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Flavor

Neutrino oscillation states Mass states

Neutrinos comes in three flavors

Each ﬂavor is a superposition of the mass eigenstates

|V04 Z |I/Z y, =€, u,T

Nine aIIowed transitions; Six independent

Neutrinos are relativistic particles
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Flavor

Neutrino oscillation itz

e Neutrinos comesin three flavors

Mass states

e FEachflavor is a superposition of the mass eigenstates

V) Z vy, a=epu, T

e Nine aIIowed transitions; Six independent

e Neutrinos arerelativistic particles

Passp(t) = [Aasss(t) > = (vg|va)”



Neutrino oscillation

Extragalactic

P(x‘B(Ez/a L, 9, A’/TL2> L > > LOSC
I 4 FE,
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Neutrino oscillation

P.s(E,,L,0, Am?) L >> Losc
A4 FE,
~MeV Known in experiments Lose = Am?j
[ ]
Pas(Ey, L0, Am?*) + Vg
Medium

Hamiltonian is modified — A little bit more

complicated
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Jet collides with
ambient medium
(external shock wave)
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Short Gamma-Ray Bursts (sGRB)

° t<2 seconds (Kouveliotou, 1993)

e Merger of two compact objects

BH-NS
e Moderate magnetic field

e B~1012G

NS-NS
e Magnetic field could be amplified up to

B~101° G (price, 2006: Kiuchi, 2015)

(Rezzolla, etal., 2011)
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Long Gamma-Ray
Bursts (LGRB)

PROFILE OF A MAGNETAR

Normally, the X-ray afterglow of a y-ray burst fades rapidly, but the breakneck
speed of a magnetar’s spin flings out surface matter and delays the final collapse.

e t>2 seconds (Kouveliotou, 1993) Biriasion

plateau

indicative &
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Eventual collapse
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black hole
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MeV-neutrino production

Prior to the prompt emission
Dominated by thermal processes
Extreme conditions are required

Fireball model

pairs annihilation (e* + e~ — vy + V),

plasmon decay (y — vy + Vx),

photo-neutrino emission (y + e~ — e~ + vy + Vy),
positron capture (n+e* — p +7,),

electron capture (p + e~ — n+v,),
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Neutrino potential in a magnetized fireball

1076 3
V:’:}ICfO((BaTaﬂ'a/ﬁO)
(Fraija, N., 2014) .

a1

etar [N

~Landau’s critical magnetic field
1077 3

Limit cases (B_~10'* G) 3 ]
Moderate magnetic field (B<B) = '3 E Black hole+Accretion disk
o B~1012G : B=10"G
1079 4 B=104G
Strong magnetic field (B>B ) ] — B=wc
o B>1015 G 1> ; i ; (Mevé) ; ;4 fl) 10
o ForB>B, the quantum effects are important
o Spinis aligned to the magnetic field lines.
O

It can significantly influence the dynamics, radiation mechanisms, and evolution.
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LGRB progenitors

CASE 1: Magnetar CASE 2: BH+Disk
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Neutrino ratio

Magnetar
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Neutrino properties are
sensitive to magnetic field
variations

It could help to identify the
initial magnetic field conditions
during the neutrino emission.
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Neutrino ratio
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For a 3-MeV neutrino

Neutrino properties are
sensitive to magnetic field
variations

It could help to identify the
initial magnetic field conditions
during the neutrino emission.

gMagnetar — (3628% Ve, 31.53% Vs 32.19% 1/7-)

¢gu = (37.04% v, 31.06% v, 31.90% v, )

fVacuum — (3512% Ve, 3217% Vs 3275% 1/7-)
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Neutrino propagation in the
baryonic winds of the sGRBs.

Two proposed mechanisms:
e NDAF: vU—annihilation

e MHD processes

;Do the winds affect the neutrino

propagation?

(72 acretion diskc

(L) 7~/ jaceretion disk
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z [100 km]

Simulations of the postmerger remnant

CASE 1: HD

Neutrino-driven winds

Log - [g/cm®] & - [MeV/baryon] isolines

X [jOO km]
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(Perego, et al.,2014)

CASE 2: MHD

Magnetically-driven winds
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CASE 1. CASE 2:
Neutrino-driven winds Magnetically-driven winds
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Neutrino-driven winds
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Summary

Provide valuable information of the innermost regions of GRBs and since neutrinos can

leave the source before photons, they can act as precursors to EM emissions.

The effect of B is a major contributor to the variation of the oscillation probabilities. Then

we can study the topology of the initial magnetic field.
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Summary

Provide valuable information of the innermost regions of GRBs and since neutrinos can
leave the source before photons, they can act as precursors to EM emissions.

The effect of B is a major contributor to the variation of the oscillation probabilities. Then
we can study the topology of the initial magnetic field.

By studying neutrino rates in terrestrial detectors, we could characterize the type of
progenitor left behind (sGRB and LGRB)

Combining neutrino observations with EM observations and even gravitational waves can

provide a more complete picture of the astrophysical source.
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