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Indirect detection of a light Higgsino motivated by collider data
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Kane and Wells recently argued that collider data point to a Higgsino-like lightest supersymmetric partner
which would explain the dark matter in our Galactic halo. They discuss direct detection of such dark-matter
particles in laboratory detectors. Here, we argue that such a particle, if it is indeed the dark matter, might
alternatively be accessible in experiments which search for energetic neutrinos from dark-matter annihilation in
the Sun. We provide accurate analytic estimates for the rates which take into account all relevant physical
effects. Currently, the predicted signal falls roughly one to three orders of magnitude below experimental
bounds, depending on the mass and coupling of the particle; however, detectors such as MACRO, super-
Kamiokande, and AMANDA will continue to take data and should be able to rule out or confirm an interesting
portion of the possible mass range for such a dark-matter particle within the next five years.
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PACS numbgs): 95.35:+d, 14.80.Ly, 95.55.Vj

. INTRODUCTION where tarB is the ratio of Higgs vacuum expectation values.
The dark-matter phenomenology can therefore be param-
Recently, Kane and WellXW) proposed a Higgsino-like - etrized simply by the LSP mass, and cosB. In order for
supersymmetri¢SUSY) particle as a cold-dark-matter can- e Sysy explanation of the CD&eyy+ E event to work,
didate[1]. This proposal was motivatd@] by a supersym- ihe |SP mass should be in the range 30 GaW,
metric interpretat?on of the Collider Detector at Fermilab _gg GeV, and the radiative decay of the second-to-lightest
(CDF) Collaborationeeyy+ Er eve?t E3] apd/or the re-  hoytralino requires tg<2 [2]. The model is consistent with
portedZ—bb excess at the CERN e~ collider LEP. In = qnqraints to thez® invisible width [4] if tang is further
_gen_eral, the lightest SUSY partlcQESP} is stable(if R Par- — restricted to be even closer to unity or, equivalently, @s2
ity is conserve] and the other(heaviey SUSY partlgles closer to zero. The cosmological abundance of the LSP is
eventually decay to the LSP. KW suggest the following ex'inversely proportional to its annihilation cross section. In this

; =+ + = - _

planation of the C[.)F ?‘Ve”E (—>e_X2)e (—e X?)’ fol model, annihilation occurs predominantly through an

lowed by the photinolike second-lightest neutraligg de- o o 70 exchange, and so the annihilation cross section
ing radiatively into the ligh neutralifand L > ) ’

caying radiatively into the lightest neutraliriand LSH x is proportional to co®B and depends also on the mass. In

and a photon[Note that for this interpretation to work, the h ) ¢ _ died pri
gaugino mass parameters must satisfy~M, rather than the regime of supersymmetric parameter space studied prior

the gauge unification conditioM = (5/3)tart6y,M,.] At to tht_a work of Kane and WeI_Is, Higgsinos were not fou.nq to
present there has been only one such event, so that it R Viable dark-matter candidates because they annihilated
premature to claim discovery of supersymmetry. However!o0 efficiently in the early Universe to retain a relic density
the evidence is certainly intriguing. It is therefore interesting®’ any significance. Here, on the other hand, the smaller
to investigate the feasibility of discovering this particular Values of ta for this candidate lead to a smaller annihila-
dark-matter candidate with existing and forthcoming detection cross section and hence to a cosmologically interesting
tors. The hope is to either rule out this candidate or to detedf!ic abundancenote that there is also no coannihilation
it very soon. The payoff, namely, the discovery of supersymWith charginos in this case since the Higgsinos are much
metry and of the dark matter, would be enormous. lighter than the charginosThe requirement tha@),h®<1
The proposed dark-matter candidate is Higgsino like: ~ (Which derives from a conservative lower limit of 10 Gyr
_ _ _ to the age of the Univergeiixes co$28=0.002. Finally,
x~SinBH§+ cogBH+ 6Z, (1)  although the CDF event does not require it, the-bb
. . . anomaly favors a value ofm,=<40 GeV. The range of
with §<0.1. In the models they consider, the LSP interac-models considered by KW which satisfy these cons-
tions with light fermionsf are due primarily t&Z° exchange  traints is shown in their Fig. 1. The parameter space is
and are therefore approximated well by &ff low-energy restricted primarily by their favored range for the relic
effective Lagrangian with a coupling proportional to ¢6s2 abundance OﬁQXhst.S and by the Z° invisible
width. This leaves an irregularly shaped region of favored
parameter space which spans roughly the mass range
*Electronic address: freese@mich.physics.Isa.umich.edu 30 GeV=m, =40 GeV and 1.05tang=<1.4 or, equiva-
TElectronic address: kamion@phys.columbia.edu lently, 0.002500522,850.11.
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KW studied the prospects for direct detect{@j of these and 1.7 GeV for Kamiokande, and roughly 1 GeV for Bak-
particles in laboratory dark-matter detectors and found thensan. At present, IMB and Kamiokande constrain the flux of
promising for next-generation detect¢6. In this paper, we energetic neutrinos from the Sun with energie GeV to
point out that for the Higgsino-like particle they consider, be
searches for energetic neutrinos from LSP annihilation in the
Sun[7] may be an equally or more promising avenue toward Fge=2.1X102 m 2yr 1, 2
detection. The point is that the Higgsinos they consider have

