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What are GRBs ?

A Billion Trillion Suns.......



         

Flashes have energy  ~100 KeV -  1 MeV

Name:  GRBYYMMDD  a/b
                  GRB050302

Energy release:            erg1051
− 1053

Time duration:   Few 
seconds

Event rate: 1 event/ day

A brief moment of glory, 
gamma-ray bursts out shine 
the entire gamma- ray universe.
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Energy needed (ergs)

 1          mosquito jump

10^3 ball drop

10^10 hit by truck

10^15 smart bomb

10^20 H bomb

10^26 killer asteroid

10^40          death star

Energy release/sec

10^33-->sun
10^39-->nova
10^41-->SN
10^52-->GRB



GRB:  basic numbers

Distance:  z ≤ 4.5    ­­­­> D  ~        cm   1028

Fluence:   F=  ∫flux. dt  ~                    10−4
−10−7 erg /cm2

Energy output:                                                    1053
/ 4 D28.5

2 F
−5 erg

Jet:  ; ~  10−2
−10−1

E
 , tot 1051 erg~

         Rate (GRB)  ~  1/day  



Vela 5 b
23 May 1969-19 June 1979

Energy Range 3-750 KeV

First Event

First detection 
●  Vela 4a (US DOD) monitored nuclear (& Cosmic !!) explosions 

● First GRB det: 1967 (Klebesadel, Strong, Olsen 1973 ApJ 182, L85)

● Vela 5a,b/6a,b  73 GRB in 1969-79

● Prognoz 2 (USSR) 1972-82,  Konus/Venera det. 85 GRB 1978-80 



Catching gamma-ray bursts on the fly......

● CGRO (Compton gamma-ray Observ.)

● HETE (High Energy Transient 
Explorer)1-500 KeV

● Swift (2004)
● GLAST , 11th June,  2008



Catching gamma-ray bursts on the fly......

CGRO (1991-2000)---4 Detectors

BATSE(burst and transient source expt.) (20 keV-1MeV)
OSS(oriented scintillation spectrometer expt.) (.05-10MeV)
COMPTEL(Compton tel.), EGRET(energetic g-ray expt. tel)
0.8-330 MeV                        30 MeV-20 GeV

(Main Results:)BATSE all-sky survey:

1) GRB           isotropic distribution⇒
Cosmol. distance2) Long (>2 s) & Short (<2 s)

3) Non-thermal gamma-spectra



   

●If GRBs came from objects in our galaxy, you would expect to 
see more of them from the galactic equator, where we find most 
other galactic objects

●BATSE found that equal numbers of GRBs come from all 
directions



Fluence: F=   flux. dt∫



The burst duration is BIOMODAL and 
can be divided into two subgroups

1.  Long------         ≥  2 sec.  (75%)
2.  Short-----       ≤  2 sec.  (25%)

       ----The time in which 90% of the burst 
energy is  observed

Long and Short may have completely different 
origin !!
All current knowledge of GRBs are mostly 
Long Bursts

t 90
t 90

t 90

       B u r s t



The burst duration ranges from several micro seconds to
several hundred seconds with complicated and irregular 
structure.

No two grbs are the same. Some are short, some are long, some are 
weak, some are strong, some have many spikes, some have none, 
each unlike the other one.

Spectrum

Non-thermal
Power-Law

N(E) dE ∝ E−

 ≃ 2



GRB Coordinates Network (GCN)
Let's all be informed.......



Launched: 20 Nov. 2004
Swift Mission

Life Time: 3 Years
Det. Rate: > 100 Year
Reporting Time: 75 sec.
Detectors:
BAT (Burst Alert Telescope)
15-150 keV
XRT (X-ray Telescope)
.2-10 keV
UVOT (UV/Optical Tel.)
Wavelength Range
170 nm-600 nm

~171detected so far
First:    GRB041217
Latest : GRB061121



Detectors
●LAT(large area tel.)
20 MeV-300 GeV
●GBM (grb burst monitor)
<10 keV- > 25 MeV
GRB, DARK MATTER.......



So Energetic, Yet So Mysterious......



The models of GRBs.....









Afterglow    -Rays
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Afterglow    -Rays

Inner Engine

Relativistic
Kinetic
Expansion

Internal Shocks GRB
External Shocks
in ISM

I
S
M

Internal External Fireball Model

    -Rays

WRE ARE
 HERE

FIREBAL
L

M ain t it le
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C olum n  2 C olum n  3 
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E=1053
ergs

Pre Burst
Burst

A
F
T
E
R
G
L
O
W

SHOCK
FORMATION

X­Ray, Optical, Radio

−Ray

I

S

M

1012 cmR=

1014 cm 1016 cm

How far from the Hidden Central Engine......



