2014/07/08 RIKEN-IPMU-RESCEU seminar

Theoretical expectation of
supernova shock breakout in the
relativistic limit

Yukari Ohtani (RESCEU), Akihiro Suzuki (U. Kyoto) and
Toshikazu Shigeyama (RESCEU)




SN shock breakout
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XR0O 080109/SN 2008D

detected by Swift/XRT

- At = 600 s | \OC\EZBJ;OB
¢ LX = 6 X 1043 erg S_l :;E;‘ . |

« Exy =2 % 10%* erg i

b, -

° non-thermal component c, , JFJLﬁJ[]EﬂmLﬁtF_#M

1 2
nnnnnnnnnnnnn (keV)

(Soderberg et al. 2008)
Li, L.-X. (2008)




bulk Compton effect

Repeated scattering by
high velocity electrons
moving in the radial .
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When V; = 0.3 ¢, the non-thermal
component of XRO 080109 can be
reproduced.



SB in the relativistic jet

* Wolf-Rayet star

* shock Lorentz factor ~ 100
* y-ray photons
* correlation with GRBs




SB at stellar surface

thermal

* integration of Doppler shifted
blackbody radiation

non-thermal

* comparable to the electron
rest energy in the comoving
frame

(Ohtani et al. 2013)
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SB at stellar surface

Consistent with GRBs
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Epeak = 250 keV 120 keV




SB in the CSM

* thermal radiation at lower temperatures than that of the
stellar surface

lower energy component of the Band FC ?

* larger size of the region

extended duration ?




Model

Blandford and McKee (1976)
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MC code

inverse Compton scattering + free-free absorption

contact surface shock front
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Generation of photons stops when the shocked matter become thin.




Overview of photon traveling

“straight on” photons (= radial) in the observer’s frame
* enhanced upto Ep 4 = ['mc? shocked matter shock front
* scattering dominant

>
“deviated” photons (# radial) >

* degrated
* absorption dominant

photo

as = OgLN X N in the comoving frame
ag o (1 — e E/koT)p2

“Deviated” photons are tend to
be generated at later time than
“straight on” photons.




Spectra

initial photon = integration of the Doppler shifted blackbody emission
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breakout needs to occur in accelerating phase ?




Light curve
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* The timescale is determined by diffusion. (o< 1/T)
 Low-energy photons are tends to delay.




Spectral evolution
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“Deviated” photons are tend to delay by several seconds in their arrival time.




Summary

radiation from the shocked matter in CSM (constant I')

duration = 10 s

early: high energy bulk component

later: lower energy

not power-law, but exponential

our next calculation: breakout at the accelerating phase




