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Lower bound on the neutralino mass from new data on CMB and implications for relic neutralinos

A. Bottino* F. Donato! N. Fornengd, and S. Scopél
Dipartimento di Fisica Teorica, Universitdi Torino, Istituto Nazionale di Fisica Nucleare, Sezione di Torino, via P. Giuria-101.25
Torino, Italy
(Received 14 April 2003; published 8 August 2003

In the framework of an effective minimal supersymmetric extension of the standard model without gaugino-
mass unification at a grand unification scale, we set a lower bound on the neutralino mass based on the new
WMAP data onQ)cpy (R-parity conservation is assumed®ur lower boundm, =6 GeV leaves much room
for relic neutralinos significantly lighter than those commonly considengd<(50 GeV). We prove that these
light neutralinos may produce measurable effects in weakly interacting massive particle direct detection ex-
periments of low energy threshold and large exposure.
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. INTRODUCTION of m,=5 GeV was derived in Ref{1] by employing the
upper boundcpyh?<0.3. It was also shown how this up-

In a previous papefl], we called attention to relic neu- per bound or)cpyh? is instrumental in providing sizeable
tralinos of light masses, i.e., with a masg=45 GeV. Ac-  values for the neutralino-nucleon scalar cross section at small
tually, most analyses on cosmological neutralinos employ an, .
lower bOUI”Ide25O GeV, i.e., a bound which rests on the New data on the cosmic microwave backgrou@MB)
assumption that gaugino masses are unified at the grand uitg—21], also used in combination with other cosmological
fication (GUT) scaleM gyt~ 10"® GeV. However, this unifi-  observations, are progressively narrowing down the ranges
cation assumption might not be justified, as already disof the relic abundances for mattef (;h?) and for some of
cussed some time aga,3]. Furthermore, recent analyses of jts constituents: neutrino€X,h?) and baryonsQ,h?). As a
String mOdE|S(See, for instance, Re[4]) indicate that the consequence also the rangdb(f:DMhz is reaching a unprec-
initial scale for the running of the supersymmetSUSY)  edented level of accuracy. The importance of an improve-
parameters by renormalization group equations may be mucghent in the determination d®.pyh? for any cold relic par-
lower than the standard GUT scale, with the implication thaticle is twofold. The upper boundcpyh?) mayx Obviously
at the electroweakEW) scale the gaugino masses may beestaplishes a strict upper limit for any specific cold species.
quite different from what is expected in a standard superpn the other side, the lower bound ¢pyh?) i fixes the
gravity (SUGRA) scheme with GUT-unification assump- yajue of the average abundance below which the halo density
tions. Thus, for instance, the(l) and SU2) gaugino masses  of g specific cold constituent has to be rescaled as compared
M; and M, may not be related by the standard formulatp the total CDM halo density. For the determination of the
M;=3M, at the EW scale. rescaling factoré=p,/p, (wherep, and p, are the local

It is then quite natural to discuss supersymmetric modelgeytralino density and the total local dark matter density,
whereM; andM, are considered as independent parametersespectively, we use the standard rescaling recipe
Previous papers where schemes of this type are considergd: min[l,QXhz/(QCDMhz)min]_ In Ref. [19] ranges for
include the ones in Reff2,3,5-18. In Ref.[1] we evaluated () h? and (),h? are derived by employing CMB data of
the neutralino relic abundancﬁxh2 and the neutralino- Refs.[19-21], 2dFGRS measuremenfi22], and Lymana
nucleon scalar cross sectioffu®®in an effective minimal  forest data[23]. From the values quoted in Ref19] for
supersymmetric extension of the standard ma@lISSM  Q.,h? andQ,h? and allowing for a 2- o range inQ cpyh?,
where the gaugino-mass unification at GUT scale is not assne obtains: Qcpyh?)min=0.095 and Qcpuh?) max
sumed. The analysis was performed in a scenario where the0.131. These are the values we will use here. However,
ratio R=M,/M, is smaller than the GUT-unification value one should cautiously still be open to some possible changes
Reur=0.5, thus allowing the neutralino mass, to be in these values as new cosmological observational data will
lighter than the commonly used lower bound of about 50accumulate in the future.

