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Outline
(keeping it simple...)

® Motivation & Initial remarks
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Introduction &




What is all this about!?

® Cosmological models have parameters (matter density (Qm, Hubble constant Ho, ...)
For example, ACDM = { Qph?, Qch? ,Ho (or 65) , As (or Inl10'°A;), ns , Treio }

® We want to know the value and the error of those parameters (mean and rms).
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What is all this about!?

® The resulting constraints on each parameter will depend on these two ingredients:
the DATA you input (each experiment targets a different cosmological probe)
the MODEL studied (each model contalns a different number of free parameters)
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Cosmological
parameter estimation

You can estimate parameters by eye (not recommended)...

CMB Simulator

ggle the power

‘ planck CMB Simulator

http://planck.cf.ac.uk/cmb-sim
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Cosmological
parameter estimation

Or we can estimate parameters quantitatively
In cosmology there are two major codes for this:
CosmoMC and MontePython (& Cosmosis, PICO,...)

Cosmological MonteCarlo
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The Monte Carlo code for CLASS in Python

http://cosmologist.info/cosmomc/ http://baudren.github.io/montepython.html
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Why CosmoMC?

® |t has been used in many papers!
(2000+ citations to Lewis & Bridle 2002)

® Usually new data (likelihood codes)
are typically available first in CosmoMC
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Why MontePython!?

® |t is very easy to get started!
(we’ll see that in the afternoon hands-on session)

® |t is written in Python:
the code is easy to read and easy to modify
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https://arxiv.org/abs/astro-ph/9506072
https://arxiv.org/abs/astro-ph/9506072

Running Markov Chain




MCMC: How-To!?

Breaking the code into individual tasks

® Step |: Choose a point in the parameter space (walk the parameter space)

® Step 2:Solve the Boltzmann equations for those values of the parameters which
are translated into the observables P(k), D(z),Cy¢ ...

® Step 3: Evaluate the likelihood of this point for each dataset (CMB, BAO, SNe...)
omarl ng ob serva ble wnth the measure en (evaluation of A TR
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Stepl: walk a parameter
space (low-d case)

® |[f the number of dimensions d is small (ID or 2D), then a grid (discretized) would
suffice, but this is not true in cosmology (even ACDM has already 6 parameters)

® Number of (potentially) visited points: N® (grows exponentially with d).
N depends on how fine the spatial discretization (resolution) you want it to be.
Usually one computes the distribution in all the points (even away from the peak).



Stepl: walk a parameter
space (high-d case)

® |f the number of dimensions is large, it is not feasible nor efficient to do a grid
‘;; “Burn-in”
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unimodal distribution — different initial conditions will converge to the same region

® |t is better to do a random walk, in which there is some kind of “dragging force”
towards the high likelihood region plus a thermal bath to move around the peak
(the goal is not to find the maximum -- it is to sample points from the distribution)



The Metropolis-
Hastings algorithm

This is exactly what the Metropolis-Hastings algorithm does:
If you are at location x, pick a location y (within some search radius from x):
® |[f P(y) > P(x), jump there, and store y in the list of visited points

® If P(y) < P(x),then pick a uniform random number r between 0 and I:
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When MCMC is
considered “converged’”!

® The most common criterion is the R diagnostic by Gelman & Rubin (1992).
This diagnostic is defined for each parameter, so we focus on a single parameter 0.

® Suppose all chains have length N (each chain has N steps) and we have run M chains.
® Each chain “m” will return a different mean [m and variance 02 for the parameter O.

® The variance of the means P (times N) is called the variance “between chains” B.
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Step 2: Solve the
Boltzmann equations

(already covered in the previous sessions...)

® CAMB and CLASS are written to solve efficiently the evolution of each component
(baryons, neutrinos, photons, dark matter, dark energy, metric...)

Synchronous gauge

.

/'/ ! // \“xg‘\
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Code for Anisotropies in the Microwave Background

us " oP/bp

- k%5 — ko,
a 1 +w 1 +w

—=(1 - 3w)d -

Conformal Newtonian gauge by Antony Lewis and Anthony Challinos

http://camb.info/ http://www.hiclass-
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CLASS
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’ :
http://class-code.net/

® This is the part of the code you do not have to worry about (UNLESS you want
to constrain non-standard cosmologies, which YOU will have to implement)

and many others...
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Step 3: Evaluate the
likelihood(s)

parameter values Likelihood likelihood value or
at this MCMC step code chi-squared value
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Cosmological probes

(and most commonly used observables)




