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HSC/SSP Transient team

® Taiwan : Y. Urata, ML.F. Tsai, P. Tsai, Tang (NCU),
K.Y. Huang (ASIAA), A. Kong(NTHU)

® Japan : N. Yasuda, R. Quimby, M. Moriya, N. Yoshida(IPMU),
T. Morokuma (Tokyo U), M. Tanaka(NAQOJ),
N. Tominaga(Kounan-U), J. Okumura (Kounan-U)

® Princeton : P. Price
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® Pre-sciences




797125 Hyper-Suprime-Cam

Prime Focus

® Subaru : one of largest aperture (FMOS, HSC, (WFMOS))

telescope 8.2 m at MaunaKea Sb,

/|Opt Nasmyth

® Prime focus : Wide field observations IGIESG

Focus
(imaging and spectroscopy) (AO188, HICIAO)

® Current instruments (@Prime Focus
Suprime-Cam (SC) FOV 34’ x 27’

HSC

SC

HSC : Upgrading of SC about 10 times!



Suprime-Cam (SC) Hyper-Suprime-Cam
(HSCO)

CCD Type
Number of chip

Pixel size

FOV

Gain

Readout noise
Readout time
Number of filter

Filter exchanging time
A Q (Survey Power)

MIT/LL(2000-2008)
Hamamatsu (2008~)

10

15um (~0.”20)
34’ x 27’
2.5-3.7e/ADU
10e

18s

10

300s

13.2

Hamamatsu
(Fully-Depleted)

116
(4 guiding, 8 focusing)

15um (~ 0.”17)
90’ (Diameter)
3.0 e/ADU
TBD

20s

6

600s (900s)

95




Consist of three part

H S C (H ardw ar e) Ic’zl;i;lnlzrle?ocus Unit (PFU)

Wide Field Corrector (WFC)

PFU Mechanics LD A

WFC Hexapod Syste‘

HSC Mechanics 1strument Rotatc Dewar Frame

Sensor = - el v

Filter ) | ‘ ol ens Frame

Data Management ) ‘ | /F to the

Telescope
Inner Hub

Lens Barrel




HSC will be ready soon !
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; + 116 CCD\ in total
+ 1.5 deg FOV (diameter)

e — o

Sy == b
e - =
~ E ———

t - B e P
N g = 5
74 = o . e
L iy, K 5 High sensitivity CCD
~ 4 7 :
L - . ?“' — = Homamatsu FDCCD

< - —+— MIT/LL (Miyozaki et al. 2002, PASJ 54, 833)

¥

600 800

http://anela.mtk.nao.ac.jp/hscblog/builder/

Wavelength (nm)



http://anela.mtk.nao.ac.jp/hscblog/builder/



Schedule

® 2011/08 Ship WFC unit to Hawaii

® 2011/12 Camera completed

® 2012/08 Engineering First light!

® 2012/10 Science First light

® 2012/10 Submission of the SSP proposal

® 2013 Expected HSC SSP survey start
® 2018 Expected HSC SSP survey end

¢ s PR

The survey will be significantly earlier than LSST -




Subaru Strategic Program(SSP)

® Subaru is the open use telescope
® HSC will be one of the open use instruments

® Subaru proposal system:
® Normal Program up to 5 nights

® Intensive Program (IP) up to 20 nights / several semester
(Max 10 nights / semester)

® Subaru Strategic Program (SSP) New!
100-300 nights / 3-5 years (max 60 nights / year)
For newly developed instrument, we can submit a proposal for
this category.

HiCIAO : “SEED” (Exoplanet, Syears - 120 nights)
FMOS : “ FastSound* (BAQO, 2 years - 40 nights)

Only one or less program will be selected for SSP.
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HSCSSP KX

® Establish HSC/SSP consortium (Japan, Taiwan, Princeton)
® The science driver 1s cosmology (Dark Energy)!

