» . »
- . N - A . L - s ™ v
y nt . 3 %
i { & . .
L) - . y . X -
. ™ .
- . . : . > 3 3 . A ¥ - ; p 3
» -
. 2 » | Yo . s - -
> . . . - 3 - el ‘.
. . > X " . -
- R N N
s -
. . * . TR - - o > ” .
: son 4 st . A
. e .
2 ' . X
. . -
it - -
. B . 4 -
- e \ By = o = "
N y < o > -
. . 5 . -
. v ; . -
G ) 7 .4 & -
’ > 5 * ~ -
" - ' - |
e, s - > i % -
C ' ‘ d . - -
. . 5 ° Y - -
R
' _— e
2 R - - -
-
. . -
1 ‘ . .
= -
- - ' b4
“ s - .
RS
.
e . - L
’ = 7 ; >
* 'S % -
\ - et
. -
. -
1 - . - -
B -
N ! - < * .
. By - -
o i
. - S o »
» s \_ -
2% ', A . -
'Y < ‘ - >
. A 2 : . P - - o
A 0 v ~ %
- : x 3
v » B s - X
. a < - s
S v 3 ey . -
v . g -
. N - - =
' i wf . . >
e .
- = v
. . e -
L -
> R
_ . g P v - - -
- » - > f
3 ,
. B -
- A -
. ] - - L ~ -
-, .
. . »
. G R .
’ s >
= -
- » -
- - .
- s . N . -
» I e
¥ -
5 ’ - Y . 3 -
% vy .
é - % Gy &
. ' - . - - - -
i - - b -
D et ~ e
& .
‘ ‘
3 - L . -
" 7 e e - - - .
- > - -
' o 2 .
S - . ASK -
’ * - A - - = - - 2
¥ . .
. 1 A ¥ . x, - > -
. X - & -
. 0 .
) . -
“ Dy £ = T e
- . \
» » / - b
v > . . S
»
% BRI o i : : I,
e : 4 A . . 2 o & 5 . . - ] -
. » -~ P g ‘e A 2 ' - . . 4 ,
A . 5 . ' - N - > -
“ ' ' * r . ~ . . . | . P - ) 2 -
U ¥ s : . . %
’ Q / . X 3 . . - " X & - -
0 S Y . , . . -
' - .
. . . . . <
s ) 3 > - . o
g ¢ « ; A 2 2 . RNl . o) . -
. » ~ . _ “r . 2 . . - -
’ » v - .
- al . . < - 7. 7 ;.
, * ) oM ™~ . ’ -~ - - - - ® -
. A & . §
5 3 . , . . S » . > »
- a .
. . N - t N A -
: . - . . -
. - -
D Y . . N . & S . . o 4
. e i 3 .
. A ) R . -
" .
’ : g 2 - : 8 ; . 3y 4
X ~ R - A . A
» 3 *fa 3 » N . . -
. . . s, < « N 4 . ' .
% - L P ] ‘. 5 . - > ~ - . -~ -
2 A o . d - 3 -
. N ] -
b v . ~
’ -. > . g A » . 5 t . - _‘ - ‘
. s - . 3 X
e . > T / X A ¢ 2 + . . E .
o ) AL . Y o - ‘ L ; 3 2 >
o . -~ -~ v . . °
g L o . ' 2 4
A 2L 3 e . J g . v ’ . ’ g ) A ~ - %o . .
y s ) 7 L i s L . . e ~ ..
» ‘ l L R ' . . - -
» et . \ . - > v > .
" - . .
r 5 y Ny ¢ o0t . - o
. . J ' A A pe 5 . . N - . .
. . = $ v - . 3 i . - Noa . " - X X .
P g 3 . K ' 3 ik - N ' N & 1 \ 2 x -
. 4 . ’ r ’ ’ y * ‘s e b . . !“ . . - ~
- . . po oy 4 DR v, . S, « “ . . . .
s N y yar L, p . /'. v .t , 1 i vt X X 3
. N yine » " 4 43 o e xY ., . . X :
. . L 0 # . . 5 « A < . .
$ ¢ > » . b r . ‘ . - X . 2 : A . & “ . s N
. 4 . i . 4 2 . ¢ 3 N
A % ¢ ; S T AP vt v S - ’ S v iy N . S : >
. X > 2ty ’ A 4 .
, ., ’ £ r‘ . v 3 3 3 i - . a ’
A‘ . ¥ % ? s . .' : . “e . . - . 3 ™~ 5 5 by
' '. . » ? *y e 4y § 0 . < . . . = . Y R v
. 4 » " » . A ' 8 . 9 . . . . -
2 . > ¥ »r P ot . R 3id : ; 3
3 » ! i % . v . A > . . . < ’
. R i N » oy % ’ i 2 ) . . R e < « Ry X R . .
3 ] » “r » iy . - . ] " g ~ a o - - . - - R



