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Gamma ray bursts
1. Observations
2. Theories
3. Magnetic fields

History
- first found by gamma-detectors in bomb monitors
- astronomy: late ‘70s
- positions in sky by IPN-timing
- found to be isotropic on sky (Konus satellites)
  distance still unknown
BATSE all sky monitor confirms isotropy (1994)
- 1997 optical identification w distant galaxies
- afterglows
- predicted supernova connection found (1997)
current instumentation: Fermi (formerly GLAST), SWIFT, Agile, INTEGRAL
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2 types of gamma-ray burst:

1. soft gamma repeaters (SGR)
2. classical GRB

SGR: local (in the galactic plane, 1 in MC)
         outbursts from supermagnetic (                  )
         neutron stars (‘magnetars’)

B ∼ 1015 G
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SGR 1900+14
Konus satellite
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end of the universe
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X-ray spectral energy distribution peaks  at 
0.1-1 MeV



IMPRS 1-5/12-2008  GBR

Assuming incoherent 
radiation from a 

static object,
observed time scale 
of variation sets a 

maximum to the size
of the object
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L = 1050 erg/s,
R = cδt = 108 cm
→ L/r ∼ 1042

→ l = 1013
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r →

↑
ct

r →

0

For Γ> 1: variability intrinsic variability of the 
    central object translates directly to the observer:

>

In the following:

Γ: Lorentz factor 
of the relativistic flow

M: ejected mass
(not central mass)
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Characteristic values for GBR parameters

total energy 
ejected mass
Lorentz factor of flow
size (radius of photosphere)
duration
shortest time scale

assume these for the moment, justification
for                    to follow.

E = 1051 erg

Γ ∼ 100
rphot = 1011 cm
t = 1− 1000 s
1− 100 ms

M = 10−4M"

M, Γ, rphot

wide variation!
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conditions in central engine, for assumed energy deposition
near a stellar mass black hole
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Nonrelativistic fireball 
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Relativistic fireball 
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light travel time limit
on size does not 

apply to a relativistic
fireball
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Where/when is radiation
emitted?
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too large, 
does not fit
observations

relativistic 
corrections
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Text



IMPRS 1-5/12-2008  GBR

2 classes of GRB: ‘short’ and ‘long’
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mergers?

‘collapsars?
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Collapsars: GBR from supernovae
confirmation: GRB030329

Woosley 1993
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Cas A   Chandra
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GRB are rare: 
                  per galaxy
beaming factor            ? 

supernova rate:

GRB-SN are some special
subclass. 
1998bw: SN 1c (exploding WR star)

10−7 yr−1

≥ 10−2 yr−1

10−3

→ ∼ 10−4 yr−1
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solution:
internal shock model

Meszaros & Rees 1992
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Internal shock model of GRB radiation
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where does remaining KE go?

Only part of the 
kinetic energy dissipated
in internal shocks
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problems with the internal shock scenario
- radiative efficiency: only differential energy
   between shells dissipated
- does not explain smooth light curves

Alternative: gradual internal dissipation of
                    magnetic fields
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Roles of magnetic fields in GRB
1 extraction of energy from rotating central
   engine
2 radiation from internal dissipation of magnetic 
   energy in the flow
3 acceleration of the flow
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Outflow dominated by a magnetic field

  rotating engine ejects mass      with a 
  magnetic field     such that
  
  if all converted to KE:

  relativistic field strength
  - internal dissipation  → GRB radiation
  - ‘Poynting flux conversion’ →acceleration
              
  

M
B B2/8π ∼ 100 ρc2

Γ ∼ 100



Nonaxisymmetric
rotator

‘AC’ outflow

(top view) (side view)

‘Striped wind’
(Kennel & Coroniti)
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- Wavelength of striped wind (in lab frame) 

- Reconnection speed (comoving frame)                                 (   = 0.1?)

- Reconnection time (comoving fame)  

- Reconnection time (in lab frame)                  (time dilatation)

-         dissipation at `interesting’ distances (photosphere,               )
           (near photosphere for                 ) 

Reconnection in an AC flow

λ ∼ 2πv/Ω ∼ 2πrL

εv
′

rec ∼ εv
′

A ∼ εc

λ
′
= Γλ

τrec ∼

Γ2

εΩ

Γ = 100
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prime: for quantities 
in comoving frame

τ ′ = λ′/v′ ∼ Γ
εΩ

τ = Γτ ′

1011 cm

Lyubarski 2005 



plane flow:   

dissipation:

         

         pressure gradient accelerates in flow direction

faster dissipation         steeper gradient

hydro: Bernoulli:                          ,

Flow acceleration by dissipation

v(x), B2(x)

∂xB
2(x) < 0

1

2
v2

+ w = E w = p + e
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Poynting flux

 
 
in MHD:                         ,    

magnetic energy flux:

                       

|S| = c(
E2

8π
+

B2

8π
)

S =
c

4π
E × B

E = v × B/c S = v⊥
B2

4π

Fm = v⊥
B2

8π

S = 2Fm = v⊥wm, wm = Pm + em
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- radially expanding flow
- relativistic
- dissipation of       (             ) into radiation
- radiation loss in optically thin region

acceleration:

dependence on baryon loading,     ,                

Calculations

B
2

ε ∼ 0.1

Γ ∼ r
1/3

ε Ω
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Drenkhahn 2002



Γ ∼ r
1/3 r < rs

Γ∞
r > rs

Photosphere

}

Drenkhahn 2002
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Optically thick (dissipation inside photosphere):    
                       radiation         100% KE  
                                             (as classical fireball)
Optically thin (dissipation outside photosphere):
      radiation escapes,                   50% KE,   50% radiation.
                              

Energy conversion in AC outflow
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S

S
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η=1000
      590
      460 
      350
      250

D. Giannios 2008,  A&A 480, 305

the gamma spectrum from 
(magnetically) dissipative flow
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prediction: lots of emission 
up to ~ 1 GeV 

D. Giannios 2008,  A&A 480, 305
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=====
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Spares
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