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e Observation of cosmic ray flux beyond GZK energies....

AGASA 5 Fly’s Eye ...
One of the greatest puzzles in physics to be solved--- -

e Many omcaf attroctive 30&@5\13?895 y e

o Top-down models

% _v_,..394._nm producing beyond GZK airshowers coming from

n_mho./?m of some mcvnﬂ_‘DQmm.ZO % vo%Tan S—

Tmportant 11
Decay Ufe time 4 masses of these particles--



More on *X' 197*\.5_@ m@n?\.--.:

o Decay Life time ¢ comporable to the present age of universe ..

e Masses of These T@D,:\ gﬁ&mlmm v Mgut
as dwﬁ oy be due to GuT m<33@#1v, ?..@95:@ n

e Density of ~x* v&&ﬁmm

e Distance ?.03 Our uniwverse .---
as 1_,._92,..8 om beyond GZK airshowers oave mainly protons - -
vﬁo*\oa have energy loss length o~ SO Mpc ot thee energies---



o Decays of supermassive X" particles.--.
o heed of a dynamics which governs The decays (cascades...)

5 >.Th.1 ﬁo_..w decay chains ¢ enrd _ann_c&\m b Y, v --- stable vDﬂQo_mm..

wvgﬁ_.d.. . mﬂvnﬂorm on *¥’ Tblun_m\ MOSS -- -
(technique ¢ well Known; QP ?ﬁm??go: functions: - - )

For SM ¢ Sovkar, Toldra Nud. Phys 8621

Supersy mmekbry driven “x” decoys ?
a well motivated extengion of sM  (do many important things---)

also provides a candidate, for cold dark matter 2 reutralino

A ratural end product with piv,” of *X’ decay is hus neuwtralino (%%)
Berezinsky, Kachelriess P L8 422

e Barbet ¢ Drees PLB 533



Detection of %°s in UHECR--- -

% & B m\_..llv q x° Berezinsky ¢ Kachelriess

PLB422 (1993
\ > Qﬁ resonance, .. . ( w
.To_,n nucleons . ..

simlor UKe VN-—VYX , v NC/DIS interaction--
.T?P..\ staute. hodrons have more energy - - ..

X

e More recestly inThe context of EUSO .- .. Anchordoqui, Goldberq , Nath
PRDF0O (2004)

production of ralhier heovy (1 Tev) q,_ [esonances .- - .
/w to mo& rid of V- backgrourd ...



Then what we want to do W

¢ Everl rate at 1CECULBE

In m..,nvﬂ:o,r ) xX° + € — m._.% 2V f > T
\VNQ.«J —> m.a.r_f — 1{Y T = _\Dﬂ\gﬂ
mt Y g(ed %) Br(E,d—5)
gn a Br (6,9 > ea+x?) Br(&.a-
But remember & Cpeax = mE \myF-mgzt

we sticl< to mSLGRA----
.mﬂmm...m‘rlo 2°te,q) is ngm._mmﬂpvf small 83?4& to m_fm.w

mﬂﬁmr — e %x°) v D..Eoim -~ Mass o.&&l:m of R \39#:3 Oﬁ 2P, -

Br(qg = 9%°) w1 m7<{mM3 (not avey unrenldstic choice---+)

So our estimate ,ovﬁ # o* ovents ore conservabive side - - -



Let us loolk ak some resulbs - .
o Feght of The PCQKS Qare '.291-2 onl\l imPortanjL qby-
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~$ One caveab concerning #° flux .-

no existing experimental bound on % flux -

Only existing bound on LHE-V flux ----

N
-ﬁ—_.l °'
”& 2 mxn_r.n—mh_ P.mm.»g,:)@ $ &4lvN) » O AXOZV
.m Lirits on %( i *Xo
3 -4
-
W, )494&\ ‘Tdvo that
5 v- flux (e-g. Drees) : Highly mode! dependent -
mu; f J .n@mv 1ighly medel dependen
-0 e.q9. assumes no relevant physics between My € tTeV

* %Ay, (E Gev)
.xo\ vV flux from Drees, Barbot

My = _0_~ GeV
We do ~ot m.mZnﬁT‘ fellow

mP*wo .o..o GeV et sec! &' qb.kv .' Drees %rcx
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e Number of events .---. N = N7 at %O; mmxvam B
2
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Backqrourds from W~ § 30(24) hadronic chammel §(4) in electronic channel.---
feemr VN (cesn) 7o (50) eventc By P 1077 @eV



E.,;(dN/dE, ;) /km®/yr

How the visible gpectra look Like - - .
bypical. two-bedy decay- - ..

xO.




Beyond GZK ¢ R possible V -burst ?

e Similar & 2-burst ¢
but x° vp — Y — visible _vnlun_n,m

Possible. hadronic decays of ¥
J— ext _,

L— qq x°

possible

e )\o
W= VK; hadrons

L q3x°

Possibly less energelic than hadrons from 2- decay - - -
(depends on masses of THe particles n wscade)



7-burst vis-a-vi V-burst - - .
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To summarise .-- -

p UHE neutralinos are natural end products of

m:vQ.Tgcx v?»&..o_m mmhﬂ,\ models 0% UVHECR vm.,\ozh
GZK - energies. - .

V We. have calculoted events rate. noq,vmmvo:&:m to
€z and mw ?.oo_cnw._ov ot resonance, from LHE-¥o
interaction in ::mnquﬂoznm v-detector like I1CECUBE

V m<njk>w g*@m ae mﬁ)D; unless The Mx.«:»mmmm
are. close to 1Reir 1‘99& expt. Umiks ...

L]

(only shadows of sosy ¥ )

V UHE-%X® can v,dm:nm. Y -resonances Q:Wﬂcﬁ&.:m
with relic-v--- o similar process Like Z-burst ..

v Aopi V-burst events are small S_svs.,nm to
N\«Sﬂww Lw_»o%inwsw Less m\vm,)@mHmD visible.
parbides on [he average. - - -