Outline

» | arge scale structure as a cosmology probe
 Subaru Hyper Suprime-Cam (HSC)

« HSC Y1 cosmology results
 Cosmic shear
» (Galaxy-galaxy clustering x lensing (2x2pt)

 Ongoing HSC-Y3 cosmology analysis

e« Summary



NACDM Model

 (Cosmic evolution is governed by the cosmological constant A
(or dark energy) and cold dark matter (CDM).

« ACDM model has been successful in explaining various
cosmological observables such as CMB, distance
measurements by type-la supernovae, and baryon acoustic
oscillations.

Issues
e 26% of the Universe is unknown matter: dark matter

e 69% of the Universe is unknown energy: dark energy
 Thus 95% of the Universe contents is unknown.

New physics?

Detailed Investigations of ACDM model
is one of the most important studies in modern physics

3



Large Scale Structure (LSS) of the Universe

w/0 dark matter ~ w/ arkmater

credit: N. Yoshida credit;: ESA

 The nature of dark matter and dark energy is embedded in the growth of
cosmic structure.

e Caution: dark matter makes up ~85% of the matter in the Universe, but
we cannot directly observe it.



Weak Gravitational Lensing

D (25, 2,)D4(2)
0
}/ D A (Zs) (?)

Weak lensing shear Matter density fluctuation

Geometry of the Universe

Weak lensing enables us to map out
dark matter distributions in the
Universe




Weak Lensing Measurement

Example: weak lensing by a galaxy cluster Unlensed Lensed

)
() .. . °® P o ("

* Weak lensing tangentially distorts galaxy shapes R L Al " L

by }/ % 2 /4 '.',v = $~‘ \

* [ntrinsic galaxy shapes are beaten down (this is not § . N , Ve
the case if intrinsic alignment prominent) by g , =),
averaging shapes of a number of galaxies. = -

Uy,int

0, = . whereo, ... ~ (0.3. s - . . AP ————

y y,int P N T e
? <. e e ) e S | R T A .
o < o
T . . o o v, o, ® /L e . e N %, \e.
e <
... .... () .' . .’ A .‘
[ - b4 e
¢ .‘ .O‘ .. .... ..
[ J
¢ o ° [ o

« To measure typical lensing signal (y ~ 0.01) at 10 £ f o
z — o | - \
o, one needs ~ 100,000 galaxies. E R N\ ,,,;' J
2 .. N '.... ’.. ' | : ::. -: .:‘ .: -:. % /- y ?
We need so many galaxies for P e TR

weak lensing measurement credit: J. Bosch



Galaxy Shape Measurement

The Forward Process.
Galaxies: Intrinsic galaxy shapes to measured image:

Intrinsic galaxy Gravitational lensing  Atmosphere and telescope  Detectors measure Image also
(shape unknown) causes a shear (g) cause a convolution a pixelated image contains noise

Stars: Point sources to star image?20int Spread Function (PSF)

o

Intrinsic star Atmosphere and telescope  Detectors measure Image also
(point source) cause a convolution a pixelated image contains noise

Good PSF is essential for weak lensing measurement

credit: S. Bridle



Subaru Hyper Suprime-Cam (HSC)

e Superb image quality: PSF~0.6"
o SDSS PSF~1.0”
» Large Field-of-View: 1.5°diameter
e ~/ x full moon
e ~500 x Hubble Space Telescope
e 8.2 m primary mirror

* ~11 x light collecting power of
SDSS or Hubble

Photo credit: NAOJ, Miyazaki et al. (2018), Komiyama et al. (2018)
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 Wide Layer (~1,100 deg?, grizy, im~2606) is designed for weak lensing cosmology (108 galaxies).
* QOverlaps with other major surveys (SDSS/BOSS, ACT, VIKING, GAMA, VVDS, etc...).
* Survey started in 2014 and complete at the end of 2021.

