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Weak lensing working group

Y junior scientists

And efforts of many more!-
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VIEWPOINT

100 papers out of 20,000 papers (<0.5%)

Inconsistency Turns Up Again
for Cosmological Observations

A new analysis of the distribution of matter in the Universe continues to

find a discrepancy in the clumpiness of dark matter in the late and early

Universe, suggesting a fundamental error in the standard cosmological

model.
By Mijin Yoon

of observations using a variety of modern techniques.

Each observation can reveal different details about the
Universe’s composition over a certain period of its history. An
astronomical survey—a map of a region of the sky—is a
powerful way to scan a large swath of the Universe and the

C osmologists study the Universe by making a vast range
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objects it contains. For example, a weak-lensing survey does
that by obtaining sharp images of galaxies, which can then be
used to map the distribution of the Universe’s matter
throughout history. The Hyper Suprime-Cam Subaru Strategic
Program (HSC-SSP) is one such weak-lensing survey, and it has
the highest resolution and the deepest depth of all current
weak-lensing surveys. Over the past six years, the HSC-SSP
survey team has spent 330 nights scanning 3% of the entire
spherical sky, capturing the light emitted by galaxies up to 10
billion years ago. The team has now analyzed 40% of its data
[1-5], finding results that are inconsistent with the predictions
of cosmological models derived from Planck-satellite data of
the early Universe, such as measurements of the Universe’s first
light. This inconsistency has repeatedly turned up in
weak-lensing surveys, suggesting there exists a fundamental
defect in the standard cosmological model, known as ACDM.

Traditionally, astronomers use light directly emitted from an
astrophysical object to investigate the properties of that object.
Gravitational-lensing surveys instead use the light emitted from
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ACDM model: the standard model of the Universe

Data = Planck CMB data
Line = best-fit ACDM model

[ R [N S TN TN SN N SR M S M NN SR S SR =
500 1000 1500 2000 2500

14

1+ Very successful

i+ Very simple! (too simple to
1 be true?)

« Dark matter
« Dark energy
e Baryon

* Primordial fluctuations
(ns and As, motivated
by inflation)

* (optical depth)



A stringent test of ACDM model
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S8-tension
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A parameter to characterize
‘lumpiness” of the late-time universe

SgEO'S

« A parameter to which large-scale
structure (LSS) probes are most
sensitive

« S8 value from most LSS probes
displays a “tension” with that from
CMB — S8 tension

« Unknown systematics
or New physics beyond ACDM?

0.834

CMB

LSS

) HSC Y1 results
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* CMB Planck TT,TE,EE+lowE 0’& - Aghanim et al. (2020d)
* CMB Planck TT,TE,EE+lowE+lensing I&g N - Aghanim et al. (2020d)
* CMB ACT+WMAP == - Aiola et al. (2020)

Early Universe

Late Universe

0.759 .
* WL KiDS-1000 5755 - Asgari et al. (2021)
* WL KiDS+VIKING+DES-Y1 0 @ - Asgari et al. (2020)
* WL KiDS+VIKING+DES-Y1 0716 : - Joudaki et al. (2020)
* WL KiDS+VIKING—-450 : = Wright et al. (2020)
* WL KiDS+VIKING-450 0.651 : - Hildebrandt et al. (2020)
* WL KiDS—-450 —— 0.745 - Kohlinger et al. (2017)
* WL KiDS—-450 l—875—9| - Hildebrandt et al. (2017)
* WL DES-Y3 '-'%_7'82 ~ Amon et al. and Secco et al. (2021)
* WL DES-Y1 e, “ Troxel et al. (2018)
* WL HSC-TPCF 0o * Hamana et al. (2020)
* WL HSC—pseudo—C; . —0— - Hikage et al. (2019)
* WL CFHTLenS —0—i - Joudaki et al. (2017) Subar
) U795
* WL+GC HSC+BOSS I Iy { * Miyatake et al. (2022)
* WL+GC+CMBL KiDS+DES+eBOSS+Planck 0766 - Garcia—Garcia et al. (2021
* WL+GC KiDS-1000 3x2pt 0 7‘{?—' * Heymans et al. (2021)
* WL+GC KiDS—-450 3x2pt '_.°0_7|76 - Joudaki et al. (2018)
* WL+GC DES-Y3 3x2pt 0';% - Abbott et al. (2021)
* WL+GC DES-Y1 3x2pt 0.728 : - Abbott et al. (2018d)
* WL+GC KiDS+VIKING-450+BOSS —0— 038 - Troster et al. (2020)
* WL+GC KiDS+GAMA 3x2pt =G van Uitert et al. (2018)
0.751 )
* GC BOSS DR12 bispectrum 0|—°—|72 - Philcox et al. (2021)
* GC BOSS+eBOSS —e “ Ivanov et al. (2021)
* GC BOSS power spectra 'T7’9_|  Chen et al. (2021)
* GC BOSS DR12 b “ Troster et al. (2020)
* GC BOSS galaxy power spectrum '—Om * Ivanov et al. (2020)
* GC+CMBL DELS+Planck I—'O—l0 784 - White et al. (2022)
* GC+CMBL unWISE+Planck O - Krolewski et al. (2021)
0.78
* CC AMICO KiDS-DR3 0.65 * Lesci et al. (2021)
*CC DES-Y1 { 0.79 - Abbott et al. (2020d)
* CC SDSS-DR8 —o— 0831 - Costanzi et al. (2019)
* CC XMM-XXL 077 - - Pacaud et al. (2018)
* CC ROSAT (WtG) —0— “ Mantz et al. (2015)
0.749
*CC SPT tSZ 0785 - Bocquet et al. (2019)
* CC Planck tSZ 0 03 - Salvati et al. (2018)
* CC Planck tSZ —0— - Ade et al. (2016d)
0.7 .
*RSD H_O|747 - Benisty (2021)
*RSD —0— - Kazantzidis and Perivolaropoulos (2018)
L L L L L L
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SNOWMASS 2021:

Abdalla et al. (2022)



Weak gravitational lensing — a probe of dark matter distribution

a-+b

S

—} Xs
="~ Qm/ dx x <1 - X) Om (X, XO)~ 08725 ~ Sg 2
0

QO the amount of matter (incl. dark matter)
Om: the matter density fluctuation field

« An image of distant galaxy is distorted

 Lensing distortion (=ellipticity) is a tiny
effect, ~ 1% in ellipticity amplitude

* |f observed, it can probe the matter
fluctuation field along the line-of-sight

direction — a powerful way to probe
DM distribution

« High-quality image like that of Subaru
is crucial for accurate weak lensing
measurement

S. Colombi (IAP), CFHT Team -



HSC Year 3 galaxy shape catalog

« HSC Year 3 data: ~416 sqg. deg. « Year 1 ~140 sq. deg., a factor of 3 wider
« Galaxy shape catalog: Xiangchong Li (the former IPMU student), Mivatake et al. 22

« Used the sophisticated simulated data (using HST) for the calibration
XMM .
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https://ui.adsabs.harvard.edu/abs/2022PASJ...74..421L/abstract

" Points with error bars: HSC
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Use “unshaded” range of angular separations (scale cuts) for cosmology inference




Summary of HSC Year 3 co
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Cosmic shear tomography: Fourier
Planck 2018
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HSC-Y3

=

CMB S8 tension!

« HSC cosmic shear (real-space)
« HSC cosmic shear (Fourier space)
« HSCxSDSS (3x2pt): mainly from SDSS

Galaxy weak lensing (k~1 h/Mpc, z<1)

Redshift-space galaxy
clustering (k~0.1 h/Mpc, z<1)

. Full shape analysis of BOSS with Dark Emulator

(Kobayashi, Nishimichi, MT+22)

* Note: the recent CMB lensing results (ACT DR6)

0.834
* CMB Planck TT,TE,EE+lowE Om - Aghanim et al. (2020d)
* CMB Planck TT,TE,EE+lowE+lensing N * Aghanim et al. (2020d)
* CMB ACT+WMAP ¢ - Aiola et al. (2020)
Early Universe
Late Universe
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* WL KiDS+VIKING+DES-Y1 07](;—'0—? Joudaki et al. (2020)
KiDS+VIKING—-450 =5 Wright et al. (2020)
0.651 - Hildebrandt et al. (2020)
0.745 Kohlinger et al. (2017)
'—'873; Hildebrandt et al. (2017)
P '_%_7‘82 Amon et al. and Secco et al. (2021)
* WL DES-Y1 304 Troxel et al. (2018)
+ WL HSC-TPCF : 7;1 Hamana et al. (2020)
* WL HsC= ol ¢ Hikage et al. (2019)
* WL CFHTLenS ¢ Joudaki et al. (2017)
0.795 .
* WL+GC HSC+BOSS 5778 Miyatake et al. (2022)
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* WL+GC DES-Y3 3x2pt R 7] Abbott et al. (2021)
* WL+GC DES-Y1 3x2pt - Abbott et al. (2018d)
* WL+GC KiDS+VIKING-450+BOSS 08 Troster et al. (2020)
* WL+GC KiDS+GAMA 3x2pt - van Uitert et al. (2018)
0.751 .
* GC BOSS DRI12 bispectrum o7 Philcox et al. (2021)
* GC BOSS+¢eBOSS 736 Ivanov et al. (2021)
* GC BOSS power spectra o - 5 Chen et al. (2021)
* GC BOSS DR12 (')70?_' Troster et al. (2020)
* GC BOSS galaxy power spectrum F—OO—B' Ivanov et al. (2020)
* GC+CMBL DELS+Planck =0 s White et al. (2022)
* GC+CMBL unWISE+Planck i Krolewski et al. (2021)
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O.SS
*CC DES-Y1 0.79
* CC SDSS-DR8 0
* CC XMM-XXL 1 - Pacaud et al. (2018)
* CC ROSAT (WtG) —o— - Mantz et al. (2015)
0.749
*CC SPT tSZ ._.FI'SS - Bocquet et al. (2019)
* CC Planck tSZ RNCE! - Salvati et al. (2018)
* CC Planck tSZ —— - Ade et al. (2016d)
0,7
*RSD -—0—047 " - Benisty (2021)
*RSD —o— Kazantzidis and Perivolaropoulos (2018)
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SNOWMASS 2021 Summer study: Abdalla et al. (2022)
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Baryon, baryon, baryon...

