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Neutrinos are direct probes

of cosmic rays in the
sources!
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Gamma-Ray Bursts
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Gamma-Ray Bursts (neutrino limits)

Catalogue of known GRBs Detected HE neutrnos

Fermi GRBg as of 140218
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So GRBs can't be UHCER sources?

Simplified (one-zone) model
All emission from the same emission region

Degenerate in various parameters
strong limits on baryonic loading/ Lorentz factor/ dissipation
radius/ luminosity
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Multi-collision model
Emission at different sites along the jet

Properties of the emitting plasma are
part of the modeling
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Jet collides with
ambient medium
(external shock wave)

Colliding shells emit
low-energy gamma rays
(internal shock wave)

NV High-energy
gamma rays
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Internal Shocks:
Particle acceleration
Prompt emission Circumburst medium:
Afterglow emission

Image credit: NASA's Goddard Space Flight Center




Jet collides with
ambient medium
al shock wave)
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‘ Plasma shells propagate at different speed

‘ Two shells collide

Central engine:
Plasma acceleration

‘ Shells merge and particles are emitted
1 IUIII,JL ClI111O9O1V1 | 1 Circumburstmedium:
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Initial lorentz factor 'y

Multi-collision model

Purely stochastic shell distribution
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Fireball evolution

Initial shell distribution ‘ Distribution of collisions ‘
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Particle production regions

Multi-collision model

prd
=3 —— UHECRs
1053 8 ys — neutrln:)s
1
© I
2 1
Q 1052 l
- 1
= B |
- 1
1051 I
< ! g
o | E
cgw 0 | - ! e
2 ' |'§
D 10% =
5 | & I 5
i S 'S
10 S~
1 _§- :-g
: 1 Y
:|.047 T .:...II — Ty — O\ .
10° 10° 100 101

Distance from central engine R¢ [km]

DESY. | neutrinos & UHECR from GRB multi-collision models | Annika Rudolph

1012

Bustamante et al Astrophys.J.837 (2017)
Rudolphet al Astrophys.J. 893 (2020)

Separates the production regions:
* Neutrinos close to the photosphere
- UHECRSs at intermediate radii
« (high energy) gammarays from all radii
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Initial lorentz factor g o

Disciplined (structured) engine

Multi-collision model

Fireball evolution

Initial Shell Distribution ‘ Distribution of collisions ‘
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Bustamante et al Astrophys.J.837 (2017)
Rudolphet al Astrophys.J. 893 (2020)

Particle production regions

Multi-collision model
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Fitting UHECR data: Exploration of different engine
realisations
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Parameterization similar to
Globus et al. MNRAS. 451 (2015)
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Fitting UHECR data: Exploration of different engine
realisations
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Initial lorentz factor I, o

Weak Ramp-up
Medium Stochasticity
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Fitting UHECR data: Exploration of different engine
realisations

Strong Ramp-up Weak Ramp-up Weak Ramp-up
w0 Stochasticity Medium Stochasticity . High Stochasticity
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» Propagate using GRB-redshift-distribution: Wanderman, Piran, MNRAS 406 (2010)
Extragalactic propagation with PriNCe Heinze et al, ApJ 873 (2019), 83

» Fitto UHECR spectrum and (X,,4)
* Free injection composition and baryonic loading (determined by fit)
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Fitting UHECR data: parameter space resuit

» Broad fit region around best fit (WR-MS)

» Disfavored: low/ no stochasticity,
Favored: r,,, between 200 and 400

* Large engine kinetic energy required
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Fitting UHECR data: parameter space resuit
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Fitting UHECR data: Neutrino ranges

* Neutrino range for 3¢ - contours

* Low [Gax + High Ar — high neutrino flux

« Below the IceCube stacking limit .... butin reach of Gen2
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Conclusion

Multi Collision Models separate particle production regions:

* Neutrinos from small radii; UHECRSs from intermediate; gamma-rays from all radii

« The observed light curve indicates UHECR disintegration and neutrino production

Engine behavior can (partially) decouple the UHECR acceleration/escape and neutrino production

UHECR fit in principle still viable depending on the engine behavior ....
... but stochasticity of the engine/light curve limited by o (X;,4x)

Large engine kinetic energies required (general problem of UHECR fits)
Heavy mass fraction larger than 70% (95% CL)
Neutrino flux likely testable in IceCube-Gen2
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