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Results of a search for annual modulation of WIMP signals
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A search for particle cold dark matt€€EDM) has been carried out at the Canfranc Underground Laboratory
(Spain with a set of three sodium iodide scintillators of 10.7 kg each, during about 2 yr of data taking. The
results, corresponding to an exposure of 4613.6 kg day are presented in the form of exclusion plots of the
WIMP-target nuclei cross section versus WIMP méssth for spin-independent and spin-dependent WIMP-
matter interactions obtained with the standard method of comparing the observed rate with the expected
signal. A distinctive feature of the CDM signal, like its expected annual modulation, has also been looked for
in 1342.8 kg day of data. The nonobservance of such a modulation has been used to draw more stringent
exclusion plots than those derived from the standard mef{l&556-282(97)02316-3

PACS numbgs): 95.35:+d, 14.60.St, 29.40.Mc

I. INTRODUCTION difference between the rates of June and Decerpvaghin a
given confidence levglas one would expect from the faster
Cold dark matte(CDM) particles such as weakly inter- relative velocity Earth-halo in June than in December. A
acting massive particl&VIMP's), hypothetically forming a complementary analysis intended to discover a possible pe-
large fraction of the galactic halo, could be detected in thdiodic component in the datdhe so-called modulation sig-
laboratory through the nuclear recoil produced by their elashificance metho@6]) gives a null result. The absence of such
tic scattering off target nuclei, like those forming the mate-modulation effect results in constraints on masses and cross

rial of solid or liquid scintillators. The 100% isotopic con- Sections of spin-dependent and spin-independent interactions
tents onA-odd isotopes of Nal scintillators'?l and %*Na, of WIMP’s which are more stringent than that obtained from
respectively, which make them sensitive to spin-dependentthe customary method of comparing the expected rate with
interactions with WIMP’s, have prompted the developmentthat recorded in a given energy region.
of low background Nal scintillators for CDM searcHds-3].

We present in this paper the results of a search for Il. EXPERIMENTAL SETUP
WIMP’s performed with a set of sodium iodide scintillators
and draw the regions of WIMP masses and cross sections The detector is a set of three Nal scintillators made by
which are excluded by this experiment. The exclusion plotBICRON. Each crystalregular hexagonal cross section of
are derived, as customary, by comparing the predicted CDM.0 cm each side and height of 20.3)chas a mass of 10.7
signal with the total number of counts recorded experimenkg. The crystals are encapsulated in stainless steel 304 L, 0.5
tally in a given energy region. It is a common prejudice thatmm thick, and coupled to photomultipliers EMI9765 by a
this conventional method will not likely detect the tiny (7.62 cm diametgrquartz window. The shielding consists of
WIMP signal, but only exclude it or constrain its properties.20 cm of low activity lead and inner OFH(xygen-free
A convincing proof of the detection of CDM would be to high conductivity copper sheeté&~6 mm thickness A PVC
find unique signatures in the data, characteristic of the CDMbox (silicone sealedtightly closes the shielding and is sur-
which cannot be faked by the background or by instrumentatounded by 1 mm of cadmium and 20 cm of paraffin and
artifacts. borated polyethylene. All the shielding and mounting is sup-

Distinctive features of the C.D.M. signal, like its annual ported by 10 cm of vibrational and acoustic insulator sand-
[4] modulation, are expected to provide unequivocal identiwiched between two layers of 10-cm wood mounted on a
fication of the elusive WIMP’s. The first result ever pub- 20-cm concrete floofFig. 1). The experimental setup was
lished of a search for such a modulation appeared some timfgaced in the Underground Laboratory of the University of
ago[5] and was performed with a Ge detector in the Can-Zaragoza, at the Canfranc Tunr@panish Pyrenegst a
franc tunnel. The present work reports on the results of alepth of 675 m.w.e. The measured muon flux at the site of
search for annual modulation effects in the spectra recordethe experiment wad=4x10"° cm 2s™%.
with a set of scintillators. The data taking of this experiment Radon removal was achieved by pressurizing the inner
extends over a period of about 2 yr, with a total mass of 32.Tavity with forced-evaporating liquid nitrogefappox. 60 |
kg of sodium iodine crystals, in an underground location atoer h. The radon removal has resulted in about a 50% re-
675 m.w.e.(meters of water equivalentThe exposure used duction in the total rate of events. The effect of the disap-
in the analysis to derive exclusion plots from the total ob-pearance of the Noverpressure can be seen in Fig. 2. The
served rate by comparing it with the expected signal refers tvadon gas reaches its equilibrium inside the catatfyer di-
4613.6 kg day. To analyze the seasonal modulation 1342 8inding through the shieldingafter about 20 h. From the
kg day of data, corresponding to the exposures of June minu®mparison of the spectra obtained with and without the N
December in 2 yr, have been used. The data do not show amyerpressure, thé?2Rn contamination in the air of our un-
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FIG. 1. Schematic view of the experimental setup. PR L S S E——
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derground laboratory has been estimated to-b&.6 pCi