® Planning three layer (wide, deep ultra-deep) survey with grizy and
narrow band filters

® Aiming 300 nights survey over 5 years

Table 3.1: A quick summary of HSC-wide, deep and ultra-deep surveys
Survey Area [sq. deg.] Depth [AB, 50, 2”] Key Sciences
Wide 1500-2000 grizy (i ~ 25.8) Cosmology, Clusters, QSOs

Deep ~30 grizy+NBs (i ~ 27.2) Galaxies, QSO/AGN, Clusters, SNe
Ultra-Deep | ~2 HSC FoVs grizy+NBs (i ~ 28)  high-z galaxies (LAEs, LBGs), SNe




® ® & & & & & & & B B

Time domain survey

Variable stars

Proper motion stars

AGN (Wide, Deep, & Ultra-deep) Key science
SNIa cosmology (z>1) (Deep & Ultra-deep) Key science
Supernova rate (z<1) (Deep & Ultra-deep)

Ultra-Luminous Supernova ( z up to 4~6) (Deep & Ultra-deep)
Bright SNIIn (z up to ~6) (Ultra-deep)

Orphan GRB (Deep & Ultra-deep)

Tidal Disruption Flare (Deep & Ultra-deep)

SNe Shock break out (z>0.5) (Wide, Deep & Ultra-deep)

Unknown objects.....



Time domain survey

Variable stars

Proper motion stars

AGN (Wide, Deep, & Ultra-deep) Key science
SNIa cosmology (z>1) (Deep & Ultra-deep) Key science
Supernova rate (z<1) (Deep & Ultra-deep)
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Ultra-Luminous Supernova ( z up to 4~6) (Deep & Ultra-deep)
Bright SNIIn (z up to ~6) (Ultra-deep)

Orphan GRB (Deep & Ultra-deep)

Tidal Disruption Flare (Deep & Ultra-deep)

SNe Shock break out (z>0.5) (Wide, Deep & Ultra-deep)

Unknown objects.....



Advantages of HSC

® Large Aperture
® Other SN surveys except for LSST use 4m telescopes
® SNIa samples are limited to z<0.9
— Extend to z~1.2

® Wide Field
® 2 FoV of HSC is comparable to the survey area of SNLS

® Higher sensitivity in red bands (z, y-bands)
® Most energy of SNIa@z=1 fall in 1, z, and y-band
® Ultra-Luminous SNe at z~6
® Bright SNIIn at z~6

® High spatial resolution
® SNe are point sources

® Coordinated SSP survey only enables multi-band and multi-epoch time
domain survey
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1. KAORERE - FHERE CDdeep F—N1DTF—5 0E|
- Hubble Space Telescope (HST, 2.4m) / WFPC2, ACS, WFC3

- Subaru (8.2m)/Suprime-Cam (SDF, SXDS), Hyper Suprime-Cam
- CFHT (3.6m)/MegaCam: Supernova Legacy Survey (SNLS)

- JWST (6.5m)/NIRCam

- WISH (1.5m), Euclid (1.2m), WFIRST (1.1-2.4m)

2. (F/NOR)LERFEZ FIEEHE

- ROTSE(0.45m)

- Kiso (1.05m)/KWFC: Kiso Supernova Survey (KISS), KWFC Intensive Survey Of the
Galactic Plane (KISOGP)

- Palomar 48-inch Oschin (1.2m)/CFH12k: Palomar Transient Factory (PTF)

- Pan-STARRS (PS, 1.8m)

- SkyMapper (1.35m)

- SDSS (2.5m): SDSS-II Supernova Survey

- Microlensing Observations in Astrophysics (MOA, 1.8m)

- CTIO Blanco (4m)/Dark Energy Camera (DECam): Dark Energy Survey (DES)
- Large Synoptic Survey Telescope (LSST, 8.4m)



Orphan GRB afterglow

Energetics E.  ~ 10°34 — Jet corrected ~ 10°!

1SO

Achromatic temporal break in afterglow light curves

GRB collimated Jet

(but Chromatic breaks,
no jet breaks....)

