb.elements, basic_ssp.sn2.elements, basic_ssp.sn1a.elements,elements_to_trace, basic_solar.table,60))

	### to flatten the sublists so that the likelihood can be calculated and the blobs are in a flattened format
	a.names =  [item for sublist in a.names for item in sublist]
	a.names += ['m-%s' %(item) for item in a.names]
	a.abundance_list = [item for sublist in a.abundance_list for item in sublist]
	a.probability = [item for sublist in a.probability for item in sublist]
	#make prior names because they were refactored into extract_parameters	
	prior_names = []
	for name in a.to_optimize:
		prior_names.append(name)		
	a.names += prior_names
	a.prior = np.log(a.prior)
	if a.testing_output:
		#print a.names
		np.save("model_temp/blobs_name_list", a.names)
	if np.isnan(sum(a.probability)):
		return -np.inf, [0]
	if a.testing_output:
		print('l: ', sum(a.probability), 'pr: ', sum(a.prior), 'po: ', sum(a.prior) + sum(a.probability))#, mp.current_process()._identity[0]
	else:
		print('l: ', sum(a.probability), 'pr: ', sum(a.prior), 'po: ', sum(a.prior) + sum(a.probability),'|', mp.current_process()._identity[0])
	return sum(a.probability) + sum(a.prior), np.hstack((a.probability,a.abundance_list,a.prior))


[docs]def cem2(a):
	'''
	This is the function calculating the chemical evolution for a specific parameter set (changing_parameter) and for a specific observational constraint specified in a (e.g. 'solar_norm' calculates the likelihood of solar abundances coming out of the model). It returns the posterior and a list of blobs. It can be used by an MCMC.
	This function actually encapsulates the real cem function in order to capture exceptions and in that case return -inf. This makes the MCMC runs much more stable

	INPUT: 
	
	   a = model parameters specified in parameter.py and alteres by posterior_function

	OUTPUT:
	
	   predictions, name_of_prediction
	
	   the predicted element abundances for the time of the birth of the star (specified in a) are given back, as well as the corona metallicity at that time and the SN-ratio at that time.
	'''
	try:
		posterior, blobs = cem_real2(a)
		return posterior, blobs
	except Exception as ex:
		import traceback; traceback.print_exc()
	return -np.inf, [0]


[docs]def cem_real2(a):
	'''
	real chempy function. description can be found in cem2
	'''
	## The time until which Chempy is calculated is cropped to the stellar birth time. Also the SFR should not be below 1/20th of the mean SFR
	a = shorten_sfr(a)
	basic_solar = solar_abundances()
	getattr(basic_solar, a.solar_abundance_name)()
	elements_to_trace = list(a.elements_to_trace)
		
	directory = 'model_temp/'
	### Model is calculated
	if a.calculate_model:
		#for item in dir(a):
    		#	print(item,getattr(a,item))
		cube, abundances = Chempy(a)
		cube1 = cube.cube
		gas_reservoir = cube.gas_reservoir
		if a.testing_output:
			if os.path.exists(directory):
				if a.verbose:
					print(directory, ' already exists. Content might be overwritten')
			else:
				os.makedirs(directory)
			np.save(directory + '%s_elements_to_trace' %(a.name_string), elements_to_trace)
			np.save(directory + '%s_gas_reservoir' %(a.name_string),gas_reservoir)
			np.save(directory + '%s_cube' %(a.name_string),cube1)
			np.save(directory + '%s_abundances' %(a.name_string),abundances)
	else:
		cube1 = np.load(directory + '%s_cube.npy' %(a.name_string))
		abundances = np.load(directory + '%s_abundances.npy' %(a.name_string))
		gas_reservoir = np.load(directory + '%s_gas_reservoir.npy' %(a.name_string))
		elements_to_trace = np.load(directory + '%s_elements_to_trace.npy' %(a.name_string))

	# predicted values are written out and returned together with corona metallicity and SN-ratio
	abundance_list = []
	for item in elements_to_trace:
		abundance_list.append(abundances[item][-1])
	
	abundance_list.append(gas_reservoir['Z'][-1])
	elements_to_trace.append('Zcorona')

	abundance_list.append(cube1['sn2'][-1]/cube1['sn1a'][-1])
	elements_to_trace.append('SNratio')

	return(abundance_list,elements_to_trace)



[docs]def posterior_function(changing_parameter,a):
	'''
	The posterior function is the interface between the optimizing function and Chempy. Usually the likelihood will be calculated with respect to a so called 'stellar wildcard'.
	Wildcards can be created according to the tutorial 6. A few wildcards are already stored in the input folder. Chempy will try the current folder first. If no wildcard npy file with the name a.stellar_identifier is found it will look into the Chempy/input/stars folder.

	INPUT: 
	
	   changing_parameter = parameter values of the free parameters as an array
	
	   a = model parameters specified in parameter.py. There are also the names of free parameters specified here

	OUTPUT:
	
	   log posterior, array of blobs
	
	   the blobs contain the likelihoods and the actual values of each predicted data point (e.g. elemental abundance value)
	'''
	try:
		posterior, blobs = posterior_function_real(changing_parameter,a)
		return posterior, blobs
	except Exception as ex:
		import traceback; traceback.print_exc()
	return -np.inf, [0]



[docs]def posterior_function_real(changing_parameter,a):
	'''
	This is the actual posterior function. But the functionality is explained in posterior_function.
	'''
	
	# the values in a are updated according to changing_parameters and the prior list is appended
	a = extract_parameters_and_priors(changing_parameter, a)
	

	# the log prior is calculated
	prior = sum(np.log(a.prior))

	# The endtime is changed for the actual calculation but restored to default afterwards
	backup = a.end ,a.time_steps, a.total_mass
	
	if a.stellar_identifier is 'prior':
		likelihood = 0.
		abundance_list = 0
	else:
		# call Chempy and return the abundances at the end of the simulation = time of star's birth and the corresponding element names as a list
		abundance_list,elements_to_trace = cem_real2(a)	
		a.end ,a.time_steps, a.total_mass = backup
		a.shortened_sfr_rescaling = 1. # Restore in order to not rescale all the time?
		
		# The last two entries of the abundance list are the Corona metallicity and the SN-ratio
		abundance_list = abundance_list[:-2]
		elements_to_trace = elements_to_trace[:-2]


		# a likelihood is calculated where the model error is optimized analytically if you do not want model error uncomment one line in the likelihood function
		likelihood, element_list, model_error, star_error_list, abundance_list, star_abundance_list = likelihood_function(a.stellar_identifier, abundance_list, elements_to_trace)		
		#likelihood = 0.
		#abundance_list = [0]

	if a.verbose:
		if not a.testing_output:
			print('prior = ', prior, 'likelihood = ', likelihood, mp.current_process()._identity[0])
		else:
			print('prior = ', prior, 'likelihood = ', likelihood)

	return(prior+likelihood,abundance_list)



[docs]def posterior_function_for_minimization(changing_parameter,a):
	'''
	calls the posterior function but just returns the negative log posterior instead of posterior and blobs
	'''
	posterior, blobs = posterior_function(changing_parameter,a)
	return -posterior


[docs]def posterior_function_returning_predictions(args):
	'''
	calls the posterior function but just returns the negative log posterior instead of posterior and blobs
	'''
	changing_parameter,a = args
	posterior, abundance_list, element_list = posterior_function_predictions(changing_parameter,a)
	return abundance_list,element_list


[docs]def posterior_function_predictions(changing_parameter,a):
	'''
	This is like posterior_function_real. But returning the predicted elements as well.
	'''
	
	start_time = time.time()
	# the values in a are updated according to changing_parameters and the prior list is appended
	a = extract_parameters_and_priors(changing_parameter, a)
	

	# the log prior is calculated
	prior = sum(np.log(a.prior))

	
	precalculation = time.time()
	#print('precalculation: ', start_time - precalculation)

	# The endtime is changed for the actual calculation but restored to default afterwards
	backup = a.end ,a.time_steps, a.total_mass
	
	# call Chempy and return the abundances at the end of the simulation = time of star's birth and the corresponding element names as a list
	abundance_list,elements_to_trace = cem_real2(a)
	a.end ,a.time_steps, a.total_mass = backup
	
	# The last two entries of the abundance list are the Corona metallicity and the SN-ratio
	abundance_list = abundance_list[:-2]
	elements_to_trace = elements_to_trace[:-2]

	model = time.time()
	#print('model: ', precalculation - model)

	# a likelihood is calculated where the model error is optimized analytically if you do not want model error uncomment one line in the likelihood function
	likelihood, element_list, model_error, star_error_list, abundance_list, star_abundance_list = likelihood_function(a.stellar_identifier, abundance_list, elements_to_trace)
	#likelihood = 0.
	#abundance_list = [0]

	error_optimization = time.time()
	#print('error optimization: ', model - error_optimization)
	if a.verbose:
		if not a.testing_output:
			print('prior = ', prior, 'likelihood = ', likelihood, mp.current_process()._identity[0])
		else:
			print('prior = ', prior, 'likelihood = ', likelihood)

	return(prior+likelihood,abundance_list, element_list)


[docs]def get_prior(changing_parameter, a):
	"""
	This function calculates the prior probability

	INPUT:

	   changing_parameter = the values of the parameter vector

	   a = the model parameters including the names of the parameters (which is needed to identify them with the prescribed priors in parameters.py)

	OUTPUT:

	   the log prior is returned
	"""

	for i,item in enumerate(a.to_optimize):
		setattr(a, item, changing_parameter[i])
		val = getattr(a, item)

	### PRIOR calculation, values are stored in parameter.py
	prior_names = []
	prior = []
	for name in a.to_optimize:
		(mean, std, functional_form) = a.priors.get(name)
		val = getattr(a, name)
		prior_names.append(name)
		if functional_form == 0:
			prior.append(gaussian(val, mean, std))
		elif functional_form == 1:
			prior.append(lognorm(val, mean, std))
	return(sum(np.log(prior)))


[docs]def global_optimization(changing_parameter, result):
	'''
	This function is a buffer function if global_optimization_real fails and it only returns the negative posterior
	'''
	try:
		posterior, error_list, elements = global_optimization_real(changing_parameter, result)
		return posterior
	except Exception as ex:
		import traceback; traceback.print_exc()
	return np.inf


[docs]def global_optimization_error_returned(changing_parameter, result):
	'''
	this is a buffer function preventing failures from global_optimization_real and returning all its output including the best model error
	'''
	try:
		posterior, error_list, elements = global_optimization_real(changing_parameter, result)
		return -posterior, error_list, elements
	except Exception as ex:
		import traceback; traceback.print_exc()
	return np.inf, [0], [0]


[docs]def global_optimization_real(changing_parameter, result):
	'''
	This function calculates the predictions from several Chempy zones in parallel. It also calculates the likelihood for common model errors
	BEWARE: Model parameters are called as saved in parameters.py!!!

	INPUT:

	   changing_parameter = the global SSP parameters (parameters that all stars share)

	   result = the complete parameter set is handed over as an array of shape(len(stars),len(all parameters)). From those the local ISM parameters are taken
	
	OUTPUT:

	   -posterior = negative log posterior for all stellar zones

	   error_list = the optimal standard deviation of the model error

	   elements = the corresponding element symbols
	'''
	import multiprocessing as mp
	import numpy.ma as ma
	from scipy.stats import beta
	from .cem_function import get_prior, posterior_function_returning_predictions
	from .data_to_test import likelihood_evaluation
	from .parameter import ModelParameters
	
	## Calculating the prior
	a = ModelParameters()
	a.to_optimize = a.SSP_parameters_to_optimize
	prior = get_prior(changing_parameter,a)

	## Handing over to posterior_function_returning_predictions
	parameter_list = []
	p0_list = []
	for i,item in enumerate(a.stellar_identifier_list):
		parameter_list.append(ModelParameters())
		parameter_list[-1].stellar_identifier = item
		p0_list.append(np.hstack((changing_parameter,result[i,len(a.SSP_parameters):])))
	args = zip(p0_list,parameter_list)
	p = mp.Pool(len(parameter_list))
	t = p.map(posterior_function_returning_predictions, args)
	p.close()
	p.join()
	z = np.array(t)
	# Predictions including element symbols are returned

	# Reading out the wildcards
	elements = np.unique(np.hstack(z[:,1]))
	from Chempy.data_to_test import read_out_wildcard
	args = zip(a.stellar_identifier_list, z[:,0], z[:,1])
	list_of_l_input = []
	for item in args:
		list_of_l_input.append(read_out_wildcard(*item))
		list_of_l_input[-1] = list(list_of_l_input[-1])
	# Now the input for the likelihood evaluating function is almost ready


	# Masking the elements that are not given for specific stars and preparing the likelihood input
	star_errors = ma.array(np.zeros((len(elements),len(a.stellar_identifier_list))), mask = True)
	star_abundances = ma.array(np.zeros((len(elements),len(a.stellar_identifier_list))), mask = True)
	model_abundances = ma.array(np.zeros((len(elements),len(a.stellar_identifier_list))), mask = True)

	for star_index,item in enumerate(list_of_l_input):
		for element_index,element in enumerate(item[0]):
			assert element in elements, 'observed element is not predicted by Chempy'
			new_element_index = np.where(elements == element)[0][0]
			star_errors[new_element_index,star_index] = item[1][element_index]
			model_abundances[new_element_index,star_index] = item[2][element_index]
			star_abundances[new_element_index,star_index] = item[3][element_index]

	# Brute force testing of a few model errors
	model_errors = np.linspace(a.flat_model_error_prior[0],a.flat_model_error_prior[1],a.flat_model_error_prior[2])
	if a.beta_error_distribution[0]:
		error_weight = beta.pdf(model_errors, a = a.beta_error_distribution[1], b = a.beta_error_distribution[2])
		error_weight/= sum(error_weight)
	else:
		error_weight = np.ones_like(model_errors) * 1./float(flat_model_error_prior[2])
	error_list = []
	likelihood_list = []
	for i,element in enumerate(elements):
		error_temp = []
		for item in model_errors:
			error_temp.append(likelihood_evaluation(item, star_errors[i] , model_abundances[i], star_abundances[i]))
		cut = np.where(np.hstack(error_temp)==np.max(error_temp))
		if len(cut) == 2:
			cut = cut[0][0]
		error_list.append(float(model_errors[cut]))
		## Adding the marginalization over the model error (within the prior borders). Taking the average of the likelihoods (they are log likelihoods so exp needs to be called)
		if a.error_marginalization:
			likelihood_list.append(logsumexp(error_temp, b = error_weight))
		else:
			if a.zero_model_error:
				likelihood_list.append(error_temp[0])
			else:	
				likelihood_list.append(np.max(error_temp))
	
	error_list = np.hstack(error_list)
	likelihood_list = np.hstack(likelihood_list)
	likelihood = np.sum(likelihood_list)
	
	# returning the best likelihood together with the prior as posterior
	return(-(prior + likelihood), error_list, elements)


[docs]def extract_parameters_and_priors(changing_parameter, a):
	'''
	This function extracts the parameters from changing parameters and writes them into the ModelParamaters (a), so that Chempy can evaluate the changed parameter settings
	'''
	for i,item in enumerate(a.to_optimize):
		setattr(a, item, changing_parameter[i])
		val = getattr(a, item)

	### PRIOR calculation, values are stored in parameter.py
	prior_names = []
	prior = []
	for name in a.to_optimize:
		(mean, std, functional_form) = a.priors.get(name)
		val = getattr(a, name)
		prior_names.append(name)
		if functional_form == 0:
			prior.append(gaussian(val, mean, std))
		elif functional_form == 1:
			prior.append(lognorm(val, mean, std))
	a.prior = prior

	# check the borders of the free parameters
	for name in a.to_optimize:
		(lower, upper) = a.constraints.get(name)
		val = getattr(a, name)
		if lower is not None and val<lower:
			assert False, '%s lower border is violated' %(name)
		if upper is not None and val>upper:
			assert False, '%s upper border is violated' %(name)
	if a.verbose:
		if not a.testing_output:
			print(changing_parameter,mp.current_process()._identity[0])#,a.observational_constraints_index
		else:
			print(changing_parameter)
	
	### So that the parameter can be plotted in linear space
	if 'log10_N_0' in a.to_optimize:
		a.N_0 = np.power(10,a.log10_N_0)
	if 'log10_sn1a_time_delay' in a.to_optimize:
		a.sn1a_time_delay = np.power(10,a.log10_sn1a_time_delay)
	if 'log10_starformation_efficiency' in a.to_optimize:
		a.starformation_efficiency = np.power(10,a.log10_starformation_efficiency)
	if 'log10_gas_reservoir_mass_factor' in a.to_optimize:
		a.gas_reservoir_mass_factor = np.power(10,a.log10_gas_reservoir_mass_factor)
	if 'log10_sfr_scale' in a.to_optimize:
		a.sfr_scale = np.power(10,a.log10_sfr_scale)
	if 'log10_beta_parameter' in a.to_optimize:
		a.beta_error_distribution[2] = np.power(10,a.log10_beta_parameter)

	if 'high_mass_slope' in a.to_optimize:
		if a.imf_type_name == 'salpeter':
			a.imf_parameter = (a.high_mass_slope)
		elif a.imf_type_name == 'Chabrier_2':
			a.imf_parameter = (a.chabrier_para1, a.chabrier_para2, a.chabrier_para3, a.high_mass_slope)
		elif a.imf_type_name == 'Chabrier_1':
			a.imf_parameter = (a.chabrier_para1, a.chabrier_para2, a.high_mass_slope)
		elif a.imf_type_name == 'normed_3slope':
			a.imf_parameter = (a.imf_slope_1, a.imf_slope_2, a.high_mass_slope, a.imf_break_1, a.imf_break_2)
		if a.time_delay_functional_form == 'maoz':
			a.sn1a_parameter = [a.N_0, a.sn1a_time_delay, a.sn1a_exponent, a.dummy]
		elif a.time_delay_functional_form == 'normal':
			a.sn1a_parameter = [a.number_of_pn_exlopding, a.sn1a_time_delay, a.sn1a_timescale, a.sn1a_gauss_beginning]
		elif a.time_delay_functional_form == 'gamma_function':
			a.sn1a_parameter = [a.sn1a_norm, a.sn1a_a_parameter, a.sn1a_beginning, a.sn1a_scale]
	return(a)


[docs]def posterior_function_local_for_minimization(changing_parameter, stellar_identifier, global_parameters, errors, elements):
	'''
	calls the local posterior function but just returns the negative log posterior instead of posterior and blobs
	'''
	posterior, blobs = posterior_function_local(changing_parameter, stellar_identifier, global_parameters, errors, elements)
	return -posterior


[docs]def posterior_function_local(changing_parameter, stellar_identifier, global_parameters, errors, elements):
	'''
	The posterior function is the interface between the optimizing function and Chempy. Usually the likelihood will be calculated with respect to a so called 'stellar wildcard'.
	Wildcards can be created according to the tutorial 6 from the github page. A few wildcards are already stored in the input folder. Chempy will try the current folder first. If no wildcard npy file with the name a.stellar_identifier is found it will look into the Chempy/input/stars folder.

	INPUT: 
	
	   changing_parameter = parameter values of the free parameters as an array
	
	   a = model parameters specified in parameter.py. There are also the names of free parameters specified here

	   global_parameters = the SSP Parameters which are fixed for this optimization but need to be handed over to Chempy anyway

	   errors = the model error for each element

	   elements = the corresponding names of the elements

	OUTPUT:
	
	   log posterior, array of blobs
	
	   the blobs contain the actual values of each predicted data point (e.g. elemental abundance value)
	'''
	try:
		posterior, blobs = posterior_function_local_real(changing_parameter, stellar_identifier, global_parameters, errors, elements)
		return posterior, blobs
	except Exception as ex:
		import traceback; traceback.print_exc()
	return -np.inf, [0]


[docs]def posterior_function_local_real(changing_parameter, stellar_identifier, global_parameters, errors, elements):
	'''
	This is the actual posterior function. But the functionality is explained in posterior_function.
	'''
	from .parameter import ModelParameters
	a = ModelParameters()
	a.stellar_identifier = stellar_identifier
	
	start_time = time.time()
	# the values in a are updated according to changing_parameters and the prior list is appended
	changing_parameter = np.hstack((global_parameters,changing_parameter))
	a = extract_parameters_and_priors(changing_parameter, a)
	

	# the log prior is calculated
	prior = sum(np.log(a.prior))

	
	precalculation = time.time()
	#print('precalculation: ', start_time - precalculation)

	# The endtime is changed for the actual calculation but restored to default afterwards
	#backup = a.end ,a.time_steps, a.total_mass
	
	# call Chempy and return the abundances at the end of the simulation = time of star's birth and the corresponding element names as a list
	abundance_list,elements_to_trace = cem_real2(a)
	#a.end ,a.time_steps, a.total_mass = backup
	
	# The last two entries of the abundance list are the Corona metallicity and the SN-ratio
	abundance_list = abundance_list[:-2]
	elements_to_trace = elements_to_trace[:-2]

	model = time.time()
	#print('model: ', precalculation - model)

	# a likelihood is calculated where the model error is optimized analytically if you do not want model error uncomment one line in the likelihood function
	if a.error_marginalization:
		from scipy.stats import beta
		likelihood_list = []
		model_errors = np.linspace(a.flat_model_error_prior[0],a.flat_model_error_prior[1],a.flat_model_error_prior[2])
		if a.beta_error_distribution[0]:
			error_weight = beta.pdf(model_errors, a = a.beta_error_distribution[1], b = a.beta_error_distribution[2])
			error_weight/= sum(error_weight)
		else:
			error_weight = np.ones_like(model_errors) * 1./float(flat_model_error_prior[2])
		for i, item in enumerate(model_errors):
			error_temp = np.ones_like(errors) * item 
			likelihood_temp, element_list, model_error, star_error_list, abundance_list_dump, star_abundance_list = likelihood_function(a.stellar_identifier, abundance_list, elements_to_trace, fixed_model_error = error_temp, elements = elements)
			likelihood_list.append(likelihood_temp)
		likelihood = logsumexp(likelihood_list, b = error_weight)
		abundance_list = abundance_list_dump
	else:
		if a.zero_model_error:
			errors = np.zeros_like(errors)
		likelihood, element_list, model_error, star_error_list, abundance_list, star_abundance_list = likelihood_function(a.stellar_identifier, abundance_list, elements_to_trace, fixed_model_error = errors, elements = elements)
	#likelihood = 0.
	#abundance_list = [0]

	error_optimization = time.time()
	#print('error optimization: ', model - error_optimization)
	if a.verbose:
		if not a.testing_output:
			print('prior = ', prior, 'likelihood = ', likelihood, mp.current_process()._identity[0])
		else:
			print('prior = ', prior, 'likelihood = ', likelihood)

	return(prior+likelihood,abundance_list)



[docs]def posterior_function_many_stars(changing_parameter,error_list,elements):
	'''
	The posterior function is the interface between the optimizing function and Chempy. Usually the likelihood will be calculated with respect to a so called 'stellar wildcard'.
	Wildcards can be created according to the tutorial 6. A few wildcards are already stored in the input folder. Chempy will try the current folder first. If no wildcard npy file with the name a.stellar_identifier is found it will look into the Chempy/input/stars folder.
	The posterior function for many stars evaluates many Chempy instances for different stars and adds up their common likelihood. The list of stars is given in parameter.py under stellar_identifier_list.
	The names in the list must be represented by wildcards in the same folder.

	INPUT: 
	
	   changing_parameter = parameter values of the free parameters as an array
	
	   error_list = the model error list for each element

	   elements = the corresponding element symbols

	OUTPUT:
	
	   log posterior, array of blobs
	
	   the blobs contain the likelihoods and the actual values of each predicted data point (e.g. elemental abundance value)
	'''
	try:
		posterior, blobs = posterior_function_many_stars_real(changing_parameter,error_list,elements)
		return posterior, blobs
	except Exception as ex:
		import traceback; traceback.print_exc()
	return -np.inf, [0]



[docs]def posterior_function_many_stars_real(changing_parameter,error_list,error_element_list):
	'''
	This is the actual posterior function for many stars. But the functionality is explained in posterior_function_many_stars.
	'''
	import numpy.ma as ma
	from .cem_function import get_prior, posterior_function_returning_predictions
	from .data_to_test import likelihood_evaluation, read_out_wildcard
	from .parameter import ModelParameters

	## Initialising the model parameters
	a = ModelParameters()
	
	## extracting from 'changing_parameters' the global parameters and the local parameters
	global_parameters = changing_parameter[:len(a.SSP_parameters)]
	local_parameters = changing_parameter[len(a.SSP_parameters):]
	local_parameters = local_parameters.reshape((len(a.stellar_identifier_list),len(a.ISM_parameters)))

	## getting the prior for the global parameters in order to subtract it in the end for each time it was evaluated too much
	a.to_optimize = a.SSP_parameters_to_optimize
	global_parameter_prior = get_prior(global_parameters,a)
	
	## Chempy is evaluated one after the other for each stellar identifier with the prescribed parameter combination and the element predictions for each star are stored
	predictions_list = []
	elements_list = []
	log_prior_list = []

	for i, item in enumerate(a.stellar_identifier_list):
		b = ModelParameters()
		b.stellar_identifier = item
		changing_parameter = np.hstack((global_parameters,local_parameters[i]))
		args = (changing_parameter,b)
		abundance_list,element_list = posterior_function_returning_predictions(args)
		predictions_list.append(abundance_list)
		elements_list.append(element_list)
		log_prior_list.append(get_prior(changing_parameter,b))

	## The wildcards are read out so that the predictions can be compared with the observations
	args = zip(a.stellar_identifier_list, predictions_list, elements_list)
	list_of_l_input = []
	for item in args:
	    list_of_l_input.append(read_out_wildcard(*item))
	    list_of_l_input[-1] = list(list_of_l_input[-1])

	## Here the predictions and observations are brought into the same array form in order to perform the likelihood calculation fast
	elements = np.unique(np.hstack(elements_list))
	# Masking the elements that are not given for specific stars and preparing the likelihood input
	star_errors = ma.array(np.zeros((len(elements),len(a.stellar_identifier_list))), mask = True)
	star_abundances = ma.array(np.zeros((len(elements),len(a.stellar_identifier_list))), mask = True)
	model_abundances = ma.array(np.zeros((len(elements),len(a.stellar_identifier_list))), mask = True)

	for star_index,item in enumerate(list_of_l_input):
	    for element_index,element in enumerate(item[0]):
	        assert element in elements, 'observed element is not predicted by Chempy'
	        new_element_index = np.where(elements == element)[0][0]
	        star_errors[new_element_index,star_index] = item[1][element_index]
	        model_abundances[new_element_index,star_index] = item[2][element_index]
	        star_abundances[new_element_index,star_index] = item[3][element_index]

	## given model error from error_list is read out and brought into the same element order (compatibility between python 2 and 3 makes the decode method necessary)
	if not a.error_marginalization:
		error_elements_decoded = []
		for item in error_element_list:
			error_elements_decoded.append(item.decode('utf8'))
		error_element_list = np.hstack(error_elements_decoded)


		error_list = np.hstack(error_list)
		model_error = []
		for element in elements:
			assert element in error_element_list, 'for this element the model error was not given, %s' %(element)
			model_error.append(error_list[np.where(error_element_list == element)])
		model_error = np.hstack(model_error)

	## likelihood is calculated (the model error vector is expanded)
	if a.error_marginalization:
		from scipy.stats import beta
		likelihood_list = []
		model_errors = np.linspace(a.flat_model_error_prior[0],a.flat_model_error_prior[1],a.flat_model_error_prior[2])
		if a.beta_error_distribution[0]:
			error_weight = beta.pdf(model_errors, a = a.beta_error_distribution[1], b = a.beta_error_distribution[2])
			error_weight/= sum(error_weight)
		else:
			error_weight = np.ones_like(model_errors) * 1./float(flat_model_error_prior[2])
		for i, item in enumerate(model_errors):
			error_temp = np.ones(len(elements)) * item 
			likelihood_list.append(likelihood_evaluation(error_temp[:,None], star_errors , model_abundances, star_abundances))
		likelihood = logsumexp(likelihood_list, b = error_weight)	
	else:
		if a.zero_model_error:
			model_error = np.zeros_like(model_error)
		likelihood = likelihood_evaluation(model_error[:,None], star_errors , model_abundances, star_abundances)
	
	## Prior from all stars is added
	prior = sum(log_prior_list)
	## Prior for global parameters is subtracted
	prior -= (len(a.stellar_identifier_list)-1) * global_parameter_prior
	posterior = prior+likelihood
	assert np.isnan(posterior) == False, ('returned posterior = ', posterior , 'prior = ' , prior, 'likelihood = ', likelihood, 'changing parameter = ', changing_parameter )
	########
	if a.verbose:
		print('prior = ', prior, 'likelihood = ', likelihood)

	return(posterior,model_abundances)





          

      

      

    

  

    
      
          
            
  Source code for Chempy.data_to_test

import matplotlib.pyplot as plt
import numpy as np

[docs]def gaussian(x,x0,xsig):
	'''
	function to calculate the gaussian probability

	INPUT:

	   x = where is the data point or parameter value

	   x0 = mu

	   xsig = sigma
	'''
	factor = 1. / (np.sqrt(xsig * xsig * 2. * np.pi))
	exponent = -np.divide((x - x0) * (x - x0),2 * xsig * xsig)
	return factor * np.exp(exponent)


[docs]def likelihood_evaluation(model_error, star_error_list, abundance_list, star_abundance_list):
	'''
	This function evaluates the Gaussian for the prediction/observation comparison and returns the resulting log likelihood. The model error and the observed error are added quadratically

	INPUT:

	   model_error = the error coming from the models side

	   star_error_list = the error coming from the observations

	   abundance_list = the predictions

	   star_abundance_list = the observations

	OUTPUT:

	   likelihood = the summed log likelihood
	'''
	error = np.sqrt(model_error * model_error + star_error_list * star_error_list)
	#print(error, 'error')
	#print(star_abundance_list, 'star_abundance_list')
	#print(abundance_list, 'abundance_list')
	list_of_likelihoods = gaussian(star_abundance_list,abundance_list,error)
	#print(list_of_likelihoods, 'list_of_likelihoods')
	log_likelihood_list = np.log(list_of_likelihoods)
	#print(log_likelihood_list, 'log_likelihood_list')
	likelihood = np.sum(log_likelihood_list)
	return likelihood


[docs]def sample_stars(weight,selection,element1,element2,error1,error2,nsample):
	'''
	This function samples stars along a chemical evolution track properly taking into account the SFR and the selection function of the stellar population (e.g. red-clump stars). It can be used to produce mock observations which can be compared to survey data.

	INPUT

	   weight: The SFR of the model

	   selection: The age-distribution of a stellar population (e.g. red-clump stars). The time intervals need to be the same as for 'weight'.

	   element1 = the values of one element for the ISM of the model (same time-intervals as SFR)

	   element2 = the values of the other element for the ISM

	   error1 = the measurement error of that element

	   error2 = measurement error

	   nsample = number of stars that should be realized
	'''
	weight = np.cumsum(weight*selection)
	weight /= weight[-1]
	sample = np.random.random(nsample)
	sample = np.sort(sample)
	stars = np.zeros_like(weight)
	for i,item in enumerate(weight):
		if i == 0:
			count = len(sample[np.where(np.logical_and(sample>0.,sample<=item))])
			stars[i] = count
		else:
			count = len(sample[np.where(np.logical_and(sample>weight[i-1],sample<=item))])
			stars[i] = count
	sun_feh = []
	sun_mgfe = []
	for i in range(len(weight)):
		if stars[i] != 0:
			for j in range(int(stars[i])):
				sun_feh.append(element1[i])
				sun_mgfe.append(element2[i])
	sun_feh = np.array(sun_feh)
	sun_mgfe = np.array(sun_mgfe)
	perturbation = np.random.normal(0,error1,len(sun_feh))
	sun_feh += perturbation
	perturbation = np.random.normal(0,error2,len(sun_feh))
	sun_mgfe += perturbation
	return sun_feh,sun_mgfe


[docs]def sample_stars_all_elements(weight, selection, elements, errors, nsample, random_seed=None):
	'''
	This function samples stars along a chemical evolution track properly taking into account the SFR and the selection function of the stellar population (e.g. red-clump stars). It can be used to produce mock observations which can be compared to survey data.

	*This is an updated version of sample_stars() and can return mock observations with abundances for as many elements as are tracked*

	INPUT

	   weight: The SFR of the model

	   selection: The age-distribution of a stellar population (e.g. red-clump stars). The time intervals need to be the same as for 'weight'.

	   elements = the ISM abundance of all tracked elements of the model (same time-intervals as SFR)

	   errors = the measurement error of each element

	   nsample = number of stars that should be realized
	'''
	if random_seed:
		np.random.seed(random_seed)
	weight = np.cumsum(weight*selection)
	weight /= weight[-1]
	sample = np.random.random(nsample)
	sample = np.sort(sample)
	stars = np.zeros_like(weight)
	for i, item in enumerate(weight):
	    if i == 0:
	        count = len(sample[np.where(np.logical_and(sample > 0., sample <= item))])
	        stars[i] = count
	    else:
	        count = len(sample[np.where(np.logical_and(sample > weight[i-1], sample <= item))])
	        stars[i] = count

	abundances = np.zeros((len(elements), nsample))
	n = 0
	for i in range(len(weight)):
	    if stars[i] != 0:
	        for j in range(int(stars[i])):
	            for k in range(len(elements)):
	                abundances[k][n] = elements[k][i]
	            n += 1
	abundances = np.array(abundances)
	for i, element in enumerate(elements):
	    perturbation = np.random.normal(0, errors[i], len(abundances[i]))
	    abundances[i] += perturbation
	return abundances


[docs]def mock_abundances(a, nsample, abundances, elements_to_sample,
					element_error='solar', tracer='red_clump', random_seed=None):
	'''
	This function provides a convenient wrapper for the SampleStars() function.
	1) Loads selection function and interpolates to time steps of Chempy run.
	2) Compiles and formats abundances and errors for each element
	3) Passes abundances, errors, selection function, and SFR to SampleStars()


	INPUT

	   a: The Model Parameters used for the Chempy run.

	   nsample: Number of stars that should be realized

	   abundances: Abundance output from Chempy()

	   elements_to_sample: List of strings corresponding to element symbols that you'd like to sample

	   element_error: Observational error to provide scatter to sample.
	   				   -'solar': for observational errors of solar abundances
	   				   -float: uniform observational error accross all abundances
	   				   -np.ndarray: array of observational errors for each element (must be same length as elements_to_sample)
	   				   -dict: Of the form {<element symbol>: <observaational error for element>}

	   tracer: Stellar tracer to sample. Looks for age distribution in inputs/selection/<tracer>.npz

	OUTPUT

	sampled_abundances: Dictionary with an array of nsample abundances for each key in elements_to_sample.
						All abundances are given as [X/Fe] except for iron, which is given as [Fe/H]
						i.e. [Al/Fe] for star0 is sampled_abundances['Al'][0]
							 [Fe/H] for star0 is sampled_abundances['Fe'][0]
						Also includes abundance error for each star under the element key + '_err'
						i.e. sigma[Fe/H] for star0 is sampled_abundances['Fe_err'][0]
	'''
	from .solar_abundance import solar_abundances
	from . import localpath

	basic_solar = solar_abundances()
	getattr(basic_solar, a.solar_abundance_name)()

	# Red Clump Selection Criteria
	try:
	    temp = np.load(localpath + "input/selection/{}.npz".format(tracer))
	except:
	    raise Exception('Valid age distribution file not found for {}'.format(tracer))
	selection_raw = temp['age_dist']
	time_selection_raw = temp['time']

	selection = np.interp(abundances['time'], time_selection_raw[::-1], selection_raw)

	elements = []
	errors = []
	for i, element in enumerate(elements_to_sample):
	    if element == 'Fe':
	        elements.append(abundances[element][1:])
	        if element_error == 'solar':
	            errors.append(float(basic_solar.table['error']
	                                [np.where(basic_solar.table['Symbol'] == element)]))
	        elif type(element_error) == float:
	            errors.append(element_error)
	        elif type(element_error) == np.ndarray:
	            assert len(element_error) == len(elements_to_sample), "Length of element_error array must match length of elements_to_sample"
	            errors.append(element_error[i])
	        elif type(element_error) == dict:
	            assert element in list(element_error.keys()), '{} not found in element_error dictionary'.format(element)
	            errors.append(element_error[element])
	        else:
	            assert 1 == 0, "Improper element_error provided"
	    else:
	        elements.append(abundances[element][1:]-abundances['Fe'][1:])
	        if element_error == 'solar':
	            errors.append(float(basic_solar.table['error']
	                                [np.where(basic_solar.table['Symbol'] == element)]))
	        elif type(element_error) == float:
	            errors.append(element_error)
	        elif type(element_error) == np.ndarray:
	            assert len(element_error) == len(elements_to_sample), "Length of element_error array must match length of elements_to_sample"
	            errors.append(element_error[i])
	        elif type(element_error) == dict:
	            assert element in list(element_error.keys()), '{} not found in element_error dictionary'.format(element)
	            errors.append(element_error[element])
	        else:
	            assert 1 == 0, "Improper element_error provided"
	sampled_abundances = sample_stars_all_elements(abundances['weights'][1:], selection[1:], elements, errors, nsample, random_seed)
	sampled_abundances = {y: z for y, z in zip(elements_to_sample, sampled_abundances)}
	for i, element in enumerate(elements_to_sample):
		sampled_abundances[element+'_err'] = np.ones(nsample) * errors[i]

	return(sampled_abundances)


#def gaussian_1d_log(x,x0,xsig):
#	return -np.divide((x-x0)*(x-x0),2*xsig*xsig)

[docs]def yield_plot(name_string, yield_class, solar_class, element):
	'''
	This function plots [X/Fe] for the complete mass and metallicity range of a yield class.

	INPUT:

	   name_string = a string which is included in the saved file name

	   yield_class = a Chempy yield class (e.g 'Nomoto2013' from SN2_Feedback, see tutorial)

	   solar_class = a Chempy solar class (needed for normalisation)

	   element = the element for which to plot the yield table

	OUTPUT

	   the figure will be saved into the current directory
	'''
	elements = np.hstack(solar_class.all_elements)
	solar_fe_fraction = float(solar_class.fractions[np.where(elements == 'Fe')])
	solar_element_fraction = float(solar_class.fractions[np.where(elements == element)])
	plt.clf()
	fig = plt.figure(figsize=(13,8), dpi=100)
	ax = fig.add_subplot(111)

	ax.set_title('Yields of %s' %(name_string))
	ax.set_xlabel(r'metallicity in $\log_{10}\left(\mathrm{Z}/\mathrm{Z}_\odot\right)$')
	ax.set_ylabel('[%s/Fe]' %(element))

	for item in yield_class.metallicities:
		for j,jtem in enumerate(list(yield_class.table[item]['Mass'])):
			ejecta_fe = yield_class.table[item]['Fe'][j]
			ejecta_element = yield_class.table[item][element][j]
			#print "log Z, mass, [X/Fe]"
			#print np.log10(float(item)/solar_class.z), jtem,  np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			if item == 0:
				metallicity = np.log10(float(1e-7)/solar_class.z)
			else:
				metallicity = np.log10(float(item)/solar_class.z)
			alpha_enhancement = np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			mass = jtem
			ax.scatter(metallicity, alpha_enhancement, s=20, c=None, marker=u'o', cmap=None, norm=None, vmin=None, vmax=None, alpha=None, linewidths=None, verts=None, edgecolors=None)
			ax.text(metallicity, alpha_enhancement, mass)

	plt.savefig('yields_%s.png' %(name_string),bbox_inches='tight')


[docs]def yield_comparison_plot(yield_name1, yield_name2, yield_class, yield_class2, solar_class, element):
	'''
	a function to plot a comparison between two yield sets. It is similar to 'yield_plot' only that a second yield set can be plotted.

	INPUT

	   yield_name1 = Name of the first yield class

	   yield_name2 = Name of the second yield class

	   yield_class = a Chempy yield class (e.g 'Nomoto2013' from SN2_Feedback, see tutorial)

	   yield_class2 = a Chempy yield class (e.g 'Nomoto2013' from SN2_Feedback, see tutorial)

	   solar_class = a Chempy solar class (needed for normalisation)

	   element = the element for which to plot the yield table

	OUTPUT

	   the figure will be saved into the current directory
	'''
	elements = np.hstack(solar_class.all_elements)
	solar_fe_fraction = float(solar_class.fractions[np.where(elements == 'Fe')])
	solar_element_fraction = float(solar_class.fractions[np.where(elements == element)])
	plt.clf()
	fig = plt.figure(figsize=(13,8), dpi=100)
	ax = fig.add_subplot(111)

	ax.set_title('Yields of %s in blue vs %s in red' %(yield_name1,yield_name2))
	ax.set_xlabel(r'metallicity in $\log_{10}\left(\mathrm{Z}/\mathrm{Z}_\odot\right)$')
	ax.set_ylabel('[%s/Fe]' %(element))

	for item in yield_class.metallicities:
		for j,jtem in enumerate(list(yield_class.table[item]['Mass'])):
			ejecta_fe = yield_class.table[item]['Fe'][j]
			ejecta_element = yield_class.table[item][element][j]
			#print "log Z, mass, [X/Fe]"
			#print np.log10(float(item)/solar_class.z), jtem,  np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			if item == 0:
				metallicity = np.log10(float(1e-7)/solar_class.z)
			else:
				metallicity = np.log10(float(item)/solar_class.z)
			alpha_enhancement = np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			mass = jtem
			ax.scatter(metallicity, alpha_enhancement, s=20*mass, c='b', marker=u'o', cmap=None, norm=None, vmin=None, vmax=None, alpha=0.5, linewidths=None, verts=None, edgecolors=None)
			ax.annotate(xy = (metallicity, alpha_enhancement), s = mass, color = 'b')

	for item in yield_class2.metallicities:
		for j,jtem in enumerate(list(yield_class2.table[item]['Mass'])):
			ejecta_fe = yield_class2.table[item]['Fe'][j]
			ejecta_element = yield_class2.table[item][element][j]
			#print "log Z, mass, [X/Fe]"
			#print np.log10(float(item)/solar_class.z), jtem,  np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			if item == 0:
				metallicity = np.log10(float(1e-7)/solar_class.z)
			else:
				metallicity = np.log10(float(item)/solar_class.z)
			alpha_enhancement = np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			mass = jtem
			ax.scatter(metallicity, alpha_enhancement, s=20*mass, c='r', marker=u'o', cmap=None, norm=None, vmin=None, vmax=None, alpha=0.5, linewidths=None, verts=None, edgecolors=None)
			ax.annotate(xy = (metallicity, alpha_enhancement), s = mass, color = 'r')

	plt.savefig('yields_comparison_%s_vs_%s_for_%s.png' %(yield_name1,yield_name2,element),bbox_inches='tight')


[docs]def fractional_yield_comparison_plot(yield_name1, yield_name2, yield_class, yield_class2, solar_class, element):
	'''
	a function to plot a comparison between the fractional yield of two yield sets. The fractional yield is the mass fraction of the star that is expelled as the specific element. Depending on the yield class it will be net or total yield.

	INPUT

	   yield_name1 = Name of the first yield class

	   yield_name2 = Name of the second yield class

	   yield_class = a Chempy yield class (e.g 'Nomoto2013' from SN2_Feedback, see tutorial)

	   yield_class2 = a Chempy yield class (e.g 'Nomoto2013' from SN2_Feedback, see tutorial)

	   solar_class = a Chempy solar class (needed for normalisation)

	   element = the element for which to plot the yield table

	OUTPUT

	   the figure will be saved into the current directory
	'''

	plt.clf()
	fig = plt.figure(figsize=(13,8), dpi=100)
	ax = fig.add_subplot(111)

	ax.set_title('Yields of %s in blue vs %s in red' %(yield_name1,yield_name2))
	ax.set_xlabel(r'metallicity in $\log_{10}\left(\mathrm{Z}/\mathrm{Z}_\odot\right)$')
	ax.set_ylabel(r'$\log_{10}$(fractional %s yield)' %(element))

	for item in yield_class.metallicities:
		for j,jtem in enumerate(list(yield_class.table[item]['Mass'])):
			ejecta_element = yield_class.table[item][element][j]
			#print "log Z, mass, [X/Fe]"
			#print np.log10(float(item)/solar_class.z), jtem,  np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			if item == 0:
				metallicity = np.log10(float(1e-7)/solar_class.z)
			else:
				metallicity = np.log10(float(item)/solar_class.z)
			fractional_feedback = np.log10(ejecta_element)
			mass = jtem
			ax.scatter(metallicity, fractional_feedback, s=20*mass, c='b', marker=u'o', cmap=None, norm=None, vmin=None, vmax=None, alpha=0.5, linewidths=None, verts=None, edgecolors=None)
			ax.annotate(xy = (metallicity, fractional_feedback), s = mass, color = 'b')

	for item in yield_class2.metallicities:
		for j,jtem in enumerate(list(yield_class2.table[item]['Mass'])):
			ejecta_element = yield_class2.table[item][element][j]
			#print "log Z, mass, [X/Fe]"
			#print np.log10(float(item)/solar_class.z), jtem,  np.log10(ejecta_element/solar_element_fraction) - np.log10(ejecta_fe/solar_fe_fraction)
			if item == 0:
				metallicity = np.log10(float(1e-7)/solar_class.z)
			else:
				metallicity = np.log10(float(item)/solar_class.z)
			fractional_feedback = np.log10(ejecta_element)
			mass = jtem
			ax.scatter(metallicity, fractional_feedback, s=20*mass, c='r', marker=u'o', cmap=None, norm=None, vmin=None, vmax=None, alpha=0.5, linewidths=None, verts=None, edgecolors=None)
			ax.annotate(xy = (metallicity, fractional_feedback), s = mass, color = 'r')

	plt.savefig('fractional_yields_comparison_%s_vs_%s_for_%s.png' %(yield_name1,yield_name2,element),bbox_inches='tight')



[docs]def elements_plot(name_string,agb, sn2, sn1a,elements_to_trace, all_elements,max_entry):
	'''
	This function plots the available elements for specific yield sets.

	INPUT:

	   name_string = a string that will be added to the file name

	   agb = agb yield class

	   sn2 = sn2 yield class

	   sn1a = sn1a yield class

	   elements_to_trace = which elements do we want to follow (a list)

	   all_elements = Symbols of all elements (available in the solar abundances class)

	   max_entry = until which element number the figure should be plotted

	OUTPUT:

	   a figure in the current directory
	'''
	plt.clf()
	fig = plt.figure(figsize=(max_entry,10.27), dpi=100)
	ax = fig.add_subplot(111)
	ax.set_title('Elements in yields and processes')
	ax.set_xlabel('element number')
	ax.set_ylabel('groups of elements')


	apogee = ['C','N','O','Na','Mg','Al','Si','S','K','Ca','Ti','V','Mn','Ni']
	s_process = ['Sr','Y','Zr','Nb','Mo','Sn','Ba','La','Ce','Nd','W','Pb']
	r_process = ['Ge','Ru','Rh','Pd','Ag','Pr','Sm','Eu','Gd','Tb','Dy','Ho','Er','Tm','Yb','Lu','Hf','Ta','Re','Os','Ir','Pt','Au','Bi','Th','U']
	alpha = ['C','N','O','Ne','Mg','Si','S','Ar','Ca','Ti']
	iron = ['V','Cr','Mn','Fe','Co','Ni','Zn']
	BB = ['H','He','Li','Be']

	#ax.axis([-3, 118, -3.5, 8.5])
	ax.set_xlim((-3,max_entry))
	ax.set_ylim((-3.5,8.5))
	ax.text(-2, 3, 'elements', fontsize=15, clip_on=True)
	ax.text(-2, 4, 'We trace', fontsize=15)
	ax.text(-2, 8, 'SN Ia', fontsize=15)
	ax.text(-2, 6, 'CC-SN', fontsize=15)
	ax.text(-2, 7, 'AGB', fontsize=15)
	ax.text(-2, 5, 'mutual', fontsize=15)
	ax.text(-2, -3, r'$\alpha$-element', fontsize=15)
	ax.text(-2, 1, 'iron-peak', fontsize=15)
	ax.text(-2, 0, 's-process', fontsize=15)
	ax.text(-2, -1, 'r-process', fontsize=15)
	ax.text(-2, -2, 'Big Bang', fontsize=15)
	ax.text(-2, 2, 'Apogee', fontsize=15)
	for i, item in enumerate(all_elements['Symbol']):
		ax.text(all_elements['Number'][i], 3, item, fontsize=15,bbox={'facecolor':'red', 'alpha':0.5, 'pad':10}, clip_on=True)
		if item in elements_to_trace:
			ax.text(all_elements['Number'][i], 4, "X", fontsize=15, clip_on=True)
		if item in sn1a:
			ax.text(all_elements['Number'][i], 8, "X", fontsize=15, clip_on=True)
		if item in sn2:
			ax.text(all_elements['Number'][i], 6, "X", fontsize=15, clip_on=True)
		if item in agb:
			ax.text(all_elements['Number'][i], 7, "X", fontsize=15, clip_on=True)
		if item in agb and item in sn2 and item in sn1a:
			ax.text(all_elements['Number'][i], 5, "X", fontsize=15, clip_on=True)
		if item in BB:
			ax.text(all_elements['Number'][i], -2, "X", fontsize=15, clip_on=True)
		if item in iron:
			ax.text(all_elements['Number'][i], 1, "X", fontsize=15, clip_on=True)
		if item in alpha:
			ax.text(all_elements['Number'][i], -3, "X", fontsize=15, clip_on=True)
		if item in s_process:
			ax.text(all_elements['Number'][i], 0, "X", fontsize=15, clip_on=True)
		if item in r_process:
			ax.text(all_elements['Number'][i], -1, "X", fontsize=15, clip_on=True)
		if item in apogee:
			ax.text(all_elements['Number'][i], 2, "X", fontsize=15, clip_on=True)

	plt.savefig('elements_%s.png' %(name_string),bbox_inches='tight')
	return [0.]


