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Hyper Suprime-Cam (HSC)
• largest camera
• 3m high
• weigh 3 ton
• 104 CCDs 
(~0.9G pixels)



HSC



Subaru Telescope:  
wide FoV & excellent image quality

~50,000 galaxy images

HST

Galaxy cluster

The current SprimeCam image (M. Oguri)

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

Hyper Suprime-Cam FoV





Candidates of dark matter

• Weakly Interacting Massive Particles (WIMP), 
but has yet to be found by LHC, Fermi, other 
direct experiments, …

• Neutrinos ⇒ No!
• MAssive Compact Halo Objects (MACHO) 
⇒ No!

• Primordial Black Hole (PBH) ⇒ this talk
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• Dark matter needed
• Can be formed in the early 

universe (Zel’dovich & 
Novikov67; Hawking1971); 
not from any astrophysical 
processes)

• One of viable candidates of 
CDM 

• Progenitor of LIGO GW 
binary BHs? (Sasaki, 
Suyama, Tanaka & 
Yokoyama, PRL 2016; Bird 
te al. 16)

Capela et al. 13

MPBH ⇠ 1024g ⇠ MH @ T ⇠ 10 TeV



low spin?

(LIGO collaboration)

needed to explain the LIGO event rate

fPBH/DM ⇠ 10�2 � 10�3



The origin of these BHs? 



PBH formation 
• PBH can be formed by the gravitational collapse of the Hubble 

patch in the radiation dominated era, if a large orverdensity of 
δ~O(0.1) is injected in the patch (Zel’dovich & Novikov 67; 
Hawking 71)

• PBHs can contribute DM, by a fraction given as
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• In the northern 
hemisphere (not 
accessible from VST, 
DES, LSST)

• Large spiral galaxy
• HSC FoV ~ entire M31
• ~770kpc (!~24.4), 

reachable distance 
(not too far)!

Andromeda Galaxy (M31)



probing PBHs with lensing
• If PBHs are (a part of) 

dark matter, they 
should exist in 
between the Earth and 
M31 (huge volume!)

• PBHs cause 
microlensing 
magnification on stars 
in M31

• Lensing can probe 
invisible

• HSC can monitor all 
stars in the bulge and 
disk regions of M31 



PBH microlensing on M31 star
• Lensed image can’t be resolved 

with optical resolution (~10-8

arcsec) ⇒ only light curve is a 
signal

• Huge volume
• MW/M31 halo ~ 1012Msun (we 

assumed NFW models)
• PBH has a peculiar velocity of 

~200km/s
• Need to monitor brightness of the 

same star as a function of “time”
(time domain astronomy)

Paczynski 86
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M31 halo
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Einstein radius (=PBH mass)
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PBS lensing ⇒ multiple image can’t be resolved ⇒ microlensing 



PBH microlensing on M31 star
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Hiroko Niikura

Got this idea from conversation with Hitoshi 
and Masahiro Kawasaki
90sec exposure each (r-band)
~35sec readout
~190 exposures
No dithering
one clear night (seeing~0.5-0.6’’)
Also used g-data (from commissining)

HSC dense-cadence observation of M31 (PI Takada, S14B)



Challenges: Pixel lensing
Fluxes from multiple stars are overlapped at each position

Upper left: reference image (0.5’’)
Upper right: target image (0.8’’)
Lower: difference image

Accurate PSF and astrometry 
measurements needed.
HSC pipeline (hscPipe) works! 

dense star region



Procedures: search for ML events
difference image (coadds of 3 exposures)

identify candidates in each diff. image
⇒15,571
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candidates with bump-like light curve
⇒ 11,703
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fitting of LC to the microlensing model

selection criteria
⇒ 66

visual inspection of 
individual candidates…



0 5000 10000 15000 20000 25000
time [sec]

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

m
ag

0 5000 10000 15000 20000 25000
time [sec]

0

10

20

30

40

50

60

70

80

90

su
m

co
u
nt

Flare star (M star)
A factor of 10 
brightened

Ref. target diff diff- PSF

tim
e

green: 2min cadence



0 5000 10000 15000 20000 25000
time [sec]

22

23

24

25

26

27

m
ag

time

An entire star disappears for 
~10min, with a 3hrs interval

~10min

~3hrs
WD – brown dwarf binary



Visual inspection stage…
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Visual inspection of 66 candidates to identify junks…

asteroid

spike around a bright star

66 ⇒ 65 junks



One real candidate of microlensing …?
ref. target diff. diff.-PSF



To constrain the PBH abundance

• Expectation number of PBH microlensing events

Nexp = �tobs

Z
dmr

dNs

dmr

Z
dtFWHM

d�
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✏(tFWHM,mr)

duration of 
observation time 
(about 7 hours)

number of source 
stars in the 
magnitude range 
[m, m+dm] (see 
later)

Event rate of PBH 
microlensing 
(computed 
assuming NFW 
profiles of the MW 
and M31 halos)

