


1 Introductlon

»Rare b — s'y decay observed by the CLEO collaboratlon [1]
with the branching ratlo ‘Br(b— sy) = (2.32 0. 67) 10"4 ‘has

been recognlzed as a strlngent restr1ctlon for phys1cs beyond the
standard model (SM) '

" In the Minimal Supersymmetrlc Standard ‘Model (MSSM)
[2] thls decay proceeds through 1-loop dlagrams 1nvolv1ng W-
boson, charged Higgs boson, chargino, neutralmo and ‘gluino
3, 4]. Since the SM pred1ctlon is consistent with the measured
branchmg ratio BR(b — 57) the MSSM contrlbutlons are strin-
gently restricted. A dramatic reductlon of the: allowed MSSM
parameter space due ‘to the b — s'y constralnt was reported by
many authors [5, 6]. The impact of this constraint on prospects
for direct detection of the dark matter (DM) neutralino (x) via
elastlc scattermg off various nucle1 has been also analyzed In
[5 6] 'it was. found that within popular supergrav1ty models the
detection rate becomes too small for. observatlon 1f the CLEO
constraint is 1ncorporated in the analy51s In th1s case the up-
per bound on: BR(b — 57) 1mphes a stringent lower bound on
the mass of the pseudoscalar nggs boson (m4) of the MSSM.if
spartlcles are heavy It leads to strong suppression of the elastic
neutrahno nucleus scattermg cross section. Gl e /

‘Scenarios with lighter spartlcles and pseudoscalar nggs have
been studied in the literature as, well [6]. Also,here, first results
for d1rect detectlon of neutralinos-were pessimistic. Again, only
small counting rates had been found in the domain of the MSSM
parameter space satlsfymg the BR(b — §Y) constralnt

A more comprehenswe exploratlon of the constramed MSSM
parameter space |7, 8, 9] discovered, however ‘that the b — sy
constraint makes actually only a moderate eﬂect on the expect-
ed event rate. It was reahzed that relatlvely hght neutral Hig-
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gs bosons, leading to typically large event rates are compati-
ble with this constraint in contrast with the results of prev1ous
analyses. A key observation is that the charged Higgs boson

contribution to BR(b — s7) can be efficiently compensated by

the chargino contribution in a large domain of the MSSM | pa-

rameter space. This essentially relaxes the lower bound both for -

charged and for neutral nggses 1mposed by the CLEO result.
- Recently an exc1t1ng result was obtained in (10]. A soph1s-
ticated scan of the MSSM- parameter space constralned by the
known experlmental bounds 1nclud1ng BR(b — s'y) p1cked up
pomts with an unexpectedly large detect1on rate of DM neutrah-
nos with a mass around 1 TeV. For a germanium ("Ge) target an
. integrated detectlon rate was found at a level of 10 events/kg/ day
| and even up to 100 events/kg/day for sodium lod1de (NaI)
+ If these results are correct they have important consequences
for direct DM detection. Such large allowed event rates would
mean that the current DM experlments have already entered an
unexplored part of the MSSM parameter space.

Certalnly, before sucha conclusion. can be made one has to be
sure that the above cited results, obtained in a spec1ally arranged
scan, are not an artifact havmg no relation to physics. One may

‘suspect, for instance, a specific 1nstab111ty of the numerical code

used in the analysis. Note, that the standard scan without spe-
. cial samphng of the model parameters d1d not produce even
a single point with an event rate larger than 1 event/kg/day
Therefore, an independent search for large event rate points
- within the MSSM parameter space 1s apparently demanded

In the present paper we carry out a systematlc scan of the
MSSM ‘parameter space constramed by the known accelerator
data and by the requirement that the DM neutralinos do not
overclose the universe. We adopt the unification scenario [11]
with a non‘universal scala1 mass when the soft Higgs mass pa-

’

- rameters are not_equal to the common sfermlon soft mass pa-

rameter at the unification scale. ‘In this case the Higgs and
sfermion masses are not strongly correlated parameters As dis-
cussed in [11] this m1n1mal relaxation of the complete unlﬁca-
tion’ condltlons allows one to avo1d one of the most stringent |
theoretical l1m1tat10ns on the allowed values of the neutrahno '
detection event rate. Other unification conditions do not make
such an effect and tolerate large event rate values. Therefore, we
keep these unification conditions to reduce a number of free pa-
rameters. The latter is crucial for a fine scanning of the MSSM
parameter space which we are going to carry out.

