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1. Introduction

Non-observation of quasi-horizontal air showers or
cascade events in ice at & EeV energies:

N ∝ t
∫

Eth

dE F (E)σνN (E)V (E)

upper limits on UHEC neutrino flux

upper bounds on inelastic neutrino cross section

Application (examples):

“Strongly-interacting neutrinos” as solution to GZK puzzle

Neutrino-nucleon scattering in extra dimensions
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2.1 UHE Neutrino Detectors

3 Ground arrays and fluorescence detectors: Fly’s Eye, AGASA,
Pierre Auger Observatory, ...
3 Under-ice neutrino telescopes: Amanda, RICE, IceCube, ...
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↪→ Quasi-horizontal air showers

↪→ Earth-skimming ντ ’s

↪→ Contained cascade events

↪→ µ and τ tracks
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2.2 UHEC Neutrino Fluxes and Limits

“Cosmogenic": pUHECR + γCMB → π+n→ ...→ νe + νµν̄µ...

- Cosmogenic neutrino fluxes (p)

(solid: FKRT; dashed: PJ)

- Cosmogenic neutrino flux (Fe)

- Fly’s Eye + AGASA, and RICE

- Auger sensitivity (all and ντ )
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2.3 Upper Bounds on νN total
Inelastic Cross Section

AGASA, RICE and prospects for Pierre Auger Observatory, at
95%CL

Demand N < observed, in each bin⇒ model-independent bounds

[Anchordoqui, Fodor, Katz, Ringwald, HT

’04]

RICE with FKRT flux (solid)

RICE with PJ flux (dashed with

square)

RICE with PJ flux, 〈y〉 = 0.5

PAO in 10 yrs

valid . 0.5− 1 mb
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2.4 Sensitivity of PAO to Anomalous
Neutrino Interactions

SM neutrino event rates FKRT flux PJ flux

νe + νµ + ντ 0.09 0.25

ντ 0.19 - 0.54 0.56 - 1.59

In 12 yrs reach 3.09 events

Comparison with Earth-skimming ντ ’s: since

NQH ∝ σνN but NES ∝ σ−1
νN

⇒ Auger in 12 yrs reaches the level of SM predictions!

Rencontres de Moriond, 12-19 March 2005 – p.6/11



Huitzu Tu (SDU)

3 UHE Cosmic Ray Puzzle: strongly
interacting neutrinos?

Obs.: AGASA observed UHECR events beyond the GZK cutoff
Mot.: Cosmogenic neutrino flux matches the UHECR spectrum

σ̂ = σ̂satΘ(ŝ− 2mpEth) ⇒∑
i

∫
dx fi(x, µ)

� 1σ � 2σ � 3σ

[Ahlers, Ringwald, HT ’05]
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4. Neutrino-Nucleon Interactions in
Extra Dimension Scenarios

Our world embedded in (4 + δ)-dim. spacetimes, models e.g.
ADD [Arkani-Hamed, Dimopoulos, Dvali ’98], RS1, RS2 [Randall, Sundrum ’99]

Trans-Planckian energy scattering:
√
s� M̃ ∼ O(1) TeV

quasi-elastic (eikonal approximation): large impact parameter

black hole production: b < r̃S
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4.1 Cross Sections and Event Rates

At large b:
small inelasticity: 〈y〉 ∼ 10−5

⇒ Total event rate ∼ 2 of SM

σ(y > y0) ≡
R 1
y0
dy dσ

dy

At small b:
black hole production: 〈y〉 ∼ 1

⇒ Total event rate ∼ 10 of SM

σ̂(ŝ) ≈ π r̃2
S(M̃BH =

√
ŝ) Θ(

√
ŝ− M̃D)
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4.2 Constraining ED models and
Discriminating Events from SM

Apply model-dependent bounds from search results of
AGASA (1 event with 1.72 background) and RICE (0 event
with 0 background)

Angular distributions?

Comparison with Earth-skimming tau neutrinos
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5. Summary

Upper bounds on the neutrino-nucleon total inelastic
cross section from AGASA and RICE

Prospects of the Pierre Auger Observatory: (Northern
and Southern sites together) will probe SM predictions
in 6 yrs

Applications on strongly interacting neutrino scenario

Neutrino-nucleon scattering in extra dimensions
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