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Toward Detection of
First Supernovae

® Massive star evolution and

S

(R ) 2 (el ey ALy
y - " d 8
N e i L S T A S e s L



100 150 200 250 Mass
—

Metallicity
(mass loss)
&
Rotation
core-collapse direct collapse
supernova (CCSN) (SN? GRB?)

pair-instability
supernova (PISN)



Final CO core mass

140

- (b)

120 |

100 [PISN SN 2007bi

80 |
: PISN
60 - M(°°Ni) >3 M, CCSN
40

- M(°°Ni)>1M,_, CCSN _»

100

150 200 250
Mps/M initial mass

Yoshida+ 14, see Yoon+12 and Chatzopoulos+12 for the effect of rotation



Final mass

200

- (a)

i wind
mass Ios§,,"'

K4
_’pulsational
.~ pair instability
- i

100

150 200
Mys/M, initial mass

Yoshida+14




Core-collapse supernova
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Shock breakout

(~ Id for red supergiant) Element distribution
Ex ~ Einc ~ 10°' erg after explosion



Pair-instability supernova
(Takahashi-san’s talk)
Chen+14

Enclosure Mass [Mx)]

Explosive O/Si burning
Enuc ~ 10°3 erg Element distribution

Ex ~ 1052 erg after explosion



10!! Lsun

10'9 Lsun

10° Lsun

108 Lsun

107 Lsun

Absolute R-band magnitude

100d

—
: | year

100 150 200 250
Days after the explosion




Energy source of SN (1) radioactivity

gamma gamma
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0.1 Msun ejection => ~ 5 x 10% Lsun @ 20d



Energy source of SN (2) internal energy
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to ~ 0.001d for WR (R ~ | Rsun)
(negligible)



Energy source of SN (3) kinetic energy
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Kinetic-energy powered

SN 2006gy
emission line
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Possibly PISN??
M(®°Ni) ~ 3 Msun
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But see Moriya+10, Yoshida+11 for core-collapse interpretation



Spectrum: No hydrogen

Observed Theory
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What powers this type...2?

- Not >°Ni

- Not internal energy (no H)
- Not (clearly) interaction

- magnetar...2??
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Observed SLSN PISN model

RSG Explosion
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“Genuine” PISN may be difficult

NIR survey
WFIRST/WISH
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“Observed” SLSNe are detectable @ z> 10

NIR survey
WFIRST/WISH
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Survey simulation

star formation rate

Case A —
Case B ----
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WISH
100 deg”> | WFIRST-e + 3um
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To detect supernovae @z ~ 15

14 16 18 20
Redshift

AB = 26.5 mag (@ 1-4 um)
2000 deg?
6 visits in 0.5 yr




Studying IMF by humber count

Salpeter




" Caveats !!

® Star formation rate
=> Needs galaxy survey (z >~ 10)

® “Mysterious” objects

® Progenitor (minimum mass?)
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Transient survey with Subaru/HSC
(2014-)

3

Superluminous supernovae at z ~ 5-6
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Subaru and Hyper Suprime-Cam

104 CCDs
e 900 Megaplxel

. i "'-r“‘ o

<e ;. l '_' ¥



Summary

® ‘“Normal” supernovae: difficult to detect @ z > 6
® “Superluminous” supernovae
® kinetic powered, radioactively powered, and...
® Detail of the progenitor is still mystery
® Planned NIR survey can detect SLSNeup toz ~ 10
® Late 2010 and 2020-