per . FIG. 2. Effect of the disappearance of the dWerpressure in the
Readout electronicsésee Fig. 3 consists of a fast-slow total events rate of the experiment. A 50% of reduction is achieved
coincidence system based on standard NIM modules. Thiey means of this radon removal.
fast signals pass through fast amplifi€f$A’s) and timing
single-channel analyze§SCA'’s). The fast-negative NIM
logic signals are sent to a coincidence module working withdetectors, electronics, and acquisition softwdras been es-
multiplicity M= 1. The logic output signal is used to gener- timated to be approximately 45@s per event, which repre-
ate (in a Window Generatgra slow-positive NIM signal sents less than 0.2% of the measuring time.
which is sent to a scal@o register the total event ratand is Coincidences between two or three detectors were re-
used as the GATE signal on the analogue-to-digital convertmoved by software because their origin is certainly not a
ers(ADCs). The slow branch consists of spectroscopy lineatCDM signal. The rate of coincidences was approximately
amplifiers and analogue-to-digital converters. The digital0.13 coincidences per s. Thus, removal of the coincidences
output lines are connected through an interface module to gives rise to a 4% reduction in the data.
PC-Lab 720 II-A parallel digital I/O & Counter card installed  As is customary, events arriving in bursts were also re-
on a PC computer. The ADC’s work in the LATE Coinci- moved. Figure 4 shows that they do not follow a Poisson
dence mode with a linear gate time of &5 and gated by the statistics and can be safely rejected. In particular, bursts of
Window Generator output. Data from the converters are readeven or more events in an interval of 0.05 s were rejected.
when one of the ADC's fires. For each event, the multiplic-Assuming that the background of the experiment follows a
ity, arrival time, and energies of the ADC’s with DATA Poisson distribution, with our average counting rate
READY signal are recorded. The total event rate registered3.1 s %) the probability of having such bursts is smaller
in the experiment was 3.1 events pefafter the copper foil than 5<10 8. Thus, no appreciable reduction of the count-
installatior). Overall deadtime of the experimefibcluding  ing time is produced. Our electronic system and antivibratory

HV
PM
—:7 PA LA ADC 1 <——>
- 2005 2020 8075
RV Gate 1 . 9 5
L \|F = a
PM PA LA ADC2 | (] > g _>§ > §
Nal2[ | 005 2020 8075 /|8 = E
Gate2 L @ o %
HV -
PM ADC3 o
- Eoo‘z‘ g;;? 8075 < > FIG. 3. Schematic view of the
4 electronic acquisition system.
Timing SCA EQ
e
2= 4
g >
— = =
TFA Timing SCA

2037A



1858 M. L. SARSAet al. 56

103"""""I'!"'I""I""_ i e e e
10 T T . i
S I
- i) L
10° f- o 31 7 > [ ey Haprwali, fug
o 11— .|
10 H 3 1 4 3
0, YLl h a
0 5 10 15 20 5 10— |
2 o} L
107 - S L
L ] 3 i
100 L H i g 0.9 —
A 00 mok s A
20 40 60 80 100 = i
Events/0.05 s ool b e b
200 225 250 275 300 325 350
FIG. 4. Experimental distribution of the events which arrive Time (days) (t,=2 June 93)

within 0.05 s compared with the expectation for a Poisson statistics. FIG. 5. Reduction in the total events rate after placing copper

inside the shielding.
platform contributed also to reducing the usual microphonic
noise.

