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Superlight neutralino as a dark matter particle candidate
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We address the question of how light the lightest supersymmetric particle neutralino can be to be a reliable
cold dark matteCDM) particle candidate. To this end we perform a combined analysis of the parameter space
of the minimal supersymmetric standard mo@&ISSM) taking into account cosmological and accelerator
constraints including those from the radiatlve>sy decay. Appropriate grand unificatig@UT) scenarios are
considered. We find that the relaxation of gaugino mass unification is sufficient to obtain a phenomenologically
and cosmologically viable solution of the MSSM with a neutralino as light as 3 GeV. We find good prospects
for the direct detection of these superlight CDM neutralinos via elastic scattering off various nuclei in the
forthcoming experiments with low-threshold DM detectors. In a certain sense, these experiments can probe the
gaugino mass unification giving constraints on the possible GUT scenarios within the MSSM.
[S0556-282(197)05102-3

PACS numbgs): 95.35:+d, 14.60.St, 14.80.Ly

I. INTRODUCTION (x). Now the neutralino is the best known cold dark matter
(CDM) particle candidaté2].
The minimal supersymmetric standard modé5SM) [1] There is a well-known lower limit on the neutralino mass

is a leading candidate for a low energy theory consistent witm, =18.4 GeV[3,4]. This result is strongly connected to the
the grand unified theoryGUT) idea. The gauge coupling unification scenario with the universal gaugino masses
constants precisely measured at the CERNe™ collider  M;(My)=m,;, at the GUT scaleMy. The renormalization
LEP make unification in the standard mod&M) rather group evolution ofM;, starting with the samen,;, value,
problematic while in the MSSM it occurs naturally with an leads to tight correlation between the neutralmg; (with
excellent precision. i=1-4), charglnom)(12 and gluinomgz massegsee Sec. )l

The MSSM, suppliedh priori with a complete set of the As a result, direct and indirect SUSY searches at Fermilab
grand unification conditions, possesses a remarkable prediend at LEP[4,5] strongly disfavor the neutralinos lighter
tive power. The complete set of the GUT conditions includeghan 18.4 GeV within the universal gaugino mass scenario
gauge coupling constants unification as well as unification of4]. As discussed in the following, the nonuniversal gaugino
the “soft” supersymmetry{SUSY-) breaking parameters at mass scenario with nonequal gaugino masses at the GUT
the same GUT scalkl,~10'"° GeV. Instead of this ultimate scale allows essentially lighter neutralinos. In a certain sense,
GUT scenario one can consider less restrictive particuladirect searches for the “superlight” neutralinos in the mass
GUT scenarios relaxing some of the GUT conditions. Werangem, <18.4 GeV could be a test of the gaugino mass
have no firm theoretical arguments yet in favor of one ofunification.
these scenarios. Analyzing the prospects for discovering In the present paper we will consider the discovering po-
SUSY in various experiments it is more attractive to adopt dential of DM experiments searching for the superlight DM
phenomenological low-energy approach and disregard ceneutralinos via neutralino-nucleus elastic scattenng Since
tain GUT conditions. Following these arguments we will dis- the nuclear recoil energy in this collision &~ 10~ ° m,,a

cuss several GUT scenarios in the present paper. DM detector should have the low thresthE]1 ~few keV to
Another advantage of the MSSM is the prediction of abe sensitive to the DM neutralinos as lightrag~few GeV.
stable lightest supersymmetric particle SP)—neutralino There are several projects of DM experiments with low-

threshold detectors which are able to probe this mass region
[6]. Some of them are expected to run in the near future.

*Electronic address: bedny@nusun.jinr.ru These experiments will use either a new generation of cryo-
"Electronic address: klapdor@enull.mpi-hd.mpg.de genic calorimeter$7—9] or germanium detectors of special
*Electronic address: kovalen@nusun.jinr.ru configuration[10].
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We will argue that these experiments have good prospectscattering. In Sec. V we discuss the results of our numerical
for verification of the gaugino mass unification at the GUT analysis and Sec. VI contains the conclusion.
scale. The basic reason follows from the results of our analy-
sis of the MSSM parameter space within the nonuniversal II. MINIMAL SUPERSYMMETRIC STANDARD MODEL
gaugino mass unification scenarios. In these scenarios we The MSSM is completely specified by the standard U
have found superlight neutralinos with masses as small as 8 SU(2) X U(1) gauge couplings as well as by the low-energy
GeV which produce cosmologically viable relic density superpotential and “soft” SUSY-breaking ternj&]. The
0.025<(), <1 and a substantial total event r&te-1 event/ most general gauge-invariant form of th&-parity-
kg day of elastic scattering from nuclei in a DM detector. COnserving superpotential is