Cosmological probes

(and most commonly used observables)
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Step 3: Evaluate the
likelihood(s)

SDSS-II/SNLS3 Joint Light-curve Analysis

Planck Legacy Archive - L 7 g-esa

This page contains links to data associated with the SDSS-II/SNLS]D Joint Light-Curve Analyss (
svbmisted 1o ARA)
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U avaladie (see el Instaliation of the COsMO

To analyze the LA sample with NA, see $SADATA_ROOT/sample_input_Nes/JLA2014/AAA_README

http://supernovae.in2p3.fr/
sdss_snls jla/ReadMe.html
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Built-in likelihoods
in CosmoMC & MontePython

Lots of likelihoods to choose from!

(you can also write your own, if you have the data)

AlCuestaMacBookAir:~ ajcuestas ls ~/montepython_public/montepython/likelihoods/ AJCuestaMacBookALr:CosmoMC ajcuestas 1s batch2/

BK14

BKl4priors

CFHTLens
CFHTLens_correlation
JLA

JLA_sinple
Planck_SZ
Planck_actspt
Planck_highl
Planck_highl_TTTEEE
Planck_highl_lite
Planck_lensing
Planck_lowl

WiggleZ

WiggleZ_bao
__init__.py
_init__.pyc

acbar

bao

bao_boss
bao_boss_aniso
bao_boss_aniso_gauss_approx
bao_known_rs

bicep

bicep2

boomerang

cbi

clik_fake_planck
clik_wmap_full
clik_wmap_lowl
cnb_baryon
cosmic_clocks_BCO3
cosmic_clocks_BCO3_all
cosmic_clocks_MaStro
da_rec

euclid_lensing
euclid_pk

fake_desi

fake_planck_bluebook
gunn_peterson
hst

hst_riess
igm_temperature
lowlike
polarbear

quad
sdss_LrgDR4

sn

spt

spt_2500
test_gaussian
test_nuisancel
test_nuisance2
timedelay

wnap

wnap_9yr

MontePython likelihoods

BAD. ini
BAODR11.1ind
BAO_RSD.ini

BX14

BK14.ini
BK14_README. txt
BK14only.ini
BXPlanck
BKPlanck.ini
BKPlanck _README. txt
BKPlanckonly. ini
HST.ini
HST_Freemanl2. ini
HST_GPET0p6. ink
HST_GPET2p5.1n2
MST_high.ini
JLA.ini
JLA_marge.ini
MPK. ini
SZ_plus_CMB. ink
SZ_plus_priors.ini
WL.inl

WilHeymans. ini
Wionly.ini
WionlyMeymans. ind
WMAP., ini

WMAPTEB. ini
WMAP_lowl.ini
WMAP_tauprior.ini
WiggleZ_MPK.ini
abundances. ini
accuracy.ini

common. ini
fix_params.ini
getdist_background. ini
getdist_base.ini
getdist_common, ini
importance_sampling.ini
lensing. ind
lensing_aggressive. ini
lensonly. ini
likelihood. ini

LowEB. ini

lowlike. ini

LowTEB. ini

lowl. ini

lowl_old.ini

outputs
params_C(MNB_defaults.ini
pico.ini
planck_calibration. ini
plik_dx11dr2_DS_viB_EE. ini
plik_dx11dr2_DS_viB_TE.ini
plik_dx11dr2_DS_viB_TT.ini
plik_dx11dr2_DS_viB_TTTEEE. ini
plik_dx11dr2_HM_viB_EE. ini
plik_dx11dr2_HM_vi1B_TE. ini
plik_dx11dr2_HM_viB_TT.ini
plik_dx11dr2_HM_viB_TTTEEE. ind
plik_lite_TT.ini
plik_lite_TTTEEE.ini

plik_vi18 _priors.ini
reion_tau.ini

2re_prior.ini

CosmoMC likelihoods

CMB from Planck (TT, TE, EE) and others, BAO (eg. BOSS), SNe (JLA), matter power spectrum,
Hubble constant, Bicep/Keck CMB B-modes, Euclid/DESI mock likelihoods (for forecasts),....



Tensions!

why not use everything?

When combining different datasets, one should always keep in mind
that some pair of datasets can produce constraints that do not overlap in the
d-dimensional parameter space (they might overlap in lower-dimensional plots)

101 = 20 | 101, = 0.24

arXiv:1705.05303

This can lead to multi-modal posteriors, (potentially) spurious constraints
(e.g. claims of non-zero neutrino masses, dynamical dark energy, couplings in
the dark sector,...) and to probably too many astro-ph.CO postings every day

try to be minimalistic!