[docs]def cosmic_abundance_standard(summary_pdf,name_string,abundances,cube,elements_to_trace,solar,number_of_models_overplotted,produce_mock_data,use_mock_data,error_inflation):
	'''
	This is a likelihood function for the B-stars (a proxy for the present-day ISM) with data from nieva przybilla 2012 cosmic abundance standard paper.

	INPUT:

	   summary_pdf = boolean, should a pdf be created?

	   name_string = string to be added in the saved file name

	   abundances = abundances of the IMS (can be calculated from cube)

	   cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

	   elements_to_trace = Which elements should be used for the analysis

	   solar = solar abundance class

	   number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

	   produce_mock_data = should the predictions be saved with an error added to them (default=False)

	   use_mock_data = instead of the real data use the formerly produced mock data (default = False)

	   error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)

	OUTPUT:

	   probabilities = each elements likelihood in a list

	   model_abundances = each elements model prediction as a list

	   elements_list = the names of the elements in a list
	'''
	log_abundances_cosmic = np.array([10.99,8.76,7.56,7.5,7.52,8.09,8.33,7.79])#
	error_abundances = np.array([0.01,0.05,0.05,0.05,0.03,0.05,0.04,0.04])# original
	elements= np.array(['He','O','Mg','Si','Fe','Ne','C','N'])
	probabilities = []
	probabilities_max = []
	elements_list = []
	error_list = []
	cas_abundances = []
	model_abundances = []

	for i,item in enumerate(elements):
		if item in elements_to_trace:
			elements_list.append(item)
			cas_abundances.append(log_abundances_cosmic[np.where(elements==item)]-solar['photospheric'][np.where(solar['Symbol']==item)])
			model_abundances.append(abundances[item][-1])
			error_list.append(error_abundances[np.where(elements==item)])


	if produce_mock_data:
		mock_abundance_list = list(np.random.normal(loc = list(np.hstack(model_abundances)),scale = list(error_inflation*np.hstack(error_list))))
		np.save('mock_data_temp/cas_abundances' ,mock_abundance_list)

	if use_mock_data:
		error_list = list(np.hstack(error_list)*error_inflation)
		cas_abundances = np.load('mock_data_temp/cas_abundances.npy')


	for i,item in enumerate(elements_list):
		probabilities.append(np.log(float(gaussian(model_abundances[i],cas_abundances[i],error_list[i]))))
	probability = np.sum(probabilities)


	if number_of_models_overplotted >1:
		if os.path.isfile('output/comparison/cas.npy'):
			old = np.load('output/comparison/cas.npy')
			old = list(old)
		else:
			old = []
		old.append(np.array(model_abundances))
		np.save('output/comparison/cas',old)

		if os.path.isfile('output/comparison/cas_likelihood.npy'):
			old_likelihood = np.load('output/comparison/cas_likelihood.npy')
			old_likelihood = list(old_likelihood)
		else:
			old_likelihood = []
		old_likelihood.append(np.array(probabilities))
		np.save('output/comparison/cas_likelihood',old_likelihood)

	if summary_pdf:
		plt.clf()
		fig = plt.figure(figsize=(11.69,8.27), dpi=100)
		ax = fig.add_subplot(111)
		plt.errorbar(np.arange(len(elements_list)),cas_abundances,xerr=None,yerr=error_list,mew=3,marker='x',capthick =3,capsize = 20, ms = 10,elinewidth=3,label='CAS')
		plt.plot(np.arange(len(elements_list)),model_abundances,label='model after %.1f Gyr' %(cube['time'][-1]),linestyle='-')

		if number_of_models_overplotted > 1:
			for item in old:
				plt.plot(np.arange(len(elements_list)),np.array(item),linestyle='-', color = 'g', alpha = 0.2)


		for i in range(len(elements_list)):
			plt.annotate(xy=(i,-0.1),s= '%.2f' %(probabilities[i]),size=12)
		plt.grid("on")
		elements_list1 = ['[%s/H]' %(item) for item in elements_list]
		plt.ylim((-0.5,0.5))
		plt.xticks(np.arange(len(elements_list1)), elements_list1)
		plt.ylabel("abundance relative to solar in dex")
		plt.xlabel("Element")
		plt.title('ln(probability) of fulfilling cas= %.2f' %(probability))
		plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
		plt.savefig('cas_%s.png' %(name_string))
	return probabilities, model_abundances, elements_list


[docs]def sol_norm(summary_pdf,name_string,abundances,cube,elements_to_trace, element_names, sol_table, number_of_models_overplotted,produce_mock_data,use_mock_data,error_inflation):
	'''
	This is a likelihood function for solar abundances compared to the model ISM abundances from 4.5Gyr ago.

	INPUT:

	   summary_pdf = boolean, should a pdf be created?

	   name_string = string to be added in the saved file name

	   abundances = abundances of the IMS (can be calculated from cube)

	   cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

	   elements_to_trace = which elements are tracked by Chempy

	   element_names = which elements should be used for the likelihood

	   sol_table = solar abundance class

	   number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

	   produce_mock_data = should the predictions be saved with an error added to them (default=False)

	   use_mock_data = instead of the real data use the formerly produced mock data (default = False)

	   error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)

	OUTPUT:

	   probabilities = each elements likelihood in a list

	   model_abundances = each elements model prediction as a list

	   elements_list = the names of the elements in a list
	'''


	'''
	solar abundances of the sun from the photospheric abundances of the basic_solar.table
	compared to the model abundances after 7.5Gyr. If the sun travelled in the galaxy radial abundance gradiants need to be added.
	'''
	elements_to_trace = element_names

	if 'C+N' in element_names:
		new_array = np.log10( np.power(10,abundances['C']) + np.power(10,abundances['N']))
		abundances = append_fields(abundances,'C+N',new_array)


	time_sun = cube['time'][-1] - 4.5
	cut = [np.where(np.abs(cube['time']-time_sun)==np.min(np.abs(cube['time']-time_sun)))]
	if len(cut[0][0]) != 1:
		cut = cut[0][0][0]
	time_model = cube['time'][cut]
	probabilities = []
	abundance_list = []
	error_list = []
	sun_list = []
	for i,item in enumerate(elements_to_trace):
		abundance_list.append(float(abundances[item][cut]))
		error = sol_table['error'][np.where(sol_table['Symbol']==item)] + 0.01 # added because of uncertainty in diffusion correction (Asplund2009)
		error_list.append(error)
		if item != "C+N":
			if item == 'He':
				sun_list.append(0.05)
			else:
				sun_list.append(0.04) ## add 0.04dex to get protosolar abundances (Asplund 2009)
		else:
			sun_list.append(np.log10(2.))

	if produce_mock_data:
		mock_abundance_list = list(np.random.normal(loc = list(np.hstack(abundance_list)),scale = list(error_inflation*np.hstack(error_list))))
		np.save('mock_data_temp/solar_abundances' ,mock_abundance_list)

	if use_mock_data:
		error_list = list(np.hstack(error_list)*error_inflation)
		sun_list = np.load('mock_data_temp/solar_abundances.npy')

	for i,item in enumerate(elements_to_trace):
		probabilities.append(np.log(float(gaussian(abundance_list[i],sun_list[i],error_list[i]))))

	probability = np.sum(probabilities)

	if number_of_models_overplotted > 1:
		if os.path.isfile('output/comparison/sun.npy'):
			old = np.load('output/comparison/sun.npy')
			old = list(old)
		else:
			old = []
		old.append(np.array(abundance_list))
		np.save('output/comparison/sun',old)
		if os.path.isfile('output/comparison/sun_likelihood.npy'):
			old_likelihood = np.load('output/comparison/sun_likelihood.npy')
			old_likelihood = list(old_likelihood)
		else:
			old_likelihood = []
		old_likelihood.append(np.array(probabilities))
		np.save('output/comparison/sun_likelihood',old_likelihood)

	if summary_pdf:
		text_size = 12
		plt.rc('font', family='serif',size = text_size)
		plt.rc('xtick', labelsize=text_size)
		plt.rc('ytick', labelsize=text_size)
		plt.rc('axes', labelsize=text_size, lw=2.0)
		plt.rc('lines', linewidth = 2)
		plt.rcParams['ytick.major.pad']='8'
		plt.clf()
		fig = plt.figure(figsize=(30.69,8.27), dpi=100)
		ax = fig.add_subplot(111)
		plt.errorbar(np.arange(len(elements_to_trace)),sun_list,xerr=None,yerr=error_list,linestyle = '',mew=3,marker='x',capthick =3,capsize = 20, ms = 10,elinewidth=3,label='solar')

		plt.plot(np.arange(len(elements_to_trace)),np.array(abundance_list),label='model after %.2f Gyr' %(time_model),linestyle='-')

		if number_of_models_overplotted > 1:
			for item in old:
				plt.plot(np.arange(len(elements_to_trace)),np.array(item),linestyle='-', color = 'g', alpha = 0.2)


		for i in range(len(elements_to_trace)):
			plt.annotate(xy=(i,-0.4),s= '%.2f' %(probabilities[i]))
		plt.grid("on")
		plt.ylim((-0.5,0.5))
		elements_to_trace = ['[%s/H]' %(item) for item in elements_to_trace]
		plt.xticks(np.arange(len(elements_to_trace)), elements_to_trace)
		plt.ylabel("abundance relative to solar in dex")
		plt.xlabel("Element")
		plt.title('joint probability of agreeing with the sun (normed to pmax) = %.2f' %(probability))
		plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
		plt.savefig('sol_norm_%s.png' %(name_string))
	return probabilities, abundance_list, elements_to_trace




[docs]def arcturus(summary_pdf,name_string,abundances,cube,elements_to_trace, element_names, sol_table, number_of_models_overplotted, arcturus_age,produce_mock_data,use_mock_data,error_inflation):
	'''
	This is a likelihood function for the arcturus abundances compared to the model ISM abundances from some time ago (the age of arcturus which needs to be specified). The abundances are taken from Ramirez+ 2011 and all elements except for Fe are given in [X/Fe]

	INPUT:

	   summary_pdf = boolean, should a pdf be created?

	   name_string = string to be added in the saved file name

	   abundances = abundances of the IMS (can be calculated from cube)

	   cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

	   elements_to_trace = Which elements should be used for the analysis

	   sol_table = solar abundance class

	   number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

	   produce_mock_data = should the predictions be saved with an error added to them (default = False)

	   use_mock_data = instead of the real data use the formerly produced mock data (default = False)

	   error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)

	OUTPUT:

	   probabilities = each elements likelihood in a list

	   model_abundances = each elements model prediction as a list

	   elements_list = the names of the elements in a list
	'''
	#### Arcturus abundances taken from Worley+ 2009 MNRAS all elements except Fe are given [X/Fe]
	#element_list_arcturus = ['Fe', 'O', 'Na', 'Mg', 'Al', 'Si', 'Ca', 'Sc', 'Ti', 'Zn', 'Y', 'Zr', 'Ba', 'La', 'Nd', 'Eu']
	#element_abundances_arcturus = [-0.60,0.57,0.15,0.34,0.25,0.24,0.19,0.24,0.34,-0.04,0.10,0.06,-0.19,0.04,0.10,0.36]
	#element_errors_arcturus = [0.11,0.02,0.04,0.15,0.07,0.14,0.06,0.01,0.11,0.09,0.17,0.08,0.08,0.08,0.07,0.04]
	#### Arcturus abundances and Age taken from Ramirez+ 2011 all elements except Fe given in [X/Fe]
	element_list_arcturus = np.array(['Fe', 'O', 'Na', 'Mg', 'Al', 'Si', 'K', 'Ca', 'Sc', 'Ti', 'V', 'Cr', 'Mn', 'Co', 'Ni', 'Zn'])#, 'C'
	element_abundances_arcturus = np.array([-0.52, 0.50, 0.11, 0.37, 0.34, 0.33, 0.20, 0.11, 0.19, 0.24, 0.20, -0.05, -0.21, 0.09, 0.06, 0.22])#, 0.43
	element_errors_arcturus = np.array([0.04, 0.03, 0.03, 0.03, 0.03, 0.04, 0.07, 0.04, 0.06, 0.05, 0.05, 0.04, 0.04, 0.04, 0.03, 0.06])#,0.07

	assert len(element_list_arcturus) == len(element_abundances_arcturus) == len(element_errors_arcturus)
	elements_to_trace = element_names

	time_arcturus = cube['time'][-1] - arcturus_age # 7.1 +1.5 -1.2
	cut = [np.where(np.abs(cube['time']-time_arcturus)==np.min(np.abs(cube['time']-time_arcturus)))]
	if len(cut[0][0]) != 1:
		cut = cut[0][0][0]
	time_model = cube['time'][cut]

	abundance_list = []
	error_list = []
	arcturus_list = []
	elements_in_common = []
	for i,item in enumerate(elements_to_trace):
		if item in element_list_arcturus:
			elements_in_common.append(item)
			if item == 'Fe':
				abundance_list.append(float(abundances[item][cut]))
			else:
				abundance_list.append(float(abundances[item][cut]-abundances['Fe'][cut]))
			error_list.append(element_errors_arcturus[np.where(element_list_arcturus == item)])
			arcturus_list.append(element_abundances_arcturus[np.where(element_list_arcturus == item)])

	if produce_mock_data:
		mock_abundance_list = list(np.random.normal(loc = list(np.hstack(abundance_list)),scale = list(error_inflation*np.hstack(error_list))))
		np.save('mock_data_temp/arcturus_abundances' ,mock_abundance_list)

	if use_mock_data:
		error_list = list(np.hstack(error_list)*error_inflation)
		arcturus_list = np.load('mock_data_temp/arcturus_abundances.npy')


	probabilities = []
	for i,item in enumerate(elements_in_common):
		probabilities.append(np.log(float(gaussian(abundance_list[i],arcturus_list[i],error_list[i]))))

	probability = np.sum(probabilities)

	if number_of_models_overplotted > 1:
		if os.path.isfile('output/comparison/arc.npy'):
			old = np.load('output/comparison/arc.npy')
			old = list(old)
		else:
			old = []
		old.append(np.array(abundance_list))
		np.save('output/comparison/arc',old)

		if os.path.isfile('output/comparison/arc_likelihood.npy'):
			old_likelihood = np.load('output/comparison/arc_likelihood.npy')
			old_likelihood = list(old_likelihood)
		else:
			old_likelihood = []
		old_likelihood.append(np.array(probabilities))
		np.save('output/comparison/arc_likelihood',old_likelihood)

	if summary_pdf:
		text_size = 8
		plt.rc('font', family='serif',size = text_size)
		plt.rc('xtick', labelsize=text_size)
		plt.rc('ytick', labelsize=text_size)
		plt.rc('axes', labelsize=text_size, lw=1.0)
		plt.rc('lines', linewidth = 1)
		plt.rcParams['ytick.major.pad']='8'
		plt.clf()
		fig = plt.figure(figsize=(10.69,8.27), dpi=100)
		ax = fig.add_subplot(111)
		plt.errorbar(np.arange(len(elements_in_common)),arcturus_list,xerr=None,yerr=error_list,mew=3,marker='x',capthick =3,capsize = 20, ms = 10,elinewidth=3,label='arcturus')
		plt.plot(np.arange(len(elements_in_common)),np.array(abundance_list),label='model after %.2f Gyr' %(time_model),linestyle='-')

		if number_of_models_overplotted > 1:
			for item in old:
				plt.plot(np.arange(len(elements_in_common)),np.array(item),linestyle='-', color = 'g', alpha = 0.2)
		for i in range(len(elements_in_common)):
			plt.annotate(xy=(i,-0.4),s= '%.2f' %(probabilities[i]))
		plt.grid("on")
		plt.ylim((-0.5,0.5))
		element_labels = ['[%s/Fe]' %(item) for item in elements_in_common]
		element_labels = np.array(element_labels)
		element_labels[np.where(element_labels == '[Fe/Fe]')] = '[Fe/H]'
		plt.xticks(np.arange(len(elements_in_common)), element_labels)
		plt.ylabel("abundance relative to solar in dex")
		plt.xlabel("Element")
		plt.title('joint probability of agreeing with the sun (normed to pmax) = %.2f' %(probability))
		plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
		plt.savefig('arcturus_%s.png' %(name_string))

	return probabilities, abundance_list, elements_in_common


[docs]def gas_reservoir_metallicity(summary_pdf,name_string,abundances,cube,elements_to_trace,gas_reservoir,number_of_models_overplotted,produce_mock_data,use_mock_data, error_inflation,solZ):
	'''
	This is a likelihood function for the present-day metallicity of the corona gas. Data is taken from the Smith cloud

	INPUT:

	   summary_pdf = boolean, should a pdf be created?

	   name_string = string to be added in the saved file name

	   abundances = abundances of the IMS (can be calculated from cube)

	   cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

	   elements_to_trace = Which elements should be used for the analysis

	   gas_reservoir = the gas_reservoir class containing the gas_reservoir evolution

	   number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

	   produce_mock_data = should the predictions be saved with an error added to them (default=False)

	   use_mock_data = instead of the real data use the formerly produced mock data (default = False)

	   error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)

	   solZ = solar metallicity

	OUTPUT:

	   probabilities = each elements likelihood in a list

	   model_abundances = each elements model prediction as a list

	   elements_list = the names of the elements in a list
	'''
	### data from Smith cloud
	log10_metallicity_at_end = -0.28
	log10_std = 0.14
	if produce_mock_data:
		mock_data = np.random.normal(loc = np.log10(gas_reservoir['Z'][-1]/solZ), scale = log10_std*error_inflation)
		np.save('mock_data_temp/metallicity_at_end' , mock_data)

	if use_mock_data:
		log10_std *= error_inflation
		log10_metallicity_at_end = np.load('mock_data_temp/metallicity_at_end.npy')

	probability = np.log(float(gaussian(np.log10(gas_reservoir['Z'][-1]/solZ),log10_metallicity_at_end,log10_std)))


	if number_of_models_overplotted > 1:
		if os.path.isfile('output/comparison/gas_reservoir.npy'):
			old = np.load('output/comparison/gas_reservoir.npy')
			old = list(old)
		else:
			old = []
		old.append(np.array(np.log10(gas_reservoir['Z']/solZ)))
		np.save('output/comparison/gas_reservoir',old)

		if os.path.isfile('output/comparison/gas_reservoir_likelihood.npy'):
			old_likelihood = np.load('output/comparison/gas_reservoir_likelihood.npy')
			old_likelihood = list(old_likelihood)
		else:
			old_likelihood = []
		old_likelihood.append(np.array(probability))
		np.save('output/comparison/gas_reservoir_likelihood',old_likelihood)

		if os.path.isfile('output/comparison/gas_metallicity.npy'):
			old1 = np.load('output/comparison/gas_metallicity.npy')
			old1 = list(old1)
		else:
			old1 = []
		old1.append(np.array(np.log10(cube['Z']/solZ)))
		np.save('output/comparison/gas_metallicity',old1)

	if summary_pdf:
		plt.clf()
		text_size = 8
		plt.rc('font', family='serif',size = text_size)
		plt.rc('xtick', labelsize=text_size)
		plt.rc('ytick', labelsize=text_size)
		plt.rc('axes', labelsize=text_size, lw=1.0)
		plt.rc('lines', linewidth = 1)
		plt.rcParams['ytick.major.pad']='8'
		fig = plt.figure(figsize=(11.69,8.27), dpi=100)
		ax = fig.add_subplot(111)
		plt.plot(gas_reservoir['time'],np.log10(gas_reservoir['Z']/solZ),label = "Z_gas_reservoir %.4f" %(np.log10(gas_reservoir['Z'][-1]/solZ)))

		if number_of_models_overplotted > 1:
			for item in old:
				plt.plot(gas_reservoir['time'],np.array(item),linestyle='-', color = 'b', alpha = 0.2)
			for item in old1:
				plt.plot(cube['time'],np.array(item),linestyle='-', color = 'r', alpha = 0.2)

		plt.errorbar(gas_reservoir['time'][-1],log10_metallicity_at_end,xerr=None,yerr=log10_std,mew=3,marker='x',capthick =3,capsize = 20, ms = 10,elinewidth=3,label='Smith cloud')
		plt.plot(cube['time'],np.log10(cube['Z']/solZ),label = "Z_gas %.4f" %(np.log10(cube['Z'][-1]/solZ)))
		plt.grid("on")
		plt.ylabel("log 10 metallicity in Z (mass fraction of gas in metals)")
		plt.xlabel("time in Gyr")
		plt.title('ln(probability) gas content (normed to pmax) = %.2f' %(probability))
		plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
		plt.savefig('gas_reservoir_%s.png' %(name_string))

	return [probability],[gas_reservoir['Z'][-1]/solZ],['Corona metallicity']




[docs]def ratio_function(summary_pdf,name_string,abundances,cube,elements_to_trace,gas_reservoir, number_of_models_overplotted,produce_mock_data,use_mock_data, error_inflation):
	'''
	This is a likelihood function for the present-day SN-ratio. Data is approximated from Manucci+2005.

	INPUT:

	   summary_pdf = boolean, should a pdf be created?

	   name_string = string to be added in the saved file name

	   abundances = abundances of the IMS (can be calculated from cube)

	   cube = the ISM mass fractions per element (A Chempy class containing the model evolution)

	   elements_to_trace = Which elements should be used for the analysis

	   gas_reservoir = the gas_reservoir class containing the gas_reservoir evolution

	   number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

	   produce_mock_data = should the predictions be saved with an error added to them (default=False)

	   use_mock_data = instead of the real data use the formerly produced mock data (default = False)

	   error_inflation = a factor with which the mock data should be perturbed with the observational data (default = 1.0)

	OUTPUT:

	   probabilities = each elements likelihood in a list

	   model_abundances = each elements model prediction as a list

	   elements_list = the names of the elements in a list
	'''
	log10_ratio_at_end = 0.7
	log10_std = 0.37

	if produce_mock_data:
		mock_data = np.random.normal(loc = np.log10(np.divide(np.diff(cube['sn2'])[1:],np.diff(cube['sn1a'])[1:])[-1]),scale = error_inflation*log10_std)
		np.save('mock_data_temp/sn_ratio' ,mock_data)

	if use_mock_data:
		log10_std *= error_inflation
		log10_ratio_at_end = np.load('mock_data_temp/sn_ratio.npy')

	probability = np.log(float(gaussian( np.log10(np.divide(np.diff(cube['sn2'])[1:],np.diff(cube['sn1a'])[1:])[-1]),log10_ratio_at_end,log10_std)))
	if number_of_models_overplotted > 1:
		if os.path.isfile('output/comparison/ratio.npy'):
			old = np.load('output/comparison/ratio.npy')
			old = list(old)
		else:
			old = []
		old.append(np.array( np.log10(np.divide(np.diff(cube['sn2'])[1:],np.diff(cube['sn1a'])[1:]))))
		np.save('output/comparison/ratio',old)

		if os.path.isfile('output/comparison/ratio_likelihood.npy'):
			old_likelihood = np.load('output/comparison/ratio_likelihood.npy')
			old_likelihood = list(old_likelihood)
		else:
			old_likelihood = []
		old_likelihood.append(np.array(probability ))
		np.save('output/comparison/ratio_likelihood',old_likelihood)

		if os.path.isfile('output/comparison/number_sn2.npy'):
			old1 = np.load('output/comparison/number_sn2.npy')
			old1 = list(old1)
		else:
			old1 = []
		old1.append(cube['sn2'])
		np.save('output/comparison/number_sn2',old1)

		if os.path.isfile('output/comparison/number_sn1a.npy'):
			old2 = np.load('output/comparison/number_sn1a.npy')
			old2 = list(old2)
		else:
			old2 = []
		old2.append(cube['sn1a'])
		np.save('output/comparison/number_sn1a',old2)


	if summary_pdf:
		plt.clf()
		fig = plt.figure(figsize=(11.69,8.27), dpi=100)
		ax = fig.add_subplot(111)
		plt.plot( cube['time'][2:],np.log10(np.divide(np.diff(cube['sn2'])[1:],np.diff(cube['sn1a'])[1:])), label = 'sn2/sn1a of the model')
		if number_of_models_overplotted > 1:
			for item in old:
				plt.plot(cube['time'][2:],np.array(item),linestyle='-', color = 'b', alpha = 0.2)


		plt.annotate(xy=(cube['time'][-1],np.log10(np.divide(np.diff(cube['sn2'])[1:],np.diff(cube['sn1a'])[1:])[-1])),s= '%.2f' %(np.log10(np.divide(np.diff(cube['sn2'])[1:],np.diff(cube['sn1a'])[1:])[-1])))
		plt.errorbar(cube['time'][-1],log10_ratio_at_end,xerr=None,yerr=log10_std,mew=3,marker='x',capthick =3,capsize = 20, ms = 10,elinewidth=3,label='Prantzos+11')
		plt.grid("on")
		plt.ylabel("sn2/sn1a")
		plt.xlabel("time in Gyr")
		plt.title('ln(probability) of sn ratio (normed to pmax) = %.2f' %(probability))
		plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
		plt.savefig('sn_ratio_%s.png' %(name_string))


		plt.clf()
	return [probability],[np.log10(np.divide(np.diff(cube['sn2'])[1:],np.diff(cube['sn1a'])[1:])[-1])],['SN-ratio']


[docs]def star_function(summary_pdf,name_string,abundances,cube,elements_to_trace,gas_reservoir,number_of_models_overplotted):
	'''
	!!! Should only be used for plotting purposes

	A likelihood function for the stellar surface mass density. It is not updated. Should only be used for plotting purposes as it shows the infall and SFR of a Chempy model
	'''
	# data from... Just Jahreiss 2010
	stars_at_end = 28.
	std = 2.
	dt = cube['time'][1] - cube['time'][0]
	probability = np.log(float(gaussian(cube['stars'][-1],stars_at_end,std)))
	if number_of_models_overplotted > 1:
		if os.path.isfile('output/comparison/sfr.npy'):
			old = np.load('output/comparison/sfr.npy')
			old = list(old)
		else:
			old = []
		old.append(np.array(cube['sfr']*(1./dt)))
		np.save('output/comparison/sfr',old)
		if os.path.isfile('output/comparison/infall.npy'):
			old1 = np.load('output/comparison/infall.npy')
			old1 = list(old1)
		else:
			old1 = []
		old1.append(np.array(cube['infall']*(1./dt)))
		np.save('output/comparison/infall',old1)

		if os.path.isfile('output/comparison/gas_mass.npy'):
			old2 = np.load('output/comparison/gas_mass.npy')
			old2 = list(old2)
		else:
			old2 = []
		old2.append(np.array(cube['gas']))
		np.save('output/comparison/gas_mass',old2)

		if os.path.isfile('output/comparison/star_mass.npy'):
			old3 = np.load('output/comparison/star_mass.npy')
			old3 = list(old3)
		else:
			old3 = []
		old3.append(np.array(cube['stars']))
		np.save('output/comparison/star_mass',old3)

		if os.path.isfile('output/comparison/remnant_mass.npy'):
			old4 = np.load('output/comparison/remnant_mass.npy')
			old4 = list(old4)
		else:
			old4 = []
		old4.append(np.array(cube['mass_in_remnants']))
		np.save('output/comparison/remnant_mass',old4)

		if os.path.isfile('output/comparison/corona_mass.npy'):
			old5 = np.load('output/comparison/corona_mass.npy')
			old5 = list(old5)
		else:
			old5 = []
		old5.append(np.array(gas_reservoir['gas']))
		np.save('output/comparison/corona_mass',old5)

		if os.path.isfile('output/comparison/feedback_mass.npy'):
			old6 = np.load('output/comparison/feedback_mass.npy')
			old6 = list(old6)
		else:
			old6 = []
		old6.append(np.array(cube['feedback']*(1./dt)))
		np.save('output/comparison/feedback_mass',old6)

	if summary_pdf:
		plt.clf()
		fig = plt.figure(figsize=(11.69,8.27), dpi=100)
		ax = fig.add_subplot(111)
		plt.plot(cube['time'],cube['gas'],label = "gas %.2f" %(cube['gas'][-1]), color = 'b')
		plt.plot(cube['time'],cube['stars'],label = "stars (only thin disc including remnants) %.2f" %(cube['stars'][-1]), color = 'r')
		plt.plot(cube['time'],cube['mass_in_remnants'],label = "remnants %.2f" %(cube['mass_in_remnants'][-1]), color = 'k')
		plt.plot(cube['time'],gas_reservoir['gas'], label = 'corona %.2f'%(gas_reservoir['gas'][-1]), color = 'y')
		if number_of_models_overplotted > 1:
			for item in old2:
				plt.plot(cube['time'],np.array(item),linestyle='-', color = 'b', alpha = 0.2)
			for item in old3:
				plt.plot(cube['time'],np.array(item),linestyle='-', color = 'r', alpha = 0.2)
			for item in old4:
				plt.plot(cube['time'],np.array(item),linestyle='-', color = 'g', alpha = 0.2)
			for item in old5:
				plt.plot(cube['time'],np.array(item),linestyle='-', color = 'y', alpha = 0.2)
		plt.grid("on")
		plt.yscale('log')
		plt.ylabel(r"M$_\odot$")
		plt.xlabel("time in Gyr")
		plt.title('ln(probability) star content (normed to pmax) = %.2f' %(probability))
		plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
		plt.savefig('stars_%s.png' %(name_string))

		plt.clf()
		fig = plt.figure(figsize=(11.69,8.27), dpi=100)
		ax = fig.add_subplot(111)
		plt.plot(cube['time'],cube['infall']*(1./dt),linestyle='-', color = 'r',label = "infall %.2f" %(sum(cube['infall'])))
		plt.plot(cube['time'],cube['sfr']*(1./dt),linestyle='-', color = 'b',label = "sfr %.2f" %(sum(cube['sfr'])))

		if number_of_models_overplotted > 1:
			for item in old:
				plt.plot(cube['time'],np.array(item),linestyle='-', color = 'b', alpha = 0.2)
			for item in old1:
				plt.plot(cube['time'],np.array(item),linestyle='-', color = 'r', alpha = 0.2)


		plt.grid("on")
		plt.ylabel(r"M$_\odot$Gyr$^{-1}$")
		plt.xlabel("time in Gyr")
		plt.title('ln(probability) star content (normed to pmax) = %.2f' %(probability))
		plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
		plt.savefig('infall_%s.png' %(name_string))
	return [0.]



[docs]def plot_processes(summary_pdf,name_string,sn2_cube,sn1a_cube,agb_cube,elements,cube1,number_of_models_overplotted):
	'''
	This is a plotting routine showing the different nucleosynthetic contributions to the individual elements.

	INPUT:

	   summary_pdf = boolean, should a pdf be created?

	   name_string = string to be added in the saved file name

	   sn2_cube = the sn2_feeback class

	   sn1a_cube = the sn1a_feeback class

	   agb_cube = the agb feedback class

	   elements = which elements should be plotted

	   cube1 = the ISM mass fractions per element (A Chempy class containing the model evolution)

	   number_of_models_overplotted = default is 1, if more the results will be saved and in the last iteration all former models will be plotted at once

	OUTPUT:

	   A plotfile in the current directory
	'''

	probability = 0

	sn2 = []
	agb = []
	sn1a= []
	for i,item in enumerate(elements):
		if item == 'C+N':
			sn2_temp = np.sum(sn2_cube['C'])
			sn2_temp += np.sum(sn2_cube['N'])
			sn2.append(sn2_temp)
			sn1a_temp = np.sum(sn1a_cube['C'])
			sn1a_temp += np.sum(sn1a_cube['N'])
			sn1a.append(sn1a_temp)
			agb_temp = np.sum(agb_cube['C'])
			agb_temp += np.sum(agb_cube['N'])
			agb.append(agb_temp)
		else:
			sn2.append(np.sum(sn2_cube[item]))
			sn1a.append(np.sum(sn1a_cube[item]))
			agb.append(np.sum(agb_cube[item]))
	sn2 = np.array(sn2)
	agb = np.array(agb)
	sn1a = np.array(sn1a)

	total_feedback = sn2 + sn1a + agb


	all_4 = np.vstack((sn2,sn1a,agb,total_feedback))
	if number_of_models_overplotted > 1:
		np.save('output/comparison/elements', elements)
		if os.path.isfile('output/comparison/temp_default.npy'):
			old = np.load('output/comparison/temp_default.npy')
			all_4 = np.dstack((old,all_4))
			np.save('output/comparison/temp_default', all_4)
		else:
			np.save('output/comparison/temp_default', all_4)

	if number_of_models_overplotted > 1:
		medians = np.median(all_4, axis = 2)
		stds = np.std(all_4,axis = 2)
	else:
		medians = all_4
		stds = np.zeros_like(all_4)

	if summary_pdf:
		if number_of_models_overplotted == 1:
			plt.clf()
			fig ,ax1 = plt.subplots( figsize = (20,10))
			l1 = ax1.bar(np.arange(len(elements)),np.divide(sn2,total_feedback), color = 'b' ,label='sn2', width = 0.2)
			l2 = ax1.bar(np.arange(len(elements))+0.25,np.divide(sn1a,total_feedback), color = 'g' ,label='sn1a', width = 0.2)
			l3 = ax1.bar(np.arange(len(elements))+0.5,np.divide(agb,total_feedback), color = 'r' ,label='agb', width = 0.2)
			ax1.set_ylim((0,1))
			plt.xticks(np.arange(len(elements))+0.4, elements)
			ax1.vlines(np.arange(len(elements)),0,1)
			ax1.set_ylabel("fractional feedback")
			ax1.set_xlabel("element")

			ax2 = ax1.twinx()
			l4 = ax2.bar(np.arange(len(elements)),total_feedback, color = 'k', alpha = 0.2 ,label='total', width = 1)
			ax2.set_yscale('log')
			ax2.set_ylabel('total mass fed back')
			lines = [l1,l2,l3,l4]
			labels = ['sn2', 'sn1a', 'agb', 'total']
			plt.legend(lines, labels,loc='upper right',numpoints=1).get_frame().set_alpha(0.5)
			plt.savefig('processes_%s.png' %(name_string))
		else:
			plt.clf()
			fig = plt.figure(figsize=(11.69,8.27), dpi=100)
			ax1 = fig.add_subplot(111)
			plt.bar(np.arange(len(elements))-0.05,medians[0], yerr=stds[0],error_kw=dict(elinewidth=2,ecolor='k'), color = 'b' ,label='sn2', width = 0.2)
			plt.bar(np.arange(len(elements))+0.2,medians[1], yerr=stds[1],error_kw=dict(elinewidth=2,ecolor='k'), color = 'g' ,label='sn1a', width = 0.2)
			plt.bar(np.arange(len(elements))+0.45,medians[2], yerr=stds[2],error_kw=dict(elinewidth=2,ecolor='k'), color = 'r' ,label='agb', width = 0.2)
			plt.bar(np.arange(len(elements))+0.45,-medians[2], yerr=stds[2],error_kw=dict(elinewidth=2,ecolor='k'), color = 'r' ,alpha = 0.5, width = 0.2)
			plt.bar(np.arange(len(elements))-0.15,medians[3], yerr=stds[3],error_kw=dict(elinewidth=2,ecolor='y'), color = 'y' ,alpha = 0.1,label = 'total', width = 1)
			plt.ylim((1e-5,1e7))
			plt.xticks(np.arange(len(elements))+0.4, elements)
			plt.vlines(np.arange(len(elements))-0.15,0,1e7)
			plt.yscale('log')
			plt.ylabel("total feedback (arbitrary units)")
			plt.xlabel("element")
			plt.legend(loc='upper right',numpoints=1).get_frame().set_alpha(0.5)
			plt.savefig('processes_%s.png' %(name_string))

	return [probability]


[docs]def save_abundances(summary_pdf,name_string,abundances):
	'''
	a function that saves the abundances in the current directory

	INPUT:

	   summary_pdf = boolean should the abundances be saved?

	   name_string = name for the saved file

	   abundances = the abundance instance derived from the cube_class

	OUTPUT:

	   Saves the abundances as a npy file
	'''
	if summary_pdf:
		np.save('abundances_%s' %(name_string),abundances)
	return [0.]


[docs]def produce_wildcard_stellar_abundances(stellar_identifier, age_of_star, sigma_age, element_symbols, element_abundances, element_errors):
    '''
    This produces a structured array that can be used by the Chempy wildcard likelihood function.

    INPUT:

       stellar_identifier = name of the files

       age_of_star = age of star in Gyr

       sigma_age = the gaussian error of the age (so far not implemented in the likelihood function)

       element_symbols = a list of the element symbols

       element_abundances = the corresponding abundances in [X/Fe] except for Fe where it is [Fe/H]

       element_errors = the corresponding gaussian errors of the abundances

    OUTPUT:

       it will produce a .npy file in the current directory with stellar_identifier as its name.
    '''
    names = element_symbols + ['age']
    base = np.zeros(2)
    base_list = []
    for item in names:
        base_list.append(base)
    wildcard = np.core.records.fromarrays(base_list,names=names)
    for i,item in enumerate(element_symbols):
        wildcard[item][0] = element_abundances[i]
        wildcard[item][1] = element_errors[i]
    wildcard['age'][0] = age_of_star
    wildcard['age'][1] = sigma_age
    np.save(stellar_identifier,wildcard)


[docs]def plot_abundance_wildcard(stellar_identifier, wildcard,abundance_list, element_list, probabilities, time_model):
    '''
    this function plots the abundances of a stellar wildcard and the abundances of a chempy model together with the resulting likelihood values

    INPUT:

       stellar_identifier = str, name of the Star

       wildcard = the wildcard recarray

       abundance_list = the abundance list from the model

       element_list = the corresponding element symbols

       probabilities = the corresponding single likelihoods as a list

       time_model = the time of the chempy model which is compared to the stellar abundance (age of the star form the wildcard)

    OUTPUT:

       This saves a png plot to the current directory
    '''
    star_abundance_list = []
    star_error_list = []
    for item in element_list:
        star_abundance_list.append(float(wildcard[item][0]))
        star_error_list.append(float(wildcard[item][1]))

    text_size = 14
    plt.rc('font', family='serif',size = text_size)
    plt.rc('xtick', labelsize=text_size)
    plt.rc('ytick', labelsize=text_size)
    plt.rc('axes', labelsize=text_size, lw=1.0)
    plt.rc('lines', linewidth = 1)
    plt.rcParams['ytick.major.pad']='8'
    plt.clf()
    fig = plt.figure(figsize=(10.69,8.27), dpi=100)
    ax = fig.add_subplot(111)
    plt.errorbar(np.arange(len(element_list)),star_abundance_list,xerr=None,yerr=star_error_list,mew=3,marker='x',capthick =3,capsize = 20, ms = 10,elinewidth=3,label = stellar_identifier)
    plt.plot(np.arange(len(element_list)),np.array(abundance_list),label='prediction after %.2f Gyr' %(time_model),linestyle='-')

    for i in range(len(element_list)):
        plt.annotate(xy=(i,-0.4),s= '%.2f' %(probabilities[i]))
    element_labels = ['[%s/Fe]' %(item) for item in element_list]
    element_labels = np.array(element_labels)
    element_labels[np.where(element_labels == '[Fe/Fe]')] = '[Fe/H]'
    plt.xticks(np.arange(len(element_list)), element_labels)
    plt.ylabel("abundance relative to solar in dex")
    plt.xlabel("Element")
    plt.title('joint probability of agreeing with %s (normed to pmax) = %.2f' %(stellar_identifier,sum(probabilities)))
    plt.legend(loc='best',numpoints=1).get_frame().set_alpha(0.5)
    plt.savefig('%s.png' %(stellar_identifier))



[docs]def wildcard_likelihood_function(summary_pdf, stellar_identifier, abundances):
    '''
    This function produces Chempy conform likelihood output for a abundance wildcard that was produced before with 'produce_wildcard_stellar_abundances'.

    INPUT:

       summary_pdf = bool, should there be an output

       stellar_identifier = str, name of the star

       abundances = the abundances instance from a chempy chemical evolution

    OUTPUT:

       probabilities = a list of the likelihoods for each element

       abundance_list = the abundances of the model for each element

       element_list = the symbols of the corresponding elements

    These list will be used to produce the likelihood and the blobs. See cem_function.py
    '''

    wildcard = np.load(stellar_identifier + '.npy')

    star_time = abundances['time'][-1] - wildcard['age'][0]
    cut = [np.where(np.abs(abundances['time'] - star_time) == np.min(np.abs(abundances['time'] - star_time)))]
    if len(cut[0][0]) != 1:
        cut = cut[0][0][0]
    time_model = abundances['time'][cut]

    abundance_list = []
    element_list = []
    probabilities = []
    for item in list(wildcard.dtype.names):
        if item in list(abundances.dtype.names):
            if item != 'Fe':
                abundance = abundances[item][cut]-abundances['Fe'][cut]
            else:
                abundance = abundances['Fe'][cut]
            element_list.append(item)
            abundance_list.append(float(abundance))
            probabilities.append(np.log(float(gaussian(abundance,wildcard[item][0],wildcard[item][1]))))
    if summary_pdf:
        plot_abundance_wildcard(stellar_identifier,wildcard,abundance_list, element_list, probabilities, time_model)
    return probabilities, abundance_list, element_list



[docs]def likelihood_function(stellar_identifier, list_of_abundances, elements_to_trace, **keyword_parameters):
	'''
	This function calculates analytically an optimal model error and the resulting likelihood from the comparison of predictions and observations

	INPUT:

	   list_of_abundances = a list of the abundances coming from Chempy

	   elements_to_trace = a list of the elemental symbols

	OUTPUT:

	   likelihood = the added log likelihood

	   element_list = the elements that were in common between the predictions and the observations, has the same sequence as the following arrays

	   model_error = the analytic optimal model error

	   star_error_list = the observed error

	   abundance_list = the predictions

	   star_abundance_list = the observations
	'''
	try:
		wildcard = np.load(stellar_identifier + '.npy')
	except Exception as ex:
		from . import localpath
		wildcard = np.load(localpath + 'input/stars/' + stellar_identifier + '.npy')
	# Brings the model_abundances, the stellar abundances and the associated error into the same sequence
	abundance_list = []
	assert('Fe' in elements_to_trace)
	for i,item in enumerate(elements_to_trace):
		if item == 'Fe':
			fe_index = i	
	element_list = []
	star_abundance_list = []
	star_error_list = []
	for i,item in enumerate(elements_to_trace):
		if item in list(wildcard.dtype.names):
			element_list.append(item)
			if item == 'Fe':			
				abundance_list.append(float(list_of_abundances[i]))
			else:
				abundance_list.append(float(list_of_abundances[i])-float(list_of_abundances[fe_index]))			
			star_abundance_list.append(float(wildcard[item][0]))
			star_error_list.append(float(wildcard[item][1]))
	abundance_list = np.hstack(abundance_list)
	star_abundance_list = np.hstack(star_abundance_list)
	star_error_list = np.hstack(star_error_list)
	assert len(abundance_list) == len(star_abundance_list) == len(star_error_list), 'no equal length, something went wrong'
	###################

	# Introduces the optimal model error which can be derived analytically
	if ('fixed_model_error' in keyword_parameters):
		fixed_model_error = keyword_parameters['fixed_model_error']
		elements = keyword_parameters['elements']
		el_list = []
		for i,item in enumerate(elements):
			el_list.append(item)#.decode('utf-8'))
		elements = np.hstack(el_list)
		model_error = []
		for i,item in enumerate(element_list):
			model_error.append(fixed_model_error[np.where(elements == item)])
		model_error = np.hstack(model_error)
	else:
		model_error = []
		for i, item in enumerate(element_list):
			if (abundance_list[i] - star_abundance_list[i]) * (abundance_list[i] - star_abundance_list[i]) <= star_error_list[i] * star_error_list[i]:
				model_error.append(0.)
			else:
				model_error.append(np.sqrt((abundance_list[i] - star_abundance_list[i]) * (abundance_list[i] - star_abundance_list[i]) - star_error_list[i] * star_error_list[i]))
		model_error = np.hstack(model_error)

	## Uncomment next line if you do NOT want to use model errors
	model_error = np.zeros_like(model_error)

	# This is the best model error at the median posterior of the Proto-sun (just used to see how this effects the posterior distribution)
	#model_error = np.array([ 0.0780355, 0., 0.15495525, 0.00545988,  0.3063154,   0., 0.1057009,  0.05165564,  0., 0.72038212,  0., 0.08926388,  0., 0.27583715,  0.22945499,  0.09774014,  0.17965589 , 0. ,0.17686723,  0.21137374,  0.37973184,  0.2263486 ])

	# Now the likelihood is evaluated
	likelihood = likelihood_evaluation(model_error, star_error_list, abundance_list, star_abundance_list)
	return likelihood, element_list, model_error, star_error_list, abundance_list, star_abundance_list


[docs]def read_out_wildcard(stellar_identifier, list_of_abundances, elements_to_trace):
	'''
	This function calculates analytically an optimal model error and the resulting likelihood from the comparison of predictions and observations

	INPUT:

	   list_of_abundances = a list of the abundances coming from Chempy

	   elements_to_trace = a list of the elemental symbols

	OUTPUT:

	   likelihood = the added log likelihood

	   element_list = the elements that were in common between the predictions and the observations, has the same sequence as the following arrays

	   model_error = the analytic optimal model error

	   star_error_list = the observed error

	   abundance_list = the predictions

	   star_abundance_list = the observations
	'''
	try:
		wildcard = np.load(stellar_identifier + '.npy')
	except Exception as ex:
		from . import localpath
		wildcard = np.load(localpath + 'input/stars/' + stellar_identifier + '.npy')
	# Brings the model_abundances, the stellar abundances and the associated error into the same sequence
	abundance_list = []
	element_list = []
	star_abundance_list = []
	star_error_list = []
	for i,item in enumerate(elements_to_trace):
		if item in list(wildcard.dtype.names):
			element_list.append(item)
			abundance_list.append(float(list_of_abundances[i]))
			star_abundance_list.append(float(wildcard[item][0]))
			star_error_list.append(float(wildcard[item][1]))
	abundance_list = np.hstack(abundance_list)
	star_abundance_list = np.hstack(star_abundance_list)
	star_error_list = np.hstack(star_error_list)
	assert len(abundance_list) == len(star_abundance_list) == len(star_error_list), 'no equal length, something went wrong'
	###################
	return element_list, star_error_list, abundance_list, star_abundance_list





          

      

      

    

  

    
      
          
            
  Source code for Chempy.imf

import numpy as np

[docs]def slope_imf(x,p1,p2,p3,kn1,kn2):
	'''
	Is calculating a three slope IMF

	INPUT:

	   x = An array of masses for which the IMF should be calculated

	   p1..p3 = the slopes of the power law

	   kn1, kn2 = Where the breaks of the power law are

	OUTPUT:

	   An array of frequencies matching the mass base array x
	'''
	if(x > kn2):
		t = (pow(kn2,p2)/pow(kn2,p3))*pow(x,p3+1)
	elif (x < kn1):
		t = (pow(kn1,p2)/pow(kn1,p1))*pow(x,p1+1)
	else:
		t = pow(x,p2+1)
	return t



[docs]def lifetime(m,Z):
	"""
	here we will calculate the MS lifetime of the star after Argast et al., 2000, A&A, 356, 873
	INPUT:

	   m = mass in Msun

	   Z = metallicity in Zsun


	OUTPUT:

	   returns the lifetime of the star in Gyrs
	"""
	lm = np.log10(m)
	a0 =  3.79 + 0.24*Z
	a1 = -3.10 - 0.35*Z
	a2 =  0.74 + 0.11*Z
	tmp = a0 + a1*lm + a2*lm*lm
	return np.divide(np.power(10,tmp),1000)



[docs]class IMF(object):
	'''
	This class represents the IMF normed to 1 in units of M_sun.

