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Cosmic Neutrino Model Cookbook

e High energy particle population

1. Heavy particles (Dark Matter,
Topological Defects)

. decay into hadron spectrum

2. Accelerated protons
. accelerator particle spectrum

- interactions with target

(a) matter (N, x N,)

(b) photons (N, o N,/N,)

e Normalize at other branches
— photons from point sources

— diffuse ~ or UHECR flux
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Sreekumar et al., 199_7
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Diffuse extragalactic gamma ray background
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Neutrino Bounds
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e ""Robust” bound by EGRB

. experimental upper limit may soon be lower!

e Cosmic ray bound stricter at UHE

— ... but dependent on many unknowns! |
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Bounds on extragalactic neutrinos
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cosmic Accelerators

VLLA -6 cm

Jets and hot spots in the radio galaxy Cygnus A

e Hot spots in FR-II radio galaxies
(like Cyg A) show electrons of

Lorentz factors ~ > 10°

e They can accelerate protons to
> 1040 eV.



Shock acceleration

Shock front

e Shock acceleration is 1st order
Fermi acceleration: every encounter
INncreases particle energy.

e Universal spectral index: s
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The M87 jet: internal shocks in an unsteady flow

e Internal shocks can occur deep
inside the flow (high compactness!)

e They are assumed to create also
Gamma Ray Bursts (Just smaller,
faster, brighter, ...) |
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Photomeson production

e Interactions of energetic protons
with (soft) ambient photons

e INnteraction efficiency.

— Depends on dominant cooling process



Transient neutrino sources

e Relativistic shocks: lifetime ~ size/c

— Variability: 7995 ~ R/(eD),
[D = Doppler factor

— Rapidly variable objects are the
most suitable neutrino sources

- Maximum neutrino energy can be
limited independent of model detaills
(Rachen & Mészaros, 1998, PRD)

Eyv.max ~ 109 eV
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Candidate Sources

1. TeV emitting blazars (AGN jets)

e« Motivation: TeV emission can be
explained by hadroniC procCesses

2. Gamma Ray Bursts

e Motivation: Have been suggested
as cosmic ray sources

Both source types are strongly variable
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Log vF(v) [erg em~2 s~}

e Beppo-SAX > keV synchrotron
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Log v(Hz)

spectrum too hard for primary
acceleration process

e Can be explained as second generation

of narrow band cascade
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Neutrinos and ~-rays

A\ narrow-band cascade
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e Neutrino and ~-ray production are
strictly related by 1so-symmetry

e Secondary particle cooling

(synchrotron, adiabatic) can modify
neutrino spectra

e Muon-synchrotron cooling:
observable ~-ray signature? @
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Muon induced (narrow) cascade (schematic)
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Diffuse AGN neutrino bound

VHE v-fluxes predicted from hadronic

AGN models are vet (!) consistent with
observational constraints
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Gamma Ray Bursts

. signatures of stellar black hole creation?
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Gamma Ray Burst lightcurve

e Duration of gamma emission.:
~ 1—30 seconds

e Most power in GRBSs 1S emitted In
~ 0.1s flares
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GRB 990123

“most energetic event since the big bang”
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e Observable with a binocular ... .
...but 10 billion light-years away
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T he fireball model

(Waxman&Bahcall) UHECR ?
protons UHECR v~ 10%V?

UHECR Vv~

v~10¢eV

GRB

electrons /l// M #

| 10-30 sec

10" eV

(Vietri)

[>>1

external shock
optical '
ash afterglow

10 min “weeks



GRB neutrino fluxes
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If GRB produce UHECR, neutrino flux
should be on level with WB bound!
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Non-acceleration scenarios
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TD models bound by EGRB, not by
UHECR — but predictions are
compatible with UHECR bound for
accelerator sources!
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Neutrino spectrum from blazar f!are‘ with
T = 10%s, obtained with SOPHIA



Log(E? (dN/dE) / GeV )

Neutrino spectrum from GRB flgre'with
T = 1s, obtained with SOPHIA
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Gamma Rays

Cosmic Rays
Other frequencies

-
C P(detecti_gn) enhanced . \

tau appearance
VHE e - Appearance

Neutrino Mixinc

High Energy

Time correlations 4 .
Cosmic Neutrinos

Energy limits

Transients

Active Galactic Nuclei
Gamma Ray Bursts
Superheavy Particles

Accelerators/Photohadronic
New Particle Physics
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