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Hydrogen-rich Supernovae

Hydrogen in spectrum & Plateau in light curve
=> Type |IP supernovae

Plot Another Curve m [7 SN2023ixf 2023/04124 to 2023/09/13

@:All (14597) ()(554)@Vis Ww(10)GFaint #(2435)GB [6149)BV (2489)MR (H(665)G1 «x(1)BU [Y1345)mCV X219)BTB (J(468)GTG ((T4)ETR (H(1)ESU (H47)ELSG (101G

SN 2023ixf

fehey
;~:\)‘i\‘_:'

(0]
11
12
[»)

13 | IS8 -
8 & TN L :‘5{ 3
2 Lo} fproy, e
5 L
% 14 ~
s go &

-t
D
=
N
D
q
Q
7))
o
o

v iy '; >
) ~ 100 days WM

17 7 https://www.aavso.org/...

U | | | l | L
2460060 2460086’ 2460100 2460120 2460140 2460160 2460180 2460200
Julian Days

Explosion of red supergiants



One-zone model (Arnett80)

Basics of SN
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Basics of SN

1st law of thermodynamics
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One-zone model (Arnett80)

Basics of SN

1st law of thermodynamics

dE E tE
d  t t2 : e
diff : ~ 100 days S
* P~Praa=E/3V, V~(vt)3
tEk
+ L~——
L s
o ()
L ~ 5 e / diff 10 erg g
tdiff
o1 X ESN/ /4

| Lyt o< RoEsnM ™" |



One-zone model (Arnett80)

Basics of SN

1st law of thermodynamics L~1e42 z
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One-zone model (Popov93)

Basics of IIP SN

1st law of thermodynamics
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One-zone model (Popov93)

Basics of IIP SN

1st law of thermodynamics
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One-zone model (Popov93)

Basics of IIP SN

1st law of thermodynamics
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Very long Plateau = Very massive star?
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Neutral

Method Wk.imzed

1st law of thermodynamics
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Results

=const (Toy model)

L [erg/s]

Ron/R

X =

10 Mg, 500 R, 10°! erg

30000 3
20000_ 10 ||||I I 1 I 1 1 ||||||I
ool Nebular (Optically Thin)
7000 @O ]
5000 f .
[ —
3000 e >
L | ! ! L | ! ! L L L %
46 B # (Recombination) - .
o @) ;pl (End of Pla:eau) /‘ e —
10 E A 1 (L=H) © = 102 - i ~ Uiy
o ~
44 = = ~
10 o © = Recombination '\ == "~(_
N r
10% A O . Tooe=T n \C
: — ( eff 1) :l \0@
107 E v Ny
; o N
41 [ < \%:
10" F es®\ O D,
S i L EesssssssssEEEEEEEnEEnss® \@ \\
L hmnans 1 Tett > Ti \:@ \
10 40I | IIIIIII41I | IIIIIII42I | IIIIIII43I o 44I IIIII45 | I‘I-I-I-H-46
10 10 10 10 10 10 10

10°
Time : ¢ [day]

Ho — <37TC’U5M> 1/2

Heating rate : H [erg/s]

Longest plateau for maximal heating rate

which does not accelerate ejecta

B 35k3eM® 12
tpl,max — 212527T5(O'SBT4)2/U7
—2/3 5/12 —7/12
~ 568 day T, ¢/ * M1g *veone - »

52k
~2.27 x 10" ergs ™" M}{*v3l2,



Results

=const (Toy model)
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Results

Ni heating (=Normal SNe)
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Results

Instantaneous injection
=> |Independent of tq

Magnetar
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Results

Magnetar
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Results

Magnetar => General Engine
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gives an absolute boundary of attainable plateau duration



Results

Shock Interaction
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Shocked region
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Results
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10 Mg, 500 R, 10°! erg
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Boundaries for different M,EO
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Minimal mass for iPTF14hls
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Minimal mass for iPTF14hls
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Summary

e H-rich SNe have plateau phase = Recombination goes on

e \Very-long plateau: Massive star or engine-powered explosion

e Extending one-zone (Popov) model for general heating source

e H=const model gives an absolute boundary of attainable plateau duration
 Minimal mass is obtained for given events with (v,L,t)

=> IPTF14hls: Mmin >~ 200Msun



