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Gamma Ray Bursts

Prompt emission

A Energetic outbursts of gamma-rays
0 v pm pmn AOKD
A Two main populations by duration:

A LongGRBsO Dpm pmna@
core-collapse supernovae?

A Short GRBs©° Dm® pi
neutron star mergers? (GW170817A)

A Large variety of observed light curves

A Fast time variability «
Internal shocks?
Magnetic Reconnection?
Photospheric emissions?

Sources of UHECRS?
Neutrino production?
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Internal shock model | | Jet collides with

ambient medium
(external shock wave)

'WHigh-energy

gamma rays

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

‘O h p Tt | p Tt A O (; O slowe: X-rays

Faster shell

Low-energy shell
gamma rays

Jj g

Visible light

Central engine:
Plasma acceleration

Internal Shocks:
Particle acceleration
Prompt emission @ Circumburst medium:

b Afterglow emission
Image credit: NASA's Goddard Space Flight Center -



Jet collides with
ambient medium
al shock wave)

N
. > &= . ‘ High-energy

d 5 gamma rays

‘ Plasma shells propagate at different speed ™ M Xerays

Central

)
4

emitter

V
Visible light

‘ Two shells collide

Central engine:
Plasma acceleration

‘ Shells merge and particles are emitted . .
1 IUIII'JL CIHTTOOIVI ] 1 Clrcumburst medlum:

Afterglow emission

Image credit: NASA's Goddard Space Flight Center



One Zone radiation model

Compute single average collision! ES\YSSIRRIFRYSS

O Then scale to full burst

.
- NN
ANANAN
G
Ad' !
Photon energy density:
LyAd'/Je L,

’r ! NT! () r
u,),:/EN,),(s)ds— 2V = Il

: iso
Photon Field:
Broken power law

Assume fixed peak energy 1 1 keV
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O Scales with =|

Isotropic radiation zone

Geometry estimates

— 47 R? - Ad'

ct
R~ 217 2
1+ 2
ct
Ad ~T—=
14+ z
Nuclel injection density:
10 E'z{,lnax C
[ BB s g
Nuclei Baryonic
Injection Loading

O Photo-disintegration / Photo-pion-production

O Secondary neutrinos Page 5



Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys. 611 (2018)
One Zone radiation model

Determined maximal Energy
From interaction rates

*Fe injected
L, =10°" ergs

Cosmic ray spectrum

From time evolution
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Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys. 611 (2018)
One Zone model i extragalactic Propagation

Fit to UHECR data and neutrino constraints

Magnetic Reconnection? 50 1%,
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Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)
Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Multl Collision model

. r.L
Compute the full jet evolution now! L FiLs

A | R A-nd o - Il
Merged Lorentz Factor: _ \/ m, Ty + mal Central 1 2 3
m

emitter

m, /Fr + Mg /Fs ‘ Plasma shells propagate at different speed

A Available internal energy:
Eitm = mp Ly +mly — (my + mg)ly, ) ’ " ’ »

A Dissipated energy: ‘ Two shells collide

Ediss,;m = 1 Eint.m withn =1
A Timescale and thickness from shock speed:

l?" _ m ~ Mrs
Oty = ———— gm:lsuﬂru

)87“ — )81"5 ,st - /85 /6r - Brs
A Collision model originally proposed by:

Kobayshi, Piran, Sari, ApJ 490 (1997)
Daigne, Mochkovitch, MNRAS 296 (1998)

are now a model output!

A Alternative collision models: . Merged shell continues in fireball

Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633
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Initial lorentz factor 'k o

Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)
Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Multl Collision model

Purely stochastic shell distribution

In (%) = Arx P(z)dr = exp(—2?)/v2ndx
o

Fireball evolution Radiation model

Initial Shell Distribution ‘ Distribution of collisions ‘ Light curve
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Particle Production regions

Multi Collision model
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Separates the production regions:
A Neutrinos close to the photosphere
A UHECRSs at intermediate radii

A (high energy) gamma rays from all radii
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Initial lorentz factor 'k o

Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)
Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Disciplined (structured) engine

Multi Collision model

Fireball evolution Radiation model

Initial Shell Distribution - Distribution of collisions ‘ Light curve
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Bustamante, JH, Murase, Winter, Astrophys.J. 837 (2017)
Rudolph, JH, Fedynitch, Winter arXiv: 1907.10633