An important improvement in the background of the low-
energy regionlequivalent to a 20% of reduction in the cor-
responding total rajaesulted from the installation of copper C
shees betueen the delecos and n les Fig & This _ S1011% b STl i 80mE0 16 (kg e scemunt
reduction corresponds basically to the disappearance of theﬁ(M’s). Similar amounts of %K in the Nal crystals were re-

rays from lead, coming from the external shielding, but also - .
toya continuum up togl MeV. However, the nongisappear-.ported in other Nal dark matter experimenty where the

ance of the 46.5 keV pedkee Fig. 6 shows that the corre- :gge;nuﬁls'gxgﬁg;;;godr;g(':?il::izgfiOC:UId be dissentangle by us-
spor_1d|ng **Pb contamination s not in the lead sh|e|d|r_19, Other experimental paramete}s of this experiment are as
but in the detectors themselves. As stated above the mn%ll

S . ; follows: The overall energy resolution is 9% at 511 keV and
;ereg]lggtgf the experimental setup included the OFHC COp30% at 46.5 keV. The energy threshold is about 8 keV of

Figure 6 shows the recorded spectrum fovt visible energy and the differential rate at the energy windows

=4613.6 kg day used in the data analy&isntinuous ling used in the CDM analysirom 9 to 28 keVj ranges from 16

1 -1 i1 H
and that obtained prior to the inclussion of the thin coppert0 8 counts kev~kg “day *. Over the total measuring

) » . 0 A
sheets(dashed ling The peak appearing in the very low- t;g‘lg'st'gilfgf‘aﬁ:gtg aZZEVZiQaZS gizn 10'26(y/° é;[t?ﬁafilr{g kev
energy region of the spectrum has been assigned to the e peax, =70

®1%h background lines, respectivel
cape of an x ray of iodine after photoelectric absorption of \grou » [esp Y- '
the 46.5-keVy and x_rays from bismuth following the in- The calibration of the 4613.6 kg day final spectrum has

ternal conversion of the 46.5-keV level. That would imply been performed by combining peaks obtained every week

i i H H 37 60 22,
that the>%b contamination lies close to the crystal surfaceWlth different radioactive sources*'Cs, **Co, and *Na)

and that the?'%Bi electrons and bremsstrahlurignd point

1.16 MeV) can contribute to the spectrum. According to N
Monte Carlo(MC) simulations which have tried various lo- [
cations for the?'%b contaminant, one is able to reproduce
fairly well the low-energy region of the observed spectrum
by assuming that thé'%b is contained within the iron caps
of the Nal crystals in an amount of about 4 BgRgor in

the crystal surface as radon deposijiorplus a
10-16 Bq kg* content in the photomultipliers components.
Other experiments with the same kind of scintillators have
also reported®'%b contamination§2,3].

Figure 7 shows the main contributions to the total back- 5
ground spectrum. The main peaks in the low-energy region oL — L v sy
are those of!%b and the lead x rays. At higher energies the » % » 100 122 150
principal contributions are due to tH8Co (in the steel com- Energy (keV)

ponent$ and to the*X (in the crystals contaminations as ki, 6. Spectrum withsolid ling) and without(dotted ling a

well as to the natural radioactivity chairi$®Th mainly).  thin internal copper liner in the shielding normalized to events
Table | qUOteS the contribution to the phOtOpeak of the ma|rkev_l kg_l day_l_ The solid line spectrum’ Corresponding to an

background contaminants. In addition to tH&8Pb nearby the  exposure of 4613.6 kg day, has been used to derive the exclusion

crystals, another important part of the continuum of the scinplots in the conventional method of confronting expected signal to
tillator spectra arises from an internal contamination inobserved background rate.

4%, which is also aB-decaying isotope. This contamination
(according to MC estimates of the efficiency for detecting
the 1460.8-keVy rays and the observed rate at this Jine

8 3 8
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TABLE 1. Contribution to the photopeak of the main back-

ground contaminants.
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Contaminant

Contributiofievents day?)