GeV. We showed that, in the derivation of the lower limit on  In the present paper we analyze the supersymmetric sce-

m,, the upper bound on the relic abundance for cold darknario of Ref.[1] in light of these new determinations of

matter(CDM), Qcpyh?, plays a crucial role. A lower limit  Qcpuh?. We first derive approximate analytic expressions
which directly relate the lower bound am, to the upper
limit on Qcpyh? (R-parity conservation is assumed his

*Electronic address: bottino@to.infn.it requires the evaluation dflxhz, which is in itself a very
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astropart supersymmetric parameter space. This will allow us to
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present analytic expressions for the lower boundsngn  tureT; of the thermally averaged product of the annihilation
which display the link of these bounds to the relevantcross section times the relative velocity of a pair of neutrali-
particle-physics and cosmological constraints, such as theos,x; is defined ax;=m,/T; andg,(x;) denotes the rela-
lower bounds on sfermions and Higgs-bosons masses and ttigistic degrees of freedom of the thermodynamic batk;at

upper limit onQ¢pyh?. Furthermore, on the basis of these For (¢mp) we will use the standard expansion in S and P
results, we show that light neutralinos, with masses waves:( o) =a+b(2x;).

<45 GeV, may actually be probed by weakly interacting A lower bound onm. is now derived from Eq(2), by
massive particldWIMP) direct detection experiments with requiring that X '
high sensitivities and low energy thresholds.
Q,h?<(Qcomh®) max- ©)
Il. LOWER BOUND ON M,
We first work out approximate analytic expressions for
an?) in the regime of smalin, (m, <45 GeV). By di-
agonalizing the usual neutralino mass matrix in the approxi-

The supersymmetric scheme adopted here is the same ?s
the one described in Refl]: an effective MSSM scheme ¢

(EMSSM) at the electroweak scale, with the following inde- X ) ) X
pendent parametersM,,u,tang,my,mg,mj, A, and R mationM <M, i, it turns out that light neutralinos have a
) 1 ) H q ’ ) )

=M, /M,. Notations are as followsz is the Higgs mixing dominantB-ino component; a deviation froT a puiino
mass parameter, tghthe ratio of the two Higgs vacuum Composition is mainly due to a mixture witH?, i.e., |ay|
expectation value®/EV’s), m, the mass of th€P-odd neu-  >|as|>]a4|,|a4|. For the ratiolas|/|a,| one finds

tral Higgs bosonp is a squark soft-mass common to all

squarksj is a slepton soft-mass common to all sleptohs, @~ . .Mz .

is a common dimensionless trilinear parameter for the third EX =sinfwsing m =0.42sins, @

family, Ap=Ai=Any, and A;=Any (the trilinear param-

eters for the other families being set equal to zero where in the last step we have taken into account the experi-

The neutralino is defined as the lowest-mass linear supefmental lower boung.=100 GeV.
position of B-ino B, W-ino W), and of the two Higgsino The dominant terms ifio g )ine @re the contributions due
0 150. i - i ion-
statesH?, HY: FO Higgs-exchange in the chamel .and sfermion-exchange
in the t,u channels of the annihilation procegs- y—f+f

y=a,B+a, W3+ a3H(1)+ a4ﬁg. (1) (interference terms are neglected/e retain only the leading

terms in each contribution. Thus, for the Higgs-exchange
Since we are here interested in light neutralinos, we concontribution, dominated by the S-wave annihilation into

sider values oR lower than its GUT valueRgyr=0.5; for  down-type fermions, we have, for any final statef,
definiteness, we takR in the range 0.01-0.5.

We first outline the procedure for deriving analytical o 2mal ¢
bounds onm, from the cosmological upper limit on (ooup)Hos=atos~ — =T~ a2a2tar?B (1+ ¢;)?
Qcpvh?. As mentioned in the previous section, the identifi- Sir? Gy,cos By

cation of the leading analytic contributions is guided by
numerical analysis. This is based on a scanning of the
supersymmetric parameter space, with the following m\ZN [(me)z_mi]z '
ranges of the MSSM parameterssianB<50, 100 GeV

<|ul,Mz,mg,my<1000 GeV, signk)=-1,1, 90 GeV  wherec; is a standard color factorc{=3 for quarks,c;
<ma<1000 GeV, and—3<A<3. The following experi-  _1 ¢, leptong, m; is the fermion running mass evaluated at
mental constraints are imposed: accelerators data on supgf;, energy scaler, , andm, is the fermion pole masg; is
symmetric and Higgs boson searc@ERNe"e™ collider 5 g antity which ‘enters in the relationship between the
LEP2 [24] and Collider Detector CDF at Fermila25));  qown-type fermion running mass and the corresponding
measurements of the—s+y decay[26]; and measure- vy awa coupling (see Ref.[28] and references quoted

ments of the muon anomalous magnetic MOMBE (9, therein; in the following evaluationse; is negligible, except