primarily axial-vector(rather than scalgrcouplings to nu- In addition to the muon neutrinos, there is a comparable flux

clei, and so they couple to the sgirather than the magsf . S M
) X . . S ._of electron neutrinos produced by the Higgsino annihilation.
a nucleus. The isotopic fraction of terrestrial nuclei with spin . : . )
For the relatively low energies considered here, the effi-

is generally small. On the other hand, about 75% of the mass. ; :
; S . Ciency for detection of electron neutrinos may be comparable
of the Sun is composed of nuclei with spine., protons

: . . . . __to that described above for muon neutrinos. Thus the sensi-
Although detection of weakly interacting massive particles,. . . . o S
tivity to energetic neutrinos from Higgsino annihilation

(WIMP's) with scalar interactions is probably more promis- could be improved if one takes both channels into account.

ing with laboratory detectors, detection of WIMP's with In this paper we focus on limits on the Higgsino particle that

axial-vector interactions is generally more promising with . o .
; s - can be obtained from considering the production of muons
astrophysical-neutrino detectdi8—10]. For example, Dirac . L .
only. Note that the Earth is composed primarily of spinless

neutrinos, which have scalarlike interactions, are Current%uclei and so axially counled WIMP’s will not be cantured
ruled out as the Galactic dark matter over most of the plau- ' y P b '

sible mass range by direct-detection experiméats. On and we expect no energetic-neutrino signal from the Earth

the other hand, Majorana neutrinos, which have axial-vectofrOr this dark-matter candidate.
» Ve ! Calculation of the predicted flux of neutrino-induced

interactions, are ruled out over a large mass range by null

. o ; muons is straightforward but lengthy. It must take into ac-
searches at Kamiokandd2], but are quite inaccessible to count the complete capture-rate calculation, which includes
direct searche$10]. In fact, Rich and Tao found that the P P !

. ; .~ the elastic-scattering cross section and the proper kinematic
current bounds to the axial-vector WIMP-nucleon interaction . L
| . factors, and the time scale for equilibration between capture

strength from energetic-neutrino searches were roughly three I . :
) L .~ and annihilation. The neutrinos will be produced by decays

orders of magnitude stronger than current limits from direct

searches for WIMP's with masses near 30-40 Ge In & 501 R 2oLt PR 6 CCh B st
this paper we consider both indirect and direct detection of_, P

the newly proposefil] Higgsino dark-matter candidate. ak_e into account the bran_chlng ratios for _ann|h|lat|on into
. . arious final states, hadronization and slowing of heavy had-
In Sec. I, we calculate the energetic-neutrino rates and

discuss the prospects for indirect detection. In Sec. 1lI Werons, the three-body fermion-decay kinematics, and slowing
review the prospects for direct detection. In Sec. IV, we dis—and absorption of neutrinos in the S{t0,20. If the LSP

. has only an axial-vector coupling to nuclei, the result for the
cuss the results and make some concluding remarks. y ah axia ping ' .
flux of neutrino-induced muongor a local halo density of

