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I Gamma-Ray Bursts:

I Are short non-thermal bursts of energy

~100 KeV — 1 MeV photons and release
about {f* - {|° ergs in a few seconds
making them the most luminous objects 1n

the universe.



Two competing models in the market

1.) Cannonball Model

Towards a complete theory of gamma-ray bursts
A. Dar, A. De Rujula, Phys. Rep. 405 (2004) 203

2.) Fireball Model

T. Piran, Phys. Rep. 314 (1999) 575
P. Mészaros, Annu. Rev. Astron. Astrophys. 40 (2002) 137



A class of models called the

I Fireball model seems to explain

I the temporal structure of the
burst and the nonthermal nature
of their spectra.



| Fireball

I Rapid rise time of the gamma-ray

spectra implies sources are compact
I 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.

Temperature ~ 3 - 10 MeV

Radiation can not escape, optical depth is very high.



MERGER SLENARID FORMATION OF A GAMMA-RAY BURST could begin either

with the merger of two neutron stars E_r.with the collapse
of a massive star. Both these events create a black hole

HEUTRON STARS : Z
turn, pumps out a jet of material at close to the speed of

light. Shock waves within this material give off radiation.
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Internal External Fireball Model
Afterglow
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 Baryon contamination in addition to e+ e” -

I e Electron associated with the baryons increase the
opacity of radiation

e Are dragged by accelerated electrons and part of the
radiation is converted to Kinetic energy of the baryons

e If baryon load is high (> 10*(-5) M_sun ),
no relativistic expansion



I Baryon Load 1n the fireball:

I Baryon load has to be very small

| e - I

Otherwise the expansion 1s Newtonian &
NO GRB

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

T.Piran Phys. Rep. 314, 575 (1999);Review of Modern
Physics, 76, 1143 (2004).
E. Waxman, Lect. Notes Phys. 598, 393 (2003)



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 + (V + \_/)

And ChE =g s Ty 4

*]n the Fireball, D + € —p n'w
{

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



Neutrino oscillations:

In a relativistic and non degenerate e”*+e”-
plasma, the effective potential experience by a

I electron neutrino is By a muon/tau neutrino
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We study the oscillation processes
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Neutrino potential:

T
: sm’jw—-| . A
W

w:J V-dus2d 2+A25111229

E y 18 the neutrino energy ( 5-20 MeV), e 1s the mixing angle



Assumptions

1.) A spherical fireball with radius

R~100-1000 KM

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




I 2.) Charge neutral

3.) No. of Protons ~ No. of Neutrons

Derishev et al., A&A 345, L51 (1999); APJ 521, 640 (1999)
4) L e>6.14 X 10*(-9) T2 MeV

Contribution comes from both progenitor and the
surrounding environment



I Resonance condition

I At resonance:




I Study the resonant oscillation
I processes for neutrino parameters in
the

1) SOLAR
2.) ATMOSPHERIC
3.) LSND (Reactor)

range



I Solar neutrinos:

SNO + KamLAND (reactor)
SNO Collaboration, PRL 92, 181301 (2004) .
KamLAND Collaboration, hep-ex/0406( Best fit Is at

| mmﬁ G I

) R Il ¢
[ 845Km

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




I Atmospheric Neutrinos:

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

| ErT T i _
eives | oy 1T T

; Iy MeV

We take Average Value
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L™

Neutrinos can have many resonant oscillations within
the fireball.



I Reactor Neutrinos:

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

L b, ity

Gives

We consider

W~ 05, @

o~ e K
Ly <14

1A

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



Conclusions:

From the Collapsar/Hypernova model of GRBs
I lots of neutrinos will be produced and fractions
of these neutrinos will propagate through the

fireball.

We studied the resonant oscillation of these
neutrinos 1n the fireball.



I Conclusions: (cont.)

I 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............



I 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






