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COSMOlogical Monte-Carlo 



COSMOlogical Monte-Carlo 

!  CosmoMC is a Fortran 2003 Markov-Chain Monte-Carlo (MCMC) engine for exploring 
cosmological parameter space, together with code for analysing Monte-Carlo samples and 
importance sampling.  

!  Uses CAMB for the Boltzmann solver (http://camb.info ) 

!  Author: Anthony Lewis.  

!  Code and documentation: http://cosmologist.info/cosmomc  

!  Specific forum for questions/tips and discussion: http://cosmocoffee.info/  



II. Structure of the code 



COSMOMC directory 



CMB_Cls_simple.f90 
DataLikelihoods.f90 
EstCovmat.f90 
GeneralTypes.f90 
GetDist.f90 
HST.f90 
IO.f90 
MCMC.f90 
ObjectLists.f90 
ParamNames.f90 
Planck_like.f90 
PowellConstrainedMinimize.f90 
SDSSLy-a-v3.f90 
bao.f90 
bbn.f90 
calclike.f90 
cliklike.f90 
cmbtypes.f90 
likelihood.f90 

lrggettheory.f90 
lya.f90 
minimize.f90 
mpk.f90 
params_CMB.f90 
postprocess.f90 
power_spec.f90 
propose.f90 
samples.f90 
settings.f90 
supernovae.f90 
supernovae_SNLS.f90 
supernovae_Union2.f90 
wigglez.f90 
Matrix_utils.F90 
cmbdata.F90 
driver.F90 
paramdef.F90 

Source files 



CMB_Cls_simple.f90 
DataLikelihoods.f90 
EstCovmat.f90 
GeneralTypes.f90 
GetDist.f90 
HST.f90 
IO.f90 
MCMC.f90 
ObjectLists.f90 
ParamNames.f90 
Planck_like.f90 
PowellConstrainedMinimize.f90 
SDSSLy-a-v3.f90 
bao.f90 
bbn.f90 
calclike.f90 
cliklike.f90 
cmbtypes.f90 
likelihood.f90 

lrggettheory.f90 
lya.f90 
minimize.f90 
mpk.f90 
params_CMB.f90 
postprocess.f90 
power_spec.f90 
propose.f90 
samples.f90 
settings.f90 
supernovae.f90 
supernovae_SNLS.f90 
supernovae_Union2.f90 
wigglez.f90 
Matrix_utils.F90 
cmbdata.F90 
driver.F90 
paramdef.F90 

Source files 



params_CMB.f90  
This defines what the input variables mean. Change this to use different variables. You 
can change which parameterization file to use in the Makefile.  

cmbtypes.f90  
You can also change the num_cls number of (temperature plus polarization) Cls to 
compute and store, power spectrum parameter, etc.  

settings.f90  
This defines the maximum number of parameters and their types.  

cmbdata.f90  
This reads in the CMB .dataset information and computes likelihoods. You may wish to 
edit this, for example to use likelihood distributions for the band powers, or to compute 
the likelihood from actual polarized data. This version assumes polarized data points are 
an arbitrary combination of the raw TT, TE, EE, and BB Cls, as specified in the window 
files in data/windows. WMAP data is handled as a special case. Also all_exact case. 

CMB_Cls_simple.f90  
Routines for generating Cls, matter power spectra and sigma8 from CAMB. Replace this 
file to use other generators, e.g. a fast approximator like CMBfit, DASH, PICO, etc. 

calclike.f90  
Calls the data likelihood functions, etc.  





III. Running the code 



Serial mode: 

> ./cosmomc test.ini 1 

MPI mode: 

> mpirun –np 2 ./cosmomc test.ini 



COSMOMC ini-file: test.ini 



COSMOMC ini-file: test.ini 



batch1/common_batch1.ini 

To sample  P^(1/T) rather than P 
(good for the tails of P, the posterior 
distribution) 



batch1/common_batch1.ini 

(Gelman and Rubin R statistic) 



batch1/likelihood_batch1.ini 

This controls of the info that you want to put 
inside your likelihood function.  