* Three data releases were made.
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Weak Lensing Surveys in 2010s

KiDS (Europe)
i 7

« HSC has small survey area, but

goes to high redshift. Diameter of
Primary Mirror 2.6 ' '
 DES has large survey area, but [m}
observes nearby universe. Galaxy Number
. . Density
e KiDS has a companion near- [arcmin-2] - S Y
infrared survey.
Survey Area . All Sky
[sq. ded] ~41,253
. . [sq. ded]
These surveys are complementary 1,300 5,000 1,100
2010 2020

11 Inspired by E. Krause  Credit: ESO, Fermilab/Reidar Hahn, NAOJ



HSC-Y1 Results



HSC-Y1 Shape Catalog

 Wide Layer: 6 fields, ~170 deg?
* Full-depth, full-color

* PSF FWHM ~ 0.6”

107 galaxies

 Number Density: ng~ 23 gal/arcminZ
e DES: ng~ 7 gal/arcmin?
e KiDS: ng~ 10 gal/arcmin?

 Shapes were measured by the
reGaussianization method

e Calibrated against image simulations
g — (1_|_m)gtrue_l_ct

* Publicly available

Dec [deg]

44°00’

Dec [deg]

42°30’

Dec [deg]

43°30' |

00’

1°00" |
0°30' |

00’

-0°30" |

-1°00°
30

248° 246° 244° 242°

182° 180° 178°
RA [deg]

-2°00’

-3°00’

-4°00" |

Dec [deg]

-5°00’

-6°00’

— DO
ot )

effective number density [arcmin™2]

0T
Gc
0€ -
GE -

Mandelbaum, HM, et al. (2018a)
Mandelbaum et al., (2018b)
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Cosmic Shear Analysis




Cosmic Shear

* Auto-correlation of lensing shear (galaxy shapes).
* Directly measure matter correlation

function: £(r3|Q, 1 ) = (8,,(r)8,,(r' + 1)),

Matter energy density
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pace analysis

Parameter symbols prior
physical dark matter density Qch? flat [0.03,0.7]
physical baryon density Qph? flat [0.019,0.026]
Hubble parameter h flat [0.6,0.9]
scalar amplitude on k = 0.05Mpc ™’ In(10'° A;) flat [1.5,6]
scalar spectral index Ns flat [0.87,1.07]
optical depth T flat [0.01,0.2]
neutrino mass Z m, [eV] fixed (0)7, fixed (0.06) or flat [0,1]
dark energy EoS parameter w fixed (—1)" or flat [—2,—0.333]
amplitude of the intrinsic alignment Ara flat [—5, 5]
redshift dependence of the intrinsic alignment Neft flat [—5, 5]
baryonic feedback amplitude Ap fixed (0)' or flat [—5, 5]
PSF leakage o Gauss (0.057,0.018)
residual PSF model error B Gauss (—1.22,0.74)
uncertainty of multiplicative bias m 100Am Gauss (0,1)
photo-z shift in bin 1 100Az; Gauss (0,2.85)
photo-z shift in bin 2 100A 2 Gauss (0,1.35)
photo-z shift in bin 3 100Az;3 Gauss (0, 3.83)
photo-z shift in bin 4 100Az4 Gauss (0,3.76)

Cosmology

Photo-z uncertainties

Hikage et al. (2018)



Blind Analysis

1 I 1 1 1 1 I 1 1 1
Fiducial (ACDM)
w/o shape err.

w/o photoz err.
Ephor AB, stacked

We adopt “Blind Analysis” to avoid B e meoked
o—i NNPZ, stacked

UnCOnSCiOUS biaseS- =.: ° =I Frankenz, stacked

| | A (NLA)
We perform cosmological constraints I . fixed .0 0o 0.00¢!
with 3 blinded shape catalogs. T AN teedback model (1)
= o = w/o Lowest z bin
: ' w/o Mid-low z bin
w/o Mid—high z bin
w/o Highest z bin