Tensions!

Well-known examples of dataset tensions are:

® The Large-Scale Structure (LSS) measurements of matter fluctuation amplitude O
via weak lensing and those derived from the Cosmic Microwave Background (CMB)

l DESY I, arXiv: 1708.01530
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Bernal et al. arXiv:1607.05617

Did we under-estimate uncertainties? Is ACDM wrong? Is GR/FLRW wrong!? Is Planck wrong!?
(need for massive neutrinos / dark radiation / non-A dark energy / other extensions ?)



Step 4: Decide whether to
accept the point & Write to file

® Assuming all datasets are independent,
the total likelihood is the *product™ of the individual
likelihoods, so the -log(likelihoods) are *added*

® For a *fixed® model, different datasets will allow
different regions of the parameter space.
If we combine all datasets, the allowed region will be
the *intersection™ of the individual allowed regions

® Following the Metropolis-Hastings algorithm,
we compare the total likelihood at the new point
with the likelihood at the previous point.

® Depending on this comparison, it will move to the
new point or otherwise, it will count the previous
point twice (the multiplicity of the point will be >1)




Step S:Analysis of
the results

Once the chains have converged, we can make different types of
summary figures or tables to convey the resulting information
This requires marginalization: integrate the d-dim PDF over all other parameters
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Step S:Analysis of
the results

Once the chains have converged, we can make different types of
summary figures or tables to convey the resulting information
This requires marginalization: integrate the d-dim PDF over all other parameters

enon \, GetDist CUI enon \, GetDist CUI
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Planck’s public chains

® Planck released their full analysis (done with CosmoMC) for a
comprehensive combination of cosmological models and datasets

® They can be downloaded at http://pla.esac.esa.int/pla
(Go to “Cosmology” and then click on “Cosmological parameters)

® The full grid shown in Planck 2015 Paper Xlll can be found in the file
COM CosmoParams base-plikHM R2.00.tar.gz (3.6GB)

® More information can be found at the ESA/Planck wiki:
http //wiki.cosmos.esa.int/planckpla20 | 5/index. DhD/CosmoIoglcaI Parameters

¢« C pla.esac.e C pla.esac.esa.

EVUROPEAN SPACE AGENCY o  SCIENCE & TECHNOLOGY of

N @-esa  Planck Legacy J P CIP—_

EUROPEAN SPALE AGENCY of  SCIENCE A TECHNOLOGY of

Planck Legacy Archive «-a-a-—--u--—-’ A g-esa

:/‘ /s

2015 COSMOLOGY PRODUCTS
RESULTS

Cosmology products (5) X

Flle name

RESULTS

Likelihood
Code

Grid of
chains
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Introduction to




The CLASSY interface:
CLASS Python wrapper

® Since MontePython and CLASS are written in different languages (Python and C)
MontePython needs a wrapper to communicate with CLASS at each MCMC step

(there is also a pycamb interface to CAMB)

® Much like Montepython does to run, this wrapper can also be used stand-alone:

Terminal: write your_parameter_file.ini Python: write a dictionary lerminal: Python:

L= 0.6774 T From the to the base directory run from classy import Class

omege_b = 0.02230 '2": 0.6774, cosmos = Class() #create universe
Ozega_cds = 0,2603 ‘omoga_b": 0.02230, coszos.set (params) #feed params to cosmos
Onege_f14 = 0 "Oa a®: 0.2603, ./class your_parameter_file.ini 3

Ozega.szg = O #CR in hi_class d* . y -P = coszos.compute() #duk. .,

background_verbose = ! #info

output = tCl ,nPk #vhat to compute "be verbose" : 5l . = .

. . o R us an optional .pre precision file
write background = y utput” : “tCl,aPk observables (p P P I } coszo.emp:,y() gstart over
root = tput/y model_ #future files . 3 s .

SO S A : [Your output will be ready in the root address.

#play with the output

coszo.struct_cleanup() #free memory

(from Miguel Zumalacarregui’s notes)

® To check if your installation works, open a python terminal and type:
import classy

® More details can be found at: https://github.com/lesgourg/
class_public/wiki/Python-wrapper
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Running Montepython

The procedure is well described in the official documentation website:
http://monte-python.readthedocs.io/en/latest/example.html

Monte Python 2.2.0 documentation »
Previous topic
=5 Example of a complete work session
etting Started

Next topic I just downloaded and installed Monte Python, read the previous pages, and I wish to launch and analyse my first run.