The aim of the scan is to "detect” those domains in the pa—
rameter space where the event rate R of the direct DM detection
approaches experlmentally 1nterest1ng values R >1 events/kg/day.
Applying an extensive standard scan procedure we have found
such domains with a detection rate- of about 10 events/kg/ day
in Ge. We demonstrate that 1ncorporat10n of the b — 57y con-
Straint leads to only a moderate effect on these domains.

‘The spec1al sampling descr1bed 1n [10] has also been applied.
We did not reproduce large event rate domains located around

. a value of 1 TeV for the neutrahno mass, reported in the cited

paper. No pomts w1th R>1 event/kg/day have been ”detect-
ed” in this region of neutrahno masses nelther in the standard
nor in the special scans.

The paperis organlzed as follows In sectlon 2 we spec1fy the

- MSSM and give a list of the formulas relevant to our analy51s

In section 3 we summarize the experlmental inputs for our anal-
ysis and in section 4 we summarize the formulas for event rate
calculations, then in section 5 discuss our numerlcal procedure
and results. Section 6 contalns the conclusmn ’



2 Mlmmal Supersymmetrlc Standard Model

~ The MSSM is completely specified by the standard- SU(3)><
SU(2) x U(1) gauge couplings-as well as by the low-energy super-
‘potential and ”soft” SUSY breaking terms [2] The most general
- gauge mvarlant form of the R-pa,rlty conservmg superpotentlal

‘ IS“

, W hEL]ECHle,J + hDQ]DCH{e,J + hUQ]UcHQG,] + ,uHIHQ(e,J)
(1

‘(612 = +1) The followmg notatlons are -used for the quark
Q(3,2,1/6), De (3,1,1/3) Uc (3,1, —2/3), leptonL(l 2,-1/2),
E° (1,1,1) and Higgs Hy (1,2,-1/2), Hs (1,2,1/2) chlral su-

. perfields with the SU(3)e. xSU(2) % U(1)y-assignment given in

';,brackets Yukawa couphng constants hg p y are matrices in the
“‘ generatlon space, non-diagonal in the general case. For sunphc-

r 1ty we suppressed generation indices. .

~In general the sof SUSY breaklng terms are g1ven by [12]

. £SB= _§~§MA/\A/\A - mH |H1|2 .; mH2IH2l2 — ,mQ|Q|2’

= mBIDP = M3 < i3I — m B
, ‘L‘”(hEAEL’E"Hleu +hDADQJDcHIEU .
© 4 hyAyQiU°Hje; + hoc) — (BNH1H2611 + h. C) (2)

As usual Mj 5,1 are the masses of the SU(3)x SU(2) x U(l) gaug-
" inos 7 W,B and m; are,the masses of scalar fields.- ‘Ar,vAp; AU
_ and B- ‘are trilinear and bilinear. couplings. - ' I
Observable quantities can be calculated in terms of the gauge
and the Yukawa coupling . constants as well as: the soft SUSY
breaklng parameters and the nggs mass parameter y introduced
in Egs. (1),(2). Under the renormahzatlon they depend on the
energy scale () according to the renormahzatlon group equatlons

 (RGE),

It is'a common practice to implementthe'g‘rand unification
(GUT) conditions at the GUT scale My. It allows one to reduce
the number of free parameters of the MSSM. As explamed in the
introduction, we adopt a scenario with a non- unlversal nggs
mass with the following set of GUT conditions:

my(My) = mp(My) = ma(My) = my(Myx) = ms(My)

=my
my, (Mx) = mpy,(My), (3
Ay(Mx) = Ap(Mx) = AL(Mx) = Ay,
Mi(Mx) = myys, SRR (4
| 9'2 g DA
ai(Mx) = agyr, where a; = 3am 2T 0 = (5

g’ ,g9 and g, are the U(1), SU(2) and SU(3) gauge coupling
constants. As seen from Egs.(3) and (3) the Higss mass param-
eters mHl , are.not equal to ‘the common sfermion mass‘ mgy at
the GUT scale M x- Accepting the GUT ‘conditions' above; we
end up with the following' free: MSSM parameters: the common
gauge couphng acyr; the matrices of the Yukawa couplings het

where i = E,U, D; soft supersymmetry breaking palameters
mo, ‘my /s, Ay, B, the Higgs field mixing parametel ¢ and an
additional parameter of the Higgs sector' m4 being the mass of

the CP-odd neutral Higgs boson. Since the masses of the third

generation are much larger than masses of the first two ones, we
consider only the Yukawa couphng of the th1rd generatlon and
drop the indices @, b. -

Additional constraints follow from the. minimization condi- |

tions of the scalar Higgs potential. Using these conditions. the

bilinear coupling B can be replaced in the given list of free pa-

rameters by the ratio tan 8 = vy /v, of the vacuum expe('tatlon
values of the two Higgs doublets.