These value_s oR are within the expected sensitivity of the W=hEL‘E°Hleij +h QjDCHileij
above-mentioned low-threshold DM detectors. Therefore, . _ o
the superlight DM neutralinos appearing in the nonuniversal +hyQ'UCHye;; + uHiHLe; 1)

gaugino mass GUT scenarios can be observed with these

setups. Negative results of DM neutralino searches in th c c

mass region' 3 Ge¥m,<18.4 GeV would discriminate Ec((slzlljgaan% I(—|3iglgi/%os%m(-|3 (11 22/31)/2;eﬂo(nll_2(11/§) C]H/irzc');ﬂ

these scenarios. superfields with the S(3);xSU(2) xU(1)y assignment
The paper is organized as follows. In Sec. Il we specifygiven in parentheses. Yukawa coupling constémtg , are

the MSSM and give formulas used in the subsequent segnatrices in the generation space and nondiagonal in the gen-

tions. In Sec. Ill we summarize the experimental and cosmoeral case. For simplicity we suppressed generation indices.

logical inputs for our analysis. Section IV is devoted to cal-  In general, the “soft” SUSY-breaking terms are given by
culation of the event rate of the elastic neutralino-nucleug11]

€,=+1). The_following natation is used for the quark

1 N 2= 2= 2~ 2~ 2= ~i=cLi
5382_52 MA)\AM—ma1|H1|2—mﬁ2|H2|2_m5|Q|2_m5|DC|2_mG|UC|2_mf“-lz_mE|EC|2_(hEAEL]ECHI1€”

+hpApQIDH} € +hyAyQIUCHbe; + H.c) — (BuHiHbe; +H.c.). (2)

As usual,Miz‘Lare the masses of the 8)xU(2)xU(1) g’, g, andg, are the U1), SU?2), and SU3) gauge coupling
gauginosg, W, B andm; are the masses of scalar fieldg.,  constants.
AD , AU , andB are tr|||near and bilinear Coup“ngs The above GUT conditions put very stringent constraints
Observable quantities can be calculated in terms of th@n the weak scale particle spectrum and couplings. In this
gauge and the Yukawa coupling constants as well as the so¥€€enario the neutralino is heavier than 18.4 GeV, as men-
SUSY-breaking parameters and the Higgs mass parametertioned in the Introduction. Because of specific correlations
introduced in Eqs(1) and(2). between the MSSM parameters at the weak scale, stemming
Under the renormalization they depend on the energyfom Egs.(3)—(5), the detection rate of the DM neutralinos is
scaleQ according to the renormalization group equationsvery small, being typically beyond the realistic abilities of
(RGES. the present and future DM detectors.
It is a common practice to implement the GUT conditions However, at present we have no strong motivation to im-
at the GUT scaléy. It allows one to reduce the number of pose a complete set of the GUT conditions in Egs-(5) on
free parameters of the MSSM. A complete set of GUT conthe MSSM.

ditions is Therefore, in our analysis we use relaxed versions of the
above discussed GUT conditions and consider two scenarios
my(My)= my, (M x) =Mg(My) =mg(My) with the nonuniversal gaugino masséd;=M,#* M :

(a) with the universal
=mg(Mx)=mp(Mx)=mg, (©))
My, (Mx)=m7(My)=m,
Au(My) =Ap(Myx)=A (My)=Aq, _
and (b) nonuniversal
Mi(My)=mys, 4
(M0 = e @ My, (M) =My (My) #mg ®)
12
GUT scale scalar masses. Deviation from the GUT scale
universality of the mass parameters in the scalar sector was
) previously considered in Refg12] and[13].
o :$ 5) Accepting the GUT conditions, we end up with the fol-
S 4m lowing free MSSM parameters: the common gauge cou-

g
a(My)=agyr, Wwhere my=g7—, a=,—,
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pling agyr; the matrices of the Yukawa couplings?®, m2 ,=mZ +u?, mi=Bu. (8)

wherei=E,U,D; the soft supersymmetry-breaking param- ’ 12

etersmg, my;,, Ag, B, the Higgs field mixing parametgr,  They are running parametens(Q) with the Q-scale depen-

and an additional parameter of the Higgs seatgrbeing the  dence determined by the RGE. The one-loop potelrt#ial

