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Time Domain Sciences (@ Taiwan

® Pan-STARRS-1 (EiZHRKZE) 2005~

® Solar-system, variable stars, Transients

® SUBARU/HSC (ASIAA + Universities) 2006~
® 'Transients, variable stars, weak lensing, galaxies...

® BiEn—VEEE@EAR BT (1m, 0.5m)

® GRB afterglow, SNe follow-up, Fermi unID objects(H &/ /L —, AGN),
AGN monitoring, Solar-system, variable stars etc




Transients as High-z probes

Orphan GRBs (so no quick follow-ups)
R PRSI RIRHLS
F913%8 A (Subaru HSCTHI#EE 2 1)
WISH TitatLhigh-z

Unusual Energetic Optical Transient
HIED AN R? (SDF05-MO5)

Ultra-Luminous optical transients (or SNe)
BEH D RN (IERIEETEAH)
Pan-STARRS-1 2m) T z~2F T
Pan-STARRS MDS 1 event / month
Subaru SC/HSC T z=4~6 FTHHHETE

FEEN D RAK
CFHT({4m) Tz =24 F£CHH
Subaru SC/HSC T z=4~6 FTHHTE
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1. 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



1. Orphan afterglow
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® JLNfRE Y — A
® H<HREA : Swift/BAT 120 x 90 deg :
® ~ 100 events / year
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® Deep imaging ( )

median redShift Z = 2 * 10° 10° 10° 10" 10° 10' 10°

t (days after burst in the observer frame assuming z=1)

® Cadence of the survey (days scale)

® %@ (monthly~ year)

\ 4
HSC, WISH

Absolute magnitude




Orphan GRB surveys

® 5E HLIL, HSC?!

® FEt AR @z < 1~2 with WISH

® On-axis orphan GRB at high-z (z=7~10) with WISH



3. Planned HSC Survey

® 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




Orphan GRB surveys

® ZE FLiL, HSC?!

® et LR AR @z < 1~2 with WISH
® On-axis orphan GRB at high-z (z=7~10) with WISH

WISH THE X BbILD THAY NG E fhii a3t &

Relativisitychydrodynamic simulation code
(Zhang & MacFadyen, 2006, ApJS, 164, 255, Van Eerten et al. 2012, ApJ, 749, 44)

DIy DEEA 10 deg
E. = 1x10> erg

ISM density 1 cm?3



FAEXI N AK -band =

z~1

R (z=1)

- \ On-Axis Orphan
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Days after GRBs




TN AK-band G #HER (z=2)
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TSI AHK-band . HiAR (z=2)

FOV (sq. deg) 100
Epoch (each filter) (10?7, 207)

Totani and ~120
Panaitescu(2002)

Nakar&Piran
(2002)

Rossi+08
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Days after GRBs




On-Axis Orphan at z=7, 10
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Redshift ] &
® Photometric redshift (host)
® St (REGR ., ZZE)RAAR)

Absolute mag

RIERIBD A
(AGN, SNe, g ZIGE . etc)

® SLEEHAER, T, REER{A
® TMT, ALMA etc
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2. Unusual Energetic Optical Transient

Duration > 500 days in the rest
> 800 days in the obs
Zonot ~ 0.65 (+0.02 -0.03)
Maximum absolute mag -20 mag
Total radiated energy during our obs

Faint Host My = -16.3 mag
(stmilar to SMC)

HFH D225 RAK or SNe ? !
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3. Ultra Luminous Transient
® HFEDTransient (in 2006)

< SCPO6F6 (u ban
© SN 2010gx

® Peak absolute magnitude -225F7 Y e

® WHRNZEE) (~50H) ot \'~.  EE

® BHLDWHE 2 =W
-21 mag for ~100 days

® Host less/faint
(probably metal poor host)

® BELEHITRED—EB(Ib/c, IIn)

® Pan-STARRS MDS®J¢ HL2g Pastorello et al. 2010 ApJL 724, 16
~ 1 event / month ( z < ~2)

Days from B-band max

WISH z ~ 107!
® z ~2 £ CHH HSCT z=4~6%T EHE=E—(>100~1000)1HE



Transients as High-z probes

PRk
Orphan GRBs (so no quick follow-ups)
HERHIIC T ARSIV RIKELS:
F913%8 A, (Subaru HSCTH#IF&EH 2 1)
WISH CHtitLhigh-z (z ~ 10)

Higher cadence

Unusual Energetic Optical Transient
18 ) 1 > 7 (SDF05-MO5) 1l

Ultra-Luminous optical transients (or SNe)
BEFHI DO RIK ((EAKIZETZEAA)
Pan-STARRS-1 2m) T z~2F£ CHi
Pan-STARRS MDS 1 event / month
Subaru SC/HSC T z=4~6 FTHHTE
WISHT z~ 107!

Long m¢nitoring

BEEN D RAR
CFHT((4m) Tz =24 FTHH ¢
Subaru SC/HSC T z=4~6 FTHHTIE
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