We calculate the: ‘Fermi- scale parameters i in Egs. (1) and (2) in

terms of the above listed free parameters on the basis of 2- -loop .



RGEs following the iteration algorithm described in [13].
- The Higgs potentlal V 1nclud1ng the one-loop corrections AV
can be written as: : - }

»V(HI’H2) 5—'- lHOIZ 2|I'Iz|2 m3(H0H2 +hC)

g +g '
L+ e omer sy, @
. 2 3
. _ 2J; _2
w1th AV = 64 — Z( 1) (2J + l)C'm l:ln o 2} 3
‘where the sum is taken over all possible particles with the spm J;

and with the color degrees of freedom C;. Theé mass parameters
of the potentlal are 1ntroduced in the usual way as

2

‘ 'm12_mH12+u’ m3_Bu7 . '(7)

They are running parameters with the scale - dependence m; (Q)
determined by.the RGE. The 1-loop potential (7) itself is Q-

independent up to, field- 1ndependent term dependlng on Q, ir--

relevant for the symmetry breaking. - <
At the minimum of: this: potentlal the neutral components
of the Higgs field acquire non-zero vacuum expectation values

(H? 5) = vy, triggering the electroweak symmetry breakmg w1th ,

(v} +3) = 2M,.
The minimization conditions read‘
2m} = 2mitanf— Micos28—-2%, . (8)
- 2m3 = 2m2cot B+ M2 cos 2ﬂ 2%,, (9)

where’ E;’c = Gur with Yo = ReH1 9y are the one-loop correc-

' ) [, m? |
zk_—mz( —1)2(2.; +1)-¢-8—Z—m (log@—l) (10)

As remnant of two Higgs doublets Hj s after the:electroweak -
symmetry. breakmg there occur five phys1cal nggs partlcles |
CP-odd neutral Higgs boson A, CP-even neutral Higgs bosons :
H, h and a pair of charged Higgses H*. Their masses ™My, My 1y
mpyz can be calculated including all 1- loop corrections as second .
derivatives of the Higgs potentlal in Eq. (7) with respect to the ,
corresponding fields evaluated at the minimum. [15, 16]

The neutr alino mass matrix written in the bas1s (B W3 H , HY)
has the form ;

M, 0 .—Mz_cﬁfswt Myss,

0 My, . Mgcge, —Mzspey
— . : e Travhtw 1
Mx —Mzcpsy Mgepe, 0 —p (1)
MzsﬂS‘w —Mzsgcup ,',"N v 0

where s, = sinfy, c, = cosfy and sp = sing, cg = cosg.
Dlagonahzlng the mass matrix above by virtue of the orthogonal
matrix A one can obtain the four physical neutrahnos X; wlth
the field content . : AT e e

Xi = MIB +M2W +M3H1 +M4H2 - (12)

and with masses my, being eigenvalues of the mass matrix (11)..

The hghtest neutralino X1 we 'denote x. In our analys1s X is the

lightest SUSY particle (LSP).. R e
The chargmo mass term is:

" (Wf,_fll_) Mf:l: ( oy ) +hc . | : (\13).‘1

with the mass matrix =~ | TSR :
o M, \/_Mwsmﬂ

My _(\/_chosﬂ | “p‘:\ o ) (14)

which can be dlagonahzed by the tra.nsformatlon 7‘ . i

)2 = le +U,2H_ )'Zf" = ilW +V;2H+ : (15) !



w1thU* M,#Vl = diég( Mﬁ"Miz" ), where the chargino masses
ai'e"' g . 0
1\42 [1\42 + 1+ 2My,F
Y M2 P M, cos? 28 + 4M3V(M2 S 2Mopisin 2ﬂ)]

. The mass: matrlces for the 3 generatlon sfe1mlons £ b and 7
in the fL fr basis are:

. ( m% + m} + 6(4M2 ~M2)cos28 mt(A, pcot B)
‘M" "._ v my(A; — ucotﬂ) me 4+ m? — 2(ME — M32)cos 2
M2 St ma ¥ mi — G(QAI‘ }Al;)cosQﬂ - my(4y — ptan ). -
e T " my( A, — ptan B) m% + mj + (M — M2) cos 28