mass of theCP-odd neutral Higgs boson. Since the massestself is Q independent up to, irrelevant for the symmetry

of the third generation are much larger than the masses of tHereaking, field-independent term depending @n At the

first two ones, we consider only the Yukawa coupling of theminimum of this potential the neutral components of the

third generation and drop the indicagh. Higgs field acquire nonzero vacuum expectation values
Additional constraints follow from the minimization con- (H1,2=v1 triggering the electroweak symmetry breaking

ditions of the scalar Higgs potential. Under these conditionsvith g?(v $+v 3)=2M &,

the bilinear couplingd can be replaced in the given list of ~ The minimization conditions read

free parameters by the ratio t@sv,/v, of the vacuum ex-

pectation values of the two Higgs doublets. 2mZ=2mj tan f— M3 cos 8234, 9
We calculate the weak-scale parameters in Efjsand 5 5 5
(2) in terms of the above-listed free parameters on the basis 2m3=2mj3 cot B+ M7 cos B—23,, (10
gf ;V(\jloig([)fz% RGE'’s following the iteration algorithm devel- where S, = dAV/ayy , with gy = ReH‘iz, are the one-loop
P ' correctiong 15]

The Higgs potentiaV including the one-loop corrections
AV can be written as

1 1 om? m?
Si=— o X (—1)PN(2341) — — m?(ln ——1].
V(HE,HO) = m2|HY?+ m2|H3J2— m2(HOHI+ H.c) 327" % Y Q
2 12 (11)
+ 9 -;g (|H(1)|2—|Hg|2)2+AV, As a remnant of two Higgs doubletd, , after the elec-

troweak symmetry breaking there occur five physical Higgs
particles: aCP-odd neutral Higgs bosoA, CP-even neu-
mi2 3 tral Higgs bosond#d,h, and a pair of charged Higgs bosons
In Q? 2| H*. Their massesn,, m, 4, My= can be calculated includ-
(7) ing all one-loop corrections as second derivatives of the
Higgs potential in Eq(7) with respect to the corresponding
where the sum is taken over all possible particles with thdields evaluated at the minimufi6,17.
spinJ; and with the color degrees of freedd®y. The mass _The _neutralino mass matrix written in the basis
parameters of the potential are introduced in the usual way a8, W3 H?,H9) has the form

1
with AV=W2i (—1)%i(23,+1)C;m?

M 0 —Mj, cosB sinfdy Mz sin B sinby,
_ 0 M, Mz cosB cosyy —My3z sin B coshy 12
M= —My cosB sinfy, My cosB coshy 0 —u (12)
Mz sin B8 siny, —M sin B8 coHy —u 0
|
The universal gaugino mass unification scenarios with thevith the mass matrix
GUT condition in Eqg.(4) imply the relation

Mi=3 tarf 6yM,. (13 B M, v2My, sin 8 16
Mz== v2ZM,y cos 3 “w : (16

Diagonalizing the mass matrix by virtue of the orthogonal
matrix A’ one can obtain four physical neutralingswith the

field content which can be diagonalized by the transformation
Xi=NiB+ANWA+ NGHHAGHS (19

_ . . , X =UW +U,H,
and with massesn,, being eigenvalues of the mass matrix

(12). We denote the lightest neutraling by x. In our analy-

sis x is the lightest SUSY particleLSP). Y =V, W +V,H", (17)
The chargino mass term is

A+

W with U*M;rVT:diag(l\/l;lr,M;zt), where the chargino
HZ

masses are

+H.c. (15)

(\TV‘,ﬁI)M;+(
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M% =1 [M2+ u24+ 2M2F J(M2— 12)2+ 4AMY, cof 28+ 4MZ(M3+ w2+ 2M,u sin 26)].

1,2
It is seen from Eqgs(12) and(16) that in the universal gaugino mass scenarios, leading to relét®nthe neutralino and
chargino sectors of the MSSM are strongly correlated since they are described by the same set of three pslrapadsers.
Relaxing condition(13) we get one independent parameter in the neutralino sédtpr)n this case, taking place within the
nonuniversal gaugino mass GUT scenarios, the neutralino mass can be appreciably smaller than 18.4 GeV. The latter is the
lower neutralino mass bound following from the experimental data in_the _case of the universal gaugino mass.

