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how to References

Yet another CPE* toolbox!

e since ~2000’s Bayesian methods introduced in cosmology
thanks to . CosmoMC, CosmoSis, MontePython,
MultiNest,emcee...(Fortan/python)

e impact of priors, ”volume effects” must be checked,
o Frequentist analysis is possible :

@ required very precise minimization (—MINUIT): exquiste
max-likelihood solution (¢ )

e we also improved on MCMC side (Adaptive Metropolis)

CAMEL provides the framework to compare both

methodologies (agnostic)

*Cosmological Parameters Estimation 2N
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CPE

A C++ project

efficient, robust and clean
Object Oriented

o interface/implementation decoupling.
o carefully designed to grow with time (abstraction, patterns )
e no need to know C++ to use it!

(]

o HEP experience on building large scale project

3 years dev (6FTEQLAL) within Planck —tested
(papers), debugged
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CPE

CPE

Parameters 0 = (Q,v)

Q@ cosmo 2 = (wp, we, bs, -..)

© nuisances v =(calibs, beams,foregrounds...)
Likelihood Z(0) = Z(Cy(Q2),v)
Boltzmann solver : Cy(2) camb (fortran) or class (C)
Statistics

@ point estimate: max likelihood solution (or

miny?(= —21n.%)="best-fit’
@ individual parameters=interval estimate

© sample £ (MCMC)+ histogram (marginalize)=Bayesian
0 study .Z shape (profile likelihood)=Frequentist
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CPE

Profile-likelihoods
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minimization (dim=N-1) —report
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NB: independent minimizations (// run

on batches)

Planck Collaboration Int. XVI (2014)
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cut: 1—-68%CL,
3.8—95%CL (coverage)

border —Feldman-Cousins.
OK if non-gaussian (ie
non-parabolic)
—asymmetric errors

invariant under
re-parametrization

minimum coincides with
global best-fit (no volume
effects)
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CPE

Prof-.# in practice

e challenging: 0(0.01) precision needed on the minimum for
each point (not the case for MCMC since smeared by

hopping)
e numerical noise due to Boltzman solver: need fine-grain
control over computation precision —class.
@ evolved minimizer —MINUIT
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parameters
ACDM parameters with Planck £ (Hillipop): 6418
par omega_b cosm 0.02224 0.00027 0.017 0.027
par omega _cdm cosm 0.1192 0.0026 0.09 0.15
par 100xtheta_s cosm 1.0418 0.6E—-04 1.03 1.05
par tau_reio cosm 0.07 0.13E-01 0.01 0.20
par log (10"10A_s) cosm 3.07 0.025 2.7 3.5
par n_s cosm 0.96 0.0070 0.9 1.1
par A_planck nui 1 0.001 0.9 1.1
par cO nui 0. 0.001 —0.05 0.05
par cl nui 0 0.001 —0.05 0.05
fix c2 nui 0. 0.001 —0.05 0.05
par c3 nui 0 0.001 —0.05 0.05
par c4 nui 0.004 0.001 —0.05 0.05
par ch nui 0.004 0.001 —0.05 0.05
par Aps100x100 nui 2.5E-04 1E—-05 0.0 0.1
par Aps100x143 nui 1.1E-04 TE—06 0.0 0.1
par Aps100x217 nui 9.9E-05 6E—06 0.0 0.1
par Aps143x143 nui 4.7E-05 2E—06 0.0 0.1
par Aps143x217 nui 3.1E-05 3E—06 0.0 0.1
par Aps217x217 nui 7.6E—05 6E—06 0.0 0.1
par Asz nui 1 0.1 0.0 10
par Acib nui 1 0.1 0.0 10
par AdustTT nui 1 0.1 0.0 2
fix AdustPP nui 0.00 0.1 0.0 2
fix AdustTP nui 0.00 0.1 0.0 2
par Aksz nui 0.00 1.0 0.0 10
par Aszxcib nui 0.00 1.0 0.0 10 b