	Input for initialisation:

	   mmin = minimal mass of the IMF

	   mmax = maximal mass of the IMF

	   intervals = how many steps inbetween mmin and mmax should be given

	Then one of the IMF functions can be used

	   self.x = mass base

	   self.dn = the number of stars at x

	   self.dm = the masses for each mass interval x
	'''
	def __init__(self, mmin = 0.08 , mmax = 100., intervals = 5000):
		self.mmin = mmin
		self.mmax = mmax
		self.intervals = intervals
		self.x = np.linspace(mmin,mmax,intervals)
		self.dx = self.x[1]-self.x[0]

[docs]	def normed_3slope(self,paramet = (-1.3,-2.2,-2.7,0.5,1.0)):
		'''
		Three slope IMF, Kroupa 1993 as a default
		'''
		s1,s2,s3,k1,k2 = paramet
		u = np.zeros_like(self.x)
		v = np.zeros_like(self.x)
		for i in range(len(self.x)):
			u[i] = slope_imf(self.x[i],s1,s2,s3,k1,k2)
		v = np.divide(u,self.x)
		self.dm = np.divide(u,sum(u))
		self.dn = np.divide(self.dm,self.x)
		return(self.dm,self.dn)


[docs]	def Chabrier_1(self, paramet = (0.69, 0.079, -2.3)):
		'''
		Chabrier IMF from Chabrier 2003 equation 17 field IMF with variable high mass slope and automatic normalisation
		'''
		sigma, m_c, expo = paramet
		dn = np.zeros_like(self.x)
		for i in range(len(self.x)):
			if self.x[i] <= 1:
				index_with_mass_1 = i
				dn[i] = (1. / float(self.x[i])) * np.exp(-1*(((np.log10(self.x[i] / m_c))**2)/(2*sigma**2)))
			else:
				dn[i] = (pow(self.x[i],expo))
		# Need to 'attach' the upper to the lower branch
		derivative_at_1 = dn[index_with_mass_1] - dn[index_with_mass_1 - 1]
		target_y_for_m_plus_1 = dn[index_with_mass_1] + derivative_at_1
		rescale = target_y_for_m_plus_1 / dn[index_with_mass_1 + 1]
		dn[np.where(self.x>1.)] *= rescale
		# Normalizing to 1 in mass space
		self.dn = np.divide(dn,sum(dn))
		dm = dn*self.x
		self.dm = np.divide(dm,sum(dm))
		self.dn = np.divide(self.dm,self.x)
		return(self.dm,self.dn)


[docs]	def Chabrier_2(self,paramet = (22.8978, 716.4, 0.25,-2.3)):
		'''
		Chabrier IMF from Chabrier 2001, IMF 3 = equation 8 parameters from table 1
		'''

		A,B,sigma,expo = paramet
		expo -= 1. ## in order to get an alpha index normalisation
		dn = np.zeros_like(self.x)
		for i in range(len(self.x)):
			dn[i] = A*(np.exp(-pow((B/self.x[i]),sigma)))*pow(self.x[i],expo)
		self.dn = np.divide(dn,sum(dn))
		dm = dn*self.x
		self.dm = np.divide(dm,sum(dm))
		self.dn = np.divide(self.dm,self.x)
		return(self.dm,self.dn)


[docs]	def salpeter(self, alpha = (2.35)):
		'''
		Salpeter IMF

		Input the slope of the IMF
		'''
		self.alpha = alpha
		temp = np.power(self.x,-self.alpha)
		norm = sum(temp)
		self.dn = np.divide(temp,norm)
		u = self.dn*self.x
		self.dm = np.divide(u,sum(u))
		self.dn = np.divide(self.dm,self.x)
		return (self.dm,self.dn)


[docs]	def BrokenPowerLaw(self, paramet):
		breaks,slopes = paramet
		if len(breaks) != len(slopes)-1:
			print("error in the precription of the power law. It needs one more slope than break value")
		else:
			dn = np.zeros_like(self.x)
			self.breaks = breaks
			self.slopes = slopes
			self.mass_range = np.hstack((self.mmin,breaks,self.mmax))
			for i,item in enumerate(self.slopes):
				cut = np.where(np.logical_and(self.x>=self.mass_range[i],self.x<self.mass_range[i+1]))
				dn[cut] = np.power(self.x[cut],item)
				if i != 0:
					renorm = np.divide(last_dn,dn[cut][0])
					dn[cut] = dn[cut]*renorm
				last_dn = dn[cut][-1]
				last_x = self.x[cut][-1]
			self.dn = np.divide(dn,sum(dn))
			u = self.dn*self.x
			self.dm = np.divide(u,sum(u))
			self.dn = np.divide(self.dm,self.x)


[docs]	def imf_mass_fraction(self,mlow,mup):
		'''
		Calculates the mass fraction of the IMF sitting between mlow and mup
		'''
		norm = sum(self.dm)
		cut = np.where(np.logical_and(self.x>=mlow,self.x<mup))
		fraction = np.divide(sum(self.dm[cut]),norm)
		return(fraction)

[docs]	def imf_number_fraction(self,mlow,mup):
		'''
		Calculating the number fraction of stars of the IMF sitting between mlow and mup
		'''
		norm = sum(self.dn)
		cut = np.where(np.logical_and(self.x>=mlow,self.x<mup))
		fraction = np.divide(sum(self.dn[cut]),norm)
		return(fraction)

[docs]	def imf_number_stars(self,mlow,mup):
		cut = np.where(np.logical_and(self.x>=mlow,self.x<mup))
		number = sum(self.dn[cut])
		return(number)

[docs]	def stochastic_sampling(self, mass):
		'''
		The analytic IMF will be resampled according to the mass of the SSP.
		The IMF will still be normalised to 1

		Stochastic sampling is realised by fixing the number of expected stars and then drawing from the probability distribution of the number density
		Statistical properties are tested for this sampling and are safe: number of stars and masses converge.
		'''
		number_of_stars = int(round(sum(self.dn) * mass))
		self.dm_copy = np.copy(self.dm)
		self.dn_copy = np.copy(self.dn)

		#self.dn_copy = np.divide(self.dn_copy,sum(self.dn_copy))
		random_number = np.random.uniform(low = 0.0, high = sum(self.dn_copy), size = number_of_stars)
		self.dm = np.zeros_like(self.dm)
		self.dn = np.zeros_like(self.dn)
		'''
		### This could be favourable if the number of stars drawn is low compared to the imf resolution
		for i in range(number_of_stars):
			### the next line randomly draws a mass according to the number distribution of stars
			cut = np.where(np.abs(np.cumsum(self.dn_copy)-random_number[i])== np.min(np.abs(np.cumsum(self.dn_copy)-random_number[i])))
			x1 = self.x[cut][0]
			#self.dn[cut] += 0.5
			self.dn[cut[0]] += 1
			self.dm[cut[0]] += x1 + self.dx/2.
			t.append(x1 + self.dx/2.)
		'''
		counting = np.cumsum(self.dn_copy)
		for i in range(len(counting)-1):
			if i == 0:
				cut = np.where(np.logical_and(random_number>0.,random_number<=counting[i]))
			else:
				cut = np.where(np.logical_and(random_number>counting[i-1],random_number<=counting[i]))
			number_of_stars_in_mass_bin = len(random_number[cut])
			self.dm[i] = number_of_stars_in_mass_bin * self.x[i]
		if number_of_stars:
			self.dm = np.divide(self.dm,sum(self.dm))
		else:
			self.dm = np.divide(self.dm, 1)
		self.dn = np.divide(self.dm,self.x)






          

      

      

    

  

    
      
          
            
  Source code for Chempy.infall

import numpy as np
from .making_abundances import abundance_to_mass_fraction_normed_to_solar,abundance_to_mass_fraction

[docs]class PRIMORDIAL_INFALL(object):
	def __init__(self,elements,solar_table):
		'''
		This class calculates the chemical abundance fractions and can be used to provide primordial or solar scaled material for infall or gas composition at the beginning of the simulation

		INPUT upon initialisation are a list of elements and the solar table from the solar_abundance class.

		The elements are actually sorted by their element number


		'''
		self.elements = np.hstack(elements)
		element_names = list(solar_table['Symbol'])
		element_number = []
		element_masses = []
		element_abundances = []
		for item in element_names:
			element_number.append(int(solar_table['Number'][np.where(solar_table['Symbol']==item)]))
			element_masses.append(solar_table['Mass'][np.where(solar_table['Symbol']==item)])
			element_abundances.append(solar_table['photospheric'][np.where(solar_table['Symbol']==item)])

		sorted_index = np.argsort(np.array(element_number))
		element_number = [element_number[i] for i in sorted_index]
		element_masses = [element_masses[i] for i in sorted_index]
		element_names = [element_names[i] for i in sorted_index]
		element_abundances = [element_abundances[i] for i in sorted_index]
		self.all_elements = np.hstack(element_names)
		self.numbers = np.hstack(element_number)
		self.masses = np.hstack(element_masses)  
		self.all_abundances = np.hstack(element_abundances)
		self.all_fractions = abundance_to_mass_fraction(self.all_elements,self.masses,self.all_abundances,self.all_abundances,self.all_elements)
	  

[docs]	def primordial(self,):
		'''
		This returns primordial abundance fractions.
		'''
		self.symbols = np.hstack(self.elements)
		self.fractions = np.zeros(len(self.symbols))
		self.fractions[np.where(self.symbols=='H')] = 0.76
		self.fractions[np.where(self.symbols=='He')] = 0.24

		
[docs]	def solar(self, metallicity_in_dex, helium_fraction = 0.285):
		'''
		solar values scaled to a specific metallicity

		INPUT 

		   metallicity_in_dex =
		   helium_fraction = 
		'''
		self.symbols = []
		self.abundances = []
		for i, item in enumerate(self.elements):
			self.abundances.append(0.)
			self.symbols.append(item)
		self.abundances = np.hstack(self.abundances)
		self.symbols = np.hstack(self.symbols)
		self.fractions = abundance_to_mass_fraction_normed_to_solar(self.all_elements,self.masses,self.all_abundances,self.abundances,self.symbols)
		divisor = np.power(10,float(metallicity_in_dex))
		tmp = 0.
		for i,item in enumerate(self.symbols):
			if item not in ['H','He']:
				self.fractions[i] *= divisor
				tmp += self.fractions[i]
			if item in ['He']:
				self.fractions[i] = helium_fraction
				tmp += self.fractions[i]
		self.fractions[np.where(self.symbols == 'H')] = 1-tmp

		

[docs]	def sn2(self,paramet):
		'''
		This can be used to produce alpha enhanced initial abundances

		the fractions of the CC SN feedback and the iron abundance in dex needs to be specified
		'''
		sn2_fractions,iron_dex = paramet
		self.symbols = self.elements 

		solar_iron_fraction = self.all_fractions[np.where(self.all_elements == 'Fe')]
		scaled_iron_fraction = np.power(10,iron_dex)*solar_iron_fraction
		iron_fraction_in_sn2_feedback = sn2_fractions[np.where(self.elements == 'Fe')]
		self.fractions = np.divide(sn2_fractions,iron_fraction_in_sn2_feedback/scaled_iron_fraction)
		solar_helium_fraction = self.all_fractions[np.where(self.all_elements == 'He')]
		self.fractions[np.where(self.elements == 'He')] = solar_helium_fraction
		self.fractions[np.where(self.elements == 'H')] = 1 - sum(self.fractions[np.where(self.elements != 'H')])
		self.z = sum(self.fractions[np.where(np.logical_and(self.elements != 'H',self.elements != 'He'))])



[docs]class INFALL(object):
	'''
	This class provides the infall mass over time and is matched to the SFR class
	'''
	def __init__(self, t, sfr):
		"""
		Upon initialisation the timesteps and the sfr need to be provided

		Input:

		   t = timesteps
		
		   sfr = the SFR for the timesteps
		
		t is time in Gyr over which infall takes place as a numpy array
		sfr is the star formation rate
		"""
		self.t = t
		self.sfr = sfr

[docs]	def constant(self, paramet = 1):
		"""Constant gas infall of amount in Msun/pc^2/Gyr (default is 1)
		For test purposes only."""
		amount = paramet
		self.infall = np.zeros(len(self.t)) + amount


[docs]	def linear(self, paramet = (6.3, -0.5)):
		"""Linear gas infall rate (usually decreasing) in Msun/pc^2/Gyr
		with an initial infall rate of start (default 6.5)
		and a decrease/increase of slope * t from above (default -0.5)"""
		start, slope = paramet



[docs]	def polynomial(self, paramet = ([-0.003, 0.03, -0.3, 5.])):
		"""Polynomial gas infall rate in Msun/pc^2/Gyr.
		coeff: 1D array of coefficients in decreasing powers.
		The number of coeff given determines the order of the polynomial.
		Default is -0.004t^3 + 0.04t^2 - 0.4t + 6 for okay-ish results"""
		coeff = paramet
		poly = np.poly1d(coeff)


[docs]	def gamma_function(self,mass_factor = 1,a_parameter = 2, loc = 0, scale = 3):
		'''
		the gamma function for a_parameter = 2 and loc = 0 produces a peak at scale so we have a two parameter sfr.
		Later we can also release a to have a larger diversity in functional form.
		'''
		from scipy.stats import gamma
		self.infall = gamma.pdf(self.t,a_parameter,loc,scale)
		norm = sum(self.sfr)*mass_factor
		self.infall = np.divide(self.infall*norm,sum(self.infall))



[docs]	def exponential(self, paramet = ( -0.24, 0., 1.)):
		"""
		Exponential gas infall rate in Msun/pc^2/Gyr.
		The exponent is b * t + c, whole thing shifted up by d and normalised by e to the SFR.
		Default is b = -0.15 and e = 1, rest 0
		"""
		b, d, e = paramet
		sfr_norm = e
		norm = sum(self.sfr)*sfr_norm
		self.infall = np.exp(b * self.t ) + d
		self.infall = np.divide(self.infall*norm,sum(self.infall))

 
[docs]	def sfr_related(self, ):
		'''
		the infall will be calculated during the Chempy run according to the star formation efficiency usually following a Kennicut-Schmidt law
		'''
		self.infall = np.zeros_like(self.sfr)






          

      

      

    

  

    
      
          
            
  Source code for Chempy.making_abundances

import numpy as np



[docs]def mass_fraction_to_abundances(cube, solar_abundances):
	'''
	calculating the abundances in dex from mass fractions

	INPUT:
	
	   cube = cube table instance
	
	   solar_abundances = solar abundance table instance

	OUTPUT:
	
	   abundances
	
	   element_names
	
	   element_numbers
	'''
	element_names = list(set(solar_abundances['Symbol']).intersection(cube.dtype.names))
	element_number = []
	element_masses = []
	for item in element_names:
		element_number.append(int(solar_abundances['Number'][np.where(solar_abundances['Symbol']==item)]))
		element_masses.append(solar_abundances['Mass'][np.where(solar_abundances['Symbol']==item)])
	
	sorted_index = np.argsort(np.array(element_number))
	element_number = [element_number[i] for i in sorted_index]
	element_masses = [element_masses[i] for i in sorted_index]
	element_names = [element_names[i] for i in sorted_index]

	base = np.zeros(len(cube))
	list_of_arrays = []
	for i in range(len(element_names)):
		list_of_arrays.append(base)

	cube_abundances = np.core.records.fromarrays(list_of_arrays,names=element_names)

	for i,item in enumerate(element_names):
		cube_abundances[item] = np.divide(cube[item],float(element_masses[i]))

	normalisation = np.copy(cube_abundances['H'])

	for i,item in enumerate(element_names):
		cube_abundances[item] = np.divide(cube_abundances[item],normalisation)
	
	for i,item in enumerate(element_names):
		#cube_abundances[item] = np.log10(cube_abundances[item]) + 12.
		# supressing the warnings
		assert cube_abundances[item].all() >= 0.
		with np.errstate(invalid = 'ignore', divide = 'ignore'):
			cube_abundances[item] = np.where(cube_abundances[item] == 0. , -np.inf, np.log10(cube_abundances[item]) + 12.)

	for i,item in enumerate(element_names):
		cube_abundances[item] -= solar_abundances['photospheric'][np.where(solar_abundances['Symbol']==item)] 

	return (cube_abundances,element_names,element_number)


[docs]def abundance_to_mass_fraction(all_elements,all_masses,all_abundances,abundances,symbols):
	'''
	Calculating mass fractions from abundances.

	INPUT:
	
	   all_elements = list of all elements from solar abundance instance
	
	   all_masses = list of corresponding masses from solar abundances
	
	   all_abundances = solar abundances (not needed)
	
	   abundances = the abundances
	
	   symbols = a list of the elemental symbols corresponding to the abundances

	OUTPUT:
	
	   the fractions as an array
	'''
	fractions = []
	for i,item in enumerate(symbols):
		fractions.append(abundances[i])
		fractions[i] -= 12
		fractions[i] = np.power(10,fractions[i])
		fractions[i] *= all_masses[np.where(all_elements == item)]
	tmp = sum(fractions)
	for i,item in enumerate(symbols):
		fractions[i] /= tmp
	return np.hstack(fractions)


[docs]def abundance_to_mass_fraction_normed_to_solar(all_elements,all_masses,all_abundances,abundances,symbols):
	'''
	Calculating mass fractions normed to solar from abundances.

	INPUT:
	   
	   all_elements = list of all elements from solar abundance instance
	
	   all_masses = list of corresponding masses from solar abundances
	
	   all_abundances = solar abundances (not needed)
	
	   abundances = the abundances
	
	   symbols = a list of the elemental symbols corresponding to the abundances

	OUTPUT:
	
	   the fractions as an array
	'''
	fractions = []
	for i,item in enumerate(symbols):
		fractions.append(abundances[i] + all_abundances[np.where(all_elements == item)])
		fractions[i] -= 12
		fractions[i] = np.power(10,fractions[i])
		fractions[i] *= all_masses[np.where(all_elements == item)]
	tmp = sum(fractions)
	for i,item in enumerate(symbols):
		fractions[i] /= tmp
	return np.hstack(fractions)





          

      

      

    

  

    
      
          
            
  Source code for Chempy.optimization

import numpy as np

import multiprocessing as mp
import os
from .parameter import ModelParameters
from .cem_function import posterior_function

[docs]def one_chain(args):
	'''
	This function is testing the startpoint of an MCMC chain and tries to find parameter values for which Chempy does not return -inf 
	'''
	seed,a,startpoint = args
	np.random.seed(seed[0])
	chain = np.zeros(shape=(a.ndim))
	backup = np.array(a.to_optimize)
	result = -np.inf
	while result == -np.inf:
		for j,name in enumerate(a.to_optimize):
			#(mean, std) = a.priors.get(name)
			mean = startpoint[j]
			std = np.abs(0.02 * startpoint[j])
			if std == 0:
				std = 0.02
			(lower, upper) = a.constraints.get(name)
			value = mean + np.random.normal(0,std)
			# new formulation due to problem in python 3
			if lower is None and upper is not None:
				while value > upper:
					value = mean + np.random.normal(0,std)
			elif upper is None and lower is not None:
				while value < lower:
					value = mean + np.random.normal(0,std)
			elif lower is not None and upper is not None:
				while value < lower or value > upper:
					value = mean + np.random.normal(0,std)
			### alternative in python 3
			#while value < lower and lower is not None or value > upper and upper is not None:
			#	value = mean + np.random.normal(0,std)
			chain[j] = value 
		a.to_optimize = backup
		result = posterior_probability(chain,a)
	return chain


[docs]def creating_chain(a,startpoint):
	'''
	This function creates the initial parameter values for an MCMC chain.

	INPUT:
	
	   a = default parameter values from parameter.py
	
	   startpoint = from where the pointcloud of walkers start in a small sphere

	OUTPUT:
	
	   returns the array of the initial startpoints
	'''
	args = [(np.random.random_integers(low = 0, high = 1e9,size = 1),a,startpoint) for i in range(a.nwalkers)]
	p = mp.Pool(a.nwalkers)
	t = p.map(one_chain,args)
	p.close()
	p.join()
	return np.array(t)



[docs]def gaussian_log(x,x0,xsig):
	return -np.divide((x-x0)*(x-x0),2*xsig*xsig)


[docs]def posterior_probability(x,a):
	'''
	Just returning the posterior probability of Chempy and the list of blobs
	'''
	s,t = posterior_function(x,a)#cem(x,a)#posterior_function(x,a)
	return s,t


[docs]def minimizer_initial(identifier):
	'''
	This is a function that is minimizing the posterior of Chempy from initial conditions (and can be called in multiprocesses)

	INPUT:

	   a = model parameters

	OUTPUT:

	   res.x = the free Chempy parameter for which the posterior was minimal (log posterior is maximized)
	'''
	from scipy.optimize import minimize
	from .cem_function import posterior_function_for_minimization
	from .parameter import ModelParameters

	a = ModelParameters()
	a.stellar_identifier = identifier

	res = minimize(fun = posterior_function_for_minimization,
		x0 = a.p0,
		args = (a),
		method = 'Nelder-Mead',
		tol = a.tol_minimization,
		options = {'maxiter':a.maxiter_minimization})
	if a.verbose:
		print(res.message)
	return res.x


[docs]def minimizer_local(args):
	from scipy.optimize import minimize
	from .cem_function import posterior_function_local_for_minimization
	from .parameter import ModelParameters

	a = ModelParameters()

	changing_parameter, identifier, global_parameters, errors, elements = args
	
	res = minimize(fun = posterior_function_local_for_minimization,
		x0 = changing_parameter,
		args = (identifier , global_parameters, errors, elements),
		method = 'Nelder-Mead',
		tol = a.tol_minimization,
		options = {'maxiter':a.maxiter_minimization})
	if a.verbose:
		print(res.message)
	return res.x


[docs]def minimizer_global(changing_parameter, tol, maxiter, verbose, result):
	'''
	This is a function that minimizes the posterior coming from global optimization

	INPUT:

	   changing_parameter = the global SSP parameters (parameters that all stars share)

	   tol = at which change in posterior the minimization should stop

	   maxiter = maximum number of iteration

	   verbose = print or print not result (bool)

	   result = the complete parameter set is handed over as an array of shape(len(stars),len(all parameters)). From those the local ISM parameters are taken

	OUTPUT:

	   rex.x = for which global parameters the minimization returned the best posterior
	'''
	from scipy.optimize import minimize
	from .cem_function import global_optimization
	
	res = minimize(fun = global_optimization,
		x0 = changing_parameter,
		args = (result),
		method = 'Nelder-Mead',
		tol = tol,
		options = {'maxiter':maxiter})
	if verbose:
		print(res.message)
	return res.x





          

      

      

    

  

    
      
          
            
  Source code for Chempy.parameter

import numpy as np


[docs]class ModelParameters(object):
	'''
	In this class the model parameters are specified. It contains a lot of information which is (not always) necessary to run Chempy.
	The individual definitions are given as comments.
	'''
	
	# Which zero point of abundances shall be used. Asplund 2005 is corrected to VESTA abundances
	solar_abundance_name_list = ['Lodders09','Asplund09','Asplund05_pure_solar','Asplund05_apogee_correction', 'AG89']
	solar_abundance_name_index = 1
	solar_abundance_name = solar_abundance_name_list[solar_abundance_name_index]

	# Observational constraints
	#stellar_identifier_list = ['Proto-sun', 'Arcturus', 'B-stars']
	#stellar_identifier_list = ['2M01233744+3414451', '2M02484368+3106550', '2M05510326+1129561', '2M09031459+0648573', '2M09422500+4846338', '2M02011031+2426397', '2M09055837+0505324', '2M20092234+5601366']
	#indices = [78,130,122,156,113,34, 128,167] # low alpha sequence
	#indices = [0, 163, 27,  98,  95,  17,  71,  79] # random
	#indices = [158, 24, 152, 56, 100, 21, 17, 126] # This is the list for middle alpha sequence
	#indices = [147, 0, 3, 128, 1, 156, 113, 110] # extremes in alpha over iron space
	#indices = [85, 94, 15, 110, 30, 11, 7, 3] # high alpha sequence
	#indices = [78,130,122,156,113,34, 128,167,85, 94, 15, 110, 30, 11, 7, 3] #low alpha + high alpha
	#indices = [0, 163, 27,  98,  95,  17,  71,  79, 78,130,122,156,113,34, 128,167,85, 94, 15, 110, 30, 11, 7, 3] #low alpha + high alpha + random
	#stellar_identifier_list = []
	#for item in indices:
	#	stellar_identifier_list.append("Rob_%d" %item)
	#stellar_identifier_list = ['Proto-sun', 'Arcturus', 'B-stars']
	# 'prior' can be used as stellar_identifier, then the prior will be sampled with Chempy.wrapper.mcmc() routine
	stellar_identifier_list = ['Proto-sun']
	stellar_identifier = 'Proto-sun'

	# Convergense parameters of minimization and MCMC
	maxiter_minimization = 500
	min_mcmc_iterations = 300
	mcmc_tolerance = 0.5
	gibbs_sampler_tolerance = 1e-1
	gibbs_sampler_maxiter = 10
	tol_minimization = 1e-1
	nwalkers = 64
	mburn = 1
	save_state_every = 1
	m = 1000 # For 7 free parameters 300 iterations are usually enough. The mcmc routine is stopping after 300 if the posterior mean is converged for more than 200 iterations.
	error_marginalization = False # Marginalizing over the model error or using the best model error value
	flat_model_error_prior = [0.,1.,51] # Flat prior for the error marginalization [begin, end, number of evaluations inbetween]
	beta_error_distribution = [True, 1, 10] # Instead of a flat prior for the error marginalization we use a beta distribution with a = 1 and b = 3 as default (wikipedia and scipy have the same parametrization) putting more weight to small model errors
	zero_model_error = True # a boolean that can be used to restore the old Chempy behaviour of 0 model error, will only work if error_marginalization is set to False
	send_email = False
	
	verbose = 0
	# Time discretization, so far only linear time-steps are implemented
	start = 0 # birth of disc, always set to 0
	end = 13.5
	time_steps = 28#541#241#35#1401
	total_mass = 1#45.07
	stochastic_IMF = False
	number_of_models_overplotted = 1 ### with the positions from an mcmc run
	testing_output = False
	summary_pdf = False
	name_string = 'Chempy_default'
	parameter_names = [r'$\alpha_\mathrm{IMF}$',r'$\log_{10}\left(\mathrm{N}_\mathrm{Ia}\right)$',r'$\log_{10}\left(\tau_\mathrm{Ia}\right)$',r'$\log_{10}\left(\mathrm{SFE}\right)$',r'$\log_{10}\left(\mathrm{SFR}_\mathrm{peak}\right)$',r'$\mathrm{x}_\mathrm{out}$']
	# SFR still model A from Just&Jahreiss 2010 should be changed
	# arbitrary function can be implemented here
	basic_sfr_name_list = ['model_A', 'gamma_function', 'prescribed', 'doubly_peaked', 'normal']
	basic_sfr_index = 1
	basic_sfr_name = basic_sfr_name_list[basic_sfr_index]
	if basic_sfr_name == 'model_A':
		mass_factor = 1.
		S_0 = 45.07488
		t_0 = 5.6
		t_1 = 8.2
	elif basic_sfr_name == 'gamma_function':
		mass_factor = 1.
		S_0 = 1#45.07488
		a_parameter = 2
		sfr_beginning = 0
		sfr_scale = 3.5 # SFR peak in Gyr for a = 2
	elif basic_sfr_name == 'prescribed':
		mass_factor = 1.
		name_of_file = 'input/Daniel_Weisz/ic1613.lcid.final.sfh'
	elif basic_sfr_name == 'doubly_peaked':
		mass_factor = 1.
		S_0 = 45.07488
		peak_ratio = 0.8
		sfr_decay = 3.5
		sfr_t0 = 2.
		peak1t0 = 0.8
		peak1sigma = 0.8
	elif basic_sfr_name == 'normal':
		mass_factor = 1.
		S_0 = 45.07488
		sfr_peak = 2
		sfr_scale = 0.5
	elif basic_sfr_name == 'step':
		mass_factor = 1.
		S_0 = 45.07488
		sfr_cutoff = 2
	elif basic_sfr_name == 'non_parametric':
		mass_factor = 1.
		S_0 = 45.07488
		sfr_breaks = (1, 2, 3)
		sfr_weights = (1, 2, 1)

	basic_infall_name_list = ["exponential","constant","sfr_related","peaked_sfr","gamma_function"]
	basic_infall_index = 2
	basic_infall_name = basic_infall_name_list[basic_infall_index]
	starformation_efficiency = 0.
	gas_power = 0.
	if basic_infall_name == 'sfr_related':
		starformation_efficiency = np.power(10,-0.3)
		gas_power = 1.0
	if basic_infall_name == 'exponential':
		infall_amplitude = 10 # not needed just a dummy
		tau_infall = -0.15
		infall_time_offset = 0
		c_infall = -1.
		norm_infall = 0.9
	if basic_infall_name == 'gamma_function':
		norm_infall = 1.0 # not needed just a dummy
		infall_a_parameter = 2
		infall_beginning = 0
		infall_scale = 3.3

	yield_table_name_sn2_list = ['chieffi04','OldNugrid','Nomoto2013','Portinari_net','francois', 'chieffi04_net', 'Nomoto2013_net','NuGrid_net','West17_net','TNG_net','CL18_net','Frischknecht16_net']
	yield_table_name_sn2_index = 2
	yield_table_name_sn2 = yield_table_name_sn2_list[yield_table_name_sn2_index]

	yield_table_name_hn_list = ['Nomoto2013']
	yield_table_name_hn_index = 0
	yield_table_name_hn = yield_table_name_hn_list[yield_table_name_hn_index]

	##### Karakas2016 needs much more calculational resources (order of magnitude) using 2010 net yields from Karakas are faster and only N is significantly underproduced
	yield_table_name_agb_list = ['Karakas','Nugrid','Karakas_net_yield','Ventura_net','Karakas16_net','TNG_net','Nomoto2013'] 
	yield_table_name_agb_index = 2
	yield_table_name_agb = yield_table_name_agb_list[yield_table_name_agb_index]

	yield_table_name_1a_list = ['Iwamoto','Thielemann','Seitenzahl', 'TNG']
	yield_table_name_1a_index = 2
	yield_table_name_1a = yield_table_name_1a_list[yield_table_name_1a_index]

	mmin = 0.1
	mmax = 100
	mass_steps = 5000 #2000 # 200000

	imf_type_name_list = ['normed_3slope','Chabrier_1','Chabrier_2','salpeter','BrokenPowerLaw']
	imf_type_index = 1
	imf_type_name = imf_type_name_list[imf_type_index]
	if imf_type_name == 'Chabrier_2':
		chabrier_para1 = 22.8978
		chabrier_para2 = 716.4
		chabrier_para3 = 0.25
		high_mass_slope = -2.3
		imf_parameter = (22.8978, 716.4, 0.25,-2.29)
	if imf_type_name == 'Chabrier_1':
		chabrier_para1 = 0.69
		chabrier_para2 = 0.079
		high_mass_slope = -2.29
		imf_parameter = (0.69, 0.079, -2.29)
	if imf_type_name == 'salpeter':
		imf_slope = 2.35
		imf_parameter = (2.35)
	if imf_type_name == 'BrokenPowerLaw':
		imf_break_1 = 0.5
		imf_break_2 = 1.39
		imf_break_3 = 6
		imf_slope_1 = -1.26
		imf_slope_2 = -1.49
		imf_slope_3 = -3.02
		imf_slope_4 = -2.3
		imf_parameter = ((0.5,1.39,6),(-1.26,-1.49,-3.02,-2.3))
	if imf_type_name == 'normed_3slope':	
		imf_break_1 = 0.5
		imf_break_2 = 1.0
		imf_slope_1 = -1.3
		imf_slope_2 = -2.3
		imf_slope_3 = -2.29
		imf_parameter = (imf_slope_1,imf_slope_2,imf_slope_3,imf_break_1,imf_break_2)
	name_infall_list = ['primordial','solar','simple','alpha']
	name_infall_index = 1
	name_infall = name_infall_list[name_infall_index]

	interpolation_list = ['linear','logarithmic']
	interpolation_index = 1
	interpolation_scheme = interpolation_list[interpolation_index] ## could be a variant to change the interpolation scheme
	stellar_lifetimes_list = ['Argast_2000','Raiteri_1996']
	stellar_lifetimes_index = 0
	stellar_lifetimes = stellar_lifetimes_list[stellar_lifetimes_index] ## which stellar lifetime approximation to use

	sn2_to_hn = 1.

	sn2mmin = 8.
	sn2mmax = 100.

	bhmmin = float(sn2mmax) ## maximum of hypernova
	bhmmax = float(mmax) ## maximum of the IMF
	percentage_of_bh_mass = 0.25 # the rest 75% will be given back to the ISM with the abundances from the step before

	agbmmin = 0.5
	agbmmax = 8

	sagbmmin = float(agbmmax)
	sagbmmax = float(sn2mmin)
	percentage_to_remnant = 0.13 # see Kobayashi 2011 the remnant mass is about 13%

	time_delay_functional_form_list = ['normal','maoz','gamma_function']
	time_delay_index = 1
	time_delay_functional_form = time_delay_functional_form_list[time_delay_index]
	if time_delay_functional_form == 'maoz':
		N_0 = np.power(10,-2.75)
		sn1a_time_delay = np.power(10,-0.8)
		sn1a_exponent = 1.12
		dummy = 0.0
		sn1a_parameter = [N_0,sn1a_time_delay,sn1a_exponent,dummy]
	if time_delay_functional_form == 'normal':
		number_of_pn_exlopding = 0.003
		sn1a_time_delay = 1.
		sn1a_timescale = 3.2
		sn1a_gauss_beginning = 0.25
		sn1a_parameter = [number_of_pn_exlopding,sn1a_time_delay,sn1a_timescale,sn1a_gauss_beginning]
	if time_delay_functional_form == 'gamma_function':
		sn1a_norm = 0.0024 #number of sn1a exploding within end of simulation time per 1Msun
		sn1a_a_parameter = 1.3
		sn1a_beginning = 0
		sn1a_scale = 3
		sn1a_parameter = [sn1a_norm,sn1a_a_parameter,sn1a_beginning,sn1a_scale]
	sn1ammin = 1#float(agbmmin) #Maoz Timedelay should be independent of sn1a_mmin and sn1a_mmax. N_0 just determines the number of SN1a exploding per 1Msun over the time of 15Gyr
	sn1ammax = 8#float(sagbmmax)
	gas_at_start = 0. #*dt yields the Msun/pc^2 value

	log_time=False

	gas_reservoir_mass_factor = np.power(10,0.0)#3.0
	sfr_factor_for_cosmic_accretion = 1.
	#shortened_sfr = False # is needed in order to renormalise the gas reservoir mass factor and the cosmic accretion so that chempy produces consistent results with full run and shortened run. 	
	shortened_sfr_rescaling = 1.	
	cosmic_accretion_elements = ['H','He']
	cosmic_accretion_element_fractions = [0.76,0.24]
	outflow_feedback_fraction = 0.5
	## various output modes
	check_processes = False
	only_net_yields_in_process_tables = True
	calculate_model = True #just loading the outcome of the last ssp if False


	####### Evaluate model
	element_names = ['He','C', 'N', 'O', 'F','Ne','Na', 'Mg', 'Al', 'Si', 'P','S', 'Ar','K', 'Ca','Ti', 'V', 'Cr', 'Mn', 'Fe', 'Co', 'Ni']#, 'Zn','Y', 'Ba']# Runs with sun
	elements_to_trace = ['Al', 'Ar', 'B', 'Be', 'C', 'Ca', 'Cl', 'Co', 'Cr', 'Cu', 'F', 'Fe', 'Ga', 'Ge', 'H', 'He', 'K', 'Li', 'Mg', 'Mn', 'N', 'Na', 'Ne', 'Ni', 'O', 'P', 'S', 'Sc', 'Si', 'Ti', 'V', 'Zn']

	#observational_constraints_index = ['sol_norm']#['gas_reservoir','sn_ratio','sol_norm']#,'wildcard ','cas','arcturus','stars_at_end', 'plot_processes', 'save_abundances', 'elements']
	arcturus_age = 7.1# 7.1 +1.5 -1.2

	produce_mock_data = False
	use_mock_data = False
	error_inflation = 1.


	# If some parameter is in to optimise there needs to be a prior and constraints defined
	if True:
		#prior
		SSP_parameters =  [-2.29 ,-2.75 ,-0.8]#,	-0.8 ]#,0.2]#, 0.7, 0.3, 0.0]
		SSP_parameters_to_optimize = ['high_mass_slope', 'log10_N_0','log10_sn1a_time_delay'] #,'log10_beta_parameter' ]#,'log10_sfr_factor_for_cosmic_accretion']#,'log10_gas_reservoir_mass_factor','log10_a_parameter','log10_gas_power']
	else:
		SSP_parameters = []
		SSP_parameters_to_optimize = []
	assert len(SSP_parameters) == len(SSP_parameters_to_optimize)
	if True:
		#prior
		ISM_parameters =  [-0.3, 0.55,	0.5]#, 0.3]#,0.2]#, 0.7, 0.3, 0.0]
		ISM_parameters_to_optimize = ['log10_starformation_efficiency', 'log10_sfr_scale', 'outflow_feedback_fraction']#,'log10_gas_reservoir_mass_factor']#,'log10_sfr_factor_for_cosmic_accretion']#,'log10_gas_reservoir_mass_factor','log10_a_parameter','log10_gas_power']
	else:
		ISM_parameters = []
		ISM_parameters_to_optimize = []
	assert len(ISM_parameters) == len(ISM_parameters_to_optimize)

	p0 = np.hstack((SSP_parameters,ISM_parameters))
	to_optimize = np.array(SSP_parameters_to_optimize + ISM_parameters_to_optimize)
	ndim = len(to_optimize)

	constraints = {
	'log10_beta_parameter' : (0,None),
	'high_mass_slope' : (-4.,-1.),
	'log10_N_0' : (-5,-1), 
	'log10_sn1a_time_delay' : (-3,1.),
	'log10_starformation_efficiency' : (-3,2),
	'log10_sfr_scale' : (-1,1),
	'sfr_scale' : (0.0,None),
	'outflow_feedback_fraction' : (0.,1.),
	'log10_gas_reservoir_mass_factor': (None,None),
	

	'N_0' : (0.,1.),
	'sn1a_time_delay' : (0.,end),
	'a_parameter' : (0.,None),
	'starformation_efficiency' : (0.,None), 
	'gas_power': (1.,2.),
	'log10_a_parameter' : (None,None),
	'log10_gas_power' : (None,None),
	'log10_gas_reservoir_mass_factor': (None,None),
	'log10_sfr_factor_for_cosmic_accretion': (None,None),

	'mass_factor' : (0,None),
	'norm_infall' : (0.,2.),
	'tau_infall' : (None,None),
	'c_infall' : (None,None),
	'gas_at_start' : (0.,2.),
	'gas_reservoir_mass_factor' : (0.,20.),
	'infall_scale' : (0.0,end),
	'sn1a_norm' : (0.,None),
	'sn1a_scale' : (0.,None),
	}
	# the prior entry is (mean,std,0)
	# functional form 0 is a gaussian with log values and 1 is for fractions where the sigma distances are in factors from the mean (see cem_function.py)
	# for functional form 1 read (mean,factor,1)
	priors = {
	## gaussian priors
	'log10_beta_parameter' : (1.0,0.5,0),	
	'high_mass_slope' : (-2.3,0.3,0),	
	'log10_N_0' : (-2.75,0.3,0),
	'log10_sn1a_time_delay' : (-0.8,0.3,0),
	'log10_starformation_efficiency' : (-0.3,0.3,0),
	'log10_sfr_scale' : (0.55,0.1,0),
	'sfr_scale' : (3.5,1.5,0),
	'outflow_feedback_fraction' : (0.5,0.1,0),
	'log10_gas_reservoir_mass_factor' : (0.3,0.3,0),

	'a_parameter' : (3.,3.,0),
	'infall_scale' : (3.3,0.5,0),
	'gas_power': (1.5,0.2,0),
	'log10_sfr_factor_for_cosmic_accretion': (0.2,0.3,0),
	'log10_a_parameter' : (0.3,0.2,0),
	'log10_gas_power' : (0,0.15,0),
	
	## Priors on factors
	'starformation_efficiency' : (0.5,3.,1), 
	'mass_factor' : (1.,1.2,1),
	'norm_infall' : (1.,1.2,1),
	'sn1a_time_delay' : (0.3,3.,1),
	'N_0' : (0.001,3.,1),
	'gas_at_start' : (0.1,2.,1),
	'gas_reservoir_mass_factor' : (3.,2.,1),
	}





          

      

      

    

  

    
      
          
            
  Source code for Chempy.plot_mcmc

import numpy as np
import matplotlib.pyplot as plt
import os
from . import localpath

[docs]def restructure_chain(directory , parameter_names = [r'$\alpha_\mathrm{IMF}$',r'$\log_{10}\left(\mathrm{N}_\mathrm{Ia}\right)$',r'$\log_{10}\left(\tau_\mathrm{Ia}\right)$',r'$\log_{10}\left(\mathrm{SFE}\right)$',r'$\log_{10}\left(\mathrm{SFR}_\mathrm{peak}\right)$',r'$\mathrm{x}_\mathrm{out}$']):
	'''
	This function restructures the chains and blobs coming from the emcee routine so that we have a flattened posterior PDF in the end.
	
	The following files need to be there: flatchain, flatlnprobability, flatmeanposterior and flatstdposterior. flatblobs is optional

	INPUT:
	
	   directory = name of the folder where the files are located
	
	   parameter_names = the names of the parameters which where explored in the MCMC

	OUTPUT:
	
	   a few convergence figures and arrays will be saved into directory
	'''
	producing_positions_for_plot = True
	how_many_plot_samples = 100
	how_many_MCMC_samples = 5000
		
	with_blobs = True
	change_back = False
	if not os.path.exists(directory):
		os.makedirs(directory)
		import shutil
		src = localpath + 'mcmc/'
		src_files = os.listdir(src)
		for file_name in src_files:
    			full_file_name = os.path.join(src, file_name)
    			if (os.path.isfile(full_file_name)):
        			shutil.copy(full_file_name, directory)	

		print('You have no mcmc folder. Copying the example from the Chempy folder.')
	positions = np.load('%sflatchain.npy' %(directory))
	posterior = np.load('%sflatlnprobability.npy' %(directory))
	mean_posterior = np.load('%sflatmeanposterior.npy' %(directory))
	std_posterior = np.load('%sflatstdposterior.npy' %(directory))
	if with_blobs:
		blobs = np.load('%sflatblobs.npy' %(directory))
		#blobs = np.swapaxes(blobs,0,1)
	if len(blobs.shape)!=3:
		print('blob shape = ', blobs.shape, 'probably some runs did not return results and were stored anyway.')
		with_blobs = False

	nwalkers = positions.shape[0]
	dimensions = positions.shape[2]
	iterations = positions.shape[1]
	print('The chain has a length of %d iterations, each iteration having %d evaluations/walkers' %(iterations,nwalkers))
	if with_blobs:
		assert nwalkers == blobs.shape[0]
		assert iterations == blobs.shape[1]
		blob_dimensions = blobs.shape[2]
	if posterior.shape[0] != positions.shape[0] or posterior.shape[1] != positions.shape[1]:
		raise Exception('chain and probability do not have the same number of walkers and or iterations')


	plt.figure(figsize=(10.69,8.27), dpi=100)
	plt.plot(mean_posterior+10.-np.max(mean_posterior), label= 'mean (maximum shifted to 10)')
	plt.plot(std_posterior, label= 'std')
	plt.yscale('log')
	plt.ylim((1.,None))
	plt.title('Statistical moments of the %d walkers at each step' %(nwalkers))
	plt.legend(loc = 'best')
	plt.grid('on')
	plt.savefig('%sposterior_evolution.png' %(directory))
	plt.clf()
	#print np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[-1] 
	if True:#np.mean(posterior, axis = 0)[0] < np.mean(posterior, axis = 0)[-1]:
		#print 'chain is inverted' ##Sometimes the chain is stored differently depending on the system
		posterior = posterior[:,::-1]
		positions = positions[:,::-1]
		if with_blobs:
			blobs = blobs[:,::-1]
	print('Mean posteriors at the beginning and the end of the chain:')
	print(np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[-1])
	
	keeping = int(how_many_MCMC_samples / nwalkers)
	positions = positions[:,:keeping, :]
	posterior = posterior[:,:keeping]
	if with_blobs:
		blobs = blobs[:,:keeping,:]
	print('Mean posteriors after the burn-in tail is cut out:')
	print(np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[-1])
	### shaping back
	positions = positions.reshape((-1, dimensions), order = 'F')
	posterior = posterior.reshape(-1, order = 'F')
	if with_blobs:
		blobs = blobs.reshape((-1, blob_dimensions), order = 'F')


	print('We are left with a sample of %d posterior evaluations from the converged MCMC chain' %(len(posterior)))
	assert np.any(np.isinf(posterior)) == False

	total_iterations = len(posterior)
	#
	cut = np.where(posterior==np.max(posterior))
	positions_max = positions[cut]
	posterior_max = posterior[cut]
	if with_blobs:
		blobs_max = blobs[cut]
	posterior_max,indices_max = np.unique(posterior_max, return_index=True)
	positions_max = positions_max[indices_max]


	data_cut = np.max(posterior) - 15 ## throwing out very odd values
	cut = np.where(posterior>data_cut)
	positions_before = len(positions)
	positions = positions[cut]
	positions_after = len(positions)
	throw_out = positions_before - positions_after
	posterior = posterior[cut]
	if with_blobs:
		blobs = blobs[cut]
	print('We have %d iterations good enough posterior, their posteriors range from' %(len(posterior)))
	if throw_out > 0:
		print('%d runs of the stabilised MCMC had a posterior that was worse -15 ln' %(throw_out))
	### Drawing 100 random posterior positions
	if producing_positions_for_plot:
		random_indices = np.random.choice(a = np.arange(len(positions)),size = how_many_plot_samples,replace = False)
		plot_positions = positions[random_indices]
		plot_posterior = posterior[random_indices]
		if with_blobs:
			plot_blobs = blobs[random_indices]
		np.save('%spositions_for_plotting' %(directory),plot_positions)


	np.save('%sposteriorPDF' %(directory),positions)
	np.save('%sposteriorvalues' %(directory),posterior)
	np.save('%sblobs_distribution' %(directory),blobs)
	# IF ARRAYS SHOULD BE SORTED, looks better on scatter plot:
	if True:
		sorted_indices = np.argsort(posterior)
		posterior = posterior[sorted_indices]
		positions = positions[sorted_indices]
		if with_blobs:
			blobs = blobs[sorted_indices]

	vmax = np.max(posterior)
	vmin = np.min(posterior)
	np.save('%sbest_parameter_values' %(directory),positions_max)
	print(vmax,vmin)
	print('Highest posterior was obtained at parameters: ', positions_max)
	#print 'for plotting we use the best: ',len(posterior), ' values'
	print('Number of unique posterior values: ', len(np.unique(posterior)))
	print('Inferred marginalized parameter distributions are:')
	x = np.array([np.mean(positions,axis = 0),np.std(positions,axis = 0)])
	if with_blobs:
		y = np.array([np.mean(blobs,axis = 0),np.std(blobs,axis = 0)])
	np.savetxt('%sparameter_moments.csv' %(directory), list(np.hstack(x.T).T), fmt='%.4f', delimiter=',')
	if with_blobs:
		np.savetxt('%slikelihood_moments.csv' %(directory), list(np.hstack(y.T).T), fmt='%.4f', delimiter=',')
		np.save('%sblobs_max' %(directory), blobs_max)
		plt.figure(figsize=(30.69,8.27), dpi=100)
		#plt.plot(blobs_max, label= 'blobs of best run')
		plt.plot(y[0], label= 'mean blobs')
		plt.plot(y[1], label= 'std blobs')
		#plt.yscale('log')
		#plt.ylim((1.,None))
		plt.title('Statistical moments of the blobs for the %d plot runs' %(how_many_plot_samples))
		plt.legend(loc = 'best')
		plt.grid('on')
		plt.savefig('%sblobs_distribution.png' %(directory))
		plt.clf()


	np.save("%sparameter_names" %(directory), parameter_names)
	
	#if len(parameter_names) != dimensions:
	#	raise Exception('parameter_names not equally numbered as parameter in chain')
	for j in range(dimensions):
		print(j, positions[:,j].mean(), '+-', positions[:,j].std())


	fig, axes = plt.subplots(nrows=dimensions+1, ncols=1,figsize=(14.69,30.27), dpi=100,sharex=True)
	for i in range(dimensions):
		axes[i].plot(positions[:,i])
		axes[i].set_ylabel(i)
	axes[i+1].plot(posterior)
	axes[i+1].set_ylabel('posterior')	

	fig.savefig("%schain.png" %(directory))
	plt.clf()
	plt.figure(figsize=(14.69,30.27), dpi=100)
	plt.hist(posterior,bins=100)
	plt.savefig('%sposterior_histo.png' %(directory))
	plt.clf()
	plt.close()


[docs]def plot_mcmc_chain(directory, set_scale = False, use_scale = False, only_first_star = True):
	'''
	This routine takes the output from 'restructure_chain' function and plots the result in a corner plot
	set_scale and use_scale can be used to put different PDFs on the same scale, in the sense that the plot is shown with the same axis range.
	
