Ultrahigh Energy Neutrinos

Hallsie Reno

University of Iowa

work done in collaboration with I. Sarcevic, S.

Iyer Dutta

Neutrinos and Implications ... October 13, 2002



Ultrahigh Energy Neutrinos?”

e UHECR: if they contain nucleons and come
from extragalactic sources, then there will be

cosmogenic neutrinos from py — 77 n

e at lower energies, if photons come from
70 — ~~, then neutrinos come from

T S uv,, o vmeve = 2Ne = Ny

e given bi-maximal mixing of v, < v;,
NV& = NV!J - Nu"'

E, determines the detection method:

< E, <10 GeV: detection of upward muons
and showers. Attenuation of the flux in the Earth
1s important.

< E, 2 108 — 10° GeV: horizontal air showers,
radio detection

< intermediate energy — double bang: produce
tau and look for decay [Learned & Pakvasal;
tau-watch: use the Earth as a neutrino converter

[Fargion; Hou & Huang; Feng et al.]
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o(vN) is reasonably well known:

e HERA gives ep CC cross section at £ = 50
TeV

e Measurements (p, = zPn):

z~107% Q?~0.1 GeV? [HERA]
z~107% Q% ~ Mj- [DO]
Note, Y = QQ/ZA'{EU:' 5 == (EV - Ef)/Eu
For UHE v:

M2,
2ME,

I for UHE v

E, =10°% GeV = z ~ 1072
E, =10 GeV =z ~ 1078

e theoretical justification of
2q(z,Q = Mw) ~z™*, A~03forz <1
[Ellis, Kunszt & Levin]
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Modern zg(z,Q) ~z~*, A ~ 0.3 — 0.4 and
extrapolations by power law agree well with
DGLAP solutions

e Gliick, Kretzer and Reya [1999] using Gluck,
Reya and Vogt pdf [1998]

o Kwiecinski, Martin and Stasto use
BFKL-type evolution at small-z yielding
substantial agreement [1999]

> g3 responsible for
3 ‘L‘L scanka d:sfribuﬁbns



Unitarity constraints are not violated by UHE
v N cross section. See Reno, Sarcevic, Sterman.
Stratmann & Vogelsang [hep-ph/0110235]
response to Dicus, Kretzer, Repko & Schmidt
2001].

Gluon re combination 99 9 neg/l'gl‘éle-‘
Saturahon Scale [Golec-Biernat £
wWusthoff 1999; Levia 2001]

Qs“ ! &Va~[3’;'o-q]a

For VHE 0'(VN)I W."y Irttle Con‘/rfﬁu/);n
from satvratfion rejio_n.



Interaction Length
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E, < 10° GeV

e upward flux — attenuation in the Earth is

important.

e new physics: v, < V7,

— attenuation for v, different than for v,
since v, — 7 — v, [Halzen & Saltzberg]

— search for v, — 7 via v, pileup
— v, — 7 —EM/hadronic showers,
v; — v; NC events compared with v, —
and v; — 7 — p[DRS]
— enhancement of secondary v, from
v, — 7 — v, [Beacom Crotty Kolb, DRS]

e some possibility of new physics, e.g. black
holes in models with large extra dimensions
[Alvarez-Muniz et al.].



Transport Equations
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Note: Earth is not transparent to Vr

§ NC+decay
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[DRS, Becattini & Bottai]
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the secondary flux of v, (solid line)

12



Conclusions

e detection of v, — 7 may enhance signals of
neutrinos, diagnostics include shower to muon

ratios.

e at highest energies, assuming cosmogenic flux.
can test and limit nonstandard contributions
to the cross section, e.g.. black hole
production and decay.

e broader range of tests of nonstandard model
physics (supersymmetry, heavy X decay, etc.)
which contribute to the neutrino flux.
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Horizontal Air Showers

e L., >column depth of atmosphere so
neutrinos can penetrate deep into the
atmosphere

e The AGASA, Fly’s Eye lack of observed
enhancement of horizontal air shower events
limits a combination of o(¥N) and the
neutrino flux.

e Using cosmogenic neutrino flux — from the
scattering of protons off of the 3K microwave
background, producing pions which decay to
p + v, it is possible to set limits on
non-standard contributions to the cross
section.

e Popular extension of the standard model:
black hole production in models with large
extra dimensions.

e OWL has the possibility of detecting
cosmogenic flux wit1}4black hole production.



Ovbih'ng Wt'éc-Anole- L(ah‘f-Co"cc:f'brS ( OWL)
Extreme Universe Lpace Observatory (& USO)

: h= 640 km owl
,:!.k " (380 km Euso)

.




M p is Planck mass
M gy is black hole mass
4+n dimensions

rs is a Schwarzschild radius
re = 1 | Mpy (2777 T (3_"2'—) o
= Afp ﬂ.’[D 24 n

5(vji — BH) = nri(Mpy = V3)0(V5 — M2

o(vN — BH) Z / — dz 6527 (zs) fi(z, Q%)

Assume that all of the energy of the black hole
goes into the shower it produces.

eq., Feng 2 Sha.pere
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Mp =2 TeV. Also curves of Tyler, Olinto and
Sigl [TOS] and Anchordoqui, Feng, Goldberg and

Shapere [AFGS] (all energy b shower)
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