High Energy Neutrinos from Gamma-Ray Bursts

Annika Rudolph
KM3NeT Town Hall Meeting
21.09.2022, Catania

CARISBERG FOUNDATION




Outline

General GRB picture & current neutrino limits

Prompt emission models

Diffuse flux constraints: Fit to UHECR data

Single event constraints: energetic events & GRB170817A

Beyond typical candidates: Low-luminosity GRBs & multi-epoch emission
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Gamma-Ray Bursts

Examples of observed light curves
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Gamma-Ray Bursts
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Neutrino flux dependence on parameters

Neutrinos from photo-hadronic interactions:
production rate scales with number density
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Neutrino flux dependence on parameters

Neutrinos from photo-hadronic interactions:
production rate scales with number density
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Typical radii

Photospheric 10— 1012 cm
Internal Shocks 1013 - 101 cm
Magnetic reconnection (ICMART) 101> cm

Small radii -> large densities -> many neutrinos




Neutrino flux dependence on parameters

Neutrinos from photo-hadronic interactions:
production rate scales with number density

/ N N depends on energy transferred to cosmic rays,
n = scales with:
2 .
A RZAT (1) Total energy budget U energy density of
(2) 'baryonicloading': f __ P accelerated cosmic rays
p =

Ue energy density of
accelerated electrons
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Neutrino flux dependence on parameters

Neutrinos from photo-hadronic interactions:
production rate scales with number density

/ N N depends on energy transferred to cosmic rays,
n = scales with:
4 RQAF (1) Total energy budget energy density of

accelerated cosmic rays

(2) 'baryonicloading': f, =

p .
energy density of

accelerated electrons
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Neutrino flux dependence on parameters

Model dependance of neutrino fluxes
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Internal shock models

One-zone models:

itted il = fferent particle species
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Diffuse neutrino flux: Fit to UHECR data

No variability (small emission radii)
Medium variability (intermediate radii)
High variability (large radii)

range from 30 region

e Methods: 1077
- Multi-zone internal shock model with
different initial jet configurations 107° ecube CRE o
- Fit to UHECR data (energy spectrum + oo (1172 bursts)

composition)
* Results:
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Hadronic signatures in energetic GRBs

ToyGRB @ z =2 (no EBL)
Simulated Spectral Energy Distribution
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Hadronic signatures in energetic GRBs

ToyGRB @ z =2 (no EBL)
Simulated Spectral Energy Distribution

<

GBM LAT AR et al, in prep
rIT 103
* Large emitted energy: single event g 104
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Direct signature:
Indirect signature: Decay of neutral pions
Secondary lepton Absorbed during
cascade propagation
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Hadronic signhatures

* Large emitted energy: single event
neutrino constraints!
GRB 1606258B Fraija et al ApJ 848
(2017)
GRB 130427A Gaoetal ApJL 772
(2013)

* Some seen in HE by Fermi-LAT
-> hadronic component?/multi-
messenger?
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In energetic GRBs

ToyGRB @ z =2 (no EBL)
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Hadronic signatures in energetic GRBs

* Large emitted energy: single event
neutrino constraints!
GRB 1606258B Fraija et al ApJ 848
(2017)
GRB 130427A Gaoetal ApJL 772
(2013)

* Some seen in HE by Fermi-LAT
-> hadronic component?/multi-
messenger?

HE neutrinos from GRBs | KM3NeT Town Hall Meeting | Annika Rudolph | 21.09.2022

ToyGRB @ z =2 (no EBL)
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High-Energy Neutrinos from GRB 170817A7?

a 500 s time window b 14 day time window
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Low-Luminosity GRBs

L., ~ 106 —-10%erg/s Rate of different GRB populations

* Sources of UHECR (and HE neutrinos)? (Boncioli et 10° L
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Modeling an Ultra-Long LL - GRB

GRB similarto detected event, z = 0.059
Self-consistent photon and neutrino spectrum
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Simple afterglow: detection unlikely? eg. Thomas et al PRD 96 (2017)
Alternatives: Flares (X-Ray / optical eg Murase& Nagataki PRL 97(2007),
Guarini et al JCAP 06 (2022)), EE (-> GRB 170817A)

IceCube, extended time windows: arXiv 2205.11410
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Conclusions

e Current neutrino limits: strong constraints on the neutrino production efficiency in GRBs
* Predicted neutrino fluxes depend on density of emitting region
e Multi-zone models decouple production regions of different particle species

 Diffuse flux: UHECR fit still possible, neutrino fluxes testable by next generation
telescopes

* Single events, energetic GRBs: point-source neutrino constraints, multi-wavelength
signatures of hadrons

* BNS-mergers as MM sources: various neutrino production sites
* Low-luminosity GRBs: potential sources of UHECRs and HE neutrinos + targets for IACTs

* Extending the time window: precursor to afterglow
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