M2 = (m +m2 - L(2ME — M%) cos28

m,(A4, — ptan §)
g mr(A — ptanf)

m% + m? + (ME — M2)cos23

For 51mphc1ty we 1gnored in- the sfermlon mass matrices a
non- dlagonahty in the generation space Whlcn is 1mportant only
for the b — 37 decay

3 Constralned MSSM parameter space B

In thls sectlon we shortly summarize the theoretical and exper—
1mental constraints used in our analysis. '

Solution of the gauge coupling constants unification ( see Eq.(5))
using 2-loop RGEs allows us to. define the unification scale M.
The followmg standard definitions are used: o) = 5a/(3 cos? bw),

= a/sin® fy. The world averaged values of the gauge coup-
hngs at the Z° energy were obtained from ‘a fit to the LEP
data [17], My (18] and m, [19, 20] o~} (Mz) = 128.0 &+ 0.1,
sin? b3z = 0.2319 + 0. 0004, a3 = 0. 125 + 0.005. The value; ‘
of a™!(My) was updated from [21] by usmg new data on the
hadronlc vacuum polarization [22]. :

e

SUSY particles have not ‘been foun‘d”so far and from the
searches at LEP one knows that the lower limit on the charged

 sleptons is half the Z° mass (45 GeV) [18] and the Higgs mass

has to be above 60 GeV [23, 24]. For the charginos the prelimi-
nary lower limit of 65 GeV from the LEP 140 GeV run was used
[25]. The lower limit on the lightest neutralino is 18.4 GeV 18].
while the sneutrinos have to be above 41 GeV [18].

Radlatlve corr ectlons trlgger spontaneous svmmetl v breakmg

in the electroweak sector In thls case the Higgs potentlal has its

minimum for non-zero vacuum expectatlon values of the ﬁelds
Solvmg f01 M from Eqs (8) and (9) vlelds

M2 ml + X1 — (m3 43 2)tan Ié]
2 tan2,3 -1 ) .
where the ¥; and I, are defined in Eq. (10) ThlS is an 1mpo1-

tant constraint which relates the true vacuum to the phvswal
Z boson mass MZ =091. 181 + 0. 007GeV .

llG)

Another strmgent constramt is 1mposed by the branching ra-
tio BR(b — sv) measured by the CLEO collabo1 ation [1] to be:
BR(b — s7)=.(2.32 £0.67) x 1074, =~

In the MSSM this flavour changmg neutlal current (FCNC
receives in addition to the SM - W — ¢t loop contributions from
H* -t ¥+ -t and g — ¢ loops The x:— t loops, which are
expected to be much smaller, have been neglected {3, 26].. The

— ¢ loops are proportlonal to tan ,3 It was found [13] that this
contrlbutlon should be small, even in the case of large tan 3 and
therefore it was neglected The chalglno cont11butlon which be-
comes large for large tan and small chargino masses, depends
sensitively on the sphttlng of the two stop masses.

Within.the MSSM the followmg ratio has been calculated [3]:

BR(b — 37) o

- BR(b — cen) ( 1,‘7\),\.



2
ViVl ocpba [1'%/% Ay + 51"/ ~ /%) 4, + C]
Va2 ANLO — I(m./my)[1 — (2/3ﬂ)a§(mb)f(mc/mb)],

where ‘
k ,C ~ 0.175, I = 0. 4847, n = as(MW)/Ozs(mlJ f(me/my) = 2.41.

Here f (m./ mb) represents corrections from leadlng order QCD
to the known semileptonic b —-ce decay rate, while the ratio
“of masses of c- and b-quarks is taken to be me/my = 0.316. The
ratio of CKM matrix elements L‘%,Z‘l—bzl— = 0.95 was taken from
[')7] the next leading order QCD-corrections from [28] A, are
the coefficients of the effective operators for bs-y and for bs-g

interactions respectively.

Assuming that the neutralinos form a dominant part of the
DM in the un1verse one obtains a cosmologlcal constraint on the
neutralino relic density.