We Unblind Our analyses after .: = .' ::. | extended to 3500

Lower—half 1 bin

systematic tests. = Higher-hair 1 bin

Fixed Cov. (bestfit cosmology)

0.7 0.8 0.9 1 1.1
Ss=0,(Q,,/0.3)04

Hikage et al. (2018)



Cosmological Constraint

Sg = 03(Q,,/0.3)*

1.0

O
©

O
0o

-
~

HSC

Planck

KIDS

-

0.1

0.2

0.3

0.4

Hikage et al. (2018)
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Real-space Analysis

|

|

i

: \§= 1 I 1 1 | I 1 1 I I 1 I I 1 I I I 1 I I 1 1 I 1 I I I
N — TTTT : - -
- 8 bty TL[ | E L .
H+4X 1k 0971 fiducial ACDM i
6 =L T8 I ]
_ OBS—PSF 4 E _ i — _
— GG+GI+II 2 4 <0385 | -
_ Tl NNt " i |
TTTTT] I T T T O . _
6 13x3__ | 13 e T :
- pr i - -
4 b= it % 0.8 -
SiE B L3 o - :
2 - = s l :
- T - N
i Tl || Tl | 1 L1 i |
L TTTT] T T T P T TITHETI TITE 0.75 k _
4 -2 X2 T 2X3 } iy por= -%_\: T - -
= = | |: : T TG i _
3 T 5":}-%""’5“ + I IRHE: I _
= TR T L g : _
E—-E —- T EE O7 PR S WY S N T NN SRR SRR NN SO SR SN SN N SR TR SR SR S T SR ST SN SN SR
1 E: T = E 0.1 0.2 0.3 0.4 0.5 0.6
o FEITT Hmﬁﬂm{: R — 0
< §_¥X1{ 7 1x< T 1x3 f % = . . T
— 1.9 i I TT+T { 1 kL l . | | HSC—Y1 TPCF (this work) .
< 1t H L SR s ol
M 0.5 :_;T*TJ_J_ ':fﬁlL}i’lll : : il 1T +| 1 - : : : DES—Y1 -
D 0 :_fb _;_— ' %I """""""" _ """"""""" — | | : : KiDS—=VIKING—450 -
1111 L TN L1 T el IR 1% ra R . N ' ' : :

I ; — Planck—2018
10 10 10 10 | | Planck—2015

flarcmin | A

0.85

0.9 0.95

Hamana et al. (2019, 2022)




Qm (1+Z)neﬁ

Intrinsic Alignments FixE))=~AnCireivp, oy (157

Fourier-space analysis Real-space analysis

e ...,.'[\.,...,. ‘

—4-20 2 4 —4-20 2 4

lllllllllll

Ara

LI L I | L L
| I | I L1 1 1
L1 1 1 I L1 1 1

Nef f
1 1 1 1 1

-1 0 1 2 —-4-20 2 4 A 7] A
Ara Nef f
| [+ r r 1. [ T 1t 1t T T 1 A L M e e
. Fiducial (ACDM) = S i fiducial [162.0 (170-3)]
w/o IA | = 4 w/o IA [167.4 (170-3)]
- n fixed to be 3 o S - A n,=3 [163.4 (170-3)]
1 1 1 1 I 1 1 1 | I | | 1 | I | 1 1 1 I | N N N : | . N N N | : N N N N | N N N N | N N N
0.7 0.8 0.9 1 1.1 0.8 0.85 0.9 0.95

Sg=04(Q,_/0.3)046 Sg

Hikage et al. (2018) Hamana et al. (2019, 2022)



Projected galaxy-galaxy clustering

and galaxy-galaxy lensing
(2x2pt)




Galaxy-galaxy Lensing x Galaxy-galaxy Clustering

Galaxy-galaxy clustering

Cog = (030) N\b *(OrnOm) :

0, ~ boy, at large scales

5mm

Galaxy-galaxy lensing

Eam = (Obn) ~ BBy = bépm /

Robust against systematics in lensing measurement
(shapes and photo-z) compared to cosmic shear.