	In the paper this is used to plot the Posterior in comparison to the prior distribution.
	'''
	import corner
	plt.clf()
	text_size = 16
	cor_text = 22
	positions = np.load('%sposteriorPDF.npy' %(directory))
	parameter_names = np.load("%sparameter_names.npy" %(directory))
	
	if only_first_star:
		positions = positions[:,:6]
		parameter_names = parameter_names[:6]

	nparameter = len(positions[0])
	cor_matrix = np.zeros(shape = (nparameter,nparameter))
	for i in range(nparameter):
		for j in range(nparameter):
			cor_matrix[i,j] = np.corrcoef((positions[:,i],positions[:,j]))[1,0]
	np.save('%scor_matrix' %(directory),cor_matrix)

	fig, axes = plt.subplots(nrows=nparameter, ncols=nparameter,figsize=(14.69,8.0), dpi=300)#,sharex=True, sharey=True)

	left  = 0.1  # the left side of the subplots of the figure
	right = 0.925    # the right side of the subplots of the figure
	bottom = 0.075   # the bottom of the subplots of the figure
	top = 0.97      # the top of the subplots of the figure
	wspace = 0.0   # the amount of width reserved for blank space between subplots
	hspace = 0.0   # the amount of height reserved for white space between subplots
	plt.subplots_adjust(left=left, bottom=bottom, right=right, top=top, wspace=wspace, hspace=hspace)

	alpha=0.5
	alpha_more = 0.8
	alpha_less = 0.1
	lw = 2
	if set_scale:
		borders = []
	if use_scale:
		borders = np.load(directory + 'prior_borders.npy', encoding='bytes', allow_pickle=True)
	t = 0

	for i in range(nparameter):
		for j in range(nparameter):
			axes[i,j].locator_params(nbins=4)
			if j==1:
				axes[i,j].locator_params(nbins=4)
			if i == j:
				counts, edges = np.histogram(positions[:,j], bins=10)
				max_count = float(np.max(counts))
				counts = np.divide(counts,max_count)
				axes[i,j].bar(edges[:-1], align='edge', height = counts, width = edges[1]-edges[0], color = 'grey', alpha = alpha, linewidth = 0, edgecolor = 'blue')
				if use_scale:
					axes[i,j].set_xlim(borders[t][0])
					axes[i,j].plot( borders[t][2], borders[t][3], c="k", linestyle = '--', alpha=1, lw=lw )
					t += 1
				else:
					axes[i,j].set_xlim(min(positions[:,j]),max(positions[:,j]))
				axes[i,j].set_ylim(0,1.05)
				if j != 0:
					plt.setp(axes[i,j].get_yticklabels(), visible=False)

				if set_scale:
					borders.append([axes[i,j].get_xlim(),axes[i,j].get_ylim(),edges[:-1],counts])

				axes[i,j].vlines(np.percentile(positions[:,j],15.865),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha,linewidth = lw,linestyle = 'dashed')    
				axes[i,j].vlines(np.percentile(positions[:,j],100-15.865),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha,linewidth = lw,linestyle = 'dashed')  
				axes[i,j].vlines(np.percentile(positions[:,j],50),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha, linewidth = lw)
				axes[i,j].text( 0.5, 1.03, r'$%.2f_{-%.2f}^{+%.2f}$'%(np.percentile(positions[:,j],50),np.percentile(positions[:,j],50)-np.percentile(positions[:,j],15.865),np.percentile(positions[:,j],100-15.865)-np.percentile(positions[:,j],50)),fontsize=text_size, ha="center" ,transform=axes[i,j].transAxes)

			if i>j:
				if j != 0:
					plt.setp(axes[i,j].get_yticklabels(), visible=False)
				
				corner.hist2d(positions[:,j],positions[:,i], ax = axes[i,j],bins = 15 , levels=(1-np.exp(-0.5),1-np.exp(-2.0),1-np.exp(-4.5)))
				#axes[i,j].plot(positions_max[:,j],positions_max[:,i],'kx',markersize = 10,mew=2.5)
				#im = axes[i,j].scatter(positions[:,j],positions[:,i],c='k',edgecolor='None',s=45,marker='o',alpha=alpha_less,rasterized=True)#,vmin=0,vmax=vmax)
				#axes[i,j].hist2d(positions[:,j],positions[:,i],cmap = my_cmap, vmin=1)

				if use_scale:
					axes[i,j].set_xlim(borders[t][0])
					axes[i,j].set_ylim(borders[t][1])
					#axes[i,j].plot( borders[t][2], borders[t][3], "k",linestyle = '--', alpha=1, lw = lw )
					t += 1
				else:
					axes[i,j].set_xlim(min(positions[:,j]),max(positions[:,j]))
					axes[i,j].set_ylim(min(positions[:,i]),max(positions[:,i]))


				if set_scale:
					borders.append([axes[i,j].get_xlim(),axes[i,j].get_ylim(),i,j])

			if j>i:
				correlation_coefficient = np.corrcoef((positions[:,i],positions[:,j]))
				axes[i,j].text( 0.6, 0.5, "%.2f"%(correlation_coefficient[1,0]),fontsize=cor_text, ha="center" ,transform=axes[i,j].transAxes)	
				axes[i,j].axis('off')
			if i == nparameter-1:
				axes[i,j].set_xlabel(parameter_names[j])
			if j == 0:
				axes[i,j].set_ylabel(parameter_names[i])
	#if nparameter>3:
	#	axes[0,3].set_title('vmax = %.2f, obtained at %s' %(vmax,str(positions_max)))
	#	#axes[0,1].set_title('vmax = %.2f, obtained at %s and %d evals thrown out' %(vmax,str(positions_max),throw_out))
	
	fig.savefig('%sparameter_space_sorted.png' %(directory),dpi=300,bbox_inches='tight')

	if set_scale:
		np.save('%sprior_borders' %(directory), borders)


[docs]def plot_mcmc_chain_with_prior(directory, use_prior = False, only_first_star = True, plot_true_parameters = True, plot_only_SSP_parameter = True):
	'''
	This routine takes the output from 'restructure_chain' function and plots the result in a corner plot
	set_scale and use_scale can be used to put different PDFs on the same scale, in the sense that the plot is shown with the same axis range.
	
	In the paper this is used to plot the Posterior in comparison to the prior distribution.
	'''
	how_many_ssp_parameters = 3

	if plot_true_parameters:
		true_parameters = [-2.37, -2.75, -1.2]
		true_parameters = np.array(true_parameters)

	if use_prior:
		from Chempy.cem_function import gaussian
		prior = [[-2.3, 0.3],[-2.75,0.3],[-0.8,0.3],[-0.3,0.3],[0.55,0.1],[0.5,0.1]]
		prior = np.array(prior)

	import corner
	plt.clf()
	text_size = 16
	cor_text = 22
	plt.rc('font', family='serif',size = text_size)
	plt.rc('xtick', labelsize=text_size)
	plt.rc('ytick', labelsize=text_size)
	plt.rc('axes', labelsize=text_size, lw=1.0)
	plt.rc('lines', linewidth = 1)
	plt.rcParams['ytick.major.pad']='8'
	plt.rcParams['text.latex.preamble']=[r"\usepackage{libertine}"]
	params = {'text.usetex' : True,
	          'font.size' : 10,
	          'font.family' : 'libertine',
	          'text.latex.unicode': True,
	          }
	plt.rcParams.update(params)
	positions = np.load('%sposteriorPDF.npy' %(directory))
	parameter_names = np.load("%sparameter_names.npy" %(directory))
	posterior = np.load('%sposteriorvalues.npy' %(directory))
	positions_max = np.load('%sbest_parameter_values.npy' %(directory))
	
	if only_first_star:
		positions = positions[:,:6]
		parameter_names = parameter_names[:6]
		positions_max = positions_max[0][:6]
	if plot_only_SSP_parameter:
		positions = positions[:,:how_many_ssp_parameters]
		parameter_names = parameter_names[:how_many_ssp_parameters]
		positions_max = positions_max[:how_many_ssp_parameters]

	nparameter = len(positions[0])
	cor_matrix = np.zeros(shape = (nparameter,nparameter))
	for i in range(nparameter):
		for j in range(nparameter):
			cor_matrix[i,j] = np.corrcoef((positions[:,i],positions[:,j]))[1,0]
	np.save('%scor_matrix' %(directory),cor_matrix)

	#fig, axes = plt.subplots(nrows=nparameter, ncols=nparameter,figsize=(14.69,8.0), dpi=300)#,sharex=True, sharey=True)

	fig, axes = plt.subplots(nrows=nparameter, ncols=nparameter,figsize=(5.69,3.0), dpi=300)#,sharex=True, sharey=True)

	left  = 0.1  # the left side of the subplots of the figure
	right = 0.925    # the right side of the subplots of the figure
	bottom = 0.075   # the bottom of the subplots of the figure
	top = 0.97      # the top of the subplots of the figure
	wspace = 0.0   # the amount of width reserved for blank space between subplots
	hspace = 0.0   # the amount of height reserved for white space between subplots
	plt.subplots_adjust(left=left, bottom=bottom, right=right, top=top, wspace=wspace, hspace=hspace)

	alpha=0.5
	alpha_more = 0.8
	alpha_less = 0.1
	lw = 2

	for i in range(nparameter):
		for j in range(nparameter):
			axes[i,j].locator_params(nbins=4)
			if j==1:
				axes[i,j].locator_params(nbins=4)
			if i == j:
				counts, edges = np.histogram(positions[:,j], bins=20)
				max_count = float(np.max(counts))
				counts = np.divide(counts,max_count)
				axes[i,j].bar(edges[:-1], align='edge', height = counts, width = edges[1]-edges[0], color = 'grey', alpha = alpha, linewidth = 0, edgecolor = 'blue')

				if use_prior:
					xmin = prior[i][0]-3.5*prior[i][1]
					xmax = prior[i][0]+3.5*prior[i][1]
					x_axe = np.linspace(xmin,xmax,100)
					y_axe = gaussian(x_axe,prior[i][0],prior[i][1])
					axes[i,j].set_xlim((xmin,xmax))
					axes[i,j].plot( x_axe, y_axe/max(y_axe), c="k", linestyle = '--', alpha=1, lw=lw )
				else:
					axes[i,j].set_xlim(min(positions[:,j]),max(positions[:,j]))
				axes[i,j].set_ylim(0,1.05)
				if j != 0:
					plt.setp(axes[i,j].get_yticklabels(), visible=False)

				axes[i,j].vlines(np.percentile(positions[:,j],15.865),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha,linewidth = lw,linestyle = 'dashed')    
				axes[i,j].vlines(np.percentile(positions[:,j],100-15.865),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha,linewidth = lw,linestyle = 'dashed')  
				axes[i,j].vlines(np.percentile(positions[:,j],50),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha, linewidth = lw)
				axes[i,j].text( 0.5, 1.03, r'$%.2f_{-%.2f}^{+%.2f}$'%(np.percentile(positions[:,j],50),np.percentile(positions[:,j],50)-np.percentile(positions[:,j],15.865),np.percentile(positions[:,j],100-15.865)-np.percentile(positions[:,j],50)),fontsize=text_size, ha="center" ,transform=axes[i,j].transAxes)
				
				if plot_true_parameters:
					if i < 3:
						axes[i,j].vlines(true_parameters[i],axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'r',alpha=alpha,linewidth = lw,linestyle = 'solid')


			if i>j:
				if j != 0:
					plt.setp(axes[i,j].get_yticklabels(), visible=False)
				
				corner.hist2d(positions[:,j],positions[:,i], ax = axes[i,j],bins = 15 , levels=(1-np.exp(-0.5),1-np.exp(-2.0),1-np.exp(-4.5)))
				#axes[i,j].plot(positions_max[:,j],positions_max[:,i],'kx',markersize = 10,mew=2.5)
				#im = axes[i,j].scatter(positions[:,j],positions[:,i],c='k',edgecolor='None',s=45,marker='o',alpha=alpha_less,rasterized=True)#,vmin=0,vmax=vmax)
				#axes[i,j].hist2d(positions[:,j],positions[:,i],cmap = my_cmap, vmin=1)

				if use_prior:
					xmin = prior[j][0]-3.5*prior[j][1]
					xmax = prior[j][0]+3.5*prior[j][1]
					axes[i,j].set_xlim((xmin,xmax))
					
					a_length = 3.*prior[j][1]
					b_length = 3.*prior[i][1]
					parametric = np.linspace(0,2*np.pi,100)
					x_axis = a_length * np.cos(parametric) + prior[j][0]

					
					ymin = prior[i][0]-3.5*prior[i][1]
					ymax = prior[i][0]+3.5*prior[i][1]
					axes[i,j].set_ylim((ymin,ymax))
					y_axis = b_length * np.sin(parametric) + prior[i][0]
					axes[i,j].plot(x_axis,y_axis, c="k", linestyle = '--', alpha=1, lw=lw)
					#axes[i,j].set_ylim(borders[t][1])
				else:
					axes[i,j].set_xlim(min(positions[:,j]),max(positions[:,j]))
					axes[i,j].set_ylim(min(positions[:,i]),max(positions[:,i]))

				if plot_true_parameters:
					#if i < 3:
					#	axes[i,j].hlines(true_parameters[i],axes[i,j].get_xlim()[0],axes[i,j].get_xlim()[1], color = 'r',alpha=alpha,linewidth = lw,linestyle = 'solid')
					#if j < 3:
					#	axes[i,j].vlines(true_parameters[j],axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'r',alpha=alpha,linewidth = lw,linestyle = 'solid')
					if i < 3 and j < 3:
						axes[i,j].plot(true_parameters[j],true_parameters[i], 'rx', lw = lw, alpha = 1)

			if j>i:
				correlation_coefficient = np.corrcoef((positions[:,i],positions[:,j]))
				axes[i,j].text( 0.6, 0.5, "%.2f"%(correlation_coefficient[1,0]),fontsize=cor_text, ha="center" ,transform=axes[i,j].transAxes)	
				axes[i,j].axis('off')
			if i == nparameter-1:
				axes[i,j].set_xlabel(parameter_names[j])
			if j == 0:
				axes[i,j].set_ylabel(parameter_names[i])
	if nparameter>=2:
		axes[0,1].set_title('best posterior = %.2f, obtained at %s and %d evals (4992 total)' %(np.max(posterior),str(positions_max),len(posterior)))
	
	fig.savefig('%sparameter_space_sorted.png' %(directory),dpi=300,bbox_inches='tight')






[docs]def plot_element_correlation(directory):
	'''
	This is an experimental plotting routine. It can read the mcmc folder content and plot element / parameter / posterior correlations.
	
	For that the name-list of the blobs needs to be provided which can be generated running Chempy in the 'testing_output' mode.
	'''
	import corner
	where_to_cut = 500
	blobs = np.load('%sflatblobs.npy' %(directory))
	positions = np.load('%sflatchain.npy' %(directory))
	posterior = np.load('%sflatlnprobability.npy' %(directory))
	positions = np.reshape(positions,(-1,len(positions[0,0])))[-where_to_cut:]
	posterior = np.hstack(posterior)[-where_to_cut:]
	blobs = np.swapaxes(blobs,0,1)
	blobs = np.reshape(blobs,(-1,len(blobs[0,0])))[-where_to_cut:]
	blobs = np.concatenate((blobs,positions,posterior[:,None]),axis = 1)
	names = ['He','C', 'N', 'O', 'F','Ne','Na', 'Mg', 'Al', 'Si', 'P','S', 'Ar','K', 'Ca','Ti', 'V', 'Cr', 'Mn', 'Fe', 'Co', 'Ni', 'IMF', 'NIa'] # Elements of ProtoSun run	
	names = ['m-%s' %item for item in names]	
	names = np.append(names,'v-posterior')
	parameter_names = ['O','Mg','Si','Fe']
	parameter_names = ['m-%s' %item for item in parameter_names]
	parameter_names = [names[-1]] + parameter_names
	parameter_names += [names[-3]]
	parameter_names += [names[-2]]
	nparameter = len(parameter_names)

	positions = np.zeros(shape=(len(posterior),nparameter))

	#print(parameter_names)
	#print(names)
	#print(positions.shape)
	#print(blobs.shape)
	names = np.array(names)
	for i,item in enumerate(parameter_names):
		positions[:,i] = blobs[:,np.where(names == item)[0][0]]

	parameter_names = [item[2:] for item in parameter_names]
	fig, axes = plt.subplots(nrows=nparameter, ncols=nparameter,figsize=(14.69,8.0), dpi=300)#,sharex=True, sharey=True)

	left  = 0.1  # the left side of the subplots of the figure
	right = 0.925    # the right side of the subplots of the figure
	bottom = 0.075   # the bottom of the subplots of the figure
	top = 0.97      # the top of the subplots of the figure
	wspace = 0.0   # the amount of width reserved for blank space between subplots
	hspace = 0.0   # the amount of height reserved for white space between subplots
	plt.subplots_adjust(left=left, bottom=bottom, right=right, top=top, wspace=wspace, hspace=hspace)

	alpha=0.5
	alpha_more = 0.8
	alpha_less = 0.2
	lw = 2
	t = 0

	text_size = 14
	cor_text = 18
	for i in range(nparameter):
		for j in range(nparameter):
			axes[i,j].locator_params(nbins=4)
			if j==1:
				axes[i,j].locator_params(nbins=4)
			if i == j:
				counts, edges = np.histogram(positions[:,j], bins=10)
				max_count = float(np.max(counts))
				counts = np.divide(counts,max_count)
				axes[i,j].bar(edges[:-1], align='edge', height = counts, width = edges[1]-edges[0], color = 'grey', alpha = alpha, linewidth = 0, edgecolor = 'blue')
				axes[i,j].set_xlim(min(positions[:,j]),max(positions[:,j]))
				axes[i,j].set_ylim(0,1.05)
				if j != 0:
					plt.setp(axes[i,j].get_yticklabels(), visible=False)

				axes[i,j].vlines(np.percentile(positions[:,j],15.865),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha,linewidth = lw,linestyle = 'dashed')    
				axes[i,j].vlines(np.percentile(positions[:,j],100-15.865),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha,linewidth = lw,linestyle = 'dashed')  
				axes[i,j].vlines(np.percentile(positions[:,j],50),axes[i,j].get_ylim()[0],axes[i,j].get_ylim()[1], color = 'k',alpha=alpha, linewidth = lw)


				axes[i,j].text( 0.5, 1.03, r'$%.2f_{-%.2f}^{+%.2f}$'%(np.percentile(positions[:,j],50),np.percentile(positions[:,j],50)-np.percentile(positions[:,j],15.865),np.percentile(positions[:,j],100-15.865)-np.percentile(positions[:,j],50)),fontsize=text_size, ha="center" ,transform=axes[i,j].transAxes)

			if i>j:
				if j != 0:
					plt.setp(axes[i,j].get_yticklabels(), visible=False)
				
				corner.hist2d(positions[:,j],positions[:,i], ax = axes[i,j],bins = 15 , levels=(1-np.exp(-0.5),1-np.exp(-2.0),1-np.exp(-4.5)))

				axes[i,j].set_ylim(-0.2,0.2)
				if parameter_names[j] == '[He/H]':
					axes[i,j].set_xlim(0.01,0.06)
					#axes[i,j].plot(0.05,0.04,marker=r"$\odot$", mec = 'red')
				
				else:
					axes[i,j].set_xlim(-0.2,0.2)
					#axes[i,j].plot(0.04,0.04,marker=r"$\odot$", mec = 'red')
				axes[i,j].set_xlim(min(positions[:,j]),max(positions[:,j]))
				axes[i,j].set_ylim(min(positions[:,i]),max(positions[:,i]))

			if j>i:
				correlation_coefficient = np.corrcoef((positions[:,i],positions[:,j]))
				axes[i,j].text( 0.6, 0.5, "%.2f"%(correlation_coefficient[1,0]),fontsize=cor_text, ha="center" ,transform=axes[i,j].transAxes)	
				axes[i,j].axis('off')
			if i == nparameter-1:
				axes[i,j].set_xlabel(parameter_names[j])
			if j == 0:
				axes[i,j].set_ylabel(parameter_names[i])

	#axes[0,3].set_title('vmax = %.2f, obtained at %s and %d evals thrown out' %(vmax,str(positions_max),throw_out))
	#axes[0,1].set_title('vmax = %.2f, obtained at %s and %d evals thrown out' %(vmax,str(positions_max),throw_out))

	fig.savefig('%selement_correlations.png' %(directory),dpi=300,bbox_inches='tight')





          

      

      

    

  

    
      
          
            
  Source code for Chempy.sfr

import numpy as np
[docs]class SFR(object):
	'''
	The SFR class holds the star formation history and the time-steps of Chempy
	'''
	def __init__(self,start,end,time_steps):
		'''
		Upon initialization the time steps need to be provided

		INPUT:
		
		   start = beginning of the simulation
		
		   end = end of the simulation
		
		   time_steps = number of time_steps

		OUTPUT:
		
		   dt, timespan and t will be exposed by the class.
		'''
		self.start = start
		self.end = end
		self.time_steps = time_steps
		self.t = np.linspace(self.start, self.end, self.time_steps)
		self.dt = self.t[1]-self.t[0]
		self.timespan = self.end - self.start

[docs]	def model_A(self,S0 = 45.07488,t0 = 5.6,t1 = 8.2):
		'''
		This was the method to load the Just Jahreiss 2010 Model A from txt
		'''
		#Model A SFR from Just & Jahreiss 2010
		
		## this function can be used to read in the model A at different radii
		def read_model(time,r):
			radius = sum(r) * 0.5
			list_of_radii = np.array([4,5,6,7,8,9,10,11,12])
			radius = list_of_radii[np.where(np.abs(list_of_radii-radius)==np.min(np.abs(list_of_radii-radius)))][0]
			age_column = 'sfr_' + str(radius)
			x = np.genfromtxt('input/model/SFR_1.txt', names = True)
			time_model = x['timeGyr']
			age_distribution_model = x[age_column]

			return np.interp(time,time_model,age_distribution_model)
		self.sfr = (self.t + t0)/(self.t**2 + t1**2)**2
		self.sfr = np.divide(self.sfr,sum(self.sfr)/(np.divide(1.,self.dt)*S0))

  
[docs]	def doubly_peaked(self,S0 = 45.07488, peak_ratio = 1., decay = 2., t0 = 2., peak1t0 = 0.5, peak1sigma = 0.5):
		'''
		a doubly peaked SFR with quite a few parameters
		'''
		from scipy import signal
		from scipy.stats import norm, expon
		peak1 = norm.pdf(self.t,loc = peak1t0, scale = peak1sigma)
		peak1 = peak_ratio * np.divide(peak1,sum(peak1))
		peak2 = expon.pdf(self.t,loc = t0,scale = decay)
		peak2 = np.divide(peak2,sum(peak2))
		sig = peak1 + peak2
		self.sfr = sig
		self.sfr = np.divide(self.sfr,sum(self.sfr)/(np.divide(1.,self.dt)*S0))


[docs]	def gamma_function(self,S0 = 45.07488,a_parameter = 2, loc = 0, scale = 3):
		'''
		the gamma function for a_parameter = 2 and loc = 0 produces a peak at scale so we have a two parameter sfr.
		Later we can also release a to have a larger diversity in functional form.
		'''
		from scipy.stats import gamma
		self.sfr = gamma.pdf(self.t,a_parameter,loc,scale)
		# Decreased the minimum value because the renormalisation coming with shorten_sfr function was affected
		self.sfr[np.where(self.sfr == 0.)] = 1e-10#np.min(self.sfr[np.where(self.sfr != 0.)])*0.01 ## So that no 0 sfr is there because sfr-related infall prescription fails in that case
		self.sfr = np.divide(self.sfr,sum(self.sfr)/(np.divide(1.,self.dt)*S0))


[docs]	def prescribed(self, mass_factor,name_of_file):
		'''
		a method to read in prescribed SFR from textfile
		x time is given in log years. our time is in linear Gyrs
		'''
		x = np.genfromtxt(name_of_file, names = True)
		x['time_l'] = np.power(10,x['time_l'])
		x['time_u'] = np.power(10,x['time_u'])
		total_sfr = []
		for i in range(len(x)):
			total_sfr.append((x['time_u'][i] - x['time_l'][i]) * x['SFR'][i])
		total_sfr = sum(total_sfr)

		time_temp = np.linspace(x['time_l'][0],x['time_u'][-1],10000)
		sfr = np.zeros_like(time_temp)
		for i in range(len(x)):
			sfr[np.where(np.logical_and(time_temp>=x['time_l'][i],time_temp<x['time_u'][i]))] = x['SFR'][i]
		self.sfr = np.interp(self.t,time_temp/1e9,sfr)
		self.sfr = np.divide(self.sfr * total_sfr, sum(self.sfr))[::-1]
		self.sfr /= 10000


[docs]	def normal(self, S0=45.07488, loc=2, scale=1):
		'''
		gaussian SFH centered at loc (Gyr) with a width of scale (Gyr)
		'''
		from scipy.stats import norm
		self.sfr = norm.pdf(self.t, loc, scale)
		self.sfr[np.where(self.sfr == 0.)] = 1e-10
		self.sfr = np.divide(self.sfr, sum(self.sfr) / (np.divide(1., self.dt) * S0))


[docs]	def step(self, S0=45.07488, loc=2):
		'''
		Constant SFH ending at loc (Gyr)
		'''
		self.sfr = np.ones_like(self.t)
		self.sfr[self.t >= loc] = 1e-10
		self.sfr = np.divide(self.sfr, sum(self.sfr) / (np.divide(1., self.dt) * S0))


[docs]	def non_parametric(self, S0=45.07488, breaks=(1, 2, 3), weights=(1, 2, 1)):
		'''
		non-parametric SFH
		'''
		self.sfr = np.zeros_like(self.t)
		for i in range(len(breaks)):
			if i == 0:
				self.sfr[(0 <= self.t) & (self.t < breaks[i])] = weights[i]
			else:
				self.sfr[(breaks[i-1] <= self.t) & (self.t < breaks[i])] = weights[i]
		self.sfr = np.divide(self.sfr, sum(self.sfr) / (np.divide(1., self.dt) * S0))






          

      

      

    

  

    
      
          
            
  Source code for Chempy.solar_abundance

import numpy as np 
from .making_abundances import abundance_to_mass_fraction
import numpy.lib.recfunctions as rcfuncs
from . import localpath

[docs]class solar_abundances(object):
	'''
	The solar abundances class. Holds information on the element names, symbols, mass numbers and photospheric abundances.
	'''
	def __init__(self):    
		'''
		Upon initialization the element names and numbers and masses are loaded and the solar table loaded. The values are filled after using one of the methods which will load solar abundance literature values into the table.
		'''
		self.table = np.load(localpath + 'input/elemental_table.npy')
		## Python3 need transformation between bytes and strings
		element_list = []
		for j,jtem in enumerate(self.table['Symbol']):
			element_list.append(jtem.decode('utf8'))
		self.all_elements = element_list
		self.table = rcfuncs.drop_fields(self.table,'Symbol',usemask = False)
		self.table = rcfuncs.append_fields(self.table,'Symbol',element_list,usemask = False)
		self.all_element_numbers = list(self.table['Number'])
		self.all_element_masses = list(self.table['Mass'])
		self.dimensions = ['Symbol','Number','Mass']
		self.extra = ['photospheric','error']
		self.names = self.dimensions + self.extra
		self.base = np.zeros(len(self.all_elements))

[docs]	def Lodders09(self):#								    O 8.73              Mg 7.54 Fe 7.46
		'''
		Photospheric abundances and errors are loaded from Lodders+ 2009. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.
		'''
		abundances = [12.00,10.93,3.28,1.32,2.81,8.39,7.86,8.73,4.44,8.05,6.29,7.54,6.46,\
		7.53,5.45,7.16,5.25,6.50,5.11,6.31,3.07,4.93,3.99,5.65,5.50,7.46,\
		4.90,6.22,4.27,4.65,3.10,3.59,2.32,3.36,2.56,3.28,2.38,2.90,2.20,\
		2.57,1.42,1.94,1.78,1.10,1.67,1.22,1.73,0.78,2.09,1.03,2.20,1.57,\
		2.27,1.10,2.18,1.19,1.60,0.77,1.47,0.96,0.53,1.09,0.34,1.14,0.49,\
		0.95,0.14,0.94,0.11,0.73,-0.14,0.67,0.28,1.37,1.36,1.64,0.82,1.19,\
		0.79,2.06,0.67,0.08,-0.52]

		errors = [0., 2, 5, 3, 4, 4, 12, 7, 6, 10, 4, 6,  7,\
		6, 5, 2, 6, 10, 4, 2, 2, 3, 3, 2, 1, 8,\
		8, 4, 4, 4, 2, 6, 4, 3, 6, 8, 3, 3, 4,\
		4, 7, 6, 3, 13, 4, 2, 3, 3, 6, 6, 3, 8, 8,\
		2, 7, 2, 6, 5, 2, 2, 4, 6, 3, 6, 3, 6,\
		3, 2, 2, 2, 4, 4, 4, 3, 6, 3, 4, 8,\
		3, 3, 4, 3, 3]

		errors = list(np.array(errors)*0.01)
		numbers = [1, 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12,  13,\
		14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,\
		27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,\
		40, 41, 42, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,\
		54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 67,\
		68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,\
		81, 82, 83, 90, 92]

		for i,item in enumerate(numbers):
			self.table['photospheric'][np.where(self.table['Number']==item)] = abundances[i]
			self.table['error'][np.where(self.table['Number']==item)] = errors[i]

		self.fractions = abundance_to_mass_fraction(np.hstack(self.all_elements),np.hstack(self.all_element_masses),self.table['photospheric'],self.table['photospheric'],np.hstack(self.all_elements))
		self.x = self.fractions[0]
		self.y = self.fractions[1]
		self.z = sum(self.fractions[2:])
		self.errors = errors


[docs]	def Asplund09(self):#									O 8.69             Mg 7.60 Fe 7.50
		'''
		Photospheric abundances and errors are loaded from Asplund+ 2009. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.
		'''
		abundances = [12.00,10.93,3.26,1.30,2.79,8.43,7.83,8.69,4.42,7.93,6.24,7.60,6.45,\
		7.51,5.41,7.12,5.23,6.40,5.03,6.34,3.15,4.95,3.93,5.64,5.43,7.50,\
		4.99,6.22,4.19,4.56,3.04,3.65,2.30,3.34,2.54,3.25,2.52,2.87,2.21,\
		2.57,1.46,1.88,1.75,0.91,1.57,0.94,1.71,0.80,2.04,1.01,2.18,1.55,\
		2.24,1.08,2.18,1.10,1.58,0.72,1.42,0.96,0.52,1.07,0.30,1.10,0.48,\
		0.92,0.10,0.84,0.10,0.85,-0.12,0.85,0.26,1.40,1.38,1.62,0.92,1.17,\
		0.90,1.75,0.65,0.02,-0.54]

		
		errors = [0, 1, 5, 3, 4, 5, 5, 5 , 6, 10, 4, 4, 3,\
		3, 3, 3, 6, 13, 9, 4, 4, 5, 8, 4, 4, 4,\
		7, 4, 4, 5, 9, 10, 4, 3, 6, 6, 10, 7, 5,\
		4, 4, 8, 8, 10, 10, 10, 3, 20, 10, 6, 3, 8,\
		6, 2, 9, 4, 4, 4, 4, 4, 4, 4, 10, 4, 11,\
		5, 4, 11, 9, 4, 4, 12, 4, 8, 7, 3, 10, 8,\
		20, 10, 4, 10, 3]

		errors = list(np.array(errors)*0.01)
		
		numbers = [1, 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12,  13,\
		14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,\
		27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,\
		40, 41, 42, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,\
		54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 67,\
		68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,\
		81, 82, 83, 90, 92]
		
		for i,item in enumerate(numbers):
			self.table['photospheric'][np.where(self.table['Number']==item)] = abundances[i]
			self.table['error'][np.where(self.table['Number']==item)] = errors[i]		
		self.fractions = abundance_to_mass_fraction(np.hstack(self.all_elements),np.hstack(self.all_element_masses),self.table['photospheric'],self.table['photospheric'],np.hstack(self.all_elements))

		self.x = self.fractions[0]
		self.y = self.fractions[1]
		self.z = sum(self.fractions[2:])



[docs]	def AG89(self):#									O 8.69             Mg 7.60 Fe 7.50
		'''
		Photospheric abundances and errors are loaded from Anders & Grevesse 1989. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.
		'''
		abundances = [12.00,10.99,3.31,1.42,2.88,8.56,8.05,8.93,4.56,8.09,6.33,7.58,6.47,\
		7.55,5.45,7.21,5.27,6.56,5.12,6.36,3.10,4.99,4.00,5.67,5.39,7.67,\
		4.92,6.25,4.21,4.60,3.13,3.41,2.37,3.35,2.63,3.23,2.60,2.90,2.24,\
		2.60,1.42,1.92,1.84,1.12,1.69,0.94,1.86,0.82,2.14,1.04,2.24,1.51,\
		2.23,1.12,2.13,1.22,1.55,0.71,1.50,1.00,0.51,1.12,0.33,1.15,0.50,\
		0.93,0.13,0.95,0.12,0.73,0.13,0.68,0.27,1.38,1.37,1.68,0.83,1.09,\
		0.82,1.85,0.71,0.08,-0.49]

		
		errors = [0, 3, 4, 4, 4, 4, 4, 4, 3, 10, 3, 5, 7,\
		5, 4, 6, 6, 10, 13, 2, 4, 2, 2, 3, 3, 3,\
		4, 4, 4, 8, 3, 14, 5, 3, 8, 7, 3, 6, 3,\
		3, 6, 5, 7, 12, 4, 1, 15, 3, 4, 7, 4, 8,\
		8, 2, 5, 9, 20, 8, 6, 8, 8, 4, 1, 1, 1,\
		6, 1, 1, 1, 1, 1, 2, 4, 3, 3, 3, 6, 5,\
		4, 3, 3, 2, 4]

		errors = list(np.array(errors)*0.01)
		
		numbers = [1, 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12,  13,\
		14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,\
		27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,\
		40, 41, 42, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,\
		54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 67,\
		68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,\
		81, 82, 83, 90, 92]
		
		for i,item in enumerate(numbers):
			self.table['photospheric'][np.where(self.table['Number']==item)] = abundances[i]
			self.table['error'][np.where(self.table['Number']==item)] = errors[i]		
		self.fractions = abundance_to_mass_fraction(np.hstack(self.all_elements),np.hstack(self.all_element_masses),self.table['photospheric'],self.table['photospheric'],np.hstack(self.all_elements))

		self.x = self.fractions[0]
		self.y = self.fractions[1]
		self.z = sum(self.fractions[2:])


[docs]	def Asplund05_pure_solar(self):
		'''
		Photospheric abundances and errors are loaded from Asplund+ 2005. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.
		It is not sure for which elements from Asplund+ 2005 the apogee consortium has used the photospheric or the meteoritic abundances.
		Therefore I try here to use only the photospheric except for elements without photospheric values.
		'''
						#									O 8.69             Mg 7.60 Fe 7.50
		abundances = [12.00,10.93,1.05,1.38,2.70,8.39,7.78,8.66,4.56,7.84,6.17,7.53,6.37,\
		7.51,5.36,7.14,5.50,6.18,5.08,6.31,3.05,4.90,4.00,5.64,5.39,7.45,\
		4.92,6.23,4.21,4.60,2.88,3.58,2.29,3.33,2.56,3.28,2.60,2.92,2.21,\
		2.59,1.42,1.92,1.84,1.12,1.69,0.94,1.77,1.60,2.00,1.00,2.19,1.51,\
		2.27,1.07,2.17,1.13,1.58,0.71,1.45,1.01,0.52,1.12,0.28,1.14,0.51,\
		0.93,0.00,1.08,0.06,0.88,-0.17,1.11,0.23,1.45,1.38,1.64,1.01,1.13,\
		0.90,2.00,0.65,0.06,-0.52]
		# these errors just copied from Aslpund 2009
		errors = [0, 1, 5, 3, 4, 5, 5, 5 , 6, 10, 4, 4, 3,\
		3, 3, 3, 6, 13, 9, 4, 4, 5, 8, 4, 4, 4,\
		7, 4, 4, 5, 9, 10, 4, 3, 6, 6, 10, 7, 5,\
		4, 4, 8, 8, 10, 10, 10, 3, 20, 10, 6, 3, 8,\
		6, 2, 9, 4, 4, 4, 4, 4, 4, 4, 10, 4, 11,\
		5, 4, 11, 9, 4, 4, 12, 4, 8, 7, 3, 10, 8,\
		20, 10, 4, 10, 3]

		errors = list(np.array(errors)*0.01)

		
		numbers = [1, 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12,  13,\
		14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,\
		27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,\
		40, 41, 42, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,\
		54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 67,\
		68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,\
		81, 82, 83, 90, 92]
		
		for i,item in enumerate(numbers):
			self.table['photospheric'][np.where(self.table['Number']==item)] = abundances[i]
			self.table['error'][np.where(self.table['Number']==item)] = errors[i]
		self.fractions = abundance_to_mass_fraction(np.hstack(self.all_elements),np.hstack(self.all_element_masses),self.table['photospheric'],self.table['photospheric'],np.hstack(self.all_elements))

		self.x = self.fractions[0]
		self.y = self.fractions[1]
		self.z = sum(self.fractions[2:])


[docs]	def Asplund05_apogee_correction(self):
		'''
		Photospheric abundances and errors are loaded from Asplund+ 2005 but corrected for the APOGEE scale. Also the elment fractions are calculated together with X, Y and Z the Hydrogen, Helium and metallicity fraction.
		It is not sure for which elements from Asplund+ 2005 the apogee consortium has used the photospheric or the meteoritic abundances.
		Therefore I try here to use only the photospheric except for elements without photospheric values.
		'''
		
		"""
		After an email from Carlos Allende Prieto only the synthetic spectra are made with Asplund 2005. If trying to normalise to zero we need to see the results of a solar twin with the apogee pipeline.
		Carlos send me the results for Vesta
		C  				N  				O  			Na 			Mg 			Al 
		0.0349240    0.0772880   0.00191380    0.0307620    0.0467750 -0.0318830
   		Si 					S  			K  			Ca 			Ti 			V  
   		0.00338050     0.235970   -0.0714790  -0.00784230 -0.0997200     0.105860
    	Mn 				Fe 				Ni
    	0.0379600    0.0133580   0.00974230

    	For C, N, O, Mg, Si, S, Ca and Ti, the abundances are [X/METALS] (where
		METALS is [Fe/H] measured from all metal lines, and as listed above [M/H]=0.026).
		For the rest of the elements (Na, Al, K, V, Mg, Fe and Ni), the entries are [X/H]. 

		For example, the Vesta carbon abundance we derive is [C/H]=[C/METALS]-[METALS/H]=0.035 - 0.026 = 0.009, and since the Asplund et al. value for the Sun is log(epsilon)+12=8.39, ours is 8.39+0.009=8.40.
		
		if we do this for all the elements we arrive at new normalisations:
					metals              Vesta offset  Asplund05 corrected Asplund09
		C  = 0.035 - 0.026 = 0.009  --> C  = 0.009  + 8.39 = 		8.40  ~ 8.43
		N  = 0.077 - 0.026 = 0.051  --> N  = 0.051  + 7.78 = 		7.83  ~ 7.83
		O  = 0.002 - 0.026 = -0.024 --> O  = -0.024 + 8.66 = 		8.64  ~ 8.69
		Mg = 0.047 - 0.026 = 0.021  --> Mg = 0.021  + 7.53 = 		7.55  ~ 7.60
		Si = 0.003 - 0.026 = -0.023 --> Si = -0.023 + 7.51 = 		7.49  ~ 7.51
		S  = 0.236 - 0.026 = 0.21   --> S  = 0.21   + 7.14 = 		7.35  ~ 7.12  !
		Ca = -0.008- 0.026 = -0.034 --> Ca = -0.034 + 6.31 = 		6.28  ~ 6.34
		Ti = -0.100- 0.026 = -0.126 --> Ti = -0.126 + 4.90 = 		4.77  ~ 4.95  !

		Na 				   = 0.031  --> Na = 0.031  + 6.17 = 		6.20  ~ 6.24
		Al 				   = -0.032 --> Al = -0.032 + 6.37 = 		6.34  ~ 6.45  !
		K  				   = -0.071 --> K  = -0.071 + 5.08 = 		5.01  ~ 5.03
		V  				   = 0.106  --> V  = 0.106  + 4.00 = 		4.11  ~ 3.93  !
		Mn 				   = 0.038  --> Mn = 0.038  + 5.39 = 		5.43  ~ 5.43
		Fe 				   = 0.013  --> Fe = 0.013  + 7.45 = 		7.46  ~ 7.50
		Ni 				   = 0.010  --> Ni = 0.010  + 6.23 = 		6.24  ~ 6.22


		However, one needs to keep in mind that the vast majority of APOGEE stars are in the range 3500<Teff<4500 K (and most are giants), so they are cooler than the Sun, and systematic errors between then Sun and them are most likely. 
		"""
						#									O 8.69             Mg 7.60 Fe 7.50
		abundances = [12.00,10.93,1.05,1.38,2.70,8.40,7.83,8.64,4.56,7.84,6.20,7.55,6.34,\
		7.49,5.36,7.35,5.50,6.18,5.01,6.28,3.05,4.77,4.11,5.64,5.43,7.46,\
		4.92,6.24,4.21,4.60,2.88,3.58,2.29,3.33,2.56,3.28,2.60,2.92,2.21,\
		2.59,1.42,1.92,1.84,1.12,1.69,0.94,1.77,1.60,2.00,1.00,2.19,1.51,\
		2.27,1.07,2.17,1.13,1.58,0.71,1.45,1.01,0.52,1.12,0.28,1.14,0.51,\
		0.93,0.00,1.08,0.06,0.88,-0.17,1.11,0.23,1.45,1.38,1.64,1.01,1.13,\
		0.90,2.00,0.65,0.06,-0.52]

		# these errors just copied from Aslpund 2009
		errors = [0, 1, 5, 3, 4, 5, 5, 5 , 6, 10, 4, 4, 3,\
		3, 3, 3, 6, 13, 9, 4, 4, 5, 8, 4, 4, 4,\
		7, 4, 4, 5, 9, 10, 4, 3, 6, 6, 10, 7, 5,\
		4, 4, 8, 8, 10, 10, 10, 3, 20, 10, 6, 3, 8,\
		6, 2, 9, 4, 4, 4, 4, 4, 4, 4, 10, 4, 11,\
		5, 4, 11, 9, 4, 4, 12, 4, 8, 7, 3, 10, 8,\
		20, 10, 4, 10, 3]

		errors = list(np.array(errors)*0.01)
		
		numbers = [1, 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12,  13,\
		14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,\
		27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,\
		40, 41, 42, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,\
		54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 67,\
		68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,\
		81, 82, 83, 90, 92]
		
		for i,item in enumerate(numbers):
			self.table['photospheric'][np.where(self.table['Number']==item)] = abundances[i]
			self.table['error'][np.where(self.table['Number']==item)] = errors[i]
		self.fractions = abundance_to_mass_fraction(np.hstack(self.all_elements),np.hstack(self.all_element_masses),self.table['photospheric'],self.table['photospheric'],np.hstack(self.all_elements))

		self.x = self.fractions[0]
		self.y = self.fractions[1]
		self.z = sum(self.fractions[2:])






          

      

      

    

  

    
      
          
            
  Source code for Chempy.time_integration

import numpy as np 

[docs]class ABUNDANCE_MATRIX(object):
	'''
	This class contains all information necessary to characterize the chemical evolution of the open-box one-zone Chempy model.
	
	It calculates the mass flow between the different components. And can advance the chemical evolution when the enrichment from the SSP is provided.
	'''
	def __init__(self, time, sfr, infall, list_of_elements,infall_symbols,infall_fractions,gas_at_start,gas_at_start_symbols,gas_at_start_fractions,gas_reservoir_mass_factor,
outflow_feedback_fraction,check_processes,starformation_efficiency,gas_power, sfr_factor_for_cosmic_accretion, cosmic_accretion_elements, cosmic_accretion_element_fractions):
		'''
		Upon initialization the provided information is stored and initial conditions as provided by the other chempy classes are calculated.
		
		The class assigns all the information into different tables that can be queeried.
		
		Most importantly self.cube contains the ISM evolution self.gas_reservoir the corona evolution and self.sn2/sn1a/agb_feedback the enrichment from the individual nucleosynthetic processes.