The present lifetime of the universe is at least 1010 years,
which implies an upper limit on the expansion rate and corre-
spondingly on the total relic abundance. Assuming hy > 0.4 one
- finds that the contribution of each rellc partlcle Spec1es X has to
obey [29]: : :
QR <»1, (18)
where the relic density parameter Qy = py/pc is the ratio of
the relic neutralino mass density Px to the critical one > pe =
1.88 - 10-?hig-cm™3. :

We calculate Q,h2 following the standard plocedure on the
basis of the approx1mate formula [31, 32] ~

213 (T N/ T, \? GeV=2 |
0 h2 — ( Y ) 1/2
SxTT o (T) 2.7K° N azp + bzt /2 -(19)

Here T., is the present day photon temperature, T} /T, is the
reheating factor, zp = Tr/m, = 1/20, T is the neutralino

S
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frecze-out temperature, and N is the total number of. degrees
of freedom at Tr. The. coefficients a,b are determlned from the
non-relativistic expans1on :

< O'annyh'U > a+ bz S A (20)

of the thermally averaged cross section of neutralino anmhlla-

_ tion. We adopt an approxlmate ‘treatment not taklng into ac-

count complications, which occur when the expansion (20) fails
[30]. We take into account all possrble channels of the y — X anni-
hilation. The most complete list of the relevant formulas for the
coefficients a, b and numerical values for the other parameters
in egs. (19) and (20) can be found in [32] * »

Since the neutralinos are mixtures of gauglnos and hlggsrnos,
the annihilation can occur both via s-channel exchange of the
Z° and Higgs bosons and t-channel exchange of a scalar parti-
cle, like a selectron [33]. This constrains the parameter space,
as discussed by many groups [7, 32, 34, 35]. The size of the Hig-
gsino component depends on the relative sizes of the elements in
the mixing matrix (11), eSpec1ally on tanﬂ and the size- of the
parameter p. ' co : ‘

~In the analys1s we ignore poss1b1e rescalmg of the local neu-
tralino density p which may-occur:in the region “of the’ MSSM
parameter space where €,h% < 0.025 [8, 36, 37). This is a min-
imal value corresponding to DM concentrated i in galactlc halos
averaged over the universe. If the neutralino is accepted as a
dominant part of the DM its density has to exceed the quoted
limiting value 0.025. Otherwise the presence of additional DM
components should be: taken into account; for 1nstance, by the
mentioned rescaling ansatz. However, the halo density is known'
to be very uncertain. Its actual value can be one order of magni-
tude smaller. Therefore, one can expect that the rescaling takes
place in a small domain of the MSSM parameter space. An-
other point is that the SUSY solution of the DM problem with

11



~ such low neutralino density becomes questionable. We assume
-neutralinos to be a dominant component of the DM halo of our
galaxy with a density p, = 0.3 GeV-cm™ in the solar vicinity

and disregard in the analysis points with Q, A% < 0.025.

4 Neutralino-Nucleus Elastic Scattering

A dark matter event is elastic scattering of a DM neutralino from
atarget nucleus producing a nuclear recoil which can be detected
by a suitable detector. The corresponding event rate depends on
the distribution of the DM neutralinos in the solar vicinity and
 the cross section g.(xA) of nentralino-nucleus elastic scattering.
In order to calculate o;(xA) one should specify neutralino-quark
interactions. The relevant low-energy effective Lagrangian can

be written in a general form as

it ) _ o m B JRR W
| Leff=Z(Aq-x7w5x-q7"75qu+ 7 G '.Xx-qq) +0(
’~"‘w'~,‘q . ’ W, :

4

q

1
mi/)’

where terms with vector and pseudoscalar quark currents are

~omitted being negligible in the case of non-relativistic DM neu-

“tralinos with. typical velocities v, & 1073¢.

. In the Lagrangian (21) we also neglect terms which appear in
supersymmetric models at the order of .1 / m% and higher, where
- My is the mass of the scalar superpartner ¢ of the quark-g. These
‘terms, as recently pointed out in [32], are potentially important
in the spin-independent neutralino-nucleon scattering, especial- -
1y in domains of the MSSM parameter space where m; is close
to the neutralino mass m,. Below we adopt the approximate
treatment of these terms proposed in [32] which allows.”effec-
tivvely”; al?sorbing them into the coefficients Cg in a wide region

of the SUSY model parameter space.:

A __. gg [Afl24 — A/’123 T;
L 4ME 2 | ‘
./\.[2' B « -9 . L2
- — 1 z(cosz 8, (3§L+ sin” 6y ofp)
m3; — (my +my) , P L
- W 2(sm2 911‘0(2,1, + cos” 0, o)
My = (my +m,)
m; o 1 oy 1
-~ _—4p2 : .
41 ""3{7 (my + m,,)2 mky — (my +my)
m . . .
— —51 My P, sin26, T5(Nyy — tan iy V) |
1 1 \.]<
X : s — .
mi — (my +mg)? mly — (my + mq)?) /
3 g% Fh FH
Co= — Tl—=h+—H,
4 my Looomy