1 )
—2)/2[27] (the range—160<Aa,,- 10"'<680 is used here {4 the bottom quark, where,=0.2. One easily verifies that
for the deviation of the current experimental world averagg, Higgs

: : LA henm <my, (oamp) entails a relic abundance ex-
. X ' anrt / f

from the theoretlcal evaluation within the standard model,Ceeding the cosmological bound.

for the derivation see Ref1)]).

h trali lic abund . b Notice that{o,p) turns out to be an increasing function
€ neutralino refic abundance IS given by of m,. Then, to obtain a conservative lower bound rop

from the condition of Eq(3), we have first to evaluate an

m? m2[1-mé/m2]H2

®

x;  3.3x10°% cn?

QO h2= ’ @) (Q)(hz)min which is obtained from Eq(2), by replacing
X g.(xs)Y? (o) (o) With its maximal value (o)) max. at fixedm, . In

the case of Higgs-exchange contributions, tHi&-f0)) max
where (oot ) =X{ Tand Vint» (Tand)ine 0€ING the integral is obtained by inserting into E@5) the maximal value of the
from the present temperature up to the freeze-out temper@roductaiaitar?ﬂ. Taking into account Eq4) and that, for
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rent experimental lower boundThe solid curve refers to the
caseT gcp=300 MeV; dashed and dot-dashed curves denote
two different representative values 0fTocp:Toep
=100 MeV and Tocp=500 MeV, respectively. The two
horizontal lines denote two representative values for the up-
per bound on QCDMhZ:(QCDMhZ)maX=O.3 (short-dashed
line) and (Qcpyh?) max=0.131 (long-dashed ling Figure 1
displays how a lower bound an, is derived from an upper
limit on Qcpyh?. In partlcular usmgTQCD— 300 MeV, one
obtains from cpyh?) max=0.3 the boundn, =5.2 GeV, a
value which increases tm, =6.2 GeV, when the new value
(Qcpmh?®) max=0.131 is employed Also evident is the varia-
tion of the lower bound om, , when the value off o¢p is
changed. Finally, to support the validity of the analytical ap-
proximations employed to derive E(), in Fig. 1 we also
display the scatter plot dflxhz, when a numerical scanning
of the supersymmetric parameter space is performed.

We recall that the bound om,:m,=6.2 GeV was de-
rived usingm,=90 GeV (which is the present experimental
m, (GeV) lower bound onm,). From our previous formulas one ob-
tains that this bound om, simply scales withm, as fol-
lows:

Q,h?
=

0.01

FIG. 1. Neutralino relic abundandéXhZ as a function of the
massm, . The solid curve denotesl(xhz)mﬂgsgiven by Eq.(6) for
Tocp=300 MeV. Dashed and dot-dashed curves refer to the repre- 2 214 Ma 2
sentative value§ ocp=100 MeV, Tocp="500 MeV, respectively. m [1—my/m;]*"=5.3 Ge\(QO—GeV) . (7)
The two horizontal lines denote two representative values of
Qcpmh? Qepwh?=0.3 (short-dashed lineand Q¢pyh?=0.131
(long-dashed ling The scatter plot is obtained by a full scanning of ~ FOr the sfermion-exchange contributiofganp )§
the supersymmetric parameter space. =asemion; b(2x,)$eMo" hoth S-wave and P-wave contri-

butions have to be taken into account. In the regime we
ma=90 GeV, the upper bound of tghis 45[25], we obtain  consider here, the leading terms due to the down-type fermi-

sfermion

(alagtar?ﬂ)maxzz.ex 10%, and in turn ons are
L5100 x; My Mo g, ML MY
(QXhZ)H|ggS_ f _\N[(Zm){)z_ mi]z a?fermmn e.m i

8codhy — me (2— fl/rrrf)2

m GeV? Q*(Xf)l/2 m? f.1

-1
X| 2 m(1+ ep)?e[ 1-mi/mZ]Y2
f

2\ 72
2 L2 Myl M
X (Yf,L+Yf,R)+2Yf,LY1,Rmf 1 5 ,

My
51071 x;  mj 8
GeV?  g.(xp)*? mg ol m2[1— m2/m2] 2
5 - stfermion: e.m. ?I_lcf - f
1 [(2m,)?—mj] ©) 4codby ~ mi (2— f’1/rn;)2

