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• A single emitting region in which electrons are 
accelerated.

•  A seed population of low eenrgy photons (not 
necessarily synchrotron).

• The source is moving relativistically with a 
Lorentz factor Γ, towards the observer.

• We don’t assume internal shock or any other 
specific process for the generation of the 
relativistic electrons or even the angular time 
scale condition: δt>R/cΓ2 

Assumptions:
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Prompt optical is 
typically m>12
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GRB 930131 
(Superball Burst)



 GRB 940217
(Hurley et al. 1994)



GRB 941017 
(Gonzales et al., 2003)



Egret’s observations limit GRBs’ very high 
energy emission of to less or equal to the soft 
gamma emission (Endo, Nakar & Sari 2008):                                                            

νH FH ≤ νγFγ

Fermi’s rate of detection poses even stronger 
upper limit. 

YH < 1
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Conclusions:

Most Prompt (soft)γ Emision in 
GRBs does not arise from (self) IC 
process.

Notice - we did not mention internal shock or 
any other specific process for the generation 
of the relativistic electrons or even the angular 
time scale condition: δt>R/cΓ2 



GRB 080319b Promptγand Prompt optical 
don’t arise from the same region!
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(IC). In section 6 we examine the possibility that the optical and !-rays arose from two synchrotron

emitting populations of electrons but in the same physical region. We find that the optical and the

!-rays were originated in physically different regimes. We discuss the implications of these results

in section 6.

2 OPTICAL EMISSION

The very strong optical flash that accompanied GRB 080319B poses the strongest constraints on

the emission mechanism. A lot can be learnt from studying this flash on its own. The observed

optical signal, F!,opt, must be less or equal than the corresponding black body emission:

F!,opt ! FBB = 2(1 + z)3"2
opt!!eme(

R
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where me and qe (that we use later) are the electron’s rest mass and charge, ! is the bulk Lorentz

factor, !e is the typical electron Lorentz factor (!emec2 " kT ), R is the emission radius, and

dL is the luminosity distance1. This value should be compared with the observed optical flux

F!,opt # 2.9!10!22erg cm!2 Hz!1 s!1 which is more than two orders of magnitude larger than the

one found for FBB with “typical” values. This is the essense of the problem of finding a reasonable

solution for the emission mechanism in GRB080319B. By itself this constraint imposes a rather

large !e for reasonable values of R and !, or alternatively a very large value of R. It will be the

major constraint over which models that we examine later fail.

This equation can be combined now with two expression that link R and !: The angular time

scale:

#t >
R
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and the deceleration radius:
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where mp is the proton’s mass, E is the energy of the outflow, n is the ISM density and A is the

wind parameter.

Fig. 1 depicts the allowed region in the (!, R) phase space that satisfies all three constraints

for either wind or ISM environments. One can see that the Black Body limit Eq. (1) pushes the

emitting radius to large values. On the other hand the two other constraints limits R to small values.

1 We denote by Ai the quantity A/10i in cgs units.
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Synchrotron emission for the low 
energy component (SSC):

FBB

F!,opt
= 2! 10!3Y 1.75

f!3
.

This ratio is not sensitive to the value of ! used. It is clear that for reasonable values of



Two populations of synchrotron 
emitting electrons:

N(E)

E



Relativistic Turbulence
Lazar,  A., Nakar, U., TP 
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Γ

Γ−1

Relativistic beaming

1/Γ
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θ~1/Γ D

R/2Γ2

R/2cΓ2

B

For external shocks:

tang =tD-tC~R/cΓ2  (Fenimore et al. 96, Sari & Piran, 97).

tdec=tD-tB~ R/cΓ2

17
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δt<1sec,  T~100

 External shocks cannot produce the 
observer variability in the light curves   
(Sari & Piran, 97, Fenimore et al, 97). 

External 
shocks





P≈1/Γ2γ2

N
tot

=T/δt



Light Curves



Conversion of 1-1/γrof the energy internally 
to kinetic energy of the turbulence. 

Pulses are symmetric (lighthouse effect)

No correlation betweek pulses and intervals

Overall light curve envelope. 

Dead periods requirs engin going on and off. 





“Fundamental Emitters”
 (Blackman & Lyutikov, Blandford & Lyutikov, Lyutikov...)

Evacuated 
regions

δt=δR/vΓ



The End



External Inverse Compton



IR, opt, UV ~500keV

YL

ν






