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The progenitor System of Type Ibn/Icn SuperNovae

4 T T R T T T T
: SN2019hgp, Type Icn
35 SNe Ibn : —— SN2006jc, Type Ibn
. l—Je SN 2018bce, Type Ibn
\ ﬁ : ll ~_ SN 2005cl, Type lIn
25} A F\ \y' ’ u: f‘% 1
‘ | — [ TN
| ( \ % 12" " ad N "‘ ‘\ | N :

_SNe Icn “&w ‘WW & ﬂmﬁwj\ w’\w\wm

Image of Progenitor System

C-rich CSM ?

He-rich CSM ?

[ergem®? s2 Ang™]
n
=0 1

flux

-

R i S
OW ] elllﬁ’ U?W?MMW\MN\W Type Ibn Type Icn

rest wavelength [Ang]

Fig. Optical Spectra of interacting SNe (Gal-Yam+22)

width of narrow line = CSM velocity
(1000~3000 km/s)



The progenitor System of Type Ibn/Icn SuperNovae
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fig. Optical Light curve (Pellegrino et al. 2022)
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The parameter range of SNe Ibn

by optical Light curve modeling
(2% SNe Icn is similar)
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The mystery of SNe Ibn/icn
* Pre SN-activity for the dense CSM

* The progenitor

Average mass-loss rate(log(Mg /yr))

Optical light curve modeling (Previous studies)
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Optical light curve modeling (Previous studies)
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Why X-ray?
Our Study

HiWe focused on X-ray emission from SNe Ibn/Icn.

X-ray emission yg

Unshocked CSM

¢.g., photoelectric absorption for soft X-rays

Shock Heating ]

' . +«— Forward shock
Ejecta of SN explosion

High temperature & High density —  X-ray (free-free emission)



Why X-ray?

Observational Data of X-ray
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Method of X-ray light curve simulation for Type Ibn/Icn SNe

______

(D Calculate SN-CSM interaction in adiabatic hydrodynamics.
(SNEC : 1D hydro code (Morozova et al. 2015))
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Method of X-ray light curve simulation for Type Ibn/Icn SNe

______

(D Calculate SN-CSM interaction in adiabatic hydrodynamics.
(SNEC : 1D hydro code (Morozova et al. 2015))

(2 For each mass grid, re-solve the time evolution of the internal energy as follows

Radiative coolin
dE;p B dEad,th (] &~ 8

dt dt X
Adiabatic Expansion , Shock Heating (from )




Method of X-ray light curve simulation for Type Ibn/Icn SNe

______

(D Calculate SN-CSM interaction in adiabatic hydrodynamics.
(SNEC : 1D hydro code (Morozova et al. 2015))

(2 For each mass grid, re-solve the time evolution of the internal energy as follows

Radiative coolin
dE;p B dEad,th (] &~ 8

dt dt X
Adiabatic Expansion , Shock Heating (from )

(® Calculate X-ray emission (from (D& 2)
Ly o< [ p2T%>dV (free-free emission)

Lx obs = Lxexp(—7) (photoelectric abs.; Compton scat.)
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Hard & soft X-ray light curve(LLC)
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CSM abundance
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HiX(He)=0.85, 0.5, 0.0 (the other; C/O=1) for CSM abundance| Optical depth in unshocked CSM

......

1043 !20 dﬂ![
_ —— X(He)=0.0
X ray LCs —— X(He)=0.5 10%¢
X(He)=0.85 — r
1042 .y -
— - = 0.2~10keV = 10}
— —_— 10~40 keV 2 ;
~§ EJ.’ 102?
T 1041 < i
— o 1]
> © 101
.g f= i
£ 1040 g 107
- Low a
- a -
5 0 10 X(He)=0.85
1039 8
S 1072, \
Q < A<
| O soft X hardx
1073 — |
e ST ot o

Photon Energy [keV]

y
Fig. X-ray LC with various CSM abundance
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HiLow metal CSM —  early peak day
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(Tphotoele X Z 4Ephoton(for K shell))



CSM abundance
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HiX(He)=0.85, 0.5, 0.0 (the other; C/O=1) for CSM abundance| Optical depth in unshocked CSM
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Physical properties (Eqj, Mo, Ocspy)
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Absorption processes ~Photoionization Changing~

Photoionization Parameter (for K shell of C, O)
. Lsoftx
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Energy Source(FS)
Dominant (~1 days) (~10 days)
Process Compton Scat. Photoelectric Abs. Optically thin

(for soft X-rays
<10 keV)



Photoionization Changing in unshocked CSM
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4. Application to Individual object (SN2006jc)



Application to SN2006jc (Type Ibn)
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Summary
X-ray LC model

fig. X-ray LC properties

Optically thin phase FE ej» Mej: Ppcsm  CSM abundance
for photoE. abs.

Hard X-ray LC >~1 days O X
Soft X-ray LC >~10 days X O
- Broad band X-ray observation 1s needed for revealing SNe Ibn/Icn
Application
(with optical LC model)

CSM abundance of SN2006jc¢

. (X(He) : X(O) : X(0))=(0.2:04:04)

C, O-rich by mass fraction
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Thank you for listening!