Using MultiNest with Monte [ can first create a few folders in order to keep my montepython directory tidy in the future.Ido a
Python

$ mkdir chains
Quick search for storing all my chains

$ mkdir chains/planck
if the first run I want to launch is based on the fake planck likelihood proposed in the example.param file

$ mkdir input
for storing all my input files

$ mkdir scripts

for storing all my scripts for running the code in batch mode

[ then copy example.paramin my input folder, with a name of my choice, e.g. 1cdm.param, and edit it if needed:

$ cp example.param input/lcdm.param

I then launch a short chain with

$ montepython/Montepython.py run -p input/lcdm.param -o chains/planck/lcdm -N 5



http://monte-python.readthedocs.io/en/latest/example.html
http://monte-python.readthedocs.io/en/latest/example.html

MontePython input file

The input file is where we specify:

the experiments (cosmological datasets) we want to USe (in folder montepython/likelihoods)
the values of the parameters that we want fixed (“cosmo_arguments”)

the parameters we want to measure (“‘cosmo”’)

the parameters required to be marginalized by some likelihoods (“nuisance”)
the extra parameters we want to be computed and written to file (“derived”)

other defaults like number of steps (override if specified), etc.

experiments = ['experimentl’', 'experiment2', ...]

parameters| 'cosmo name' ] [mean, min, max, sigma, scale, 'cosmo’]
parameters| 'nuisance name'’] [mean, min, max, sigma, scale, 'nuisance’)]

parameters[ 'cosmo name' ] [mean, min, max, sigma, scale, 'derived’)]

cosmo_arguments| 'cosmo name'’ ]

= 10
write step = 5




Running chains with
MontePython run

® FEach instance of MontePython run will run only one chain, unless
you run the command with MPI (requires the python module mpi4py)

® You can specify: an input file, an output folder, the number of steps (the code
will not stop at convergence), the best fit point and a proposal covariance matrix
(these two are needed for faster convergence, but you will have these files only
if you did a previous shorter run or a similar run)

® You can also specify a step size (default -f 2.4, target should be ~20% to 25%
acceptance rate), sampling method (e.g.MultiNest), and not use fast/slow sampling

® You can update the proposal covariance matrix every 500 steps with the option
——update 500 (it will use all chains to recompute it, even without MPI)

® Example:if you want to run 4 chains with 10° points each:

for n $(seq 1 4); do python montepython/Montepython run \

-0 output_directory -N 100000 [other_options]; done

The first run creates a log.param file in the output folder; so that if you (mistakenly) try to run a chain
in that folder with a different input file, the old configuration overrides the input file (prevents mix-ups)



Plotting your results
with MontePython info

® Customize your plots!! (use the --extra option
if you have saved these options into a file)

® |ots of layout options: font size, legend style, line width, no-mean, ...

® Change the number of bins for credible intervals (less bins = less resolution)
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Plotting your results
with MontePython info

To compare the constraints on two different models from a fixed dataset
(or on a single cosmological model from two different datasets)

python montepython/MontePython.py info experiment_1/ experiment_2/ ...

— CMB15
— CMB15+LRG+WZ

arXiv:1511.05983 arXiv:1511.03049



Creating tables from
MontePython info

You can also use the output *tex files to compile LaTeX tables, including:

* All the parameters (‘cosmo’, ‘derived’, ‘nuisance’,...) especified in to plot

e  Their best-fit values and their mean values

* Their |-sigma and 2-sigma credible intervals (sigma and 95%)

e Other info like the maximum likelihood found and minimum value of y?

957 lower | 95% upper

0.1984 | 0.16197;14 —0.2234 | 0.4994

Q 0.2115 | 0.2315799™ | 0.07255 | 0.4076
Qa 0.59 | 0. 6065+3 ‘1’28 0.3697 | 0.8639
—In Lmin = 341.105, minimum x* = 682.2




® MontePython is well documented:

http://monte-python.readthedocs.io/en/latest/

Quick access to all the options in each mode:
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http://monte-python.readthedocs.io/en/latest/
http://monte-python.readthedocs.io/en/latest/

Introduction to




Running CosmoMC

® Running a set of N chains is as simple as executing the compiled code
. /cosmomc with an input file params . ini in the command line
(but you need to compile it first! Needs Intel Fortran 14 or GCC 6)

® CosmoMC also offers a simple way to generate job scripts and submit them
to run the code in a computing cluster (e.g. Torque, MOAB, SLURM)