The mass matrices for the three-generation sfermipbs and7 in the f, — f basis are

e mg+m+§ (4MG,—M2)cos 28 i M(A— u cot B) )

t my(A¢— u cot B) mG+mt2_ 2 (M&—M3)cos B/’
M = mé+m§—%(2M\2N+M§)cosze , My(Ap— u tan B)

’ My(Ap— 4 tan B) ms+mi+ 5 (M&—M%)cos 8/
M= mz+m2— 1 (2M2,—M2)cos , m;(AT—Z,u tanz,B)

! m.(A,— u tan B) mz+mZ+(My—Mz)cos B/

For simplicity, in the sfermion mass matrices we ignored nondiagonality in the generation space, which is important only for
theb— sy decay.

[ll. CONSTRAINED MSSM PARAMETER SPACE the preliminary lower limit of 65 GeV was obtained from the
LEP 140 GeV run5]. The above mass limits are incorpo-
In this section we summarize the theoretical and experirated in our analysis.
mental constraints used in our analysis. Radiative corrections trigger spontaneous symmetry
The solution of the gauge coupling constants unificatiorbreaking in the electroweak sector. In this case the Higgs
[see Eq.(5)] allows us to define the unification scaléx.  potential has its minimum for the nonzero vacuum expecta-
Our numerical procedure is based on the two- IOOp RGFE’ St|0n Values of the H|ggs f|e|dB.| 12 So|v|ng|\/| from EqS
We use the world averaged values of the gauge couplings @) and (10) yields
the Z° energy obtained from a fit to the LEP ddtk8], M,y
[4] andm, [19,20:

) M2 m2+3,—(m5+3,)tarf B
1 _ _z 1 1™ 2
a 1(Mz)=128.0:0.1, (18) 5 @ f—1 ,

(22)

sir? Oys=0.2319+0.0004, (19 o -
where>,; and2,, are defined in Eq.11). This is an important

constraint which relates the true vacuum to the physical
a3=0.125+0.005, (200  Z-boson mas$,=91.1870.007 GeV.
Another stringent constraint is imposed by the branching

whereM S denotes the modified minimal subtraction schemeratio B(b—sy), measured by the CLEO Collaboratip25]
The value of the fine structure constast(M,) was up- to beB(b—sy)=(2.32+0.67x10"*.
dated from[21] by using new data on the hadronic vacuum  In the MSSM this flavor-changing neutral curréRCNC)
polarization[22]. The standard relations are implied: process receives contributions fradt —t, YT, andg q
loops in addition to the SMNV/—t loop. The y—t loops,
which are expected to be much smaller, have been neglected
ZE a __ @ 21) [26,27. Theg—7q loops are proportional to taf It was
73 cod 6y’ M2 S oy found[14] that this contribution should be small, even in the
case of large tap and therefore it can be neglected. The
SUSY particles have not been found so far and from thechargino contribution, which becomes large for large gan
searches at LEP one knows that the lower limit on theand small chargino masses, depends sensitively on the split-
charged sleptons is half tH&° mass(45 Ge\) [4] and the ting of the two stop mass eigenstatgs.
Higgs boson mass has to be above 60 G2%,24], while the Within the MSSM the following ratio has been calculated
sneutrinos have to be above 41 GBM. For the charginos [26]:
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B(b—sy) |ViVy|? oco 8 .Sin.ce the neu';re_llin_os are mixturgs of gauginos and
B(b—>ce_): e KNio - Higgsinos, the annihilation can occur wwachannel exchange
cb of the Z°, Higgs bosons, antichannel exchange of a scalar
[ 726237 + & (1423 1623 a1 C]2 particle, like a selectrof33]. Therefore, the cosmological
A 9 , constraint in Eq.(23) substantially restricts the MSSM pa-
| (Xcp) [ 1= (2/3m) ars(Mp) f (Xcp) ] rameter space, as discussed by many gr¢R23,34,35.

In the analysis we ignore possible rescaling of the local
neutralino densityp which may occur in the region of the
MSSM parameter space whetféxh2<0.025 [36,37. At
C~0.175, |(x.p)=0.4847, lower relic densities DM neutralinos cannot saturate even
galactic halos in the universe and the presence of additional
DM components should be taken into account. One may as-
n=as(Mw)/as(my,), f(Xp)=2.41. sume that it can be done by virtue of the above-mentioned
) . rescaling ansatz. Let us note that the halo density is a very
Here f(x.p) represents corrections from leading order QCDyncertain quantity. Its actual value can be one order of mag-
to the known semileptonio— cew deca)éégte;l(xc.b) IS@ " pitude smaller(or large than the quoted value 0.0238].
phase space factoxy,=m/m,=0.316;K ;5 describes the  The SyUSY solution of the DM problem with such low neu-
next-to-leading-order QCD correctiofi8]. A, 4 are the co-  yajing density becomes questionable. Therefore, we simply

efficients of the effective operators fos—y andbs—gin- gy the corresponding domains of the MSSM parameter
teractions, respectivelyC describes mixing with the four- space as cosmologically uninteresting.