AL
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class extra setup:

#class setup

class N_ncdm 1

class m-_ncdm 0.06

class N_eff 2.046

class k_pivot 0.05

class sBBN\ file bbn/sBBN. dat

constraints (gaussian):

#priors#

gaussl AdustTT 1 0.2
gaussl Acib 1 0.2
gaussl A_planck 1 0.0025
gaussl cO 0 2e—3
gaussl cl 0 2e—3
gaussl c3 0 2e—3
gaussl1 c4 0.0025 2e—3
gaussl ch 0.0025 2e—3
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Data (ie. likelihoods)

#PLanck hi—ell

HiLLiPOP=HiLLiPOP /DX11dHM_superExt _CO_TT. lik
#lowl

clikfile=planck_data/low_1/bflike/lowl SMW_70_.dx11d_-2014_10_-03_v5c_Ap
.clik

S. Plaszczynski
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1. Best-fit

Minimize.sh (~8h on 8 cores) —best-fit +Hessian matrix

0 I omega_b |
1 Il omega_cdm ||
2 || 100*theta_s||
3 |l tau_reio |
4 |l  log(10~10A_s) ||
5 Il n.s Il limited
6 || A_planck || limited
7 Il <O Il limited
8 |l et Il limited
9 Il e2 Il const
10 || c3 Il limited
11 1 c4 Il limited
12 |l ¢5 Il limited
13 || Aps100x100|| limited
14 ||  Aps100x143|| limited
15 ||  Aps100x217|| 1limited
16 ||  Aps143x143|| 1limited
17 || Aps143x217|| 1limited
18 || Aps217x217|| 1limited
19 || Asz Il limited
20 |1 Acib Il limited
21 || AdustTT || limited
22 || AdustPP || comst
23 || AdustTP || comst
24 || Aksz Il limited
25 ||  Aszxcib || 1limited
S. Plaszczynsk CAMEL
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2. Profile-likelihoods

Profile.sh (also ~8h if all jobs run simultanously!)
you may need to re-run some points (shaking starting points)

omega_b=0.0222-0.0002+0.0 emega_cdm=0.119-0.002+0,002 100*theta_s=1.0417-0.0005+(.0004]
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3. MCMC++

no magic: you need a GOOD proposal (ie. non trivial cov
matrix)
e Adaptive Metropolis (cov matrix build on fly, scaling
adapted to reach 0.25 acceptance rate)
@ use the Hessian matrix as first guess

10

10 %;sp'ic% 2 y 4 Z lt
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Bayesian vs. frequentist

Planck(Hillipop) ACDM
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posteriors are Gaussian... here.
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how to

Volume effects: toy example
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Does this happen in real life?

7 with Planck(P1lik) high-¢ only part:

1.00

0.05 0.10 0.15 0.20 0.25
T

e in tension with Planck low-¢ only: 7 = 0.067 £ 0.023(LFI)
(Planck Collaboration X111 2015),7 = 0.055 & 0.009(H F'I) (Pianck

Collaboration et al. 2016)

e consistent with Planck(Hillipop)+ACT+SPT (couchot et al.
2015) (link with AL) AL
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LSST

o Fisher assumes Gaussians: photo_z, nuisances... are not.
@ classgal, hiclassOK

e do not always need full class—fast Engines: CMB (pico),
Class-Bkgd, analytical formulas (P(k, z))

e need LSST likelihoods (only generic BAO currently)

e what else?
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Conclusion

o CPE is not a push-button process. CAMEL provides the
tools to learn/check each step

profile- Z’is a delicate but informative process

pre-installed at cc-in2p3 , under construction @NERSC

@ contributions most welcome

camel.in2p3.fr
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camel.in2p3.fr

List of £ (today)

o CMB:

o All Planck(incl. Hillipop)
o ACT, SPT
o CMB lensing

e BAO : SDDS, WiggleZ, BOSS etc. : r;/Dy + anisotropic
e SN: JLA
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