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The GRB
phenomenology
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Deduced from observations :

The GRB prompt emission models

e Source Radius R<10® cm
e Magnetic Field B>103G
e Bulk Lorentz Factor I'>102

Non thermal
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Feedback processes give rise to non linearity .




What 1s hadronic
supercriticality?

When relativistic protons reach a critical
density they release all their energy with
high radiative output in short timescales

....... ~4.875 --- 4.5 — -4.125 ---- -3.75 .-.-..=3.375

Mastichiadis et al 2020

Hadronic supercriticality has been already
applied to GRBs

(Mastichiadis & Kazanas 2004, Petropoulou et al 2014, Petropoulou &
Mastichiadis 2018)

| Mastichiadis & Kazanas 2009

Common assumption :
Constant emitting
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The novelty of this project:

Expanding spherical volume with
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Free parameters:
1. Initial Source Radius

Initial Magnetic field /
Proton luminosity /
Maximum proton energy
Proton Distribution/
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code that
equations of

inside an expanding volume taking

into account

We have developed a numerical

processes as well as adiabatic losses

solves the Kkinetic
particle populations

all the radiative
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The transition to supercriticality
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The role of expansion velocity in the manifestation

of supercriticality — wui=-s22up-10% [ otp=-sttup-10%
— log £pi= —4.02,Uey, =10735c  —— log £, i = —2.92, gy, = 10713
— log £p = — 3.82, Uey, =1073¢ —— log £pi= —2.12,Uey, =107 1c
— log £, i= —3.52, Uy, = 10723c
As the expansion velocity is ;
increased:
= Lower radiative efficiencies 4 . =
x
- Broader light curves < |
o 2 Sy
- Multiple bursts vanish L I |
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R,=10%cm B, =10* G u,, _=102%

Magnetic field ~1/R

Energetics that fall in the case of GRBs R ——

Power law distribution p=2, I'=100, z=2
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The Blob
tracking
model

Discrete number (N) of blobs
emitted randomly from a
central engine every 2 sec

Initial parameters that lead

to HS-fall in the GRB case

The blobs do
not collide
and expand
with the same
velocity



Light curve construction

Parameters of the Gaussian Distributions
(comoving frame)
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Florou, Mastichiadis, Petropoulou 2021 in prep.

Assumptions

Equipartition between initial magnetic energy and proton luminosity
injected, k=80
Maximum proton energy : equation of the acceleration and

synchrotron cooling timescale
Monte Carlo simulation- Random Select N=10

Contribution from each blob

le51
3.0 . .
Superposition of light
curves
2.5
%)
Q
X
o)
—
(4]
— 15
&,
—
Wio
0.5
10 20 30 40 50 60 70 10

0
=100, uexp=10‘2-5c, z=2.27 time (Sec)



€4F(g) [erg/cm?]

Florou, Mastichiadis, Petropoulou 2021 in prep.

Results / Typical values of GRB phenomenology

Photon & neutrino spectra © «+ g wl onl Fulfn Tubw
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Albert et al 2017
“Search for high-energy
neutrinos from bright
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Conclusions

Supercriticality is manifested even in expanding sources. There are initial parameters
that can reproduce the GRB prompt emission

Important!- low values of y__ required in order to reproduce a GRB photon spectrum
The resulting energetics and spectra of the “Blob Tracking Model” fall in the GRB case

The produced neutrino spectra peak at lower energies compared to those of a
standard neutrino internal shock model
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