B Pyt hon python/runMPI.py

batch ow@wacdmbaosn.ini [




CosmoMC input file

The input file for CosmoMC is named params.ini where we can set up:

#Folder where files (chains, checkpoints, etc.) are stored
root_dir = chains/

Output folder and chain file names

#Root name for files produced
file_root=planckl5drl2

#action= @ runs chains, 1 importance samples, 2 minimizes : ;
#use action=4 just to quickly test likelihoods Execution mode (0=run chains)
action = 0

#general settings
#Bicep-Keck-Planck, varying cosmological parameters 5 <
#DEFAULT(batch2/BKPlanck.ini) Likelihoods

#Planck 2015, default just include native likelihoods (others require clik) . . (datasetS)
DEFAULT (batch2/plik_dx11dr2_HM_vi8_TTTEEE.ini)| Planck2015 highL temperature+polarization ¢
DEFAULT (batch2/LowTEB. ini) Planck2015 lowL temperature+polarization AL
#DEFAULT(batch2/lowl.ini) Planck2015 lowL temperature only to include
#DEFAULT(batch2/lensing.ini) Planck2015 CMB lensing
#0ther Likelihoods . (eaCh one
#DEFAULT (batch2/BAOnew. ini) BAO {rozm BlOSS+MGS+6dF(+W1ggleZ) A
#DEFAULT (batch2/WiggleZ_MPK.ini) Wi % e/ galaxy power spectrum
#DEFAULT(batch2/MPK. ini) SD35 galaxy power spectrum settings ﬁ|e)
#DEFAULT(batch2/WL. ini) CFHTLens weak lensing

Also, SNe from JLA, etc
#to vary parameters set param[name]l= center, min, max, start width, propose width X
A il e Model parameters:

param[omegak] = @ -0.1 0.1 0.005 0.005 Values for fixed ones
param[w] = -1 -3 1 0.05 0.05 and ranges for those
to be measured

param[wal] = 8 -3 3 0.3 0.3
prior[omegabh2] = 0.0223 0.0009 BN ={\ATo ][ I M EETTNFT N aTels




GetDist: Analysis of
CosmoMC chains

CosmoMC’s traditional (text-only) analysis tool is GetDist. Besides outputting info
to the screen, it creates files with parameter bounds (margestats), covariance matrices,

and python scripts to generate plots with matplotlib (in the plot data folder)
The analysis settings can be modified in the distparams.ini file

[acuesta@nova® cosmomc2@015jull$|./getdist distparams.ini chains/lcdmbaosn SyntaX: /getd|3t diStpal’amS-ini ChainS/rOOt
skipped unused params:| omegak mnu nnu yhe Alens nrun r r@2 [pgrameters defined in distparams.ini but not in the chains

reading chains/lcdmbaosn_1.

reading chains/lcdmbaosn_2.

reading chains/lcdmbaosn_3.

reading chains/lcdmbaosn_4.

reading chains/lcdmbaosn_5. - ( - )
biprii s b number of chains read (check that these are all your chains
reading chains/lcdmbaosn_7.

reading chains/lcdmbaosn_8.

Number of chains used = 8

var(scan) /mcan(var), remaining chains, MCMC Convergence status

RL: Thin for Markov: 30

RL: Thin for indep samples: 31

RL: Estimated burn in steps: 120 (50 rows)

mean input multiplicity = 0603247540020 .

using 65280 rows, [processing 92_paranetersnUMber of parameters (cosmo+nuisance+der)
Approx indep samples: 46

Best fit sample -log(Like) = 6822.39800000000

mean{-Ln{like)) = 6835.30173439549

-Ln{mean like) = 6830.18592659466

Warning: sharp edge in parameter chi2_JLA - check limits[chi2_JLA] or limits86 \Aliir11lr]§;£5 Eit)()l]t non-
Warning: sharp edge in parameter chi2_6DF - check limits[chi2_6DF] or 1limits87
converged parameters




Marginalized

parameter
omegabh2
omegach2
theta

apsl143217
aps217
aksz

limits:

GetDist: Analysis of
CosmoMC chains

9.68; 0.95;

mean
0.2227594E-01
0.1192956E+00

0.

1040831E+01

0.8200741E-01

0.

3097935E+01

0.9658500E+20

0.

1000465E+01

0.6359261E+02

0.
0.

5220534E+020
5399273E+01

8.2590954E+03
0.43252B86E+02
0.4026165E+02
0.9815534E+02

0.