A spreading
jet , |
No y-rays 3 : : g
[. A = S, On-axis Orphan
& g g \ (Nakar+02)
) Failed GRBs
y-rays emitting \ \ \ (Huang+02)
region . Short GRBs

Off-axis

No v -rays
Afterglows sho
After jet break,

Nakar +02

Off-axis orphan GRB afterglow = direct evidence of jet collimation



Orphan afterglow survey

® Wider survey fields in optical :24 l

® Swift/BAT 120 x 90 deg : 2

® Typical opt imager several 10 arc §’
min) g

3

® Deep imaging ( ) =

— 8§ m class telescopes

Temporeat eolor evolution

® Cadence of the survey (days scale) : snia
SN Ibc
® Long-term monitoring | SNl ——
(monthly~ year) GRB model =

QsO ——

$
Subaru, LSST




Orphan afterglow survey
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Orphan afterglow survey

1 1 1

Limits of 8m telescope (e.g. Subaru)

® Long -
(mo
| | ]

Subaru, LGN -
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Absolute magni




Orphan afterglow survey

® Wider survey fields in optical

® Swift/BAT 120 x 90 deg : 2

® Typical opt imager several 10 arc §’
min) g

3

® Deep imaging ( ) =

® Median redshift of GRB z~2

— 8 m class telescopes Temporateslor evolution

SN la
SNIIP ———
SN Ibc

® Cadence of the survey (days scale) SNSB

SN lin
UBOT
GRB ——

® Multi-color monitoring GRB mode] —%—
(monthly~ year) '

Subarlf,r LSST

05 0 05 1 15 2 25 3 EE]EI]é/U

r-i
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Planned Survey 1" EEE

® Three layer (wide, deep ultra-deep) survey with grizy

® Aiming 300 nights survey over 5 years (2013 — 2018)

Table 3.1: A quick summary of HSC-wide, deep and ultra-deep surveys

Survey Area [sq. deg.] Depth [AB, 50, 2] Key Sciences
Wide 1500-2000 grizy (7 ~ 25.8 Cosmology, Clusters, QSOs

Deep ~30 grizy+NBs (i ~ 27.2) Galaxies, QSO/AGN, Clusters, SNe
Ultra-Deep | ~2 HSC FoVs grizy+NBs (i ~ 28)  high-z galaxies (LAEs, LBGs), SNe
HSC
Ultra-Deep

Limit for 1 visit
FOV (sq. deg) 30

Epoch (each filter) 12
35 Expected

Filter | Limit (50)

Totani and
Panaitescu(2002)

Nakar&Piran
(2002)

350 SNIa (180@z>1) Rossi+08




HSC & Radio Follow-ups

0.1 rad)
EVLA(1hr)

Simulated light curves (E, ;=10 erg, z=1, 6
Subaru/HSC

1g

8.5GHz eobs: Jet

01 F

Optical 1

0, =20,

obs

EVLA Z{E5¢& off axis A7 E N FEE LREA
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PSF matched image subtraction
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PSF matched image subtraction &, HSC analysis pipeline?® — B ZFHAIA D
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3_00095 (with host)

| I

| |

52700 52800

3_00095 (Only Variables)
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B-band absolute magnitude

Redshift

J‘azg)iosson et al. 2011
HSC T/ -27%>% Orphan GRBIL, z~2<HLWET

HSC?pre/late-imaging CRHRIT, IRZ R ESNDITT !



GRBHEEE{] OPhot-Z

/om /s/A)

erg

-20

Flux (10

GRB980329

10000

15000 50000
Wavelength (A)

Urata et al. 2004

95000

Starburst at 2=0.695, age=0.064 Gyr, A,=0.07

Host of GRB 970228

5.0010° 1.0m0% 15010% 2000% 2510%
observed wavelength (A)

Starburst at 2=0.835, age=0.081 Gyr, A=0.17

02| masi
Tacdl
Host of GRS 970508
00

5.0:10% 1.0010% 15010 20010% 2510
observed wavelength (A)

Starburst at 2=0.966, age=0.091 Gyr, A,=0.38

Host of GAB 980703

5.0010° 1.010% 150104 2000* 2500%
observed wavelength (A)

Sa at z=1.600, age=0.012 Gyr, A=0.96

Host of GRB 990123

5.0010° 1.0010% 1.5010% 2.0010% 25010%
observed wavelength (A)

Starburst at z+0.433, age=0.255 Gyr, A=0.15

Host of GRB 990712

1.0010% 1.5010% 20010%
observed wavele (A)

