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Subaru Telescope
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Hyper Suprime-Cam (HSC)

- largest camera
- 3m high

-+ weigh 3 ton

- 104 CCDs

116 HPK FD CCDs







Hyper Suprime-Cam FoV
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Primordial Black Hole (PBH),.,.. M@J

015

e Dark matter needed

e (Can be formed in the early
universe (Zel'dovich &
Novikove7; Hawking1971);
not from any astrophysical
processes)

e (One of viable candidates of
CDM

e Progenitor of LIGO GW
binary BHs”? (Sasaki,
Suyama, Tanaka &
Yokoyama, PRL 2016; Bira
te al. 16)
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Editors' Suggestion

Primordial Black Hole Scenario for the Gravitational-Wave
Event GW150914

Misao Sasaki, Teruaki Suyama, Takahiro Tanaka, and Shuichiro Yokoyama
Phys. Rev. Lett. 117, 061101 (2016) — Published 2 August 2016

= W % A theoretical analysis examines the possibility that the
gravitational wave signal (GW150914) detected by LIGO was

due to the coalescence of primordial black holes created by the

extremely dense matter present in the early Universe.
Show Abstract +
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Black Holes of Known Mass

X-Ray Studies WIS
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The origin of these BHs?




PBH formation

e PBH can be formed by the gravitational collapse of the Hubble
patch in the radiation dominated era, it a large orverdensity of
65~0(0.1) is injected in the patch (Zel'dovich & Novikov 67;
Hawking 71)
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- - Andromeda Galaxy (M31)

IN the northern

- hemisphere (not

~accessible from VST,

DES, LSST)

| Large spiral galaxy

HSC FoV ~ entire M31

~770kpc (u~24.4),
reachable distance

~ (not too far)!




probing PBHs with lensing
It PBHs are (a part of) ..' ' | ey
dark matter, they v

should exist In
between the Earth and

T

microlensing
magnification on stars
iINn M31 |
Lensing can probe
Invisible

HSC can monitor all

stars in the bulge and |
disk regions of M31

M31 (huge volume!) g T R IR
PBHs cause L B u TS
| A |




PBH microlensing on M31 star

e [ ensed image can't be resolved
with optical resolution (~108
arcsec) = only light curve is a
signal

e Huge volume

e MW/M31 halo ~ 10'2Msun (we
assumed NFW models)

* PBH has a peculiar velocity of ; a6
~200km/s ...?‘,‘F.ZX”,S:.!,m.g....! ........ -

L

* Need to monitor brightness of the i
same star as a function of “time”
(time domain astronomy)
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Position of source or lens
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PBH microlensing on M31 star

Cumulative optical depth of PBH microlensing for a single star in M31
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If we observe ~106 stars at one time, one star at leas
should be micro-lensed it PBHs are DM



d2N event / dtobsd In tFWHM [events / hrs}

PBH microlensing event rate
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Event rate per unit obs. time and per a single star in M31 for
a given timescale of light curve



da, S14B)

Jllzs ldea from conversation with Hitoshi

W"W"'and MGSGher Kawasaki
l 90sec exposure eaT:h (r-band)
-~ ~35sec readout
ey exposures

No dithering
- one clear night (seeing~0/5-0.6")

Also used g-data (from commissining




Challenges: Pixel lensing

Fluxes from multiple stars are overlapped at each position

- 3 » LB A : ’ - a . 5 » .
- - . . »

deRSe StAriBaion-S « # o P e e v R e :
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!




Procedures: search for ML events
iffnce image of 3 exposures)
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candidates with bump-like light curve
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fitting of LC to the microlensing model
L visual inspection of

| selection criteria individual candidates...
150 5000 10000 75000 20000 25‘00(; = 66

time [sec]

counts




diff _

diff- PSF

sum count

W = Ot O

5000 10000 15000 20000
time [sec]

Flare star (M star)
A factor of 10
brightened

AAAAAAAAAAAAAAAAA‘AAAAAAAAAA

5000 10000 15000 20000
time [sec]

25000

25000




An entire star disappears for
~|Omin, with a 3hrs interval

WD — brown dwarf binary

5000 10000 15000 20000 25000
time [sec]




Visual inspection stage...