HSC x BOSS Measurement

SDSS-III/BOSS spec-z sample

* Area ~ 8300 deg?
« z=1[0.15, 0.35], [0.47, 0.55], [0.55, 0.70]

* Luminosity cut is applied to obtain volume-limited sample.

~
7]
O
<)
)
1))
Q
o
~—
Q
a

Dec (degrees)

+ +
p— [\
o O
[6) o

S
0

DR11

240°  220°

200°  180°  160° 140° 120

RA (degrees)

completeness

© 07708 0.9 1.0

20°  0°  20° -40°
RA (degrees)

-60°

HSC SSP-Y1 shape catalog

* Area ~ 137 deg? in total
e Single redshift bin with <z>~1.0. =@ photo-z self calib.
* Galaxy shapes are blinded.

HECTOMAP

g-g lensing signal

g-g clustering signal

Miyatake et al. (2022a)



Intrinsic Alignments

Since we use the spectroscopic sample for lens galaxies and our source galaxy selection is
conservative,

7
/ dzs P;(zs) > 0.99 Z.max=0.7 (highest redshift of the lens sample)
Z1,max+0.05

we do not have to care about intrinsic alignment.

>

Source n(z)

DO

LI l UL I LI

DES needs to account for intrinsic alignment, since
they use photometric galaxies for lens samples.

=
o

MagLim n(z)
=
()
LI I | I I | I

1.5 2.0

DES-Y3 analysis (DES collaboration; 2022)



G-g lensing and clustering measurements by HSC-Y1 and BOSS

Galaxy-galaxy lensing Projected Galaxy-galaxy clustering
10t s Covarlance__ ., '
B RS 0% "t 82ey
oS S : 8o
lo * x & ' °3 § ¢
@F E [ oo
© 100-' ¥ . 7 — _ ' :
= : Measureme ts + ; hirasaki: | . 3,
S g ? ¥ ? o =10 :
2 tlS b Lowz ¢¥ :
LT] - 4 CMASSI w |
b £ § ¢ CMASS?2 *
| SI\/Iore HMlyatake R I I 10°F e L
107 10" 1072 10" 10" 102

R [h~'Mpc] R [h~'Mpc]



G-g lensing and clustering measurements by HSC-Y1 and BOSS

Galaxy-galaxy lensing Galaxy-galaxy clustering
101§
e I
O I
~ 0
® 100
= E
= |
g LOWYZ
10~} | CMASS1
| H. Miyatake CMASS2
107 '

10
R [h~'Mpc]

Large scale analysis (same scale cut with DES-Y1; Sugiyama et al., 2021)
—Less modeling systematics, less signal-to-noise

Small scale analysis (Miyatake et al., 2021)

—Challenges in modeling, more signal-to-noise




Credit; ESA

Modeling Small-scale Signals

dark matter

dark matter halos

Challenges

® Accurate modeling of non-linear regimes

® Proper treatment of uncertainties In
galaxy-halo connection

galaxies

Observables

Cosmo. Params.

(0g, €2 ,...)

Enn = (6,01) Coo = <5g5g> Clustering: w (R)
Chim = (0p0,) Eon = (0,0,,) Weak Lensing: A2(R)

Projection to 2-d

Modeling non-linear regimes Uncertainties between galaxy-halo (g-h) connection

Analytical convolution of phenomenological model
enables us to quickly change the g-h connection model if necessary

Prediction by Dark Emulator
achieved a few % accuracy




Dark Emulator: accurate non-linear model

- ~—
M

T. Nishimichi (Kyoto)
« Run N-body simulations under 101 sets of e ;

B e © ] 045 o ®
0.125F® & ° g S o
[ ]

cosmological parameters. o e il Tt S
— Lo oo@° R 0.35; : |
C — (a)b? wc’ QA’ As? nsa W) 0.11F Oq!' S— a sl ©e %% *x ° e
* .%o°T 0.2f &

a el
; 0.15=—
® (:ooo* 05 06 07 08 09 1 1.1 1.2

* Run the Rockstar halo finder. RN 3

(OF:

» Measure correlation functions, i.e., o5yt

5hh(r; C) and ghm(r; C) %ﬂfj 2 O

* Interpolate correlation functions across the (AT
cosmological parameter sets using PCA and e %
(Gaussian process. RGN T T A S

— I

» Achieved an accuracy for ¢, (7, C') and e S e
Val [ % e e ° @

Eam(7: ) better than 2%. W T ML

oy R Q, In(10'°Ay) 1,

Nishimichi et al. (2019)



DQ Project

Dark Quest Project Webpage

A suite of cosmological N-body simulations and a handy emulator to explore cosmological parameter space

pypi package '1.0.23 @ Downloads {9194 @ Anaconda.org 1.0.23 m nda 39 total § license MIT_License § Last updated 29 Oct 2021

~10000 downloads!

What's new?

Dark Emulator is now publicly available! (March 19, 2021)

Overview

Dark Quest is a cosmological structure formation simulation campaign by Japanese cosmologists initiated in 2015. The primary goal of the project is to
understand the complex parameter dependence of various large-scale structure probes, and provide a versatile tool to make predictions for parameter
inference problems with observational datasets. The first series of simulations, Dark Quest. |. (DQ1), was completed in 2018 and we are now in the
second phase (DQ2). A Gaussian-Process based emulation tool, Dark Emulator, was developed with the DQ1 database.

Our Team

Takahiro NISHIMICHI

YITP, Kyoto U / Kavli IPMU, U of Tokyo

Taira OOGI Yosuke KOBAYASHI

Chiba U Kavli IPMU, U of Tokyo
Pl of this project. Participation in DQ1 Participation in DQ1 and DQ2

Simulator Mock galaxy database maintenance

Masahiro TAKADA Extension to redshift space
Kavli IPMU, U of Tokyo Hironao MIYATAKE

Participation in DQ1 Nagoya U Naoki Yoshida

Participation in DQ1 Kavli IPMU, U of Tokyo

Ryuichi TAKAHASHI Development of HOD modules Participation in DQ1

Crecrmaonlacy AhallanAaa



Galaxy-halo connection

| —— satellite

| —— total

central

10% -

 Use halo occupation

distribution (HOD; 5 10" -

parameters) to distribute

galaxies in a dark matter halo. = 1.
 [ake into account the

uncertainties in galaxy physics 107"

by marginalizing HOD |

parameters. _—

1012‘

Mp [Mo /]

1013 1014

Al —
1015

1016



Cosmology challenge: Systematic tests with mocks

~ Y. Kobayashi (U. of Arizona)
led mock signal constructions

Mock Signals

Model fit
« HSC-Y1 covariance
(Shirasaki et al., 2019)

 Different scale cuts

|

Input cosmological
parameters

>

Output cosmological
parameters

Compare

Cosmo.
Params.

scale cuts: (0.5, 0.75)
scale cuts: (1.0, 1.5)
baseline: (2.0, 3.0)
scale cuts: (8, 12)

/ LeTnsing

Clustering

alzoaass2) alzomass) alzLowz) log My (2eaass) log My (2caasst) log My (srowz 02 ai(zomass2) o ar(zerassi) o ar(zLowz) 1og Myin(crrnssa) Jog M (zcniasst) 1og Min(G10w7)

T
Caassz

Miyatake et al. (2022a)



Cosmology challenge: Systematic tests with mocks

Uncertainties in galaxy

physics

e Galaxy distribution within
a DM halo

e Baryonic effect

* Assembly bias

Observational uncertainties
* Incompleteness

Theoretical uncertainties
e SO vs FoF

~ Y. Kobayashi (U. of Arizona)
led mock signal constructions

Mock Signals

Model fit
« HSC-Y1 covariance
(Shirasaki et al., 2019)

 Different scale cuts

|

Input cosmological
parameters

>

Output cosmological
parameters

Compare

Cosmo.
Params.