3160785E+01

e
)
e
e
e
e
e
e.
@
e
e
e
e
e
e

8.99

ddev

.1409B804E-03
.1068506E-02
.2995374E-03
.164375BE-01
.3246072E-01
.4063676E-02
.251604BE-02
6577819E+01
.2B49235E+00
.1B71B46E+01
.2746669E+02
.7687977E+01
.994820BE+01
.1100181E+02
.2332050E+01

[acuesta@nova® cosmomc2@015julls

skipped
reading
reading
reading
reading
reading
reading
reading
reading

Number of chains used
var(mean) /mean(var),
RL: Thin for Markov:

RL: Thin for indep samples:

Estimated burn in steps:
mean input multiplicity =
using

RL:

65280

r

Approx indep samples:
Best fit sample -log(Like) =
mean({-Ln{like)) =
-Ln({mean like) =

lowerl

L~~~ -~ I~~~ L~~~ R~ .~ .~ ]

.2213470E-01
. 1182545E+00
.1040534E+01
.6557802E-01
. 3065291E+01
.9618321E+00
.9979804E+00
«5697960E+02
.DOPRODRE+DD
.3556131E+01
.2316349E+03
«3552913E+02
.3006222E+02
.B722243E+02
.D000ODRE+0D

upperil

Ll S R

.2241652E-01
.1203491E+00
.1041130E+01
.9B862151E-01
.3130707E+01
. 9698272E+00
.1002947E+01
.7011801E+02
.10000020E+01
.7442447E+01
.2B64320E+03
.5095578E+02
.5063956E+02
.1092326E+03
.4034485E+01

limitl lower2

two
two
two
two
two
two
two
two

none

two
two
two
two
two

Q.
«.1171635E+00
.1040247E+01
.4956239E-01
. 303422BE+01
. 9579955E+00
. 9954956E+00
.5088221E+02
.020RPORE+DR
.1661532E+01
.2053967E+03
«2797599E+02
. 2158706E+02
. 7626975E+02
.000000RE+DR

[~~~ ~ B~ .~ .~~~ .~

2200101E-01

upper2

L= - R -

./getdist distparams.ini chains/lcdmbaosn

unused params:]omegak mnu nnu yhe Alens nrun r r02|

chains/lcdmbaosn_1.txt
chains/lcdmbaosn_2. txt
chains/lcdmbaosn_3.txt
chains/lcdmbaosn_4. txt
chains/lcdmbaosn_5. txt
chains/lcdmbaosn_6.txt
chains/lcdmbaosn_7.txt
chains/lcdmbaosn_B8. txt

remaining

30
31
120 (50 rows)
2.30603247549020

chains,

. 2255144E-01
. 12134B4E+20
.1041420E+01
.113B723E+00
. 31608B8E+01
«9740912E+020
.1005439E+01
. 7649609E+02
.1020@00RE+21
.B952850E+01
«3134392E+03
«5791646E+02
.50957445E+02
.1192058E+03
. 7749367E+01

limit2 lower3

two
two
two
two
two
two
two
two
none
two
two
two
two
two

e.
.116443BE+00
.1040057E+01
.4020595E-01
.3013767E+01
. 9555469E+00
.993939BE+00
+4T702681E+02
.00R00RRE+RD
. 7504497E+00
. 1B9@985E+03
«2349064E+02
.1655117E+02
.6946944E+02

Q SOOI ED

2191544E-01

.0000020E+0D

upper3

L=~~~ -~ I~~~ L~~~ L~ .~ .~ ]

.2264190E-01
.1221176E+00
.1041614E+01
.1240224E+00
. 3180444E+01
. 9768459E+00
.1007128E+01
.BOT5525E+02
.1000000E+01
.9658879E+01
«3311659E+83
.6198630E+02
.b414078E+02
. 1255847E+03
. 1000000E+02

limit3
two
two
two
two
two
two
two
two
none
two
two
two
two
two
none

\Omnega_b h*2

\Onega_c h*2

180\ theta_{MC}

\tau
{\re{1n}}(10~{10} A_s)
n_s

y_{\rm cal}
A~{CIB}_{217}
\xi*{tSZ-CIB}
A~{tSZ}_{143}
A~{pS}_{100}
A~{PS}_{143)
A~{PS}_{143\times217}
A~{PS}_{217}

A*{kSZ}

Syntax: ./getdlst distparams.ini chains/root
parameters defined in distparams.ini but not in the chains

number of chains read (check that these are all your chains)

8

worst e-value:

