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“I say, there is no darkness but ignorance.”
— William Shakespeare, Twelfth night (IV.1])



Galaxy Clustering & Weak Lensing
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COSMOLOGICAL OBSERVABLES

Images. Planck, Science, icons made by
Freepik from www.flaticon.com
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THE POTENTIAL OF JOINT ANALYSES

Robust constraints on ACDM & extensions due to
complementarity

Consistency tests of cosmological model

Constraints on astrophysical systematics, e.g. baryon
feedback

Systematics calibration & identification
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Additional information contained in:
Cosmological fields at small spacial scales
Non-Gaussian features

Image: llustris Collaboration / lllustris Simulation
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Images. 6df, Science News
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HSC PaoroMmETRIC CLUSTERING WITHIN LSST DESC

Apply/test LSST pipeline on LSST-like data set
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Tue Hyrer SurriME CaM SURVEY (HSC) As A PRECURSOR FOR LSS'T

HSC area: 1000 sq. deg.
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HSC DR1 data
Galaxies with mag < 24.5

A redshift bins: 0.15-0.50, 0.50-0.75,

0.75-1.00, ~

Photo-z: COSMOS reweighting
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SYSTEMATICS & S1GNAL MAPS
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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\ \
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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 O;’i ( )>

satellites: N.(M) = 0(M — My(z)) (MJ\;]\(?)(Z)Y

where
1 1 . :
IOgMZ(z):MfL_'_Mz,p(l__Z 1+ » >77’€[m1n7071]
p

Fiducial model
Redshift-dependent 3(+3)-parameter HOD:; Mmin(2) Mo(2) Mi(2)
Remaining HOD parameters fixedto fe =1 a=1 owm =04

Cosmological parameters fixed to Planck 2018
Photo-z uncertainties: p(z) shift Az; & width 2w, i




500 1000 1500 2000
Y2

01
CZ

500 1000 1500 2000 500 1000 1500 2000
¢

02
CK

0.0

500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000 2500
¢ ¢ )

x10~4 x10~4 4 x10~4
03 13 23
C, C, C,

1000 1000 1500 500 1000 1500 2000 2500
¥4 Y2 ¥’ ¥’







-~
n
-~
n
QO
e

)

—
o
™

(] (=)™

—— Dbest-fit
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SMALL-SCALE POWER SPECTRUM
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Fadzhiyska et al.,, 2021
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GaLaxy GLusTErRING wiTH HSC DR3
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Dalal et al., in prep.

[.SST DESC Bias CHALLENGE
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galaxy cluster

__~ lensed galaxy images

distorted light-rays

Images. NASA/ESA, radioGREAT, NASA/STSc!
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SIMULATIONS

ILusTrRISTNG
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CAMELS: 2000+ simulations of V = (25 T Mpc)3, run for lllustris TNG/SIMBA

Nelson et al., 2019, Dave et al.,, 2019, Villaecscusa-Navarro et al., 2021
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DATA

I1LusTrRISTNG

SIMBA
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SIMBA

5 10 15 20 25
x [h~Mpc]

0 5! 10 15 20 25
x [h"Mpc]

10Y
k [hMpc™!]

10°
k [hMpc ]

SNe feedbck enerqgy SNe feedbac wind speed

Weinberger et al., 2017, Pillepich et al., 2018, Dave et al., 2019
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BARYON FRACTION AS PREDICTOR OF FEEDBACK

_ 1 .
fbar — Fh Vi ’h7 , 1012 < Mtot,h,i < 1013 h_l
; tot,n,?

Averaged relative accuracy. (6P/P) ~ 25%

van Daalen et al., 2020
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FORECASTING CONSTRAINTS

ForeCASTED ERRORS FROM IL.LUSTRIS NG
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RoBUSTNESS OF CONSTRAINTS TO SUBGRID PHYSICS

SYSTEMATIC UNCERTAINTIES FROM TESTING ON SIMBA
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Nicola et al., 2027
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RuBiN/LSST
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10 year optical survey of 20000 sg. deg.

rch 2nd

20217

-Irst data expected In 2023
Deep, will image ~109s of galaxies

Main observables: weak lensing &

clustering
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Image: S. Skillman, Y-Y. Mao, KIPAC/SLAC National Accelerator Laboratory
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AKkhmetzhanova et al., in prep.

Alsing et al., 2019, Tegjero-Cantero et al., 2020
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SUMMARY

Combined probe analyses essential to constrain cosmology

Robust test O

dentification,

Significant inforr

Sreak parameter degeneracies
- COSMOIOg
Unaderstano

-uture surveys will deliver nigr

ical model
INg and calibration of systematics

-precision data

nation 1N S

Limited by systematics

Iwo approachnes

mMall-scales, non-Gaussian features

—Xtend traditional analysis methods
Develop novel analysis methods based on joint forward-modeling

and simulation-based interence
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