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* SO codes for Likelihoods and Theory vectors:
“SOLikeT”

* Talk about plans and work in progress
* Focus on two aspects:

— Code development workflow

— LSS cross-correlation likelihoods
(including two examples)
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e 10 Countries, 40+ Institutions, 306 Researchers

* Design, build, test, calibrate, deploy:
— Hardware: SAT and LAT
— Reduction methods & software to create data vectors with uncertainties
— Inference methods & software to interpret what this tells us about the Universe

e Time schedule:

— 2022: Validation, integration, test H%O” ocy,

— Mid 2023: First science observations Cf/”atsu,,,c%//en;;ogfm/

— Mid 2024 — Mid 2029: Full science observations Beyondp/:;a' StaggSt
SC/'e nzk On pei/ks
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e 10 Countries, 40+ Institutions, 306 Researchers
* Design, build, test, calibrate, deploy:

° . Many important A,
— 2022: Validation, integration, test interfaces between ”"7’7/50% y
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e SO Likelihoods & Theories -> SOLikeT

Leads: Martina Gerbino, IH, Tim Morton
Many contributors! =g =
* Collect, test and cohere theory vector F(6)

and likelihood codes developed Data
across SO - vector

* Aim for holistic / joint inference diot = R

— Instrument, astrophysics, cosmology {d TT,d,~TE, d ~EE, dCKK, d gt
are all together in the data C; Ce Ce 4 Cy

— Many-part data vector
(SO and non-S0O)

— Consistent parameterisation,
modelling calculations across all parts
of the theory vectors

n 93
9 — {Qm, T, Aband, atSZ, o .}
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* Implemented within cobaya sampling framework

* Development in public github repo:
github.com/simonsobs/SOLikeT

 Open, flexible, understandable, reliable, fast (enough)

* Better practices for code development

- . @@ Coverage Diff (]
— ## master #50 +/-  ##
Issues to describe and discuss new features, xcorr add CLASS compatabilty #27
implementations bug fixes i rrrrrr ison opened thi is issue on 28 Sep 2021 -7 comments F%les = -
’ Lines 1666 1740 +74
a itrharri ison commented on 28 Sep 2021 Member = © -+ Assignees + Hits 1122 1193 +71
— Work on well-managed branches % . — I T

should only be a case of translating variable and function names
LLLLLL

| d Files Coverage A

— Write Unit Tests (which are automatically checked for coverﬁgg{gﬁ)ﬁ!ﬂm I - ot

— Require code review for merging into main branch © vt st im0 “
—  Written guidelines on how to contribute U errr————————

PT_bias_ te_interpolator[Falsel



https://cobaya.readthedocs.io/en/latest/
https://github.com/simonsobs/SOLikeT
https://github.com/simonsobs/SOLikeT/blob/master/CONTRIBUTING.rst
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* Implemented within cobaya sampling framework

* Development in public github repo:
oithub.com/simonsobs/SOLikeT

Open, flexible, understandable, reliable, fast (enough)

Better practices for code development
Issues to describe and discuss new features, _ R R

+ Coverage 67.34% 68.56% +1.21%

implementations, bug fixes - R S

+ Hits 1122 1193 +71
i 544 547 +3

Work on well-managed branches
Write Unit Tests (which are automatically checked for covergg{gﬁ)ﬁ! )

Imp d Files Coverage A

soliket/bias.py 96.58% <96.05%> (-1.10%) ¥}

Require code review for merging into main branch

bmpute_grid [Truel
pmpute_grid[False]

Written guidelines on how to contribute

Enables holistic / joint inference

est_lensing_lite.py::test_lensing[camb]


https://cobaya.readthedocs.io/en/latest/
https://github.com/simonsobs/SOLikeT
https://github.com/simonsobs/SOLikeT/blob/master/CONTRIBUTING.rst
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* Current /in development likelihoods:
— MFLike (CMB multi-frequency TTTEEE) cerbino, pagano et al
— Cluster (unbinned SZ cluster counts) sattagiia et al
— BinnedCluster ({1D, 2D} binned SZ cluster counts) Lee, Boliet et al
— Lensing (CMB lensing power spectrum)

— {Galaxy, Shear}Kappa (CCL-calculator galaxy {density, shear} x CMB
Iensing) Harrison, Lemos

— Xcorr (galaxy {density, shear} x CMB lensing) Harrison from krolewski et al

— SZ ({k, T}SZ Temperature, pressure and density profiles) moser, Battaglia et al
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* Current /in development likelihoods:

— MFLike (CMB multi-frequency TTTEEE) Gerbino, Pagano et al

— Cluster (unbinned SZ cluster counts) sattagiia et al

— BinnedCluster ({1D, 2D} binned SZ cluster counts) Lee, Bollet et al

— Lensing (CMB lensing power spectrum)

— {Galaxy, Shear}Kappa (CCL-calculator galaxy {density, shear} x CMB lensing) Harrison, Lemos
— Xcorr (galaxy {density, shear} x CMB lensing) Harrison from Krolewski et al

— SZ ({k, T}SZ Temperature, pressure and density profiles) moser, pattagiia et al

* Aim to start moving from “collection phase” to
consolidation/coherence phase over summer SO

meeting
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* S0O’s 2023-28 observing timeline Simons Observatory
overlaps with Rubin large aperture survey

I 2 o

Observatory, DESI, Euclid oy

e CMB and optical surveys both
measure large-scale matter and
baryon distribution.

DESI

 Better together! Growth of
cosmic structure, constraints on
baryonic feedback, calibrating
systematic effects...