Bl scale cuts: (0.5, 0.75)
Bl scale cuts: (1.0, 1.5)
Bl Dascline: (2.0, 3.0)
B scale cuts: (8, 12)
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Cosmology challenge: Systematic tests with mocks

~ Y. Kobayashi (U. of
led mock signal col

Uncertainties in galaxy

physics

e Galaxy distribution within
a DM halo

e Baryonic effect

* Assembly bias

Observational uncertainties
* Incompleteness

Theoretical uncertainties
e SO vs FoF

Input cosmological
parameters

Comp

Input cosmological parameters
v

0.8 0.9 0.7 0.8 0.9 0.25 0.35
S5 03 €m0

> cuts: (0.5, 0.75)

> cuts: (1.0, 1.5)

line: (2.0, 3.0)

> cuts: (8, 12)
baseline -

sat-mod / Lensing
sat-DM Clustering
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off-cent1
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off-cent3
off-cent4

baryon
assembly-b-ext
assembly-b
cent-mcomp.
FoF-halo

LAY

T
Caassz

Miyatake et al. (2022a)



Analyzing real data

||||||||||||||||||||||||||

||||||||||||||||||||||||||||||||
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""" 08 09 07 08 09 03 04
S 08 (O

If we take the €2 ~ 0.3 slice (e.g., BAO, full shape clustering
analysis), our constraint prefers Sg lower than Planck.

Systematic checks were done

baseline

scale cuts: (4, 6)
scale cuts: (8, 12)
w/o LOWZ

w/o CMASS1
w/o CMASS2
w/o Am,

w/0 Azpn

W/0 Almag i
o(Am,) =0.1
o(Azpn) = 0.2
w/ off-cent.

w/ incomp.
DEmP

Ephor AB
Franken-Z
Mizuki

NNPZ

2 cosmo

Bl HSC Y1 GGCxGGL DE+HOD (this work)
B DES Y1 GGCxGGL

Bl KiDS-1000 CSxGGL

B Planck 2018 TT,TE,EE+lowE

JiN
AN

06 08 1.0 0.7 08 0.9
Qm 08 SS

Miyatake et al. (2022b)



No Evidence of Assembly Bias

Mocks w/o noise Baseline noisy mocks

Input cosmological
parameter\

realization 0, scale cuts:

realization 0, scale cuts:

realization 1, scale cuts:

realization 1, scale cuts:

baseline realization 2, scale cuts:

= realization 2, scale cuts:
assembly-b-ext o
realization 3, scale cuts:

assem o__y—b realization 3, scale cuts:

realization 4, scale cuts:

0.8 0.9
O8

Real data

realization 4, scale cuts:

realization 5, scale cuts:

realization 6, scale cuts:

realization 6, scale cuts:
realization 7, scale cuts:

baseline realization 7, scale cuts:

scale cuts: (4, 6)
scale cuts: (8, 12)
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S 3 Miyatake et al. (2022b)



Photo-z Self-calibration

Measurement Theory

AZ(R) = y(R)  AX(R) = ﬁmoj

p)
0 AT

0 7.2

I gm(k; Qm)J Z(kR)

‘78(2) — Og +(Z1§ Qm)/D+(O§ Qm)

* Lensing kernel and growth rate have different redshift and (m
dependence.

* |f we have multiple robust z and a single zs, we can calibrate zs.

Oguri & Takada et al. (2013)



Photo-z Self-calibration

Sg = 0.77510:0%3

Bl baseline: (2.0,3.0)
 o(Azy,) =0.2

Am., = 0.00075:5%

0.04

0.00

Am,

—0.04
0.4

0.0

Ath

—0.4

S8 Am., Azph

Miyatake et al. (2022b)



Comparison with other HSC-Y1 cosmology analyses

Bl HSC Y1 GGCxGGL DE4+HOD (this work)
B HSC Y1 GGCxGGL minimal bias
B 11SC Fourier-Space CS

* Consistent with the 2x2pt large
scale analyses (Sugiyama et al., 2022).

 Combining with cosmic shear
(3x2pt), we can get more
stringent constraints.

