Cosmology
with Subaru Hyper Suprime-Cam

Imaging survey
(after 10 years involvement)
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Subaru Telescope
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 Subaru Telescope

@ summit of Mt. Mauna Kea (4200m), Big Island, Hawaii




Hyper Suprime-Cam (HSC)

4 4 - largest camera
OF— £ 3m high
g - weigh 3 ton
i+ 104 CCDs

116 HPK FD CCDs
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Subaru Telescope:
wide FoV & excellent image quality

 Fast, Wide, Deep & Sharp

* a cosmological survey needs these
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‘The previous Spfime-Canj image (M. Ogurf)

‘Galaxycluster *\ . |t . ‘




Hyper Suprime-Cam FoV




, dpp'er:HSC (B;Qm). :

lower:SDSS (2.5m)

1933041 Q6
2D22 D10

All data reduced by the HSC bibeline | | A.Leauthaud S.Huang




Subaru-300-nights HSC project (2014 - )

M PRINCETON
UNIVERSITY

International collaboration (Japan, Taiwan, Princeton U.)



Survey Fields
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e Subaru 300 nights granted (2014 — 19)

e HSC Survey Fields selected based on

— Overlap with SDSS regions and other interesting, external datasets
(ACT CMB, NIR, spectroscopic surveys, ...); Low dust extinction;
Spread in RA

e The main scientific objectives are
— Wide: Cosmology, Deep: galaxy evolution, UD: cosmic reionization ¢



HDC Public Data Release 1 (Feb, 2017)
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Dec [deg]

Subaru HSC = superb image quality

6 fields (~140 sqg. deg. in total)

Neg =~ 22 arcmin
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* Weak gravitational le

-

nsing (shear)

“‘characterize” the shape
of every faint galaxy




Weak lensing

The signalis tiny: allows for a direct reconstruction of gravitational

potential due to nonlinear matter distribution in the universe

dz; Wi(zs,21)V 1iV 1 P[Xphoton path (t)]
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Mandelbaum, Miyatake+, PASJ 2018

HSC galaxy shape catalog

e Developed the pipeline for galaxy
shape measurement

e Tested/validated the galaxy shape
catalog with sophisticated image
simulations

* ~10M galaxies (~20 gals/sq. arcmin.,
~140 sq. deg.)

e Ready to use for weak lensing science

Input galaxy in real HSC galaxy simulated galaxy
Image with noise

Image simulation
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null test, null test, null test ....

Mandelbaum, Miyatake et al. 2018
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cosmic shear cosmology

Note: might eventually be hit by ambiguous blends



Unprecedented wide and deep 3D DM map

Oguriet al. 2018

one particular field (VVDS field)



Cosmic shear cosmology
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Cosmic shear
tomography

e Used photo-z's of each
galaxy to have 4
tomographic bins

e Usedthe HSC-Wide

depth data of COSMOS
field for galaxies after the

WL cut to calibrate the
photo-z errors

e Jestthe results against the
different photo-z catalogs
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Pseudo-power spectrum estimator
(Hikage, MT, Hamana, Spergel 11)
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Arbitrary scaled (Blinded)
1(1+1)C,/2m

Systematic errors due to imperfect PSF modeling
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Covariance

4 * Mock

—theory
--- Gauss
NG+SSC

T 34

ol Takahashi + 18

Shape noise — used the real
shape catalog (after random

100

rotations)

Gaussian term also include
off-diagonal terms

Used analytical formula for
connected NG and SSC

e [ncludethe cosmological
dependences (~10%
improvement in S_8)



Mocks very important!
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Hitoshi Murayama (IPMU Director)

® |PMU director Hitoshi Murayama funded by
the Cabinet in Mar 2009, as one of the
stimulus package programs

® Build wide-field camera (Hyper SuprimeCam)
and wide-field multi-object spectrograph
(Prime Focus Spectrograph) for the Subaru
Telescope (8.2m)

® Explore the fate of our Universe: dark matter,

dark energy

® Keep the Subaru Telescope a world-leading

telescope in the TMT era

® Precise images of |B galaxies

® Measure distances of ~4M galaxies




CMB optical depth
(the amount of free electron btw z=[0,1000])

Cosmology goal for neutrino mass

e Forecasts for Subaru surveys (aimed at achieving by 2025)

0.12 '/P\ m, ,t<0.1eV (95%CL)

with Subaru
Subaru HSC+PFS

0.10

Note: limited by an accuracy
of CMB optical depth (stat. +
sys.~0.02)

~ 0.08

0.06
Future (till 2030):

Planck m,, 1r<0.03eV (95CL ) with

0.04 F

CMB exp.
00 o0l o5 o5 o2  os © HK/DUNE (till 2030, after 5-
>m, [eV] years operation.)

O(Neff)~0.027



summary

Subaru Hyper Suprime-Cam: very deep and superb image
quality, a precursor survey of LSST

Subaru HSC cosmic cosmology analysis was unblinded
(catalog level and analysis level), and the paper will come
soon (Hikage et al.)

Combined probe cosmology (g-g lensing and g-g
clustering), from HSC and BOSS, is in working progress

Further plan to include “RSD” information from BOSS

Towards “robust” cosmology