R-1

0.00666

ows,

processing

92

parameters

50406

6822.35800000000
6835.30173439549
6830.18592659466

MCMC Convergence status

number of parameters (cosmo+nuisance+der)

Warning:
Warning:

sharp edge in parameter chi2_JLA - check limits([chi2_JLA] or limits86
sharp edge in parameter chi2_6DF - check limits([chi2_6DF] or limits87

warnings about non-
converged parameters




GetDist GUI:
MCMC graphical analysis

® Getdist’s graphical interface allows the interactive analysis of CosmoMC
but also MontePython chains, making it easy to visually inspect the results

® |t has an option to create tables with parameter bounds and export to LaTeX

N\ Parameter tables for: base _nnu_mng_plikHM_TTTEEE lowTER

6% || s%% | 99 |

fhi”
n.h

1000610

100 105 310
m(10™A,)

Save latex

More examples are shown at http://getdist.readthedocs.org/en/latest/plot gallery.html


http://getdist.readthedocs.org/en/latest/plot_gallery.html
http://getdist.readthedocs.org/en/latest/plot_gallery.html

HELP

® CosmoMC has a complete README website:

http://cosmologist.info/cosmomc/readme.html

It contains |nd|V|duaI pages for many tOpICS
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http://cosmologist.info/cosmomc/readme.html
http://cosmologist.info/cosmomc/readme.html
http://cosmocoffee.info/
http://cosmocoffee.info/

Thank you







Structure of a chain file

* A chain file is just a text file, you can open it with any editor or manipulate it through any
python script (or the way that is most convenient for you)

Each row is a MCMC step. Each column is each one of the parameters in this order:
cosmological, nuisance, and derived. Check the * . paramnames file to find out the ordering

The first two columns are the multiplicity (or number of steps spent in that point)
and the -log(likelihood), or “loglike”, which is just 0.5 times the total X? value.

mult & loglike LCDI\/I parameters
. ol & 96384 FELL > 3997 . GO9C+91 SRLE ] Q. J’ ':Nt #2 Q. $167 1 542297C-91
240745E+99 ...'.-'.:'[ 00 ?.}-190-1‘33(-00 / 1757 9.2903562 9.6760326E+09 9. 1314555+ 0. . 9986 41 667797
LG 9. A 4 3 1

.6774565E+09 9.3225435E+09 9.143835 1435€-93 9.9568557 0 475 391’[ e GE+09 9.1924325€+01 9.2523461E+

183€+01 9. 1206635€+4 9.5520434E+4 : «7891323E+03 L ,923[ L0 9. 2453066E+09 66328E+09 9.2627635€+91 9.138 9. 1059254E+4 4
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E+4 2.3507609€+09 9.70581 E *M 678898 ;U?J‘E 00 0. 7053466E+-09 0. 4854761E+09 0. 6209951E+99 9.35953857E+4 2. 1MG665E+05 S ep
200532E+09 2,.5372448E+09 71 4

2.2099999€ 01 0.7432273E+04 1 7 27 1 8511 ¢ 2. 1381403500 9.3985730€+01
0.2326Q24E+09 9.3234647E+03 167 ol Q. F"'v"t Q‘ . 0.494085 . . GE-Q2 0. 82168ME-2 9.6583734E-0
0. 1212628E+09 0.4138422E+09 £ 66227[ @ 2024037600 Q€+ 59 48762E+9) 99 .9

9.6681633E+-09 2.3318367E+09 9. 1450554E+09 0. 9559442E~ Q' 0.8370717E+-09 0. 4821974E+-09 0.. @ 9.2543836E-01 +1138763E.02

. 1218436604 «S524315E-04 2451456 7 0.2219278€+-03 ?.9585 E+2 9.2452473€ 465732E+-09 Q755€+01 9. 1385345€+-02 0. 1099526E-04 ?.14406525-?

Pl

9. 1384408E+02 1 . Q443E-00 .3450975E+04 . ? 9.8934782€ 0 . 4444658E+09 Q. T244E+09 o7 7 2 Q. 1009162

0. 4985407E+09 0. 7037144E+09 13E+9 . 617810QE-20 0.3612763E+0 0. 1M5756E+05 0.6564181E+-03 0.4
0. 1360520602
Q. JQQQQQQE G' 0.7284871E+04 . i . . 109 2E+00 9.3125897E-01 0.9607852E+09 . 100Q165E+21 @.1525372E«0 @.3207994E~ 0'

