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1. Brief History
l 1967 (Vela): Discovery
l 1973-1991：Misleading, no any more progress
l 1991-1997（BATSE Era）：Long vs short, Isotropic Distribution, Band
                                           spectrum; Fireball model; predicted the afterglow.
l 1997-2004（BeppoSAX and HETE-2 Era）：

– Afterglows  Cosmologic origin (1997 Science breakthrough )
– Long GRB-SN connection GRB980425/SN1998bw, 030329/SN 

2003dh (1999, 2003 Science breakthrough)
l 2004- (Swift Era): AG of Short GRBs; Late X-ray Flares; High-z GRBs; 
                                Canonical X-ray AG LC (2005 Science breakthrough)
l 2008- (Fermi Era): GeV photons emission in L/S GRBs, delay of HEPs



• Irregular LCs

• Duration
～ ms - 1000 s

• Time variational
   ～ 1ms ,

   or ～ 0.1ms

GRB LCs-complicated

 Prompt emission



Non-thermal, smoothly joint 
broken power law spectrum

Briggs et al 1999；Abdo et al 2009





- GRB/SN associations
- Long GRB host galaxies are
  star-forming galaxies
- With a stellar envelope, the
 accretion time scale can be 
“long”
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Two types of central engines
(1)  Black hole + accretion disk systems (Eichler et al. 

1989; Woosley 1993; Narayan et al. 2001; 
MacFadyen et al. 2001): 

     
    Neutrino-dominated accretion flow 
    
     
    Spin energy of the BH → Blandford-Znajek 

mechanism:
     LBZ~3*1050B152(MBH/3Msun)2a2f(a) erg s-1 
     for a~1, MBH~ 3Msun and B~1015 Gauss.

High accretion rate--hot plasma ---Close to the inner disk-
--neutrino cooling effective--disk temperature drops, 
density increases,

(Poynting-flux dominated outflow)
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 (2)  Millisecond magnetar 
(rapidly spinning-highly 
magnetized neutron star)

      Rotational energy (Usov 
1992; Duncan & 
Thompson 1992; Dai \& 
Lu 1998; Metzger et al. 
2011)

      

Q: If a black hole may not be formed immediately, 
but instead that a highly magnetised 

rapidly rotating pulsar, or magnetar may formed



 Picture of Standard fireball model

M\eszaros  and Rees, 1993;  Rees and Meszaros, 1994;  Vaughan et al. 2005

Prompt emission Afterglow emission

Internal shock ?

magnetic  dissipation?

photosphere ?

External shock 



GRB 160625B
l Observed by Swift and 

Fermi
l Three episodes 

emission
– a short-hard 

precursor
– bright main emission
– long-term extended 

emission
l Duration: tens of 

seconds
l  z=1.406
l Eiso,r~3*1054 erg, 

Liso~4*1053 erg/s



Thermal spectra
Multi-color blackbody (mBB)

Ryde et al (2010)

Precursor



Main emission: (MBB+CPL)



Extend emission: (CPL+PL)



Estimated Lorentz factor

Pe'er et al (2007)



Evolution of T_min, T_max, and 
Gamma_0



Multi-wavelenght spectra

Consistent with external shocks



Central engine
biso fE ,E  bisoKK fE ,E 

Magnetar (×):

NDAF model (√):



High energy emission with LHAASO

GRB的高能峰在哪？高能辐射区域在哪？
高能粒子的加速机制？



Conclusions

l Long-team evolution of ejecta
– precursor---> photosphere
– Main emission--->photosphere+internal shock
– Extend emission--->internal shock

l Early optical and later X-ray
– likely a prompt optical, but has reversed shock 

contributions.
– later afterglow is consistent with standard 

external shock model.
l Central engine: NDAF model
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