aHE 7 A —ILINY T OEBYE TS
v=alb—>3>

Kengo Shinoda (University of Tokyo)

Co-researcher :
Ryo Sawada, Yudai Suwa, Takeru Suzuki (University of Tokyo), Ryosuke Hirai (Monash
University), Kazunari lwasaki (NAOJ), Kengo Tomida(Tohoku University)

2025/03/04 £ 1 1 EEHE=21— K J /IHRI@ERKF BiFF v /R



Core Collapse Supernova (CCSN) Mechanism

Massive star > 8M

t =0s (core bounce)

Gravitational collapse
&
Neutron star formation

time



Core Collapse Supernova (CCSN) Mechanism

Massive star > 8M

t =0s (core bounce)

Gravitational collapse
&
Neutron star formation

Shock propagation —

time



Core Collapse Supernova (CCSN) Mechanism

Massive star > 8M

.
.
.
.
.

.
,‘
.
-----
Y
.
.

A&
S

t =0s (core bounce)

Gravitational collapse
&
Neutron star formation

Is<St 10°7%s

e

Shock propagation M Shock breakout sy

time



Core Collapse Supernova (CCSN) Mechanism
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Effects of Fallback by Hydrogen Envelope?

Zhang et al. 2008

— Propagation
Metal poor star | 1 Hydrogen Envelope
. B 1
Hydrogen : Rich|g |
S
\ 2 ' Propagation
(&} -8
Hydrogen < 109 in He Core
He core envelope 10 ]
4.0
_ 35f
% 3.02—
2 osf
Solar metal star - —
20f - .
Hydrogeﬂ - Poor| st , ~ Fydrogeén :poor
10 10° 10 10°  10°

Time (s)



Effects of Fallback by Hydrogen Envelope?
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Effects of Fallback by Hydrogen Envelope? 10

Zhang et al. 2008
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How does the hydrogen envelope affect fallback?

Calculation of spherically symmetric 1D fluid in
progenitors with "only" different hydrogen envelope
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How does the hydrogen envelope affect fallback?

Calculation of spherically symmetric 1D fluid in

progenitors with "only" different hydrogen envelope
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How does the hydrogen envelope affect fallback?

Calculation of spherically symmetric 1D fluid in

progenitors with "only" different hydrogen envelope
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How does the hydrogen envelope affect fallback?

Calculation of spherically symmetric 1D fluid in

progenitors with '
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How does the hydrogen envelope affect fallback? ' -

1D explosion calculation for progenitors with
hydrogen envelope
Code: Athena++ (Stone+20) :
Equations: pure hydro + self-gravity
dp
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How does the hydrogen envelope affect fallback? ' €

1D explosion calculation for progenitors with

hydrogen envelope

Code: Athena++ (Stone+20) :Explosions: Thermal bomb
Equations: pure hydro + self-gravity ilnject internal energy (£, at 107cm
8’0 + V- ( ) =0 §=>Calcurate total energy of ejecta
ot :as explosion energy (E,)
dpu R :
rr + V- (pu®@u+ P*) = pg
Oe EPut E;, to reproduce E, ~ 10 erg

. +V-{ule+p)}=pu-g
p=¢e(y—1),y=35/3
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Results : Shock evolution (E;; = 8 x 10*erg)
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Results : Shock evolution (E;; = 8 x 10*erg)
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Results : Weak Explosion (£, = 7 x 10*erg)
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Left panel: Strong fallback due to the reverse shock!
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Results : Weak Explosion (£, = 7 x 10*erg)
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Results : Strong Explosion (E;; = 2 x 1()51erg)2
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Result: Explosion energy and the remnant mass?
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Result: Explosion energy and the remnant mass™

Remnant Mass [M_]

Explosion energy (E,

) . the total energy of ejecta

E. . ~ total energy of progenitor + Einj

exp

—_
=
-

Transition region

1'(1)048 0% 1050 105t 1052
E., of type Il [erg]

Black: type Il (Hydrogen: Rich)
Increases ~ 3M by the reverse

shock immediately
Transition region: 2.5 - 6



Result: Explosion energy and the remnant mas<?

Explosion energy (E,) : the total energy of ejecta
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Result: Explosion energy and the remnant mass>

Parameter search:

- M, s = 18,20,24,28M
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Result: Explosion energy and the remnant mass°

Parameter search:
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Result: Explosion energy and the remnant mass’
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Result: Explosion energy and the remnant massS

Parameter search:
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Summary

Calculation of spherically symmetric 1D fluid in 10.01

S1laalb1ERile]al progenitors with "only" different hydrogen

envelope Transition region
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