From: The Simons
Observatory: science
goals and

forecasts

Peter Ade, et al.,
JCAPO02 (2019) 056

¢ Primarily from [44] and [287].

Table 9. Summary of SO key science goals. All of our SO forecasts assume that SO is combined
with Planck data.


https://ui.adsabs.harvard.edu/abs/2019JCAP...02..056A/abstract
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SO’s 2023-28 observing timeline

Simons Observatory

overlaps with Rubin large aperture survey
. &5V DEsI SN
Observatory, DESI, Euclid ¢ Fiiy '
Dark energy or Wo : tSZ +LSST
CM B 3 modified gravity Wa 0.2 tSZ + LSST
Growth rate (A(osfy)/0sfq) 0.1 kSZ + DESI
mMmeastL Shear bias calibration Mz=1 0.007 kKk+LSST
ba ryot fhoc 1.8 3 1 5 kk X LSST-LSS +3-pt 5.3
1 2 1 kSZ + LSST-LSS 7.5
Bette ., 0.033 0.04 0.03 0.1 | kk + DES-BAO 5.2
cosm 0.035 0.04 0.03 tSZ-N x LSST-WL 7.1 (F)rgmi Tfle Simons
o J . : _ _ servatory: science
o 0.036 0.05 0.04 tSZY + DESEBAO 7.2 (oco
aryC,...-1-9 1.2% 2% 1% 7% Kk + LSST-LSS 5.3 forecasts
Syste| 1.2% 2% 1% tSZ-N x LSST-WL 7.1 Peter Ade. et al
Nfeedback 2% 3% 2% 50-100% | kSZ + tSZ + DESI 7.3 JCAPO2 (2019) 056
Pat 6% 8% 5% 50-100% | kSZ + tSZ + DESI 7.3

Table 9. Summary of SO key science goals. All of our SO forecasts assume that SO is combined
with Planck data.


https://ui.adsabs.harvard.edu/abs/2019JCAP...02..056A/abstract
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 ACT lensing map

e DES Y3 shear catalogue
— 4 tomographic bins

* Measures Sg structure clustering
parameter

e Calibration of galaxy shear
systematics
— Az mean redshift of source galaxy n(z)
— m galaxy shear multiplicative bias
— Intrinsic Alignment model parameters

g 107? 3

10710 4

10711

ACT x DES (FLASK sim) varying Sg

K7YBin1

500 1000 1500

K7YBin3

500 1000 1500
L

107

1078 -

1079 -

10719 4

10710 4

10711

500 1000 1500

KYBin4

500 1000 1500
4
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ACT x DES (FLASK sim) cf. other measurements

K7YBin1

10-7 10-7 K7VBin 2

* ACT lensing map o
* DES Y3 shear catalogue DS 0.  =0
— 4 tomographic bins S m \ | RIS Jt\Lu
10*10-; | 10710 | -
* Measures Sg structure clustering ‘ ‘ | | ‘
p a ra m ete r 107 5(|)0 10I00 15I00 107 5(I)0 10I00 15I00
o . _ KYBin3 10-7 KRYBin4
e Calibration of galaxy shear o
systematics
— Az mean redshift of source galaxy n(z) 10_9_3 .
— m galaxy shear multiplicative bias
— Intrinsic Alighment model parameters ™ 0

L 4
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 FLASK simulation, covariance ACT x DES (FLASK sim)
matrix, data validation thanks to | B No nuisance
Shabbir Shaikh (ASU)

e Total forecast SNR ~9
— Robertson et al 2021 SNR 7.7
— Marques et al 2020 SNR 3.1

* Have run initial chains without | s . .
nuisance parameters | g |


https://arxiv.org/abs/2011.11613
https://arxiv.org/abs/2008.04369
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DECals

* ACT DR4 lensing map
* DELS: DECALS + BASS-MZLS :
galaxies

— 4 tomographic bins 05

— AsinHangetal 2021 T 00

0.0 0.2 0.4 0.6 0.8 1.0

velocileptors gg Power Spectra z
10°

______
-~

 Galaxy power spectrum non-linear
models (implemented as cobaya
Theory classes)

— Pmm,lin
—_ — Pmm, HaloFit
Ve I OCI | e pto rS —-= Pgm (HaloFit leading order) N\ "\

—==- Pgg (HaloFit leading order) A\

— FastPT thanks to Pablo Lemos — = Pgm (velocileptors leading order) B
——=- Pyg (velocileptors leading order) N

103 T T
1073 1072 107t 10°

k[Mpc™1]


https://arxiv.org/abs/2010.00466
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Stellar Density Correction

 Workin progress...

* Performing systematics tests on gg
data

I ]
~ 0.0251688 0.0185523
* Forecast SNR ~25
. Stellar Corrected Bin 1
— Krolewski et al 2021 SNR 80 10 .
| T o
. T . . 0e®’® °o .‘0. . o
— Kitanidis and White 2021 SNR 27 . DS o _Mm,”“mw&“
2 .. § 0054 ® o.
° S | o
| | 2
oo U 0151
-020 {
0 %0 1000 1500 2000 2500 500 1000 1500 2000 2500

!


https://arxiv.org/abs/2105.03421
https://arxiv.org/abs/2010.04698
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* Simons Observatory developing theory prediction and
likelihood codes within cobaya

¢ “SOLikeT”

— Open, reliable, well-tested

— Coherently model multiple data vector types in
CMB and cross-correlations

e Starting to deploy and test on current data
— ACT CMB lensing x DES galaxy shear
— ACT CMB lensing x DELS galaxy density



https://github.com/simonsobs/SOLikeT

