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1. Introduction

• Existing observatories for Extremely
High Energy Cosmic neutrinos pro-
vide sensible upper bounds on flux

• Upcoming decade: progressively lar-
ger detectors for EHECν’s

⇒ Huge event sample ≥ 1016 eV:

→ Astrophysics of cosmic rays

⇒ Large event sample ≥ 1017 eV:

→ Particle physics beyond LHC

⇒ Appreciable event sample ≥ 1021 eV:

→ Cosmology: detection of cosmic
neutrino background (CνB) via
absorption features in ν spectra
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• Further content:

2. EHECν’s as a diagnostic of astrophysical processes

3. EHECν’s and physics beyond the Standard Model

4. EHECν absorption on the CνB

5. Conclusions
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2. EHECν’s as a diagnostic of astrophysical processes

• Neutrinos (E <∼ 1021 eV) propagate
essentially without interaction bet-
ween source and Earth

⇒ Powerful probe of high energy astro-
physics ⇒ Neutrino telescopes!

• Paradigm for extragalactic source of
CR’s and Cν’s: Fermi engine
– p’s, confined by magnetic fields,

accelerate through repeated scat-
tering by plasma shock fronts

– production of π’s and n’s through
collisions of the trapped p’s with
ambient plasma produces γ’s, ν’s
and CR’s (n diffusion from source) [antares.in2p3.fr]
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• For optically thin sources (n leakage
model): CR′s⇔ ν′s [Waxman,Bahcall ’99]

• Quantitative analysis: [Ahlers et al. ’05]

– Assume that CR’s in 10[8.6,11] GeV
range originate from isotropically
distributed optically thin sources,
with simple power-law n injection
spectra [Berezinsky,..’02-’05; Abbasi,..[HiRes] ’04;...]

⇒ n emissivity at the sources
⇒ ν emissivity at the sources
⇒ ν flux at Earth:
∗ ν’s from pp→ np+π’s excluded

by AMANDA-B10
∗ ν’s from pγ → n + π’s still con-

sistent, but close to be measured

[Ahlers et al. ‘05]
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3. EHECν’s and physics beyond the Standard Model

• Cν’s with Eν >∼ 1017 eV probe νN

scattering at
√

sνN >∼ 14 TeV (LHC)

• Perturbative Standard Model (SM)
≈ under control (← HERA)

[Gandhi et al. ’98; Kwiecinski et al. ’98; ...]

⇒ Search for enhancements in σνN

beyond (perturbative) SM:

⋄ Electroweak sphaleron production
(non-perturbative B + L violating
processes)
⋄ Kaluza-Klein, black hole, p-brane

or string ball production in TeV
scale gravity models
⋄ . . .

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 13

3. EHECν’s and physics beyond the Standard Model

• Cν’s with Eν >∼ 1017 eV probe νN

scattering at
√

sνN >∼ 14 TeV (LHC)

• Perturbative Standard Model (SM)
≈ under control (← HERA)

[Gandhi et al. ’98; Kwiecinski et al. ’98; ...]

⇒ Search for enhancements in σνN

beyond (perturbative) SM:

⋄ Electroweak sphaleron production
(non-perturbative B + L violating
processes)
⋄ Kaluza-Klein, black hole, p-brane

or string ball production in TeV
scale gravity models
⋄ . . .

[Tu ‘04]

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 14

3. EHECν’s and physics beyond the Standard Model

• Cν’s with Eν >∼ 1017 eV probe νN

scattering at
√

sνN >∼ 14 TeV (LHC)

• Perturbative Standard Model (SM)
≈ under control (← HERA)

[Gandhi et al. ’98; Kwiecinski et al. ’98; ...]

⇒ Search for enhancements in σνN

beyond (perturbative) SM:

⋄ Electroweak sphaleron production
(non-perturbative B + L violating
processes)
⋄ Kaluza-Klein, black hole, p-brane

or string ball production in TeV
scale gravity models
⋄ . . .

[Fodor,Katz,AR,Tu ‘03; Han,Hooper ‘03]

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 15

3. EHECν’s and physics beyond the Standard Model

• Cν’s with Eν >∼ 1017 eV probe νN

scattering at
√

sνN >∼ 14 TeV (LHC)

• Perturbative Standard Model (SM)
≈ under control (← HERA)

[Gandhi et al. ’98; Kwiecinski et al. ’98; ...]

⇒ Search for enhancements in σνN

beyond (perturbative) SM:

⋄ Electroweak sphaleron production
(non-perturbative B + L violating
processes)

⋄ Kaluza-Klein, black hole, p-brane
or string ball production in TeV
scale gravity models
⋄ . . .

[AR,Tu ‘01; Tu ‘04]

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 16

“Model-independent” upper bounds on σνN

dN

dt
∝

∫
dEν Fν(Eν)σνN(Eν)

⇒ Non-observation of deeply-penetra-
ting particles, together with lower
bound on Fν ⇒ upper bound on
σνN

[Berezinsky,Smirnov ‘74; Morris,AR ‘94; Tyler,Olinto,Sigl ‘01;..]