0.3 GeV cmi 2 and velocity dispersion of 270 km'$) can
Il. ENERGETIC-NEUTRINO RATES be writtert [Eq. (9.55 in Ref.[9]]

If these particles are indeed present with a halo density _ -4 -2 -1
p,~0.3 GeVcm 3, then some passing through the Sun Paer= (165107 m* yrHogdantt(to /7o)
would lose enough energy to be captured. They then sink to X(m, /GeV)S(m, /my)&(m,), 3
the core of the Sun, and there build up enough density to
start annihilating with each other. Among the annihilation\yhereq,, is the cross section for LSP-proton elastic scatter-
products are ordinary neutrinos which would be observablg,q que to axial-vector interactions in units of 18 cm?,
in various existing detectors here on Earth. The energies Cé(m)(/mp) (wherem, is the proton massis a kinematic

the neutrinos have a broad distribution centered roughly at §uppression factor, is the capture-annihilation equilibra-
third of the LSP mass. The detectors with data already takefg, time scale and,, is the age of the Sun, arg{m.) is a
! X

include Kamiokandg12], IMB [13], the Monopole, Astro-  aaqre of the second moment of the neutrino energy distri-
physics, and Cosmic Ray ObservatoMMACRO) [14],  tion. We now discuss each of these factors.

Frejus[15], Baksan[16], and those being deployed now in- , the models we are considering, the Higgsino-quark in-
clude the Antarctic Muon and Neutrino Detector Arfay (oraction is due primarily t@° exchange. The cross section

(AMANDA ) [17], NESTOR([18], and super-Kamiokande. tq scattering from a nucleus of mass, with an unpaired
The best technique for inferring the existence of these nelbroton is approximated bj]

trinos is as follows: Muon neutrinos interact in the rock out-

side of the detector, and give rise to upward-going muons e

wh|ch can be registered in the Qetec?(tNote that both muon oN= x N Gﬁcos’-Z,B[)\zJ(J+1)](Ad+As—Au)2;
neutrinos as well as muon antineutrinos are produced by the™ 7(m, +my)
annihilation; these give rise to upward-going muons and an- 4
timuons. Both have been included in all our calculations and

estimates, and we use the words “neutrinos” and “muons”

to refer to the sum of particles and antiparticiékhe muon- INote that there is a factor of¢(m,) missing and the
energy thresholds for IMB and MACRO are roughly 2 GeV tanh{s/7.) should be tanfft, /7o) in Eq. (9.55 in Ref.[9].
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for unpaired-neutron nuclei, switchd andAu (our Ad and  annihilation into 7 leptons 8,=1) and its smallest value
Au are switched relative to those in KWFor the LSP- (~0.034) for annihilation intd quarks 8,=1). If, as as-
proton elastic scattering cross section, we takg=m, (pro-  sumed by KW, annihilation occurs via the® and tam is

ton mas$ and the Lande factok2J(J+1)=3/4 in Eq.(4). near unity, therB,:occfmf2 [cf., Eq.(7)]. Therefore, Higgsi-
Here theAq's are the fraction of spin in the proton carried nos should annihilate primarily tb quarks, and so we will
by each quark. Using values from a recent compilationtake £(m,)=0.034. It should be kept in mind, however, that
[21] which give Ad+As—Au=1.24, the LSP-proton there will always be some nonzero annihilation branch into
elastic ~ scattering cross  section  evaluates  tor leptons, and in some models, if annihilation waand
040=340c028. Using Egs.(9.2)—(9.22 in Ref. [9], the  u-channel exchange of a stau is larger, it may be significant.
kinematic factorS(m, /my) falls in the range 0.5-0.6 for More generally, one can approximaiefor arbitrary annihi-
LSP masses between 30 and 40 GeV. Furthermore, thation branching ratios by noting that annihilation always

equilibration time scale is given H¥q. (9.8) in Ref.[9]] occurs almost entirely te leptons and andc quarks(since
1o 1o ” the other quarks are so much lighteFurthermore, the

t_®:33(<£ ( <UAU>> ( m, ) 5) value one would obtain forf for the case of annihi-

o st lem’s™t) |10 Gev lation predominantly intac quarks(i.e., if for some reason

_ B.=1) is quite close to the value one obtains for the most
where the capture rate j&q. (9.19 in Ref.[9]], likely case of annihilation predominantly to quarks(i.e.,
_ 5 1 1 when Bp=1), especially at low energies. Therefore, for
C=(1.3x10% s HoyeS(m, /mp)(m, /GeV) " (6) | sp's with masses near 35 GeV, and for arbitrary branch-

. I ing ratios to 7 leptons andb and ¢ quarks, we can write
Here,(oav) is the thermally averaged annihilation cross sec- 9 T ep q