Fireball : Internal, External Shocks

●Central engine injects energy intermittently in 
the form  of SHELLS, with non-uniform Lorentz 
factor

●First moving shell will collide with slower one

●Collisions produces a pair of shocks going into both 
shells

●Heating them and accelerating e and p.

●With some magnetic field in the shell, these e & p emit
Synchrotron radiation (non-thermal) in the gamma-ray 
(blue shift)

Internal Shocks:



Merit of the Collapsar Model:

● Involve a GRB-SN association

● GRBs are associated with star forming regions

● Existence of stellar envelope helps to collimate a jet 
   and can help to regulate the jet flow intermittently.

● The duration of a burst is the fall-back time scale 
   (between two successive shells)

All these are consistent with the observations:

GRB980425-SN1998bw (z=0.008)

GRB030329-SN2003dh (z=0.169)



Fireball
Rapid rise time of the gamma-ray
spectra implies sources are compact
          size ~ 100 – 1000 Km

Sudden release of copious amount of gamma-ray 
photons in to a compact region creates an opaque 
photon-lepton fireball due to the formation of 
electron-positron pair.
   Radiation can not escape, optical depth is very high.

Temperature ~ 3  - 10 MeV



         Dirty Fireball

● Baryon contamination in addition to   e^+ e^-

● Electron associated with the baryons increase 
the  opacity of radiation

● Are dragged by accelerated electrons and part of
 the radiation is converted to kinetic energy of the
 baryons

● If baryon load is high (≥  10^(­8) M_sun ), 
no relativistic expansion



Baryon Load in the fireball:

Computer simulation suggests baryon load
has to be very small (outstanding problem)

~ 10−8 M ⊙ − 10−5 M ⊙
Otherwise the expansion is Newtonian &
 NO  GRB

T.Piran Phys. Rep. 314, 575 (1999)
E. Waxman, Lect. Notes Phys. 598, 393 (2003)

Fireball has to expand relativistically !!!
Consistent with the OBSERVATION.



Neutrino oscillation 
in the fireball



Sources for the neutrinos:

●Neutrinos of about 5-20 MeV are generated due to 
the stellar   collapse or merger event that trigger 
the burst. 
●Nucleon bremsstrahlung,   N+N------->N+N+  

                    e  e− =   e  e− 
●In the Fireball     
               pe− n + e

  

All have energy in the  MeV range.
All these neutrinos will propagate through the 
fireball.

And



Neutrino oscillations:

Ve
≃2 GF NLe−7

4
3

T 2

MW
2  .

In a relativistic and non degenerate e^+e^­ 
plasma, the effective potential experience by a 
electron neutrino is 

 By a muon neutrino 
V


≃2 GF N L

 , .

e ,  , es , e  ,

We study the oscillation processes



V ≃ 4.02×10−12 T MeV
3 [± Le− 6.14 ×10−9 T MeV

2 ] MeV. ± , 

P  t =


2 sin2 2


2 sin2  t

2  .  =
m2

2 E

= V−cos 2 
2


2 sin2 2
           is the neutrino energy ( 5-20 MeV), ө is the mixing angleE

Neutrino potential:

Probability of conversion after a time t



Resonance condition

V =  cos 2

Le  6.14×10−9 T MeV
2

L
res

≃ 2 48
EMeV

 m2 sin 2
cm

T MeV
5

 0.2×108 
m2 cos2 
EMeV

M
baryon

~ 2.23×10−4 R7
3 T MeV

3 Le M⊙

At resonance:

We assume:



Assumptions 

The fireball is spherical with radius  

R~100-1000 KM

It is charge neutral   &  having equal 
number of protons and neutrons.

T.Piran, Phys. Rep. 
314,575 (1999)

Derishev et al., A&A 345, L51 (1999); APJ 521, 640 (1999) 



Solar neutrinos:

SNO  +  KamLAND (reactor)
     SNO Collaboration, PRL 92, 181301 (2004)
     KamLAND Collaboration, hep-ex/0406035

6×10−5 eV 2
 m2

 10−4 eV2 0.8  sin2  0.98, 

Best fit is at

m2
~ 7.1 × 10−5 eV 2, sin2 ~ 0.83

Le ≃0.5 × 10−5 T MeV
−3 EMeV

−1 ,

M baryon ~ 0.23×10−9 R7
3 M⊙ M baryon ~ 0.58×10−10 R7

3 M ⊙

Lres ~ 211Km L res ~ 845 Km

EMeV = 5 EMeV = 20

  

T MeV  2.8

Probably  very few or NO resonant oscillations take 
place within the fireball and most of the neutrinos 
will come out.



