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How | got to know Hitoshi?

In 20006, the Aihara group watched Hitoshi’s talk
Official Supervisor gt KEK (?) through Polycom.

* His talk was (of course) very clear.

* Hitoshi looked different from other physicists:
engaging, excited, and long hair

Mysel (senior)



Big JSPS grant for HSC (2006) Foundation of IPMU (2007)
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| want to work on HSC!

o -

Official Supervisor

| got my Ph.D in 2012

Subaru weak-lensing mass measurement of a,
high-redshift SZ cluster ACT-CL J0022—0036
discovered by the Atacama Cosmology Telescope

Myself (young) Survey
Became one Of Hironao Miyatake
. _ Department of Physics, University of Tokyo
the first (unofficial) students """ " v

December 2011

at IPMU

And...

Thesis Advisor



Got Married!

Myself (young) and Azusa (does’t change)

Surprise message from Hitoshi
Big applause from audience, of course
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Dark Energy
Accelerated Expansion

‘

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

Inflation 4
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Dark matter is essentlal for galaxy formation.

Dark energy Is necessary for cosmic acceleration.

Fluctuations W0 | 1 7 -mum.m? —""‘“'"'!PHI
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years



Dark Sector of the Universe

 Dark matter
e Source of gravity to form a galaxy

« Unknown matter, invisible, new
particle?

* Dark energy
e Source of cosmic acceleration

 Unknown energy, new force,
breakdown of General Relativity?

Planck Collaboration (2020)
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Weak Gravitational Lensing

Credit: S. Bridle

Intrinsic galaxy Gravitational lensing
(shape unknown) causes a shear
D(z), 7)D4(2))
Vi~ Qm—ém(zl)
4 D A (Zs) 4

Weak lensing shear T Matter density fluctuation
Geometry of the Universe

Weak lensing enables us to measure matter (incl. dark matter)
distributions in the Universe.



Weak Gravitational Lensing

Credit: S. Bridle
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e Superb image quality: PSF~0.6"

e SDSS PSF~1.0”
» Large Field-of-View: 1.5°diameter

e ~7 X full moon
e ~500 x Hubble Space Telescope

e 8.2 m primary mirror
* ~11 x light collecting power of

SDSS or Hubble Space Telescope

Photo credit: NAOJ, Miyazaki et al. (2018), Komiyama et al. (2018)
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 Wide Layer (1,100 deg?, grizy, im~26) is designed for weak lensing cosmology (108 galaxies).
* QOverlaps with other major surveys (SDSS/BOSS, ACT, VIKING, GAMA, VVDS, etc...).
e Survey started in 2014 and completed at the end of 2021.

 Three data releases were made.
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Intermediate Results

llllllllllllllllllllllllll

Sq = 68\/Qm/0.3
. . Bl 3x<2pt small scale
» 0g : Amplitude of linear power spectrum on the | DES Y3 3x2pt

KiDS 1000 CS+GGL |

scale of 8 Mpc/h
- 2 : Energy dense of matter (incl. dark matter)

——  Planck 2018

0.9} )
Tension

. 416 deg? (final data is 1,100 deg?) =

 Combined probe (3x2pt)
e Cosmic shear o
 Galaxy-galaxylensng
» Galaxy-galaxy clustering oo

e 2.50 tension with Planck!



S¢ Tension

Not only weak lensing but also other large-
scale structure probes may have Ss tension!

* CMB Planck TT,TE,EE+lowE ,
* CMB Planck TT,TE,EE+lowE+lensing 0&34
* CMB ACT+WMAP '

0.759

W KiDS—-1000 —

WL KiDS—100¢ | 0.755
* WL KiDS+)\ ﬁf\ll\l. DES .\ ! 65}702
* WL KiDS+VIKING+DES-Y1 o
e W\ KiDS+VIKING-450 ——

s o 0.737
e W <IDS+VIKING —45( il S
L Kil) RING—45 0.651
oo —¥
Rabenmiaiioig 0,759
* WL DES-Y3 b4

o~ . . ’ 02»82

e - 0.804
* WL HSC-TPC(CI —0—

e 078
*W S pseuao p——

e PR 0.74
* WL CFHTLenS —o—
Weak Lensing + Galaxy Clustering s
e WI.40(.( }i\( | l,’ INS ! ? s |
0.?07'&
*W ™ ' VIB \ ! > ‘ > T: S+ ';.9 1

“lw\l :' IBI ll" \I’ O Plancl 0.766
* WL4+GC KiDS-=1000 --_i)l 07-{?""

* WL4+GC KiDS—450 3x2pt —0—

0 SRl s . 0.776
*WL+GC DES-Y3 3x2pt 0“%}
* WL+GC DES-Y1 3x2pt -

. 0.728
* WL+GCOC KiDS+VIKING-4504+BOSS —Q—

0.8
Galaxy Clustering 0.751
* GC BOSS DRI12 bispectrum 0?0-—4
’ (f(,. B()§§+¢-B()ss r—m
* GC BOSS pow c;r spectra =
* GC BOSS p
:( B DRI ﬁ.?__'

* GC BOSS galaxy power spectrum —=3
* GC+CMBL DELS+Planck = T
* GC+CMBL unWISE+Planck O+

Cluster Abundance (opt. + X-ray) o

* CC AMICO KiDS-DR3

- Aghanim et al. (2020d)
- Aghanim et al. (2020d)
- Alola et al. (2020)

- Lesci et al. (2021)
- Abbott et al. (2020d)
- Costanzi et al. (2019)

