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Current CCL capabilities
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Sample >
Specifications:
Core
n(z), b(@) .. cosmological
functions
Systematic CLASS 2-point 2-point
Parameters: 1A, angular angular
Baryons, p-z .. Cosmic Matter power correlation
Emulator power spectra functions
spectra
/ e e \ D
Parameters
correlation
Eisenstein- Hu SRR

Halo model

Halo mass | | Halo bias
function function

From the CCL paper.
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Core Cosmology Library for LSST-DESC

Cosmological quantities to validated numerical accuracy

e A wide range of models
CCL features (e.g.., including massive neutrinos)
e A wide range of observables
(e.g., angular power spectra)
e State-of-the-art tools

(e.g., emulators)
e Accurate numerical validation




The CCL repository \
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CCL sits within the LSST DESC GitHub repository.

Publicly available with multiple releases. Paper documents v1.

E LSSTDESC / CCL @unwatch~ 135 % Star 48  YFork 14
<> Code Issues 82 Pull requests 7 Projects 0 Wiki Insights Settings
DESC Core Cosmology Library: cosmology routines with validated numerical accuracy Edit

Manage topics

D 2,969 commits P 25 branches © 11 releases 42 38 contributors gz View license
e ———_————————— e W

Branch: master v New pull request Create new file  Upload files = Find File Clone or download ~

:._,: elisachisari Merge pull request #633 from LSSTDESC/termsofref .. Latest commit @8cbb729 10 days ago
| .travis scipy on travis. benchmark files relocated 21 days ago
i benchmarks Move all C benchmarks to "benchmarks" directory (#632) 11 days ago
B cmake remove global parameter settings and some headers; remove ini files; ... 3 months ago
i doc Merge branch 'master' into refreport 25 days ago
B8 examples Merge branch 'master' into refreport 25 days ago
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The CCL paper N
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Validation scheme — 2DESC
/7//\& rrrrrrrrrrr ience Collaborat ion
-> Independent predictions available for each observable
-> Independent codes made publicly available within

repository
—> Automated accuracy checks run upon commits to the
repository and at will by the user
Paper documents level of accuracy achieved
Angular power spectra and correlation functions
accuracy guaranteed within a fraction of LSST statistical

S’

uncertainties
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Validation example: -
angular power spectra for 3x2pt PG

distorted light-rays

bs

<KK=>, <9K>, <%>
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Validation example: -
— 2DESC
angular power spectra for 3x2pt e

Cosmic shear

Co.(l) = / dxqi(xigi()() PNL<l +Xl/ Q,Z(X))

weights matter power spectrum
Redshift — ,  _ 3H3%n x / ACC I
distribution ~ 9x\X 22 a(x) J, AL X
Average surface E P
density of galaxies Mg/ = [ A2 g/, (2)
per bin
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Validation example: .\

— DESC
angular power spectra for 3x2pt e
== Histogram bin 1 ===  Analytic bin 1
3 — Histogram bin 2 == = Analytic bin 2
Redshift

distributions for
validation
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Validation example: \\|/

— HDES
angular power spectra for 3x2pt 2
C; Galaxy-Galaxy C; Galaxy-Shear
10° 4 : 1; : Q?na,:f:f&fff ) 10° - - 1; — .21\-:alytic N(z)

— == Binned N(z)

C; Shear-Shear ¢ .
Angular power spectra numerical

we— 11 = Analytic N(z)
10° 4 == 1-2 == Binned N(z2)

accuracy within a fraction of LSST
statistical uncertainties

CECL o Céi)
gy

S [
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Full set of validation tests

— 9DESC

\Dark Energy Science Collaboration

Quantity Equation/ Cosmologies Range Agreement with Figure
Reference benchmarks, A
Comoving radial distance, x (7) CCL1-5,7-11 0.01 < z <1000 5x 1077 Fig. 2
Growth factor, D (10) CCL1-5 0.01 < 2 <1000 6x10°° Fig. 2
o(M) (BBKS) (48) CCL1-3 10%° < M/M; < 10 3x10°5 Fig. 8
log(o~!(M)] (BBKS) (91) CCL1 10'° < M/Mg < 10'6 1073 Fig. 8
H = log[(M?/pm)dn/dM] (92), Tinker et al. (2010) CCL1 10° < M/Mp <10 & 2=0 5x10°° Fig. 8
P(k) (BBKS) (15) CCL1-3 1073 < k/(h/Mpc) <10& 0< 2 < 5 10-5 ;
P(k) (Eisenstein & Hu) Eisenstein & Hu (1998) CCL1 102 < k/(h/Mpc) <10 & 2 =0 1078 -
P(k) (CLASS linear & HaloFit) Takahashi et al. (2012) see Table 5 1073 < k/Mpc < 20 & z = {0,2} ~107% Figs. 3,4,5& 6
P(k) (CosmicEmu wCDM) Lawrence et al. (2017) M1,M3,M 10*<k/Mpc !<5&2=0 1072 Fig. 7
M6,M8,M10 (left panel)
P(k) (CosmicEmu vCDM) Lawrence et al. (2017) M38,M39,M40 10*<k/Mpc '<5&2z=0 3x 1072 Fig. 7
M42 (right panel)
P(k) (Halo model) Cooray & Sheth (2002) CCL1, WMAP? 10 < k/hMpc~! <10? & z =0, 1 10-2 Fig. 10
Planck 2013
P(k) (baryonic) (18), Schneider & Teyssier (2015) - 1075 <k/hAMpc ' <10& z=0 1072 -
Cy clustering (21),(22) CCL6 2 < £ <3000 0.10¢ Fig. 12
C¢ weak lensing (21),(28) CCL6 2 < £ <3000 0.10¢ Fig. 12
Cy gxy-gxy lensing (21),(22),(28) CCL6 2 < £ <3000 0.10¢ Fig. 12
Cy intrinsic alignments (21),(30) CCL6 2 < £ <3000 0.10¢ -
Cy CMB lensing auto (21),(31) CCL6 2 < £ <3000 0.10 Fig. 13
C¢ CMB lensing cross (21),(22),(28),(31) CCL6 2 < £ <3000 0.1o¢ Fig. 13
€x,€90,€901 (43),(41),(39) CCL6 0.01 < f/deg < 5 0.50LssT Figs. 14 and 15
3D correlation, £ (44) CCL1-3 0.1<r/Mpc<250&0<2<5 4x10°2 Figs. 16 and 17
C; clustering non-Limber (21),(22),(25) CCL1 500 < £ < 1000 2 x 1072 -
Cy clustering Angpow (21),(22),(25) CCL1 2 < £ <1000 gx1073 Fig. 18 (right panel)
From the CCL paper. 17
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Summar — 9DESC
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= — Likelihood —
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Cosmological predictions to a validated numerical accuracy:

For a wide range of models (e.g., including massive neutrinos)

For a wide range of observables (e.g., angular power spectra)

Using state-of-the-art tools (e.g., emulators)

A DESC-wide effort with DESC tools and significant engagement of
LSST:UK 18
e
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The future of CCL ///FQ&EémQ

e Extending the range of models
(e.g., modified gravity, perturbation theory).

e Extending the range of observables
(e.g., cluster lensing, cluster mass functions)

e Seamless integration with the joint-probes likelihood pipeline.

e Exploring accuracy vs speed.

Thank you