. . . 2 . : £=0.11B .+ 0.034(1-B,). Therefore, by takind,=0, we
tion times relative velocity in the limiv—0 (e, the 7 using a conservative lower limit fgr and it could con-
s-wave contribution If the neutralino-quark interaction oc-

dominantly vig® h h 0 hilati ceivably be a factor of 3 larger.
g;’orzsp;icfc)i?r:r}zn y via® exchange, the —1 anniniiation Putting together all the factors, the detection rate is given

by
2
(opv)= GF‘;LSZZBE cm?, @) Fer=(2.71072m 2yr~1)(m,/35 GeV)
" f % o2 Ad+As—Au)2 398 +(1-B
co _— . -
where the sum is over the lepton andb andc quarks to A 1.24 [ a o]
which the Higgsinos annihilate predominantlyy; is the Sm./
fermion mass, ands is a color factor(3 for quarks and 1 for (m, /mp) tani[ 2600 m. /35 GeV) Y4cog2],
leptong. Equation (7) evaluates to({oav)=4.42x10"% 0.55 X

cm®s™ tcog2B. Inserting our expressions for the annihilation 9)
cross section and capture rate into E€), we get
to/70=2600(M,/35 GeV)'*cog2B. For co0$28=0.002 where we have included the dependence on the model pa-
and the Higgsino masses of interest,/7o=5, and so we rametersm, and coé2p, spin content of the proton, on the
may safely set tarft /7.) equal to unity. annihilation branch te- leptons, the kinematic factor, and the
Finally, there isé(m,), a measure of the second momentequilibration time scale, although as indicated above the de-
of the neutrino energy distribution. This depends on thependence on these last two factors will be very weak. Equa-
branching ratios for LSP-LSP annihilation into various anni-tion (9) is obtained assuming no muon energy thresholds
hilation channels. It is explicitly given by (i.e., all muons can be detecjedhis assumption is a good
approximation for detectors with thresholds near a few GeV
(e.g., MACRO, Kamiokande, and Bakgasince these ener-
g(mx):; Be[3.4%NZ)r (M) +2.08NZ)e 5tm,)], gies are negligible compared with the Higgsino mass. How-
(8) ever, for detectors with higher threshol@sg., AMANDA
and NESTOR, a good fraction of the signal may be below
where the sum is over all final states to which the LSP’s carthreshold.
annihilate, andBg is the branching ratio for annihilation to The relic density is inversely proportional to éag.
each channel, which can be calculated with Ef. The  Since the count rate scales as ¥@8, for a given mass the
<N22>F,i is the second moment of the energy distributionrate drops with increasin@)xhz. Furthermore, for a given
(scaled bymf() of neutrino typd from final state=. Analytic  relic abundance, the rate drops with increasing nisess Fig.
expressions fofNz%), which take into account hadroniza- 1 in KW for the dependence of tgnon mass and abun-
tion, stopping of heavy hadrons, the three-body decay kinedance) As an example, fof) h?=0.3, the predicted count
matics, and slowing and absorption of neutrinos as they passtes arel go~2.6x10 3 for m, =30 GeV andl'ge~ 1.1
through the Sun, are given in R¢R0], and these are accu- x10 2 for m,=35 GeV.
rate for the low-mass Higgsinos considered hg2g]. As In general, if, as is likely, annihilation occurs predomi-
indicated in Eq.(8), &£(m,) depends on the annihilation nantly tob quarks, then the predicted rates fall roughly one
branching ratios, and the range of possible values is indito three orders of magnitude below currently published limits
cated in Fig. 33 in Ref[9]. For LSP’s with masses in the for the cod2g range of interest, 0.082cos2,8=<0.11. How-
range 30—40 GeV¥ takes on its largest value<0.11) for  ever, the accumulated exposure of Baksan is greater than that
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of Kamiokande, and so even better sensitivitgsrhaps by a R=(1.2x10"° kg *day %)f;50%9
factor of 2 have probably already been achieved. Also, by 5
performing an analysis of the data which takes into account =0.0624c0&2 B[ \2J(J+1)/0.3]. (10)

the predicted angular and energy distribution of the neutrino-

induced muons, one should be able to improve the sensitivity his result agreegvell within the nuclear-physics uncertain-

with existing datd23]. More significantly, the MACRO Col- ties) with the results shown in Fig. 2 in KW, although our

laboration expects to reach a sensitivity a factor of 10 or s¢Umbers are slightly smaller. Equati¢h0) is obtained as-

better than current bounds within the next five years as iuming no thresholds. However, finite energy thresholds in

continues to take data. realistic experiments will cut out a significant fraction of
Future detectors such as super-Kamiokande, AMANDA events and lower the predicted detection rate accordingly.

