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Outline

Strongly-interacting cosmogenic neutrinos

UHECR proton and cosmogenic neutrino fluxes
Neutrino-nucleon interactions at ultrahigh energies
Investigation of “strongly-interacting neutrino” scenario

Constraints from non-observation of neutrino-induced
events

Prospects for Pierre Auger Observatory

Summary
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UHECR Proton and Cosmogenic
Neutrino Fluxes (I)

Assumptions:

Primaries all protons

Extra-galactic sources, isotropically distributed

Source emissivity:
L,(r,E;) =po(1+ 2)"O(2 — 2min) O(Zmax — 2) Jp, With

Injection Spetrum:
Jp(EZ) = J() E',&_v @(Emax — Ez), and

Frax = 3 x 102 eV, 211 = 0.012, zpax = 2
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UHECR Proton and Cosmogenic
Neutrino Fluxes (ll): (o, n)

Propagation:

ete™ pair production
Photo-pion production with CMB photons
Energy red-shift

OP,,(E;E r
F(E)=L [dE' [dr (— 2 )) L (r, E')

“Cosmogenic" neutrinos:
PUHECR T+ 7YCMB — Tn — ... — Ve +1,V...

P,,(E; E',r) = F,(E)
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Predictions of Cosmogenic Neutrino
Fluxes vs. Experimental Upper Limits
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Spectrum Analysis (1): Neutrino
Contribution to CR Spectrum

Assume

E,+AFE,
NSR = [0 dEE(E) (Fy(E) + R{o,x(E)) F,(E))
with

_ oy N (E) X(0)

R(o,n(E))=1—¢ ™

for
0° < 0 <45° (AGASA) and 0° < 6 < 60° (HiRes).

Also: By, = E,

= (v,n,a,b,...) Fitin 10176 eV < F < 10% eV
N S~
F(E> OVN(E)
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Spectrum Analysis (ll): Constraints

(1)

Constraints: non-observation of

quasi-horizontal (# > 60°) air showers at AGASA

contained events in RICE

N < 3.5 (95%)

Xuno(0) = X (0) — 1300 g/cm?

Xuno(0) < 1700 g/cm?

Flux reduction

_Xul’l0<6) UVN(E) _Xobs(e) JVN(E)
= [dcosf2m cosfe mp 1—e mp
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Constraints (2): from RICE

N < 3.09 (95%)
0° < 6 < 90°

Vet (B) = w12 (E) 2(E),
z=1km

B o, N(E)x(0)

N = t;;— [dEdQF(E)o,n(E)Vig(E)e — ™
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Neutrino Interactions at Ultrahigh
Energies

Standard Model

Charged-current and neutral-current interactions
(parton densities extrapolated to low Bjorken x and large Q?)

Electroweak instanton-induced processes*

Beyond

Extra dimensions: graviton KK-states
Production of microscopic black holes, p-branes etc.

Lepto-quark ...
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Neutrino Interactions at Ultrahigh
Enegies*: EW Instanton
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Strongly-Interacting Neutrino
Scenario: Ansatze for o, n(F)

OyN = Osat O(s — 2m, Fiyy)

5'2']' — 5-sat@(<§ — ZmpEth) = OyN = Zz fdaj fz(xa :u) OA_’ij

Oy — In(FEy Et
logy, (Z68) = 4 [1 + tanh (ln((AE// E;)))}
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Constraints from AGASA and RICE
searches (ll)

goodness of fit + AGASA hor. + RICE cont.
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Constraints from AGASA and RICE
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Prospects for Pierre Auger

Observatory
UHECR spectrum
Neutrino detection:
SM neutrino event rates | FKRT flux PJ flux
Ve + Uy + Vs 0.09 0.25
v, 0.19-0.54 | 0.56 - 1.59

Comparison of quasi-horizontal shower rate with
Earth-skimming v, rate
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Summary

Investigate scenario strongly-interacting cosmogenic
neutrinos as post-GZK events

Flux estimation with (v, n), and step-function ansatze
for neutrino-nucleon total inelastic cross section

Radio-Cherenkov neutrino detector RICE put stringent
constraints

Pierre Auger Observatory: quasi-horizontal air
showers and Earth-skimming neutrinos
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