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Gamma-Ray Bursts
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Jet collides with
. . . : i ambient medium
Alternatives: magnetic reconnection/ photospheric models , (external shock wave)
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Fitting the UHECR spectrum In a parameter
scan over engine realisations
MNRAS 498 (2020) arxiv 2006.1430
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Combined
Model

* Remus — Code
Multi-zone internal shock
model

* NeuCosmA — Code
in-source disintegration/
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873 (2019), 83)

GRB distribution
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Fitting UHECR data: Exploration of different engine
realisations
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Fitting UHECR data: parameter space result

rmax

200 400 600 800 1000

[—

091

- 0%

. . . Moulk ~
« Broad fit region around best fit ( WR-MS) -
» Disfavored: low/ no stochasticity,
Favored: r,,x between 200 and 400
. . . . 1 -
 Large engine kinetic energy required < >0
-
10* 100 T
Best it 2 e 50-
C wr-Ms D) g e
103 ‘:B
';': E Bk.o 0.5 -
5o freeeee.., Auger 2017 e
n 10° A ° 130\ A.x“x 6.\,‘9 ?’.x& \’0,\,0x \_L.xd’
TE Initial Radius Rg,o [cm] 0.4 ~
% 107 5
= 3
o f— z=2 _glsszzs:ga 0.3 1
O T T e Thew No goodfit for o(X,,,,) < '
E[Gev] overlapping contributions '
: o /Ee f",g 60 - H in and from
E 800 - Fe S .o AR single collisions 0.1-
= = N
3 700 I 0] e —softspectra,
= 600 el ® o better fit for low stochasticity | 0.0
10? 1010 101! 10° 10 1012
E [GeV] E [GeV]

DESY. UHECR from High-and Low-LuminosityGRBs | Annika Rudolph

200

600 800 1000

rmax

400

g
£
S
A Engine
= examples
SR-0S

0.0

50 100 150 200

I_min

Page 8



Fitting UHECR data: Metallicity

Define injected integral mass fraction (per element):
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Fitting UHECR data: Neutrino ranges

« Neutrino range for 3¢ - contours

* Low I}, + High Ar — high neutrino flux

 Below the IceCube stacking limit .... butin reach of Gen2
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Exploring LL-GRBs as sources of UHECR and
VHE gamma-ray radiation


https://arxiv.org/abs/2107.04612

Low-Luminosity GRBs
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Choosing two exemplary LL

GRB 980425
Observed light curve
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Outflow model: Daigne et al 1998

GRB 100316D

Radiative Code: AM3 (Gao et al 2016)

Observed light curve

EiSO =3.9 1049
L.,=1.210% erg/s

8000 F

- GRB100316d ]

Tgo = 1300 s -
Epeak = 30 keV 7000 [
z =0.059
L,ing = 5.8 10%8 ergs v
for tengine = 1000 s
Explore impact of magnetic field .

—adjust fraction of accelerated
electrons ({) to fit observed peak
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Outflow model: Daigne et al 1998
Radiative Code: AM3 (Gao etal 2016)

Simulated spectra (observer frame)

Fixed dynamical properties of the outflow Simulated spectra
(density, dissipated energy and Lorentz factor as
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Maximal energies of cosmic-ray nuclel (source frame)

GRB 980425 GRB 100316D
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Eax Calculated balancing losses and acceleration (NeuCosmA Code, Biehl et al 2017)
* Boncioli et al (2018) Best Fit Parameters: L, ~ 5 1046 erg/s Emax, Si ~ 10°7 GeV (shock rest frame) R ~ 1014 cm

—We reach high enough energies and results are (roughly) compatible!
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Conclusion

UHECR in GRBs: IceCube Neutrino limits exclude most simple internal shock models. Need more refined
models or specific region of the parameter space

separate particle production regions
« Engine behaviour/ stochasticity reflects in time variability of the light curve

 UHECR fit in principle still viable, depending on the engine realisation...
... but stochasticity of the engine/ light curve is limited by o(X,,..,)

 Large engine kinetic energies neccessary (general problem of UHECR fits)
* Required heavy mass fraction at injection > 75% (95% CL)
» Neutrino flux likely testable by IceCube Gen2

Self-consistent (leptonic) radiation modeling of selected events in the internal shock model

» For low magnetic fields (low &g):
VHE component potentially in reach of ground-based instruments (CTA)

« Maximal energies (in the source frame) for iron can be up to 10! GeV, for protons up to 10° GeV. High €g
yield high maximal energies!
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