210pp (46.5 keV)
49K (1460.8 keV
2087)/214Bj (583.2/609.3 keV)

2.16(+0.43)x 10°
1.04(x0.17)x 10°
0.52£0.09)x 10°

10

dN_NdeUfQ e
dtatr Nnm ) gt f@vd,

whereT is the recoil energy of the target nuclé{p) is the
velocity distribution of the halo’s WIMP’s in the reference
frame of the EarthN,, is the total number of target nuclei
per, say, kilogramp is the local galactic halo density is
the WIMP mass, andlo/dT is the differential scattering
cross section. The measuréslectron equivalent or visible
energy E is related to the nuclear recoil enerdyby the
relative efficiency factoQ, E=QT (nuclear versus electron
recoil efficiency in producing ionizationThe values used in
this work areQ(?*Na)=0.4+0.2 andQ(*?1) =0.05+0.02,
taken from Ref[3]. There exist other experimental values of
Q for these nucle{9-11], but they are compatible within
errors. The integral goes fromy,,(T)—minimum relative
velocity the WIMP must have in order to leave an energy
T in the detector, i.ey2,,=T (M+m)%/2 m?M, whereM is
the target nucleus mass—upidg@.x, Which is the maximum
velocity of the WIMP relative to the detector, i.e., the vec-
torial sum of the galactic escape velocity;.and that of the
Earth through the hal@,. As customary, it has been as-
sumed that the dark matter forms a nonrotating, isothermal
and spherically symmetric halo. In the galactic rest frame,
the WIMP’s are supposed to have a Maxwellian velocity
distribution, with a velocity dispersion,,s, which in this
work we have assumed to be 270 knt.sThe escape veloc-
ity for the WIMP’s in the halo, the value of which ranges
from 650 to 1300 kms!, has been set to infinite. For the
Earth-halo relative velocity we have taken as value
232km st The local halo density has been taken
=0.3 GeV cm 3, with the caution that this value could have
an uncertainty of a factor 2. It is a well-known fact that the
subsequent dependence of the rate on these parameters is a
serious shortcoming of this type of calculation.

In our case the expected WIMP signal in counts per keV

FIG. 7. Background of the scintillators in the best conditions per kilogram and day is given by

found along the experiment. The most relevant contaminants are
40K, 210pp, 232Th, and 2.

and standard background lines clearly identified in the spec-

trum (taking advantage of the stability of the experimett  \yhere o, is the elastic cross section of the WIMP-nucleus

particular, the low-energy regiofibelow 100 keV has been nteraction(in cn?), which includes the form-factor correc-

calibrated by using thélOPb_peaks and thk-shell x rays of tion for high momentum transfetr,, = o,FX(T), o, being

'fgd and barium produced in the weekly calibration with theine pointlike cross section, given, respectively, for coherent
Cs radioactive source. and spin-dependent interactions by

counts/keV kg 'day”
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Ill. RESULTS OF A CONVENTIONAL DARK MATTER
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The expected rate for WIMP-nuclei interactions, com-

puted in the usual wal7,8], is given by and
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FIG. 8. Exclusion plots for coherent interactions in units of the  FIG. 10. Exclusion plots for coherent interactions in units of the
Dirac neutrino cross section obtained by comparing the predicte®irac neutrino cross section obtained by comparing the predicted
signal with the observed backgrouridashed ling and with the  signal with the observed background witlashed lingand without
annual modulation seardsolid line). (solid line) background modeling. Two different energy windows

have been used.
G2
SD_—F 2y2 . . .

Op Tga KA J(I+1) counts in a Poisson process in whiBhcounts are observed.

The counts refer to a given energy bin of a width not too
(pointlike cross section for Dirac and Majorana neutrinos different from that of the energy resolution. The bin has been
w=mM/(m+M) is the reduced mass WIMP-target nuclei, chosen from 9 keV to 17 keV but other nearby regions lead
G the weak-coupling consta@.=1.023< 105 mrjz, and tp similar resglts. We have folloyved the consr_arvatlve c_rlte-
9,, the Weinberg angle. Masses are expressed in GeV. rion of choosing, for the analysis, energy regions of width

