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FIG. 4. The attenuation length of proton, iron, and gamma-ray
primaries in the microwave, infrared, and radio background
radiations as a function of energy. Proton 1 is from Yoshida
and Teshima (1993) and proton 2 from Protheroe and Johnson
(1996). Results from Rachen and Biermann (1993) and Berez-
insky and Grigor'eva (1988) lie between protons 1 and 2. That
of iron is from Stecker and Salamon (1999). That of gamma
rays in the total low-energy photon background down to kHz
frequencies i1s shown by the dot-dashed curve from Bhatta-
charjee and Sigl (1998).
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Fermi Acceleration Mechanism

Stochastic energy gain in collisions with
plasma clouds
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UHECR Spectrum from X Decay

Galactic halo populated with X particles, mass My > 3x
10!! GeV, number density nx and lifetime ry > tg ~ 1010
yr. Injection spectra:

ny 1 dl(N = h -|_- ey

] 7Y = e i, . 4
> I:f ] ™ I"Iu,,- r” { 5]

Spherical halo radius Rhao. Differential flux from X de-
cay reaching the upper layers of the Earth atmosphere

1
JME) = —Rnaio®*(F). (46)
4
In terms of FFs
E3ME) = B23DM(z, M3). (47)
Commaon canstant 13 for the Galactic ﬂ'ux of baryons,

noutrinos and photons (excluding photon processing in
the Galactic low frequency radio background)

Total flux: “low" energy component plus X contribution
(assume boryons to be the observed UHECR):

3IE) = ;i + Be3D" v (x, M), (48)

0.2 + 0.05, (49)
(2.31 £ 0.16) x 10%* ev?m~2s~ 151!

x (6.3 x 10'8 ev)*?0*0 %

> 3

(50)



DGLAP Equations
Inclusive Decay Width dl [\ I + )2

1 dly _ — ['dz 1 dF,(u. 0’ My)| o
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where x = 2E,/Mx and z = E,/E..

Dokshitzer—Gribov-Lipatov-Altarelli-Parisi (DGLAP)
equations:
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— " e IJ’H l'. - 5 E If-?I H Ll E
ain a2 Zﬁ o Tw(z2 (")) © Dale '), (6)

1
A(z) ® B(z) = f ?A(:}B{E}. (9)

Splitting function branching a — b:
Pia(z, a,) = Pa(z) + O(c). (10)

Evolution parameter:

. A, (11)

2nb  al(p?)’
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Standard Model Equations

Two parton species: quarks g, k = 1,...ng and glu-
ons g, with ng the total number of flavours.

s
D‘l‘
n .

3

Dg,

D, + D;, (12)
Y D, (13)
k
D, - D3, (14)
D~ —Luq. (15)
ng

The non-singlet functions D, and Dg, obey the equa-

tions

8:D;
ﬂ.— D{'I._

FWE’“ o (15)
PI.!H 'E:I ﬂq.'l {1?)

while the evolution of the singlet function 11, Is coupled
to the evolution of the qluon function [) as

2nr P, D, )
P ) (n., A

= 0Dy oo B
il r,



Supecrsymmeltric Equations

Quarks g, squarks s, k = 1,...ng, gluons g and gluinos
A. SM linear combinations plus

D, = D.+Ds, (19)

D, = ) Dg (20)
k

n.. -__- n‘._ni.‘ (21)

Ds = D‘i-iﬂg. (22)
] “F

The non-singlet function D, and D,- evolve together,

as do Dg, and Ds,:
Fw Pa-: ‘Dq:
(H}_ P.,)'E(D,; , (23)

D,,
ﬂr( D.; )
D{J. —_ Pw P].q Duh )
ar(ﬂs.) - (Pqu Pa:)@(n& < 28
The singlet functions for quarks and squarks, [}, and

{)., are coupled to the gluon and gluino functions, /),
and [}, a5

1, Py gl Po 2npF), D,

A D Vsl B Baa Bw Ba ol P
i I » - P 2neFy FPa 2npP;, .
Dy P P Fa i [y

(25)



DGLAP: Initial Conditions and Evolution Steps

Start evolution at the energy scale M;. Evolve baryon
p<+ n, photon + and neutrino v, 4+ v, + v, fragmentation
functions (FF) to the superheavy mass scale My.

e Baryons, Use LEP data. HERWIG overproduces
baryons at high .

e Pholons, Use LEP data. HERWIG fits well the
data.

e MNeutrinos. No data available. HERWIG fits well
meson data. Neutrinos mainly stem from =¥ and K
decay = use HERWIG output.

Assume flavour universality in the decay of X = evolve
only quark and squark singlets, gluon and gluino.

e In the SM evolve FFs from \/, to \/, using the q.g
coupled equations Iin the whole energy range.

e In a SUSY model evolve FFs from \/. to /.
using the SM equations. Mgy is the SUSY break-
ing scale. All spartons taken to be degenerate with
a common rnas'a Msysy. Then take D,(x, Mﬂrs,,-}
and B_.,(: M2, ) obtained with SM evolution, set
D,(z, MZyqy) = n and Dy(x, M7, 4y) = 0 and evolve
them to the final scale \/ usinq the SUSY equa-
tions, coupled g, g. s. A\ equations.
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Fit te UHECR data with
halo DM decay spectvum
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Er.?f.rima-nhl bounds on the T/p vetio in UHELR
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A high enevgy flax of neutralnes (LSP)

is olso predicted ... B, ok i kachelreif 48
Bavbot & Dvees ‘02
Tbavra k Toldva 02
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Bavbot, Dwvees, Halzen, Hooper
(hep-ph/o2067133)

— can be detected 5# EUSO JOowL
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Conclus:'ons

e

Uftu-hx,h enevgy Cosmic rays may
aYiseé ffﬂrﬂ de :Ar.i n’l -v.!'Oﬂ eV mass
relie Pn-rf:‘r.a‘l.l‘ A clusteved as halo olavk matter

The model makes yobust P'rcct'.:c.\‘:mns

far the tne.rgar .Slpzd‘mm qm*_n.njsa{'ropj

50 15 Jtafsr'lﬁrahfa 'l-"j ﬂn?cinf?./fovﬂcoming_
E*Apé-fa’m&l"fi ( lu?t-r , EUSO, TeeCube ---)
1f true , this will be the First diveet
Sn‘ﬂ.nn'l'.'.url. t}f ‘pl,?s:c_s well L-e;nni the
electroweak scale ---