)

4 (cos2 0, dq1 — sin’ 0, dqr _ cos 0y g —sin‘ b, o,,;,)
q

q

“my - (m2y +1my)?
¢qL quR)

my o . My
DMy 1

4 sin26,(
: my

. : 1 -1
< ( T T e e ) O

Here

Fh = (ng - ./\/11 tan QW) ./\/j4 Ccos (l’]{‘+ ./\‘1'; Si‘ll’(\ﬂ‘)‘.

Fyg = (N —Ntanby)(/
, 1 COoS (g 1 sin vy
= (L % ): —(=-T —
hq o (2 + T;) :Sill,d' 2 3)COS;'3 -
1 sinay ol cocosap
= — + _'—T ’
Hy = G+ 57+ '3)cos B o
.13

\/’14 sinay — 4'\“'13 cosagr).

S mdy, — (my +m,)?



¢qL = N12T3 +N11(Q Tg)tanHW

dr = tanby Q N, /‘
: 1 N14 1 Nl:}

Pq = ( 3) (E—Ts)COSﬂ‘

Our formulas for the coeﬁic1ents A, and C, of the effective La-
grangian take into account squark mixing ¢, — gr and the con-
tribution of both CP-even Higgs, bosons h,H. The formulas
ceincide with the relevant formulas in [32] neglecting the terms
~ 1/ m and higher. These terms are taken into account ”effec-
 tively” by introducing an ”effective” stop quark ¢ propagator.

A general representation of the differential cross section of
neutralino-nucleus scattering can be given in terms of three spin-
| dependent Fii(q?) and one spin-independent F. s(¢?) form factors

as follows {38]

do , 8Gr 2 (2
d_q2(v’q2) = 7(“3'7‘-30(92) + agay - Fio(q°) |
+ af - Fh(d®) + ¢ - A Fi(d).  (24)
. The last term corresponding to the spin-independent scalar in-
teraction gains coherent enhancement A? (A is the atomic weight
of the nucleus in the reaction). The coefficients ag,1,co do not
depend on nuclear structure and relate to the parameters A,, Cq
of the effective Lagrangian (21) and to the parameters Ag, fs, f
characterlzlng the nucleon structure. One has the relationships

ag = (Au+ Ag)(Au+ Ad) + 2AsA,,
car = (Ay— Ag)(Au - Ad), (25)

7 My Cy - C,
g = fRen T e +—(1—fs A+ +c).

mu+m

Here qu(") are the fractlons of the proton(neutron) spin carried
- by the quark ¢q. The standard definition i is

< p(n)|gy* vsqlp(n) >= 284, Ag"™, (26)
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where S}, = (0, Sp(n)) is the 4-spin of the nucleon. The param-

eters Aq”(") can be extracted from data on polarlzed nucleon

structure functlons [39, 40] and hyperon semlleptonlc decay da-‘

ta [41]. v S

We use in the. analy51s Aq Values extracted both from the~

EMC [39] and from SMC {40] data. no0
The other nuclear structure parameters fs and f in formula:

(25) are defined as follows: S .
< p(m)|(my + ma)(@u + dd)|p(n) > = 2f My T, (27)
< p(n)|ms3slp(n) > = foMp()PW.

The values extracted from the data under certam theoretlcal
assumptions are [43]: ~ e

f=0.05 and““f—Oll‘l'", 'j‘ (28)‘

The strange quark contrlbutlon fs is known to be uncertain to
about a factor of 2. Therefore we take its Value in the analy51s
W1th1n the interval 0.07 < fs < 0.3 [42, 43].

The nuclear structure comes into play-via the.form factors

Fii(gh), fs(q2) in Eq. (24) The spin-independent form factor:

Fs(q? ) can be represented as the normalized Fourier transform of
a spherlcal nuclear ground state density distribution p(r) In the

_ analysis we use the standard Woods-Sa.xon 1nsp1red dlstrlbutlon 3

[44]. It leads to the form factor

2\ 3 zrq ]1(qR0) —l(qs)2
Fsla") = [ dra(r)e R (29
where Ry = (R? — 55*)Y2 and s ~ 1 fm are the radlus and the
thickness of a spherical nuclear surface respectlvely, 71 1s. the
spherical Bessel function of 1ndex 1. ,, : Gy
Spin- dependent form factors .7-',] (q2) are much more nuclear
model dependent quantities. The last few years have seen a no- -
ticeable progress in detalled nuclear model calculatlons of these

15



form factors. For many nuclei of interest in DM search they
‘have been calculated within the conventional shell model [45]
and within an approach based on the theory of finite Fermi sys-
tems [46]. We use the simple parameterization of the q% depen—
dence of F;;(¢?) in the form of a Gaussian with the r.m.s. spin
radius of the nucleus calculated in the harmonic well potential
[47].: For our purposes this'semi-empirical scheme is sufficient.