		INPUT:
		
		   time = the time-steps
		
		   sfr = the corresponding star formation rate
		
		   infall = the infall at that time (can be 0 when 'sfr_related' is chosen)
		
		   list_of_elements = which elements to trace (a list of Symbols)
		
		   infall_symbols = list of element symbols for the infall
		
		   infall_fractions = the corresponding elemental fractions
		
		   gas_at_start = how much gas at start do we have (default = 0)
		
		   gas_at_start_symbols = list of elements at beginnin
		
		   gas_at_start_fractions = the corresponding fractions
		
		   gas_reservoir_mass_factor = how much more mass does the corona has compared to the integrated SFR
		
		   outflow_feedback_fraction = how much enrichment goes into the corona (in fraction, the rest goes into the ISM)
		
		   check_processes = boolean, should the individual nucleosynthetic processes be tracked (usually not necessary during the MCMC but useful when exporing a single parameter configuration)
		
		   starformation_efficiency = the SFE for a linear Kennicut-Schmidt law
		
		   gas_power = The Schmidt_exponent (default = 1, i.e. linear)
		
		   sfr_factor_for_cosmic_accretion = how much more gas should be infalling in the corona compared to the SFR
		
		   cosmic_accretion_elements = element list of this cosmic infall
		
		   cosmic_accretion_element_fractions = the corresponding fractions (all element fractions are usually primordial)

		OUTPUT:
		
		a few structured arrays will be created most notably:
		
		   .cube = ISM evolution
		
		   .gas_reservoir = corona evolution
		
		   .sn2_feedback = CC-SN feedback
		
		   .sn1a_feedback = SN Ia feedback
		
		   .agb_feedback = AGB feedback
		'''
		self.time = time
		self.dt = time[1] - time[0]
		self.sfr = sfr#np.divide(sfr,sum(sfr))
		#self.sfr[0] = 0.41
		self.infall = infall
		self.elements = list_of_elements
		self.additional = ['sfr','infall','time','feedback','mass_in_remnants','stars','gas','Z','alpha','sn1a','sn2','pn','bh','hn']
		self.names =  self.additional + self.elements
		self.base = np.zeros(len(time))
		self.infall_symbols = infall_symbols
		self.infall_fractions = infall_fractions
		## fractions of the corona gas (gas reservoir) at start
		self.gas_at_start = gas_at_start * sum(sfr)#*self.dt #now normalised to total sfr#* (1./self.dt)
		self.gas_at_start_symbols = gas_at_start_symbols
		self.gas_at_start_fractions = gas_at_start_fractions
		## fractions of the ISM at start
		self.outflow_feedback_fraction = outflow_feedback_fraction
		self.check_processes = check_processes
		self.starformation_efficiency = starformation_efficiency * self.dt
		self.gas_power = gas_power
		self.sfr_factor_for_cosmic_accretion = sfr_factor_for_cosmic_accretion
		self.cosmic_accretion_elements = cosmic_accretion_elements
		self.cosmic_accretion_element_fractions = cosmic_accretion_element_fractions
		## fractions of the cosmic inflow into the corona gas (is the same at all times)
		list_of_arrays = []
		for i in range(len(list_of_elements)+len(self.additional)):
			list_of_arrays.append(self.base)
		self.cube = np.core.records.fromarrays(list_of_arrays,names=self.names)
		if self.check_processes:
			self.process_feedback_names = ['kinetic_energy','number_of_events','mass_in_remnants', 'unprocessed_ejecta'] + self.elements
			self.sn2_cube = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)
			self.sn1a_cube = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)
			self.agb_cube = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)
			self.bh_cube = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)
		self.gas_reservoir = np.core.records.fromarrays(list_of_arrays,names=self.names)
		# Setting up the table for the gas and feedback composition
		self.cube['time'] = time
		self.cube['sfr'] = sfr
		if gas_at_start >= 0.00000001:
			self.cube['gas'][0] = self.gas_at_start
			for i,item in enumerate(self.gas_at_start_symbols):
				self.cube[item][0] = self.gas_at_start_fractions[i]*self.cube['gas'][0]	
		self.cube['infall'] = infall
		if self.starformation_efficiency != 0.:
			'''
			this applies when using the Kennicut-Schmidt law (infall = 'sfr-related'):
			Infall at start is overwritten to the value required by the sfr with a specific starformation efficiency and infall should at least be as big as sfr
			'''
			gas_needed = max(self.sfr[0] * 1.0000001 ,np.power(self.sfr[0] / float(self.starformation_efficiency), 1./float(self.gas_power) )) ## the factor 1.00000001 is added because otherwise no mass for mixing will be left resulting in errors
			self.cube['infall'][0] = gas_needed
			self.infall[0] = gas_needed
		# NEW PRESCRIPTION (separating the abundance fractions from infall and sfr such that first infall occurs and then stars are formed from that material
		for i,item in enumerate(self.infall_symbols):
			self.cube[item][0] += self.infall_fractions[i]*self.infall[0]		
		self.cube['gas'][0] += self.infall[0] 
		gas_mass_temp = float(self.cube['gas'][0])
		for i,item in enumerate(self.elements):
			if gas_mass_temp == 0.:
				self.cube[item][0] = 0.
				assert self.sfr[0] == 0.
			else:
				self.cube[item][0] -= (self.cube[item][0]/gas_mass_temp)*self.sfr[0]
		self.cube['gas'][0] -= self.sfr[0]
		self.cube['stars'][0] = self.sfr[0]

		self.cube['feedback'][0] = 0.
		self.cube['mass_in_remnants'][0] = 0.		

		self.gas_reservoir['infall'] = self.infall
		self.gas_reservoir['time'] = self.time
		self.gas_reservoir['sfr'] = self.sfr
		
		cosmic_inflow = self.sfr[0] * self.sfr_factor_for_cosmic_accretion
		self.gas_reservoir['gas'][0] = cosmic_inflow
		for i,item in enumerate(self.cosmic_accretion_elements):
			self.gas_reservoir[item][0] = self.cosmic_accretion_element_fractions[i] * cosmic_inflow

		starting_gas = sum(self.sfr) * gas_reservoir_mass_factor - self.infall[0]
		self.gas_reservoir['gas'][0] += starting_gas
		for i,item in enumerate(self.infall_symbols):
			self.gas_reservoir[item][0] += self.infall_fractions[i] * starting_gas	
	
		for i,item in enumerate(self.elements):
			if item not in ['H','He']:
				self.cube['Z'][0] += self.cube[item][0]
				self.gas_reservoir['Z'][0] += self.gas_reservoir[item][0]
		self.cube['Z'][0] = self.cube['Z'][0] / self.cube['gas'][0]	
		self.gas_reservoir['Z'][0] = self.gas_reservoir['Z'][0] / self.gas_reservoir['gas'][0]	
		
		self.cube['alpha'][0] = 0

		self.all_feedback_names = ['mass_in_remnants','sn1a','sn2','pn','bh'] + self.elements
		base = np.zeros((len(self.time),len(self.time))) 
		list_of_arrays = []
		for i in range(len(self.all_feedback_names)):
			list_of_arrays.append(base)
		self.all_feedback = np.core.records.fromarrays(list_of_arrays,names=self.all_feedback_names)

		if self.check_processes:			
			base = np.zeros((len(self.time),len(self.time)))
			list_of_arrays = []
			for i in range(len(self.process_feedback_names)):
				list_of_arrays.append(base) 
			self.sn2_feedback = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)
			self.sn1a_feedback = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)
			self.agb_feedback = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)
			self.bh_feedback = np.core.records.fromarrays(list_of_arrays,names=self.process_feedback_names)

		
[docs]	def advance_one_step(self,index,ssp_yield,sn2_yield,agb_yield,sn1a_yield,bh_yield):
		'''
		This method advances the chemical evolution one time-step.

		INPUT: 
		
		   index = which time step should be filled up
		
		   ssp_yield = yield of the ssp
		
		   sn2_yield = yield of sn2 only
		
		   agb_yield = yield of agb only
		
		   sn1a_yield = yield of sn1a only

           bh_yield = yield of bh only
		'''
		### This aligns the SSP yield such that it becomes a simple vector multiplication with a little memory overhead
		# self.all_feedback has the following data structure: [element][time_index_of_the_born_ssp][time_index_of_this_ssp_giving_back_the_elements_mass]

		for i,item in enumerate(self.all_feedback_names):
			self.all_feedback[item][index-1][index-1:] = ssp_yield[item] 
		if self.check_processes:
			for i,item in enumerate(self.process_feedback_names):
				self.sn2_feedback[item][index-1][index-1:] = sn2_yield[item] 
				self.sn1a_feedback[item][index-1][index-1:] = sn1a_yield[item]
				self.agb_feedback[item][index-1][index-1:] = agb_yield[item]
				self.bh_feedback[item][index-1][index-1:] = bh_yield[item]
		feedback_mass = []
		for i,item in enumerate(self.all_feedback_names):
			tmp = self.sfr[:index] * self.all_feedback[item][:index,index]
			self.cube[item][index] = self.cube[item][index-1] + (1. - self.outflow_feedback_fraction) * sum(tmp)
			if item not in ['mass_in_remnants','sn1a','sn2','pn','bh']:
				feedback_mass.append(sum(tmp))
				self.gas_reservoir[item][index] = self.gas_reservoir[item][index-1] + (sum(tmp) * self.outflow_feedback_fraction)
		self.cube['stars'][index] = self.cube['stars'][index-1] - sum(feedback_mass) 
		self.cube['feedback'][index] = sum(feedback_mass)		
		if self.check_processes:
			for i,item in enumerate(self.process_feedback_names):
				tmp_sn2 = self.sfr[:index] * self.sn2_feedback[item][:index,index]
				self.sn2_cube[item][index] = sum(tmp_sn2)
				tmp_sn1a = self.sfr[:index] * self.sn1a_feedback[item][:index,index]
				self.sn1a_cube[item][index] = sum(tmp_sn1a)
				tmp_agb = self.sfr[:index] * self.agb_feedback[item][:index,index]
				self.agb_cube[item][index] = sum(tmp_agb)
				tmp_bh = self.sfr[:index] * self.bh_feedback[item][:index,index]
				self.bh_cube[item][index] = sum(tmp_bh)


		### First add the cosmic inflow to the corona
		cosmic_inflow = self.sfr[index] * self.sfr_factor_for_cosmic_accretion
		self.gas_reservoir['gas'][index] =  self.gas_reservoir['gas'][index-1] + cosmic_inflow
		for i,item in enumerate(self.cosmic_accretion_elements):
			self.gas_reservoir[item][index] += self.cosmic_accretion_element_fractions[i] * cosmic_inflow
		### part of the feedback goes into the gas_reservoir
		self.gas_reservoir['gas'][index] += (sum(feedback_mass) * self.outflow_feedback_fraction)
		self.gas_reservoir['feedback'][index] = (sum(feedback_mass) * self.outflow_feedback_fraction)
		#### For infall related to sfr (Schmidt law) calculating the infall.
		if self.starformation_efficiency != 0.:
			gas_needed = np.power(self.sfr[index] / float(self.starformation_efficiency),1./float(self.gas_power))
			gas_there = sum(list(self.cube[self.elements][index]))
			infall_needed = gas_needed - gas_there
			infall_needed *= 1.00000001 # to avoid less gas being requested than needed due to rounding errors (not sure what results from that, too little gas in the corona could be a result. lets see)
			if infall_needed < 0. :
				infall_needed = 0.
			## for high SFR and high SFE and large time-steps the requested gas might be less than the sfr for the time-step, therefore we arbitrarily increase the infall.
			if infall_needed + gas_there <= self.sfr[index]:
				print('too few gas requested, so we decrease the SFE for this time-step, just to get enough gas.')
				infall_needed = self.sfr[index] - gas_there
				infall_needed *= 1.01 # to avoid the ISM being empty
			if infall_needed > self.gas_reservoir['gas'][index]:
				print('gas reservoir is empty, therefore SFE is increased for this time-step')
				infall_needed = float(self.gas_reservoir['gas'][index])
			self.infall[index] = float(infall_needed)
			self.cube['infall'][index] = float(infall_needed)
		## gas reservoir gas is taken away and infalling on cube_gas
		for i,item in enumerate(self.elements):
			self.cube[item][index] += self.infall[index] * np.divide(self.gas_reservoir[item][index],self.gas_reservoir['gas'][index])
		for i,item in enumerate(self.elements):
			self.gas_reservoir[item][index] -= self.infall[index] * np.divide(self.gas_reservoir[item][index],self.gas_reservoir['gas'][index])
		self.gas_reservoir['gas'][index] -= self.infall[index]

		# sfr will be subtracted in the next step self.sfr[index]
		self.cube['gas'][index] = sum(list(self.cube[self.elements][index]))
		assert self.cube['gas'][index] >= self.sfr[index], ('time index: ', index, 'gas: ', self.cube['gas'][index], 'sfr: ', self.sfr[index], 'total SFR: ', self.sfr, 'gas needed = ', gas_needed, 'corona = ', self.gas_reservoir['gas'][index], 'sfe = ', self.starformation_efficiency , 'dt = ', self.dt)
		for i,item in enumerate(self.elements):
			self.cube[item][index] -= self.sfr[index] * np.divide(self.cube[item][index],self.cube['gas'][index])
		self.cube['gas'][index] -= self.sfr[index]
		self.cube['stars'][index] += self.sfr[index]
		


		# determine metal fraction
		for i,item in enumerate(self.elements):
			if item not in ['H','He']:
				self.cube['Z'][index] += self.cube[item][index]
				self.gas_reservoir['Z'][index] += self.gas_reservoir[item][index]
		self.cube['Z'][index] = self.cube['Z'][index] / float(self.cube['gas'][index])
		self.gas_reservoir['Z'][index] = self.gas_reservoir['Z'][index] / float(self.gas_reservoir['gas'][index])		
		# determine alpha enhancement
		tmp = 0.
		for i,item in enumerate(self.elements):
			if item in ['O','Mg','Si','S','Ca','Ti']:
				self.cube['alpha'][index] += self.cube[item][index]
			#if item in ['Sc','V','Cr','Mn','Fe','Co','Ni','Zn']:
				#tmp += self.cube[item][index]
		self.cube['alpha'][index] = self.cube['alpha'][index] / self.cube['gas'][index]


		#print index, len(ssp_yield),self.cube['Z'][index],self.cube['alpha'][index]




          

      

      

    

  

    
      
          
            
  Source code for Chempy.weighted_yield

import numpy as np 



[docs]def imf_mass_fraction_non_nativ(imf_dm,imf_x,mlow,mup):
	'''
	Function to determine the mass fraction of the IMF between two masses

	INPUT:
	
        imf_dm = imf_class.dm
	
        imf_x = imf_class.x
	
        mlow = lower mass
	
        mup = upper mass

	
        OUTPUT:
	
        the mass fraction in this mass range
	'''
	cut = np.where(np.logical_and(imf_x>=mlow,imf_x<mup))
	fraction = sum(imf_dm[cut])
	
	return(fraction)


[docs]def lifetime_Argast(m,Z_frac):
	"""
	here we will calculate the MS lifetime of the star after Argast et al., 2000, A&A, 356, 873
	
        INPUT:

        m = mass in Msun
	
        Z_frac = fractions of metals of the stellar composition
	
        Z = metallicity in Zsun
	
        
        OUTPUT:

        returns the lifetime of the star in Gyrs
	"""
	solar_metallicity = 0.015
	Z = Z_frac / solar_metallicity
	lm = np.log10(m)
	a0 =  3.79 + 0.24*Z
	a1 = -3.10 - 0.35*Z
	a2 =  0.74 + 0.11*Z
	tmp = a0 + a1*lm + a2*lm*lm
	return np.divide(np.power(10,tmp),1000)


[docs]def lifetime_Raiteri(m,Z):
	"""
	INPUT:

	   m = mass in Msun
	
	   Z = metallicity in Zsun
	
	returns the lifetime of the star in Gyrs
	"""
	lm = np.log10(m)
	lz = np.log10(Z)
	a0 =  10.13 + 0.07547*lz - 0.008084*lz*lz
	a1 = -4.424 - 0.7939*lz - 0.1187*lz*lz
	a2 =  1.262 + 0.3385*lz + 0.05417*lz*lz
	tmp = a0 + a1*lm + a2*lm*lm
	return np.divide(np.power(10,tmp),1e9)


[docs]class SSP(object):
	'''
	The simple stellar population class can calculate the enrichment over time for an SSP from a few assumptions and input yield tables.
	'''
	def __init__(self,output, z, imf_x, imf_dm, imf_dn, time_steps, elements_to_trace,  stellar_lifetimes, interpolation_scheme,only_net_yields_in_process_tables,log_time=False):
		'''
		Upon initialisation the table for the SSP evolution and enrichment over time is created. Interpolation from yield tables in mass is made linear.

		INPUT:
		
		   output = bool, should output be plotted
		
		   z = metallicity of the SSP in Z, not normed to solar
		
		   imf_x = class_imf.x
		
		   imf_dm = class_imf.dm
		
		   imf_dn = class_imf.dn
		
		   time_steps = time_steps usually coming from class_sfr.t
		
		   elements_to_trace = which elements should be traced
		
		   stellar_lifetimes = the name of the stellar lifetimes function that should be used ('Raiteri_1996', 'Argast_2000')
		
		   interpolation_scheme = which interpolation in metallicity should be used for the yield table ('linear' or 'logarithmic')
		
		   only_net_yields_in_process_tables = Should the total yields or only the net yields be stored in the nucleosynthetic enrichment tables, bool

		   log_time = are the time steps in log space or linear space, bool

		OUTPUT:
		
		the ssp_class.table holds key values of the evolution of the SSP all normalised to a mass of unity (which is the starting mass of the SSP).
		
		mass_in_ms_stars + cumsum(mass_of_ms_stars_dying) = 1 calculated from stellar lifetime with IMF 
		
		The element feedbacks are also given normalised to one. And the number of events as well
		'''
		self.z = z
		self.x = imf_x
		self.dx = self.x[1]-self.x[0]
		self.dm = imf_dm
		self.dn = imf_dn
		self.t = time_steps
		self.log_time = log_time
		self.tmin = time_steps[0]
		if self.log_time:
			# logarithmically spaced time steps
			self.dt = np.log10(time_steps[1]) - np.log10(time_steps[0])
		else:
			self.dt = time_steps[1] - time_steps[0]
		self.elements = elements_to_trace
		self.interpolation_scheme = interpolation_scheme
		self.stellar_lifetimes = stellar_lifetimes
		self.output = output
		self.net_yields = only_net_yields_in_process_tables
		lifetime_functions = {'Argast_2000': lifetime_Argast, 'Raiteri_1996': lifetime_Raiteri}
		
		######### Calculating and normalising the delay time function of SN1a
		if self.stellar_lifetimes in lifetime_functions:
			self.inverse_imf = np.interp(self.t,lifetime_functions[self.stellar_lifetimes](self.x[::-1],self.z),self.x[::-1])
		else:
			raise Exception("Lifetime function named '%s' not implemented" % self.stellar_lifetimes)
		additional_keys = ['mass_of_ms_stars_dying','mass_in_ms_stars','mass_in_remnants','sn2','sn1a','pn','bh','hydrogen_mass_accreted_onto_white_dwarfs', 'unprocessed_ejecta']
		names = additional_keys + self.elements
		base = np.zeros(len(self.t))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		self.table = np.core.records.fromarrays(list_of_arrays,names=names)
		index = len(self.t)-1
		tmp = np.zeros(index)
		for i in range(index):
			mlow = self.inverse_imf[index-i]
			mup = self.inverse_imf[index-i-1]
			tmp[i] = imf_mass_fraction_non_nativ(self.dm,self.x,mlow,mup) 
		self.table['mass_of_ms_stars_dying'][1:] = tmp[::-1]
		self.table['mass_in_ms_stars'] = 1.-np.cumsum(self.table['mass_of_ms_stars_dying'])
		#print self.inverse_imf[1]

[docs]	def sn2_feedback(self, sn2_elements, sn2_yields, sn2_metallicities, sn2_mmin, sn2_mmax, fractions_in_gas):	
		'''
		Calculating the CC-SN feedback over time.
		The routine is sensitive to the ordering of the masses in the yield table, it must begin with the smallest increase to the biggest value.

		INPUT:
		
		   sn2_elements = which elements are provided by the yield table, list containing the symbols
		
		   sn2_yields = the yield table provided by Chempys SN2 yield class
		
		   sn2_metallicities = the metallicities of that table
		
		   sn2_mmin = the minimal mass of the CC-SN (default 8) in Msun
		
		   sn2_mmax = the maximum mass of the CC-SN (default 100) in Msun
		
		   fractions_in_gas = the birth material of the SSP (will be mixed into the enrichment as unprocessed material)

		OUTPUT:

		the classes table will be filled up and a sn2_table will be added (so that the individual processes can be tracked)
		'''
		# tracking the elemental feedback of individual processes
		additional_keys = ['kinetic_energy','number_of_events','mass_in_remnants', 'unprocessed_ejecta']
		names = additional_keys + self.elements # not sure if all elements should be taken (might be easier to add the 3 tables in order to get total yield)
		base = np.zeros(len(self.t))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		self.sn2_table = np.core.records.fromarrays(list_of_arrays,names=names)
		

		self.sn2_elements = sn2_elements
		self.sn2 = sn2_yields
		self.sn2_mmin = sn2_mmin
		self.sn2_mmax = sn2_mmax
		self.sn2_metallicities = sn2_metallicities

		####### counting the sn2 events
		for i,item in enumerate(self.inverse_imf[:-1]):
			lower_cut = max(self.inverse_imf[i+1],self.sn2_mmin)
			upper_cut = min(self.inverse_imf[i],self.sn2_mmax)
			self.table['sn2'][i+1] += imf_mass_fraction_non_nativ(self.dn,self.x,lower_cut,upper_cut)
			self.sn2_table['number_of_events'][i+1] += imf_mass_fraction_non_nativ(self.dn,self.x,lower_cut,upper_cut)
			if upper_cut<lower_cut and self.inverse_imf[i+1]<self.sn2_mmin:
				break
		### interpolation of 2 yield sets with different metallicities
		self.sn2_metallicities = np.sort(self.sn2_metallicities)
		metallicity_list = []
		if len(self.sn2_metallicities) == 1:
			metallicity_list.append(self.sn2_metallicities[0])
		elif self.z < min(self.sn2_metallicities):
			metallicity_list.append(min(self.sn2_metallicities))
		elif self.z > max(self.sn2_metallicities):
			metallicity_list.append(max(self.sn2_metallicities))
		elif self.z in self.sn2_metallicities:
			metallicity_list.append(self.z)
		else:
			j=1
			while self.sn2_metallicities[j] < self.z:
				j += 1
			metallicity_list.append(self.sn2_metallicities[j-1])
			metallicity_list.append(self.sn2_metallicities[j])
		### the loop will be run through 2 times (if metallicity not outside or exactly at one of the precalculated metallicities) and the values of the two tables will be interpolated according to the prescribed function
		tables_to_interpolate = []
		if self.net_yields:
			net_tables_to_interpolate = []
		for s,metallicity_key in enumerate(metallicity_list):
			tables_to_interpolate.append(np.zeros_like(self.table))
			if self.net_yields:
				net_tables_to_interpolate.append(np.zeros_like(self.table))
			################################## loop which is metallicity independent		
			##### yield table is cut down such that only yields for masses between sn2_mmin and sn2_mmax are left in
			self.sn2[metallicity_key] = self.sn2[metallicity_key][np.where(np.logical_and(self.sn2[metallicity_key]['Mass']>=self.sn2_mmin,self.sn2[metallicity_key]['Mass']<=self.sn2_mmax))]

			self.sn2[metallicity_key] = np.sort(self.sn2[metallicity_key], order = 'Mass')[::-1]

			# tmp_masses holds the masses for which yields are calculated. 'weights' gives the mass fraction of the IMF that is dying and lies in the mass range of a specific yield mass
			tmp_masses = self.sn2[metallicity_key]['Mass']

			# Here the feedback per time step is calculated
			for time_index in range(len(self.table)-1):
				if self.inverse_imf[time_index] < self.sn2_mmin:
					break
				support = []
				support.append(self.sn2_mmax)
				for i in range(len(tmp_masses)-1): 
					support.append(np.mean(tmp_masses[i:i+2]))
				support.append(self.sn2_mmin)
				### support spans the mass ranges where the yields of a specific stellar mass (tmp_masses) will be applied

				weights = np.zeros(shape = len(support)-1)
				# This loop makes that the mass weights is only used for stars that are dying in this time-step
				for i in range(len(support)-1):
					lower_cut = max(support[i+1],self.inverse_imf[time_index+1])
					upper_cut = min(support[i],self.inverse_imf[time_index])
					if upper_cut < lower_cut:
						weights[i] = 0.
						continue
					cut = np.where(np.logical_and(self.x<upper_cut,self.x>=lower_cut))
					weights[i] = sum(self.dm[cut]) 
					# weights hold the weights with which each mass_range of the yield set needs to be multiplied
				###### here the feedback of the elements is calculated
				for item in list(set(self.elements).intersection(self.sn2_elements))+['mass_in_remnants']:
					tables_to_interpolate[s][item][time_index+1] = sum(self.sn2[metallicity_key][item]*weights)				
					if self.net_yields:
						net_tables_to_interpolate[s][item][time_index+1] = sum(self.sn2[metallicity_key][item]*weights)
				######## here the unprocessed wind feedback is calculated
				if 'unprocessed_mass_in_winds' in self.sn2[metallicity_key].dtype.names:
					for element_i,element_n in enumerate(self.elements):
						tables_to_interpolate[s][element_n][time_index+1] += sum(self.sn2[metallicity_key]['unprocessed_mass_in_winds']*weights*fractions_in_gas[element_i])
					# here the unprocessed ejecta are included
					tables_to_interpolate[s]['unprocessed_ejecta'][time_index+1] += sum(self.sn2[metallicity_key]['unprocessed_mass_in_winds']*weights)
					if self.net_yields:
						net_tables_to_interpolate[s]['unprocessed_ejecta'][time_index+1] += sum(self.sn2[metallicity_key]['unprocessed_mass_in_winds']*weights)
		metallicity_weight = []
		if len(metallicity_list) == 1:
			metallicity_weight.append(1.)
			# next line is the old way. might be much faster. But now also the elements in the wind are feed back into the ism.
			#for element_name in list(set(self.elements).intersection(self.sn2_elements))+['mass_in_remnants']:
			for element_name in list(self.elements)+['mass_in_remnants', 'unprocessed_ejecta']:
				self.table[element_name] += tables_to_interpolate[0][element_name]
				if self.net_yields:
					self.sn2_table[element_name] += net_tables_to_interpolate[0][element_name]
				else:
					self.sn2_table[element_name] += tables_to_interpolate[0][element_name]
		else:
			if self.interpolation_scheme == 'linear':
				distance = metallicity_list[1]-metallicity_list[0]
				metallicity_weight.append((metallicity_list[1] - self.z) / float(distance))
				metallicity_weight.append((self.z - metallicity_list[0]) / float(distance))
			if self.interpolation_scheme == 'logarithmic':
				assert metallicity_list[1] != 0.
				if metallicity_list[0] == 0:
					metallicity_list[0] = 1e-10 ### This was a bug when using a yield table with 0 metallicity the log interpolation could not work.
				distance = np.log10(metallicity_list[1]) - np.log10(metallicity_list[0])
				metallicity_weight.append(( np.log10(metallicity_list[1]) - np.log10(self.z)) / float(distance))
				metallicity_weight.append(( np.log10(self.z) - np.log10(metallicity_list[0])) / float(distance))
			for i,item in enumerate(metallicity_list):
				for element_name in list(self.elements)+['mass_in_remnants', 'unprocessed_ejecta']:
					self.table[element_name] += tables_to_interpolate[i][element_name] * metallicity_weight[i]
					if self.net_yields:
						self.sn2_table[element_name] += net_tables_to_interpolate[i][element_name] * metallicity_weight[i]
					else:
						self.sn2_table[element_name] += tables_to_interpolate[i][element_name] * metallicity_weight[i]

		### here the number of stars going sn2 is calculated

[docs]	def agb_feedback(self,agb_elements, agb_yields, agb_metallicities, agb_mmin, agb_mmax, fractions_in_gas):
		'''
		AGB enrichment calculation adds the feedback to the total SSP table and also to the self.agb_yield table.

		INPUT:
		
		   agb_elements = which elements are provided by the yield table, list containing the symbols
		
		   agb_yields = the yield table provided by Chempys AGB yield class
		
		   agb_metallicities = the metallicities of that table
		
		   agb_mmin = the minimal mass of the AGB stars (default 0.5) in Msun
		
		   agb_mmax = the maximum mass of the AGB stars (default 8) in Msun
		
		   fractions_in_gas = the birth material of the SSP (will be mixed into the enrichment as unprocessed material)

		OUTPUT:

		the classes table will be filled up and a sn2_table will be added (so that the individual processes can be tracked)
		'''

		# sensitive to the ordering of the masses from the yield. Should be checked in the beginning
		# ATTENTION this loop and interpolation scheme only works with fractional yields which should be used by default
		# metallicity interpolation is implemented
		# tmp_masses is the masses for which a yield is available
		# The breaks and weights do not need to be calculated every time. Only when the stellar lifetimes change significantly, though it does not take up too much time either
		# tracking the elemental feedback of individual processes

		additional_keys = ['kinetic_energy','number_of_events','mass_in_remnants', 'unprocessed_ejecta']
		names = additional_keys + self.elements # not sure if all elements should be taken (might be easier to add the 3 tables in order to get total yield)
		base = np.zeros(len(self.t))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		self.agb_table = np.core.records.fromarrays(list_of_arrays,names=names)


		self.agb_mmin = agb_mmin
		self.agb_mmax = agb_mmax
		self.agb_elements = agb_elements
		self.agb = agb_yields
		self.agb_metallicities = np.sort(agb_metallicities)
		
		####### counting the pn events
		count_variable = 0
		for i,item in enumerate(self.inverse_imf):
			if item > agb_mmax:
				continue	
			elif count_variable == 0:
				self.table['pn'][i] += imf_mass_fraction_non_nativ(self.dn,self.x,self.inverse_imf[i],self.agb_mmax)
				self.agb_table['number_of_events'][i] += imf_mass_fraction_non_nativ(self.dn,self.x,self.inverse_imf[i],self.agb_mmax)
				count_variable += 1
			else:
				# The last time step is cut off with this method but it was important to add in order to be able to vary agb_mmin and if agb_mmin is below 1Msun effect is negligible
				if item < self.agb_mmin:
					#self.table['pn'][i] += imf_mass_fraction_non_nativ(self.dn,self.x,self.agb_mmin,self.inverse_imf[i-1])
					#self.agb_table['number_of_events'][i] += imf_mass_fraction_non_nativ(self.dn,self.x,self.agb_mmin,self.inverse_imf[i-1])
					break
				self.table['pn'][i] += imf_mass_fraction_non_nativ(self.dn,self.x,self.inverse_imf[i],self.inverse_imf[i-1])
				self.agb_table['number_of_events'][i] += imf_mass_fraction_non_nativ(self.dn,self.x,self.inverse_imf[i],self.inverse_imf[i-1])
		metallicity_list = []
		if len(self.agb_metallicities) == 1:
			metallicity_list.append(self.agb_metallicities[0])
		elif self.z < min(self.agb_metallicities):
			metallicity_list.append(min(self.agb_metallicities))
		elif self.z > max(self.agb_metallicities):
			metallicity_list.append(max(self.agb_metallicities))
		elif self.z in self.agb_metallicities:
			metallicity_list.append(self.z)
		else:
			j=1
			while self.agb_metallicities[j] < self.z:
				j += 1
			metallicity_list.append(self.agb_metallicities[j-1])
			metallicity_list.append(self.agb_metallicities[j])
		### the loop will be run through 2 times (if metallicity not outside or exactly at one of the precalculated metallicities) and the values of the two tables will be interpolated according to the prescribed function
		tables_to_interpolate = []
		if self.net_yields:
			net_tables_to_interpolate = []
		for s,metallicity_key in enumerate(metallicity_list):
			tables_to_interpolate.append(np.zeros_like(self.table))
			if self.net_yields:
				net_tables_to_interpolate.append(np.zeros_like(self.table))
			################################## loop which is metallicity independent
			##### yield table is cut down such that only yields for masses between sn2_mmin and sn2_mmax are left in
			self.agb[metallicity_key] = self.agb[metallicity_key][np.where(np.logical_and(self.agb[metallicity_key]['Mass']>=self.agb_mmin,self.agb[metallicity_key]['Mass']<=self.agb_mmax))]

			tmp_masses = self.agb[metallicity_key]['Mass']
			# support defines ranges in which the yield could be asked. In fact it's defining the borders of each value in tmp_masses for which the yield of tmp_masses will be used
			#print tmp_masses
			support = []
			support.append(self.agb_mmax)
			for i in range(len(tmp_masses)-1): 
				support.append(np.mean(tmp_masses[i:i+2]))
			support.append(self.agb_mmin)
			support = np.array(support)
			#print support
			j=0
			last_item = 0.
			# the inverse_IMF (stars of mass ... are dying in this timestep) is going from top down. Each step is also a time_step
			mass_index_list = []
			mass_weight_list = []
			len_of_mass_weights = []
			##### loop to catch the mass weights and the mass indices for each time step
			for i,item in enumerate(self.inverse_imf):
				# was important to add in order to be able to vary agb_mmin
				if item < self.agb_mmin:
					break
				#gaps defines a temporal support for one time_step
				gaps = []
				#mass index gives the index of the mass from which the yield will be used in the range of 'gaps'
				mass_index = []
				gaps.append(last_item)
				#print item,support
				while support[j] > item: 
					gaps.append(support[j])
					mass_index.append(j-1)
					j += 1

				mass_index.append(j-1)
				last_item = item
				gaps.append(item)



				mass_weight = []
				# now this is the loop where the imf.dm is summed up i.e. the weight is calculated
				for t in range(len(gaps)-1):
					if mass_index[t] < 0:
						mass_weight.append(0.)####just added so that mass_weight and mass_indices have the same structure
						continue
					cut = np.where(np.logical_and(self.x>=gaps[t+1],self.x<gaps[t]))
					weight = sum(self.dm[cut])
					mass_weight.append(weight)

				#print i,j,support[j],item,gaps,mass_index

				len_of_mass_weights.append(len(mass_weight)) 
				mass_weight = np.array(mass_weight)
				mass_index = np.array(mass_index)
				mass_weight_list.append(mass_weight)
				mass_index_list.append(mass_index)

			
			# here the list structure is brought onto arrays to make vector multiplication possible for feedback calculations			
			max_different_masses_per_time_step = max(len_of_mass_weights)
			mass_index_array = np.zeros((len(self.inverse_imf),max_different_masses_per_time_step),dtype=int)
			mass_weight_array = np.zeros((len(self.inverse_imf),max_different_masses_per_time_step))

			for i in range(len(self.inverse_imf)):
				# was important to add in order to be able to vary agb_mmin
				if self.inverse_imf[i] < self.agb_mmin:
					break				
				for t in range(max_different_masses_per_time_step):
					if len(mass_weight_list[i])==t:
						break
					mass_weight_array[i][t] = mass_weight_list[i][t]
					mass_index_array[i][t] = mass_index_list[i][t]
			for element_name in list(set(self.elements).intersection(self.agb_elements))+['mass_in_remnants']:
				for t in range(max_different_masses_per_time_step):
					tables_to_interpolate[s][element_name] += self.agb[metallicity_key][element_name][mass_index_array[:,t]] * mass_weight_array[:,t]
					if self.net_yields:
						net_tables_to_interpolate[s][element_name] += self.agb[metallicity_key][element_name][mass_index_array[:,t]] * mass_weight_array[:,t]
					#print 'mass_index: ', element_name, t, mass_index_array[:,t]
			#print tables_to_interpolate[s][['O','C']]
			if 'unprocessed_mass_in_winds' in self.agb[metallicity_key].dtype.names:
				for element_i,element_n in enumerate(self.elements):
					for t in range(max_different_masses_per_time_step):	
						tables_to_interpolate[s][element_n] += (self.agb[metallicity_key]['unprocessed_mass_in_winds'][mass_index_array[:,t]] * mass_weight_array[:,t]) * fractions_in_gas[element_i]
				# here the unprocessed ejecta are included
				for t in range(max_different_masses_per_time_step):	
					tables_to_interpolate[s]['unprocessed_ejecta'] += (self.agb[metallicity_key]['unprocessed_mass_in_winds'][mass_index_array[:,t]] * mass_weight_array[:,t])
				if self.net_yields:
					for t in range(max_different_masses_per_time_step):	
						net_tables_to_interpolate[s]['unprocessed_ejecta'] += (self.agb[metallicity_key]['unprocessed_mass_in_winds'][mass_index_array[:,t]] * mass_weight_array[:,t])
			#print 'after adding wind' 
			#print tables_to_interpolate[s][['O','C']]



		########## end of loop which is metallicity independent
		#for i,item in enumerate(self.inverse_imf[:]):
		#	
		#	print i, item, mass_weight_array[i],mass_index_array[i]
		##### interpolating metallicity if there were two different used.
		metallicity_weight = []
		if len(metallicity_list) == 1:
			metallicity_weight.append(1.)
			for element_name in list(self.elements)+['mass_in_remnants', 'unprocessed_ejecta']:
				self.table[element_name] += tables_to_interpolate[0][element_name]
				if self.net_yields:
					self.agb_table[element_name] += net_tables_to_interpolate[0][element_name]
				else:
					self.agb_table[element_name] += tables_to_interpolate[0][element_name]


		else:
			if self.interpolation_scheme == 'linear':
				distance = metallicity_list[1]-metallicity_list[0]
				metallicity_weight.append((metallicity_list[1] - self.z) / float(distance))
				metallicity_weight.append((self.z - metallicity_list[0]) / float(distance))
			if self.interpolation_scheme == 'logarithmic':
				assert metallicity_list[1] != 0.
				if metallicity_list[0] == 0:
					metallicity_list[0] = 1e-10 ### This was a bug when using a yield table with 0 metallicity the log interpolation could not work.
				distance = np.log10(metallicity_list[1]) - np.log10(metallicity_list[0])
				metallicity_weight.append(( np.log10(metallicity_list[1]) - np.log10(self.z)) / float(distance))
				metallicity_weight.append(( np.log10(self.z) - np.log10(metallicity_list[0])) / float(distance))
			for i,item in enumerate(metallicity_list):
				for element_name in list(self.elements)+['mass_in_remnants', 'unprocessed_ejecta']:
					self.table[element_name] += tables_to_interpolate[i][element_name] * metallicity_weight[i]
					if self.net_yields:
						self.agb_table[element_name] += net_tables_to_interpolate[i][element_name] * metallicity_weight[i]
					else:
						self.agb_table[element_name] += tables_to_interpolate[i][element_name] * metallicity_weight[i]


[docs]	def sn1a_feedback(self, sn1a_elements, sn1a_metallicities, sn1a_yields, time_delay_functional_form, sn1a_min, sn1a_max, time_delay_parameter, ssp_mass, stochastic_IMF):
		'''
		Calculating the SN1a feedback over time

		INPUT:
		
		   sn1a_elements = Which elements are provided by the yield table
		
		   sn1a_metallicities = metallicities in the yield table 
		
		   sn1a_yields = yield table
		
		   time_delay_functional_form = which functional form of the delay time should be used ('normal','maoz','gamma_function'). Maoz is the default and the others are not tested. Check for functionality
		
		   sn1a_min = the minimum mass from which sn1a can occur (does not matter for maoz)
		
		   sn1a_max = the maximum mass from which SN Ia can occur (does not mater for maoz)
		
		   time_delay_parameter = a tuple containing the parameters for the specific functional form
		
		   ssp_mass = the mass of the SSP
		
		   stochastic_IMF = bool, do we want to use stochastci explosions

		
		OUTPUT:

		the classes table will be filled up and a sn2_table will be added (so that the individual processes can be tracked)

		for MAOZ functional form the following parameters are in time_delay_parameter:
		
		   N_0 = Number of SNIa exploding per Msun over the course of 15Gyr
		
		   tau_8 = The delay time when the first SN Ia explode (usually 40Myr are anticipated because then 8Msun stars start to die but our Prior is more at 160Myr)
		
		   s_eponent = the time decay exponent
		
		   dummy = not in use anymore
		'''
		end_of_time = 15 #Gyrs Over this time-span the SN1a explosions will be distributed, for mass normalisation reasons
		additional_keys = ['kinetic_energy','number_of_events','mass_in_remnants','unprocessed_ejecta']
		names = additional_keys + self.elements # not sure if all elements should be taken (might be easier to add the 3 tables in order to get total yield)
		base = np.zeros(len(self.t))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		self.sn1a_table = np.core.records.fromarrays(list_of_arrays,names=names)


		if time_delay_functional_form == 'normal':
			pn_number_detonating_until_12Gyr,time_delay_peak,time_delay_time_scale,gauss_beginning = time_delay_parameter
		elif time_delay_functional_form == 'maoz':
			N_0,tau_8,s_exponent,dummy = time_delay_parameter
		elif time_delay_functional_form == 'gamma_function':
			number_factor, a_parameter, loc, scale = time_delay_parameter

		def gamma_function_delay():
			#mass_factor = 0.003,a_parameter = 2, loc = 0, scale = 3
			'''
			the gamma function for a_parameter = 2 and loc = 0 produces a peak at scale so we have a two parameter sfr.
			
			Later we can also release a to have a larger diversity in functional form.
			'''
			from scipy.stats import gamma
			#norm = sum(self.sfr)*number_factor
			#self.infall = np.divide(self.infall*norm,sum(self.infall))
			
			if self.log_time:
				full_time = np.logspace(np.log10(self.tmin), np.log10(end_of_time), (np.log10(end_of_time)-np.log10(self.tmin))/self.dt+1)
			else:
				full_time = np.linspace(0, end_of_time, (end_of_time/self.dt)+1)
			feedback_number = gamma.pdf(full_time,a_parameter,loc,scale)

			#for i in range(len(full_time)):
			#	if full_time[i]>=tau_8:
			#		feedback_number[i] = N_0 * np.power(np.divide(full_time[i],tau_8),-1*s_exponent) * np.divide(s_exponent-1,tau_8)		
			feedback_number = np.divide(feedback_number*number_factor,sum(feedback_number))
			
			#number_of_stars_in_mass_range_for_remnant = imf_mass_fraction_non_nativ(self.dn,self.x,self.sn1a_min,self.sn1a_max)
			#mass_of_stars_in_mass_range_for_remnant = imf_mass_fraction_non_nativ(self.dm,self.x,self.sn1a_min,self.sn1a_max)
			# for sn1a max and min == 8 and 2 we get:
			self.mean_mass_of_feedback = float(-self.sn1a_yields[0.02]['mass_in_remnants']) ## This mass is turned into the explosion
			#=1.37
			self.mean_mass = 3.21
			#=3.21
			self.mean_remnant_mass = 1.19
			#=1.19
			self.mean_accretion_mass = self.mean_mass_of_feedback - self.mean_remnant_mass ## This comes from Hydrogen feedback
			#=0.18
			feedback_mass = feedback_number * self.mean_mass_of_feedback
			feedback_mass = np.interp(self.t,full_time,feedback_mass)
			feedback_number = np.interp(self.t,full_time,feedback_number)
			self.sn1a_feedback_mass = feedback_mass
			self.sn1a_feedback_number = feedback_number

		def maoz_timedelay():
			'''
			Calculating the delay time distribution of the SNIa explosion. Stochastic sampling is possible if wanted.
			'''
			#number_of_stars_in_mass_range_for_remnant = imf_mass_fraction_non_nativ(self.dn,self.x,self.sn1a_min,self.sn1a_max) ##Analytic result for Chabrier IMF and sn1a min max 1,8: 0.182189794774
			#mass_of_stars_in_mass_range_for_remnant = imf_mass_fraction_non_nativ(self.dm,self.x,self.sn1a_min,self.sn1a_max) ##Analytic result for Chabrier IMF and sn1a min max 1,8: 0.398074766434

			full_time = list(self.t)
			while full_time[-1] < end_of_time:
				if self.log_time:
					full_time.append(10**(np.log10(full_time[-1])+self.dt))
				else:
					full_time.append(full_time[-1]+self.dt)
			full_time = np.array(full_time)
			feedback_number = np.zeros_like(full_time)
			for i in range(len(full_time)):
				if full_time[i]>=tau_8:
					feedback_number[i] = np.power(np.divide(full_time[i],tau_8),-1*s_exponent) * np.divide(s_exponent-1,tau_8)# * N_0 * number_of_stars_in_mass_range_for_remnant
			if self.log_time:
				import scipy
				feedback_number[0] *= full_time[0]
				feedback_number[1:] *= (full_time[1:]-full_time[:-1])
				feedback_number =  np.divide(feedback_number,sum(feedback_number)) * N_0 #np.divide(feedback_number,scipy.integrate.cumtrapz(feedback_number,full_time,initial=0)[-1]) * N_0 * 
				# * number_of_stars_in_mass_range_for_remnant
			else:
				feedback_number = np.divide(feedback_number,sum(feedback_number)) * N_0# * number_of_stars_in_mass_range_for_remnant
			#N_0 now is the number of SN1a per 1Msun
			if stochastic_IMF:
				number_of_potential_sn1a_explosions = int(round(ssp_mass))#int(round(number_of_stars_in_mass_range_for_remnant * ssp_mass) )
				random_sample = np.random.uniform(size = number_of_potential_sn1a_explosions)
				number_of_explosions = len(random_sample[np.where(random_sample<N_0)])
				random_number = np.random.uniform(low = 0.0, high = sum(feedback_number), size = number_of_explosions)
				counting = np.cumsum(feedback_number)
				for i in range(len(counting)-1):
					if i == 0:
						cut = np.where(np.logical_and(random_number>0.,random_number<=counting[i]))
					else:
						cut = np.where(np.logical_and(random_number>counting[i-1],random_number<=counting[i]))
					number_of_stars_in_time_bin = len(random_number[cut])
					feedback_number[i] = number_of_stars_in_time_bin
				feedback_number /= ssp_mass # This way the number of sn1a exploding is NOT fixed by the analytic solution

			# for sn1a max and min == 8 and 2 we get:
			self.mean_mass_of_feedback = float(-self.sn1a_yields[0.02]['mass_in_remnants']) ## This mass is turned into the explosion
			#=1.37
			#if number_of_stars_in_mass_range_for_remnant != 0:
			self.mean_mass = 2.2#mass_of_stars_in_mass_range_for_remnant/number_of_stars_in_mass_range_for_remnant
			#else:
			#	self.mean_mass = 0.
			#=3.21
			self.mean_remnant_mass = self.mean_mass * 0.3 ### approximately the remnant mass of the star exploding in a sn1a. This will be subtracted from the remnant masses
			#=1.19
			self.mean_accretion_mass = self.mean_mass_of_feedback - self.mean_remnant_mass ## This comes from Hydrogen feedback following the single degenerate prescription
			#=0.18
			feedback_number = feedback_number[:len(self.t)]
			feedback_mass = feedback_number * self.mean_mass_of_feedback
			#feedback_number = np.interp(self.t,full_time,feedback_number)
			self.sn1a_feedback_mass = feedback_mass
			self.sn1a_feedback_number = feedback_number

		def normal_timedelay():
			if self.log_time:
				full_time = np.logspace(np.log10(self.tmin), np.log10(end_of_time), (np.log10(end_of_time)-np.log10(self.tmin))/self.dt+1)
			else:
				full_time = np.linspace(0, end_of_time, (end_of_time/self.dt)+1)
			feedback_mass = np.zeros_like(full_time)
			for i in range(len(full_time)):
				feedback_mass[i] = np.exp(np.divide(-(full_time[i]-time_delay_peak),time_delay_time_scale))
			j = 0
			while full_time[j]<time_delay_peak:
				feedback_mass[j] = np.exp(-0.5*((full_time[j]-time_delay_peak)/float(gauss_beginning))**2) #1./(std*np.sqrt(2*np.pi))*
				j += 1
	

			number_of_stars_in_mass_range_for_remnant = imf_mass_fraction_non_nativ(self.dn,self.x,self.sn1a_min,self.sn1a_max)
			mass_of_stars_in_mass_range_for_remnant = imf_mass_fraction_non_nativ(self.dm,self.x,self.sn1a_min,self.sn1a_max)
			
			self.mean_mass_of_feedback = float(-self.sn1a_yields[0.02]['mass_in_remnants']) ## This mass is turned into the explosion
			self.mean_mass = mass_of_stars_in_mass_range_for_remnant/number_of_stars_in_mass_range_for_remnant
			self.mean_remnant_mass = self.mean_mass * 0.37 # interpolation from Karakas yields
			self.mean_accretion_mass = self.mean_mass_of_feedback - self.mean_remnant_mass ## This comes from Hydrogen feedback
			
			mass_fraction_detonating = self.mean_mass_of_feedback * number_of_stars_in_mass_range_for_remnant * pn_number_detonating_until_12Gyr
			number_fraction_detonating = number_of_stars_in_mass_range_for_remnant * pn_number_detonating_until_12Gyr

			feedback_mass = feedback_mass * (mass_fraction_detonating/sum(feedback_mass))
			feedback_number = feedback_mass * (number_fraction_detonating/sum(feedback_mass))
			feedback_mass = np.interp(self.t,full_time,feedback_mass)
			feedback_number = np.interp(self.t,full_time,feedback_number)
			self.sn1a_feedback_mass = feedback_mass
			self.sn1a_feedback_number = feedback_number

		self.sn1a_functional_form = time_delay_functional_form
		timedelays = {'normal': normal_timedelay, 'maoz': maoz_timedelay, 'gamma_function': gamma_function_delay}
		delay_name = self.sn1a_functional_form
		self.sn1a_elements = sn1a_elements
		self.sn1a_metallicities = np.sort(sn1a_metallicities)
		self.sn1a_min = sn1a_min
		self.sn1a_max = sn1a_max
		self.sn1a_yields = sn1a_yields

		######### Calculating and normalising the delay time function of SN1a
		if delay_name in timedelays:
			timedelays[delay_name]() # + argument list of course
		else:
			raise Exception("Time delay '%s' not implemented" % delay_name)

		self.table['mass_in_remnants'] -= self.sn1a_feedback_mass * (self.mean_remnant_mass/self.mean_mass_of_feedback) ### how much mass will be turned from remnants into feedback (single degenerate scenario)
		self.sn1a_table['mass_in_remnants'] -= self.sn1a_feedback_mass * (self.mean_remnant_mass/self.mean_mass_of_feedback)
		self.table['hydrogen_mass_accreted_onto_white_dwarfs'] = self.sn1a_feedback_mass * (1.-(self.mean_remnant_mass/self.mean_mass_of_feedback))
		self.table['H'] -= self.sn1a_feedback_mass * (1.-(self.mean_remnant_mass/self.mean_mass_of_feedback))
		self.table['sn1a'] = self.sn1a_feedback_number
		self.sn1a_table['number_of_events'] = self.sn1a_feedback_number
		
		######### Interpolation of yieldsets for different metallicities
		metallicity_list = []
		if len(self.sn1a_metallicities) == 1:
			metallicity_list.append(self.sn1a_metallicities[0])
		elif self.z < min(self.sn1a_metallicities):
			metallicity_list.append(min(self.sn1a_metallicities))
		elif self.z > max(self.sn1a_metallicities):
			metallicity_list.append(max(self.sn1a_metallicities))
		elif self.z in self.sn1a_metallicities:
			metallicity_list.append(self.z)
		else:
			j=1
			while self.sn1a_metallicities[j] < self.z:
				j += 1
			metallicity_list.append(self.sn1a_metallicities[j-1])
			metallicity_list.append(self.sn1a_metallicities[j])
		### the loop will be run through 2 times (if metallicity not outside or exactly at one of the precalculated metallicities) and the values of the two tables will be interpolated according to the prescribed function
		tables_to_interpolate = []
		for s,metallicity_key in enumerate(metallicity_list):
			tables_to_interpolate.append(np.zeros_like(self.table))
			for element_index, element_name in enumerate(list(set(self.elements).intersection(self.sn1a_elements))):
				tables_to_interpolate[s][element_name] = self.sn1a_yields[metallicity_key][element_name]
			#tables_to_interpolate[s]['mass_in_remnants'] = self.sn1a_yields[metallicity_key]['mass_in_remnants']
			########## end of loop which is metallicity independent
		
		metallicity_weight = []
		if len(metallicity_list) == 1:
			metallicity_weight.append(1.)
			for element_index, element_name in enumerate(list(set(self.elements).intersection(self.sn1a_elements))):
				self.table[element_name] += self.sn1a_feedback_mass * tables_to_interpolate[0][element_name]
				self.sn1a_table[element_name] += self.sn1a_feedback_mass * tables_to_interpolate[0][element_name]
			 #tables_to_interpolate[0]['mass_in_remnants']
			
		else:
			if self.interpolation_scheme == 'linear':
				distance = metallicity_list[1]-metallicity_list[0]
				metallicity_weight.append((metallicity_list[1] - self.z) / float(distance))
				metallicity_weight.append((self.z - metallicity_list[0]) / float(distance))
			if self.interpolation_scheme == 'logarithmic':
				if metallicity_list[0] == 0: # zero metallicity is problematic
					metallicity_list[0] = 0.000000001
				distance = np.log10(metallicity_list[1]) - np.log10(metallicity_list[0])
				metallicity_weight.append(( np.log10(metallicity_list[1]) - np.log10(self.z)) / float(distance))
				metallicity_weight.append(( np.log10(self.z) - np.log10(metallicity_list[0])) / float(distance))
			for i,item in enumerate(metallicity_list):
				tmp=[]
				for element_index, element_name in enumerate(list(set(self.elements).intersection(self.sn1a_elements))):
					self.table[element_name] += (self.sn1a_feedback_mass * tables_to_interpolate[i][element_name]) * metallicity_weight[i]
					self.sn1a_table[element_name] += (self.sn1a_feedback_mass * tables_to_interpolate[i][element_name]) * metallicity_weight[i]
				#self.table['mass_in_remnants'] -= self.sn1a_feedback_mass/float(len(metallicity_list)) #tables_to_interpolate[i]['mass_in_remnants'] * metallicity_weight[i]
				tmp.append(sum((self.sn1a_feedback_mass * tables_to_interpolate[i][element_name])))



[docs]	def bh_feedback(self,bhmmin,bhmmax,element_list,fractions_in_gas,percentage_of_bh_mass):
		'''
		BH enrichment routine, just no enrichment for a specific mass range. A set percentage is fed back into the ISM
		
		Inputs:
			Min/Max black hole mass (40-100 is default - see parameter file).
			