Optical

o We are made of baryon!
(baryon is VERY important)

TR e Hence there should be baryon
s D S W i, 2 effects, to some level, on the
e - | RS W weak lensing observables

See Ryo Terasawa’s talk

| | Ryo Terawasa
The lllustris collboration (Kavli IPMU)




Baryon... (cont’d)
e The baryon effect likely

—— TNG300 C-OWLS AGN BAHAMAS Tt 7.6 causes a suppression in the
—— llustris C-OWLS AGN T}eat8.5 BAHAMAS T},04:8.0 matter C|us’[ering amplitudes,
— Horizon  COWLS AGR Thew87  —— HMCODE 2020 Tyon8.0 therefore the cosmic shear

amplitude on relevant scales

1.0}
' e The baryon effect is local
(from small to large scales)!

should have different
redshift dependences

e Amon & Efstathiou 22
assumed

gas blown out kNt (Z) — kbaryon(z)

—~ halo forms
=09 I}
E 1000 km/s x 1 Gyr ~ Mpc
|
=
§O.8 S kNL 7é kbaryon(kNL < kbaryon)
= | ] gal form (SNe, AGN .
E . gatform (She . NL clustering and baryon
0.7

0.6 101 10° 101

k [h Mpc™!]




——— DM-only MAP (Sg = 0.76, x* = 461.9) Oaan = 8.0 (cosmo. varied) MAP (Sg = 0.78, x? = 470.7)
— == HMCode20 (6 params) MAP (53 = 0.78, x? = 456.3) Oacy = 8.0 (DMO cosmo.) (Sg = 0.76, x* = 534.4)
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Ryo Terasawa
(Kavli IPMU)
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——— C-OWLS AGN Tgn8.0 —— BAHAMAS TAgN7.6 — TNG300 ——— SIMBA
— == C-OWLS AGN Thgn8.5 ——== BAHAMAS Th\gn7.8  ====-- Ilustris 1 Planck cosmology
------ C-OWLS AGN Tagn8.7  +===-+ BAHAMAS Thgn8.0 ~ —— Horizon L foarso0e(10Mg) > 0.08
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Subaru Prime Focus Spectrograph

Spectrograph System (SpS) Prime Focus Instrument (PFI)

« ~$90M project, being led by
Kavli IPMU (PI: Hitoshi Murayama,
PM: Naoyuki Tamura, PS: MT)

e |nstitutes in 6 countries are involved
(US, France, Taiwan, Brazil,
Germany, China); MPA/MPE!

« Mentioned in several places of US
Astro2020

« 2400 fibers, wide field-of-view,
[0.38,1.26]nm, 8.2m collecting
power

« We will start our large-scale surveys,
from early 2024

« 3 science pillars: Cosmology,
Galaxy Evolution,
Galactic Archaeology

* PFS blog:
https://pfs.ipmu.jp/blog/ja/

Fiber Optical Cable and
Connector System (FOCCoS)

Metrology Camera System (MCS)


https://pfs.ipmu.jp/blog/ja/

“Cobra” positioner
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with Limit . .
Stops « JPL/Caltech contribution to PFS
Optical « o "
Fiber « “Critical” component of PFS
« 2394 cobra positioners on the focal plane |
fi w2« Requirement: ~10pm (0.1") positioning accuracy  A\\SARSEEIIE!
| R " R LK
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rotation Cobra Positioner Patrol Area (9.5 mm dia.)
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~1.9

-

Filling factor of fibers in PFS FoV

s 2400 x WT%ber

~ (.01
FoV %

Andromeda Galaxy (M31)




95%: 29.2um (nocorr)
17.7um (corr)
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- Now working on the commissioning

- The next commissioning obs from March 8
- PFS survey will start in 2025 (TBD)

near infrared

Real data of 11 spectrograph modules (Jan, 2024)

will be
delivered

~600 X 4=~2400 fibers

Naoyuki Tamura
(NAOJ)

Yuki Moritani
(NAOJ)

Kiyoto Yabe
(NAQJ)



Summary
« HSC Year 3 cosmic shear cosmology results

 Junior scientists played a major role
* The 5 papers selected for Viewpoint in PRD

« Confirmed the S8 tension — even if the baryonic effect is considered, it
seems difficult to explain

* Prime Focus Spectrograph (PFS)

« Now in the commissioning phase for testing the actual performance of
iInstruments/systems. The next one is from March 8 in HST

« We plan to begin the 360-night PFS survey in 2025 (finally, 15 years
after the PFS project was launched in ~2009)

* PFS obs. of dwarf galaxies to search for the nature of DM