Detection 
efficiency for 
microlensing 
event of 
timescale 
t_FWHM for a 
star of 
magnitude, m_r
(see later)
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Number of source stars

number counts of source stars in M31

green: HST stars

blue: HSC peaks

HSC can’t resolve individual stars due to 
blending 

6.4×106 HSC peaks (conservative)
8.7×107 stars if extrapolated from the HSC star counts for the M31 disk regions



Detection efficiency

22mag

23mag

24mag

25mag

26mag

Nexp = �tobs

Z
dmr

dNs

dmr

Z
dtFWHM

d�

dtFWHM

✏(tFWHM,mr)

estimated using the simulated light curves of ML



1015 1020 1025 1030 1035

MPBH [g]

10�5

10�4

10�3

10�2

10�1

f=
⌦

P
B

H
/⌦

D
M

B
H

E
va

p
or

at
io

n

Femto
Kepler

CMBEROS/MACHO

HSC M31 constraint (95% limit)HSC M31 constraint (95% limit)

10�15 10�10 10�5 100
MPBH [M�]

Results: New bound on PBH abundance

tightest bound on PBH with MPBH=[1020,1028]g
1 HSC night ⇔ 2 years Kepler data

Niikura, MT, + 17

HSC (95%) using HST-inferred counts

A 
m

as
s 

fra
ct

io
n 

of
 P

BH
s 

to
 D

M

Nick Kaiser Misao Sasaki

Seminar @ YITP 



Prospect for further HSC observation

Sasaki et al. 16

only one or a few Subaru nights in total, sparsely sampled over 3yrs



SuMIRe = Subaru Measurement of 
Images and Redshifts

l IPMU director Hitoshi Murayama funded 
(~$32M) by the Cabinet in Mar 2009, as one 

of the stimulus package programs 

l Build wide-field camera (Hyper Suprime-Cam; 
~$55M) and wide-field multi-object 

spectrograph (Prime Focus Spectrograph; 
~$80M) 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 

l Do SDSS-like survey at z>1

HSC
PFS

H. Murayama (Kavli IPMU Director)

Subaru (NAOJ)



Subaru-300-nights HSC project (2006 - )

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)

34



First Data Release (DR1) of HSC SSP
28 Feb, 2017

~60 Subaru nights, ~100 sq. deg., ~108 objects ≃10yrs SDSS



hscMap: user interface



1’’

upper: HSC (8.2m)

lower: SDSS (2.5m)

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

Nearby galaxies



Gravitational lensing 
= GR prediction

Gµν =
8πG
c4

Tµν

⇒  light path: x = x[z;gµν ]
Light-ray path, emitted from a distant galaxy, is 
bent by the foreground matter distribution

It causes a distortion in galaxy image

Cosmic acceleration (DE)

Dark matter

distorted galaxy shapes



“characterize” the shape 
of every faint galaxy

Weak gravitational lensing (shear)



For me, galaxies = numbers



Weak lensing shear (cont’d)
• Tiny signal on individual galaxy (typically only 1% in its ellipticity)
• Measure “coherent” shear signals (need a large number of galaxies) 
• The great thing, however, is that, once measured accurately, we can 

recover the physical quantities (total matter, mostly DM,  distirbution)
without any ambiguity, because of the linear relation

• This opens up an opportunity; reconstructing DM distribution everywhere
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observable (ellipticity) output: DM distribution 



Galaxy shape catalog now fixed 
(after 3 years work)!

42

About 1/10 data of the full 5-year data
R. Mandelbaum 

(CMU)
H. Miyatake

(JPL/Caltech
⇒Nagoya/IPMU)

galaxy shape

Publ. Astron. Soc. of Japan accepted



HECTOMAP
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Subaru HSC = superb image quality

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

6 fields (~150 sq. deg. in total)



WL mass (dark matter) maps
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Map of projected mass density

Map of projected galaxy distribution arXiv:1705.06792
Oguri et al.

Masamune Oguri
(Tokyo/IPMU)



3D mass map
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Combining the 
galaxy shapes and 
photometric redshift 
of each galaxy 
(approximate 
distance measure), 
we can recover the 
3D distribution of 
matter

Mass and galaxy 
maps show a nice 
correspondence
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HSC (~20 gals/arcmin2, ~0.6”) DES-like (~7 gals/arcmin2,~1”)
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Subaru Prime Focus Spectrograph
Tamura et al. SPIE (2016)



Summary
• Subaru HSC/PFS project is VERY EXCITING
• HSC: a wide-field imaging camera (on-going!)

– Obtained the tightest upper bound on the bundance of PBHs 
of lunar mass scales

• A longer-term monitor of M31 (SNe, red giants, …)  

– Very powerful, indeed best, instrument for weak lensing 
measurements

• Dark matter, dark energy, neutrino mass …

• PFS: a wide-field, multi-object spectrograph
– Mapping out the three-dimensional distribution of galaxies
– Cosmology, Galaxy Evolution, Galactic Archaeology


