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ABSTRACT wherel/, is the mass of the supersymmetric particle.

If dark matter neutral LSPs in the galactic halo decay into thC%nsﬂ%r an ellei)ctro-m(?gnetulz calorlm?ter W'ﬂ}s? s_urfagi area
body final states containing photons or neutrinos they could Ped Oduth m xth' t;]n ant ar];lgu araccep a;ncem rin Olrl tl)
detected even if the decay rates are very smalll0=32s~1. aroundhe earth, the rate ot gamma events per year witl be

| calculate mass and lifetime bounds from current astrophysi- 1 54

cal data on monochromatic photons and neutrinos and suggest Ny = 11-8 x 10 /7

that the poorly explored region between 10 GeV and 1 TeV be . S _ .
explored for signs of supersymmetry from space. wherer is the decay lifetime in seconds. Thus if we require

about 10 events in the 25 GeV peak then lifetimes of the order

. . . . of ~ 1032 sec could be reached.
In this note | describe a calculation of the possibility of detect- Currently there is only one experiment that could look at such
ing two body decays of very long lived lightest supersymmetéb%otons from outer space [4]. The EGRET experiment has ob-
particles (LSP or?). If the lifetime is long enough then thes served the diffuse spectrum of gamma rays up to 10 GeV. The

LSPs could form a significant component of the dark matter. fkt se background spectrum at 10 GeV has been determined to

; < 5. <0
is proposed that the two body decays — G, X1 = Gy paq(=8 oy —2g-1g-1GeV-L. This background flux has been

-0 -0 _ i i i . .
X1 = Jv, andy; — vy of the LSPs that form the local galac-, plained to be mainly from interactions of cosmic ray nucleons

g: ha(ljo could Ee dete(_:t.ed evedn |:]theMd§cay rates are.velry srr]n "galactic matter with significant components from electron
anc J are the gravitino and the Majoron, regpectwe y, t %tremsstrahlung, inverse Compton, and unresolved point sources
arise in some SUSY models. For example, the first two of the azars) [5]. The energy resolution of EGRET at 10 GeV is
decays have been suggested in the context of low energy g ut 1 GeV and the solid angle acceptance is approximately

mediatezlfthléSY breaking'gwmodels [131' though.with small ”f“_aﬁ.lfm str [6]. If we assume that a diffuse monochromatic flux
times. € decays to a Majoron and a neutrino or a neUtrIQtBout 10 times larger than the background at 10 GeV could be

anq a photo_n cc_)uld.take place in R-parity violating models thnsidered a signal for supersymmetric particles then EGRET
which the violation is very small [2]. Regardless of the thec?é sensitive to a flux of abotitx 108 cm-—2s L. Thus EGRET

retical prejudice, if LSPs do form majority of the dark mattef,es out long lived LSPs of up to 20 GeV with lifetimes less

it must be interesting to detect them and to probe their Iifetirrfﬁ- N~ 3 x 1028 5. Since LSPs up te-20 GeV are already ruled
at the same sensitivity as proton decay. Such experiments by LEP data [7] it is desirable to push the mass limit to

be important even if supersymmetry is detected at present or jher values. The background from unresolved point sources

tu_re colll_der_s because_ the megsured density in th(_a galactic ']ia} learly a function of the angular resolution and the size of the
will provide importantinformation about the early history Ofth%etector. A new larger detector (the GLAST experiment) with

universe. mé.lch better angular and energy resolution is being considered

bFor t5h(i)sc;:a\l;:ula(;iohn I V‘ﬂ" ?shsulme tlhhatlthe LS,P ha?LaSrSaSZSFE . This detector will also have acceptance to photons up to
about eVandthatallofthe localhalo consists o S 0 GeV. Such a detector will indeed be able to explore much

. ; 3
Igc.alt?alafctlc hslo has a dt:ansnx of ab@.ﬁ_g— O{Se}/{_‘gﬂ; of this physics. If a signal is detected then its variation across
[3]; therefore there are abopt = 6 x 107 cm™ 0 S the galactic plane could be measured.

around us. A.‘S these LSPs deca_y throggh two body decayﬁ/e will now consider terrestrial experiments to detect the
monochromatic gammas or neutrinos with energ®5 GeV

il It. The flux of th ic| h hwill b monochromatic neutrinos using upward going muons or ener-
will result. The flux of these particles on the earth will be getic electrons. The two largest neutrino detectors with the most

amount of data so far are Kamioka and IMB. Neither of these
detectors can measure the momentum of high energy muons that

where R is the radius of the local halo around the galasig/the pass through the detector, and so the best limits from these de-

effective lifetime of the two body decay, ands the attenuation tgc_:tprs come from_the electron data. We will consider the sen-
vity of the Kamioka detector only since the data above 10

length of photons through the galaxy. Since the galaxy is mos%\}'

transparent to these photons the formula simplifie&o This eV is published [9]. The Karniok.a dgtector has had a total
7 exposure of 8.2 kTon-yr including fiducial cuts, and the spec-

flux will be diffuse or uniform over all angles. | will assume .
R ~ 30 kpc or approximately 3 times the distance of the sutum of contained electrons has.6 evenFs between 10 GeV and

50 GeV. These events are consistent with background from at-
mospheric neutrinos. We will assume that a mono-energetic
50 GeV 5.5 x 102° cm 2 peak of events approximately 10 times the observed background

¢=( M, ) % T constitutes a signal (or about 10 events in the peak). Then us-

O~ P x A(1 — e B/Ay
T

from the galactic center. Then the flux can be written as
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ing the charged current neutrino (anti-neutrino) cross section of .
~0.7x 10738 E, cm?GeV ! (~ 0.3 x 10723 E; cm®>GeV 1)

we obtain the following lifetime limits independent of the mass
of the LSP:

8.

(%) = Xve) > 1.5 x 10%* 5 1)

(%) = X7) > 0.7 x 10** s

whereX is any light neutral particle. The Super-Kamioka de-
tector, which started operating recently [10], has approximately
5 times the mass of the Kamioka detector; it also has much bag.
ter energy resolution and particle identification, and so it should
be able to reach 10 times longer lifetimes.

It is interesting to note that there is a lack of data about both
neutrinos and photons of astronomical origins between 10 and
a few hundred GeV. Since supersymmetric particles are posthl—-
lated to have masses in this range, careful examination of both
neutrinos and photons of a few tens of GeV is quite important.
A cosmic ray muon detector to measure the momentum of up-
ward going muons could partially fill this gap [11]. As an exam-
ple consider a detector of size ab80tm x 30 m and an angular
acceptance of about/2 str. The detector would be composed
of an iron toroid magnet with a total momentum kick of about
1 GeV with tracking chambers to measure the muon bend. Wa-
ter Cherenkov detectors placed above and below the iron toroid
would detect the time and the direction of the muon. Such a
detector would have an effective fiducial mass greater than 50
KT for 20 GeV muon neutrinos. Although it would be difficult
to detect a mono-energetic peak with such a detector without
any knowledge of the event vertex, an excess of high energy
(> 10 GeV) muon events above the atmospheric neutrino back-
ground will clearly signal interesting physics.

| would like to thank John Womersley, Alfred Mann, Sid Ka-
hana, and Robert Harr for useful discussions.
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