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Overview

• What are GZK neutrinos & why we care
• Techniques
• Cosmic evolution & model parameters
• Reasonable, Guaranteed? 
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UHE Production: Acceleration

AGASA, HiRes

1. Acceleration predictions depend on scenario – cou ld be “no ν’s”.

2. “GZK” neutrinos are guaranteed – a guide for exper iment design.

3. Still some model dependence.
4. Constraints from EGRET & UHECR
5. Eν ~ .05 Ep
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UHE production: top down

1. For “direct” production, Eν > Ep

2. #direct > #p
3. Constraints from EGRET
4. “GZK” there, but unimportant
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Typical summary of models

1.9
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GZK cosmic cascade codes

• propagation & dE/dx
– adiabatic (cosmic expansion)

– photonuclear:  γ+p → B+X (ESS use SOPHIA)
– pair production: γ+p → pe+e-

• source characteristics
– injection spectrum dN/dE ~ E -(1+γ)

– source cutoff Ec

– luminosity (ESS – normalize to UHECR, KKSS limit fro m EGRET)

– homogenous 

• cosmology
– integrate over red-shift

– source evolution: (1+z)m, zmax

– H0, Λ…



ARENA Workshop, Zeuthen, 17 May, 2005 (Seckel)

dE/dx (γ+p → B+X (SOPHIA))

Eν / Ep

Eν / Eem

More to life than the ∆-resonance
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ESS result for a “reasonable” model

• Model
– zmax = 1.9, flat to 2.7, rolloff

for z > 2.7.
– Log Ec = 21.5
– Norm. (19 < Log E cr < 21)

– Λ = 0.0, 0.7

• Flux “grazes” WB

• νµ ∼ 2νe

• n-decay for anti-νe
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Reasonable landmark – but…

• What are limits?

• Simple scaling with m, γ for matter dominated

Shift energy of yield
with epoch

Change magnitude of yield
with epoch

q = 1 + z
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Simple scaling of GZK

• Spectrum:  (Ep)-(1+γ)

• Evolution (1+z)m

• Matter dominated cosmology (1+z) -5/2

• Spacing ∆(ln q) = 1 dB

• Consider effects of zmax, Λ

• Shape of Y changes with γ
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Discussion: Degeneracy of UHECR models

a) Flat spectrum, 
evolution, galactic 
contribution

b) Steep spectrum, no 
evolution, no galaxy

DeMarco: Steep 
w/evolution is OK
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Neutrinos break degeneracy

a) Flat spectrum, 
evolution, galactic 
contribution

b) Steep spectrum, no 
evolution, no 
galaxy

c) Cutoffs, Lambda…
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Range of GZK possibilities
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Summary

• Wide range of models for UHE neutrino production

• GZK mechanism is consequence of UHECR 
observations

• GZK neutrinos are robust prediction, but still perhap s 
one order of magnitude uncertainty

• ESS flux may be considered as a “landmark”

• Observation of GZK neutrinos would be an important 
constraint on source models for UHECR 


