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ÅBurst duration      T ~ ms ð100 s

Gamma Ray Bursts(GRB)
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I. Introduction



P. OõBrien KIAA GRB program, 2009
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Baryon free :proton/neutron  is too heavy



ÅCentral Region of GRB ?
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Black Hole: 
ôSimpleõ Mathematical Solution

M̋ass:M

A̋ngular Momentum: J

E̋lectric Charge: Q

H̋orizon

..... Brane, String,  dimension,Extra 

II. Rotating Black Hole
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Energy Rotational  C.

Energy Magnetic-Electro  B.

Radiation  Hawking  A.

2Mc

Energy out of Black Hole 



Radiation  Hawking  A.
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(Q)  HoleBlack  Charged      
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Energy   neticElectromag  B.

Energy Rotational  C. J  MomentumAngular   : HoleBlack Kerr 
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Charged Black Hole ?? 

Rotaing Black Hole !! 



1977  Znajek,and Blandford

2000  Wijers,R. Brown, G. Lee, H.K.

III. Magnetic Braking of Rotating Black Hole



Geometry around Kerr black hole with
mass m and angular momentum J=am

Event horizon

Boundary of ergosphere



HoleBlack 

ö
÷

õ
æ
ç

å
³=º

ö
ö
÷

õ
æ
æ
ç

å
³=º

ö
ö
÷

õ
æ
æ
ç

å
³=º

M

M
 s  10 2  

M

1
  f  :Frequency

M

M
  erg 10  1.8  M  E    :Energy 

M

M
 cm 10  1.5M  R       : Radius

sun  1-  5

sun

54

sun

5
2c

G

2c

3Gc

1

Physical Scales  
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GRB  Powering ExtractionEnergy 
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Ultra -Strong Magnetic Field

ÅGRB :  B ~ 10^{15} G

ÅMagnetars :  SGR(Soft Gamma  Repeaters , 
AXP(Anomalous X-Ray Pulsars) :  B > 10^{14} G 

ÅRadio  Pulsars :  B ~ 10^{12}  G

Magnetically dominated  system:
E^2 ðB^2 < 0



IV. Poynting Flux:

Åaxial symmetric and steady state

ÅMagnetosphere: current and charge density 



Ådynamical origin of Poynting flux

Strong gravity inside sphere: 

Rotating Black hole  

ÅPower measured at infinity

at infinity

independent on  surface, R 



ÅBoundary problem : surface current and charge density

ÅIn homogeneous Maxwell equation:



Åsurface charge density:  Gauss law

Åsurface current density: Ampereõs law

Åpower at infinity

Joule heat or battery



Åsecond term Ą magnetic braking



Åhorizon

- ingoing boundary condition

- power



Ą Rigid rotation of field lines

V. Force - free Magnetosphere 

magnetic flux

angular velocity 



- power  in force -free magnetosphere

( independent of shift function)

- horizon ingoing boundary condition and force -free 
condition Ą Znajek boundary condition



- Magnetosphere, axial symmetry and steady state 

-Forece-free

-Evaluation on horizon

VI. Summary of power carried by EM field 

ă magnetic braking of rotating black hole



VII. Issues on force - free condition 
inside ergosphere

HKL & R. Blandford in preperation



Near to Horizon

split - monopole type magnetosphere



Komissarov and McKinney, 2007