(1+ €)% m3[1—mp/m5 M2 122
f,1

X 2(Y;"L+Y;‘YR)+3Y§LY§R(1——2 :
my

In the last step of this equation we have retained only the
dominant contribution due to the—b final state. As far as 9
the value ofg, (x;)Y? is concerned, we notice that for these ©)
light neutralinosx;=21 to 22, so that neutralinos with

massesn,~6 to 7 GeV have a freeze-out temperatilie Notations are as followsY; | andY; r are the weak hyper-

~Toes, WhereToen is the hadron-quark transition tempera- charges for left and right couplings, respectivety. denotes
tureQ(():ll‘Dorder SOOQIs/IDeV For definiteﬂess we describe hzre thgltherrrr or mg depending on the nature of the fermiors,;
hadron-quark transition by a step function: Tibep is set is the smallest mass eigenvalue for the sfernfippnce the
equal to 300 MeV, then fom, <6 GeV one hag, (x))¥?  mass matrix in the weak-interaction babjs f is diagonal-
=4, while for heavier neutral|nog*(xf)1’2~8 to 9. ized. A maximal mixing between thf ,f fields has been
The quantity 2,h 2)Higes 55 given by Eq(6) is plotted in  used in deriving Eqs(8) and (9), since these equations are
Fig. 1 as a function ofn,, for the valuem,=90 GeV(cur-  meant to provide a conservative lower boundnop. Notice
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FIG. 2. Neutralino relic abundancié)(h2 as a function of the
massm, . The solid curve denotes),h?):™" derived from Eg.

(2) when{oamp) is given by the maximal value dfo gy )Sfermon
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FIG. 3. Dashed and solid curves give the variation of the lower
bound onm, as a function ofm, for (Qcpmh?) max=0.3 and for
(Qcomh?) max=0.131, respectively. For each value 61 ¢pph?) max

[see Eq.10)]. Tocp is set equal to 300 MeV. The two horizontal the region on the left of the relevant curve is forbidden. The two

lines denote two representative values{bfpyh?: Qcpyh?=0.3
(short-dashed lineand Qcpyh?=0.131 (long-dashed ling The

lines are derived from the analytical expressions obtained in the text
for the contributions to(oayp) due to Higgs-exchange and

scatter plot is obtained by a full scanning of the supersymmetri¢sfermion-exchange. Also displayed is the scatter plot of a full nu-

parameter space witlmy>300 GeV.

that forl =e, u, thef, — T mixing is negligible; this case is
simply recovered from Egs(8) and (9) by setting my ;

merical scanning.

In general, one has conservatively to retain as a lower
bound tom, the smaller of the two lower limits given sepa-
rately in Eq.(7) and in Eq.(11). From these equations one

With the aid of numerical evaluations, it is found that the finds that the lower bound of E@7) is less stringent than the

leading contributions tdoap ) S ™= 3 (oo ) 5™ are

provided by the term due to the lepton: (og,p)semon
=(oamp)S™MON This is in turn maximized by

2 2 2 291/2
Ta mi[1—m2/mi]

o p))sfermion €.m.
(Tant) max™ o CO§9W mf:
x| |2+ > M 2+ 23 10
2m,) "2 (10

We denote by Q h?)3emon the value of(,h? derived

from Eq.(2) when(oap) is replaced by (oand )) 5™ ax
of Eq. (10). The quantity Qxhz)ﬁzﬁimm” is plotted in Fig. 2
for the value nT;=87 GeV (current experimental lower
bound; also the scatter plot for the quantity)(h2 is dis-
played, form,>300 GeV. From Fig. 2 one finds fan, a
lower boundm, =14 GeV for cpmh?)ma=0.3, andm,
=22 GeV for (Lcpuh?) max=0.131. The scaling of this last
bound with the stau mass is approximately given by

(11)

2
2/ 27104 T
m[1—m7/mi " =22 Ge\{ 90 Ge\/) .

one of Eq.(11) as long asma<2nt.. Due to the present
experimental bounds am, andnr; the lower absolute bound
is the one derived from Ed7), i.e.,m,=6.2 GeV. We par-
enthetically note that the lower limiten, =(15-18) GeV
found in Refs[17,1§ are due to the assumption thay, is
very large a~1 TeV).

A plot which shows the transition between the lower
bounds established by considering Higgs-exchange contribu-
tions and sfermion-exchange contributions is reported in Fig.
3. As was derived by use of the approximate expressions in
Egs.(7)—(11), the transition point is at,~200-300 GeV.

