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The Flux Above 107 Ev

1) SPECTRUM:

o J(>E)~1-(E/10" eV) 2 Km~2 - yr~! . 51!

o A Break ~ 5-10!8 eV:
{ Jo(E) x E73% (< 5-10"%eV)

Jxg(E) xc E~%5 (>5- 10188V)

2) COMPOSITION: ¢, XG
Heavy(Fe) Light(p)



The Flux Above 1017 eV

3) DIRECTIONAL:

e No evidence for anisotropy (disk),
or clustering

4) HIGHEST ENERGY EVENTS (> 10% &V):
Fly’s Eye: 34+1-10%° eV ; [ 2 160°,b = 10°
AGASA:1.7-26-102 eV ; [~ 130°, b2 —40°

lp— Fe, Nota~vy, v7]
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Flux Variations > 1020 eV

I. Inhomogeneities

Integral Flux Fraction

1 021

E [eV]

(Waxman 1995, ApJ 452, L1)
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Data versus Cosmological (GRB) Model

¢ Generation Rate & Spectrum:

E?dN/dE = 0.8 x 10*erg Mpc 3 yr—!

17 K
ol AGASA 'P\
1 ©  Fly’s Eye
A Yakutsk
1018 1019 1020

E [eV]

[Waxman 1995]
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Inhomogeneous IGM B Example
e IGM B formation < large scale structure:
3 Mpc structures of 107G field and 0.2 filling

fa-CtOI'; < 10_15 G “void” ﬁeld (Kulsrud et al. 96)
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Fig. 3.— Energy spectra for.a cortinuous source (solid ‘line), and for a burst (dashed line). Both
spectra are normalized to a total of 50 particles detected. The parameters corresponding to the
continuous source case are: Ts = 10%yr, rjp0 = 1.3 x 10%yr, and the time of observation is
t =9 x 103 yr, relative to propagation with the speed of light. A low energy cutoff results at the
energy Es = 40EeV where 75, = t (see text). The dotted line shows how the spectrum would
continue if Ts < 104 yr. The case of a bursting source corresponds to a slice of the image in the
7g — E plane, as indicated in Figure 1 by dashed lines. ‘For both spectra, D = 30 Mpc, and v = 2.



SIGNATURES: I. BRIGHT SOURCES, E> 5 x 10!%eV

e Energy Dependent Distance Cutoff
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e CRITICAL ENERGY:

Above E, — One Source (on average)
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d Ny /dE (E?/10% eV) [m™2 s7!]

Monte-Carlo realization:

E.=14-10% eV
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(Miralda & Waxman 1996, ApJL in press)
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0. GRRCR : Summary
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H-’ak Enera\a V'¢: Motivation
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F16. 6—The best-fitting attcmpt to model numerically the 1991 June
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a2 K. Mansheism et al.: Beacons at (he gamms ray horizon
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Implications:

e 7 detection — Vacuum Oscillations (v, — v,)

E,
Am? > 107722 eV
100

e 1 sec v — v Arrival Time:
(i) W.EE.P.: At ~ %L ~ 10°% sec (Galaxy)
(ii) 1 — 2 = 107 "% Atyec/ D100
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