			Element list to be calculated
			
			Fractions of each element in the ISM gas
			
			Percentage of BH progenitor fed back into the ISM (75% default)
		'''
		cut = np.where(np.logical_and(self.x>=bhmmin,self.x<bhmmax))
		weight = sum(self.dm[cut])
		self.bhmmin = bhmmin
		self.bhmmax = bhmmax
		
		additional_keys = ['kinetic_energy','number_of_events','mass_in_remnants','unprocessed_ejecta']
		names = additional_keys + self.elements # not sure if all elements should be taken (might be easier to add the 3 tables in order to get total yield)
		base = np.zeros(len(self.t))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		self.bh_table = np.core.records.fromarrays(list_of_arrays,names=names)
		
		####### counting the BH events
		for i,item in enumerate(self.inverse_imf[:-1]):
			if self.inverse_imf[i+1]<self.bhmmin:
				break
			
			lower_cut = max(self.inverse_imf[i+1],self.bhmmin)
			upper_cut = min(self.inverse_imf[i],self.bhmmax)
			if upper_cut < lower_cut:
				weights = 0.
				continue
			else:
				cut = np.where(np.logical_and(self.x<upper_cut,self.x>=lower_cut))
				weights = sum(self.dm[cut]) 

			self.table['bh'][i+1] = imf_mass_fraction_non_nativ(self.dn,self.x,lower_cut,upper_cut)
			self.bh_table['number_of_events'][i+1] = imf_mass_fraction_non_nativ(self.dn,self.x,lower_cut,upper_cut)

			self.table['mass_in_remnants'][i+1] = percentage_of_bh_mass*weights
			self.bh_table['mass_in_remnants'][i+1] = percentage_of_bh_mass*weights
		
			for j,jtem in enumerate(element_list):
				self.table[jtem][i+1] = (1 - percentage_of_bh_mass)*weights*fractions_in_gas[i]
				if self.net_yields:
					self.bh_table[jtem][i+1] = 0.
				else:
					self.bh_table[jtem][i+1] = (1-percentage_of_bh_mass)*weights*fractions_in_gas[i]

			self.bh_table['unprocessed_ejecta'][i+1] = (1-percentage_of_bh_mass)*weights
			self.table['unprocessed_ejecta'][i+1] = (1-percentage_of_bh_mass)*weights

			#self.table['bh'][i+1] = imf_mass_fraction_non_nativ(self.dn,self.x,bhmmin,bhmmax)	



## old declarations, the above ones are improved and should be used. BH and PAGB feedback are dummies for feeding back wind without enrichment

[docs]	def sn2_feedback_IRA(self, sn2_elements, sn2_yields, sn2_metallicities, sn2_mmin, sn2_mmax,fractions_in_gas):	
		'''
		The mass fraction of the IMF between sn2_mmin and sn2_mmax is fed back instantaneously
		to the ISM according to the relative yields of sn2. The interpolation is linear in mass and metallicity
		Also the mass transformed into remnants is calculated.
		The routine is sensitive to the ordering of the masses in the yield table, it must begin with the smallest increase to the biggest value.
		'''


		# tracking the elemental feedback of individual processes
		additional_keys = ['kinetic_energy','number_of_events','mass_in_remnants']
		names = additional_keys + self.elements # not sure if all elements should be taken (might be easier to add the 3 tables in order to get total yield)
		base = np.zeros(len(self.t))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		self.sn2_table = np.core.records.fromarrays(list_of_arrays,names=names)
		

		#from pycallgraph import PyCallGraph
		#from pycallgraph.output import GraphvizOutput

		#with PyCallGraph(output=GraphvizOutput()):


		self.sn2_elements = sn2_elements
		self.sn2 = sn2_yields
		self.sn2_mmin = sn2_mmin
		self.sn2_mmax = sn2_mmax
		self.sn2_metallicities = sn2_metallicities


		### interpolation of 2 yield sets with different metallicities
		self.sn2_metallicities = np.sort(self.sn2_metallicities)
		metallicity_list = []
		if len(self.sn2_metallicities) == 1:
			metallicity_list.append(self.sn2_metallicities[0])
		elif self.z < min(self.sn2_metallicities):
			metallicity_list.append(min(self.sn2_metallicities))
		elif self.z > max(self.sn2_metallicities):
			metallicity_list.append(max(self.sn2_metallicities))
		elif self.z in self.sn2_metallicities:
			metallicity_list.append(self.z)
		else:
			j=1
			while self.sn2_metallicities[j] < self.z:
				j += 1
			metallicity_list.append(self.sn2_metallicities[j-1])
			metallicity_list.append(self.sn2_metallicities[j])
		### the loop will be run through 2 times (if metallicity not outside or exactly at one of the precalculated metallicities) and the values of the two tables will be interpolated according to the prescribed function
		tables_to_interpolate = []
		for s,metallicity_key in enumerate(metallicity_list):
			tables_to_interpolate.append(np.zeros_like(self.table[1]))
			################################## loop which is metallicity independent		
			##### yield table is cut down such that only yields for masses between sn2_mmin and sn2_mmax are left in
			self.sn2[metallicity_key] = self.sn2[metallicity_key][np.where(np.logical_and(self.sn2[metallicity_key]['Mass']>=self.sn2_mmin,self.sn2[metallicity_key]['Mass']<=self.sn2_mmax))]

			tmp_masses = self.sn2[metallicity_key]['Mass']
			support = []
			support.append(self.sn2_mmin)
			for i in range(len(tmp_masses)-1): 
				support.append(np.mean(tmp_masses[i:i+2]))
			support.append(self.sn2_mmax)
			support = np.array(support)
			### support spans the mass ranges where the yields of a specific stellar mass (tmp_masses) will be applied

			weights = np.zeros_like(tmp_masses)
			for i in range(len(tmp_masses)):
				cut = np.where(np.logical_and(self.x>=support[i],self.x<support[i+1]))
				weights[i] = sum(self.dm[cut]) 
				# weights hold the weights with which each mass_range of the yield set needs to be multiplied
			
			###### here the feedback of the elements is calculated
			for item in list(set(self.elements).intersection(self.sn2_elements))+['mass_in_remnants']:
				tables_to_interpolate[s][item] = sum(self.sn2[metallicity_key][item]*weights)
			######## here the unprocessed wind feedback is calculated
			if 'unprocessed_mass_in_winds' in self.sn2[metallicity_key].dtype.names:
				for i,item in enumerate(self.elements):
					#print i, item, fractions_in_gas[i],weights
					tables_to_interpolate[s][item] += sum(self.sn2[metallicity_key]['unprocessed_mass_in_winds']*weights*fractions_in_gas[i])

		metallicity_weight = []
		if len(metallicity_list) == 1:
			metallicity_weight.append(1.)
			for element_name in list(set(self.elements).intersection(self.sn2_elements))+['mass_in_remnants']:
				self.table[element_name][1] += tables_to_interpolate[0][element_name]
				self.sn2_table[element_name][1] += tables_to_interpolate[0][element_name]
		else:
			if self.interpolation_scheme == 'linear':
				distance = metallicity_list[1]-metallicity_list[0]
				metallicity_weight.append((metallicity_list[1] - self.z) / float(distance))
				metallicity_weight.append((self.z - metallicity_list[0]) / float(distance))
			if self.interpolation_scheme == 'logarithmic':
				distance = np.log10(metallicity_list[1]) - np.log10(metallicity_list[0])
				metallicity_weight.append(( np.log10(metallicity_list[1]) - np.log10(self.z)) / float(distance))
				metallicity_weight.append(( np.log10(self.z) - np.log10(metallicity_list[0])) / float(distance))
			for i,item in enumerate(metallicity_list):
				for element_name in list(set(self.elements).intersection(self.sn2_elements))+['mass_in_remnants']:
					self.table[element_name][1] += tables_to_interpolate[i][element_name] * metallicity_weight[i]
					self.sn2_table[element_name][1] += tables_to_interpolate[i][element_name] * metallicity_weight[i]
		### here the number of stars going sn2 is calculated
		self.table['sn2'][1] = imf_mass_fraction_non_nativ(self.dn,self.x,sn2_mmin,sn2_mmax)
		self.sn2_table['number_of_events'][1] = imf_mass_fraction_non_nativ(self.dn,self.x,sn2_mmin,sn2_mmax)


[docs]	def post_agb_feedback(self,mmin,mmax,element_list,fractions_in_gas,percentage_to_remnant):
		'''
		just to produce no new elements for stars between agb and sn2, like in kobayashi 2011
		'''

		cut = np.where(np.logical_and(self.x>=mmin,self.x<mmax))
		weight = sum(self.dm[cut])
		if len(self.table) >= 3:
			self.table['mass_in_remnants'][2] += percentage_to_remnant*weight
			for i,item in enumerate(element_list):
				self.table[item][2] += (1 - percentage_to_remnant)*weight*fractions_in_gas[i]
			self.table['pn'][2] += imf_mass_fraction_non_nativ(self.dn,self.x,mmin,mmax)	







          

      

      

    

  

    
      
          
            
  Source code for Chempy.wrapper

import numpy as np
from .weighted_yield import SSP, lifetime_Argast, lifetime_Raiteri
from .imf import IMF
from .yields import SN2_feedback, AGB_feedback, SN1a_feedback, Hypernova_feedback
import copy

[docs]class SSP_wrap():
	'''
	This is the wrapper around the SSP function. It preloads the needed classes and calls all nucleosynthetic enrichment processes when the enrichment is calculated.
	'''
	def __init__(self, a):
		'''
		Upon initialization the default IMF, CC-SN yields, SN Ia yields and AGB yields is loaded.

		INPUT:

		   a = Modelparameter class. So the default IMF etc are loaded. If we want other yield sets etc. loaded we need to specify that in paramter.py
		'''

		## loading the IMF and the yieldsets prescribed in a (containing all the model parameters)
		basic_imf = IMF(a.mmin,a.mmax,a.mass_steps)
		getattr(basic_imf, a.imf_type_name)(a.imf_parameter)
		basic_sn2 = SN2_feedback()
		getattr(basic_sn2, a.yield_table_name_sn2)()
		basic_1a = SN1a_feedback()
		getattr(basic_1a, a.yield_table_name_1a)()
		basic_agb = AGB_feedback()
		getattr(basic_agb, a.yield_table_name_agb)()
		### mixing of Nomoto CC-SN and HN yields
		if a.yield_table_name_sn2 == 'Nomoto2013':
			basic_hn = Hypernova_feedback()
			getattr(basic_hn, a.yield_table_name_hn)()
			for item in basic_sn2.metallicities:
				x = np.copy(basic_sn2.table[item])
				y = np.copy(basic_hn.table[item])
				for jtem in basic_hn.masses:
					basic_sn2.table[item]['mass_in_remnants'][np.where(basic_sn2.table[item]['Mass']==jtem)] = a.sn2_to_hn * (x['mass_in_remnants'][np.where(x['Mass']==jtem)]) + (1-a.sn2_to_hn) * (y['mass_in_remnants'][np.where(y['Mass']==jtem)])
					basic_sn2.table[item]['unprocessed_mass_in_winds'][np.where(basic_sn2.table[item]['Mass']==jtem)] = a.sn2_to_hn * (x['unprocessed_mass_in_winds'][np.where(x['Mass']==jtem)]) + (1-a.sn2_to_hn) * (y['unprocessed_mass_in_winds'][np.where(y['Mass']==jtem)])
					hn_mass = []
					sn_mass = []
					for stem in basic_sn2.elements:
						sn_mass.append(x[stem][np.where(x['Mass']==jtem)])
						hn_mass.append(y[stem][np.where(y['Mass']==jtem)])
						basic_sn2.table[item][stem][np.where(basic_sn2.table[item]['Mass']==jtem)]= a.sn2_to_hn * (x[stem][np.where(x['Mass']==jtem)]) + (1-a.sn2_to_hn) * (y[stem][np.where(y['Mass']==jtem)])
		## to pass the information on to the feedback calculation
		self.a = a
		self.imf = basic_imf
		self.sn2 = basic_sn2
		self.sn1a = basic_1a
		self.agb = basic_agb

[docs]	def calculate_feedback(self, z, elements, element_fractions, time_steps, ssp_mass):
		'''
		The feedback is calculated for the initializes SSP.

		INPUT:
		
		   z = metallicity of the SSP in mass fraction (not normed to solar!)
		
		   elements = which elements to follow
		
		   element_fractions = the birth material of the SSP in the same order as 'elements'
		
		   time_steps = the time-steps for which the enrichment of the SSP should be calculated (usually the time-steps until the end of the chempy simulation)
		'''
		if self.a.stochastic_IMF:
			imf_copy = copy.copy(self.imf)
			imf_copy.stochastic_sampling(ssp_mass)
		else:
			imf_copy = copy.copy(self.imf)
		basic_ssp = SSP(False, float(z), imf_copy.x, imf_copy.dm, imf_copy.dn, np.copy(time_steps), list(elements), str(self.a.stellar_lifetimes), str(self.a.interpolation_scheme), bool(self.a.only_net_yields_in_process_tables), bool(self.a.log_time))
		basic_ssp.sn2_feedback(list(self.sn2.elements), dict(self.sn2.table), np.copy(self.sn2.metallicities), float(self.a.sn2mmin), float(self.a.sn2mmax),list(element_fractions))
		basic_ssp.agb_feedback(list(self.agb.elements), dict(self.agb.table), list(self.agb.metallicities), float(self.a.agbmmin), float(self.a.agbmmax),np.hstack(element_fractions))
		basic_ssp.sn1a_feedback(list(self.sn1a.elements), list(self.sn1a.metallicities), dict(self.sn1a.table), str(self.a.time_delay_functional_form), float(self.a.sn1ammin), float(self.a.sn1ammax), self.a.sn1a_parameter, ssp_mass, bool(self.a.stochastic_IMF))
		basic_ssp.bh_feedback(float(self.a.bhmmin),float(self.a.bhmmax),list(elements), np.hstack(element_fractions) , float(self.a.percentage_of_bh_mass))
		# exposing these tables to the outside wrapper
		self.table = basic_ssp.table
		self.sn2_table = basic_ssp.sn2_table
		self.agb_table = basic_ssp.agb_table
		self.sn1a_table = basic_ssp.sn1a_table
		self.bh_table = basic_ssp.bh_table
		self.inverse_imf = basic_ssp.inverse_imf



[docs]def initialise_stuff(a):
	'''
	Convenience function initialising the solar abundance, SFR and infall with the default values provided in parameter.py as a
	'''
	from .solar_abundance import solar_abundances
	from .sfr import SFR
	from .infall import INFALL

	basic_solar = solar_abundances()
	getattr(basic_solar, a.solar_abundance_name)()

	basic_sfr = SFR(a.start,a.end,a.time_steps)
	if a.basic_sfr_name == 'gamma_function':
		getattr(basic_sfr, a.basic_sfr_name)(S0 = a.S_0 * a.mass_factor,a_parameter = a.a_parameter, loc = a.sfr_beginning, scale = a.sfr_scale)
	elif a.basic_sfr_name == 'model_A':
		basic_sfr.model_A(a.mass_factor*a.S_0,a.t_0,a.t_1)
	elif a.basic_sfr_name == 'prescribed':
		basic_sfr.prescribed(a.mass_factor, a.name_of_file)
	elif a.basic_sfr_name == 'doubly_peaked':
		basic_sfr.doubly_peaked(S0 = a.mass_factor*a.S_0, peak_ratio = a.peak_ratio, decay = a.sfr_decay, t0 = a.sfr_t0, peak1t0 = a.peak1t0, peak1sigma = a.peak1sigma)
	elif a.basic_sfr_name == 'normal':
		basic_sfr.normal(S0=a.mass_factor*a.S_0, loc=a.sfr_peak, scale=a.sfr_scale)
	elif a.basic_sfr_name == 'step':
		basic_sfr.step(S0=a.mass_factor*a.S_0, loc=a.sfr_cutoff)
	elif a.basic_sfr_name == 'non_parametric':
		basic_sfr.non_parametric(S0=a.mass_factor*a.S_0, breaks=a.sfr_breaks, weights=a.sfr_weights)
	basic_sfr.sfr = a.total_mass * np.divide(basic_sfr.sfr, sum(basic_sfr.sfr))
	basic_infall = INFALL(np.copy(basic_sfr.t), np.copy(basic_sfr.sfr))
	if a.basic_infall_name == 'exponential':
		getattr(basic_infall, a.basic_infall_name)((a.infall_amplitude,a.tau_infall,a.infall_time_offset)) #,a.c_infall,a.norm_infall))
	elif a.basic_infall_name == 'gamma_function':
		getattr(basic_infall, a.basic_infall_name)(mass_factor = a.norm_infall, a_parameter = a.infall_a_parameter, loc = a.infall_beginning, scale = a.infall_scale)
	elif a.basic_infall_name == 'sfr_related':
		getattr(basic_infall, a.basic_infall_name)()


	return basic_solar, basic_sfr, basic_infall


[docs]def Chempy(a):
	'''
	Chemical evolution run with the default parameters using the net yields.

	INPUT: 
	
	   a = ModelParameters() from parameter.py

	OUTPUT:
	
	   cube = The ISM evolution class
	
	   abundances = The abundances of the ISM
	'''
	from .infall import PRIMORDIAL_INFALL
	from .time_integration import ABUNDANCE_MATRIX
	from .making_abundances import mass_fraction_to_abundances
	from numpy.lib.recfunctions import append_fields
	basic_solar, basic_sfr, basic_infall = initialise_stuff(a)
	elements_to_trace = a.elements_to_trace
	basic_primordial = PRIMORDIAL_INFALL(list(elements_to_trace),np.copy(basic_solar.table))
	basic_primordial.primordial()
	# Needed a rescaling for the shortened sfr
	gas_reservoir_mass_factor = a.gas_reservoir_mass_factor / a.shortened_sfr_rescaling
	#sfr_factor_for_cosmic_accretion	= a.sfr_factor_for_cosmic_accretion / a.shortened_sfr_rescaling
	#gas_at_start = a.gas_at_start / a.shortened_sfr_rescaling
	cube = ABUNDANCE_MATRIX(np.copy(basic_sfr.t),np.copy(basic_sfr.sfr),np.copy(basic_infall.infall),list(elements_to_trace),
list(basic_primordial.symbols),list(basic_primordial.fractions),float(a.gas_at_start),list(basic_primordial.symbols),list(basic_primordial.fractions),
float(gas_reservoir_mass_factor),float(a.outflow_feedback_fraction),bool(a.check_processes),float(a.starformation_efficiency),float(a.gas_power),
 float(a.sfr_factor_for_cosmic_accretion), list(basic_primordial.symbols), list(basic_primordial.fractions))
	basic_ssp = SSP_wrap(a)
	for i in range(len(basic_sfr.t)-1):
		ssp_mass = float(basic_sfr.sfr[i])
		#print(ssp_mass)
		j = len(basic_sfr.t)-i
		element_fractions = []
		for item in elements_to_trace:
			element_fractions.append(float(np.copy(cube.cube[item][max(i-1,0)]/cube.cube['gas'][max(i-1,0)])))## gas element fractions from one time step before
		metallicity = float(cube.cube['Z'][i])
		time_steps = np.copy(basic_sfr.t[:j])
		basic_ssp.calculate_feedback(float(metallicity), list(elements_to_trace), list(element_fractions), np.copy(time_steps), ssp_mass)
		cube.advance_one_step(i+1,np.copy(basic_ssp.table),np.copy(basic_ssp.sn2_table),np.copy(basic_ssp.agb_table),np.copy(basic_ssp.sn1a_table),np.copy(basic_ssp.bh_table))
		if cube.cube['gas'][i] < 0:
			print(i, basic_sfr.t[i])
			print('gas became negative. returning -inf')
			return -np.inf, [0]
		if cube.gas_reservoir['gas'][i] < 0:
			print('gas_reservoir became negative. returning -inf')
			return -np.inf, [0]

	abundances,elements,numbers = mass_fraction_to_abundances(np.copy(cube.cube),np.copy(basic_solar.table))
	weights = cube.cube['sfr']
	abundances = append_fields(abundances,'weights',weights)
	abundances = append_fields(abundances,'time', cube.cube['time'])
	abundances = np.array(abundances)

	return cube, abundances





[docs]def Chempy_gross(a):
	'''
	Chemical evolution run with the default parameters but now using solar scaled material (testing the worse case when total yields provided).

	INPUT: 
	
	   a = ModelParameters() from parameter.py

	OUTPUT:
	
	   cube = The ISM evolution class
	
	   abundances = The abundances of the ISM
	'''
	from infall import PRIMORDIAL_INFALL
	from time_integration import ABUNDANCE_MATRIX
	from making_abundances import mass_fraction_to_abundances
	from numpy.lib.recfunctions import append_fields
	basic_solar, basic_sfr, basic_infall = initialise_stuff(a)
	elements_to_trace = a.elements_to_trace
	basic_primordial = PRIMORDIAL_INFALL(list(elements_to_trace),np.copy(basic_solar.table))
	basic_primordial.primordial(0)
	gas_reservoir_mass_factor = a.gas_reservoir_mass_factor / a.shortened_sfr_rescaling
	cube = ABUNDANCE_MATRIX(np.copy(basic_sfr.t),np.copy(basic_sfr.sfr),np.copy(basic_infall.infall),list(elements_to_trace),list(basic_primordial.symbols),
list(basic_primordial.fractions),float(a.gas_at_start),list(basic_primordial.symbols),list(basic_primordial.fractions),float(gas_reservoir_mass_factor),
float(a.outflow_feedback_fraction),bool(a.check_processes),float(a.starformation_efficiency),float(a.gas_power), float(a.sfr_factor_for_cosmic_accretion),
list(basic_primordial.symbols), list(basic_primordial.fractions))
	basic_ssp = SSP_wrap(a)
	for i in range(len(basic_sfr.t)-1):
		j = len(basic_sfr.t)-i
		metallicity = float(cube.cube['Z'][i])
		solar_scaled_material = PRIMORDIAL_INFALL(list(elements_to_trace),np.copy(basic_solar.table))
		solar_scaled_material.solar(np.log10(metallicity/basic_solar.z))
		element_fractions = list(solar_scaled_material.fractions)
		for item in elements_to_trace:
			element_fractions.append(float(np.copy(cube.cube[item][max(i-1,0)]/cube.cube['gas'][max(i-1,0)])))## gas element fractions from one time step before
		time_steps = np.copy(basic_sfr.t[:j])
		basic_ssp.calculate_feedback(float(metallicity), list(elements_to_trace), list(element_fractions), np.copy(time_steps))
		cube.advance_one_step(i+1,np.copy(basic_ssp.table),np.copy(basic_ssp.sn2_table),np.copy(basic_ssp.agb_table),np.copy(basic_ssp.sn1a_table),np.copy(basic_ssp.bh_table))
	abundances,elements,numbers = mass_fraction_to_abundances(np.copy(cube.cube),np.copy(basic_solar.table))
	weights = cube.cube['sfr']
	abundances = append_fields(abundances,'weights',weights)
	abundances = np.array(abundances)

	return cube, abundances



[docs]def multi_star_optimization():
	'''
	This function will optimize the parameters of all stars in a hierachical manner (similar to gibbs sampling)

	INPUT: 

	   a = will be loaded from parameter.py (prepare all variables there)

	OUTPUT:

	   log_list = a list of intermediate results (so far only for debugging)
	'''
	import time
	import multiprocessing as mp
	from .optimization import minimizer_initial, minimizer_global, minimizer_local
	from .cem_function import global_optimization_error_returned
	from .parameter import ModelParameters

	a = ModelParameters()
	print(a.stellar_identifier_list)
	start_time = time.time()

	log_list = []
	# I: Minimization for each star seperately
	# 1: for each star make initial conditions (each star needs other model parameters)
	parameter_list = []
	for item in a.stellar_identifier_list:
		parameter_list.append(item)
	# 2: call posterior_function_for_minimization with scipy.optimize.minimize in multiprocess for each star and recover the found parameters
	p = mp.Pool(len(parameter_list))
	t = p.map(minimizer_initial, parameter_list)
	p.close()
	p.join()
	result = np.vstack(t)

	log_list.append(np.copy(result))
	log_list.append('initial minimization')
	initial = time.time()
	print('first minimization for each star separately took: %2.f seconds' %(initial - start_time))

	# IV: repeat II and III until posterior does not change much
	result[:,:len(a.SSP_parameters)] = np.mean(result[:,:len(a.SSP_parameters)], axis = 0)
	posteriors = []
	counter = 0
	while True:
		counter += 1
		if len(posteriors) > 1:
			if np.abs(posteriors[-1] - posteriors[-2]) < a.gibbs_sampler_tolerance:
				break
			if len(posteriors) > a.gibbs_sampler_maxiter:
				break

		initial = time.time()
		# II: Global parameter minimization:
		# 1: only SSP parameters free. Use mean SSP parameter values and individual (but fixed ISM parameter values)
		changing_parameter = result[0,:len(a.SSP_parameters)]
		# 2: Call each star in multiprocess but only return the predictions
		# 3: Calculate the likelihood for each star and optimize the common model error (is all done within minimizer global, which is calling 'global optimization')
		x = minimizer_global(changing_parameter,  a.tol_minimization, a.maxiter_minimization, a.verbose, result)

		# 4: return global SSP parameters and common model error
		posterior, error_list, elements = global_optimization_error_returned(x, result)
		posteriors.append(posterior)
		print(posteriors)

		global_iteration1 = time.time()
		print('step %d global minimization took: %2.f seconds' %(counter, global_iteration1 - initial))

		# III: Local parameter minimization:
		# 1: Use fixed global parameters and fixed common errors make initial conditions
		result[:,:len(a.SSP_parameters)] = x

		log_list.append((np.copy(x),posterior))
		log_list.append('step %d global minimization' %(counter))

		p0_list = []
		parameter_list = []
		x_list = []
		error_list_mp = []
		element_list_mp = []

		for i,item in enumerate(a.stellar_identifier_list):
			parameter_list.append(item)
			p0_list.append(result[i,len(a.SSP_parameters):])
			x_list.append(x)
			error_list_mp.append(error_list)
			element_list_mp.append(elements)

		args = zip(p0_list,parameter_list,x_list,error_list_mp,element_list_mp)

		# 2: Minimize each star ISM parameters in multiprocess
		p = mp.Pool(len(parameter_list))
		t = p.map(minimizer_local, args)
		p.close()
		p.join()
		local_parameters = np.vstack(t)
		result[:,len(a.SSP_parameters):] = local_parameters

		log_list.append(np.copy(result))
		log_list.append('step %d local minimization' %(counter))
		local_iteration1 = time.time()
		print('step %d local minimization took: %2.f seconds' %(counter, local_iteration1 - global_iteration1))

	log_list.append(posteriors)
	print(log_list)

	# V: MCMC run
	## reshape the result to have global parameters in the front and the local parameters following
	changing_parameter = list(result[0,:len(a.SSP_parameters)])
	for i in range(result.shape[0]):
		changing_parameter.append(list(result[i,len(a.SSP_parameters):]))
	changing_parameter = np.hstack(changing_parameter)
	## jitter the parameters to initialise the chain (add a validation later, i.e. testing that the particular parameters yield a result)
	mcmc_multi(changing_parameter, error_list, elements)
	# 1: Free all parameters and optimize common error (SSP should be the same for all stars)
	# 2: Plug everything into emcee and sample the posterior
	return log_list


[docs]def mcmc(a):
	'''
	Convenience function to use the MCMC. A subdirectory mcmc/ will be created in the current directory and intermediate chains will be stored there.
	The chains are not actually flattened as the file name suggests.
	
	The MCMC will sample the volume of best posterior for the likelihood functions that are declared in parameter.py. Default is ['sol_norm','gas_reservoir','sn_ratio'] which corresponds to 'Sun+' from the paper.
	'''
	import time
	import os
	import multiprocessing as mp
	from .optimization import creating_chain, posterior_probability
	import emcee
	from multiprocessing import Pool
	
	start1 = time.time()
	directory = 'mcmc/'
	if os.path.exists(directory):
		if a.verbose:
			print('%s already existed. Content might be overwritten' %(directory))
	else:
		os.makedirs(directory)

	a.check_processes = False
	a.number_of_models_overplotted = 1
	a.only_net_yields_in_process_tables = False
	a.testing_output = False
	a.summary_pdf = False
	a.nthreads = mp.cpu_count()

	chain = creating_chain(a,np.copy(a.p0))
	sampler = emcee.EnsembleSampler(a.nwalkers,a.ndim,posterior_probability, args = [a])
	pos,prob,state,blobs = sampler.run_mcmc(chain,a.mburn)

	mean_prob = mean_prob_beginning = np.zeros((a.m))
	posterior_list = []
	posterior_std_list = []
	for i in range(a.m):
		print('step ', i+1 , 'of ',a.m)
		pos, prob, state, blobs = sampler.run_mcmc(pos, a.save_state_every, rstate0=state, log_prob0=prob, blobs0 = blobs, store = True)
		np.save('%s/flatchain' %(directory),np.swapaxes(sampler.get_chain(flat=False),0,1))
		np.save('%s/flatlnprobability' %(directory),np.swapaxes(sampler.get_log_prob(flat=False),0,1))
		np.save('%s/flatblobs' %(directory),np.swapaxes(sampler.get_blobs(flat=False),0,1))
		posterior = np.load('%s/flatlnprobability.npy' %(directory))
		posterior_list.append(np.mean(posterior, axis = 0)[-1])
		posterior_std_list.append(np.std(posterior, axis = 0)[-1])
		np.save('%s/flatmeanposterior' %(directory), posterior_list)
		np.save('%s/flatstdposterior' %(directory), posterior_std_list)
		print(np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[-1])

		if i>202:
			print('posterior -1, -100, -200',np.mean(posterior, axis = 0)[-1], np.mean(posterior, axis = 0)[-100], np.mean(posterior, axis = 0)[-200])
			print('posterior 0, 100, 200',np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[100], np.mean(posterior, axis = 0)[200])
		#print("Mean acceptance fraction:", sampler.acceptance_fraction)
		elapsed1 = (time.time() - start1)
		print('calculation so far took', elapsed1, ' seconds')
		if i>a.min_mcmc_iterations and np.abs(np.mean(posterior, axis = 0)[-1] - np.mean(posterior, axis = 0)[-100]) < a.mcmc_tolerance and np.abs(np.mean(posterior, axis = 0)[-1] - np.mean(posterior, axis = 0)[-200]) < a.mcmc_tolerance:
			break
	if a.send_email:
		send_email(a.nthreads, i, np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[-1], a, elapsed1)




[docs]def mcmc_multi(changing_parameter, error_list, elements):
	'''
	Convenience function to use the MCMC for multiple zones (and therefore multiple observations). A subdirectory mcmc/ will be created in the current directory and intermediate chains will be stored there.
	The MCMC will sample the volume of best posterior for the likelihood functions that are declared in parameter.py. 
	Default is a list of Proto-sun, Arcturus and B-stars. The MCMC uses many walkers and can use multiple threads. Each walker will evaluate a series of Chempy zones and add their posterior together which then will be returned.
	
	INPUT:

	   changing_parameter = the parameter vector for initialization (will usually be found from minimization before). The initial chain will be created by jittering slightly the initial parameter guess

	   error_list = the vector of element errors

	   elements = the corresponding element symbols

	OUTPUT:

	   The function will create a folder and store the chain as well as the predicted element values

	The MCMC stops when the convergence criteria is met, which is when the median posterior of all walkers does not change much inbetween 200 steps anymore.
	'''
	import time
	import os
	import multiprocessing as mp
	from .cem_function import  posterior_function_many_stars
	from .parameter import ModelParameters
	import emcee

	a = ModelParameters()
	start1 = time.time()
	directory = 'mcmc/'
	if os.path.exists(directory):
		if a.verbose:
			print('%s already existed. Content might be overwritten' %(directory))
	else:
		os.makedirs(directory)

	nthreads = mp.cpu_count()
	ndim = len(changing_parameter)
	a.nwalkers = max(a.nwalkers, int(ndim*2))
	chain = np.empty(shape = (a.nwalkers,ndim))
	for i in range(a.nwalkers):
		result = -np.inf
		while result == -np.inf:
			jitter = np.random.normal(loc = 0, scale = 0.001, size = ndim)
			result, dummy = posterior_function_many_stars(changing_parameter + jitter,error_list,elements)
		chain[i] = changing_parameter + jitter

	sampler = emcee.EnsembleSampler(a.nwalkers,ndim,posterior_function_many_stars, args = [error_list,elements])
	pos,prob,state,blobs = sampler.run_mcmc(chain,a.mburn)

	mean_prob = mean_prob_beginning = np.zeros((a.m))
	posterior_list = []
	posterior_std_list = []
	for i in range(a.m):
		print('step ', i+1 , 'of ',a.m)
		pos, prob, state, blobs = sampler.run_mcmc(pos, a.save_state_every, rstate0=state, log_prob0=prob, blobs0 = blobs, store = True)
		np.save('%s/flatchain' %(directory),np.swapaxes(sampler.get_chain(flat=False),0,1))
		np.save('%s/flatlnprobability' %(directory),np.swapaxes(sampler.get_log_prob(flat=False),0,1))
		np.save('%s/flatblobs' %(directory),np.swapaxes(sampler.get_blobs(flat=False),0,1))
		posterior = np.load('%s/flatlnprobability.npy' %(directory))
		posterior_list.append(np.mean(posterior, axis = 0)[-1])
		posterior_std_list.append(np.std(posterior, axis = 0)[-1])
		np.save('%s/flatmeanposterior' %(directory), posterior_list)
		np.save('%s/flatstdposterior' %(directory), posterior_std_list)
		print(np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[-1])

		if i>202:
			print('posterior -1, -100, -200',np.mean(posterior, axis = 0)[-1], np.mean(posterior, axis = 0)[-100], np.mean(posterior, axis = 0)[-200])
			print('posterior 0, 100, 200',np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[100], np.mean(posterior, axis = 0)[200])
		#print("Mean acceptance fraction:", sampler.acceptance_fraction)
		elapsed1 = (time.time() - start1)
		print('calculation so far took', elapsed1, ' seconds')
		if i>a.min_mcmc_iterations and np.abs(np.mean(posterior, axis = 0)[-1] - np.mean(posterior, axis = 0)[-100]) < a.mcmc_tolerance and np.abs(np.mean(posterior, axis = 0)[-1] - np.mean(posterior, axis = 0)[-200]) < a.mcmc_tolerance:
			break
	if a.send_email:
		send_email(nthreads, i, np.mean(posterior, axis = 0)[0], np.mean(posterior, axis = 0)[-1], a, elapsed1)



[docs]def send_email(thread_count, iteration_count, posterior_beginning, posterior_end, parameters, time):
	from email.MIMEMultipart import MIMEMultipart
	from email.MIMEText import MIMEText
	import smtplib


	fromaddr = "pythonspeaking@gmail.com"
	toaddr = "rybizki@mpia.de"
	msg = MIMEMultipart()
	msg['From'] = fromaddr
	msg['To'] = toaddr
	msg['Subject'] = "Threads = %d, Run finished after %.2f hours" %(thread_count, time/3600.)
	body = "After %.1f hours %d threads produced %d iterations.\n The posterior at beginning was: %.2f. The posterior now is: %.2f.\n The stellar identifier list = %s.\n The error marginalization is %s \n  The yields are: %s %s %s \n " %(time/3600., thread_count, iteration_count, posterior_beginning, posterior_end, str(parameters.stellar_identifier_list), str(parameters.error_marginalization), parameters.yield_table_name_sn2, parameters.yield_table_name_agb, parameters.yield_table_name_1a)
	msg.attach(MIMEText(body, 'plain'))

	server = smtplib.SMTP('smtp.gmail.com', 587)
	server.ehlo()
	server.starttls()
	server.ehlo()
	server.login("pythonspeaking@gmail.com", "MPIA_Server_runs")
	text = msg.as_string()
	server.sendmail(fromaddr, toaddr, text)





          

      

      

    

  

    
      
          
            
  Source code for Chempy.yields

import numpy as np
from scipy.interpolate import InterpolatedUnivariateSpline 
import os,os.path
import re
from numpy.lib.recfunctions import append_fields
from . import localpath

[docs]class SN1a_feedback(object):
	def __init__(self):    
		"""
		this is the object that holds the feedback table for SN1a
		
		   .masses gives a list of masses
		
		   .metallicities gives a list of possible yield metallicities
		
		   .elements gives the elements considered in the yield table
		
		   .table gives a dictionary where the yield table for a specific metallicity can be queried
		
		   .table[0.02] gives a yield table.
		