Particle production regions

Multi Collision model

Stochastic engine Disciplined engine
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UHECR escape: Engine comparison

Multi Collision model

Ejected spectra for

Stochastic engine pure iron injection Disciplined engine
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1051 4
the spectrum!
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JH, Biehl, Rudolph,, Boncioli, Fedynitch, Winter in preparation

Fit to UHECR data 1T Input parameters

Fireball evolution

Radiation model

Initial Shell Distribution UHECR source spectrum
(fixed inj. composition)

Parameterization similar to
Globus et al. MNRAS. 451 (2015)
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JH, Fedynitch, Boncioli, Winter, ApJ 873 (2019), 88
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JH, Biehl, Rudolph,, Boncioli, Fedynitch, Winter in preparation

Fit to UHECR data 1T Input parameters

Initial lorentz factor Ik o

Fireball evolution Radiation model
. . . . . UHECR source spectrum
Initial Shell Distribution Lightcurve : o Pea
(fixed inj. composition)
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Fit to UHECR data

Best fit Preliminary

A Propagate using GRB-redshift-distribution:
Wanderman, Piran, MNRAS 406 (2010)

A Fit to UHECR spectrum and 6 1 §

A Best fit i /[dof =21/ 16

I
S Auger 2017
IUT
=
U B
A Injection composition: IR ERY E 10!
[in
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' 200 400 S50 800 1000 Preliminary
Fit to UHECR data

Parameter space
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Fit to UHECR data 1 Neutrino ranges

Multi Collision model i Parameter scan

Preliminary

107 5
A Neutrino range for ¢ ,- contours IceCube cosmogenic
A Lows +Highd © high neutrino flux
A Below the IceCube stacking limit é = 1078- \/\ e estt
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Fit to UHECR data 1 Neutrino ranges

Multi Collision model i Parameter scan

Preliminary

107 4

A Neutrino range for ¢ ,- contours

A Lows +Highd © high neutrino flux I
A Below the IceCube stacking limit é T'_' 108 1 \/\  pestit

A é b u teach of Gen2

Neutrinos from below
the photosphere?

rmax
200 400 600 800 1000

IceCube cosmogenic
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Source
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200 . € b madel invalid for
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Conclusion

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

A Multi Collision Models separate particle production regions:
A Neutrinos from small radii; UHECRSs from intermediate; gamma-rays from all radii
A The observed light curve indicates UHECR disintegration and neutrino production
A Engine behavior can (partially) decouple the UHECR acceleration/escape and neutrino production

A UHECR fit in principle still viable depending on the engine behavior ....
é b stochasticity of the engine/light curve limited by, @

A Neutrino flux likely testable in IceCube-Gen2
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L. . .and air-shower

900

850 1

(Xmax) [g cm™2]

650 T —— EPOS-LHC ~ «eeee QGSjet Il 04
-—- Sibyll 2.3
600 .
10° 1010

0(Xmax) [g cm™2]

DESY.

800 -

=
o

750 17,5 = e

Do

0_
20 A
| —— Epos-LHC ~ «-ev QGSjet Il 04
——- Sibyll 2.3
0 —— .
10° 1010 1011
E [GeV]

models

O(Xmax) — U(Xrﬁ\%x) [glcmz]

60
lH + 5°Fe
50 -
40 A
1H
30 -
20 - \
‘“He
10 -
—— Sibyll 2.3
0 - T 14\ e Epos.-LHC
Y i A —— QGSjet04-II

- 56Fe : —}— Auger ICRC 2017

—-20 20 40 60 80 100

(Xmax) — (XF2,) [g/cm?]

120



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

Neutrino fluxes: Engine comparison

Multi Collision model

Flux for fixed GRB
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Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys

One Zone model: UHECRs Partial

In source UHECR spectra disintegration —re
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Biehl, Boncioli, Fedynitch, Winter, Astron.Astrophys. 611 (2018)

One Zone model: Neutrinos oartial _
s , Vol Tenj) 3
Neutrino flux disintegration S S
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Ultra-efficient collision model
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Ultra-efficient vs. baseline

Particle production regions
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