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Supernovae and shock breakouts 



Supernovae 
-explosions of stars- 

SN1987A 
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©SCP 

Light curve of supernovae 



V-band LCs of Type IIP SNe 

 

Plateau 

Tail 

Sahu + 06 

Shock breakout 



What is shock breakout? 

At the shock emergence, 

a stored energy is released  

as radiation. 
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 Core collapse 

Spectra are quasi-blackbody 

T ~ R-3/4E1/4 

Massive Star (>10M
8

) 
e--capture SNe (8-10M

8
) 

Core collapse 

Shock formation 

Optically 

thick 

Typical properties 
timescale: 1sec ~ 1day 

peak wavelength: X-ray ~ UV 



30M
8
, Z=0.02, E51=1 

Theoretical light curve of a Type II SN 

Type II Supernova 

Plateau 

Shock Breakout Light curve 

Tail 

Duration 

short (a few sec-1day) 

Peak wavelength 

Soft X-ray-UV 



Observations before 2008 
-Tail of shock breakout- 

Type II-peculiar SN1987A Type Ib SN1999ex 

Stritzinger + 01 
Catchpole + 87 

Hamuy + 88 

Blinnikov + 01 

モデル 
観測 

観測 



Serendipitous detection of shock breakout 
-Type Ib SN2008D/XRO080109- 

Soderberg + 08; Modjaz + 09 

 

 

Swift 



(Schawinski et al. 08; Gezari et al. 08) 

Schawinski et al. 08 

Gezari et al. 08 GALEX 

Shock breakouts of Type IIP SNe 
-SNLS-04D2dc & SNLS-06D1jd- 

SNLS-04D2dc (z=0.1854) 



Shock breakouts of Type IIP SN 
-Observations and model- 

(Schawinski et al. 08; Gezari et al. 08) 

Schawinski et al. 08 

Gezari et al. 08 

GALEX 

NT + 09 (STELLA: Blinnikov+98) 

Optical 
UV 

Shock  
breakout Plateau 

20M
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, Z=Z
8

, E51=1.2 

E(B-V)host=0.14mag 

SNLS-04D2dc 



UV LCs of Shock breakouts 

Schawinski + 08 

2nd peak 



Monotonic  

decay 

Model: light curve & color evolution 
E(B-V)gal=0.02mag 



When the same SN takes place at z=1, 

SNLS-04D2dc 

Redshift z=1 

Peak magnitude 

~26.4mag 

5s limit of  1 hour exposure 

with 8m telescope 

The normal core-collapse SN (CCSN) at z=1 can be detected. 
Note: the current record of high-z normal CCSN is z~0.9. 

NUV: ~2300A 

z=1: ~4600A (B or g) 
(SNLS-04: ~3900A) 



A probe of a high-z CCSN 

25M
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z=0.2 

z=0.5 

z=1 

1day 

z=1.5 

z=2 
z=2.5 z=3 

 Brighter than SLSNe  Detectable up to z~3 

 

NT+11 
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8

1hr limiting mag. w/ Subaru 

Common: ~70% of CCSNe are Type II 



Transient surveys 



Supernovae take place  
without precursors 

 



Transient surveys 

 Aim: discovery of new transients 

 Req.: large survey volume 

 Method: wide and/or deep observations 

 

 

 

 



Time scale and brightness of transients 
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New dimension of survey 

Width 

Depth 

Cadence 

~1hr cadence 

Pan-STARRS 
PTF 

SDSS 

SNLS 

HSC 

KISS 

~1-3day cadence 

iPTF 

HST 

Pan-STARRS 

PTF 

SDSS 

SNLS 

HSC 

KISS 
Skymapper 

CRTS 

ROTSE-III MASTER-II 

MASTER-II 



Two high-cadence optical 
transient surveys 

 Subaru/Hyper Suprime-Cam survey  
– High-z supernova survey 

– from Jul 2014 

– Aim: detection of high-z shock breakouts 

 

 Kiso Supernova Survey (KISS)  
– Nearby supernova survey 

– from Apr 2012  

– Aim: detailed studies of nearby shock breakouts 

 

 

 



Preparation for HSC survey 
-real-time image 

subtraction system at Hilo- 
 

Raw data 

Subaru system 

Raw data 

transfer 

Primary 
reduced 

data 

Bias, flat, WCS, 
absmag 

Source 
detection 

Candidate 
catalog 

[mySQL] 

web page 
PHP, mySQL 

upload 

Image cutout, magnitude 

Wide layer based on  
KISS pipeline 

HSC on-site system 

Subtracted 
data 

Subtraction 
with template 
and previous 

images 

Coadding 
dithered image 

<1hr stacked 
data 

Deep/UD 
layers 

Warping 

Transient server 
4 nodes (64 cores) 

30TB storage 



HSC openuse observation 
-2 and 3 July 2014 (UT)- 

 7 fields (~ 12deg2) 

 2 continuous nights 

 3 g and 1 r 10min exposures with ~1 hr interval  

 

 

 

 

 



HSC openuse observation 
-2 and 3 July 2014 (UT)- 

 The quick image subtraction system lists 
candidates at ~30min after exposures. 

 We can find SNe via web pages. 

 

 

 

 

 



Quick alert of candidates 
within 1 day after the observation 

http://tpweb2.phys.konan-u.ac.jp/~tominaga/HSC-SN/ 



Nearby shock breakout survey 
-Kiso Supernova Survey (KISS)- 

 Complementary to the HSC high-z survey 

 mplateau~20mag, mtail~22mag  
– Plateau and spectra are easily followed up. 

 Kiso Wide Field Camera (FoV: 4deg2) 
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 E51=1 z=0.05 



Tomo-e Gozen Project 
Next nearby high-cadence (2Hz) survey  

 20deg2 in f9deg 

 84 CMOS chips 

 2Hz readout 

From Apr 2017 



Summary 

 High-z shock breakout survey with HSC is starting. 

 The real-time transient detection system installed at 
the Hilo office works well. We have successfully 
announced the discovery immediately after the run. 

 We found shock breakout candidates with the HSC 
and FOCAS runs. This demonstrates that the shock 
breakouts are the good probes of the high-z 
supernovae. 

 Nearby shock breakout surveys are complementarily 
important. 

 

 

 