		      Keys of this object are ['Mass','mass_in_remnants','elements']
		
		         Mass is in units of Msun
		
		         'mass_in_remnants' in units of Msun but with a '-'
		
		         'elements' yield in Msun normalised to Mass. i.e. integral over all elements is unity 
		"""
	
	
[docs]	def TNG(self):
		""" IllustrisTNG yield tables from Pillepich et al. 2017.
		These are the 1997 Nomoto W7 models, and sum all isotopes (not just stable)"""
		
		import h5py as h5
		filename = localpath+'input/yields/TNG/SNIa.hdf5'
		# Read H5 file
		f = h5.File(filename, "r")
		
		indexing = {}
		indexing['H'] = 'Hydrogen'
		indexing['He'] = 'Helium'
		indexing['Li'] = 'Lithium'
		indexing['Be'] = 'Beryllium'
		indexing['B'] = 'Boron'
		indexing['C'] = 'Carbon'
		indexing['N'] = 'Nitrogen'
		indexing['O'] = 'Oxygen'
		indexing['F'] = 'Fluorine'
		indexing['Ne'] = 'Neon'
		indexing['Na'] = 'Sodium'
		indexing['Mg'] = 'Magnesium'
		indexing['Al'] = 'Aluminum'
		indexing['Si'] = 'Silicon'
		indexing['P'] = 'Phosphorus'
		indexing['S'] = 'Sulphur'
		indexing['Cl'] = 'Chlorine'
		indexing['Ar'] = 'Argon'
		indexing['K'] = 'Potassium'
		indexing['Ca'] = 'Calcium'
		indexing['Sc'] = 'Scandium'
		indexing['Ti'] = 'Titanium'
		indexing['V'] = 'Vanadium'
		indexing['Cr'] = 'Chromium'
		indexing['Mn'] = 'Manganese'
		indexing['Fe'] = 'Iron'
		indexing['Co'] = 'Cobalt'
		indexing['Ni'] = 'Nickel'
		indexing['Cu'] = 'Copper'
		indexing['Zn'] = 'Zinc'
		indexing['Ga'] = 'Gallium'
		indexing['Ge'] = 'Germanium'
		indexing['As'] = 'Arsenic'
		indexing['Se'] = 'Selenium'
		indexing['Br'] = 'Bromine'
		indexing['Kr'] = 'Krypton'
		indexing['Rb'] = 'Rubidium'
		indexing['Sr'] = 'Strontium'
		indexing['Y'] = 'Yttrium'
		indexing['Zr'] = 'Zirconium'
		indexing['Nb'] = 'Niobium'
		indexing['Mo'] = 'Molybdenum'
		
		
		self.elements = list(indexing.keys())
		
		self.table = {}
		
		self.metallicities = list([0.02]) # arbitrary since only one value
		self.masses = list([np.sum(f['Yield'].value)]) # sum of all yields
		
		names = ['Mass','mass_in_remnants']+self.elements
		
		yield_subtable = {}
		
		base = np.zeros(len(self.masses))
		list_of_arrays = []
		for i in range(len(names)):
		    list_of_arrays.append(base)
		    
		yield_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
		
		yield_subtable['Mass'] = self.masses
		yield_subtable['mass_in_remnants'] = [-1*m for m in self.masses]
		
		for el_index,el in enumerate(self.elements):
		    yield_subtable[el] = np.divide(f['Yield'][el_index],self.masses)
		
		self.table[self.metallicities[0]] = yield_subtable	

	
[docs]	def Seitenzahl(self):
		"""
		Seitenzahl 2013 from Ivo txt
		"""
		y = np.genfromtxt(localpath + 'input/yields/Seitenzahl2013/0.02.txt', names = True, dtype = None)
		self.metallicities = list([0.02])
		self.masses = list([1.4004633930489443])
		names = list(y.dtype.names)
		self.elements = names[2:]
		base = np.zeros(len(self.masses))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
		for name in names:
			if name in ['Mass','mass_in_remnants']:
				yield_tables_final_structure_subtable[name] = y[name]
			else:
				yield_tables_final_structure_subtable[name] = np.divide(y[name],self.masses)
		yield_tables_final_structure = {}
		yield_tables_final_structure[0.02] = yield_tables_final_structure_subtable
		self.table = yield_tables_final_structure

[docs]	def Thielemann(self):
		"""
		Thilemann 2003 yields as compiled in Travaglio 2004
		"""	
		y = np.genfromtxt(localpath + 'input/yields/Thielemann2003/0.02.txt', names = True, dtype = None)

		metallicity_list = [0.02]
		self.metallicities = metallicity_list
		self.masses = [1.37409]
		names = y.dtype.names
		base = np.zeros(len(self.masses))
		list_of_arrays = []
		for i in range(len(names)):
			list_of_arrays.append(base)
		yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
		for name in names:
			if name in ['Mass','mass_in_remnants']:
				yield_tables_final_structure_subtable[name] = y[name]
			else:
				yield_tables_final_structure_subtable[name] = np.divide(y[name],self.masses)
		self.elements = list(y.dtype.names[2:])
		yield_tables_final_structure = {}
		yield_tables_final_structure[0.02] = yield_tables_final_structure_subtable
		self.table = yield_tables_final_structure


[docs]	def Iwamoto(self):
		'''
		Iwamoto99 yields building up on Nomoto84
		'''
		import numpy.lib.recfunctions as rcfuncs

		tdtype =   [('species1','|S4'),('W7',float),('W70',float),('WDD1',float),('WDD2',float),('WDD3',float),('CDD1',float),('CDD2',float)]
		metallicity_list = [0.02,0.0]
		self.metallicities = metallicity_list
		self.masses = [1.38]
		y = np.genfromtxt(localpath + 'input/yields/Iwamoto/sn1a_yields.txt',dtype = tdtype, names = None)
		## Python3 need transformation between bytes and strings
		element_list2 = []
		for j,jtem in enumerate(y['species1']):
			element_list2.append(jtem.decode('utf8'))
		y = rcfuncs.append_fields(y,'species',element_list2,usemask = False)


		################################
		without_radioactive_isotopes=True
		if without_radioactive_isotopes:### without radioactive isotopes it should be used this way because the radioactive nuclides are already calculated in here
			carbon_list = ['12C','13C']
			nitrogen_list = ['14N','15N']
			oxygen_list = ['16O','17O','18O']
			fluorin_list = ['19F']
			neon_list = ['20Ne','21Ne','22Ne']#,'22Na']
			sodium_list = ['23Na']
			magnesium_list = ['24Mg','25Mg','26Mg']#,'26Al']
			aluminium_list = ['27Al']
			silicon_list = ['28Si','29Si','30Si']
			phosphorus_list = ['31P']
			sulfur_list = ['32S','33S','34S','36S']
			chlorine_list = ['35Cl','37Cl']
			argon_list = ['36Ar','38Ar','40Ar']#, '36Cl']
			potassium_list = ['39K','41K']#, '39Ar', '41Ca']
			calcium_list = ['40Ca','42Ca','43Ca','44Ca','46Ca','48Ca']#, '40K']
			scandium_list = ['45Sc']#,'44Ti']
			titanium_list = ['46Ti','47Ti','48Ti','49Ti','50Ti']#,'48V','49V']
			vanadium_list = ['50V','51V']
			chromium_list = ['50Cr','52Cr','53Cr','54Cr']#,'53Mn']
			manganese_list = ['55Mn']
			iron_list = ['54Fe', '56Fe','57Fe','58Fe']#,'56Co','57Co']
			cobalt_list = ['59Co']#,'60Fe','56Ni','57Ni','59Ni']
			nickel_list = ['58Ni','60Ni','61Ni','62Ni','64Ni']#,'60Co']
			copper_list = ['63Cu','65Cu']#,'63Ni']
			zinc_list = ['64Zn','66Zn','67Zn','68Zn']
		##### with radioactive isotopes (unclear weather they are double, probably not but remnant mass is too big)
		else:
			carbon_list = ['12C','13C']
			nitrogen_list = ['14N','15N']
			oxygen_list = ['16O','17O','18O']
			fluorin_list = ['19F']
			neon_list = ['20Ne','21Ne','22Ne','22Na']
			sodium_list = ['23Na']
			magnesium_list = ['24Mg','25Mg','26Mg','26Al']
			aluminium_list = ['27Al']
			silicon_list = ['28Si','29Si','30Si']
			phosphorus_list = ['31P']
			sulfur_list = ['32S','33S','34S','36S']
			chlorine_list = ['35Cl','37Cl']
			argon_list = ['36Ar','38Ar','40Ar', '36Cl']
			potassium_list = ['39K','41K', '39Ar', '41Ca']
			calcium_list = ['40Ca','42Ca','43Ca','44Ca','46Ca','48Ca', '40K']
			scandium_list = ['45Sc','44Ti']
			titanium_list = ['46Ti','47Ti','48Ti','49Ti','50Ti','48V','49V']
			vanadium_list = ['50V','51V']
			chromium_list = ['50Cr','52Cr','53Cr','54Cr','53Mn']
			manganese_list = ['55Mn']
			iron_list = ['54Fe', '56Fe','57Fe','58Fe','56Co','57Co','56Ni','57Ni']
			cobalt_list = ['59Co','60Fe','59Ni']
			nickel_list = ['58Ni','60Ni','61Ni','62Ni','64Ni','60Co']
			copper_list = ['63Cu','65Cu','63Ni']
			zinc_list = ['64Zn','66Zn','67Zn','68Zn']


		indexing = {}
		
		indexing['C'] = carbon_list
		indexing['N'] = nitrogen_list
		indexing['O'] = oxygen_list
		indexing['F'] = fluorin_list
		indexing['Ne'] = neon_list
		indexing['Na'] = sodium_list
		indexing['Mg'] = magnesium_list
		indexing['Al'] = aluminium_list
		indexing['Si'] = silicon_list
		indexing['P'] = phosphorus_list
		indexing['S'] = sulfur_list
		indexing['Cl'] = chlorine_list
		indexing['Ar'] = argon_list
		indexing['K'] = potassium_list
		indexing['Ca'] = calcium_list
		indexing['Sc'] = scandium_list
		indexing['Ti'] = titanium_list
		indexing['V'] = vanadium_list
		indexing['Cr'] = chromium_list
		indexing['Mn'] = manganese_list
		indexing['Fe'] = iron_list
		indexing['Co'] = cobalt_list
		indexing['Ni'] = nickel_list
		indexing['Cu'] = copper_list
		indexing['Zn'] = zinc_list
		
		self.elements = list(indexing.keys())        
		

		#################################
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(metallicity_list[:]):
			if metallicity == 0.02:
				model = 'W7'
			elif metallicity == 0.0:
				model = 'W70'
			else:
				print('this metallicity is not represented in the Iwamoto yields. They only have solar (0.02) and zero (0.0001)')
			additional_keys = ['Mass', 'mass_in_remnants']
			names = additional_keys + self.elements
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			yield_tables_final_structure_subtable['Mass'] = self.masses[0]
			
			total_mass = []
			for i,item in enumerate(self.elements):
				for j,jtem in enumerate(indexing[item]):
					cut = np.where(y['species']==jtem)
					yield_tables_final_structure_subtable[item] += y[model][cut]
					total_mass.append(y[model][cut])
			yield_tables_final_structure_subtable['mass_in_remnants'] = -sum(total_mass)
			for i,item in enumerate(self.elements):
				yield_tables_final_structure_subtable[item] = np.divide(yield_tables_final_structure_subtable[item],-yield_tables_final_structure_subtable['mass_in_remnants'])
			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable

		self.table = yield_tables_final_structure



[docs]class SN2_feedback(object):
	def __init__(self):
		"""
		This is the object that holds the feedback table for CC-SN.
                Different tables can be loaded by the methods.
		"""

[docs]	def Portinari_net(self):
		'''
		Loading the yield table from Portinari1998. 
		These are presented as net yields in fractions of initial stellar mass.
		'''
		  
		# Define metallicities in table
		self.metallicities = [0.0004,0.004,0.008,0.02,0.05] 
		
		# Load one table
		x = np.genfromtxt(localpath + 'input/yields/Portinari_1998/0.02.txt',names=True)
		 
		# Define masses and elements in yield tables
		self.masses = list(x['Mass']) # In solar masses
		self.elements = list(x.dtype.names[3:])
		
		self.table = {} # Output dictionary for yield tables
		  
		for metallicity in self.metallicities:
			additional_keys = ['Mass', 'mass_in_remnants','unprocessed_mass_in_winds'] 
			names = additional_keys + self.elements # These are fields in dictionary
			
			# Create empty record array of correct size
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			for i in range(len(names)):
			    list_of_arrays.append(base)
			yield_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			
			# Add mass field to subtable (in solar masses)
			yield_subtable['Mass'] = np.array(self.masses)
			
			# Read in yield tbale
			x = np.genfromtxt(localpath + 'input/yields/Portinari_1998/%s.txt' %(metallicity),names=True)
			
			# Read in element yields
			for item in self.elements:
			    yield_subtable[item] = np.divide(x[item],x['Mass']) # Yields must be in mass fraction
			
			# Add fractional mass in remnants
			yield_subtable['mass_in_remnants'] = np.divide(x['Mass'] - x['ejected_mass'], x['Mass'])
			
			# Add unprocessed mass as 1-remnants (with correction if summed net yields are not exactly zero)
			for i,item in enumerate(self.masses):
			    yield_subtable['unprocessed_mass_in_winds'][i] = 1. - (yield_subtable['mass_in_remnants'][i] + sum(list(yield_subtable[self.elements][i])))
			
			# Add subtable to output table
			self.table[metallicity] = yield_subtable



[docs]	def francois(self):
		'''
		Loading the yield table of Francois et. al. 2004. Taken from the paper table 1 and 2 and added O H He from WW95 table 5A and 5B
		where all elements are for Z=Zsun and values for Msun > 40 have been stayed the same as for Msun=40.
		Values from 11-25 Msun used case A from WW95 and 30-40 Msun used case B.
		'''
		y = np.genfromtxt(localpath + 'input/yields/Francois04/francois_yields.txt',names=True)
		self.elements = list(y.dtype.names[1:])
		self.masses = y[y.dtype.names[0]]
		self.metallicities = [0.02]
		######### going from absolute ejected masses to relative ejected masses normed with the weight of the initial star
		for i,item in enumerate(y.dtype.names[1:]):
			y[item] = np.divide(y[item],y['Mass'])
		yield_tables = {}
		for i,item in enumerate(self.metallicities):
			yield_tables[item] = y 
		self.table = yield_tables


[docs]	def chieffi04(self):

		'''
		Loading the yield table of chieffi04.
		'''
		DATADIR = localpath + 'input/yields/Chieffi04'
		if not os.path.exists(DATADIR):
			os.mkdir(DATADIR)

		MASTERFILE = '{}/chieffi04_yields'.format(DATADIR)

		def _download_chieffi04():
			"""
			Downloads chieffi 04 yields from Vizier.
			"""
			url = 'http://cdsarc.u-strasbg.fr/viz-bin/nph-Cat/tar.gz?J%2FApJ%2F608%2F405'
			import urllib
			print('Downloading Chieffi 04 yield tables from Vizier (should happen only at the first time)...')
			if os.path.exists(MASTERFILE):
				os.remove(MASTERFILE)
			urllib.urlretrieve(url,MASTERFILE)

			import tarfile
			tar = tarfile.open(MASTERFILE)
			tar.extractall(path=DATADIR)
			tar.close()

		if not os.path.exists(MASTERFILE):
			_download_chieffi04()

		tdtype =   [('metallicity',float),('date_after_explosion',float),('species','|S5'),('13',float),('15',float),('20',float),('25',float),('30',float),('35',float)]
		


		y = np.genfromtxt('%s/yields.dat' %(DATADIR), dtype = tdtype, names = None)
		metallicity_list = np.unique(y['metallicity'])
		self.metallicities = np.sort(metallicity_list)
		number_of_species = int(len(y)/len(self.metallicities))
		tables = []
		for i, item in enumerate(self.metallicities):
			tables.append(y[(i*number_of_species):((i+1)*number_of_species)])
		
		#############################################
		for i in range(len(tables)):
			tables[i] = tables[i][np.where(tables[i]['date_after_explosion']==0)]
		element_list = tables[0]['species'][3:]
		# For python 3 the bytes need to be changed into strings
		element_list2 = []
		for i, item in enumerate(element_list):
			element_list2.append(item.decode('utf8'))
		element_list = np.array(element_list2)
		indexing = [re.split(r'(\d+)', s)[1:] for s in element_list]
		element_position = []
		for i,item in enumerate(element_list):
			element_position.append(indexing[i][1])
		self.elements = list(np.unique(element_position))
		masses = tables[0].dtype.names[3:]
		masses_list = []
		for i,item in enumerate(masses):
			masses_list.append(int(item))
		self.masses = masses_list

		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):
			yields_for_one_metallicity = tables[metallicity_index]
			additional_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']
			names = additional_keys + self.elements
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			
			yield_tables_final_structure_subtable['Mass'] = np.array(self.masses)
			for j,jtem in enumerate(self.masses):
				yield_tables_final_structure_subtable['mass_in_remnants'][j] = yields_for_one_metallicity[str(jtem)][1] / float(jtem) # ,yield_tables_final_structure_subtable['Mass'][i])
				for i,item in enumerate(self.elements):
					################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
					for t,ttem in enumerate(element_position):
						if ttem == item:
							yield_tables_final_structure_subtable[item][j] += yields_for_one_metallicity[str(jtem)][t+3] / float(jtem)
			# remnant + yields of all elements is less than the total mass. In the next loop the wind mass is calculated.
			name_list = list(yield_tables_final_structure_subtable.dtype.names[3:]) + ['mass_in_remnants']
			for i in range(len(yield_tables_final_structure_subtable)):
				tmp = []
				for j,jtem in enumerate(name_list):
					tmp.append(yield_tables_final_structure_subtable[jtem][i])
				tmp = sum(tmp)
				yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][i] = 1 - tmp
			
			yield_tables_final_structure[self.metallicities[metallicity_index]] = yield_tables_final_structure_subtable#[::-1]
		self.table = yield_tables_final_structure



[docs]	def chieffi04_net(self):

		'''
		Loading the yield table of chieffi04 corrected for Anders & Grevesse 1989 solar scaled initial yields
		'''
		DATADIR = localpath + 'input/yields/Chieffi04'
		if not os.path.exists(DATADIR):
			os.mkdir(DATADIR)

		MASTERFILE = '{}/chieffi04_yields'.format(DATADIR)

		def _download_chieffi04():
			"""
			Downloads chieffi 04 yields from Vizier.
			"""
			url = 'http://cdsarc.u-strasbg.fr/viz-bin/nph-Cat/tar.gz?J%2FApJ%2F608%2F405'
			import urllib
			print('Downloading Chieffi 04 yield tables from Vizier (should happen only at the first time)...')
			if os.path.exists(MASTERFILE):
				os.remove(MASTERFILE)
			urllib.urlretrieve(url,MASTERFILE)

			import tarfile
			tar = tarfile.open(MASTERFILE)
			tar.extractall(path=DATADIR)
			tar.close()

		if not os.path.exists(MASTERFILE):
			_download_chieffi04()

		tdtype =   [('metallicity',float),('date_after_explosion',float),('species','|S5'),('13',float),('15',float),('20',float),('25',float),('30',float),('35',float)]
		


		y = np.genfromtxt('%s/yields.dat' %(DATADIR), dtype = tdtype, names = None)
		metallicity_list = np.unique(y['metallicity'])
		self.metallicities = np.sort(metallicity_list)
		number_of_species = int(len(y)/len(self.metallicities))
		tables = []
		for i, item in enumerate(self.metallicities):
			tables.append(y[(i*number_of_species):((i+1)*number_of_species)])
		
		#############################################
		for i in range(len(tables)):
			tables[i] = tables[i][np.where(tables[i]['date_after_explosion']==0)]
		element_list = tables[0]['species'][3:]
		# For python 3 the bytes need to be changed into strings
		element_list2 = []
		for i, item in enumerate(element_list):
			element_list2.append(item.decode('utf8'))
		element_list = np.array(element_list2)
		indexing = [re.split(r'(\d+)', s)[1:] for s in element_list]
		element_position = []
		for i,item in enumerate(element_list):
			element_position.append(indexing[i][1])
		self.elements = list(np.unique(element_position))
		masses = tables[0].dtype.names[3:]
		masses_list = []
		for i,item in enumerate(masses):
			masses_list.append(int(item))
		self.masses = masses_list

		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):
			yield_tables_final_structure[self.metallicities[metallicity_index]] = np.load(DATADIR + '/chieffi_net_met_ind_%d.npy' %(metallicity_index))
		self.table = yield_tables_final_structure


		#############################################
[docs]	def OldNugrid(self):
		'''
		loading the Nugrid sn2 stellar yields NuGrid stellar data set. I. Stellar yields from H to Bi for stars with metallicities Z = 0.02 and Z = 0.01
		The wind yields need to be added to the *exp* explosion yields.
		No r-process contribution but s and p process from AGB and massive stars
		delayed and rapid SN Explosiom postprocessing is included. Rapid is not consistent with very massive stars so we use the 'delayed' yield set
		mass in remnants not totally consistent with paper table: [ 6.47634087,  2.67590435,  1.98070676] vs. [6.05,2.73,1.61] see table 4
		same with z=0.02 but other elements are implemented in the right way:[ 3.27070753,  8.99349996,  6.12286813,  3.1179861 ,  1.96401573] vs. [3,8.75,5.71,2.7,1.6]
		we have a switch to change between the two different methods (rapid/delay explosion)
		'''
		import numpy.lib.recfunctions as rcfuncs

		tdtype =   [('empty',int),('element1','|S3'),('165',float),('200',float),('300',float),('500',float),('1500',float),('2000',float),('2500',float)]
		tdtype2 =   [('empty',int),('element1','|S3'),('165',float),('200',float),('300',float),('500',float),('1500',float),('2000',float),('2500',float),('3200',float),('6000',float)]
		
		expdtype =   [('empty',int),('element1','|S3'),('15_delay',float),('15_rapid',float),('20_delay',float),('20_rapid',float),('25_delay',float),('25_rapid',float)]
		expdtype2 =   [('empty',int),('element1','|S3'),('15_delay',float),('15_rapid',float),('20_delay',float),('20_rapid',float),('25_delay',float),('32_delay',float),('32_rapid',float),('60_delay',float)]
		
		yield_tables = {}
		self.metallicities = [0.02,0.01]

		which_sn_model_to_use = 'delay' # 'rapid'

		for i,metallicity_index in enumerate([2,1]): 
			if i == 0:
				z = np.genfromtxt(localpath + 'input/yields/NuGrid_AGB_SNII_2013/set1p%d/element_table_set1.%d_yields_winds.txt' %(metallicity_index,metallicity_index),dtype = tdtype2,names = None,skip_header = 3, delimiter = '&', autostrip = True)
				y = np.genfromtxt(localpath + 'input/yields/NuGrid_AGB_SNII_2013/set1p%d/element_table_set1.%d_yields_exp.txt' %(metallicity_index,metallicity_index),dtype = expdtype2,names = None,skip_header = 3, delimiter = '&', autostrip = True)
				y['15_%s' %(which_sn_model_to_use)] += z['1500']
				y['20_%s' %(which_sn_model_to_use)] += z['2000']
				y['25_delay'] += z['2500']
				y['32_%s' %(which_sn_model_to_use)] += z['3200']
				y['60_delay'] += z['6000']
			else:
				z = np.genfromtxt(localpath +'input/yields/NuGrid_AGB_SNII_2013/set1p%d/element_table_set1.%d_yields_winds.txt' %(metallicity_index,metallicity_index),dtype = tdtype,names = None,skip_header = 3, delimiter = '&', autostrip = True)
				y = np.genfromtxt(localpath + 'input/yields/NuGrid_AGB_SNII_2013/set1p%d/element_table_set1.%d_yields_exp.txt' %(metallicity_index,metallicity_index),dtype = expdtype,names = None,skip_header = 3, delimiter = '&', autostrip = True)
				y['15_%s' %(which_sn_model_to_use)] += z['1500']
				y['20_%s' %(which_sn_model_to_use)] += z['2000']
				y['25_%s' %(which_sn_model_to_use)] += z['2500']
				
			# For python 3 the bytes need to be changed into strings
			element_list2 = []
			for j,item in enumerate(y['element1']):
					element_list2.append(item.decode('utf8'))
			y = rcfuncs.append_fields(y,'element',element_list2,usemask = False)
			
			yield_tables[self.metallicities[i]] = y
		
		self.elements = list(yield_tables[0.02]['element']) 
		# For python 3 the bytes need to be changed into strings
		self.masses = np.array((15,20,25,32,60))

		######
		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):
			yields_for_one_metallicity = yield_tables[metallicity]
			final_mass_name_tag = 'mass_in_remnants'
			additional_keys = ['Mass',final_mass_name_tag]
			names = additional_keys + self.elements
			if metallicity == 0.02:
				base = np.zeros(len(self.masses))
			else:
				base = np.zeros(len(self.masses)-2)
			list_of_arrays = []

			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)

			if metallicity == 0.02:
				yield_tables_final_structure_subtable['Mass'] = self.masses
			else:
				yield_tables_final_structure_subtable['Mass'] = self.masses[:-2]

			for i,item in enumerate(self.elements):
				################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
				if metallicity == 0.02:
					line_of_one_element = yields_for_one_metallicity[np.where(yields_for_one_metallicity['element']==item)]
					temp1 = np.zeros(5)
					temp1[0] = line_of_one_element['15_%s' %(which_sn_model_to_use)]
					temp1[1] = line_of_one_element['20_%s' %(which_sn_model_to_use)]
					temp1[2] = line_of_one_element['25_delay']
					temp1[3] = line_of_one_element['32_%s' %(which_sn_model_to_use)]
					temp1[4] = line_of_one_element['60_delay']
					yield_tables_final_structure_subtable[item] = np.divide(temp1,self.masses)

				else:
					line_of_one_element = yields_for_one_metallicity[np.where(yields_for_one_metallicity['element']==item)]
					temp1 = np.zeros(3)
					temp1[0] = line_of_one_element['15_%s' %(which_sn_model_to_use)]
					temp1[1] = line_of_one_element['20_%s' %(which_sn_model_to_use)]
					temp1[2] = line_of_one_element['25_%s' %(which_sn_model_to_use)]
					yield_tables_final_structure_subtable[item] = np.divide(temp1,self.masses[:-2])

			if metallicity == 0.02:
				yield_tables_final_structure_subtable[final_mass_name_tag][0] = (1-sum(yield_tables_final_structure_subtable[self.elements][0]))
				yield_tables_final_structure_subtable[final_mass_name_tag][1] = (1-sum(yield_tables_final_structure_subtable[self.elements][1]))
				yield_tables_final_structure_subtable[final_mass_name_tag][2] = (1-sum(yield_tables_final_structure_subtable[self.elements][2]))
				yield_tables_final_structure_subtable[final_mass_name_tag][3] = (1-sum(yield_tables_final_structure_subtable[self.elements][3]))
				yield_tables_final_structure_subtable[final_mass_name_tag][4] = (1-sum(yield_tables_final_structure_subtable[self.elements][4]))

			else:        
				yield_tables_final_structure_subtable[final_mass_name_tag][0] = (1-sum(yield_tables_final_structure_subtable[self.elements][0]))
				yield_tables_final_structure_subtable[final_mass_name_tag][1] = (1-sum(yield_tables_final_structure_subtable[self.elements][1]))
				yield_tables_final_structure_subtable[final_mass_name_tag][2] = (1-sum(yield_tables_final_structure_subtable[self.elements][2]))

			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable#[::-1]
		self.table = yield_tables_final_structure

		
	
[docs]	def one_parameter(self, elements, element_fractions):
		"""
		This function was introduced in order to find best-fit yield sets where each element has just a single yield (no metallicity or mass dependence).
                One potential problem is that sn2 feedback has a large fraction of Neon ~ 0.01, the next one missing is Argon but that only has 0.05%. This might spoil the metallicity derivation a bit.
		Another problem: He and the remnant mass fraction is not constrained in the APOGEE data. Maybe these can be constrained externally by yield sets or cosmic abundance standard or solar abundances.
		"""
		self.metallicities = [0.01]
		self.masses = np.array([10])
		self.elements = elements 

		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		

		additional_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']
		names = additional_keys + self.elements
		base = np.zeros(len(self.masses))
		list_of_arrays = []
		
		for i in range(len(names)):
			list_of_arrays.append(base)
		yield_table = np.core.records.fromarrays(list_of_arrays,names=names)
		yield_table['Mass'] = self.masses
		yield_table['mass_in_remnants'] = 0.1
		yield_table['unprocessed_mass_in_winds'] = 1 - yield_table['mass_in_remnants']
		for i,item in enumerate(self.elements[1:]):
			yield_table[item] = element_fractions[i+1]
		yield_table['H'] = -sum(element_fractions[1:])


		yield_tables_final_structure[self.metallicities[0]] = yield_table
		self.table = yield_tables_final_structure



[docs]	def Nomoto2013(self):
		'''
		Nomoto2013 sn2 yields from 13Msun onwards
		'''
		import numpy.lib.recfunctions as rcfuncs

		dt = np.dtype('a13,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8')
		yield_tables = {}
		self.metallicities = [0.0500,0.0200,0.0080,0.0040,0.0010]
		self.masses = np.array((13,15,18,20,25,30,40))
		z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/nomoto_2013_z=0.0200.dat',dtype=dt,names = True)
		
		yield_tables_dict = {}
		for item in self.metallicities:
			z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/nomoto_2013_z=%.4f.dat' %(item),dtype=dt,names = True)
			yield_tables_dict[item]=z

		hydrogen_list = ['H__1','H__2']
		helium_list = ['He_3','He_4']
		lithium_list = ['Li_6','Li_7']
		berillium_list = ['Be_9']
		boron_list = ['B_10','B_11']
		carbon_list = ['C_12','C_13']
		nitrogen_list = ['N_14','N_15']
		oxygen_list = ['O_16','O_17','O_18']
		fluorin_list = ['F_19']
		neon_list = ['Ne20','Ne21','Ne22']
		sodium_list = ['Na23']
		magnesium_list = ['Mg24','Mg25','Mg26']
		aluminium_list = ['Al27']
		silicon_list = ['Si28','Si29','Si30']
		phosphorus_list = ['P_31']
		sulfur_list = ['S_32','S_33','S_34','S_36']
		chlorine_list = ['Cl35','Cl37']
		argon_list = ['Ar36','Ar38','Ar40']
		potassium_list = ['K_39','K_41']
		calcium_list = ['K_40','Ca40','Ca42','Ca43','Ca44','Ca46','Ca48']
		scandium_list = ['Sc45']
		titanium_list = ['Ti46','Ti47','Ti48','Ti49','Ti50']
		vanadium_list = ['V_50','V_51']
		chromium_list = ['Cr50','Cr52','Cr53','Cr54']
		manganese_list = ['Mn55']
		iron_list = ['Fe54', 'Fe56','Fe57','Fe58']
		cobalt_list = ['Co59']
		nickel_list = ['Ni58','Ni60','Ni61','Ni62','Ni64']
		copper_list = ['Cu63','Cu65']
		zinc_list = ['Zn64','Zn66','Zn67','Zn68','Zn70']
		gallium_list = ['Ga69','Ga71']
		germanium_list = ['Ge70','Ge72','Ge73','Ge74']

		indexing = {}
		indexing['H'] = hydrogen_list
		indexing['He'] = helium_list
		indexing['Li'] = lithium_list
		indexing['Be'] = berillium_list
		indexing['B'] = boron_list
		
		indexing['C'] = carbon_list
		indexing['N'] = nitrogen_list
		indexing['O'] = oxygen_list
		indexing['F'] = fluorin_list
		indexing['Ne'] = neon_list
		indexing['Na'] = sodium_list
		indexing['Mg'] = magnesium_list
		indexing['Al'] = aluminium_list
		indexing['Si'] = silicon_list
		indexing['P'] = phosphorus_list
		indexing['S'] = sulfur_list
		indexing['Cl'] = chlorine_list
		indexing['Ar'] = argon_list
		indexing['K'] = potassium_list
		indexing['Ca'] = calcium_list
		indexing['Sc'] = scandium_list
		indexing['Ti'] = titanium_list
		indexing['V'] = vanadium_list
		indexing['Cr'] = chromium_list
		indexing['Mn'] = manganese_list
		indexing['Fe'] = iron_list
		indexing['Co'] = cobalt_list
		indexing['Ni'] = nickel_list
		indexing['Cu'] = copper_list
		indexing['Zn'] = zinc_list
		indexing['Ga'] = gallium_list
		indexing['Ge'] = germanium_list

		self.elements = list(indexing.keys())
		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):
			yields_for_one_metallicity = yield_tables_dict[metallicity]
			# For python 3 the bytes need to be changed into strings
			element_list2 = []
			for j,item in enumerate(yields_for_one_metallicity['M']):
					element_list2.append(item.decode('utf8'))
			yields_for_one_metallicity = rcfuncs.append_fields(yields_for_one_metallicity,'element',element_list2,usemask = False)
			additional_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']
			names = additional_keys + self.elements
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			yield_tables_final_structure_subtable['Mass'] = self.masses
			#yield_tables_final_structure_subtable['mass_in_remnants'] = yields_for_one_metallicity['M']
			temp1 = np.zeros(len(self.masses))
			temp1[0] = yields_for_one_metallicity[0][21]
			temp1[1] = yields_for_one_metallicity[0][22]
			temp1[2] = yields_for_one_metallicity[0][23]
			temp1[3] = yields_for_one_metallicity[0][24]
			temp1[4] = yields_for_one_metallicity[0][25]
			temp1[5] = yields_for_one_metallicity[0][26]
			temp1[6] = yields_for_one_metallicity[0][27]

			yield_tables_final_structure_subtable['mass_in_remnants'] = np.divide(temp1,self.masses)
			for i,item in enumerate(self.elements):
				yield_tables_final_structure_subtable[item] = 0
				for j,jtem in enumerate(indexing[item]):
						################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
						line_of_one_element = yields_for_one_metallicity[np.where(yields_for_one_metallicity['element']==jtem)][0]
						temp1 = np.zeros(len(self.masses))
						temp1[0] = line_of_one_element[21]
						temp1[1] = line_of_one_element[22]
						temp1[2] = line_of_one_element[23]
						temp1[3] = line_of_one_element[24]
						temp1[4] = line_of_one_element[25]
						temp1[5] = line_of_one_element[26]
						temp1[6] = line_of_one_element[27]
						yield_tables_final_structure_subtable[item] += np.divide(temp1,self.masses)
						
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][0] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][0]-sum(yield_tables_final_structure_subtable[self.elements][0]))#yields_for_one_metallicity[0][21]#
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][1] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][1]-sum(yield_tables_final_structure_subtable[self.elements][1]))#yields_for_one_metallicity[0][22]#
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][2] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][2]-sum(yield_tables_final_structure_subtable[self.elements][2]))#yields_for_one_metallicity[0][23]#divided by mass because 'mass in remnant' is also normalised
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][3] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][3]-sum(yield_tables_final_structure_subtable[self.elements][3]))#yields_for_one_metallicity[0][24]#
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][4] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][4]-sum(yield_tables_final_structure_subtable[self.elements][4]))#yields_for_one_metallicity[0][25]#
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][5] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][5]-sum(yield_tables_final_structure_subtable[self.elements][5]))#yields_for_one_metallicity[0][26]#
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][6] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][6]-sum(yield_tables_final_structure_subtable[self.elements][6]))#yields_for_one_metallicity[0][27]#
	

			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable#[::-1]
		self.table = yield_tables_final_structure



[docs]	def Nomoto2013_net(self):
		'''
		Nomoto2013 sn2 yields from 13Msun onwards
		'''
		import numpy.lib.recfunctions as rcfuncs

		dt = np.dtype('a13,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8')
		yield_tables = {}
		self.metallicities = [0.0500,0.0200,0.0080,0.0040,0.0010]
		self.masses = np.array((13,15,18,20,25,30,40))
		z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/nomoto_2013_z=0.0200.dat',dtype=dt,names = True)
		
		yield_tables_dict = {}
		for item in self.metallicities:
			z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/nomoto_2013_z=%.4f.dat' %(item),dtype=dt,names = True)
			yield_tables_dict[item]=z

		hydrogen_list = ['H__1','H__2']
		helium_list = ['He_3','He_4']
		lithium_list = ['Li_6','Li_7']
		berillium_list = ['Be_9']
		boron_list = ['B_10','B_11']
		carbon_list = ['C_12','C_13']
		nitrogen_list = ['N_14','N_15']
		oxygen_list = ['O_16','O_17','O_18']
		fluorin_list = ['F_19']
		neon_list = ['Ne20','Ne21','Ne22']
		sodium_list = ['Na23']
		magnesium_list = ['Mg24','Mg25','Mg26']
		aluminium_list = ['Al27']
		silicon_list = ['Si28','Si29','Si30']
		phosphorus_list = ['P_31']
		sulfur_list = ['S_32','S_33','S_34','S_36']
		chlorine_list = ['Cl35','Cl37']
		argon_list = ['Ar36','Ar38','Ar40']
		potassium_list = ['K_39','K_41']
		calcium_list = ['K_40','Ca40','Ca42','Ca43','Ca44','Ca46','Ca48']
		scandium_list = ['Sc45']
		titanium_list = ['Ti46','Ti47','Ti48','Ti49','Ti50']
		vanadium_list = ['V_50','V_51']
		chromium_list = ['Cr50','Cr52','Cr53','Cr54']
		manganese_list = ['Mn55']
		iron_list = ['Fe54', 'Fe56','Fe57','Fe58']
		cobalt_list = ['Co59']
		nickel_list = ['Ni58','Ni60','Ni61','Ni62','Ni64']
		copper_list = ['Cu63','Cu65']
		zinc_list = ['Zn64','Zn66','Zn67','Zn68','Zn70']
		gallium_list = ['Ga69','Ga71']
		germanium_list = ['Ge70','Ge72','Ge73','Ge74']

		indexing = {}
		indexing['H'] = hydrogen_list
		indexing['He'] = helium_list
		indexing['Li'] = lithium_list
		indexing['Be'] = berillium_list
		indexing['B'] = boron_list
		
		indexing['C'] = carbon_list
		indexing['N'] = nitrogen_list
		indexing['O'] = oxygen_list
		indexing['F'] = fluorin_list
		indexing['Ne'] = neon_list
		indexing['Na'] = sodium_list
		indexing['Mg'] = magnesium_list
		indexing['Al'] = aluminium_list
		indexing['Si'] = silicon_list
		indexing['P'] = phosphorus_list
		indexing['S'] = sulfur_list
		indexing['Cl'] = chlorine_list
		indexing['Ar'] = argon_list
		indexing['K'] = potassium_list
		indexing['Ca'] = calcium_list
		indexing['Sc'] = scandium_list
		indexing['Ti'] = titanium_list
		indexing['V'] = vanadium_list
		indexing['Cr'] = chromium_list
		indexing['Mn'] = manganese_list
		indexing['Fe'] = iron_list
		indexing['Co'] = cobalt_list
		indexing['Ni'] = nickel_list
		indexing['Cu'] = copper_list
		indexing['Zn'] = zinc_list
		indexing['Ga'] = gallium_list
		indexing['Ge'] = germanium_list

		self.elements = list(indexing.keys())
		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):

			yield_tables_final_structure[metallicity] = np.load(localpath + 'input/yields/Nomoto2013/nomoto_net_met_ind_%d.npy' %(metallicity_index))
		self.table = yield_tables_final_structure



[docs]	def West17_net(self):
		""" CC-SN data from the ertl.txt file from Chris West & Alexander Heger (2017, in prep)
		
		Only elements up to Ge are implemented here - but original table has all up to Pb"""
		
		# Index elements
		indexing = {}
		indexing['H'] =  ['H1', 'H2']
		indexing['He'] =  ['He3', 'He4']
		indexing['Li'] =  ['Li6', 'Li7']
		indexing['Be'] =  ['Be9']
		indexing['B'] =  ['B10', 'B11']
		indexing['C'] =  ['C12', 'C13']
		indexing['N'] =  ['N14', 'N15']
		indexing['O'] =  ['O16', 'O17', 'O18']
		indexing['F'] =  ['F19']
		indexing['Ne'] =  ['Ne20', 'Ne21', 'Ne22']
		indexing['Na'] =  ['Na23']
		indexing['Mg'] =  ['Mg24', 'Mg25', 'Mg26']
		indexing['Al'] =  ['Al27']
		indexing['Si'] =  ['Si28', 'Si29', 'Si30']
		indexing['P'] =  ['P31']
		indexing['S'] =  ['S32','S33','S34','S36']
		indexing['Cl'] =  ['Cl35', 'Cl37']
		indexing['Ar'] =  ['Ar36', 'Ar38', 'Ar40']
		indexing['K'] =  ['K39', 'K41']
		indexing['Ca'] =  ['K40','Ca40', 'Ca42', 'Ca43', 'Ca44', 'Ca46', 'Ca48']
		indexing['Sc'] =  ['Sc45']
		indexing['Ti'] =  ['Ti46', 'Ti47', 'Ti48', 'Ti49', 'Ti50']
		indexing['V'] =  ['V50', 'V51']
		indexing['Cr'] =  ['Cr50', 'Cr52', 'Cr53', 'Cr54']
		indexing['Mn'] =  ['Mn55']
		indexing['Fe'] =  ['Fe54', 'Fe56', 'Fe57', 'Fe58']
		indexing['Co'] =  ['Co59']
		indexing['Ni'] =  ['Ni58', 'Ni60', 'Ni61', 'Ni62', 'Ni64']
		indexing['Cu'] =  ['Cu63', 'Cu65']
		indexing['Zn'] =  ['Zn64', 'Zn66', 'Zn67', 'Zn68', 'Zn70']
		indexing['Ga'] =  ['Ga69', 'Ga71']
		indexing['Ge'] =  ['Ge70', 'Ge72', 'Ge73', 'Ge74', 'Ge76']
			  
		# Load data
		data = np.genfromtxt(localpath + '/input/yields/West17/ertl.txt',skip_header=102,names=True)
		# Load model parameters
		z_solar = 0.0153032
		self.masses = np.unique(data['mass'])
		scaled_z = np.unique(data['metallicity']) # scaled to solar
		self.metallicities = scaled_z*z_solar # actual metallicities
		
		self.elements = [key for key in indexing.keys()] # list of elements
				
		# Output table
		self.table = {}
		
		# Create initial abundances
		init_abun = {}
		
		import os
		
		if os.path.exists(localpath + '/input/yields/West17/init_abun.npz'):
			init_file = np.load(localpath + '/input/yields/West17/init_abun.npz')
			for z_in,sc_z in enumerate(scaled_z):
				init_abun[sc_z] = {}
				for k,key in enumerate(init_file['keys']):
					init_abun[sc_z][key] = init_file['datfile'][z_in][k]
		else: # If not already saved
			
			# Import initial abundance package
			os.chdir(localpath + '/input/yields/West17')
			import gch_wh13
			os.chdir('../../../../')
			
			init_dat = []
			from matplotlib.cbook import flatten
			all_isotopes=list(flatten(list(indexing.values())))	
			for sc_z in scaled_z:
				init_abun[sc_z] = gch_wh13.GCHWH13(sc_z)
				init_dat.append(init_abun[sc_z].abu)
			np.savez(localpath + '/input/yields/West17/init_abun.npz',datfile=init_dat,keys=all_isotopes)
		
		for z_index,z in enumerate(self.metallicities): # Define table for each metallicity
		
			# Initialise subtables
			yield_subtable = {}
			yield_subtable['mass_in_remnants'] = []
			yield_subtable['Mass'] = self.masses
			for el in self.elements:
				yield_subtable[el]=[]
			
			# Find correct row in table
			for mass in self.masses:
				for r,row in enumerate(data):
					if row['mass'] == mass and row['metallicity']==scaled_z[z_index]:
						row_index = r
						break
				
				# Add remnant mass fraction
				remnant = data['remnant'][row_index]
				yield_subtable['mass_in_remnants'].append(remnant/mass)
				
				# Add each isotope into table
				for element in self.elements:
					el_net_yield = 0
					for isotope in indexing[element]: # Sum contributions from each element
						isotope_net_yield = data[isotope][r]/mass-init_abun[scaled_z[z_index]][isotope]*(mass-remnant)/mass
						el_net_yield +=isotope_net_yield # combine for total isotope yield
					yield_subtable[element].append(el_net_yield)
				   
			
			summed_yields = np.zeros(len(self.masses)) # Total net yield - should be approx 1
			for element in self.elements:
				yield_subtable[element] = np.asarray(yield_subtable[element])
				summed_yields+=yield_subtable[element]
			
			# Write into yield table
			yield_subtable['mass_in_remnants'] = np.asarray(yield_subtable['mass_in_remnants'])
			yield_subtable['unprocessed_mass_in_winds'] = 1.0-yield_subtable['mass_in_remnants']-summed_yields
					
			# Restructure table
			all_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']+self.elements
			
			list_of_arrays = [yield_subtable[key] for key in all_keys]
			restructure_subtable = np.core.records.fromarrays(list_of_arrays,names=all_keys)
					
			self.table[z] = restructure_subtable

		
[docs]	def Frischknecht16_net(self):
		""" DO NOT USE!!
		pre-SN2 yields from Frischknecht et al. 2016. These are implemented for masses of 15-40Msun, for rotating stars.
		Yields from stars with 'normal' rotations are used here.
		These are net yields automatically, so no conversions need to be made
		"""
		import numpy.lib.recfunctions as rcfuncs
		import os
		
		# Define metallicites 
		self.metallicities = [0.0134,1e-3,1e-5] # First is solar value
	
		# Define masses
		self.masses=  np.array((15,20,25,40))
		
		# Define isotope indexing. For radioactive isotopes with half-lives << Chempy time_step they are assigned to their daughter element
		# NB: we only use elements up to Ge here, as in the paper
		indexing={}
		indexing['H']=['p','d']
		indexing['He'] = ['he3','he4']
		indexing['Li'] = ['li6','li7']
		indexing['Be']  = ['be9']
		indexing['B']  = ['b10','b11']
		indexing['C']  = ['c12','c13']
		indexing['N']  = ['n14','n15']
		indexing['O']  = ['o16','o17','o18']
		indexing['F']  = ['f19']
		indexing['Ne']  = ['ne20','ne21','ne22']
		indexing['Na']  = ['na23']
		indexing['Mg']  = ['mg24','mg25','mg26','al26']
		indexing['Al']  = ['al27']
		indexing['Si']  = ['si28','si29','si30']
		indexing['P']  = ['p31']
		indexing['S']  = ['s32','s33','s34','s36']
		indexing['Cl']  = ['cl35','cl37']
		indexing['Ar']  = ['ar36','ar38','ar40']
		indexing['K']  = ['k39','k41']
		indexing['Ca']  = ['ca40','ca42','ca43','ca44','ca46','ca48']
		indexing['Sc']  = ['sc45']
		indexing['Ti']  = ['ti46','ti47','ti48','ti49','ti50']
		indexing['V']  = ['v50','v51']
		indexing['Cr']  = ['cr50','cr52','cr53','cr54']
		indexing['Mn']  = ['mn55']
		indexing['Fe']  = ['fe54', 'fe56','fe57','fe58']
		indexing['Co']  = ['fe60', 'co59']
		indexing['Ni']  = ['ni58','ni60','ni61','ni62','ni64']
		indexing['Cu']  = ['cu63','cu65']
		indexing['Zn']  = ['zn64','zn66','zn67','zn68','zn70']
		indexing['Ga']  = ['ga69','ga71']
		indexing['Ge']  = ['ge70','ge72','ge73','ge74','ge76']
  
		# Define indexed elements 
		self.elements = list(indexing.keys())
		
		
		# Define data types
		dt = np.dtype('U8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8')
	
		# Initialise yield table
		yield_table = {}
	
		
		# Import full table with correct rows and data-types
		z = np.genfromtxt(localpath+'input/yields/Frischknecht16/yields_total.txt',skip_header=62,dtype=dt)
		
		
		
		# Create model dictionary indexed by metallicity, giving relevant model number for each choice of mass
		# See Frischknecht info_yields.txt file for model information
		model_dict = {}
		model_dict[0.0134] = [2,8,14,27]
		model_dict[1e-3]=[4,10,16,28]
		model_dict[1e-5]=[6,12,18,29]
		
		# Import list of remnant masses for each model (from row 32-60, column 6 of .txt file) 
		# NB: these are in solar masses
		rem_mass_table = np.loadtxt(localpath+'input/yields/Frischknecht16/yields_total.txt',skiprows=31,usecols=6)[:29]

		# Create one subtable for each metallicity 
		for metallicity in self.metallicities:
			additional_keys = ['Mass', 'mass_in_remnants','unprocessed_mass_in_winds'] # List of keys for table
			names = additional_keys + self.elements
			
			# Initialise table and arrays   
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			mass_in_remnants = np.zeros(len(self.masses))
			total_mass_fraction = np.zeros(len(self.masses))
			element_mass = np.zeros(len(self.masses))
			
			# Add masses to table
			yield_subtable['Mass'] = self.masses
		    
		    
			# Extract remnant masses (in solar masses) for each model:			
			for mass_index,model_index in enumerate(model_dict[metallicity]):
				mass_in_remnants[mass_index] = rem_mass_table[model_index-1] 
		   
		   # Iterate over all elements 
			for element in self.elements:
				element_mass = np.zeros(len(self.masses))
				for isotope in indexing[element]: # Iterate over isotopes of each element
					for mass_index,model_index in enumerate(model_dict[metallicity]): # Iterate over masses 
						for row in z: # Find required row in table 
							if row[0] == isotope:
								element_mass[mass_index]+=row[model_index] # Compute cumulative mass for all isotopes
				yield_subtable[element]=np.divide(element_mass,self.masses) # Add entry to subtable
		    
			all_fractions = [row[model_index] for row in z] # This lists all elements (not just up to Ge)
			total_mass_fraction[mass_index] = np.sum(all_fractions) # Compute total net mass fraction (sums to approximately 0)
			
			# Add fields for remnant mass (now as a mass fraction) and unprocessed mass fraction			
			yield_subtable['mass_in_remnants']=np.divide(mass_in_remnants,self.masses)                    
			yield_subtable['unprocessed_mass_in_winds'] = 1.-(yield_subtable['mass_in_remnants']+total_mass_fraction) # This is all mass not from yields/remnants
			
			# Add subtable to full table
			yield_table[metallicity]=yield_subtable

		# Define final yield table for output
		self.table = yield_table

	
[docs]	def NuGrid_net(self,model_type='delay'):
		""" This gives the net SNII yields from the NuGrid collaboration (Ritter et al. 2017 (in prep))
		Either rapid or delay SN2 yields (Fryer et al. 2012) can be used - changeable via the model_type parameter.
		
