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Lorentz transformations

v ~ c

φ
φ

Comoving frame Observer’s frame

• angles cosφ =
β − cosφ′

1− β cosφ′
; cosφ′ = β − cosφ

1− β cosφ

• brightness νLΩ(ν) = δ3 × ν′L′Ω(ν′)

• frequency ν = δ × ν′

δ = Γ(1− β cosφ′) �
Doppler factor.

For small angles
one may use

φ ' 2√(
Γφ′

)2 + 1
and δ '

(
Γφ′

)2 + 1

2Γ



Relativistic shock
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Converter acceleration mechanism
E.V. Derishev et al., PRD 68, 043003 (2003)

Downstream
rest frame rest frame

Upstream

transformation

Lorentz

Isotropization
+ conversion

transformation
Lorentz

+ Conversion
and bending θ

v = cv = c/3

Energy gain factor
g = (Γθ)2 /2
full isotropization gives θ ∼ 1,
⇒ g ∼ Γ2 in each acceleration cycle

Emerging particle distribution
e

elog

log dN

d

__

log G
2

Spectrum's envelope: dN

dε
∝ ε−α

α = 1− ln p cn

ln g
� spectral index

p cn � conversion probability



Changes in the beam-pattern at the highest frequencies
comoving
frame

laboratory
frame

low-energy particles ε ¿ εcr

critical-energy particles ε ' εcr

high-energy particles ε À εcr

εcr =
3

2

(
mec2

)2

e3/2B1/2
; hν ∼ 100× Γ MeV � for synchrotron losses

unidenti�ed sources
of hard radiation?

lg vFv

lg v

lg vFv

lg v

on-axis view o�-axis view



O�-axis spectrum

φ

Vjet

lo
g 

 L
Ω

νcr

angle−averaged
brightness

νlog    

νmax

Example: inject dṄ

dε
∝ ε−s distribution.

In the comoving frame,
the cooling distribution dN

dε
=

Ṅ

ε̇
∝ tcε

−s

produces angle-averaged brightness
〈B′(ν ′)〉 ∝ tcν

′ (3−s)/2

With the beaming taken into account:

B′(ν ′) ∝





tcν
′ (3−s)/2 ν ′ < νcr

tc

φ′2
ν ′ (3−s)/2 νcr < ν ′ < ν ′max

Here ν ′max =

(
ε(φ′)
εcr

)2

νcr

and tc = ε/ε̇ � cooling time

In chaotic magnetic �eld and
for mainly synchrotron losses

νmax ∝ φ−2/3

B(ν) ∝ ν(5−s)/2 (B ∝ ν1.35 for s = 2.3)



Delayed hard emission (GeV-TeV afterglow)

∆~ duration of a burst    T

2Γ  ∆up to        T   for external photons
Γ ∆~      T   for internal photons

R
φ delay time:

Γ2
R____

delay time:
R 2
___
2 c

φ

2    c