Ill. DETECTABILITY OF LIGHT NEUTRALINOS BY
WIMP DIRECT MEASUREMENTS

Now we wish to show that a part of the neutralino popu-
lation of smallm, is indeed explorable with experiments of
WIMP direct detection with current sensitivities. Let us start
by giving an approximate relation between the scalar
neutralino-nucleon cross section and the neutralino relic
abundance, valid whem{"u“®°Vis dominated byr-exchange
in the t-channel andr,,, by A-exchange in the annihilation
s-channel. From the approximate formulas given in R&f.

for o(use° and Q1 h? we obtain

043506-4



LOWER BOUND ON THE NEUTRALINO MASS FROM NEW . .. PHYSICAL REVIEW 8, 043506 (2003

e 2 10-6 T
mg(N|ss|N) ' '
2 | —40 s
(QXh )O'gggf;onlzl.ll—x 10 c? T m
% Gev2 ( mA) 4 (12) 10-7 3 —:
m2[1—mZ/m2]¥2\ my/ :
- i
wherem, is the mass of the lighte€P-even neutral Higgs E 1078 B .
boson andr is given by c : 3
T (agsina+a,cosa)? [sina+ ecog a— B)sinB]? EE i
= g 100
(ascosB—agsinB)? SiPB(1+ e,)? & ;
13 ¥ i
In Egs.(12) and(13) (N|ss|N) is thes-quark density matrix 1070
element over the nucleonic state aadis the angle which F
rotates the Higgs fieldsl{” and H{® into the mass eigen- i
statesh and H. The approximations employed in deriving gt |orwn b oy el e R R . :
Egs. (12) and (13) imply a~ /2, my~ma~100 GeV, so 4 5 6 7 8910 20 30 40 50
that T is of order one. m, (GeV)
Thus for neutralino configurations witim, <20 GeV, |
(nucleon) FIG. 4. Scatter plot ofo{paie®vs m, . Crossedred and dots

Tscalar - WUMS out to be bounded by (blue) denote neutralino configurations wi h?>(Qcpmh?) min

10740 P Ge\2 and QXh2<(QCDMhZ)mm, respectively. The curves give the sensi-
(nucleon)._. ¢ e (14)  tivity line, (goueeon) L vsm,, for a Nal detector, whose features
ealar ~(QCDMh2)max m2[1_m§/m2]1/2- are discussed in the text. The intermediate curve refers to an iso-

X X thermal DF withv =220 km s andp,=0.3 GeV cm 3. The up-
W ec _ per curve refers to a spherical Evans’ power-law [@&noted as A3
I[r219<]j.erlvmg Eq.(14), we have sems (N|ss|N)=200 MeV in Ref. [38]) with v,=170 k_m st and po= 0.17 GeV cm’_?’; the
The results of complete numerical evaluations of theIower curve refers to an axially symmetric Evans’ logarithmic DF
. (nucleon) . with maximal flatness(denoted as C2 in Ref[38]) with vq
quantity éogeanr » Where all relevant diagrams for the =270 kms ! andp,=1.7 GeV cn.
neutralino-nucleon scalar cross section and for the relic

abundance are taken into account, are displayed in Fig. 4, : I .
The peculiar funnel in the scatter plot fon, <20 GeV is put our arguments into a quantitative basis, we evaluate

due to the bound of Eq(14). (§qg’ggf;$°”bmm, defined as the minimal value o nucteon)
As was pointed out in Refl], the present upper limits to which mgy'prod'uce an annua]-modglahon effechastan-
(nucleon) . . . . dard deviations in a detector with a given expossrand for
Eoscamr - provided by WIMP direct detection experiments ) ST R ] ]
[30—33 do not significantly constrain the supersymmetric® 91Ven velocity dls_tr|but|on functiofi(v) for relic neutrali-
configurations for the light neutralinos displayed in Fig. 4.N0S in our galaxy, i.e.,
Instead, these configurations may be relevant for experi-
ments of direct detection with a low energy threshold and a
large exposure. An experiment with these features is the
DAMA/Nal experiment, whose results, after 4-years running
with a total exposure of=58 000 kg day, show an annual- ) ] ) )
modulation effect at a & C.L. which does not appear to be In Eq. (15) I is defined as the ratio of the expected direct
related to any possible source of systemdi@2§. The analy- ~ detection rate, integrated over an energy rarige i), to
sis carried out by the DAMA Collaboration to explain their the neutralino-nucleon scalar cross sectiotjiam":
modulation effect in terms of a WIMP with coherent elastic