I

02 04 06 10 14 08 10 12
Qm 08 Sg

Miyatake et al. (2022b)



| * CMB Planck TT,TE,EE+lowE (()) 324 - Aghanim et al. (2020d)
* CMB Planck TT,TE,EE+lowE+lensing 9 - Aghanim et al. (2020d)
*CMB ACT+WMAP —0— - Aliola et al. (2020)
Ss Tension
Late Universe
0.759 .
0755 Asgarf et al. (2021)
0762 Asgari et al. (2020)
0716 Joudaki et al. (2020)
0737 Wright et al. (2020)
0.651 Hildebrandt et al. (2020)
0.745 Kohlinger et al. (2017)
0759 Hildebrandt et al. (2017)
0782 Amon et al. and Secco et al. (2021)
0304 Troxel et al. (2018)
078 - Hamana et al. (2020)
0.74 Hikage et al. (2019)
Joudaki et al. (2017)
0.795 ,
07781 —i Miyatake et al. (2022)
0.766 Garcia—Garcia et al. (2021)
0.747 Heymaps et al. (2021)
0.776 Joudaki et al. (2018)
077 Abbott et al. (2021)
0.728 Abbott et al. (2018d)
n n 0.8 Troster et al. (2020)
Late universe probes (weak lensing, galaxy
J
0.751
. . * GC BOSS DR12 bispectrum 072 " Philcox et al. (2021)
clustering, cluster count, RSD) consistently B twauom
J ) * GC BOSS power spectra 'Tﬁg—' “ Chen et al. (2021)
. . * GC BOSS DR12 W—' - Troster et al. (2020)
vield S8 smaller than an early universe probe
* GC+CMBL DELS+Planck 0.784 - White et al. (2022)
* GC+CMBL unWISE+Planck - Krolewski et al. (2021)
(C M B) - * CC AMICO KiDS-DR3 0.65 l—Ogg—i " Lesci et al. (2021)
*CCDES-Y1 0.79 " Abbott et al. (2020d)
* CC SDSS-DRS '_Oml - Costanzi et al. (2019)
* CC XMM-XXL 77 -0- i - Pacaud et al. (2018)
* CC ROSAT (WtG) * Mantz et al. (2015)
0.749
*CCSPT tSZ 0.785 “ Bocquet et al. (2019)
* CC Planck tSZ '—g—'o_ 0 - Salvati et al. (2018)
* CC Planck tSZ —— - Ade et al. (2016d)
0.7
* RSD '—0—'0'7 47 - Benisty (2021)
* RSD —0— - Kazantzidis and Perivolaropoulos (2018)
0.2 0.4 0.6 0.8 1.0 1.2

Abdalla et al. (2022)



HSC-Y3 Analysis




HSC-Y3 Shape Catalog

_ XMM » VVDS | — 0.9
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* Construction of Y3 shape catalog e ERECP
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HSC-Y3 Cosmology Analysis

e Cosmic shear in real space (Xiangchong Li)
e Cosmic shear in Fourier space (Roohi Dalal)

o 3Xx2pt (2x2pt + cosmic shear) analysis
 Measurements (Surhud More)
* [Large-scale analysis (Sunao Sugiyama)

 Small-scale analysis (Hironao Miyatake)



Weak Lensing Surveys: Now and Future

Rubin Observatory’s Roman Space
K|DS (Europe) DES (USA) Subaru HSC (Japan) Euclid (Europe) LSST (USA) Telescope (USA)
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Inspired by E. Krause Credit: ESO, Fermilab/Reidar Hahn, NAOJ, ESA/C. Carreau, Rubin Obs/NSF/AURA, NASA



Summary

o Subaru HSC is one of the best telescopes to carry out weak lensing cosmology.
« HSC-Y1 cosmology results
e Cosmic shear

e Galaxy-galaxy clustering x lensing (2x2pt)

 Used down to small scales using robust model by dark emulator x HOD.
¢ Sg tension exists?

« HSC-Y3 cosmology analysis

 Cosmic shear x galaxy-galaxy clustering x lensing (3x2pt) analysis is going on!

 Combining 3D galaxy-galaxy clustering (full-shape and |A) with galaxy-galaxy
lensing will have much more constraining power.
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