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Subaru-Wide Survey (2014-2021)
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HSC-D

HSC-D/UD

HSC-W

Galactic Extinction E(B-V)

• HSC: 2014 – 2021 (HSC imaging data acquisition are done)  
• Broad band filters (grizy) (plus NB filters for Deep/UD fields)
• Various science cases: cosmology, galaxies, AGN, the Milky 

Way structure, solar system, …. 
• HSC-Wide for cosmology (i~26, grizy, ~1100 deg2)
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Weak lensing working group

And efforts of many more!
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● The three-year shear catalog of the Subaru Hyper Suprime-Cam SSP Survey (Li X., et al. 2022, PASJ, 74, 2)
● A General Framework for Removing Point Spread Function Additive Systematics in Cosmological Weak Lensing Analysis (Zhang T. et 

al. 2022, MNRAS submitted, arXiv:2212.03257)
● Weak Lensing Tomographic Redshift Distribution Inference for the Hyper Suprime-Cam Subaru Strategic Program three-year shape 

catalogue (Rau, M. et al. 2022, MNRAS, submitted, arXiv:2211.16516)
● Hyper Suprime-Cam Year 3 Results: Cosmology from Cosmic Shear Two-Point Correlation Functions (Li X., et al. 2023, PRD, to be 

submitted)
● Hyper Suprime-Cam Year 3 Results: Cosmology from Cosmic Shear Power Spectra (Dalal R., et al. 2023, PRD)
● Hyper Suprime-Cam Year 3 Results: Measurements of the Clustering of SDSS-BOSS galaxies, galaxy-galaxy lensing and cosmic 

shear (More S., Sugiyama S., et al. 2023, PRD)
● Hyper Suprime-Cam Year 3 Results: Cosmology from Galaxy Clustering and Weak Lensing with HSC and SDSS using the Minimal 

Bias Model (Sugiyama S., et al. 2023, PRD)
● Hyper Suprime-Cam Year 3 Results: Cosmology from Galaxy Clustering and Weak Lensing with HSC and SDSS using the Emulator 

Based Halo Model (Miyatake H., Sugiyama S., et al. 2023, PRD)
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Key weak lensing group publications: HSC Year 3 (2023)

https://hsc-release.mtk.nao.ac.jp/doc/index.php/wly3/
Early career scientists leading the 
projects marked in bold

PRD Viewpoint
(NOT Editor’s suggestion)

Also see Sunayama-san’s talk

100 papers out of 20,000 papers (<0.5%)
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ΛCDM model: the standard model of the Universe

• Very successful
• Very simple! (too simple to 

be true?)
• Dark matter
• Dark energy
• Baryon 
• Primordial fluctuations 

(ns and As, motivated 
by inflation)
• (optical depth)

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



time
CMB at z~1000

Galaxy surveys directly measure “lumpiness” of the late universe

A stringent test of ΛCDM model

cosmic expansion (dark energy)

gravity (dark matter)

ΛCDM extrapolation 
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S8-tension

• A parameter to characterize 
“lumpiness” of the late-time universe

• 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 ΛCDM?
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Subaru HSC Y1 results

SNOWMASS 2021: Abdalla et al. (2022)
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Weak gravitational lensing – a probe of dark matter distribution

• An image of distant galaxy is distorted

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

• If 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
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HSC Year 3 galaxy shape catalog
• HSC Year 3 data: ~416 sq. deg. ⇐ Year 1 ~140 sq. deg., a factor of 3 wider
• Galaxy shape catalog: Xiangchong Li (the former IPMU student), Miyatake et al. 22
• Used the sophisticated simulated data (using HST) for the calibration

25M galaxies (shapes)

seeing ~0.6 arcsec
(⇔ ~0.9 arcsec for DES)

https://ui.adsabs.harvard.edu/abs/2022PASJ...74..421L/abstract


Cosmic shear tomography

higher source redshift bin

Li+23; Dalal+23

Use “unshaded” range of angular separations (scale cuts) for cosmology inference

SNR = 26.6

Points with error bars: HSC
Solid line: the best-fit ΛCDM model
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● Compare the cosmic shear and the 3x2pt result, 
after the unblinding

● Consistent cosmological constraints from the 
blind analyses
○ Cosmic shear (Real and Fourier space)
○ 3x2pt analysis (Linear and Quasi-nonlinear 

scales)
● Conservative analyses in the presence of 

systematic uncertainties in the redshifts of source 
galaxies
○ Shear-ratio test currently in progress

● Difference from the CMB expectation in LCDM 
model context based on various tension metrics 
range from 2-2.5 sigma
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Summary of HSC Year 3 cosmology results

Sugiyama+ (2023), Miyatake+ (2023), 
Li+ (2023), Dalal+ (2023)

4%

mainly dark matter

HSC-Y3
(cosmic shear real-space)

Planck CMB



CMB

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

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

SNOWMASS 2021 Summer study: Abdalla et al. (2022)

HSC-Y3

S8 tension!
• HSC cosmic shear (real-space)
• HSC cosmic shear (Fourier space)
• HSCxSDSS (3x2pt): mainly from SDSS

• Full shape analysis of BOSS with Dark Emulator 
(Kobayashi, Nishimichi, MT+22)

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



Baryon, baryon, baryon…

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

● Hence there should be baryon 
effects, to some level, on the 
weak lensing observables

The Illustris collboration

See Ryo Terasawa’s talk

Ryo Terawasa
(Kavli IPMU)



Baryon… (cont‘d) 
● The baryon effect likely 

causes a suppression in the 
matter clustering amplitudes, 
therefore the cosmic shear 
amplitude on relevant scales

● The baryon effect is local
(from small to large scales)!