and NESTOR may have exposures orders of magnitude Now consider, for illustration, the cryogenic dark matter

larger than current detectors. Whether they can improve Oﬁeﬁrcr}(CE:MS? exrﬁgmfgt[iﬂérwbh;ﬂ Vrv(l)llljr?(gsrte'rggti(\;vr:t?rom
current sensitivities to light Higgsinos will depend on the g ornalurai ge ' 9 )

thresholds of these detectors. These future detectors m%ﬁl?]ant? éng ;onlézgﬁg;gﬁlr(])élmeé% nct:om;:;?:nci} th?gﬁgf\:\ll)l/”

have much larger thresholds.g., 10-30 GeYso that the R,=1 kg Lday L. After a 1-yr exposuréE=365 kg day,

calculations described above would have to be redone. Alfhe 30 sensitivity of the experiment will be roughly

though the neutrino energy distribution is centered roughly at_, Ry/E=0.16 kg Lday !. They also plan to run a

a third the LSP mass, the probability of detecting a neutringg; experiment with roughly 0.5 kg of enrichedGe.
is proportional to the square qf the neutrino energy. ThereAssuming the same background-event rate, this would im-
fore, the upward-muon signal is due to a large extent to th‘f:)rove the sensitivity to scattering froni’Ge to 0.017

high-energy tail of the neutrino distribution. If so, there May g1 day~ when compared with the prediction abof.
still be a significant signal even for thresholds as high assq. (10)] for scattering in natural germanium.
10-30 GeV, depending on the model parameters. In addi- For 0.002<co£28<0.11, the predicted rate for Higgsino
tion, for larger thresholds, the annihilation channelrtpar- scattering in natural germanium is 0.0001—0.007
ticles via intermediate staus becomes important because thg~*day * (again, this is only slightly smaller than the re-
neutrinos produced via this channel are stiffer and hence caults shown in Fig. 2 of KW Therefore, even the most
pable of being above these larger thresholds. optimistic models(with the most optimistic nuclear-physics
and energy-threshold assumptiprseem to fall roughly a
factor of 2 below this forecasted CDMS sensitivity.

Ill. PROSPECTS FOR DIRECT DETECTION

Let us now briefly review the prospects for direct detec- IV. DISCUSSION
tion in a laboratory detector, th€Ge detector, for example The predicted rates for both direfEq. (10)] and in-
[1]. The rates are controlled by the cross section for Higgsin@jirect [Eq. (9)] detection of axially coupled WIMP’s are
elastic scattering from &Ge nucleus(Note that the scatter- proportional to the WIMP-nucleon coupling—in this case,
ing rate from the naturally abundant isotop®Ge is very co€24. For a given WIMP mass, we can therefore compare
small since this isotope has no spiithe cross section for the forecasted enrichefGe CDMS sensitivity with the cur-
scattering from a nucleus with an unpaired neutron, such agnt upward-muon limit. Doing so, we find that the en-
"*Ge, was given in Eq4) (with Ad andAu reversedl Inthe  riched-"3Ge sensitivity (0.017 kg * day %) will improve
single-particle shell model, the Lande factor fdGe evalu-  on the current limit to the upward-muon flux (2.£102
ates ton2J(J+1)=0.3. However, it should be kept in mind m~2yr~1) roughly by a factor of 4. When we compare this
that the odd-group model predicts a number 80% smaller angith the forecasted factor-of-10 improvement expected in
more detailed calculations suggest it may be[2%] to 40%  MACRO, it appears that the sensitivity of indirect-detection
[25] smaller than in the single-particle shell model. Using theexperiments looks favorable. Before drawing any conclu-
simplest(and most optimistic value, Eq.(4) evaluates to  sions, however, it should be noted that the sensitivity in de-
0%3=6.5x 10*cog24\2)(J+1)/0.3], in units of 10*°c?,  tectors with other nuclei with spin may be significantly bet-
for Higgsinos with masses 30—40 GeV. ter. We therefore conclude that the two schemes will be

