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Target of Opportunity (ToO)

Applicants may submit proposals for Target of Opportunity (ToO) 
observations of transient and/or rare phenomena with specific or 
non-specific objects based on clear observational strategy, such as 
nearby supernovae, Gamma-Ray Burst follow-up, etc. 
... 
You may also submit ToO proposals (excluding GRB observations) 
to the time-exchange program with Gemini, which will be executed 
at queue mode. 

Subaru Open Use Policy

Acceptance Letter
You have rights of implementing your TOO observations in 
principle in any "Subaru time" in S11B (Subaru open use time and 
observatory/engineering time indicated in the schedule as 'S11B-???' 
or 'Eng'/'obs'/'service'), while "UH/Keck/Gemini times" are NOT 
allowed. 
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Spectropolarimetry => SN Explosion Mechanism
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• Boundary conditions

• Number of bright SNe ~ 2-4 / semester

• Observable for ~ 2 week (“slow” ToO)

• Total observable time window 
~ 1-2 months / semester

• Time exchange?

• No polarimetric instrument in Gemini

• No ToO with Keck

ToO Spectropolarimetry of SNe 
with Subaru/FOCAS
PI: M. Tanaka 
Co-I: K. S. Kawabata, T. Hattori. E. Pian, K. Maeda, M. Yamanaka, 
K. Nomoto, P. A. Mazzali, K. Aoki, T. Sasaki, and M. Iye

S09A: 1 night
S09B: 2 nights
S10A: 2 nights
(S11B: 1 night)
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• Triggered 3.5 nights / allocated 5 nights = 70 %

• Best response: 0.5 day!!
Thanks to great effort by the observatory
(Director, Associate-directors, Terada-san, ...), 
Hattori-san (FOCAS support astronomer), 
and many observers at the summit

• Not many nights for FOCAS

• Observations at > 2 weeks after the discovery
=> low S/N ratio

So far, so successful

1. Instrument exchange for “slow” ToO
    (or explicit policy for the exchange)



Subaru ToO in the Future
• Subaru/HSC can be a great discovery 

engine of supernovae/transient 
(~50 per 1 FOV)

• High-redshift Type Ia supernovae (cosmology)

• Very luminous supernovae at z>2 

• Unknown transients?

• Very unique before LSST
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• Redshift

• SN type

1 10 20 30

2013/03? HSC

No spectroscopic 
instruments??

2. More time exchange with Keck and Gemini

Spectroscopic identification is crucial

Discovery

Realtime follow-up

7.5 Shock Breakout
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Figure 7.6: (Left): Comparison between the GALEX and SNLS observations (points, SNLS-04D2dc,
Schawinski et al. 2008) and a SN IIP model with Mms = 20M! and E = 1.2 × 1051 erg reddened for the host
galaxy extinction with a color excess E(B − V ) = 0.14 mag (lines, Tominaga et al. 2009) (black and red: near UV,
green: g-band, blue: r-band, magenta: i-band). The inset enlarges the phase when the SN emitted UV light. (Right):
Apparent g′-band light curve of a shock breakout in AB magnitude system for a SN IIP model with Mms = 40M!

and E = 1051 erg. Limiting magnitudes for a 4σ detection in 3.3 min, 5 min, 10 min, and 20 min integrations are
also shown (dashed line), assuming 0.7” seeing, 1.6 arcsec aperture, and 3 days from New Moon.

identify the shock breakout with the blue g′ − r′ color as described below. Aims of this survey
are (1) detecting numerous high-z shock breakouts and obtaining their multicolor light curves, (2)
observationally establishing the physics of shock breakouts and confirming that the shock breakouts
take place universally, (3) deriving a cosmic star formation history (CSFH) up to z ∼ 1.5 with the
shock breakouts, and ultimately (4) developing the totally-new high-z study with shock breakouts.

Introduction

Core-collapse supernovae (CCSNe) have been so far observed only at z ! 0.9 (Dahlen et al. 2004;
Poznanski et al. 2007), except for extraordinary events like Type IIn SNe (SNe IIn) (Cooke et al.
2009) and gamma-ray bursts (GRBs; Salvaterra et al. 2009). The record will be broken by a shock
breakout. The shock breakout is the bolometrically-brightest phenomenon in SNe (> 1044 ergs s−1)
lasting several seconds to several hours and emits dominantly in X-ray or ultraviolet (UV) with a
quasi-blackbody spectrum (T > 105 K, Blinnikov et al. 2000). Although the shock breakouts are
proposed to be a probe of the distant universe, its short duration and X-ray/UV-peaked spectra
make it difficult to be observed. The first and currently last complete light curve of shock breakout
of normal CCSN was obtained for SN IIP SNLS-04D2dc (redshift z = 0.19, e.g. Schawinski et al.
2008) by the GALEX satellite but the detection significance in near UV and far UV bands is only
! 4σ and ! 2σ, respectively.

We adopted a multi-group radiation hydrodynamics code STELLA (Blinnikov et al. 2000) and
presented X-ray-to-infrared light curves (LCs), including the shock breakout, plateau, and tail, of
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Summary
• ToO spectropolarimetry of nearby supernovae

• Triggered 70% of total allocated time
(Best response: 0.5 day!)

• Sometimes low S/N <= not many nights for FOCAS

• Subaru/HSC can be a great discovery engine

• Very unique before LSST

0. Queue mode observations

1. Instrument exchange for “slow” ToO

2. More time exchange with Keck and Gemini


