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GALAXY CLUSTERING OBSERVABLES
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WEAK LENSING OBSERVABLES
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EXPERIMENTAL SYSTEMATICS (CLUSTERING-BIASED
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Image. Wechsler et al., 2018
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THEORETICAL SYSTEMATICS: BARYONIC EFFECTS
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FucLiD

Science driver: \W

- Clustering, BAO

Final data produc

i 1st 2023

.. Pl

'S: iImages of 10 billion sources,

>1 pillion WL galaxies, spectra of 35 million
galaxies, 15,000 deg?
Timeline: launch via Space X Falcon 9 rocket July

\ Data release: Quick release (single-pass 50 deg?
annes, rebuan 2025 qaan field) - end of 2024, Year 1 - end of 2025

credit: Chihway Chang
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RuBiN/LSST

VERA C.RUBIN
OBSERVATORY

Science drivers: VWL, clustering, SNe, solar system,
transients, Milky Way

Final data products: images of 37 billlon sources,

| % >2 pbillion WL galaxies, 10 million alerts per nignt,
—— il 18,000 sq. deg.

Timeline: system first light - Summer 2024, survey
start Winter 2024

Cero Pachan, November 2022 Data release: first 6 months - end of 2020, Year 1 -
end of 2026

credit: Chihway Chang
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February 2023

Science drivers: WL, clustering, SNe, exoplanets
-inal data products (High Latitude Survey): images
of 380 million WL galaxies, 2700 SNe, 22 million

- G spectra at 1<z<3, 2,000 deg2; exact area,
ocation, pointing strategy still unaer discussion
through community process

Timeline: launch by May 2027

credit: Chihway Chang
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STAGE V SPECTROSCOPIC SURVEY

Concept: target high-z sources from
Science drivers:

\Viodifications to General Relativity
Neutrinos and other Light Relics

Current mission concepts:
ViegaMapper

—uclid/LSST/Roman

Dark energy at higher redshift (2 < z < 5)
nflation (primordial non-Gaussianity)

—undamental Nature of Dark Matter

\Vaunakea Spectroscopic Explorer
Wide-Field Spectroscopic Telescope

credit: Chihway Chang

14



Image: llustris Collaboration / lllustris Simulation
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image. H. Aihara, et al., "First Data Release of the Hyper Suprime-Cam Subaru Strategic Program.”
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SYNERGIES - OBJ ECT DETECTION & SHAPE MEASUREMENT

lroxel et al., 2022
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ProrOSED PATH TOWARDS STAGE 1V

Joint/coordinated analyses

Deblending/shape measurement
“hotometric redshifts
Joint pixel-level analyses

Cross-correlations with other surveys/probes
Consistency tests
Self-calibration

Complementary methods and observables

Icon madade by smashicon
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SUMMARY

VWe are entering the era of Stage |V experiments

L arge amount of high-precision data
Significant informa
Limited by systematics

Complementarity of s

Syste

matics callb

unveys, p

lon IN small-scales, non-Gaussian features

opes & methods

ation, mi

igation & identification

—arly coordination and collaboration between surveys
Se prepared for surprises!

P
o\?/°
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GALAXY CLUSTERING

Icons made by Freepik
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“I say, there is no darkness but ignorance.”
— William Shakespeare, Twelfth night (IV.1])
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B Additional information contained in:
Cosmological fields at small spacial scales
Non-Gaussian features

Image: llustris Collaboration / lllustris Simulation
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HSC ProromeTrIC CLUSTERING WITHIN LSST DESC \
=,
”’77///1 ‘ﬁDESC

\Dark Energy Science Collaboration

Test viability of tomographic Fourier space analyses for high S/N data
Try to maximize sample size, i.e. go beyond e.g. LRGs, redMaGiC
G0 to small-scales

Apply/test LSST pipeline on LSST-like data set




Tue Hyrer SurriME CaM SURVEY (HSC) As A PRECURSOR FOR LSS'T

HSC: 5-year survey, covering 1000 sq. deg.
Deep ( 7im ~ 26 ), good seeing

Precursor to LSST

-irst data: DR1 covering 150 sg. deg.
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28



0.20 | | | | | | |

o bin 0
HSC DR1 data 0.15 L bt
Galaxies with magi < 24.5 T 010 M T b
4 redshift bins: 0.156-0.50, 0.50-0.75, ) 1A
0.75-1.00, 1.00-1.80 0.05 : -
Photo-z: COSMOS reweighting 0.00 '

0.0 0.5 1() 1.5 2.0 25 30 35 4.0
z




PowERr SPECTRUM CONSISTENCY T'ESTS
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THEORETICAL, MODELING

Small-scale clustering (Kmax ~ 1 Mpc )
Halo model (e.q. Seljak 2000, Peacock et al.,, 2000, Ma et al., 2000)
Halo occupation distribution (e.9. Berind & Weinberg, 2002, Zheng et al., 2005)

Pyg,on(k) = (n—g /dM M br(M) N |1+ Nsus(k)]>2 Pin (k)
1 —ha\o\ \



HOD MobEeLING DETAILS

Redshift-dependent 6-parameter HOD model
Ng(M) = Ne(M)(fe + Ns(M))