In order of magnitude, the rate for scattering fréfGe is  competitive for detection of axially coupled WIMP's. Real-
R~ f730790v/(m,my) wherep is the local halo density; is istically, we must also emphasize that the forecasted sensi-
the halo velocity dispersion, anfg; is the isotopic fraction tivities of these current experiments will probe only the most
of *Ge in the sample. A careful calculation must include theoptimistic region of KW’s favored parameter space. It will
velocity distribution (and its yearly modulationof halo  require much larger low-background laboratory detectors or
dark-matter particles incident on the detector and the propeastrophysical-neutrino observatories to probe a good fraction
form-factor suppression for spin-dependent scattering fronof the interesting light-Higgsino models.
3Ge[24,25. For a Higgsino of mass 40 GeV, the event rate  We should reemphasize that our estimates for both direct-
(including all relevant physical effegtsfor scattering in  and indirect-detection rates may actually be conservative. If
3Ge may be obtained from the differential event rate forour halo is flattenedas halos of many spirals seem to) be
detection of an axially coupled WIMP plotted in Fig. 22 in then the local halo density could be twice as large. If the LSP
Ref. [9]. The result(averaged over the yearly modulatjon has a considerable annihilation branchrtteptons, the neu-
for scattering in natural germaniunfi£=0.078) is trino rates could be up to a factor of 3 larger. It should also
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be kept in mind that—although KW argued that they shouldthan ~10~8 s. Proving that this particle is in fact the dark
be small—the LSP-quark interaction will have some squarkmatter in the halo of our Galaxy would require that it be
exchange contributions in addition to t&#@ contributions.  detected either directly or indirectly due to its annihilation in
This will probably expand the viable parameter space. It alsghe Sun. Of course these techniques may be used to rule out
implies that there may realistically be additional contribu-the existence of the particle instead. In this paper, we have
tions to the axial-vector coupling to nuclei, and there may besuggested that the time scale for indirect detection may be
some scalar interaction. This could enhance rates for botRomparable to that for experimental verification or disproof

direct and indirect detection, although much more dramatiof the motivating event. _ ,
cally for direct detection. It would also result in a neutrino . To conclude, we have provided estimates of the rates for

signal from the center of the Earth indirect detection of Higgsino dark-matter candidates moti-
There are also uncertainties which might reduce the rategated by collider data. Our calculations take into account all

Variations within current experimental constraints in the Spinrelevant physical ?ff?CtS; th? accuracy of our estimates
ﬁpould be well within the irreducible astrophysics and

direct- and indirect-detection rates, perhaps dramaticalny[f.)"’lrt'cg'phys'cft unc%;tgmn:s mher(_ant in f‘% SUCE calcula-
The Lande factor is likely to be smaller than the value from lon. Dur resulis—obtaned assuming onlyza-exchange

the single-particle shell model which we used, and if so, thé:ontribution to the LSP-quark inte.rac_:tion—sug.gest that indi-
direct-detection rates will be lowered accordingly. TherereCt detection may provide a realistic alternative avenue to-

may be sizable errors in the form factor for spin-independeanard verification or falsification of this Higgsino dark-matter

scattering which would affect the direct rates. Finally, Wecandldate.
have assumed 100% direct-detection efficiency. However,
for the Higgsino mass range of interest, a significant fraction
of the recaoils could be below the detection threshold, and the We would like to thank D. Akerib, E. Diehl, R. Gaitskell,
sensitivity to an LSP passing through the detector would b&. Kane, C. Kolda, and G. Tarle for helpful discussions.
degraded accordingly. M.K. thanks the Theory Division at CERN for hospitality,
Within the next five years, detectors at LEP and Fermilaband M.K. and K.F. thank the Fermilab Theoretical Astro-
will be able to confirm or rule out theeyy+ E; event that  physics Centefwhere part of this work was completefbr
motivated this Higgsino dark-matter candidate. Much of thehospitality. This work was supported at Columbia by the
available parameter space for the SUSY interpretation will in.S. DOE under Contract No. DEFG02-92-ER 40699,
fact be tested within one year. If the SUSY interpretation ofNASA under Grant No. NAG5-3091, the Alfred P. Sloan
this event is indeed correct, then this Higgsino particle existsi-oundation, and at Michigan by Grant No. NSF-
but one still does not know how long it lives; the fact that it PHY9407194. Portions of this worlK.F.) were completed
escapes the detector only proves that its lifetime is longeat the Aspen Center for Physics.
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