quark operators. The ratio of Czabibbg—Kobayashi-Maskawa Thus we assume neutralinos to be a dominant component
(CKM) matrix elements|VieVip|*/[Veo|*=0.95 was taken of the DM halo of our galaxy with a densitp,=0.3

from [29]. . _ GeV cmi 2 in the solar vicinity.
Assuming that the neutralinos form a dominant part of the

DM in the universe one obtains a cosmological constraint on
the neutralino relic density. IV. NEUTRALINO-NUCLEUS ELASTIC SCATTERING

The present lifetime of the universe is at least®y@ars, A dark matter event is elastic scattering of a DM neu-
which implies an upper Iimit' on the expansion ratg and Cofyajing from a target nucleus producing a nuclear recoil
respondingly on the total relic abundance. Assunigg0.4  \hich can be detected by a detector. The corresponding
one finds that the contribution of each relic particle spegies event rate depends on the distribution of the DM neutralinos
has to obey30] in the solar vicinity and the cross sectiomy(x”) of

neutralino-nucleus elastic scattering. In order to calculate
Qxhg<1, (23 oo(x™) one should specify r!eutralino-qu_ark interactiqns.
The relevant low-energy effective Lagrangian can be written
where the relic density parametér,=p /p. is the ratio of in a general form as
the relic neutralino mass density, to the critical one
pc=1.88<10 *h3gcm 3,

We caIcuIateQXhé following the standard procedure on

the basis of the approximate formula Leffzz

)( T, )N
2.7K) °F

where terms with vector and pseudoscalar quark currents are
HereT is the present day photon temperatife/T,, is the  omitted being negligible in the case of nonrelativistic DM
reheating factor,xg=Tg/m ~1/20, T is the neutralino neutralinos with typical veIocitiesX~10‘3c.
freeze-out temperature, adi: is the total number of de- In the Lagrangian26) we also neglect terms which ap-
grees of freedom &l . The coefficientsa,b are determined  pear in supersymmetric models at the order Qﬁ%]_/and
from the nonrelativistic expansion higher, wheram¢ is the mass of the scalar superparfgest

the quarkq. These terms, as pointed out in RE32], are

(T annit Y =2+ bx (25) potentially important in the spin-independent neutralino-

nucleon scattering, especially in the domains of the MSSM
of the thermally averaged cross section of neutralino annihiparameter space whereg is close to the neutralino mass
lation. We adopt an approximate treatment ignoring compli-m, . Below we adopt the approximate treatment of these
cations, which appear when the expansi@8) fails [31]. In  terms proposed ifi32], which allows “effectively” absorb-
our analysis all possible channels of the y annihilation are  ing them into the coefficient§, in a wide region of the
taken into account. The complete list of the formulas, whichSUSY model parameter space. Our formulas for the coeffi-
we used, for the coefficients,b and numerical values for cients. A, and(C, of tbe eifective Lagrangian take into ac-
the other parameters in Eg24) and (25) can be found in  count squark mixingg, —qgr and the contribution of both
[32]. CP-even Higgs bosons, H:

where

_ _ m -
Aq-wﬂsx-qv’%quM—a/ Cq-xx-d9

1
s

q

: (26)

=
>

Q,h§=2.13x 10—11(

GeV ? +0
axg+bx2/2)
(29
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g /\@4_/\/?3 Mg . Mg .
A=— — (cO Oyp2, +Si? Oyp2r) — (Sir? Gq¢p>
VTS 2 *mz —(m,+mg)? arat AR mZ,— (m, +mg)? arat
+cos Oyhap) mng( ! + ! ) T4 M Py Sin 20, Ta(Nyp—tan G\
co e - sin —tan
g% qR 4 d m%l_(mx+mq)2 m%z_(m;ﬂ'mq)z 2 W g gq'3\/V12 wW/V1
Mz —(M+mg?  mz,—(m,+mg)?/ |’
c :_9_2 Fn o L Fu 5 COF OyqpqL—SI? Oqpqr  COF Oqpqr—SI gL tsinzg| M Pz_M_W bud
A my T mE T mE — (my+mg)? Mo~ (M M) N aMy - mg TR
x : = ) (28
m-zdl—(m)(wLmq)2 m-zdz—(m)(wLmq)2 '
|
Here ag= (A, +Ag)(Au+Ad)+2AsA,
Frn=(N1— Nig tan ) (N4 cos ay+Nis sin ay), a;=(A,— Ag)(Au—Ad),
Fru=(N1z= Ny tan 6y) (Nig sin ay— N3 cosay), ~ MyCy+mMyCy 2 n
co=f W+fscs+2—7(l—fs—f N(Cet+Cpt+Cy).
1 cosay (1 sin ay utd
a 12 sin 8 2 cos S

