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Modeling and interpreting the observable 
properties of galaxies!

Modeling 
the 
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(Cole et al. 2000)



The multi-wavelength SED of galaxies



 Bayesian methods  
(see, e.g., Trotta 2008, Bayes in the sky)

If we can model a observable property forward somehow,!
then !

we can interpret it backward with the help of Bayes’ Theorem 

Model comparison:

Parameter estimation:

(The rule of  updating our state of knowledge  in the light of new data) 

Bayes’ Theorem:  

or



Interpreting the SEDS of galaxies With BayeSED
(Han & Han 2014, ApJS,251,2)

The main bottleneck: 
generation of model SEDs!

Solution:  Machine 
learning techniques 

Parallelized with MPI:!

Interpreting the SEDS of 
multiple galaxies in a large 

sample simultaneously



The probability distribution functions of parameters !
as the results of a Bayesian interpretation of  SED



Photo-Z  and M*-SFR relation !
obtained with BayeSED



Evolutionary population synthesis model



Diversity of  stellar population models

http://www.sedfitting.org/SED08/Models.html

http://www.sedfitting.org/SED08/Models.html


What kind of model is better?
With four parameters I can fit an elephant,  

and with five I can make him wiggle his trunk.

(John von Neumann)

Entities should not be multiplied beyond necessity.

(William of Ockham)

Everything should be made as simple as possible, 
but not simpler.

(Albert Einstein)



Bayesian evidence as quantified Occam’s razor 

By penalizing the complicated model for any ‘‘wasted’’ parameter space that gets ruled 
out by the data, the Bayes evidence will thus favor the more complicated model only if the 
likelihood is large enough to overcome this penalty	


Ockham factor 

(Gregory,2005,Bayesian Logical Data Analysis for the Physical Sciences)



The first Bayesian model comparison of !
stellar population synthesis models

PDF and CDF of the Bayes factors ln(B) for 5467 galaxies in the Ks-selected 
sample with spectroscopic redshift.

(Han & Han, 2014,ApJS,251,2) 
with a Ks-selected sample in the COSMOS/UltraVISTA Field

The Bruzual & Charlot (2003) model 
with a Chabrier (2003) IMF and solar 
metallicity



Bayesian SED model comparison of 
hyperluminous infrared galaxies(HLIRGs)!

!
(Han & Han,2012,ApJ,749,123)



Bayesian SED model comparison of!
 hot dust-obscured galaxies(Hot DOGs)

(Fan,L.,Han, Y., et al.,2016,ApJ,823,107)



https://bitbucket.org/hanyk/bayesed/

git clone https://bitbucket.org/hanyk/bayesed.git

https://bitbucket.org/hanyk/bayesed/
https://bitbucket.org/hanyk/bayesed.git


Users (or just visitors) of BayeSED



BayeSED 2.0!
(Han at el.,2016,in prep.)

What’s New!

1. Build-in Composite Stellar Population synthesis modeling with freely 
changeable SSP (BC03, CB07, M05, GALEV, FSPS, Yunnan-II) and 
SFH (Constant, Exponentially declining,increasing, delayed,Linearly 
declining,increasing, truncated …) 

2. Build-in dust extinction laws (MW, LMC, SMC, Calzetti2000, Noll
+2009) 

3. A Consistent UV-Optical to FIR connection based on a simple 
energy balance argument (as MAGPHYS and CIGALE) 

4. More free form of Priors (based on KDE)



An Example
mpirun -np 160 ./bayesed !

-i observation/Lambdar/test.txt!

 --filters observation/Lambdar/filters.txt !

--filters_selected observation/Lambdar/filters_selected.txt!

 --csp 0,bc2003_lr_BaSeL_chab,1,3,1,0,0,1,0,1!

 --sfh 0,2,0,0   !

--outdir test !

--sys_err_obs 0,1 !

--select_sample 21,0,10 !

--save_bestfit !

--save_sample_par  !

--save_pos_spec



Result for GAMA object G574689



Postprocessing with GetDist GUI



Summary

• Modeling and interpreting the multi-wavelength SED 
of galaxies are complicated by many uncertainties 

• Bayesian statistical inference provides a  consistent 
conceptual basis for handling these uncertainties  

• BayeSED could be a convenient and reliable tool for 
a full Bayesian interpretation of the SEDs of  
galaxies   

• Enjoy it!   



Thank You