● NL clustering and baryon 
should have different 
redshift dependences

● Amon & Efstathiou 22 
assumed  

10°1 100 101

k [h Mpc°1]

0.6

0.7

0.8

0.9

1.0

P
m
(k

)/
P

D
M

°
o
n
ly
(k

)

z = 0.0

TNG300

Illustris

Horizon

C-OWLS AGN

C-OWLS AGN Theat8.5

C-OWLS AGN Theat8.7

BAHAMAS Theat7.6

BAHAMAS Theat8.0

HMCODE 2020 TAGN8.0

halo forms

gal form (SNe, AGN)

gas blown out

<latexit sha1_base64="rharI0rNE2R133r0emXf31Q2LrI="></latexit>

1000 km/s⇥ 1 Gyr ⇠ Mpc

<latexit sha1_base64="bhWB61KLUdaQr33pZZPFYQviT1U="></latexit>

kNL 6= kbaryon(kNL < kbaryon)

<latexit sha1_base64="LSVkMsLE9ITMlzGfpBw9glmNzaU="></latexit>

kNL(z) = kbaryon(z)



100 101

1 £ 1

100 101

µ [arcmin]

1 £ 2

100 101

1 £ 3

100 1010.0

0.5

1.0 1 £ 4

2 £ 22 £ 3

0.5

1.0

1.5

2.0 2 £ 4

3 £ 3

1.0
1.5
2.0
2.5
3.0

µ0
.5
ª +

£
10

4 3 £ 4
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5 4 £ 4 100 101 102

1 £ 1 1 £ 2

DM-only MAP (S8 = 0.76, ¬2 = 461.9)

HMCode20 (6 params) MAP (S8 = 0.78, ¬2 = 456.3)

£AGN = 8.0 (cosmo. varied) MAP (S8 = 0.78, ¬2 = 470.7)

£AGN = 8.0 (DMO cosmo.) (S8 = 0.76, ¬2 = 534.4)

1 £ 3

0.0

0.5
1 £ 4

100 101 102

2 £ 2 2 £ 3

0.0

0.52 £ 4

100 101 102

3 £ 3

0.0

0.5

µ0
.5
ª °

£
10

43 £ 4

100 101 102 0.0

0.5

1.04 £ 4

Ryo Terasawa
(Kavli IPMU)

Terasawa+, submitted soon

Used DarkEmulator2 developed 
by Nishimichi-san and Satoshi 
Tanaka-san (C02)



10°1 100 101

k [h Mpc°1]

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

P
m
(k

)/
P

D
M

°
on

ly
(k

)

z = 0.0

shaded region:
68, 95% credible intervals of HSC-Y3 data

C-OWLS AGN TAGN8.0

C-OWLS AGN TAGN8.5

C-OWLS AGN TAGN8.7

BAHAMAS TAGN7.6

BAHAMAS TAGN7.8

BAHAMAS TAGN8.0

TNG300

Illustris

Horizon

SIMBA

Planck cosmology

fbar,500c(1014MØ) & 0.08

10°1 100 101

k [h Mpc°1]

z = 0.5

Terasawa+, submitted soon

Allowed region inferred 
from HSC cosmic shear

The region inferred from Planck cosmology



Subaru Prime Focus Spectrograph
Prime Focus Instrument (PFI)

Wide Field Corrector (WFC)

Metrology Camera System (MCS)

Spectrograph System (SpS)

Fiber positioner "Cobra"

Fiber Optical Cable and 
Connector System (FOCCoS)

+
• ~$90M project, being led by 

Kavli IPMU (PI: Hitoshi Murayama, 
PM: Naoyuki Tamura, PS: MT) 

• Institutes 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/

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


“Cobra” positioner

• JPL/Caltech contribution to PFS
• “Critical” component of PFS
• 2394 cobra positioners on the focal plane
• Requirement: ~10μm (0.1”) positioning accuracy 

Fiber Arm

Copra module (57 positioners)



PFS will populate 
2394 individual fibers

for simultaneous spectroscopy
over this hexagonal field.

~1.5 deg Andromeda Galaxy (M31)
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- Now working on the commissioning
- The next commissioning obs from March 8 
- PFS survey will start in 2025 (TBD)

Naoyuki Tamura
(NAOJ)

Yuki Moritani
(NAOJ)

Kiyoto Yabe
(NAOJ)

This NIR 
camera is 

still absent 
at Subaru 
summit.

~600×4=~2400 fibers

Real data of 11 spectrograph modules (Jan, 2024)
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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 

instruments/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 