Here AgP™ are the fractions of the protofeutron spin
Cosay carried by the quarlkj. The standard definition is

cospB’ _
(p(m[ay*ysalp(n)) =28}, AqP™, (31)

o= 1+T sinaH+ 1 -
a12" '3 sing |2 '3

gL =N1oT3+N(Q—Tj)tan 6y, .
LRl T ® W wheresg(n)=(0,sp(n)) is the four-spin of the nucleon. The

bqr=1tan 6, QN1;, parameters&qp(”) can be extrgcted from the data on polar-
ized nucleon structure function20,41 and the hyperon
b _ 1+T Ny . 1 Nis semileptonic decay daf#2].
a=127 '3 sing 127 '3 cosg We useAq values extracted both from the EM@0] and

SMC [41] data. The other nuclear structure paramefers
The above formulas coincide with the relevant formulas in@ndf in formula (30) are defined as

[32] neglecting the terms- 1/m2 and higher. These terms are — Az —
taken into account “effective?y” by introducing an “effec- {p(M](my+my) (uu+dd)[p(n)) =2 fMp(n ¥V,
tive” stop quarkt propagator.

A general representation of the differential cross section
of neutralino-nucleus scattering can be given in terms o
three spin—dependenﬂ-‘ij(qz) and one spin-independent
F&(q?) form factors[39]:

(p(n)|Mgss|p(n)) =M () WP (32

tI'he values extracted from the data under certain theoretical
assumptions arp43]

do f=0.05 andf.=0.14. (33)

_( Z)ZE aZ.JTZ 2+ _]:-2 2
dP v.q 2 [ag- Foo(d%) +apay - F1o(q°) - o _
e strange quark contributidi is known to be uncertain to

2 12 42 2 A272(42 about a factor of 2. Therefore we take its value within the
Tar Fu@) e AT @9 Al 0.0%f,<0.3[43.44,

The nuclear structure comes into play via the form factors
&i(a%), Fs(9?) in Eq. (29). The spin-independent form fac-
fLer Fs(g%) can be represented as the normalized Fourier
transform of a spherical nuclear ground state density distri-
bution p(r). We use the standard Woods-Saxon inspired dis-

tribution [45]. It leads to the form factor

wherev is a projectile neutralino velocity angl is the mo-
mentum transferred to the nucleus. The last term correspon
ing to the spin-independent scalar interaction gains cohere
enhancemenA? (A is the atomic weight of a nucleus in the
reaction. The coefficientsa,;,co do not depend on the
nuclear structure and relate to the parameiéysC, of the
effective Lagrangian(26) as well as to the parameters .
Aq,fg,f characterizing the nucleon structure. One has the j:s(qz):j d3r p(r)eirq:3m e~ (12(a9% (34)
relationships aRo
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TABLE |. The MSSM parameters within the GUT scenaries o
(b) and intervals of their variations in the present numerical analy- -é L
sis.

Scenario Parameter Lower and upper bounds 08 [
(@, (b) tan B 1 50

(@, (b) mo 0 TeV 1 TeV e
@, (b) Ao -1 TeV 1 TeV

(@, (b) m -1 TeVv 1 TeV T
(@, (b) M, 0 TeV 1 TeV i
(a), (b) M, -1 TeV 1 TeV 02 -
(b) My 50 GeV 1 TeV I

whereR,= (R?*-5s?)? ands~1 fm are the radius and the

thickness of a spherical nuclear surfagejs the spherical ™ |
Bessel function of index 1. 0%

