2023/05/30-31
= BN S0 Ry A
@A LR =EE

KEEEDEBEREROABRELBEEN
H & Z D& DEBFHTE D FCE MR DA

ﬁ

Yuki Takei and Team CHIPS: Daichi Tsuna, Naoto Kuriyama,
Takatoshi Ko, and Toshikazu Shigeyama

doi: 10.3847/1538-4357/ac60fe
https://github.com/DTsuna/CHIPS



WHAT POWERS THE SUPERNOVAE?
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OW TO MAKE DENSE CSM?
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SN 2020tlt

 Terminal explosion 130 days after

mass eruption (~10%0 erg/s)
(Jacobson-Galan+22)
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MASS ERUPTION MODELING

Table 2. Injected energies and duration of injection.

« Kuriyama & Shigeyama 2020

. Model Injected energy Eipjec Duration of injection 7 [s]
([
|nJeCt energy at the baSe Oof the RSG1 08,1.0,1.2,14,1.6 [x10Y erg] 700
stellar envelope (~few 10 % of RSG2 1.5,20,25,30,3.5 [x10 erg] 5000
’ . . BSG 5.0,7.0,10.0,13.0 [x10* erg] 1.85x 10*
envelope’s binding energy) YSG 50,7090, 110 [x10% erg] 24 10
.. WRI  1.0,2.0,3.0,4.0 [x10 erg] 1
 Assume that the injected energy WR2  1.0.20.3.0,40,5.0 [x10° erg] 1
source is the nuclear burning.
Table 1. Properties of SNe progenitors.
Model Myzams Z R Teqt Mo coe My env Bl Time to CC Burning stage SN type ?
RSGl 11M, 002 730R, 3400K 39My 6.1M, -22x10%erg 10 yr Ne burning IIn
RSG2 20M, 002 1085R, 3500K 63My 127My -47x10%erg  0.8yr Ne burning IIn
BSG 15M, 2x10™% 58R, 11000K 3.7M, 103My -1.9x10% erg 8 yr Ne burning IIn
YSG 50M, 001 1380R, 4700K 20.6M, 05M, -3.1x10%erg 10 yr C burning IIn
WR1 50 Mg 0.01 0.7R, 220000K 19.8 Mg -© 53 x 10 erg 0.5yr C burning Ibn

WR2 50 M, 0.01 0.6R, 240000K 198M, -© -6.0x10"erg 15 day C burning Ibn
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MASS ERUPTION MODELING
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WHY [IN LC MODELING?

« Most of previous studies focus on SNe lIn interacting with dense CSM whose density
profile is proportional to r=2 (steady wind) or single power-law profile (e.g. Moriya+11,
Chevalier & Irwin 11, Chatzopoulos+12, Ginzburg & Balberg 12, Moriya+13, Tsuna+19,
Takei & Shigeyama 20, Suzuki+20---)

« CSM density structure affects the light curve (right figure)
* More realistic modeling of CSM leads to better understanding of SNe lin.
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CHIPS PROJECT

YT, Tsuna, Kuriyama, Ko, Shigeyama
https://github.com/DTsuna/CHIPS

Open-source code aimed to unveil the
Complete History of Interaction-Powered Supernovae


https://github.com/DTsuna/CHIPS

PARAMETERS

* M (Mg): Initial mass (we have sample models of 13, 14, -,
26 solar masses)

. finj5 Energy injected at the base of the stellar envelope,
scaled with the envelope’s binding energy (order of 0.1-1)

* tinj (yr): Time from energy injection to core-collapse

* Eej (ergs): Explosion energy of supernova



PARAMETERS

Stellar evolution Pre-explosion outburst Supernova explosion Inter action-power ed transient
by MESA (Kuriyama+20) (Takei+20)

Inject
finj = —EinjEbind
Explosion energy of E;
| | | |

I I I I
~107years - years ~ years before core-collapse ~10-100 days after

before After t;, j (yr)
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« SN 1998S
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COMPARISON WI

H OBSERVA

finj = 0.7, tin; = 11y1,E,; = 2.5x10°terg, M, = 20M,

« Well reproduce each light curve (BV/R, bolometric)
« Tail: radioactive decay of °6Co with mass of 0.15Msun

- CHIPS
=== 0.15M, Ni
@ bolometric
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Figure 13. Left-hand panel: Comparison of the bolometric LC of SN 1998S with that of a CHIPS model. The dashed line shows the luminosity of *°Ni and >°Co.
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PRECURSOR LIGHT CURVE

« 1D radiation hydrodynamics simulation with CHIPS including
H/He ionization calculation (Tsuna, YT, Shigeyama 2022)
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time from injection [day] Figure 5. Bolometric light curves for models with two energy injections. The
dashed line shows the fi,; = 0.3 model in Figure 3.
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Summary

« Previous works focus on simple CSM density profile of p o< ™5

« Some massive stars are known to experience mass eruption(s), which forms
dense CSM.

« CHIPS code simulates both the creation of CSM from mass eruption and
subsequent SN light curve (https://github.com/DTsuna/CHIPS).

« We can reproduce LC features of interaction-powered transients by CHIPS.

Future work
 Spectral modeling (Ishii, YT+, in prep.)
« Expand CHIPS code to Ibn modeling (YT+, in prep.)


https://github.com/DTsuna/CHIPS

