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● Stars

● Atmosphere

● Accelerators

● Nuclear reactors

● Extragalactic sources:

           AGN, SN, GRB, CCO, etc.

     

Neutrino sources

Source: neutrinos.fnal.gov/types/energies
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● Stars

● Atmosphere

● Accelerators

● Nuclear reactors

● Extragalactic sources:

           AGN, SN, GRB, CCO, etc.

GRB’s progenitors

     

Neutrino sources

Source: neutrinos.fnal.gov/types/energies
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Neutrino oscillation
● Neutrinos comes in three flavors

● Each flavor is a superposition of the mass eigenstates

● Nine allowed transitions; Six independent

● Neutrinos are relativistic particles

Flavor 
states        Mass states
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Neutrino oscillation
● Vacuum

Known in experiments~MeV
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Extragalactic



Neutrino oscillation
● Vacuum

● Matter

Known in experiments

Medium

~MeV

Hamiltonian is modified → A little bit more 

complicated 7G. Morales (IRyA UNAM)
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Short Gamma-Ray Bursts (sGRB)
● t<2 seconds (Kouveliotou, 1993)

● Merger of two compact objects

BH-NS

● Moderate magnetic field

● B~1012   G

NS-NS

● Magnetic field could be amplified up to

B~1016   G (Price, 2006;  Kiuchi, 2015)
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Long Gamma-Ray 
Bursts (LGRB)

● t>2 seconds (Kouveliotou, 1993)

● Collapsar model

Millisecond magnetar model

● B~1015   G

Black-hole (BH)-accretion disk

● B~1012   G 
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MeV-neutrino production

● Prior to the prompt emission

● Dominated by thermal processes

● Extreme conditions are required

● Fireball model
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Neutrino potential in a magnetized fireball

● Limit cases (B
c
~1014 G)

● Moderate magnetic field (B<B
c
)

○ B~1012  G

● Strong magnetic field (B>B
c
)

○ B>1015 G

Magnetar / NS–NS

Black hole+Accretion disk 

~Landau’s critical magnetic field

○ For B>B
c
, the quantum effects are important

○ Spin is aligned to the magnetic field lines.

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

12G. Morales (IRyA UNAM)



CASE 1: Magnetar  CASE 2: BH+Disk  

LGRB progenitors
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Neutrino ratios
● Neutrino properties are 

sensitive to magnetic field 

variations

● It could help to identify the 

initial magnetic field conditions 

during the neutrino emission.

Magnetar BH+Disk

Vacuum
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Neutrino ratios
● Neutrino properties are 

sensitive to magnetic field 

variations

● It could help to identify the 

initial magnetic field conditions 

during the neutrino emission.

Magnetar BH+Disk

Vacuum

For a 3-MeV neutrino

3-MeV 3-MeV

3-MeV
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Neutrino propagation in the 
baryonic winds of the sGRBs.

Two proposed mechanisms:

● NDAF:       annihilation

● MHD processes

¿Do the winds affect the neutrino 

propagation?
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Simulations of the postmerger remnant

CASE 1: HD
Neutrino-driven winds

 

CASE 2: MHD 
Magnetically-driven winds

(Perego, et al.,2014)
(Siegel, et al.,2014)
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CASE 1: 
Neutrino-driven winds

 

CASE 2:
Magnetically-driven winds

(Perego, et al.,2014)(Siegel, et al.,2014)
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Neutrino-driven winds
 

Magnetically-driven winds

(Perego, et al.,2014)(Siegel, et al.,2014)

Neutrino ratios (𝝽)
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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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¡Thank 
you!
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https://bigbang.nucleares.unam.mx/grb2024/