		Delay models are chosen for good match with the Fe yields of Nomoto et al. (2006) and Chieffi & Limongi (2004)		
		"""

		# Create list of masses and metallicites:
		self.masses = [12.0,15.0,20.0,25.0]
		self.metallicities = [0.02,0.01,0.006,0.001,0.0001]		
		
		# First define names of yield tables and the remnant masses for each metallicity (in solar masses)
		if model_type == 'delay':
			filename=localpath+'input/yields/NuGrid/H NuGrid yields delay_total.txt'
			remnants = {}
			remnants[0.02] = [1.61,1.61,2.73,5.71] # This gives remnant masses for each mass
			remnants[0.01] = [1.61,1.61,2.77,6.05]
			remnants[0.006] = [1.62,1.62,2.79,6.18]
			remnants[0.001] = [1.62,1.62,2.81,6.35]
			remnants[0.0001] = [1.62,1.62,2.82,6.38]
		elif model_type == 'rapid':
			filename = localpath+'input/yields/NuGrid/H NuGrid yields rapid total.txt'
			remnants = {}
			remnants[0.02] = [1.44,1.44,2.70,12.81] # Define remnants from metallicities
			remnants[0.01] = [1.44,1.44,1.83,9.84]
			remnants[0.006] = [1.44, 1.44, 1.77, 7.84]
			remnants[0.001] = [1.44,1.44,1.76,5.88]
			remnants[0.0001] = [1.44,1.44,1.76,5.61]
		else:
			raise ValueError('Wrong type: must be delay or rapid')
    
		# Define which lines in the .txt files to use. 
		# This defines cuts starting at each relevant table
		cuts={}
		for z in self.metallicities:
			cuts[z] = [] 
			for mass in self.masses:
				txtfile=open(filename,"r")
				for line_no,line in enumerate(txtfile):
					if str(mass) in line and str(z) in line:
						cuts[z].append(line_no)
                
		line_end = line_no # Final line
		
		# Create list of elements taken from data-file (from first relevant table)
		data = np.genfromtxt(filename,skip_header=int(cuts[0.02][0])+4,
                             skip_footer=line_end-int(cuts[0.02][0])-83,
                    dtype=['<U8','<U15','<U15','<U15'])
                    
		self.elements = [str(line[0][1:]) for line in data]
	
		self.table={} # Initialize final output
		
		for z in self.metallicities: # Produce subtable for each metallicity
			yield_subtable={}
			yield_subtable['Mass'] = self.masses
			yield_subtable['mass_in_remnants'] = np.divide(np.asarray(remnants[z]),self.masses) # Initialize lists
			for el in self.elements:
				yield_subtable[el] = []
             
			for m_index,mass in enumerate(self.masses): # Create data array for each mass
				unprocessed_mass = mass-remnants[z][m_index] # Mass not in remnants in Msun
				data = np.genfromtxt(filename,skip_header=int(cuts[z][m_index])+4,
					skip_footer=line_end-int(cuts[z][m_index])-83,dtype=['<U8','<U15','<U15','<U15']) # Read from data file
				
				# Now iterate over data-file and read in element names
				# NB: [1:]s are necessary as each element in txt file starts with &   		
				for line in data:
					el_name = str(line[0][1:]) # Name of element
					el_yield = float(line[1][1:]) # Yield in Msun
					el_init = float(line[2][1:]) # Initial mass fraction 
					el_net = el_yield-el_init*unprocessed_mass
					yield_subtable[el_name].append(el_net/mass) # Net mass fraction
					  			
	  		# Calculate summed net yield - should be approximately 0	
			summed_yields = np.zeros(len(self.masses))
			for el in self.elements:
				yield_subtable[el] = np.asarray(yield_subtable[el])
				summed_yields+=yield_subtable[el]
			
			# Compute mass not in remnants with summed net yield small correction		
			yield_subtable['unprocessed_mass_in_winds'] = 1.0-yield_subtable['mass_in_remnants']-summed_yields
    		
    		# Restructure dictionary into record array for output
			all_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']+self.elements
			list_of_arrays = [yield_subtable[key] for key in all_keys]
			restructure_subtable = np.core.records.fromarrays(list_of_arrays,names=all_keys)
    		
			self.table[z] = restructure_subtable # This is output table for specific z

    		
		# Yield table output is self.table
    	
    	
[docs]	def TNG_net(self):
		""" This loads the CC-SN yields used in the Illustris TNG simulation.
		This includes Kobayashi (2006) and Portinari (1998) tables - see Pillepich et al. 2017
		
		THIS ONLY WORKS FOR IMF SLOPE IS -2.3 - DO NOT OPTIMIZE OVER THIS
		"""  
		
		import h5py as h5
		filename = localpath+'input/yields/TNG/SNII.hdf5'
		# Read H5 file
		f = h5.File(filename, "r")
		
		# Define element indexing			
		indexing = {}
		indexing['H'] = 'Hydrogen'
		indexing['He'] = 'Helium'
		indexing['C'] = 'Carbon'
		indexing['N']= 'Nitrogen'
		indexing['O'] = 'Oxygen'
		indexing['Ne'] = 'Neon'
		indexing['Mg'] = 'Magnesium'
		indexing['Si'] = 'Silicon'
		indexing['S'] = 'Sulphur' # Not used by TNG simulation
		indexing['Ca'] = 'Calcium' # Not used by TNG simulation
		indexing['Fe'] = 'Iron'
		
		self.elements = list(indexing.keys())
		
		self.table = {}
		
		# Define masses / metallicities
		self.metallicities = list(f['Metallicities'].value)
		self.masses = f['Masses'].value

 	
		for z_index,z in enumerate(self.metallicities):
		    
			yield_subtable = {}
		    
			z_name = f['Yield_names'].value[z_index].decode('utf-8')
			z_data = f['Yields/'+z_name+'/Yield']
		     
			ejecta_mass = f['Yields/'+z_name+'/Ejected_mass'].value
		    
			yield_subtable['Mass'] = self.masses
			remnants = self.masses-ejecta_mass
			yield_subtable['mass_in_remnants'] = np.divide(remnants,self.masses)
			for el in list(indexing.keys()):
				yield_subtable[el] = np.zeros(len(self.masses))
		     
			summed_yields = np.zeros(len(self.masses))
		        
			for m_index,mass in enumerate(self.masses):
				for el_index,el in enumerate(self.elements):
					el_yield_fraction = z_data[el_index][m_index]/mass #(mass-remnants[m_index]) # Find fraction of ejecta per element
					yield_subtable[el][m_index] = el_yield_fraction					
					summed_yields[m_index]+=el_yield_fraction # Compute total yield
		         
			yield_subtable['unprocessed_mass_in_winds'] = 1.-summed_yields-yield_subtable['mass_in_remnants']
		    
		     
			# Restructure table
			all_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']+self.elements
		
			list_of_arrays = [yield_subtable[key] for key in all_keys]
			restructure_subtable = np.core.records.fromarrays(list_of_arrays,names=all_keys)
		
			self.table[z] = restructure_subtable


[docs]	def CL18_net(self):
		"""These are net yields from Chieffi + Limongi 2018 (unpublished), downloaded from http://orfeo.iaps.inaf.it/"""
	
		datpath=localpath+'/input/yields/CL18/'
	
		self.metallicities=[0.0134,0.00134,0.000134,0.0000134] # metallicities of [Fe/H]=[0,-1,-2,-3]
		rotations=[0,150,300] # initial rotational velocity in km/s
		self.masses=np.array([13,15,20,25,30,40,60,80,120])
		weight_matrix=np.array([[0.7,0.3,0.],[0.6,0.4,0.],[0.48,0.48,0.04],[0.05,0.7,0.25]]) # np.array([[1.,0.,0.],[1.,0.,0.],[1.,0.,0.],[1.,0.,0.]])#
	
		self.elements=['H','He','Li','Be','B','C','N','O','F','Ne','Na','Mg','Al','Si','P','S','Cl','Ar','K','Ca','Sc','Ti','V','Cr','Mn','Fe','Co','Ni','Cu','Zn','Ga','Ge','As','Se','Br','Kr','Rb','Sr','Y','Zr','Nb','Mo','Xe','Cs','Ba','La','Ce','Pr','Nd','Hg','Tl','Pb','Bi']
		LEN=len(self.elements)
		yield_table={}
	
		# Import full table with correct rows and data-types
		dt = np.dtype('U8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8')
	
		# Load once in full to find length
		z = np.genfromtxt(datpath+'tab_yieldsnet_ele_exp.dec',skip_header=1,dtype=dt)
		full_len=len(z)+1
	
		# Import full table with correct rows and data-types
		dt = np.dtype('U8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8')
		for m,met in enumerate(self.metallicities):
			z,zTot=[],[]
			for rotation_index in range(3):
				header=(3*m+rotation_index)*(LEN+1)+1
				z.append(np.genfromtxt(datpath+'tab_yieldsnet_ele_exp.dec',skip_header=header,skip_footer=full_len-header-LEN,dtype=dt))
				zTot.append(np.genfromtxt(datpath+'tab_yieldstot_ele_exp.dec',skip_header=header,skip_footer=full_len-header-LEN,dtype=dt))
	
			additional_keys = ['Mass', 'mass_in_remnants','unprocessed_mass_in_winds'] # List of keys for table
			names = additional_keys + self.elements
	
			# Initialise table and arrays   
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			mass_in_remnants = np.zeros(len(self.masses))
			total_mass_fraction = np.zeros(len(self.masses))
			element_mass = np.zeros(len(self.masses))
			yield_subtable['Mass']=self.masses
			tot_yield=np.zeros(len(self.masses))
	
			for e,el in enumerate(self.elements):
				for m_index in range(len(self.masses)):
					for rotation_index in range(3):
						yield_subtable[el][m_index]+=z[rotation_index][e][m_index+4]*weight_matrix[m,rotation_index]/self.masses[m_index]
					tot_yield[m_index]+=yield_subtable[el][m_index]
	
			# Compute total remnant mass
			for m_index,mass in enumerate(self.masses):
				for rotation_index in range(3):
					yield_subtable['mass_in_remnants'][m_index]+=(1.-np.sum([zTot[rotation_index][i][m_index+4] for i in range(len(self.elements))])/mass)*weight_matrix[m,rotation_index]
	
			# Compute unprocessed mass
			yield_subtable['unprocessed_mass_in_winds']=1.-yield_subtable['mass_in_remnants']-tot_yield
	
			yield_table[met]=yield_subtable
		self.table=yield_table



#######################
[docs]class AGB_feedback(object):
	def __init__(self):   
		"""
		This is the object that holds the feedback table for agb stars.
                The different methods load different tables from the literature. They are in the input/yields/ folder.
		"""
		
[docs]	def TNG_net(self):
		""" This gives the yields used in the IllustrisTNG simulation (see Pillepich et al. 2017)
		These are net yields, and a combination of Karakas (2006), Doherty et al. (2014) & Fishlock et al. (2014)
		These were provided by Annalisa herself.	
		
		This is indexing backwards in mass (high to low) to match with Karakas tables	
		"""
		import h5py as h5
		filename = localpath+'input/yields/TNG/AGB.hdf5'
		# Read H5 file
		f = h5.File(filename, "r")

		indexing = {}
		indexing['H'] = 'Hydrogen'
		indexing['He'] = 'Helium'
		indexing['C'] = 'Carbon'
		indexing['N']= 'Nitrogen'
		indexing['O'] = 'Oxygen'
		indexing['Ne'] = 'Neon'
		indexing['Mg'] = 'Magnesium'
		indexing['Si'] = 'Silicon'
		indexing['S'] = 'Sulphur' # Not used by TNG simulation
		indexing['Ca'] = 'Calcium' # Not used by TNG simulation
		indexing['Fe'] = 'Iron'

		self.elements = list(indexing.keys())
		
		self.table = {}
		
		self.metallicities = list(f['Metallicities'].value)
		self.masses = f['Masses'].value
		

		for z_index,z in enumerate(self.metallicities):
 
			yield_subtable = {}
			 
			z_name = f['Yield_names'].value[z_index].decode('utf-8')
			z_data = f['Yields/'+z_name+'/Yield']
			  
			ejecta_mass = f['Yields/'+z_name+'/Ejected_mass'].value
			 
			yield_subtable['Mass'] = list(reversed(self.masses))
			remnants = self.masses-ejecta_mass
			yield_subtable['mass_in_remnants'] = np.divide(list(reversed(remnants)),yield_subtable['Mass'])
			for el in list(indexing.keys()):
				yield_subtable[el] = np.zeros(len(self.masses))
			  
			summed_yields = np.zeros(len(self.masses))
			  
			for m_index,mass in enumerate(yield_subtable['Mass']):
				for el_index,el in enumerate(self.elements):
					el_yield = z_data[el_index][len(self.masses)-m_index-1]
					el_yield_fraction = el_yield/mass
					yield_subtable[el][m_index] = el_yield_fraction
					summed_yields[m_index]+=el_yield_fraction
			 
			yield_subtable['unprocessed_mass_in_winds'] = 1.-summed_yields-yield_subtable['mass_in_remnants']
			 
			 
			self.table[z.astype(float)] = yield_subtable
			 
			# Restructure table
			all_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']+self.elements
			
			list_of_arrays = [yield_subtable[key] for key in all_keys]
			restructure_subtable = np.core.records.fromarrays(list_of_arrays,names=all_keys)
			
			self.table[z] = restructure_subtable

			
			
[docs]	def Ventura_net(self):
		"""
		Ventura 2013 net yields from Paolo himself
		"""
		self.metallicities = [0.04,0.018,0.008,0.004,0.001,0.0003]
		x = np.genfromtxt(localpath + 'input/yields/Ventura2013/0.018.txt',names=True)
		self.masses = x['Mass']
		self.elements = ['H', 'He', 'Li','C','N','O','F','Ne','Na','Mg','Al','Si']
		###
		yield_tables_final_structure = {}
		for metallicity in self.metallicities:
			x = np.genfromtxt(localpath + 'input/yields/Ventura2013/%s.txt' %(str(metallicity)),names=True)
			additional_keys = ['Mass', 'mass_in_remnants','unprocessed_mass_in_winds']
			names = additional_keys + self.elements
			base = np.zeros(len(x['Mass']))
			list_of_arrays = []
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			yield_tables_final_structure_subtable['Mass'] = x['Mass']
			yield_tables_final_structure_subtable['mass_in_remnants'] = np.divide(x['mass_in_remnants'],x['Mass'])	
			for item in self.elements:
				if item == 'C':
					yield_tables_final_structure_subtable[item] = x['C12']
					yield_tables_final_structure_subtable[item] += x['C13']
				elif item == 'N':
					yield_tables_final_structure_subtable[item] = x['N14']
				elif item == 'O':
					yield_tables_final_structure_subtable[item] = x['O16']
					yield_tables_final_structure_subtable[item] += x['O17']
					yield_tables_final_structure_subtable[item] += x['O18']
				elif item == 'F':
					yield_tables_final_structure_subtable[item] = x['F19']
				elif item == 'Ne':
					yield_tables_final_structure_subtable[item] = x['NE20']
					yield_tables_final_structure_subtable[item] += x['NE22']
				elif item == 'Na':
					yield_tables_final_structure_subtable[item] = x['NA23']
				elif item == 'Mg':
					yield_tables_final_structure_subtable[item] = x['MG24']
					yield_tables_final_structure_subtable[item] += x['MG25']
					yield_tables_final_structure_subtable[item] += x['MG26']
				elif item == 'Al':
					yield_tables_final_structure_subtable[item] = x['AL26']
					yield_tables_final_structure_subtable[item] += x['AL27']
				elif item == 'Si':
					yield_tables_final_structure_subtable[item] = x['SI28']
				else:
					yield_tables_final_structure_subtable[item] = x[item]
			for item in self.elements:
				yield_tables_final_structure_subtable[item] = np.divide(yield_tables_final_structure_subtable[item],x['Mass'])

			for i,item in enumerate(x['Mass']):
				yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][i] = 1. - (yield_tables_final_structure_subtable['mass_in_remnants'][i] + sum(list(yield_tables_final_structure_subtable[self.elements][i])))

			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable

		self.table = yield_tables_final_structure

		###

[docs]	def Nomoto2013(self):
		'''
		Nomoto2013 agb yields up to 6.5Msun and are a copy of Karakas2010. Only that the yields here are given as net yields which does not help so much
		'''
		dt = np.dtype('a13,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8,f8')
		yield_tables = {}
		self.metallicities = [0.0500,0.0200,0.0080,0.0040,0.0010]
		self.masses = np.array((1.,1.2,1.5,1.8,1.9,2.0,2.2,2.5,3.0,3.5,4.0,4.5,5.0,5.5,6.0))#,6.5,7.0,8.0,10.))
		z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/nomoto_2013_z=0.0200.dat',dtype=dt,names = True)
		
		yield_tables_dict = {}
		for item in self.metallicities:
			z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/nomoto_2013_z=%.4f.dat' %(item),dtype=dt,names = True)
			yield_tables_dict[item]=z
		#########################
		hydrogen_list = ['H__1','H__2']
		helium_list = ['He_3','He_4']
		lithium_list = ['Li_6','Li_7']
		berillium_list = ['Be_9']
		boron_list = ['B_10','B_11']
		carbon_list = ['C_12','C_13']
		nitrogen_list = ['N_14','N_15']
		oxygen_list = ['O_16','O_17','O_18']
		fluorin_list = ['F_19']
		neon_list = ['Ne20','Ne21','Ne22']
		sodium_list = ['Na23']
		magnesium_list = ['Mg24','Mg25','Mg26']
		aluminium_list = ['Al27']
		silicon_list = ['Si28','Si29','Si30']
		phosphorus_list = ['P_31']
		sulfur_list = ['S_32','S_33','S_34','S_36']
		chlorine_list = ['Cl35','Cl37']
		argon_list = ['Ar36','Ar38','Ar40']
		potassium_list = ['K_39','K_41']
		calcium_list = ['K_40','Ca40','Ca42','Ca43','Ca44','Ca46','Ca48']
		scandium_list = ['Sc45']
		titanium_list = ['Ti46','Ti47','Ti48','Ti49','Ti50']
		vanadium_list = ['V_50','V_51']
		chromium_list = ['Cr50','Cr52','Cr53','Cr54']
		manganese_list = ['Mn55']
		iron_list = ['Fe54', 'Fe56','Fe57','Fe58']
		cobalt_list = ['Co59']
		nickel_list = ['Ni58','Ni60','Ni61','Ni62','Ni64']
		copper_list = ['Cu63','Cu65']
		zinc_list = ['Zn64','Zn66','Zn67','Zn68','Zn70']
		gallium_list = ['Ga69','Ga71']
		germanium_list = ['Ge70','Ge72','Ge73','Ge74']

		indexing = {}
		indexing['H'] = hydrogen_list
		indexing['He'] = helium_list
		indexing['Li'] = lithium_list
		indexing['Be'] = berillium_list
		indexing['B'] = boron_list
		
		indexing['C'] = carbon_list
		indexing['N'] = nitrogen_list
		indexing['O'] = oxygen_list
		indexing['F'] = fluorin_list
		indexing['Ne'] = neon_list
		indexing['Na'] = sodium_list
		indexing['Mg'] = magnesium_list
		indexing['Al'] = aluminium_list
		indexing['Si'] = silicon_list
		indexing['P'] = phosphorus_list
		indexing['S'] = sulfur_list
		indexing['Cl'] = chlorine_list
		indexing['Ar'] = argon_list
		indexing['K'] = potassium_list
		indexing['Ca'] = calcium_list
		indexing['Sc'] = scandium_list
		indexing['Ti'] = titanium_list
		indexing['V'] = vanadium_list
		indexing['Cr'] = chromium_list
		indexing['Mn'] = manganese_list
		indexing['Fe'] = iron_list
		indexing['Co'] = cobalt_list
		indexing['Ni'] = nickel_list
		indexing['Cu'] = copper_list
		indexing['Zn'] = zinc_list
		indexing['Ga'] = gallium_list
		indexing['Ge'] = germanium_list

		self.elements = indexing.keys()
		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):
			yields_for_one_metallicity = yield_tables_dict[metallicity]
			final_mass_name_tag = 'mass_in_remnants'
			additional_keys = ['Mass',final_mass_name_tag]
			names = additional_keys + self.elements
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			yield_tables_final_structure_subtable['Mass'] = self.masses
			
			for i,item in enumerate(self.elements):
				yield_tables_final_structure_subtable[item] = 0
				for j,jtem in enumerate(indexing[item]):
						################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
						line_of_one_element = yields_for_one_metallicity[np.where(yields_for_one_metallicity['M']==jtem)][0]
						temp1 = np.zeros(len(self.masses))
						for s in range(len(self.masses)): 
							temp1[s] = line_of_one_element[s+2]
						yield_tables_final_structure_subtable[item] += np.divide(temp1,self.masses)

			for t in range(len(self.masses)):
				yield_tables_final_structure_subtable[final_mass_name_tag][t] = (1-sum(yield_tables_final_structure_subtable[self.elements][t]))#yields_for_one_metallicity[0][21]#

			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable#[::-1]
		self.table = yield_tables_final_structure


[docs]	def Nugrid(self):
		'''
		loading the Nugrid intermediate mass stellar yields NuGrid stellar data set. I. Stellar yields from H to Bi for stars with metallicities Z = 0.02 and Z = 0.01
		'''
		import numpy.lib.recfunctions as rcfuncs
		tdtype =   [('empty',int),('element1','|S3'),('165',float),('200',float),('300',float),('500',float),('1500',float),('2000',float),('2500',float)]
		yield_tables = {}
		self.metallicities = [0.02,0.01]

		for i,metallicity_index in enumerate([2,1]): 
			y = np.genfromtxt(localpath + 'input/yields/NuGrid_AGB_SNII_2013/set1p%d/element_table_set1.%d_yields_winds.txt' %(metallicity_index,metallicity_index),dtype = tdtype,names = None,skip_header = 3, delimiter = '&', autostrip = True)

			## Python3 need transformation between bytes and strings
			element_list2 = []
			for j,jtem in enumerate(y['element1']):
					element_list2.append(jtem.decode('utf8'))
			y = rcfuncs.append_fields(y,'element',element_list2,usemask = False)
			
			yield_tables[self.metallicities[i]] = y
		
		
		self.elements = list(yield_tables[0.02]['element']) 
		self.masses = np.array((1.65,2.0,3.0,5.0))

		######
		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):
			yields_for_one_metallicity = yield_tables[metallicity]
			final_mass_name_tag = 'mass_in_remnants'
			additional_keys = ['Mass',final_mass_name_tag]
			names = additional_keys + self.elements
			
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)


			yield_tables_final_structure_subtable['Mass'] = self.masses
			for i,item in enumerate(self.elements):
				################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
				line_of_one_element = yields_for_one_metallicity[np.where(yields_for_one_metallicity['element']==item)]
				temp1 = np.zeros(4)
				temp1[0] = line_of_one_element['165']
				temp1[1] = line_of_one_element['200']
				temp1[2] = line_of_one_element['300']
				temp1[3] = line_of_one_element['500']
				yield_tables_final_structure_subtable[item] = np.divide(temp1,self.masses)

			yield_tables_final_structure_subtable[final_mass_name_tag][0] = (1-sum(yield_tables_final_structure_subtable[self.elements][0]))
			yield_tables_final_structure_subtable[final_mass_name_tag][1] = (1-sum(yield_tables_final_structure_subtable[self.elements][1]))
			yield_tables_final_structure_subtable[final_mass_name_tag][2] = (1-sum(yield_tables_final_structure_subtable[self.elements][2]))
			yield_tables_final_structure_subtable[final_mass_name_tag][3] = (1-sum(yield_tables_final_structure_subtable[self.elements][3]))
			

			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable[::-1]
		self.table = yield_tables_final_structure

		######

[docs]	def Karakas(self):
		'''
		loading the yield table of Karakas 2010.
		'''
		import numpy.lib.recfunctions as rcfuncs

		DATADIR = localpath + 'input/yields/Karakas2010'
		if not os.path.exists(DATADIR):
			os.mkdir(DATADIR)

		MASTERFILE = '{}/karakas_yields'.format(DATADIR)

		def _download_karakas():
			"""
			Downloads Karakas yields from Vizier.
			"""
			#url = 'http://zenodo.org/record/12800/files/dartmouth.h5'
			url = 'http://cdsarc.u-strasbg.fr/viz-bin/nph-Cat/tar.gz?J%2FMNRAS%2F403%2F1413'
			import urllib
			print('Downloading Karakas 2010 yield tables from Vizier (should happen only at the first time)...')
			if os.path.exists(MASTERFILE):
				os.remove(MASTERFILE)
			urllib.urlretrieve(url,MASTERFILE)

			import tarfile
			tar = tarfile.open(MASTERFILE)
			tar.extractall(path=DATADIR)
			tar.close()

		if not os.path.exists(MASTERFILE):
			_download_karakas()



		tdtype =   [('imass',float),('metallicity',float),('fmass',float),('species1','|S4'),('A',int),('net_yield',float),('ejected_mass',float),('initial_wind',float),('average_wind',float),('initial_mass_fraction',float),('production_factor',float)]
		metallicity_list = [0.02, 0.008, 0.004 ,0.0001]
		self.metallicities = metallicity_list
		


		tables = []
		for i,item in enumerate(metallicity_list):
			y = np.genfromtxt('%s/tablea%d.dat' %(DATADIR,i+2), dtype = tdtype, names = None)
			## Python3 need transformation between bytes and strings
			element_list2 = []
			for j,jtem in enumerate(y['species1']):
					element_list2.append(jtem.decode('utf8'))
			y = rcfuncs.append_fields(y,'species',element_list2,usemask = False)


			tables.append(y)
		

		### easy to extend to other species just make a new list of isotopes (see karakas tables)
		### and then also extend the indexing variable. 
		### The choice for specific elements can be done later when just using specific species
		hydrogen_list = ['n','p','d']
		helium_list = ['he3','he4']
		lithium_list = ['li7','be7','b8']
		
		carbon_list = ['c12','c13','n13']
		nitrogen_list = ['n14','n15','c14','o14','o15']
		oxygen_list = [ 'o16','o17','o18','f17','f18']
		fluorin_list = ['ne19','f19','o19']
		neon_list = ['ne20','ne21','ne22','f20','na21','na22']
		sodium_list = ['na23','ne23','mg23']
		magnesium_list = ['mg24','mg25','mg26','al-6','na24','al25']
		aluminium_list = ['mg27','al*6','al27','si27']
		silicon_list = ['al28','si28','si29','si30','p29','p30']
		phosphorus_list = ['si31','si32','si33','p31']
		sulfur_list = ['s32','s33','s34','p32','p33','p34']
		chlorine_list = ['s35']
		iron_list = ['fe54', 'fe56','fe57','fe58']
		manganese_list = ['fe55']
		cobalt_list = ['ni59','fe59','co59']
		nickel_list = ['ni58','ni60','ni61','ni62','co60','co61','fe60','fe61']


		indexing = {}
		indexing['H'] = hydrogen_list
		indexing['He'] = helium_list
		indexing['Li'] = lithium_list
		
		indexing['C'] = carbon_list
		indexing['N'] = nitrogen_list
		indexing['O'] = oxygen_list
		indexing['F'] = fluorin_list
		indexing['Ne'] = neon_list
		indexing['Na'] = sodium_list
		indexing['Mg'] = magnesium_list
		indexing['Al'] = aluminium_list
		indexing['Si'] = silicon_list
		indexing['P'] = phosphorus_list
		indexing['S'] = sulfur_list
		indexing['Cl'] = chlorine_list
		indexing['Mn'] = manganese_list
		indexing['Fe'] = iron_list
		indexing['Co'] = cobalt_list
		indexing['Ni'] = nickel_list

		#indexing['S_el'] = ni_to_bi
		
		self.elements = list(indexing.keys())
		#### little fix for karakas tablea5.dat: 6.0 M_sun is written two times. We chose the first one
		#tables[3]['imass'][-77:] = 6.5 # this is the fix if the second 6msun line was interpreted as 6.5 msun
		tables[3] = tables[3][:-77]

		#### making the general feedback table with yields for the individual elements
		### loop for the different metallicities
		yield_tables = {}
		for metallicity_index,metallicity in enumerate(metallicity_list[:]):
			### loop for the different elements
			yields_002 = {}
			for i,item1 in enumerate(indexing):
				unique_masses = len(np.unique(tables[metallicity_index]['imass']))
				element = np.zeros((unique_masses,), dtype=[('imass',float),('species','|S4'),('fmass',float),('net_yield',float),('ejected_mass',float),('initial_mass_fraction',float),('initial_wind',float),('average_wind',float),('production_factor',float)])
				for j,item in enumerate(indexing[item1]):
					cut = np.where(tables[metallicity_index]['species']==item)
					temp = tables[metallicity_index][cut]
					if j == 0:
						element['imass'] = temp['imass']
						element['fmass'] = temp['fmass']
						element['species'] = temp['species'] ### just for test purposes
					element['net_yield'] += temp['net_yield']
					element['ejected_mass'] += temp['ejected_mass']
					element['initial_mass_fraction'] += temp['initial_mass_fraction']
					element['initial_wind'] += temp['initial_wind']
					element['average_wind'] += temp['average_wind']
					element['production_factor'] += temp['production_factor']
				yields_002[item1] = element
			yield_tables[metallicity] = yields_002
		
		self.masses = np.unique(tables[0]['imass']) ## table a3 and a4 and maybe a5 are missing 6.5 Msun its probably easier to skip the 6.5 Msun entries altogether for interpolation reasons

		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(metallicity_list[:]):
			yields_for_one_metallicity = yield_tables[metallicity]
			final_mass_name_tag = 'mass_in_remnants'
			additional_keys = ['Mass',final_mass_name_tag]
			names = additional_keys + self.elements
			if metallicity == 0.02: #or metallicity == 0.0001:
				base = np.zeros(len(self.masses))
			else:
				base = np.zeros(len(self.masses)-1)
			list_of_arrays = []
			
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)

			yield_tables_final_structure_subtable['Mass'] = yields_for_one_metallicity[self.elements[0]]['imass']
			yield_tables_final_structure_subtable[final_mass_name_tag] = np.divide(yields_for_one_metallicity[self.elements[0]]['fmass'],yield_tables_final_structure_subtable['Mass'])#yields_for_one_metallicity[self.elements[0]]['fmass']
			for i,item in enumerate(self.elements):
				################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
				yield_tables_final_structure_subtable[item] = np.divide(yields_for_one_metallicity[item]['ejected_mass'],yield_tables_final_structure_subtable['Mass'])

			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable[::-1]
		self.table = yield_tables_final_structure


[docs]	def Karakas16_net(self):
		"""
		load the Karakas 2016 yields send by Amanda and Fishlock 2014 for Z = 0.001. With slight inconsistencies in the mass normalisation and not sure which Asplund2009 solar abundances she uses
		"""
		import numpy.lib.recfunctions as rcfuncs
		import sys


		list_of_metallicities = [0.001,0.007, 0.014, 0.03 ]
		self.metallicities = list_of_metallicities
		data_path = localpath + 'input/yields/Karakas2016/'
		yield_tables = {}
		for metallicity in list_of_metallicities:
			metallicity_name = str(metallicity)[2:]
			if metallicity == 0.001:
				dt = np.dtype([('element1', '|S4'), ('atomic_number', np.int),('yield', np.float),('mass_lost', np.float),('mass_0', np.float),('xi', np.float),('x0', np.float),('log_xi_x0', np.float)])
			else:
				dt = np.dtype([('element1', '|S4'), ('atomic_number', np.int),('log_e', np.float),('xh', np.float),('xfe', np.float),('xi', np.float),('massi', np.float)])
			### yield
			y = np.genfromtxt('%syield_z%s.dat' %(data_path,metallicity_name), dtype=dt)
			
			## Python3 need transformation between bytes and strings
			if sys.version[0] == '3':
				element_list2 = []
				for j,jtem in enumerate(y['element1']):
						element_list2.append(jtem.decode('utf8'))
				y = rcfuncs.append_fields(y,'element',element_list2,usemask = False)
			elif sys.version[0] == '2':
				y = rcfuncs.append_fields(y,'element',y['element1'],usemask = False)
			else:
				print('not a valid python version')


			dt = np.dtype([('element1', '|S4'), ('atomic_number', np.int),('log_e', np.float),('xh', np.float),('xfe', np.float),('xo', np.float),('xi', np.float)])
			### surface
			s = np.genfromtxt('%ssurf_z%s.dat' %(data_path,metallicity_name), dtype=dt)
			## Python3 need transformation between bytes and strings
			if sys.version[0] == '3':
				element_list2 = []
				for j,jtem in enumerate(s['element1']):
						element_list2.append(jtem.decode('utf8'))
				s = rcfuncs.append_fields(s,'element',element_list2,usemask = False)
			elif sys.version[0] == '2':
				s = rcfuncs.append_fields(s,'element',s['element1'],usemask = False)
			else:
				print('not a valid python version')

			t =  np.where(s['element']== 'p')
			len_elements = t[0][2]-1
			elements = list(s['element'][:len_elements])
			for i,item in enumerate(elements):
				if len(elements[i]) == 2:
					elements[i] = str.upper(elements[i][0]) + elements[i][1]
				else:
					elements[i] = str.upper(elements[i][0])
			elements[0] = 'H'
			additional_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']
			names = additional_keys + elements
			base = np.zeros(1)
			list_of_arrays = []
			for i in range(len(names)):
				list_of_arrays.append(base)
			initial_abundances = np.core.records.fromarrays(list_of_arrays,names=names)
			initial_abundances['Mass'] = 1.
			for i,item in enumerate(elements):
				initial_abundances[item] = s['xi'][i]
			### renormalising because the mass fractions add to more than 1
			metals_fraction = sum(list(initial_abundances[0])[5:])
			sum_all = sum(list(initial_abundances[0])[3:])
			for i,item in enumerate(elements):
				initial_abundances[item] /= sum_all
			#### just copied out of the files. Also several masses and other overshootfactors had to be excluded. 
			if metallicity == 0.001:
				list_of_masses = [1.,1.25,1.5,2.0,2.25,2.5,2.75,3.,3.25,3.5,4.,4.5,5.,5.5,6.,7.]
				list_of_remnant = [0.678,0.669,0.657,0.668,0.839,0.948,1.057,1.189,1.403,1.176,1.726,1.659,1.740,1.962,1.725,2.062]
			if metallicity == 0.014:
				list_of_masses = [1.,1.25,1.5,1.75,2.,2.25,2.5,2.75,3.,3.25,3.5,3.75,4.,4.25,4.5,4.75,5.,5.5,6.,7.,8.]
				list_of_remnant = [0.585,0.605,0.616,0.638,0.66,0.675,0.679,0.684,0.694,0.708,0.73,0.766,0.813,0.853,0.862,0.87,0.879,0.9,0.921,0.976,1.062]
			if metallicity == 0.03:
				list_of_masses = [1.,1.25,1.5,1.75,2.,2.25,2.5,2.75,3.,3.25,3.5,3.75,4.,4.25,4.5,4.75,5.,5.5,6.,7.,8.]
				list_of_remnant = [0.573,0.590,0.607,0.625,0.643,0.661,0.650,0.670,0.691,0.713,0.727,0.744,0.744,0.806,0.848,0.858,0.867,0.886,0.907,0.963,1.053]
			if metallicity == 0.007:
				list_of_masses = [1.,1.25,1.5,1.75,1.9,2.1,2.25,2.5,2.75,3.,3.25,3.5,3.75,4.,4.25,4.5,4.75,5.,5.5,6.,7.,7.5]
				list_of_remnant = [0.606,0.629,0.646,0.641,0.657,0.659,0.663,0.668,0.679,0.698,0.728,0.766,0.802,0.849,0.859,0.873,0.883,0.895,0.921,0.956,1.040,1.116]
			if metallicity == 0.001:
				t = np.where(y['element']=='H')
				len_elements = t[0][1]
				elements = list(y['element'][:len_elements])
			else:
				t =  np.where(y['element']== 'p')
				len_elements = t[0][2]
				elements = list(y['element'][:len_elements])
				for i,item in enumerate(elements):
					if len(elements[i]) == 2:
						elements[i] = str.upper(elements[i][0]) + elements[i][1]
					else:
						elements[i] = str.upper(elements[i][0])
				elements[0] = 'H'
			additional_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']
			names = additional_keys + elements
			base = np.zeros(len(list_of_masses))
			list_of_arrays = []
			for i in range(len(names)):
				list_of_arrays.append(base)
			table_for_one_metallicity = np.core.records.fromarrays(list_of_arrays,names=names)
			table_for_one_metallicity['Mass'] = np.array(list_of_masses)
			table_for_one_metallicity['mass_in_remnants'] = np.array(list_of_remnant)
			for i,item in enumerate(elements):
				for j,jtem in enumerate(list_of_masses):
					table_for_one_metallicity[item][j] = y['xi'][i+j*len_elements]
			for i,item in enumerate(table_for_one_metallicity["Mass"]):
				table_for_one_metallicity['mass_in_remnants'][i] /= item
				table_for_one_metallicity['unprocessed_mass_in_winds'][i] = 1.- table_for_one_metallicity['mass_in_remnants'][i]
				temp = sum(list(table_for_one_metallicity[i])[3:])
				for j,jtem in enumerate(elements):
					table_for_one_metallicity[jtem][i] /= temp
			for i,item in enumerate(elements):
				table_for_one_metallicity[item] -= initial_abundances[item][0]
			yield_tables[metallicity] = table_for_one_metallicity[::-1]
		self.masses = table_for_one_metallicity['Mass'][::-1]
		self.elements = elements
		self.table = yield_tables


[docs]	def Karakas_net_yield(self):
		'''
		loading the yield table of Karakas 2010.
		'''
		import numpy.lib.recfunctions as rcfuncs


		DATADIR = localpath + 'input/yields/Karakas2010'
		if not os.path.exists(DATADIR):
			os.mkdir(DATADIR)

		MASTERFILE = '{}/karakas_yields'.format(DATADIR)

		def _download_karakas():
			"""
			Downloads Karakas yields from Vizier.
			"""
			#url = 'http://zenodo.org/record/12800/files/dartmouth.h5'
			url = 'http://cdsarc.u-strasbg.fr/viz-bin/nph-Cat/tar.gz?J%2FMNRAS%2F403%2F1413'
			import urllib
			print('Downloading Karakas 2010 yield tables from Vizier (should happen only at the first time)...')
			if os.path.exists(MASTERFILE):
				os.remove(MASTERFILE)
			urllib.urlretrieve(url,MASTERFILE)

			import tarfile
			tar = tarfile.open(MASTERFILE)
			tar.extractall(path=DATADIR)
			tar.close()

		if not os.path.exists(MASTERFILE):
			_download_karakas()



		tdtype =   [('imass',float),('metallicity',float),('fmass',float),('species1','|S4'),('A',int),('net_yield',float),('ejected_mass',float),('initial_wind',float),('average_wind',float),('initial_mass_fraction',float),('production_factor',float)]
		metallicity_list = [0.02, 0.008, 0.004 ,0.0001]
		self.metallicities = metallicity_list
		


		tables = []
		for i,item in enumerate(metallicity_list):
			y = np.genfromtxt('%s/tablea%d.dat' %(DATADIR,i+2), dtype = tdtype, names = None)
			## Python3 need transformation between bytes and strings
			element_list2 = []
			for j,jtem in enumerate(y['species1']):
					element_list2.append(jtem.decode('utf8'))
			y = rcfuncs.append_fields(y,'species',element_list2,usemask = False)


			tables.append(y)
		

		### easy to extend to other species just make a new list of isotopes (see karakas tables)
		### and then also extend the indexing variable. 
		### The choice for specific elements can be done later when just using specific species
		hydrogen_list = ['n','p','d']
		helium_list = ['he3','he4']
		lithium_list = ['li7','be7','b8']
		
		carbon_list = ['c12','c13','n13']
		nitrogen_list = ['n14','n15','c14','o14','o15']
		oxygen_list = [ 'o16','o17','o18','f17','f18']
		fluorin_list = ['ne19','f19','o19']
		neon_list = ['ne20','ne21','ne22','f20','na21','na22']
		sodium_list = ['na23','ne23','mg23']
		magnesium_list = ['mg24','mg25','mg26','al-6','na24','al25']
		aluminium_list = ['mg27','al*6','al27','si27']
		silicon_list = ['al28','si28','si29','si30','p29','p30']
		phosphorus_list = ['si31','si32','si33','p31']
		sulfur_list = ['s32','s33','s34','p32','p33','p34']
		chlorine_list = ['s35']
		iron_list = ['fe54', 'fe56','fe57','fe58']
		manganese_list = ['fe55']
		cobalt_list = ['ni59','fe59','co59']
		nickel_list = ['ni58','ni60','ni61','ni62','co60','co61','fe60','fe61']


		indexing = {}
		indexing['H'] = hydrogen_list
		indexing['He'] = helium_list
		indexing['Li'] = lithium_list
		
		indexing['C'] = carbon_list
		indexing['N'] = nitrogen_list
		indexing['O'] = oxygen_list
		indexing['F'] = fluorin_list
		indexing['Ne'] = neon_list
		indexing['Na'] = sodium_list
		indexing['Mg'] = magnesium_list
		indexing['Al'] = aluminium_list
		indexing['Si'] = silicon_list
		indexing['P'] = phosphorus_list
		indexing['S'] = sulfur_list
		indexing['Cl'] = chlorine_list
		indexing['Mn'] = manganese_list
		indexing['Fe'] = iron_list
		indexing['Co'] = cobalt_list
		indexing['Ni'] = nickel_list

		#indexing['S_el'] = ni_to_bi
		
		self.elements = list(indexing.keys())
		#### little fix for karakas tablea5.dat: 6.0 M_sun is written two times. We chose the first one
		#tables[3]['imass'][-77:] = 6.5 # this is the fix if the second 6msun line was interpreted as 6.5 msun
		tables[3] = tables[3][:-77]

		#### making the general feedback table with yields for the individual elements
		### loop for the different metallicities
		yield_tables = {}
		for metallicity_index,metallicity in enumerate(metallicity_list[:]):
			### loop for the different elements
			yields_002 = {}
			for i,item1 in enumerate(indexing):
				unique_masses = len(np.unique(tables[metallicity_index]['imass']))
				element = np.zeros((unique_masses,), dtype=[('imass',float),('species','|S4'),('fmass',float),('net_yield',float),('ejected_mass',float),('initial_mass_fraction',float),('initial_wind',float),('average_wind',float),('production_factor',float)])
				for j,item in enumerate(indexing[item1]):
					cut = np.where(tables[metallicity_index]['species']==item)
					temp = tables[metallicity_index][cut]
					if j == 0:
						element['imass'] = temp['imass']
						element['fmass'] = temp['fmass']
						element['species'] = temp['species'] ### just for test purposes
					element['net_yield'] += temp['net_yield']
					element['ejected_mass'] += temp['ejected_mass']
					element['initial_mass_fraction'] += temp['initial_mass_fraction']
					element['initial_wind'] += temp['initial_wind']
					element['average_wind'] += temp['average_wind']
					element['production_factor'] += temp['production_factor']

				yields_002[item1] = element
			yield_tables[metallicity] = yields_002
		
		self.masses = np.unique(tables[0]['imass']) ## table a3 and a4 and maybe a5 are missing 6.5 Msun its probably easier to skip the 6.5 Msun entries altogether for interpolation reasons

		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(metallicity_list[:]):
			yields_for_one_metallicity = yield_tables[metallicity]
			final_mass_name_tag = 'mass_in_remnants'
			additional_keys = ['Mass',final_mass_name_tag,'unprocessed_mass_in_winds']
			names = additional_keys + self.elements
			if metallicity == 0.02: #or metallicity == 0.0001:
				base = np.zeros(len(self.masses))
			else:
				base = np.zeros(len(self.masses)-1)
			list_of_arrays = []
			
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)

			yield_tables_final_structure_subtable['Mass'] = yields_for_one_metallicity[self.elements[0]]['imass']
			yield_tables_final_structure_subtable[final_mass_name_tag] = np.divide(yields_for_one_metallicity[self.elements[0]]['fmass'],yield_tables_final_structure_subtable['Mass'])#np.divide(yields_for_one_metallicity[self.elements[0]]['fmass'],yield_tables_final_structure_subtable['Mass'])
			temp = np.zeros_like(yield_tables_final_structure_subtable['Mass'])
			for i,item in enumerate(self.elements):
				################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
				yield_tables_final_structure_subtable[item] = np.divide(yields_for_one_metallicity[item]['net_yield'],yield_tables_final_structure_subtable['Mass'])
				temp += yield_tables_final_structure_subtable[item]
			yield_tables_final_structure_subtable['unprocessed_mass_in_winds'] = 1. - (yield_tables_final_structure_subtable[final_mass_name_tag] + temp )

			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable[::-1]
		self.table = yield_tables_final_structure


[docs]	def one_parameter(self, elements, element_fractions):
		"""
		Another problem: He and the remnant mass fraction is not constrained in the APOGEE data. Maybe these can be constrained externally by yield sets or cosmic abundance standard or solar abundances.
		"""
		self.metallicities = [0.01]
		self.masses = np.array([3])
		self.elements = elements 

		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		

		additional_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']
		names = additional_keys + self.elements
		base = np.zeros(len(self.masses))
		list_of_arrays = []
		
		for i in range(len(names)):
			list_of_arrays.append(base)
		yield_table = np.core.records.fromarrays(list_of_arrays,names=names)
		yield_table['Mass'] = self.masses
		yield_table['mass_in_remnants'] = 0.27
		yield_table['unprocessed_mass_in_winds'] = 1 - yield_table['mass_in_remnants']
		for i,item in enumerate(self.elements[1:]):
			yield_table[item] = element_fractions[i+1]
		yield_table['H'] = -sum(element_fractions[1:])


		yield_tables_final_structure[self.metallicities[0]] = yield_table
		self.table = yield_tables_final_structure




[docs]class Hypernova_feedback(object):
	def __init__(self):
		"""
		this is the object that holds the feedback table for Hypernova
		"""
[docs]	def Nomoto2013(self):
		'''
		Nomoto2013 sn2 yields from 13Msun onwards
		'''
		import numpy.lib.recfunctions as rcfuncs

		dt = np.dtype('a13,f8,f8,f8,f8')
		yield_tables = {}
		self.metallicities = [0.0500,0.0200,0.0080,0.0040,0.0010]
		self.masses = np.array((20,25,30,40))
		z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/hn_z=0.0200.dat',dtype=dt,names = True)
		
		yield_tables_dict = {}
		for item in self.metallicities:
			z = np.genfromtxt(localpath + 'input/yields/Nomoto2013/hn_z=%.4f.dat' %(item),dtype=dt,names = True)
			yield_tables_dict[item]=z
		#########################
		hydrogen_list = ['H__1','H__2']
		helium_list = ['He_3','He_4']
		lithium_list = ['Li_6','Li_7']
		berillium_list = ['Be_9']
		boron_list = ['B_10','B_11']
		carbon_list = ['C_12','C_13']
		nitrogen_list = ['N_14','N_15']
		oxygen_list = ['O_16','O_17','O_18']
		fluorin_list = ['F_19']
		neon_list = ['Ne20','Ne21','Ne22']
		sodium_list = ['Na23']
		magnesium_list = ['Mg24','Mg25','Mg26']
		aluminium_list = ['Al27']
		silicon_list = ['Si28','Si29','Si30']
		phosphorus_list = ['P_31']
		sulfur_list = ['S_32','S_33','S_34','S_36']
		chlorine_list = ['Cl35','Cl37']
		argon_list = ['Ar36','Ar38','Ar40']
		potassium_list = ['K_39','K_41']
		calcium_list = ['K_40','Ca40','Ca42','Ca43','Ca44','Ca46','Ca48']
		scandium_list = ['Sc45']
		titanium_list = ['Ti46','Ti47','Ti48','Ti49','Ti50']
		vanadium_list = ['V_50','V_51']
		chromium_list = ['Cr50','Cr52','Cr53','Cr54']
		manganese_list = ['Mn55']
		iron_list = ['Fe54', 'Fe56','Fe57','Fe58']
		cobalt_list = ['Co59']
		nickel_list = ['Ni58','Ni60','Ni61','Ni62','Ni64']


		copper_list = ['Cu63','Cu65']
		zinc_list = ['Zn64','Zn66','Zn67','Zn68','Zn70']
		gallium_list = ['Ga69','Ga71']
		germanium_list = ['Ge70','Ge72','Ge73','Ge74']

		indexing = {}
		indexing['H'] = hydrogen_list
		indexing['He'] = helium_list
		indexing['Li'] = lithium_list
		indexing['Be'] = berillium_list
		indexing['B'] = boron_list
		
		indexing['C'] = carbon_list
		indexing['N'] = nitrogen_list
		indexing['O'] = oxygen_list
		indexing['F'] = fluorin_list
		indexing['Ne'] = neon_list
		indexing['Na'] = sodium_list
		indexing['Mg'] = magnesium_list
		indexing['Al'] = aluminium_list
		indexing['Si'] = silicon_list
		indexing['P'] = phosphorus_list
		indexing['S'] = sulfur_list
		indexing['Cl'] = chlorine_list
		indexing['Ar'] = argon_list
		indexing['K'] = potassium_list
		indexing['Ca'] = calcium_list
		indexing['Sc'] = scandium_list
		indexing['Ti'] = titanium_list
		indexing['V'] = vanadium_list
		indexing['Cr'] = chromium_list
		indexing['Mn'] = manganese_list
		indexing['Fe'] = iron_list
		indexing['Co'] = cobalt_list
		indexing['Ni'] = nickel_list
		indexing['Cu'] = copper_list
		indexing['Zn'] = zinc_list
		indexing['Ga'] = gallium_list
		indexing['Ge'] = germanium_list

		self.elements = list(indexing.keys())
		### restructuring the tables such that it looks like the sn2 dictionary: basic_agb[metallicicty][element]
		yield_tables_final_structure = {}
		for metallicity_index,metallicity in enumerate(self.metallicities):
			yields_for_one_metallicity = yield_tables_dict[metallicity]
			## Python3 need transformation between bytes and strings
			element_list2 = []
			for j,item in enumerate(yields_for_one_metallicity['M']):
					element_list2.append(item.decode('utf8'))
			yields_for_one_metallicity = rcfuncs.append_fields(yields_for_one_metallicity,'element',element_list2,usemask = False)

			additional_keys = ['Mass','mass_in_remnants','unprocessed_mass_in_winds']
			names = additional_keys + self.elements
			base = np.zeros(len(self.masses))
			list_of_arrays = []
			
			for i in range(len(names)):
				list_of_arrays.append(base)
			yield_tables_final_structure_subtable = np.core.records.fromarrays(list_of_arrays,names=names)
			yield_tables_final_structure_subtable['Mass'] = self.masses
			temp1 = np.zeros(len(self.masses))
			for i in range(len(self.masses)):
				temp1[i] = yields_for_one_metallicity[0][i+1]
			yield_tables_final_structure_subtable['mass_in_remnants'] = np.divide(temp1,self.masses)
			
			for i,item in enumerate(self.elements):
				yield_tables_final_structure_subtable[item] = 0
				for j,jtem in enumerate(indexing[item]):
						################### here we can change the yield that we need for processing. normalising 'ejected_mass' with the initial mass to get relative masses
						line_of_one_element = yields_for_one_metallicity[np.where(yields_for_one_metallicity['element']==jtem)][0]
						temp1 = np.zeros(len(self.masses))
						for i in range(len(self.masses)):
							temp1[i] = line_of_one_element[i+1]
						yield_tables_final_structure_subtable[item] += np.divide(temp1,self.masses)

			for i in range(len(self.masses)):
				yield_tables_final_structure_subtable['unprocessed_mass_in_winds'][i] = (1-yield_tables_final_structure_subtable['mass_in_remnants'][i]-sum(yield_tables_final_structure_subtable[self.elements][i]))#yields_for_one_metallicity[0][21]#			
			yield_tables_final_structure[metallicity] = yield_tables_final_structure_subtable#[::-1]
		self.table = yield_tables_final_structure
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