• Recent quantitative analysis:
[Anchordoqui,Fodor,Katz,AR,Tu ‘04]

⋄ Best current limits from exploi-
tation of RICE search results

[Kravchenko et al. [RICE] ‘02,03]

⋄ Auger will improve these limits by
one order of magnitude [Anchordoqui,Fodor,Katz,AR,Tu ‘04]
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Strongly interacting neutrino scenarios

• Bounds exploiting searches for dee-
ply-penetrating particles applicable
as long as σνN <∼ (0.5÷ 1) mb

• For even higher cross sections, e.g.
via sphaleron or brane production:

⇒ Strongly interacting neutrino sce-
nario for the post-GZK events

[Berezinsky,Zatsepin ‘69]

• Quantitative analysis:
[Fodor,Katz,AR,Tu ‘03; Ahlers,AR,Tu in prep.]

– Very good fit to CR data
– Need steeply rising cross section,

otherwise clash with nonobservati-
on of deeply-penetrating particles
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4. EHECν absorption on the CνB

• How to detect the CνB?

• Unique: resonant annihilation of extremely
energetic cosmic neutrinos (EHECν)

E
res
ν =

m2
Z

2mν

≃ 4 × 1021

�

eV

mν

�

eV

with relic ν̄ into Z-bosons [Weiler ‘82]

3 Absorption dips in EHECν spectrum
[Weiler ‘82;...; Eberle,AR,Song,Weiler ‘04; ]

3 Emission features (Z-bursts):
[Fargion et al. ‘99; Weiler ‘99;...; Fodor,Katz,AR ‘01,‘02]

protons and photons with energies above
the predicted Greisen–Zatsepin–Kuzmin
(GZK) cutoff at EGZK ≃ 4× 1019 eV

[Greisen ‘66; Zatsepin,Kuzmin ‘66]
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Absorption spectroscopy: [Eberle,AR,Song,Weiler ‘04]

• Presently planned EHECν detectors appear
to be sensitive enough to lead us, within the
next decade, into an era of relic neutrino

absorption spectroscopy, provided

3 EHECν flux at resonant energies close
to current observational bounds

3 neutrino mass sufficiently large,
mν >∼ 0.1 eV

• In this case, the associated Z-bursts

likely to be seen as post-GZK events at
the planned cosmic ray detectors , with
significant rate enhancement from direction
of nearby Virgo cluster

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 27

Absorption spectroscopy: [Eberle,AR,Song,Weiler ‘04]

• Presently planned EHECν detectors appear
to be sensitive enough to lead us, within the
next decade, into an era of relic neutrino

absorption spectroscopy, provided

3 EHECν flux at resonant energies close
to current observational bounds

3 neutrino mass sufficiently large,
mν >∼ 0.1 eV

• In this case, the associated Z-bursts

likely to be seen as post-GZK events at
the planned cosmic ray detectors , with
significant rate enhancement from direction
of nearby Virgo cluster

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 28

Absorption spectroscopy: [Eberle,AR,Song,Weiler ‘04]

• Presently planned EHECν detectors appear
to be sensitive enough to lead us, within the
next decade, into an era of relic neutrino

absorption spectroscopy, provided

3 EHECν flux at resonant energies close
to current observational bounds

3 neutrino mass sufficiently large,
mν >∼ 0.1 eV

• In this case, the associated Z-bursts

likely to be seen as post-GZK events at
the planned cosmic ray detectors , with
significant rate enhancement from direction
of nearby Virgo cluster

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 29

Absorption spectroscopy: [Eberle,AR,Song,Weiler ‘04]

• Presently planned EHECν detectors appear
to be sensitive enough to lead us, within the
next decade, into an era of relic neutrino

absorption spectroscopy, provided

– EHECν flux at resonant energies close
to current observational bounds

– neutrino mass sufficiently large,
mν >∼ 0.1 eV

• In this case, the associated Z-bursts

likely to be seen as post-GZK events at
the planned cosmic ray detectors , with
significant rate enhancement from direction
of nearby Virgo cluster

A. Ringwald (DESY) ARENA Workshop, DESY, Zeuthen/D



– Extremely energetic cosmic neutrinos . . . particle physics and cosmology – 30

Absorption spectroscopy: [Eberle,AR,Song,Weiler ‘04]

• Presently planned EHECν detectors appear
to be sensitive enough to lead us, within the
next decade, into an era of relic neutrino

absorption spectroscopy, provided

– EHECν flux at resonant energies close
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– neutrino mass sufficiently large,
mν >∼ 0.1 eV

• In this case, the associated Z-bursts

likely to be seen as post-GZK events at
the planned cosmic ray detectors , with
significant rate enhancement from direction
of nearby Virgo cluster [AR,Weiler,Wong ‘05]
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5. Conclusions

• Astrophysics, particle physics and cosmology prospects of EHECν’s:

– Astrophysics:

∗ Neutrinos from extragalactic sources of UHECR should be detected
soon

– Beyond the Standard Model:

∗ Already now useful constraints on post-LHC enhancements in σνN

∗ Discovery within next decade needs large deviation from SM
– CνB absorption spectroscopy:

∗ Detection of dips within next decade needs EHECν flux >∼ cascade
limit and mν1

>∼ 0.1 eV

∗ If pre-2008 experiments do not see any EHECν flux in 1021÷23 eV
region ⇒ absorption dips won’t be observed within next 10÷ 20 y!

⇒ Next decade exciting!
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