Y L log M — 1 Mmin < )
centrals: Ne(M) = 5 |1 + erf ( e mii ( )>

satellites: N.(M) = 0(M — My(z)) (MA}A@(Z))@

whnere
1 1 . :
]‘OgMZ(Z):MZ_I_M’L,p(l__Z 1+ » >77’€[m1n7071]
p

Fiducial model
Redshift-dependent 3(+3)-parameter HOD: Mmin(z) Mo(z) Mi(z)
Remaining HOD parameters fixed to fe =1 a=1 ompm = 0.4

Cosmological parameters fixed to Planck 2018
Photo-z uncertainties: p(z) shift Az; & width 2w, i
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Tue LSST DESC Bias CHALLENGE
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PERTURBATIVE Bias MODELING

Perturbative models: 1 -+ 59 — F [82 BJ (I)]

Model ingredients:

Perturpative expansion to secona oraer
Non-local bias contribution

Stochastic component
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MobELS CONSIDERED

—ulerian bias (Bernardeau et al., 2002)
Slas expansion at current time

L agrangian bias (Matsubara, 2008)

S31as ex

Hyorid Effect

Ve

nansion at inital t

—leld Theory |

2021, Zennaro et al., 2027)

me 1

Nen evolvead using LP [

_|

): anzu, BACCO (Modi et al.,, 2020, Kokron et al.,

Slas expansion at initial time then evolved using N-pody simulations



3D power spectra from AbacusSummit
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ASSESSING MODEL PERFORMANCE

Determine best-fit through x2 minimization
Jncertainties from Fisher matrix

Goodness of fit: X2 = XZmin + Ndof
2 1E > 0.05
Check against Gaussian realizations

IcONS made by Freepik
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Image: S. Skillman, Y-Y. Mao, KIPAC/SLAC National Accelerator Laboratory
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Next Generation CMB Experiment

Images. DESI, Euclid, SO, Rubin/LSST, Roman, CMB S4, Freepik
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SUMMARY

—uture surveys will deliver high-precision data
Significant information in small-scales, non-Gaussian features
Limited by experimental & theoretical systematics

Galaxy clustering: preparation for LSST
Analysis of precursor data

Nonlinear galaxy bias

—uture

—igher-oder statistics

Simulation-based inference

49
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BACKUP SLIDES
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e.q. bruderer, Nicola et al., 2018,

Kacprzak, ..., Nicola et al., 2020,
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HSC CLUSTERING



COV(Cg, Cg/) — COVG(Cg, Ce/) =+ COVN(;(Cg, Cg/) -+ COVSsc(Cg, Cg/)
Cova(Ce, Cr) . cOMputed analytically, accounting for survey geometry (NalVaster)

conal@Ce) s computed analytically using Halo Model/HOD (e.g. Krause et al., 2017)
Covssc(Cr, Cr)
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PHOTO-7 SYSTEMATICS
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Sirius mask
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Analysis variant x* Jv Pmin, p [bmin 1 p (1 A, Q. or
fiducial 86-2/g0 (0.30)  —0.4917% 83 11.887933  0.93313%7  13.0810:3% - - -
auto 192/95 (0.79)  —0.886 %' 11.82+£0.28  0.368%387  12.99 £0.33 - - -
@ @y $7:2/s0 (027)  —0.675735 1188703 070+287  13.08%0% : : :
G+SSC cov 86.2/30 (0.30)  —0.433715% 11.894+0.20  0.98272:37  13.097932: - - -
no 2y 88.0/34 (0.36)  —0.8557583% 11.874+0.11  0.32779:559  13.07£0.15 - - -
N0 Zy,i, Az 95.2/88 (0.28)  —1.0979-%27  11.78 £0.13 —0.108T9-797 12.93 +0.16 - - _
bins = 0, 1, 2 44.4/43 (0.41)  —0.3547332  11.88%D-32 0.62412-87 13.0919-57 - - -
bins = 1, 2, 3 44.4/46 (0.54) 1.20732-58 11.9719-31 3.4673-96 13.2319-29 - - -
pz = Ephor_AB 93.6/30 (0.14) 0.27072:93 12.1410-12 1.8212-87 13.3910-22 - - -
pz = Ephor 107.2/g0 (0.023)  0.895T197  1215+£0.17  2.64tZ70  13.407023 : : ‘
pz = DEmP 105.4/30 (0.031)  0.6167129 12.07+0-17 2.2912-29 13.3010-32 - - -
pz = FRANKEN-Z 90.8 /30 (0.19) 0.04217F1-9% 12.1219-18 1.41%273 13.3810-23 - : -
fiducial magn. 72.8/30 (0.70)  —0.358F23%  11.9470:2} 1.0413:32 13.1610-2¢ - - -
fit magn., auto+cross  69:0/79 (0.78) —1.7812-23 11.7919-26  —0.724+280  12.9879-3% 218 £0.74 - -
fit magn., auto 19454 (0.73)  —0.8447222  11.814+0.26  0.409%382 12984+ 0.31 0.62773 %1 -
fit cosmo 84.4/78 (0.29)  0.0143%2:72  11.79+0-27 1.631355 12.96+0-39 - 0.237 £0.025 0. 807+
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IMPORTANCE OF CROSS-CORRELATIONS
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