Spin-dependent form factorsfij(qz) are much more

nuclear-model-dependent quantities. In the past few years ]
noticeable progress in detailed nuclear-model calculations of

these form factors has been achieved. For many nuclei of I
interest in the DM search they have been calculated within 45 |
various models of nuclear structufré6,47. Unfortunately, 1
these calculations do not cover all isotopes which we are o7
going to consider in the present paper. Therefore, we use a

simple parameterization of thg? dependence Qﬁj(qz) in 07 +

the form of a Gaussian with the rms spin radius of the I

nucleus calculated in the harmonic well potenfi48]. For 065 I~

our purposes this semiempirical scheme is sufficient. T T T T T e T e e e e e
An experimentally observable quantity is the differential m, (GeV)

event rate per unit mass of the target material:

FIG. 1. The neutralino relic densi@h? and the gaugino frac-
tion Zy=N7,+N%, versus the neutralino mass, in GUT scenario

dR Py Umax do (a)
d—Er—[Nm—X J;min dv f(v)vw(v,Er), (35
whereE, is the nuclear recoil energy. The functidtv) is The present paper aims at the general investigation of

the velocity distribution of neutralinos in the Earth’s frame. detectability of the cosmologically viable “superlight” DM

In the galactic frame it is usually assumed to have an apreutralinos independently of a specific DM detector. There-
proximate Maxwellian form. v ,.,,=v.sc~600 km/s and fore, we may use the total event riReas a characteristic of
p,=0.3 GeV cm 2 are the escape velocity and the mass denthe DM signal.

sity of the relic neutralinos in the solar vicinity;

Umin=(MAE,/2M 2 )2 with M, and M .4 being the mass of

nucleusA and the reduced mass of the neutralino-nucleus V. NUMERICAL ANALYSIS AND DISCUSSION

system, respectively. Note thgf=2M ,E, .

The differential event rate is the most appropriate quantity, . . .
for comparing with the observed recoil spectrum. It aIIowsMSS'V.I parameter space mcludmg all experimental and cos-
one to properly take into account the spectral characteristic@()l.()g'ca.I constraints Q|scussed in _Sec. . T_WO GUT sce-
of a specific DM detector and to discriminate a backgroundnarlos with the nonuniversal gaugino maldy=M,#M,
However, discussing general problems and prospects of DI\[/Fee 'Eqs(3).—(5) and the com'ments below thgrhave been
detection it is enough to consider the total event Riate-  considered: (@ with the universalmy;, (My)=m¢(Mx)
grated over the whole kinematical domain of recoil energy.= Mo and(b) nonuniversahy (My)=my_(My) #mg GUT
Notice that this quantity is less sensitive to details of thescale scalar masses.
nuclear structure than the differential event rate in B§). The free parameters of both scenarios and intervals of
The g shape of the form facto;; (%), Fs(q?) in Eq.(29)  their variation in our analysis are given in Table .
may substantially change from one nuclear model to another. After the scan procedure had been finished we found the
Integration ovem?, as in the case of the total event r&®e  superlight neutralinos in the mass range 3 Gaw,<18.4
reduces this model dependence. GeV in both GUT scenariog) and (b). The criterion we

In our numerical analysis we randomly scanned the
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FIG. 2. The expected DM neutralino event r&eversus the neutralino mass, for various isotopes of experimental interest. GUT
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used to stop the running numerical code was stabilization o& few nucleons contribute to the nuclear spin.

the m, lower bound. In Figs. 4 and 5 we give the scatter plotsR+ Rgp/Rg,
Recall that 18.4 GeV is the widely cited lower neutralino andRsp/Rs;—m, planes for large event rate scenatip. The

mass bound valid within the complete GUT scenario withfollowing conclusions are valid in scenarie) as well. One

relations (3)—(5) at the GUT scale. Scenari@) implies a  can see that in the mass region of the superlight neutralinos 3

minimal relaxation of the complete GUT scenario necessarfp€V<m, <20 GeV the cohererRg, component of the event

to obtain the superlight neutralinos. Scenafiy does not rate dominates for all isotopes in question, except the region

change the lowem, bound 3 GeV, but allows a much larger of very small total event rateR. As_ seen from Fig. 5 t_he

DM event rateR than scenarida). We have calculated the SPin-dependent componeRt;, dominates for the majority

total event rate for germaniurt’’Ge), sapphire(Al,0,), ©f the points in the mass range 8 Gew, <14 GeV. It
fluorine (*9F), and sod?um iodidg]Nal)) pphire (Al05) reflects the fact illustrated in Fig. 1 that in this mass region

The main results of our analysis are presented in Figsthe neutralino can acquire the largest Higgsino admixture