Atmospheric Neutrinos:

Super-Kamiokande:
     SK Collaboration, PRL 93, 101801 (2004)

1.9 ×10−3 eV 2
 m2

 3.0 ×10−3 eV2
0.9  sin2 2  1.0, 

We take Average Value

m2
~ 2.5 × 10−3 eV 2 , sin2 2  ~ 0.9

Le ≃0.98 × 10−4 T MeV
−3 E MeV

−1

M baryon ~ 0.44×10−8 R7
3 M⊙ M baryon ~ 0.11×10−8 R7

3 M⊙
Lres ~ 5 Km Lres ~ 21 Km

EMeV = 5
EMeV = 20

  

T MeV  5
gives

Neutrinos can have many resonant oscillations within 
the fireball.



Reactor Neutrinos:
Liquid Scintillator Neutrino Detector (LSND) & KARMEN 2, 
combined Analysis:
     Phys. Rev D66, 013001 (2002)

0.45 eV 2
 m2

 1 eV 2 , 2×10−3
 sin2 2  7×10−3

 

We consider

m2
~ 0.5 eV 2 , sin 2 ~ 0.07

M baryon ~ 0.3×10−5 R7
3 M⊙

M baryon ~ 0.7×10−6 R7
3 M⊙Lres 1 Km

Lres  1.4 Km

EMeV = 5 EMeV = 20

  

T MeV  18

Neutrinos will oscillate several times before coming 
out of the fireball.

Gives



Summary:
From the Collapsar/Hypernova model of 
GRBs lots of neutrinos will be produced 
and fractions of these neutrinos will 
propagate through the fireball.
We studied the resonant oscillation of 
these neutrinos in the fireball.



Conclusions:  (cont.)

We assume

1.)   Spherical Fireball R~100-1000 Km.
2.)  Charge neutral
3.)  No. of Protons = No. of Neutrons
4.)  L_e > 6.14 X 10^(-9) T^2_MeV



Conclusions:  
(cont.)

Neutrino oscillation is possible 

If.....
Neutrino mass square difference & 
mixing angle are in the

Atmospheric  and/or Reactor expt. ranges

for  SOLAR May be just............



Is it possible to detect these 
              neutrinos....

Unfortunately not with the 
present generation 
detectors.........
Similar to SN1987A burst but  
very very far, flux is very small



The road leading to an understanding 
the nature of these objects is 
                               bumpy......



A List of outstanding problems:

1.)   Hidden Central Engine....

2.)  Means of transport of energy ........

3.)  Why almost baryon free fireball....

4.) Polarization of GRBs....

5.)  UHE  neutrinos......

Many more...................



 Generation of magnetic field in the GRB by 
 electron-neutrino interaction.

   J. F. Nieves, S. Sahu, PRD 71, 073006 (2005)
   Effect of temperature on the electron mass 
  and subsequently on electron+hadron 
  (proton, neutron) scattering within the 
   fireball.

     This will affect the production of UHE 
     neutrinos due to the change in the ratio



Role of Neutron in GRBs

 Changes the dynamics of the fireball 
(Derishev et. al.)

 Dynamical decoupling of the neutron from 
the rest of the shell will give rise to inelastic 
n-p scattering and lead to the emission of 
observable multi-GeV (5-10 GeV) neutrinos 
(Bahcall, Mészáros, PRL 2000; Mészáros, 
Rees, APJ 2000).



Is baryon number a good 
symmetry  of Nature ?

 It is believed that Baryon number is not a 
good symmetry of Nature (Universe in 
matter dominated) and it require baryon 
number violating interactions: proton decay,  
         oscillation (no success so far)

       oscillation occurs due to ΔB=2 transition
 Present experimental limit for unbound 

neutron oscillation is                sec. 
n n≃10

9

n n

n n



oscillation mechanismn n

N n=
1
2
N n  mE 

2

=0.6×10−25N n  BG 
−2

m=n n
−2 n n ≃10

9 sec.

In the presence of a magnetic field, neutrons 
energy levels are splitted by an amount 
ΔE=gμB and this is responsible for the 
oscillation. 
Due to oscillation,  the number of anti-neutron 
is                                                                          
                                                                            
                                                               with      



Magnetic Field in the Jet Outflow
 It is believed that  non-thermal emission is 

due to synchrotron emission/inverse 
Compton scattering. For synchrotron 
emission strong magnetic field is required. 
There is no way to estimate the magnetic 
field from the first principle.

