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Hyper Suprime-Cam (HSC)

• largest camera
• 3m high
• weigh 3 ton
• 104 CCDs 
(~0.9G pixels)



Subaru Telescope:  
wide FoV & excellent image quality

~50,000 galaxy images

HST

Galaxy cluster

The previous Sprime-Cam image (M. Oguri)

• Fast, Wide, Deep & Sharp 
• a cosmological survey needs these 
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1’’

upper: HSC (8.2m)

lower: SDSS (2.5m)

All data reduced by the HSC pipeline A. Leauthaud S. Huang

Nearby galaxies



Subaru-300-nights HSC project (2014 - )

International collaboration (Japan, Taiwan, Princeton U.)



HSC Survey Fields

• Subaru 300 nights granted (2014 – 19)
• 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

• The main scientific objectives are
– Wide: Cosmology, Deep: galaxy evolution, UD: cosmic reionization

R.A.

DEC

HSC-D

HSC-D/UD

HSC-W

Galactic Extinction E(B-V)
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HDC Public Data Release 1 (Feb, 2017)

hscMap=user interface
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Subaru HSC = superb image quality

Subaru HSC typically 0.6” seeing FWHM (spatial resolution)
⇔ DES: ~0.9”

6 fields (~140 sq. deg. in total) ne↵ ' 22 arcmin�2
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“characterize” the shape 
of every faint galaxy

Weak gravitational lensing (shear)



Weak lensing
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r2�(x, t) = 4⇡G⇢̄ma2�m(x, t)

The signal is tiny: allows for a direct reconstruction of gravitational 
potential due to nonlinear matter distribution in the universe

Simulated 
lensing map 
(color = 2D 
DM map, 
stick=shear)

lensing mode 
(E mode)

non-lensing 
mode (e.g., 
systematics) 

(B mode)

shear



HSC galaxy shape catalog

• Developed the pipeline for galaxy 
shape measurement

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

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

• Ready to use for weak lensing science

Mandelbaum, Miyatake+, PASJ 2018 

R. Mandelbaum
（CMU）

Hironao Miyatake
(Nagoya/IPMU)

Input galaxy in 
image simulation

real HSC galaxy simulated galaxy 
image with noise

solid: HSC data

dashed: image 
sims.



For us, galaxies = numbers



null test, null test, null test ….
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Mandelbaum, Miyatake et al. 2018
PSF-star ellipticity residual correlation PSF-star size residual

Light-gray region is the 
requirement for the 1st-year 
cosmic shear cosmology

Grey region is the 
requirement

Note: might eventually be hit by ambiguous blends



Unprecedented wide and deep 3D DM map

Oguri et al. 2018

one particular field (VVDS field) 



Cosmic shear cosmology
• Pros

– Can measure “total” matter power 
clustering

• Cons
– All the systematic errors additively 

contribute the measurements (⇔ g-g 
lensing)

– Challenges: Photo-z errors and baryonic 
physics 

– HSC data are very deep compared to 
DES: precursor of LSST 

C` =

Z
d� WGL(�)

2��2PNL
m

✓
k =

`

�
; z(�)

◆

<latexit sha1_base64="sXDiv2DX4fMho27gqUNLjoouDCU="></latexit><latexit sha1_base64="sXDiv2DX4fMho27gqUNLjoouDCU="></latexit><latexit sha1_base64="sXDiv2DX4fMho27gqUNLjoouDCU="></latexit><latexit sha1_base64="sXDiv2DX4fMho27gqUNLjoouDCU="></latexit>



Cosmic shear 
tomography

• Used photo-z’s of each 
galaxy to have 4 
tomographic bins  

• Used the HSC-Wide 
depth data of COSMOS 
field for galaxies after the 
WL cut to calibrate the 
photo-z errors

• Test the results against the 
different photo-z catalogs
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Pseudo-power spectrum estimator
(Hikage, MT, Hamana, Spergel 11)

total S/N~16, corresponding 
to ~3% in S_8
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137 sq. deg.
0.3<z<1.5
300<ell<1900
n_eff~16.5 arcmin-2



Systematic errors due to imperfect PSF modeling
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Covariance 

• Shape noise – used the real 
shape catalog (after random 
rotations) 

• Gaussian term also include 
off-diagonal terms 

• Used analytical formula for 
connected NG and SSC 

• Include the cosmological 
dependences (~10% 
improvement in S_8) 

Takahashi + 18



Mocks very important!

