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Chapter 2

2 oAM= A g 2d ALES 918 MESA(Modules for
Experiments in Stellar Astrophysics)ZE=E A3}t (Paxton et al.
2011, 2013, 2015, 2018). MESA+ /o= vixsd dxd A 23}
FezA A st AT uFe EokolA Edy ARRHI 9

MESA= t+3 22 &4 J3t B4 s A4 e= £

o _ L (2.1)
om A p '
oP Gm 1 o

= 2.2)
om drr®  Amrt ot

oL 0

—— = €. €, 722 (2.3)
om ot

8T — Gm T _(olnT -
om 47"-7“4 P ’ ('ﬂrlP .
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i=1,2,--

[+ MmiTINg term],

) 5 (convection), 3] %

3}

p==
[}

(rotation)

o

ol

o
N
o}
4

o

e
T

HA A (cell)

of olaix 7l=Hr(4 2.6).

—

dm,

P a/3)

(2.6)

3
T ™ Te+1

X

o1

To-

(2.7)
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FEe LEw nE A WA V) EATHA 28).

— [ dP dP
I m hydrostatic m hydrodynamic
S [ Gmk ay.
= dmy,| = . 4
4mr 4mr
k k
4 284 () g (4P e A% g fAEA AP
dm hydrostatic dm hydrodynamic
EolalA ua Ak o] obEl walero olmaly g (ko1 Tdmy)
S Selstd BAFHAAS) G Wage e, g Tt

oltt. q v k¥HA AAdAG JtEEE on|stal, o= 6t sl

d(logr,) i s
vk:rkT 94 %ﬁ’%koﬂ 6“ o?l'ljr-

et 44 Apold] oA Ade] oaix AFHTHA 29).

—_— dP 1},
Tk—l_Tk — dmk vT,k <— — (2.9)
dm hydrostatic P L
: dInT, _

Fk: (Pkfldmk"i_Pk dmkfl)/(dmk"i_dmkfl) o]r/} —/I_:j];‘gl Ql ?l'xé }‘6]'% ‘ﬂéﬂj\ﬂ

Lk o Lk—i— 1= dmk Crue €Ij,thermal + €grcw) (2.10)

o
o

¢

2 25001 e, = G ZFDT HAFH ANUA BHEE, € ema = T

AEE wE 7 duyA ELdECIT ¢ = I FHo] wE
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(2.12)
(2.13)

dt
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3} ol ¥
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dinT
dt
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2} 1% 2] oH(Lagrangian)

T
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ds
dt
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1 (Newton-Raphson scheme)<

S

E/j_

-
_I_r

o]
Hj

B

—_
10

Ly

(2.14)

_18_

G(M; + M)

Ha(A 214), 2499 A7 A (A 2.15) A

a

8

4

Abel el A7t



19
(2.15)

0.49(]2/3
0.6¢23 +1n (1+¢"?)

Ry,

T
ol

—_—

0

|

—_—

0
23!

a9 21004

0|

o] Zotd wi7tA] A A AL o] F-of] oA A

Mol A

=
-

_—
o

=
S

S
=

)

ERTS

T
P

_19_



s

et

20

LI B I A I I
i

___._-—__-__-__—_-__-

L3

o

—d

0

q

J.,..

A (potential). T4 vl A

g 2.1

ol

ol

=2 e

)

o
ﬁo
)

utrecht_notes

http://www.astro.ru.nl/~onnop/education/binaries

_20_



i)
T
i)

21

22 1S x4

MESA+= &4 Ale] 23tE Aqtkst
2 A= 2rEE F

&
xS
s
R

2 Ao qgs
g3l AgddE EZo] 100% Id= Higdoe=w 7

Ol

2k thal 7Fg 59 B (conservative mass transfer).
A Rsle]l giF U 2E Ledoux criterias 1#]3ke] AAbskAtt
Schwarzschild criteria©l A t#F7F dojp= g2 A H
stol @¢d 219 == W3te] Zolm AAHTHA 2.16).
olnT
olnP ]/,
Ledoux ZZoA &= F71=2 e 249 ®E7F ¢ xth(Paxton et al.
2011) (A 2.17).

(2.16)

v>vad;vadE

V>V, X—“vﬂ (2.17)
T
_dlnp :(81nP> _(81nP>
V= dnp X = dlnu T7p’XT_ olnT/,

2 Z7e] w} vE Aolti(e.g. Gabriel et al. 2014). Ledoux Z7 A

A stE o 7 (semi-convection)®] &7 Al (coefficient) v~ agpy, =

0.01= AAH tFde Ao mpE e 4% =23t

H Rl A g/ 7t dojd ], Edo] FHoE Ao Fo7H7] W7t
2

o] A4S FAE F Ade AgE &% Zol(mixing length,
=

e

2AYd  F=o](Pressure scale height,
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f,= T2 AFEEE #9 f,=0.15H, & AA39 =4 (eg. Martins
& Palacios 2013), °o]&= tF3Y FAAE dHHET 48 =AY =09
15%%a Edths ofnoth

e Bdo|A g3 whE-9 UlE< (nuclear network) AlLHS 9] A
= 2719 F99AE AHgET a5 e Hde FE A8
FTHX=0.7, Y=028, Z=0.02, X : 2 5], Y : dF 4], 7
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Abstract

Evolutionary Models for Helium
Gilant Stars as Type Ibn

Supernova Progenitors

Kim J1 Hoon

Astronomy Program,

Department of Physics and Astronomy
The Graduate School

Seoul National University

Among Type I supernovae, which show no evidence for hydrogen
lines in spectra, strong helium absorption lines are present in Type Ib
supernovae. Narrow helium emission lines also can appear in some
Type Ib and they are often called Type Ibn supernovae. It is thought
that the progenitor of Type Ibn supernovae had a helium-rich
circumstellar medium of about 0.01M/, that was released from the
progenitor just before the explosion. In this study, we suggest helium
glant as a promising progenitor candidate for Type Ibn supernovae,
which could cause mass loss relatively easily from the surface and

investigate the possibility of the formation of helium giants in binary
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systems. For this purpose, we calculate evolutionary models of binary
systems using a one-dimensional stellar evolutionary code, MESA.
We consider an initial mass range of 11 -20 solar masses for the
primary star, initial mass ratios of 05-0.995, and initial orbital
periods of 1.5-3.0 days. In the case where the period of the binary
system 1s adequately short, after the primary star becomes a helium
star through mass transfer, the evolutionary speed of the secondary
star becomes faster than the primary star. And mass transfer from
the secondary to the primary occurs, which is so—called reverse mass
transfer. As a result, a helium binary system i1s created and if the
secondary star undergoes a supernova explosion earlier, the primary
will remain alone and evolve into a helium giant. If the initial period
1s too short, the contact phase takes place before the primary star
becomes a helium star. And if too long, it is not easy for the
secondary star to evolve faster than the primary star because at the
time when mass transfer occurs, the primary star has already evolves
too much. If the mass ratio is too small, the secondary star will not
become massive enough for the reverse evolution to occur. If too
large, the reverse evolution will occur when the primary is still on
the main sequence phase and the system will not evolve into a
helium binary system. The formation of a helium giant star 1is
allowed only in a limited area of the parameter space considered in
this study. It is predicted to be about 8% of the total parameter
space of Case A binary systems. This 1s consistent with the event

rate of occurrence of the observed Type Ibn supernovae.

keywords : Stellar evolutionary model, Type Ibn Supernovae,

Helium Giant stars, reverse mass transfer
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