An experimentally observable quantity is the differential event
rate per unit mass of the target material

dR pX Vmaz

ok ]/vm.,, dv fv)vd2(v E) . (30)
| Here f (v) is the velocity distribution of neutralinos in the earth’s
~ frame which is usually assumed to be a Maxwellian distribution
in: the galactic frame. vpe = vese & 600 km/s and p, = 0.3

GeV-cm™ are the escape velocity and the mass density of tll}g
2
ed)

relic neutralinos in the solar vicinity; vmin = (M aF. /2 ‘
with M4 and M,.44 being the mass of nucleus 4 and the reduced

»mass of the neutralino-nucleus system respectlvely Note that

¢ =2M4E;. - .
‘The " dlfferentlal event rate is the most approprlate quantl-

ty for.comparing with the observed recoil spectrum and allows’

one to take properly into account spectral characteristics of a
specific detector and to separate the background. However, in
~many cases the total event rate R integrated over the whole
~ kinematical domain of the recoil energy is sufficient. It is widely

~employed in theoretical papers for estimating the prospects for ..
DM detection, ignoring experlmental complications which may.
occur on the way. Notice, that the 1ntegrated event rate is less

- sensitive to detalls of nuclear structure then the dlfferentlal one
(30).  The ¢? shape of the form factors .7:,]( ), .7:5( 3 in Eq.
(24) may essentlally change from one nuclear model to another

Integratlon over g% 'as in the case of the total event rate R re-

~
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duces this'model dependence. In the present paper we are going
to perform a general ‘analysis aimed at searchlng for domains
with extraordinary large values of the event rate R like those
reported in [10]. This is the reason whv we use m the analvsm
the total event rate R. ' S

5 Nnmerical Analysis |

In our numerical analy51s we randomly scan the MSSM pararn-
eter space w1th1n a broad domaln ‘ '

|,u| <2 TeTf' (31)4
IAOI < 1TeV;:(32)
50 GeV < my < 1 TeV. (33)

’ 1GeV<m1/2 < 5T€V; '
I <tang < 50,
0< mo < 5 TeV

n the. reglon where tan(j' > 35 the top Yukawa donnnance-
approximation is not apphcable in_the RGE Thel efore we use :
the procedule developed in [13] whlch takes mto account the.
bottom and: tau Yukawa couphngs as well e b IA

The cut-off condition R > 0.01 event/ kg/ dav is unplemented
in the scanning procedure. It Ieﬂects reahstlc sensltlvmes of the -
present and the near—future DM detectors ‘ -

Note again, that 'we use the GUT scenano ‘with the non-
universal Higgs mass parameters (see (3 )) [11]. The Higgs bo-
son masses are calculated in terms of the CP-odd Higgs-boson
mass mj4 and other input pa1 ameters. If we adopt the ultimate
GUT conditions with all scalar mass parameters being equal at -
the unlﬁcatlon scale Mx, the CP-even Higgs boson mass be-
comes too blg because of strong correlations with the sfermiomn .-
spectrum As a result the total event rate R decreases to small -
values, typically less than 0.01 event/kg/day. - '

The main results of cur scan are presented in Fi; igs. 1-4 in the e
form of scatter plots. Given in: 'Figs.1-3 are the total event rates =

17



R for ‘3Ge Al;O3, and Nal versus neutr ahno mass m,, as well as
R versus the ratios de/B of the corresponding spin- dependent
(Rsd) pa1t of R to R (R = Rsg + Ry;). Fig. 4 presents the
qeullahno rehc dens1tv Q, h? as a function of m,. All quantities
are given with and w 1thout the b — s+ Y constramt

We find that the b — sy constraint strongly reduces the
\ISS\I parameter space. The restriction leaves about 25% of
the points of the MSSM parameter ‘space which succes sfully have
_passed all other constraints. ... . ,

This constraint disfavors negatlve values (111 our notation)
of the Higgs mixing parameter p. It also shrinks the allowed
domain’ for the parameter m, /2 and consequently reduces the
allowed domain for the LSP mass m,,. .

