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Photosphere evolution (no CSM)
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Ejecta evolution (no CSM@40d)
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Photosphere evolution (M = 10~*M ¢ /yr)

log10(Photospheric Radius[cm])

Rph

FECCSN-Rph  m—
SN-Rph ==

a7 RiER

0 20 40 60 80 100 120 140
Time [d]

log10(Photospheric Temperature[K])

4.6

4.4

4.2

3.8

3.6

3.4

Tph

FeCCSN-Tgasph
ECSN-Tgasph =

0

20

40

60 80 100 120 140
Time [d]

22



Photosphere evolution (M = 1072M ¢ /yr)
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Ejecta evolution (dense CSM@15d)
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Ejecta evolution (dense CSM@ 70d)
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3. Discussion

« 3-1. Bluer plateau of ECSN
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Similar Eg,, (no CSM)
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Photospheric Temperature (T,,)
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* Higher T, of ECSN causes the bluer color.
* In spite of larger r,, (photospheric radius), T, is also higher.
» Photosphere is defined as ry, of: r = [ » kpdr = 2/3
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Optical depth (7) structure @40 d
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k (opacity) and p (Density)

Opac:|ty K

DenS|ty P

y * Kk and p around photosphere
= e | ECSN | | FeCCSN
e | ECSN | | FeccsN
FeCOSN 1 asssasas MO EN IR R R R R R R R R E RN NN K -~ 005'02 > S 01
1 B 110712 |
EEEEENEEEEEEEEEER EEEE E’E : : p =~ 10'14_10-13 < —_~ 10-13_10-12
| ECSN is 2
\higher. 3w
' ....1.5:0.15 IIIIIIII :FIII 1x10_14 |i | '1i1015
FGCCSN Radius [cm]

Radius [cm]

« ECSN has high k and low p around photosphere.

* kpp Of FECCSN cannot be high because of high p around photosphere
* High K, should be associated with high T, (next slide)
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k, x(lonization fraction), p, and T relation

Temperature — lonization fraction

lonization fraction =
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* k « x because the opacity around outer ejecta is due to the

electron scattering.

* x IS positively correlated with T, and negatively with p according

to Saha eq.
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Why FeCCSN has high p around photosphere ?

Opacity k
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Radius [cm]

« k of ECSN is high (partly ionized) at the outer ejecta while that of FeCCSN is

almost 0 (fully recombined).

« Because k of FeCCSN is very low at the outer ejecta, photosphere can be located

at inner dense region.

* |t is due to the tenuous and extended envelope structure of ECSN.
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high k |+




Kpn @and p,;, evolution

Opacity at photosphere [cmz/g]
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3. Discussion
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Electron capture (8M,<M<10M,)

 O+Ne+Mg core is formed.
Electron degeneracy pressure
support the self-gravity.

« Become super asymptotic giant
branch(SAGB).

« When the core density become
high and the fermi energy
become high enough, electron
capture by Mg occurs.

* It makes pressure low, and
gravitational contraction
proceed.

©N. Tominaga
44



Explosion of ECSN

10§ ''''''''''''' o12F T "“'"' ]

800
too [ms]

Kitaura+06 Kitaura+06
« Explodes in numerical simulation with first principles
(Kitaura+06 and Janka+08) in contrast to FeCCSN.

* Explosion energy ~ 10°%erg
* 1 order lower than normal supernovae (~10°erg)



Nucleosynthesis

Table 1

Yields in Units of Solar Masses WanaJO+09
Model Ye.min SN %47n N7y Ni/Fe
ST 0.464 2.50E—-03 6.38E—04 1.21E—04 1.65
WH 0.462 4.06E—03 731E—04 1.39E—04 1.27
RT 0.464 2.52E—03 6.94E—04 7.83E—05 1.58
MX 0.480 1.67E—03 1.07E—03 3.32E—08 3.01
FP1 0.468 2.62E—03 6.83E—04 5.75E—05 1.55
FP2 0471 2. 76E—03 7.08E—04 1.59E—05 1.46
FP3 0.475 291E—-03 6.51E—04 8.04E—07 1.36
FM1 0.460 241E—-03 5.83E—04 1.96E—04 1.73
FM2 0.457 2.32E—-03 5.31E—04 2.66E—04 1.82
FM3 0.453 2.24E—-03 4.83E—04 3.11E—-04 1.92
'Ca cr Ni '  de Kr' 7r
7 Ti Fe n Se Sr Mo -
6 [
;@; 5
R
X 4
o
°

O even-Z
1| A odd-Z
@ light p nuclei

mass number

* nucleosynthesis of ECSN was
calculated by Wanajo+09.

* |t shows:
* [ow >°Ni (0.002-0.004M,)
* large Ni/Fe ratio (1-2)

Wanajo+09



Light Curve of ECSNe

no CSM
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Moriya+14

Numerical simulations of ECSN
light curve are conducted by
Tominaga+13, Moriya+14 and
Kozyreva+21.

ECSN light curve is:
* |I-P like
* large drop(~4mag) to tail phase
« faint tail (low >°Ni) (if no CSM)

Moriya+14 included circumstellar
matter (CSM) interaction.



Light curves with CSM Interaction

-22

-6 T - T T T T
105M yr1— nocsw_
7P 3x10° Ma yr i bolometric 10_5 Mo yry ——
107 Mo yr —— o1 | 3x 107 Mo yr ] |
8 r 3x 104 M yr ] 10, Mo yr, =—
102&;1 yr] — 3x 107 Mo yr’]
97 3x 107 M yr | == o 105 Mo yr, ——
& 102M@yr‘ T 20 f 3x107 Mo yr, —— -
g -10 + £ 10 Mo yr
2 .11 &
% i g -19 | 14 Me, 10°" erg, 10" cm
S =} B=1,v_=10kms"
o 13 | 2 a8l |
i 1a | E>Cr-2 ’ o )
A5 F 14 Ma a7 b T
46| B=375v_=10kms"
_17 L _16 L L L 1
10" 10" 10'° 0 10 20 30 40 50
radius (cm) time after explosion (days)

Moriya+18

* Wind acceleration are taken into account on calculating Light
curves of FeCCSNe by Moriya+18.

« When CSM is high enough, delayed shockbreakout can be
seen.

48



Crab nebula (SN1054)

Crab Nebula M1 i NASA, ESA, J. Hester gnd A. Loll
‘HSTWFPC2 . . > (Arizona State University)

« Suggested to be a supernova
remnant (SNR) of ECSN from
observational features:

» Low energy: E,,,~3x10%rg (M, ~ 1-
2M,(Macalpine+91))

Jul 41055 Apr 6 1056 « High Ni/Fe ratio: ~0.7-3.5 (Henry84)

* Problem:

* High peak luminosity as normal
supernovae(~10°terg) although ECSN
has low explosion energy (~10°%erg).

e Solved:

T T * Large radius and small mass of the
Julian Date (JD-2106000) [days] envelope can explain. (Tominaga+13)
Tominaga+13

R SN 1054 —e—

I St without pulsar 1
: ;M ; = C with pulsar (full deposition) ]
* 1.2°parsecs 28 ) C (one-group transport)
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SN2018zd

« exploded in March 2018
* Proposed as a ECSN by

b RS Hiramatsu+21 from its
' features:
v, 3 * light curve
ST, » nucleosynthesis

 explosion energy

Hiramatsu+21



TTER A D EL(Wanajo+18)
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