Tested our analysis pipeline

Not data
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SuMIRe = Subaru Measurement of 
Images and Redshifts

l IPMU director Hitoshi Murayama funded by 
the Cabinet in Mar 2009, as one of the 
stimulus package programs 

l Build wide-field camera (Hyper SuprimeCam)

and wide-field multi-object spectrograph 
(Prime Focus Spectrograph) for the Subaru 
Telescope (8.2m)

l Explore the fate of our Universe: dark matter, 

dark energy 

l Keep the Subaru Telescope a world-leading 

telescope in the TMT era

l Precise images of 1B galaxies 

l Measure distances of ~4M galaxies 

HSC
PFS

Subaru (NAOJ)

Hitoshi Murayama (IPMU Director) 
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Figure 7. Parameter constraints from one realisation of the end-to-end simulation. The grey contours show the 68% and 95%
CL constraints from the Planck data, the blue contours show expected constraints from Planck and weak-lensing data of the
HSC, and the red contours show expected combined constraints from Planck, HSC, and PFS. Dark energy is assumed to be a
cosmological constant.

• The inverted hierarchy, in which two neutrino
mass eigenstates are heavier than the third mass
eigenstate.

The minimum total mass of the normal hierarchy isP
m

normal
⌫ ⇡ 0.06 eV, while that of the inverted hier-

archy is
P

m
inverted
⌫ ⇡ 0.1 eV; at 2�, an upper bound

of
P

m⌫ < 0.1 eV would rule out the inverted mass hi-
erarchy. If the hierarchy is the inverted one, then the
PFS would measure, for the first time, the total neu-
trino mass from the cosmological data sets. Either way,
such findings would have profound implications for cos-
mology and particle physics, and the PFS will be in a
good position to have a high impact.
Deciding the mass hierarchy sets a concrete target for

the neutrinoless double-� decay experiment, which will
distinguish between Dirac-type and Majorana-type neu-
trinos. If neutrinos are Majorana, ruling out the in-
verted mass hierarchy implies m�� . 0.02 eV (95% CL)
for neutrinoless double-� decay experiments. This too
carries fundamental importance in particle physics.
The constraint on the neutrino mass shown in Fig. 7

already includes the cross-correlation between PFS and

HSC (Sec 6). It can be improved further by having a
better measurement of the optical depth of the CMB by
reionisation, ⌧ (Allison et al. 2015). The latter helps be-
cause of the following reason. The CMB power spectrum
at high multipoles (` > 10) depends on the primordial
scalar amplitude As attenuated by exp(�2⌧), hence the
combination As exp(�2⌧). On the other hand, the RSD
measures the amplitude of fluctuations in a late time
universe, and comparing it with the primordial ampli-
tude As gives a constraint on the neutrino mass. We
therefore need an estimate of ⌧ to break this degener-
acy. While the large angular scale polarisation data of
the CMB give an estimate of ⌧ , the current estimates by
WMAP and the two instruments on board Planck do not
quite agree and there is a debate as to which value is the
correct estimate. This uncertainty limits our ability to
constrain

P
m⌫ . We find that the PFS can constrain a

combination F ⌘ ⌧/(0.28
P

m⌫ + 0.068) (where
P

m⌫

is in units of eV) rather well: F = 1.00± 0.11 (68% CL)
and 0.80 < F < 1.22 (95% CL). To first order in the
uncertainties, we have

�F

F
=

�⌧

⌧
� �(

P
m⌫)P

m⌫ + 0.243
. (4)

Cosmology goal for neutrino mass
• Forecasts for Subaru surveys (aimed at achieving by 2025)
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m𝛎, tot<0.1eV (95%CL) 
with Subaru

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

Future (till 2030): 
m𝛎, tot<0.03eV (95CL) with 
CMB exp. 
⇔ HK/DUNE (till 2030, after 5-
years operation.)

σ(Neff)~0.027

Subaru HSC+PFS

Planck



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


