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Gamma Ray Bursts

ÅEnergetic outbursts of gamma-rays

ὒ ȟ ρπ ρπÅÒÇȾÓ

ÅTwo main populations by duration:

Å Long GRBs ᴼḐρπ ρππÓ
core-collapse supernovae?

Å Short GRBs ᴼḐπȢρ ρί
neutron star mergers? (GW170817A !)

ÅLarge variety of observed light curves

ÅFast time variability ◄ⱨ
Internal shocks? 

Magnetic Reconnection?

Photospheric emissions?

| GRB multi-collision models | Jonas Heinze

Sources of UHECRs?

Neutrino production?

Image credit: J.T. Bonnell (NASA/GSFC)

Prompt emission
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Internal shock model

| GRB multi-collision models | Jonas Heinze, 26.9.2019

Ὁ ȟ ρπ ρπÅÒÇÓ

Image credit: NASA's Goddard Space Flight Center

Central engine:

Plasma acceleration

Internal Shocks:

Particle acceleration

Prompt emission Circumburst medium:

Afterglow emission
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Internal shock model

| GRB multi-collision models | Jonas Heinze, 26.9.2019

Ὁ ȟ ρπ ρπÅÒÇÓ

Image credit: NASA's Goddard Space Flight Center

Central engine:

Plasma acceleration

Internal Shocks:

Particle acceleration

Prompt emission Circumburst medium:

Afterglow emission
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One Zone radiation model

Photon energy density:

Assume fixed peak energy ï1 keV

UHECR acceleration and neutrino production

Isotropic radiation zone

Geometry estimatesCompute single average collision!

ᴼThen scale to full burst

Nuclei injection density:

ᴼPhoto-disintegration / Photo-pion-production

ᴼSecondary neutrinos

Nuclei 

Injection

Baryonic

Loading

Photon Field: 

Broken power law

| GRB multi-collision models | Jonas Heinze

ᴼScales with╡
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One Zone radiation model

| GRB multi-collision models | Jonas Heinze

Determined maximal Energy

From interaction rates

Neutrino spectrum

Cosmic ray spectrum

From time evolution

Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys. 611 (2018)
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One Zone model ïextragalactic Propagation
Fit to UHECR data and neutrino constraints

Long 

GRBs in 

internal 

shock

model

é or Long GRBs in 

more complex model?

Low luminosity GRBs?

Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys. 611 (2018)

Magnetic Reconnection?

| GRB multi-collision models | Jonas Heinze
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Multi Collision model

ÅMerged Lorentz Factor:

ÅAvailable internal energy:

ÅDissipated energy:

ÅTimescale and thickness from shock speed:

ÅCollision model originally proposed by:

ÅAlternative collision models:

Radiation zone parameters

are now a model output!

Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)

Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Kobayshi, Piran, Sari, ApJ 490 (1997)

Daigne, Mochkovitch, MNRAS 296 (1998)

| GRB multi-collision models | Jonas Heinze

Compute the full jet evolution now!
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Multi Collision model
Purely stochastic shell distribution

Initial Shell Distribution Distribution of collisions Light curve

Fireball evolution Radiation model

Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)

Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

One-Zone

Multi-collision

Distance from central engine Observed time

| GRB multi-collision models | Jonas Heinze
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Particle Production regions
Multi Collision model
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Separates the production regions:

ÅNeutrinos close to the photosphere

ÅUHECRs at intermediate radii

Å(high energy) gamma rays from all radii

Optically thick

Inefficient

acceleration

UHECR from

intermediate radii
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Disciplined (structured) engine
Multi Collision model

Initial Shell Distribution Distribution of collisions Light curve

Radiation model

bimodal 

distribution

Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)

Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Fireball evolution

Distance from central engine Observed time

| GRB multi-collision models | Jonas Heinze
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Particle production regions
Multi Collision model

Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)

Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Stochastic engine Disciplined engine

Distance from central engine Distance from central engine
| GRB multi-collision models | Jonas Heinze

Weak neutrino emitter

Strong neutrino emitter



Page 13

UHECR escape: Engine comparison

Ejected spectra for

pure iron injection

Superposition softens

the spectrum!