1-5 in the form of scatter plots. In Figs. 2—4 we cut off all 1_.29:0'35']?.A.S a regult, th%-bo_son ﬁontribdution Rsp
points withR<0.01 events/kg day since they lie beyond thelVia the coefficientd, in Eq. (27)] is enhanced.

sensitivity of the present and the near-future DM detectors. We con(_:lude this discussion .W'th the foIIow_lng rem‘?‘”‘-
Figure 1 shows the relic density),xhz, produced by the Nuclear spin does not play an |mpqrtant role in the (_j|rect
superlight neutralinos and their gaugino fraction,searCheS for the DM neutralinos in the mass region 3

Zg:/\/‘fﬁ/\/ﬁz [see Eq(14)]. It is seen that the majority of GeV=m,<18.4 GeV. Previously a similar conclusion was

the points are concentrated in the region of a large relic der2Pt@ined concerning the mass region 18.4 ey, [13].

sity, especially within the interval 8 Ge¥m, <16 GeV. Nevertheless, onlyaDM.det'ector Wit.h a spin-non-zero target
However, the neutralinos with a marginal mass of 3 GeV ca!UClei can provide us with information aboR%; and the
also produce cosmologically interesting values @fh?. corresponding MSSM parameters.ity [see Eq.(27)].
Therefore we conclude that the superlight neutralinos can

comprise a dominant part of the CDM. The field composition

of these neutralinos characterized by the gaugino fra&jpn VI. CONCLUSION

shows specific tendencies. A large domain of the MSSM

parameter spadéhe volume is proportional to the number of ~ We have analyzed the MSSM parameter space taking into
points in the scatter p|ol$orresponds to the mix ~0.7 account C03m0|ogical and accelerator constraints inClUding
gaugino-Higgsino states around the mass value 12 GeV. Féhose from the radiative—sy decay. _
largerm,, neutralinos lose their Higgsino component and be- It is well known that the MSSM with the universal
come mostly gauginos. gaugino mass at the GUT scale disfavors neutralinos lighter

In Figs. 2 and 3 we present the calculated event rRte, than 18.4 GeV[3,4] if the known experimental data are
for *Ge, ALOs, *F, and Nal versus the neutralino magg  taken into account. _ _
in two GUT scenarioa) and(b). These figures demonstrate A central result of the present paper is the conclusion
that in both scenarios there are a lot of points within thedbout the existence of a substantial domain of the MSSM
reach of the near-future low-threshold DM detectors menparameter space corresponding to the superlight neutralinos
tioned in the Introduction. Their sensitivities are expected tdn the mass range 3 Ge¥n,<18.4 GeV within the GUT
be at the level 0R=0.1 events/kg day. In the scenafio) scenarios with the nonuniversal gaugino mass. In this do-
points extend up t®R~300—500 events/kg day for Ge, Nal, main neutralinos are cosmologically viable and produce an
andR~20-50 events/kg day fdF, Al,O,. In scenario(a) event rate which is detectable in the near-future experiments
these values are reduced by approximately a factor of 10. With the low-threshold DM detectors.

In unification scenarigb) with nonuniversal Higgs boson ~ When our paper was being prepared, we found R
mass parametefsee Eq(6)] the Higgs boson and sfermion where prospects for the superlight DM neutralino detection
masses are not Strong|y correlated. As discusséﬂjah this are also considered but within a more phenomenological ap-
relaxation of the complete unification in the scalar sectoroach ignoring all GUT conditions. Our analysis shows that
makes it possible to avoid one of the most stringent theoretie need not disregard all GUT conditions in E(®—(5) to
cal limitations on the allowed values of the DM neutralino 9et @ window for the superlight neutralinos. To this end it is
event rate. In this case the masses of @BE-even and Necessary and sufficient to relax only gaugino mass unifica-
charged Higgs bosoms,, ,,, my+ are calculated in terms of tion condition. Since we know a generic root of the super-

the CP-odd Higgs massm,, as an extra free parameter.  light neutralino we can conclude that in a certain sense the
An important question touches upon the fraction of the€Xxperiments searching for the DM neutralinos in the mass
spin-dependent paRgp, of the total event ratR=Rgp+Rg,.  @ngem,=18.4 GeV probe the gaugino mass unification at

From Eqgs.(27)—(30) it is seen that measurementRé, and ~ the GUT scale.

Rg would give us complementary information about the

MSSM parameters. In the previously |_nvest|gate_d mass re- ACKNOWLEDGMENTS
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