* CC DES-Y1 '—085—0 0.79

* CC SDSS-DRS '—.Tgl
* CC XMM-XXL 50‘77 %
* CC ROSAT (WtGG) ——4
Cluster Abundance (SZ) o

*CC SPT tSZ
* CC Planck tSZ
* CC Planck tSZ

Redshift Space Distortions s

4 - Pacaud et al. (2018)
- Mantz et al. (2015)

- Bocquet et al. (2019)
- Salvati et al. (2018)
- Ade et al. (20164d)

Early Universe

Late Universe

Asgari et al. (2021)
Asgari et al. (2020)
Joudaki et al. (2020)
Wright et al. (2020)
Hildebrandt et al. (2020)
Kohlinger et al. (2017)
Hildebrandt et al. (2017)
Amon et al. and Secco et al. (2021)
Troxel et al. (2018)
Hamana et al. (2020)
Hikage et al. (2019)
Joudaki et al. (2017)

Miyatake et al. (2022)
Garcia—Garcia et al. (2021)
Heymans et al. (2021)
Joudaki et al. (2018)
Abbott et al. (2021)

Abbott et al. (2018d)
Troster et al. (2020)

Philcox et al. (2021)
Ivanov et al. (2021)
Chen et al. (2021)
Troster et al. (2020)
Ivanov et al. (2020)
White et al. (2022)
Krolewski et al. (2021)

*RSD o o T - Benisty (2021)
* RSD —0— Kazantzidis and Perivolaropoulos (2018)
0.2 0.4 0.6 0.8 1.0 1.2

Sgsog\/ Q,/03

Abdalla et al. (2022)
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Weak Lensing Surveys: Now and Future

Japan has access to these surveys!

Rubin Observatory’s Roman Space
LSST (USA) Telescope (USA)

Primary Mirror

[m]

Galaxy
Number Density
[arcmin-2]
11 10 25
Survey Area

.d All sk
[sq. deg] [~ 41 ,g 3]

sqg. de
1,500 5,000 1,400 . J

2010 2020 2030

Inspired by E. Krause Credit: ESO, Fermilab/Reidar Hahn, NAOJ, ESA/C. Carreau, Rubin Obs/NSF/AURA, NASA



Hitoshi Is
e always encouraging

e always excited

e always exciting me

July 2018 ~2am. After six bottles of wine.

Congratulations on your 60th birthday
Looking forward to working on exciting science together!
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Selecting High-z Galaxies: Dropout Technique

 Broadband photometry can capture the Lyman break at 912A.

e Selecting distant galaxies with Lyman break is called dropout technigque, and
these galaxies are called Lyman break galaxies (LBG).

Transmission
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10000

12000

Ono et al. (2018)



LBG x Planck CMB Lensing

« ~1.5M LBG galaxies over 300 deg? of
HSC field.

o Stacked Planck lens map behind
L BGs

* Contamination from low-z galaxies is
quantified by WL measurements with

HSC.

* Obtained 3.50 significance against the
contamination signal.

N

0.006

0.004

0.002

0.000f

® lens - random: SN=5.1 X lens

model A random -

---------- contamination

x
x X X x
x

R X x x X7
A A A A A

Miyatake et al. (PRL, 2022)



Contamination from Low-z Galaxies

* There is a siginificant fraction of
low-z galaxies in a dropout galaxy L.OF B

sample due to the misitification of 0.8k Reddy+08 -
4000A Dbreak. : :

e There iIs more contaminations for
bright galaxies: up to ~70% for i~23
galaxies.

Fraction

* Jo carry out precision high-z
cosmology, we need to reduce the
contamination rate.

20 22 24 26
m [mag]

Ono et al. (2018)



LAE selection by medium-band filters

A. J. Nishizawa

200 -
3 | FUDUIUTIRES ST NPT (R SUURIUTREY | [ — LBG
fae )
& 150- LAE]
a -
.'S KV S % 0T, e,
g 100 - - ¥ s '{ “
g m-‘
3500 4000 4500 5000 5500 _ _ _ _
Wavelength (A) HSC medium-band filters will be fabricated soon!

Dunlop (2012)



SuprimeCam MB filter selection .
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Credit: A. Dey

Started working on LAE selections in hydrodynamical simulations (Z. Liu, R. Kano)



ngh redshlft Cosmology Roadmap
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Why HSC-MB+PFS-2

00000

wavelength [A]

HSC-MB and PFS have a larger mirror compared to DECam(4m) and
DESI-2(4m)

HSC-MB has filters covering 5000A-6300A (3.2 < z < 4.0)

Possible options depending on results from PFS and DESI-2

e Adddepth at2.5<z< 3.2

e Gofor3.2<z<4.0

We need to complete PFS-2 before Spec-S5 (6m+4m, ~13000 fibers)
which will start ~2035 if funding goes successfull.



Science cases of high-z cosmology other than Ss

Accelerating epoch Testing concordance cosmology

B

Inflation Inflation

103 Energy (non-gaussianity) {energy scale}
% Modified RlOUNNCE BLight relicSy
qun; Gravity | |
>

103 Dark Matter
b . Credit: Kyle Dawson
0 1 2 G 1100

redshift



Summary

» All the stage-Ill weak lensing surveys reported smaller ¢ compared to
primary CMB.

» ¢ changes as a function of redshift?

 LAB/LAE with CMB lensing enables us to explore Sg at z>2!

 Message to students: you are living in the golden era of observational
cosmology!