. As seen from Figs:1-3 the b — s+ constraint strongly sup-

p‘reSSes those points in the parameter space which correspond to
the spin-dominant (R,y > R;) event 1ates in all 1sotopes ana-‘

lyzed. The observation strengthens the conclusmn about donu—‘

nance of the spin- 1ndependent neutrahno 111teract10n w1th nuclei
| obtalned in [11] w1thout b — s const1a1nt ' IR

\Tevertheless it is clear that the large event rates survive the
b sy constraint. In the table 1 we present o examples of large
event rate pornts taken frorn the scatter plots in Fig. 1.

» In paper [10] extraordlnary large event rates of about 10
events/kg/day for “Ge and 100 events/kg/day for Nal were
found in a specially arranged scan in the domain 800 GeV <
mx < 1200 GeV, 0.01< Z; <0.99, 0< my <60 GeV (Z, =

N+ N see Eq. ( 12)). We have thoroughly scanned this re-
“gion to check the cited striking result. We arrived at a negative
conclusion. No large event rate domains around m, ~ 1 TeV

as quoted in {10] have been found in our scan. Note, since the

neutralino is the LSP, these domains correspond to a situation
when all SUSY particles are very heavy with masses around 1

e
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TeV or larger. Looking at the formulas (22) and (23) we do not
see any natural possibility for R to approach such large values
in this domain. The strong kinematical suppression can only be
compensated in the case when mg; — my ~ m,.

6 Conclusion

We have systematically studied the allowed MSSM -parameter
space taking into account various theoretical and experimental
constraints. We have found domains with experimentally in-
teresting event rates for the DM neutralino detection (R ~ 10
events/kg/day) in the neutralino mass range 70 GeV < my <
200 GeV. This would be within the reach of current dark matter
experiments. Special attention was paid to. the constraint fol-
lowing from the CLEO measurement of BR(b — s7) . We have
illustrated that despite the well known fact that this constraint
essentially reduces the allowed MSSM parameter space it does
not exclude large event rate domains. We have checked the re-
cently reported- result [10] on large neutralino detectlon event
rates in the 1 TeV region of the neutrahno mass “Our analys1s
has not reproduced this result
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‘Figure 1. The total event rate R for "®Ge, versus mass of neutralino
i my (upper panel) as well as versus the ratio R,q/R of the , : : § T
corresponding spin-dependent R,q part of R to the R (R = Figure 2. The same as in Figure 1, but fotf"sapph»ii'ef’Al O
R4 + R,;). The scatter plots are obtained without (left : : : ‘ thS : DS
panel) and with the b — s constraint (right pa.nel)
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Figure 4. The rehc densu:y 2, h* versus mass of neutralino m, w1th—
out (left panel) and w1th the. b — sy constralnt (rlght pan-
1 L L . llllllll.lll‘lllllll,[,L_L‘L_l_ el) '
200 400 600 800 100 200 300 400 . - I i
m, (GeV) m, (GeV) ' Table 1. Representati\?e points with large event rate values for
= germanium, 1 Ge. (The gaugmo fraction is'defined as Z
Nal § ‘ Nal N2 +N12)
3 SUSY points —1 2 3 4 5
< ‘tanfB - 0 [ 204 21.2.21.2 12.7..195|
i _ 5 . - mg (GeV) i 13654 1421 3055 646590 |
£ S oo S | mip (GeV) | 621 229 405 372, 320
T ||;1 | Ap (GgV) ] <28 -0.18 “ 0.5 -53 :-1.4 '
0.2 03 . . 0075 0.1 my (GeV) ‘ 941 588 673 575 685
AMA | AR e (GeV) | 176 575 678 606 652 |
' | my (GeV) 71701 91.3400163 00 148 129
Qh3 0.17 0.074. 0.1".0.054 0.16 |
; R(events/kg/day) 7.38 . 1.08 2.13  2.25 1.73 |
Figure 3. The same as in Figure 1, but for sodium iodide, Nal. Rea/Rsi-10° | 05 0.2 0.04 0.07 0.06 | -
‘ : - Gaugino fraction, Z, | 0.04 0.95 '0.95 0.93 0.96|
BR(b— s7)-10% . [ 0.28 0.22° 0.29 0.25 0.19 "
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