2
( ga_(nucleon n |

scalar ))minzg (AI)ZI (15

scattering was targeted to a neutralino in the frame of a usual 1 E,dR(E)

supersymmetric scheme with gaugino-mass unification at | = f dE. (16)
i - (nucleon) E dE

GUT, with a consequent lower bound on the neutralino mass £0scalar 1

above 30 GeV. This interpretation was proved to be consis-
tent with supersymmetric models with gaugino-unification atFor a monoatomic material of nuclear mass numieone
GUT [35]. has
Here we have considered a different supersymmetric
scheme which includes significantly lower neutralino

. ; ) 2 E % 3
masses; thus in order to establish the possible relevance OTZNTPO M 1+ My Azf szFZ(E) de(f),
our low-mass neutralinos for an annual-modulation effect, me’( mp E; vmin(E) ||
we have to proceed to an extension of previous analyses. To (17)
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whereN7 is the number of the target nuclei per unit of mass,especially in case of DF's which entail higher velocities
my is the nuclear mass;(E) the nuclear form factor, and and/or higher densities as compared to the standard isother-
Umin IS the minimal value of the neutralino velocity to pro- mal distribution. This is a new interesting option which adds
duce an event above the detection threshold. Generalizatidn the other, still valid, possibility which we discussed in the
of Eq. (17) to nonmonoatomic materials is straightforward. papers of Ref[35], on relic neutralinos with masses above
In Eg. (15 Al is defined as Al=[I(June) 50 GeV.

—1(December)/2.

We emphasize that, by definition, the condition IV. CONCLUSIONS
gglucleon)s (g y(nucleon) . only establishes a minimal re-
quirement for a neutralino of a given masg to be detected
in a given experiment. It is obvious that the real detectability?1

of the signal depends on the actual amount of the experimeﬁ_§ allowed in a MSSM model without gaugino-mass unifica-

tal background. For example, an equal amount of signal anfion ata grand unific.ation scale. We have numeric.ally evalu-
(nucleon ated the relevant relic abundance and the neutralino-nucleon

backgr_ound would dquble the value Ofdscaiar )mi” as cross section, and discussed our numerical results in terms of
given in Eq. (15). Estimates of backgrounds are omitted ; . . )
analytic formulas, which display the connections among cos-

here. : ; ; :
. . : . _mological properties and particle-physics parameters.
To establish whether our population of light neutralinos Using the latest determinations Bfpyh? and assuming

may be relevant for the effect measured by the DAMA eX'R—parity conservation, we have shown that in a MSSM

; (nucleon) ;
periment, we have evaluateddscaia )min @ a function of model without gaugino-mass unification the lower bound on
the neutralino mass i, =6 GeV. We have shown analyti-

m, ; the energy range of integration employed hereEis
cally how this bound is linked to the cosmological upper

=2 keV, E,=3 keV, andn is set equal to 4. The nuclear
form factors forNa and | are modelled in the Helm form bound onQcpyh? and to the lower limits on masses of
Higgs bosons and sfermions.

[36], with the values of parameters given in R&7]. In Fig.
The implications of light relic neutralinos with masses

4 we give the curves of golieie® .. versusm, for a
sample of different galactic distribution function®F), 45 Gev for WIMP direct searches have been analyzed. It
taken among those analyzed in RES8]. The mterr_nledlate is found that these neutralinos are actually relevant for
curve refers to an isothermal DF withy=220 kms = and  \y\p direct detection experiments of low energy threshold
po=0.3 Gevem ® (v, is the local rotatlo,nal velocity The  anq Jarge exposure. The present results extend to small
upper curve refers to a spherical Evans’ power-law @&-  m3sses our previous analyses about the effects of relic neu-
noted as A3 in Ref[38]) with v,=170 kms?! and p, tralinos with masses above 50 GES5].
=0.17 GeV cm 3; the lower curve refers to an axially sym-
metric Evans’ logarithmic DF with maximal flatnegde-
noted as C2 in Ref[38]) with v,=270 kms ! and p,
=1.7 GeVcm 3. We acknowledge Research Grants funded jointly by Min-
From the results displayed in Fig. 4 one sees that indeediatero dell'lstruzione, dell’'Universitae della Ricerca
part of our population of relic neutralinos of smatl, may  (MIUR), by Universitadi Torino, and by Istituto Nazionale
be relevant for the annual-modulation effect discussed abovelj Fisica Nucleare within théstroparticle Physics Project

We have considered phenomenological properties of relic
eutralinos in a range of low masses (<45 GeV), which
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