
Eduar A. Becerra1,2,3

2 Interna'onal Center for Rela'vis'c Astrophysics Network
3  Dipar'mento di Fisica, Sapienza Università di Roma
4  Dipar'mento di Fisica e Scienze della Terra, Università degli Studi di Ferrara

EMISSION AND ANNIHILATION OF 𝝂"𝝂 PAIRS AS 
THE GENERATION ENGINE OF LONG GRBs 

UNDER THE IGC MODEL

In collabora*on Whit
Juan D. Uribe2

Advisor
Prof. Jorge Rueda2,4 and Prof. Guillermo González1

1  Escuela de Física, Universidad Industrial de Santander
Postgraduate Seminaries

2020



𝟏𝟎𝟒𝟕 − 𝟏𝟎𝟓𝟒 𝒆𝒓𝒈 𝒔$𝟏
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Importance of the Neutrinos
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• luminosi)es up to 𝟏𝟎𝟓𝟕 𝑴𝒆𝑽 𝒔!𝟏
• Average neutrino energies of 𝟐𝟎𝑴𝒆𝑽
• Neutrino densi)es of 𝟏𝟎𝟑𝟏 𝒄𝒎!𝟑

Neutrino dominated accreEon fluxes

𝝆 ~ 𝟏𝟎𝟏𝟎 − 𝟏𝟎𝟏𝟑 𝒄𝒎!𝟑

T ~ 𝟏𝟎𝟏𝟎 − 𝟏𝟎𝟏𝟏 𝑲

• 𝛾 trapped

• 𝜈𝜈̅ emision

Annihila'on
𝝂"𝝂̄ → 𝒆, + 𝒆- →  γ + γ 

A plasma dominated by 𝒆,𝒆- is created → can generate a relaEvisEc jet

GRB
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occupa&on number matrix

two-flavor 
approxima.on 𝜈& ⇋ 𝜈' = 𝜈( + 𝜈)

If the z component 
of the polarization 

vector obeys:
survival and mixing 

probability 

Neutrino Oscilla9ons

Becerra, L., M. M. Guzzo, F. Rossi-Torres, J. A. Rueda, R. Ruffini, and J. D. Uribe. Neutrino oscillaNons within the induced gravitaNonal collapse paradigm of long gamma-ray bursts. The Astrophysical Journal, 852(2):120 (2018). 

can occur at length as small as 0.05 a 1 km. 

mixing angle in vacuum

Pp Polariza1on vector in flavor space 

Pauli matrices 

4



What has been do?

Proper'es of accre'on 
disks in absence of 

oscilla'ons 

M = 3M⊙

a = 0.95
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Comparison of total neutrino luminosi'es 

Comparison between the main variables with and without neutrino oscilla'ons 

𝑳𝝂𝒆

𝑳𝝂𝒙
𝑳+𝝂𝒙

~ 𝟑

𝑳+𝝂𝒆 ~ 𝟐

~ 𝟏𝟎

Total 𝑳𝝂 ~ 𝟑 − 𝟓
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Neutrino annihila5on luminosity per volume unit 

Without oscillations Without oscilla*onsWith oscilla*ons With oscilla*ons
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What needs to be done?

Ray tracing
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