batch1/params_CMB_defaults.ini 

… 

Center   min   max   start_width   propose_width  



PLANCK likelihood 



Likelihood	  Methodology	  

" Hybrid	  mul3-‐frequency	  likelihood	  approach	  
–  Large	  scales:	  map-‐based	  Gaussian	  likelihood	  
–  Small	  scales:	  Gaussian	  likelihood	  approxima9on	  
on	  spectra	  

" Marginaliza3on	  over	  foregrounds	  
–  Large	  scales:	  Gibbs	  marginaliza9on	  (map	  level)	  
–  Small	  scales:	  Parameterized	  at	  the	  spectrum	  level	  

" Valida3on	  
–  Data	  selec9on	  
–  Null	  tests	  
–  Simula9ons	  

–  Foreground	  cleaned	  CMB	  maps	  

19	  



Planck	  power	  spectrum	  (TT)	  

20	  



batch1/CAMspec_defaults.ini 



•  omegabh2 - the physical baryon density  
•  omegach2 - the physical dark matter density  
•  theta - 100*(the ratio of the [approx] sound horizon to the angular diameter distance)  
•  tau - the reionization optical depth  
•  omegak - omega_K  
•  mnu - the sum of the neutrino masses (in eV)  
•  nnu - the effective density parameter for neutrinos Neff  
•  w - the (assumed constant) equation of state of the dark energy (taken to be quintessence)  
•  ns - the scale spectral index  
•  nt - the tensor spectral index  
•  nrun - the running of the scalar spectral index  
•  logA - ln[10^10 A_s] where A_s is the primordial superhorizon power in the curvature 
perturbation on 0.05Mpc^{-1} scales (i.e. in this is an amplitude parameter)  
•  r - the ratio A_t/A_s, where A_t is the primordial power in the transverse traceless part of 
the metric tensor  

Parameterizations 

params_CMB.paramnames 



III. Analysing the output of COSMOMC. 



After running COSMOMC:  

"  Output files in chains/

"  .txt files contain the chains. The format is: 
weight  likelihood  param1  param2  param3 ...

"  .log files contain STDOUT from each chain 

"  If running under MPI, STDOUT files are in stdout/

But you need to do post-processing of the chains (thinning, 
burn-in period) and study convergence # getdist. 

   > ./getdist distparams.ini  



distparams.ini 



(use the option “m” for Matlab) 





"  Convergence diagnostics are generated in the same 
directory, with files named *.converge, *.likestats, 
*.margestats, *.covmat , and *.corr

file_root.margestats file contains the means, standard deviations and marginalized 
limits for the different parameters  

file_root.likestats gives the best fit sample model, its likelihood, and limits from 
the extremal values of the N-dimensional distribution.  

file_root.converge contains various convergence diagnostics  

file_root.corr contains parameter correlations  

file_root.covmat contains a covariance matrix you can use as a proposal matrix for 
generating future chains  



"  Gelman and Rubin "variance of chain means"/"mean of chain 
variances" R statistic. See lecture of Licia Verde for the definitions. This 
statistic can be computed if you have multiple chains. Typically you want 
the value to be less than 0.2. 

"  For individual chains, getdist computes the Raftery and Lewis 
convergence diagnostics. This uses a binary chain derived from each 
parameter depending on whether the parameter is above or below a given 
percentile of its distribution. It is basically a criterion for accuracy of the 
estimation of a certain quantile q. It also assesses the thin factor needed for 
the binary chain to approximate an independence chain.  

"  There are other statistics included in gestdist (see documentation for 
details).  

Convergence diagnostics 



Now you can start running the code to produce plots like this one: 



Exercise 4.  

1.  Run a test case in serial mode to show that it is working.  
2.  Run a full case of  a likelihood of an ideal experiment (forecasting).  

Note: For exercise 2, you will need to use the all_l_exact approach for the 
likelihood. See this post: http://cosmocoffee.info/viewtopic.php?t=231 for detailed 
information. It uses the full-sky (exact) likelihood given by (Lewis 2005) 

forecast.ini 



data/planck_143ghz_wmap5.dataset 

data/planck_143ghz_wmap5.dat 

Values of Cl + noise.  



Example of application: forecast of the 
impact of recombination uncertainties of 
the recovered cosmological parameters 
from Planck (R-M, Chluba, Fendt & 
Wandelt 2010) 