Visual inspection of 66 candidates to identify junks...
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One real candidate of microlensing ...?
_ref_target diff.  diff.-PSF

counts in the i-th difference image
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¢ HSC data
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To constrain the PBH abundance

e Expectation number of PBH microlensing events

dV dI’
- dtrwaMm e(trwHM, My )

Nexp — Atobs /dmr

d dirwaM
duration of number of source Event rate of PBH
observation time stars in the microlensing
(about 7 hours) magnitude range (computed

[m, m+dm] (see assuming NFW
later) profiles of the MW

and M31 halos)



The Panchromatic Hubble
Andromeda Treasury

Number of source stars

HSC can’t resolve individual stars due to
blending

number counts of source stars in M31

104,

This work (HSC)

10? HST PHAT (bricks07) 1

10°
green: HST stars

10! blue: HSC peaks
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6.4x108 HSC peaks (conservative)
8.7x107 stars if extrapolated from the HSC star counts for the M31 disk regions



Detection efficiency

d Vg dI’
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Results: New bound on PBH abundance
Mpgr (Mo
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A mass fraction of PBHs to DM




Prospect for further HSC observation

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

0.1 1 10 100 1000 10
Mpbh/M@



SuMIRe = Subaru Measurement of
Images and Redshifts

.Murayama (Kavli IPMU Director)
® |PMU director Hitoshi Murayama funded

(~$32M) by the Cabinet in Mar 2009, as one
of the stimulus package programs

® Build wide-field camera (Hyper Suprime-Cam;
~$55M) and wide-field multi-object
spectrograph (Prime Focus Spectrograph;
~$80M) 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
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® Measure distances of ~4M galaxies

® Do SDSS-like survey at z>1




Subaru-300-nights HSC project (2006 - )

{3 PRINCETON
UNIVERSITY

International collaboration (Japan, Taiwan, Princeton U.)
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Survey Fields
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Galactic Extinction E(B-V)

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 24
— Wide: Cosmology, Deep: galaxy evolution, UD: cosmic reionization



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

~60 Subaru nights, ~100 sqg. deg., ~108 objects =~10yrs SDSS

uuuuu

NA@J News v About v  Projects Access/Visiting v Astronomical Information  Gallery Q Search  Japanese

First Public Data Release by the Hyper Suprime-Cam Subaru
Strategic Program

February 28, 2017 | Topics




hscMap: user interface
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, ﬁpper: HSC (8_.15.m)' :

lower: SDSS (2.5m)

A.Leauthaud S. Huang



Gravitational lensing
= GR prediction

G =8nGT

wv 4 Tuv
C

= light path: x = x[z;g,,, ]

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)

Lensing strength = \[
(geometry of the universe)
X (total matter of lens(esS)¥— park matter



. Wéak 'grav'itatiohal Iensihg (shear)

‘characterize” the shape
of every faint galaxy
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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

observable (ellipticity) output: DM distribution

Vij ~ / dz; W(zs,2)V 1V 1, ®[x(t)] = @*P ~ VIV 1y, — 222(6)
0

Unlensed Lensed

- .

- - -
° %, -; s @ - - = b T




Galaxy shape catalog now fixed

(after 3 years work)!
About 1/10 data of the full 5-year data

R. Mandelbaum H. Miyatake
(CMU) (JPL/Caltech

N Y
Publ. Astron. Soc. of Japan accepted = Nagoya/lFtiL)

Publ. Astron. Soc. Japan (2014) 00(0), 1—41 1
doi: 10.1093/pasj/xxx000

galaxy shape

The first-year shear |catalog of the Subaru Hyper
Suprime-Cam SSP Survey

Rachel Mandelbaum', Hironao Miyatake??, Takashi Hamana*, Masamune
Oguri>%3, Melanie Simet’, Robert Armstrong®, James Bosch?®, Ryoma
Murata®®, Francois Lanusse!, Alexie Leauthaud’, Jean Coupon'’, Surhud
More?, Masahiro Takada®, Satoshi Miyazaki*, Joshua S. Speagle'!,
Masato Shirasaki‘, Cristobal Sifon®, Song Huang??, Atsushi J.
Nishizawa!?, Elinor Medezinski®, Yuki Okura'>'*, Nobuhiro Okabe'>'¢,
Nicole Czakon'’, Ryuichi Takahashi'®, Will Coulton'®, Chiaki Hikage?,
Yutaka Komiyama*?°, Robert H. Lupton?, Michael A. Strauss®, Masayuki

J] 18 May 2017
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3D mass map

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

9.98
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00 Mass and galaxy
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correspondence
45

33D.100



HSC (~20 gals/arcmin?,~0.6”) DES-like (~7 gals/arcmin?,~1")



Subaru Prime Focus Spectrograph

Tamura et al. SPIE (2016)
Spectrograph System (SpS)
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Summary

e Subaru HSC/PFS project is VERY EXCITING
on-going!

— Obtained the tightest upper bound on the bundance of PBHSs
of lunar mass scales

e A longer-term monitor of M31 (SNe, red giants, ...)

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

e Dark matter, dark energy, neutrino mass ...
e PES: a wide-field, multi-object spectrograph
— Mapping out the three-dimensional distribution of galaxies

— Cosmology, Galaxy Evolution, Galactic Archaeology



