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Collapsar
Jet breaks out the stellar envelope



Event rate
R(SN Ibc)~1/103yr/galaxy
R(GRB)~1/105-6yr/galaxy
　 after collimation-corrected
R(Hypernova)~1/104yr/galaxy

Mazzali+05
O

Fe(56Ni) EHN~1052erg
Observed line profile

 ⇒ Aspherical explosion

R(Low Luminosity GRB)
~10 x R(GRB)
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GRB remnant (GRBR)

Ayal & Piran 01

After non-rela
 ⇒ Jet→Sphere
 ⇒ GRBR~SNR

hydrodynamically
(cf., R~E1/5)

Metal distribution
could be different

Loeb & Perna 98, Wick, Dermer & 
Atoyan 04, Dermer & Atoyan 06



Energetics
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1. β decay
pγ→nπ+
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Spectrum (β)

TeVGeVMeVkeVeVmeVµeV

pγ→nπ+: εpεγ~0.2Γ2GeV2
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Age/Energy dependence

Age/Energy dependent profile
S NR  association

t=3x103yr case
Dim @GeV

KI, Kobayashi & Mészáros 04



2. π0 decay
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 ⇒ GRB

 ⇐ Normal diffusion

SNR association

Energy fraction 
of TeV γ

pp→π0→γγ



Normal diffusion D=1027E10GeV
0.5cgs

θ~(Dt)1/2/d  Age t~10⇒ 4D27
-1d10kpc

2yr

Atoyan+06

Angular distribution of γ-ray
HESS J1301-631
             Size fitting

Diffusion



GeV-TeV (π0)

Relativistic souces  low energy particle ↓⇒
 ⇒ Low GeV & Radio emission

SNR
All



Radio-X (π0, e)

Leptonic model overestimates radio fluxes

π-2nd e+

Aharonian+05



3. RI decay

GRB/Hypernova as RI beam factory

56Ni  SN light curve⇐

eν++→ +eFeCo *5656

γ+→ Fe56

~2MeV
Could be shock-accelerated 
before decay (by reverse shock?)

1998bw: M(56Ni)~0.4M◉

γ



SN light curve

Nomoto+07

56Ni decay
⇒SN 
light curve

NS/BH



Woosley & Zhang 07 Mazzali+05

O

Fe(56Ni)



Decay properties
          Decay mode         Half-life
56Ni   Electron capture   6.1 day
                                       (>104yr: Ion)
56Co   EC (81%)             77.2 day
           β+ (19%)             (x5: Ion)
57Ni    EC                       35.60 hr
           β+



RI decay model
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Spectrum
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Spectrum (RI)
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High energy νe
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Fe ?
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Photo-disintegration

Wang, Razzaque 
& Mészáros 07

Ni/Co/Fe can survive 
photo-disintegration
(  Fe UHECR⇔
implied by Auger Xmax)

Murase,KI+08
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