Christensen et al. 2004

Starburst at 2=0.706, age=0.091 Gyr, A,=0.37

Host of GRB 991208

5.0010° 1.0010% 15010% 200104
observed wavelength (A)

Starburst at 7=0.846, age=0.181 Gyr, A,=0.06

an iy
05 4"
f Host of GRB 000210
00
5.0:10° 1.0010% 15010 2010
observed wavelength (A)

3.0 Starburst at z=1.118, age=0.064 Gyr, A,=0.14
25
20

1.5

.
#
100 0 )
)'1“’ i
05"

Host of GRB 000418
00
5.0010° 1.0010* 1.5010% 20010%
ocbserved wavelength (A)

1.0
Starburs! at 2=2.036, age=0.091 Gyr, A,=0.02

0.8

| Host of GRE 000826

00l |

5.0010° 1.0010% 1510% 2000%
cbserved wavelength (A)

20
Starburst at z=0.451, age=0.081 Gyr, A,~0.69

il
3

Host of GRB 010821

5.0010% 1.0e10% 1.5010% 200104
observed wavelength (A)




Pre-searches with SC

Subaru Deep Field (SDF)

Subaru-XMM Deep Survey (SXDS)

Observations

2001-2007

2002-2005, 2008-2010

FOV (deg?)

0.25 (= 0.14 HISC)

1.3 (SFOV of SC = 0.73 HSC)

Cadence

20 epochs / 6 yrs

8-10 epochs/ 4yrs

Filters

BVRiz + Narrow Bands

BVRiz +Narrow bands

Others

UV, NIR, MIR

FOV (sq. deg)
Epoch
Totani+02

Nakar+02
Rossi+08

X, UV, NIR, MIR, FIR, sub-mm, radio

SDF | SXDS

0.25 1.3
20 8
0.47

0.07
0.01




S D F - O 5 MO 5 Urata et al. 2012ApJL submitted
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Pan-STARRS1 K[FEZE%5E RKIKD
> HEID~10%)

® Pan-STARRS 100-150 255 K&/ A (53

A

N

-SRI PR

® Pan-STARRS1 MDS %, 9135 DDeep pre-imaging’> &
TERELL- D72 RIRD TS A 5V (>24 mag) FHERVAT | o< 7 IE ] 5 i)

PS1-MDO04(= COSMOS) 33 XK (2 5*:

PS1-11ma

—200 -100
MJD — 55562 (day)

PRI RIRD AR D53 B8 BN, 6
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Ultra-Luminous Supernova

New category of transient
discovered 1n 2006 (SCPO6F6)

Peak absolute magnitude nearly -22
mag' : B ?Ssr:‘z%g*ln?igx

e SN 1998bw
o SN 2003jd
e SN 2006a)
e SN 2002ap
® SN 19941

Slow light curve evolution oSN

® SN 2008ax

Brighter than -21 mag for ~100
days

Host less/faint (probably metal
poor host)

Some are related with some kind of
supernova

| 0 50 100 150 200
Recent optical surveys (e.g. Days from B-band max

PanSTARRS, PTF) are finding
many!

Pastorello et al. 2010 ApJL 724, 16
39 12/09/26
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Variable AGN® B] BET&

- HST studies @ CDF-South (Sarajedini+2003,2006,2010, Cohen+2006, [Trevese
+2008], [Villforth+2010,2012])
- Subaru study @ SXDS (TM+2008b, Morimoto+2012 in prep.)

- 1% of galaxy cores show variability (months to years)

variability-selected AGN exist everywhere in CM diagram

low-L AGN in bright galaxies Sarajedini+2003
no clear environmental dependence (Villforth+2012) et REiEre R e ke U R i

3-355z=047 | 3-386 z=047 | 3-

- e

Villforth+2012
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® Unusual Long & Luminous event SDF-05M05% 7§ A,

® Ry F7oSNIInEAHIE CIrfEDZE3E RIAD AIHEMD)
® High-z ULSN candidates

Pan-STARRS1 & 97 1X5(SC/HSC) TH7=7238 ROl REM:
H A% U MZLSSTED B IZ AT IS, 23 RIKODEREITZD |
FEAIIZIE, 91X /HSC + 30m telescopes D iE