Stochastic engine Disciplined engine

Reduced disintegration

| GRB multi-collision models | Jonas Heinze

Multi Collision model
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Fit to UHECR data ïInput parameters

Initial Shell Distribution Lightcurve
UHECR source spectrum

(fixed inj. composition)

Radiation modelFireball evolution

Observed time

| GRB multi-collision models | Jonas Heinze

ɜ ψππ

ɜ φπ

Extragalactic

Propagation with PriNCe

JH, Biehl, Rudolph,, Boncioli, Fedynitch, Winter in preparation

JH, Fedynitch, Boncioli, Winter, ApJ 873 (2019), 88

Parameterization similar to
Globus et al. MNRAS. 451 (2015)
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Fit to UHECR data ïInput parameters

Observed time

| GRB multi-collision models | Jonas Heinze

ὃ πȢρυ

JH, Biehl, Rudolph,, Boncioli, Fedynitch, Winter in preparation

Extragalactic

Propagation with PriNCe

JH, Fedynitch, Boncioli, Winter, ApJ 873 (2019), 88

ɜ ψππ

ɜ ρφπ

Initial Shell Distribution Lightcurve
UHECR source spectrum

(fixed inj. composition)

Radiation modelFireball evolution
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ÅPropagate using GRB-redshift-distribution:

Wanderman, Piran, MNRAS 406 (2010)

ÅFit to UHECR spectrum and ἂ╧□╪●ἃ

ÅBest fit ï

Å Injection composition:

(determined by fit)

Fit to UHECR data
Best-fit spectrum Preliminary
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ɜ σππ

ɜ ρψπ

! = 0.3

H ï19%   He ï12%

Si ï58%   Fe ï11% 

/ dof = 21 / 16
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Fit to UHECR data
Parameter space

ÅPropagate using GRB-redshift-distribution:

Wanderman, Piran, MNRAS 406 (2010)

ÅFit to UHECR spectrum and ἂ╧□╪●ἃ

ÅFree injection composition

(determined by fit)

ÅBaryonic loading: 40 ï130 
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ɜ

ɜ

ὃ

Preliminary

ɯ ɯ
minimized over

third axis
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Fit to UHECR data ïNeutrino ranges
Multi Collision model ïParameter scan Preliminary

ÅNeutrino range forσ„- contours

ÅLow ɜ + High ὃ ᴼ high neutrino flux

ÅBelow the IceCube stacking limité 

Åé but in reach of Gen2
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Preliminary
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Fit to UHECR data ïNeutrino ranges
Multi Collision model ïParameter scan

Neutrinos from below

the photosphere?
é but model invalid for

subphotospheric collisions

ÅNeutrino range forσ„- contours

ÅLow ɜ + High ὃ ᴼ high neutrino flux

ÅBelow the IceCube stacking limité 

Åé but in reach of Gen2
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Conclusion

ÅOne-zone GRB models require low luminosity and/or large collision radii

ÅMulti Collision Models separate particle production regions:

ÅNeutrinos from small radii; UHECRs from intermediate; gamma-rays from all radii

ÅThe observed light curve indicates UHECR disintegration and neutrino production

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

ÅUHECR fit in principle still viable depending on the engine behavior ....

é but stochasticity of the engine/light curve limited by„ὢ

ÅNeutrino flux likely testable in IceCube-Gen2

| GRB multi-collision models | Jonas Heinze
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Multi-collision fit to UHECR data

| GRB multi-collision models | Jonas Heinze
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╧ἵἩὀand air-shower models
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Neutrino fluxes: Engine comparison
Multi Collision model

Stochastic engine Disciplined engine

Weak neutrino emitter

Composition

10 max. collisions

optically thick
10 max. collisions

optically thin

Flux for fixed GRB 

number at z = 2

Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)

Strong neutrino emitter

| GRB multi-collision models | Jonas Heinze
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One Zone model: UHECRs
In source UHECR spectra

Partial 

disintegration

Optically thick

for nuclei

Disintegration rate

scales with radius and 

luminosity

Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys. 611 (2018)

Nuclear survival

| GRB multi-collision models | Jonas Heinze
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One Zone model: Neutrinos
Neutrino flux

Optically thick

for nuclei

Nuclear survival

Neutrino production

scales similarly to

Disintegration rate!

Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys. 611 (2018)

Neutrino peak robust 

under composition

Partial 

disintegration

| GRB multi-collision models | Jonas Heinze
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Ultra-efficient collision model
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Ultra-efficient vs. baseline
Particle production regions

R
u

d
o

lp
h

, J
H

, F
e

d
y
n

itc
h

, W
in

te
r a

rX
iv

: 1
9

0
7

.1
0

6
3

3

| GRB multi-collision models | Jonas Heinze