 Large magnetic field is expected if the 
progenitor is highly magnetized. Also 
amplification of small field due to turbulent 
dynamo mechanism, compression or 
shearing.

 Decrease of Magnetic field due to expansion 
at larger radii.



Magnetic Field in .......
 Recently it has been suggested that, 

emission in GRBs cab be explained through 
Compton-drag process and no magnetic 
field is needed (APJ 529, 2000; APJ 511, 
1999, APJ 491, L15, 1997)

 Despite all these, there is no satisfactory 
explanation for the existence of strong field.

 We use Magnetic field as a parameter here.



 Number of anti-neutron at a distance r from 
the source is                                                   
                                                                        
                    

             neutron to proton ration and               
       due to neutron decay.

 protons, neutrons and electrons are coupled  
with the radiation in the expanding jet 
outflow until the Compton scattering time 
scale                         and the elastic n-p 
scattering time scale                     are shorter 
than the co-moving plasma expansion time 
scale        

N n≃
1
2  1  Em p

e−r / r  mE 
2

=2×1027  BG 
−2

 21  E53100
e−r /r

≃1 e−r / r

tTh
'
≃n p

'
Th 

−1

tnp
'
≃n p

'
np 

−1

t exp
'
≃r /

np~3×10
−26 cm2



np1

rnp
Lnp

14m p
2
~6×1010

L52
1100

2 100
cm

rr npr = r6×1010 cm 1016 cm

r

The neutrons and protons are coupled until 
the opacity                , which corresponds to   
neutron, proton decoupling radius                       
                                                                            
                                                                            
                                                               
  The np coupling  radius         lies                    
                                                                            
   So we can neglect the   effect of neutron 
beta decay.
 Decay of    

n pe

 e



Produced anti-protons will annihilate with the 
protons in the background through                      
                                                                            
                                                                            
                                                                            
                                                                            
                                       
   Pion  decay                                                    
                                                                            
                                                                         

nn


−


0

nn



−

nn
0


0


±


±
  

±  e±  e  e  


0




 Proton anti-proton annihilation, each pion carry 
                 energy

 Average energy carried by muons is 80% and 
rest is by neutrinos. in the pion decay.

 In muon decay ~1/3 energy is carried by each 
particle. Average energy of neutrino in muon 
decay                           the co-moving frame. In 
observer frame normalizing at z=1                     
                                                                           
                                             

  Energy of muon neutrinos due to pion decay

1.88 GeV /k

 , 
'
≃0.5 GeV /k

 ,≃
75 GeV
k

300
2
1z

, k=3, 2

 , ≃
56 GeV
k

300
2
1z



 The  neutral pion decay will give photons of 
energies 45 and 71 GeVs.

 The optical depth               , so  GeVs 
photons will degrade by pair production and 
can not escape.

 The total amount of energy released in          
 annihilation is                                                 
                                                                        
                                                                    

 A major fraction of it will be in the form of 
neutrinos.

≫1

p p

 p p=2m pN n≃6×10
24 E53
100  BG 

−2

 21  erg



Neutrino  Event Rate
 Short and Long GRBs rate within a Hubble 

radius of                    per year,  number of 
events per year in a detector with          
protons is                                                        
                                                                        
                                                                        
  By considering Earth as the detector with    
       protons and   a magnetic field of              
in the jet outflow the event rate is                   
                                                                        
                                                                        



Rb~10
5 Rb5

N t

R~  N t

4D2  RbN n 

1051 10−6G

R~3.6h65
2 Rb5

E53
100

 300  B

10−6G 
−2

 21   3−22
2z−21z  year−1



 Production of neutrinos and anti-neutrinos 
due to nnbar annihilation is inversely 
proportional to the square of the mag. filed. 
So if nnbar oscillation exist in the GRBs 
outflow, mag. field can't be arbitrarily strong 
or weak.

 Very Weak filed enhance neutrino 
production and take away huge energy. 



Is it possible to observe  these 
neutrinos?

May be in future, the Extreme Universe Space 
Observatory (EUSO) will be able to see it !



Summary

 No other process can give rise to neutrinos 
inbetween source and the n-p decoupling 
radius.  

 19-38 GeV neutrinos will be produced much 
before the 5-10 GeV neutrinos due to 
dynamical decoupling of neutrons.

 It will tell about the nature of the progenitor 
of GRBs.

 Observation of these multi-GeV neutrinos 
will be unique signature of Physics Beyond 
the Standard Model.





 

Sherlock Holmes


