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e Further content:

2. Sources and fluxes of super-GZK neutrinos
3. Fun with super-GZK neutrinos
4. Conclusions
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e Paradigm for astrophysical extra-
galactic source of protons and neu-

trinos: shock acceleration
Core of Galaxy NGC 426l

Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk
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e Paradigm for astrophysical extra-
galactic source of protons and neu-
trinos: shock acceleration
— p's, confined by magnetic fields,
accelerate through repeated scat-
tering by plasma shock fronts

— production of 7's and n's through
collisions of the trapped p's with
ambient plasma produces ~'s, v's

[Ahlers PhD in prep.]
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Top-down scenarios for super-GZK neutrinos

e Existence of superheavy particles
with 10'? GeV <myx <10'¢ GeV,

produced during and after inflation 10t g MyZO1lmy
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Top-down scenarios for super-GZK neutrinos

e Existence of superheavy particles

with 10'? GeV <mx <10'¢ GeV,
produced during and after inflation
through e.g.

— particle creation in time-varying
gravitational field

— decomposition of topological de-
fects, formed during preheating,
into their constituents

[Tkachev,Khlebnikov,Kofman,Linde ‘98]
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Top-down scenarios for super-GZK neutrinos

e Injection spectra: fragmentation
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Top-down scenarios for super-GZK neutrinos

e Injection spectra:
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mental initial distributions at e.g.

p=mg

A. Ringwald (DESY)

fragmentation
functions D;(z, 1), i = p,e,y, v, de-

18

300
100 £
30F
10

O ®
0.1;.1‘5
EA T

* (Vs = 91 GeV)
* (Vs =29 GeV) 8 3
* (Vs =10 GeV) { ]

L o K
Fm Ki(\/s=29 GeV)
A KF

l,i"l;-“
un et
n.\.a_.-,.. ]
) %%%&
% 5 ]

(Vs =91 GeV) o o

(\s = 10 GeV)

—
=]
T

e

i i
0.1 © pp(s=91GeV) %
- m pp(Vs=29GeV)

O'010.005

0.03F 2 pp(Vs=10GeV) fq-
5

0.01 0.02 005 01 02 0.

xpzp/pbeam
[Particle Data Group ‘04]
TAUP 2005, Zaragoza, Spain



— Super-GZK neutrinos — 19

Top-down scenarios for super-GZK neutrinos

e Injection spectra: fragmentation
functions D;(z, 1), i = p,e,y, v, de-
termined via

— Monte Carlo generators
— DGLAP evolution from experi-
mental initial distributions at e.g.

mUw=myztou=mx

xD(x)
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Top-down scenarios for super-GZK neutrinos

e Injection spectra: fragmentation
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Top-down scenarios for super-GZK neutrinos

e Injection spectra: fragmentation
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Top-down scenarios for super-GZK neutrinos

e Injection spectra: fragmentation
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Top-down scenarios for super-GZK neutrinos

e How natural?
— Superheavy dark matter: need
symmetry to prevent fast X decay
x gauge = X stable
x discrete = stable or quasi-stable

A. Ringwald (DESY)

23

TAUP 2005, Zaragoza, Spain



— Super-GZK neutrinos — 24

Top-down scenarios for super-GZK neutrinos

e How natural?
— Superheavy dark matter: need
symmetry to prevent fast X decay N
x gauge = X stable o Rep
x discrete = stable or quasi-stable | :
— Topological defects: generic pre-
diction of symmetry breaking (SB)
in GUT's, including fundamental
string theory, e.g.
* G — H x U(1) SB: monopoles
+ U(1) SB: ordinary or supercon- y
ducting strings
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Top-down scenarios for super-GZK neutrinos
NECKLACE

e How natural? M M
— Superheavy dark matter: need
symmetry to prevent fast X decay
x gauge = X stable
x discrete = stable or quasi-stable
— Topological defects: generic pre- v v
diction of symmetry breaking (SB) S NETWORK
in GUT's, including fundamental
string theory, e.g.
* G — H x U(1) SB: monopoles
+ U(1) SB: ordinary or supercon-
ducting strings
* G—-HxU(l) - HxZ, SB:
monopoles connected by strings
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3. Fun with super-GZK neutrinos

e Super-GZK v's in reach!