S1E«0@ 0.3467405€01 9.2893997€ . . 2 +6357391E.1 0. 1250935E.02 0.8257744E+02 «2133231E.02 0.64522 2

+1537515E«00 . 8939 .41¢ .53798 . @.1532049€ 0% . 0.4808829€+00 2.2579597E«2@ 0.7759683E«09 0. 146224301

02 0.6685035E«00 @.3314965E«00 . 2.6451439€-03 0.9572121E-01 20634E+09 0.49Q5817E«0 0. 6465344E+00 0. 104895401 9.2582354E«

88S4E+01 0. 1220446804 0.5509919€-04 «2451231E-04 0.7856986E-03 @.2223143E % 0.96Q7862E«20 0.2452129€+29 @.2465387E«20 @.2665083E.01

. 1040593E0 9.1385383e.02 0. 1059208E.04 + 1469439€.03 0. 1407185E«00 e G4E«2Q @.3445374E+04 9. 1051558¢ e.89421 2 0.4449Q052E«0

Eeld 0.3514796E«00 . 7052297€E-01 9.9234238€.02 Q. 1408265E.04 Q.6810272E«00 0.5074146E«00 0. 716378SE«20 0.5004196E«00 0.6289565E«09 0.3312784E«04 0. 1050Q69€+05

T21827E«00 0.2234986E«00 0.1081429¢€.02 0. 1822413E.01 0.4143067E«02 0. 1381347E+05 @.1333238€.02




List of CosmoMC’s
valid parameter names

You can see a complete list in the file paramnames/params_CMB.paramnames
and also in Planck’s documentation http://wiki.cosmos.esa.int/planckpla2015/
images/b/b9/Parameter_tag definitions_2015.pdf

omegabh2 \Omega_b h*2 #physical baryon density
omegach2 \Omega_c h*2 #physical CDM matter density
theta 100\ theta_{MC} #100 times the ratio of the angular diameter distance to the LSS sound horizon

tau \tau

omegak \Omega_K

mnu \Sigma m_\nu #sum of physical masses of standard neutrinos

meffsterile m_{\nu,{\rm{sterile}}}*{\rm{eff}} #effective mass of sterile neutrino, \approx omeganuh2%94

w w #equation of state parameter for scalar field dark energy today

wa _a #w_a variation

nnu _{eff} geffective number of neutrinos (only clearly defined for massless)
H@x* ) #hubble parameter is H® km/s/Mpc

omega l* \Omega_\Lambda

omegam* \Omega_m



http://wiki.cosmos.esa.int/planckpla2015/images/b/b9/Parameter_tag_definitions_2015.pdf
http://wiki.cosmos.esa.int/planckpla2015/images/b/b9/Parameter_tag_definitions_2015.pdf
http://wiki.cosmos.esa.int/planckpla2015/images/b/b9/Parameter_tag_definitions_2015.pdf
http://wiki.cosmos.esa.int/planckpla2015/images/b/b9/Parameter_tag_definitions_2015.pdf

Parameter Covariance Matrix

e Choosing a good covariance matrix is important because
it HELPS the chain to converge faster

® |t gives you the optimal sampling step size ‘ =
O;

i

iIn each direction of the parameter space
(diagonal elements of the matrix)

e But also, if the parameters are correlated,
it also gives the direction where to move
when we change one of the parameters
(off-diagonal elements)

0-(9191 0-6192 ] J _ ]' 109162
0-91(92 0-19292 ' ; 1091(92 ]‘

Covariance matrix Correlation matrix

2
00,6, — Oy,




Modifying a (simple)
CosmoMC likelihood

® |et’s make a copy of this likelihood to batch2/HSTnew.ini
because we want to use the new 2.4% determination of Hg

by Riess et al. 2016 http://arxiv.org/abs/1604.01424

# Riess et al (2011) value of H® = 73.8 +/- 2.4 km/s/Mpc

# Riess et al: 1103.2976

Hubble_zeff = 0.04

Hubble_angconversion = 11425.8

#angconversion converts inverse of the angular diameter distance at z = zeff to HO
#for the fiducial cosmology (omega_k = @, omega_lambda = 0.7, w = -1)

#likelihood is in terms of inverse of the angular diameter distance, so includes the tiny cosmological
#dependence of the measurement (primarily on w) correctly.
Hubble_H® = 73.8 «— 73 724

Hubble_HO_err = 2.4 €&——no____

e | P(Hp) oc e~ 03(%m55)

® Now you can INCLUDE in your parameter file this new likelihood batch2 /HSTnew.ini


http://arxiv.org/abs/1604.01424
http://arxiv.org/abs/1604.01424