e Strong impact of measurement for

— particle physics

— cosmology
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3. Fun with super-GZK neutrinos

e Super-GZK v's in reach!

e Strong impact of measurement for

— particle physics

x GUT parameters, e.g. mx
x particle content of the desert,

e.g. SM vs. MSSM

— cosmology e e
=
(SUSY (hadronization)
+ U@ 2 U(1)
breaking)

[Barbot,Drees ‘02]
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3. Fun with super-GZK neutrinos
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3. Fun with super-GZK neutrinos

History of the Universe

e Super-GZK v's in reach!

e Strong impact of measurement for

— particle physics

x GUT parameters, e.g. mx

x particle content of the desert,
e.g. SM vs. MSSM

x vIN scattering at /s > LHC

— cosmology

x window on early phase transition

* Hubble expansion rate H(z2)

x existence of the big bang relic
neutrino background (CvB)

A. Ringwald (DESY)




Absorption of super-GZK neutrinos by the CvB

31

e At the resonance energies

2 Vv
Bres = 2 g 102 eV (e—>
2mu my

super-GZK neutrinos annihilate with
relic neutrinos into Z bosons
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Absorption of super-GZK neutrinos by the CvB

e At the resonance energies
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Absorption of super-GZK neutrinos by the CvB

33
e At the resonance energies
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Absorption of super-GZK neutrinos by the CvB

e At the resonance energies
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Absorption of super-GZK neutrinos by the CvB

e At the resonance energies

2 \Y%
E = M2 4 %102 eV (e_)
me my

super-GZK neutrinos annihilate with
relic neutrinos into Z bosons

= Absorption dips in super-GZK neu-
trino spectra
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Absorption of super-GZK neutrinos by the CvB

e At the resonance energies

2 \Y4
E = NZ 4 % 102 eV (e_)
Zm,/ my

super-GZK neutrinos annihilate with
relic neutrinos into Z bosons

= Absorption dips in super-GZK neu-
trino spectra

e Detectable within next decade if

- mx > 10 GeV
— super-GZK neutrino flux close to
current observational bounds

A. Ringwald (DESY)

E2 F [eV m™2 s~! sr-!]

36

IIIIm|| IIII|T||| IIIIm|| LILILL!

109
108

cascade. IiTh#

oooooo
ooooooo

ooooooo
.......

ooooooooooooo
ooooooooooooooo

107
108
10°

.
.
.
\“\
-

104 o : ‘
-, “mw” \ 2015
||||u||| ||||m|| ||||u||| ||||u||| ||||1'1i||"'|'i‘||u||| L1l

1017101810191020102110221023102410251026
E [eV]

103

[Eberle, AR, Weiler,Wong,in prep.]

TAUP 2005, Zaragoza, Spain



Absorption of super-GZK neutrinos by the CvB

e At the resonance energies
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Absorption of super-GZK neutrinos by the CvB

e At the resonance energies
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e Detectable within next decade if o

— myx >10'° GeV
— super-GZK neutrino flux close to
current observational bounds

e /-bursts as super-GZK recovery

A. Ringwald (DESY)

38

1 029
1 028
1 027
10%6
1 025
1 024
1023 =
1 022
1 021

1020
1019

3 x 0.15 eV M, = 10'® GeV
mod URB Zon = 0.03

- -4
ny <t

\

cod vl v vood ool 1ol

1021 1022
E [eV]

[Eberle, AR, Weiler,Wong,in prep.]

° I
| 1 1 11111

1 020

1 023

TAUP 2005, Zaragoza, Spain



— Super-GZK neutrinos —

4. Conclusions

e Exciting times for super-GZK neu-
trinos:

— many observatories under con-
struction
=- appreciable event samples

e Expect strong impact on

— astrophysics
— particle physics
— cosmology

A. Ringwald (DESY)
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