The integral over the velocity distribution in the assumedsuggeSted by the energy resolution of the Nal. Br(en)

case of an infinite escape velocity appears through the funé)_ounds(at 95% C'L)_ are shown as a dashed Iin_e in Figs. 8
tion 7 given by and 9, for, respectively, the coherent and spin-dependent

cases, and have been derived from the solid line spectrum of
Fig. 6. The plotted cross sections are pointlike. The corre-
sponding coherent and spin nuclear form factors were taken
into account in the derivation of the rates, assuming Fermi

n=erf(x+y)—erf(x—y),

where
form factors for the coherent case. For the spin case, unity
X= 3120 i [V e has been taken fof®Na whereas for*?’l we have assumed
the same as for3¥Xe [12]. The A2 J (J+1) factors for
23] 2 ; P
y= /3/2,)r/vrms’ Na and 1?7 are, respectively, as taken in the odd group

model 0.04113] and 0.02314]. No background subtraction
and erf¢) the usual error function [(erf(2) has been done in deriving the exclusion plots from the spec-
=(2/\/;)féexp(t2)dt)] trum of Fig. 6 Mt=4613.6 kg day) . .
The exclusion plots have been derived by requiring that Should one have used as a statistical estimator the upper
the predicted signal cannot be larger than the upper limit ofimit of counts in a Poisson process with backgroutitat

1010 10 |
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g :
9 8
g 8 2
= 10 Fy
A < 108 |
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4 L
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Mass (GeV) Mass (GeV)

FIG. 9. Exclusion plots for spin-dependent interactions in units  FIG. 11. Exclusion plots for spin-dependent interactions in units
of the Majorana neutrino cross section obtained by comparing thef the Majorana neutrino cross section obtained by means of con-
predicted signal with the observed backgrouddshed ling and ventional techniques witlidashed ling and without (solid line)
with the annual modulation searc¢holid line). Two different en-  background modeling. Two different energy windows have been
ergy windows have been used. used.
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due to 2'%Pb and“%, as obtained from the corresponding
MC simulations, one would have obtained the exclusion
plot corresponding to the dashed lines depicted in Fig. 10
(for spin-independent interactiondn much the same way,
Fig. 11 depicts both cases for spin-dependent interactions.
For comparison with results from other target nuclei we have
normalized in the plots the pointlike cross sections to that of
Dirac and Majorana neutrino ones.

0.03F (a)
0.02 -

0.01 =

IV. RESULTS OF THE ANNUAL MODULATION SEARCH 0.00 =7 —

counts/keV kg 'day”’

The yearly modulatiorj4] is originated because of the ]
seasonal variation in the relative velocity of the Earth and the -0.01 10 20 30 40
galactic halo due to the Earth’s rotation around the Sun. The Energy (keV)

Sun moves around the galaxy at a velocity of 232
+20km s, and the Earth moves around the Sun with an
orbital speed of 30 km's in an orbit whose axis makes an
angle of 5=30.7° with respect to the vector velocity of the
Sun. The time dependence of the relative velocity Earth-halo
is expressed by (t)=vg+uvgSindcogw(t—ty)], where w
=2/365 (day ). The timet, corresponds to June 2nd,
where the projection of the Earth velocity onto the Sun one is
maximum. The resulting net speed of the Earth with respect
to the halo’s reference frame oscillates between about
245 km st in June and 215 km'$ in December, and so the
maximum amount of energy that can be deposited by the ]
WIMP’s in the detector, as well as their detection rates . Ty T Ty T
change accordingly, and so an annual modulation of the dark Energy (keV)

matter signal should appear.

The dimensionless Earth-halo relative velogity) is ex- FIG. 12. Modulation amplitude of Dirac neutrinos of masses
pressed ag(t)=y,+Ay cofw(t—ty)], wherey,=1.05 and ranging from 1 GeV to 1 TeV interacting with sodiufa) and
Ay=0.07 according to our choice of velocity values. Theiodine (b) (masses are labeled in GgV
expected modulated signal accordingly can be expressed, in
first order, as a constant term plus a modulation componen — 10~ cn? interacting with I—solid line—and one of
of amplitude Sy, S(t)=So+Sycodw(t—to)], where S, =30 GeV ando=10"3?cn? interacting with Na—dotted
=[0S/dy]yoAy. The modulation is expected to be sm@l |ine). The exclusion plots are shown in Figs. 8 and 9 as a
few percent compared to the total DM signal. ~ sglid line. The improvement in sensitivity obtained with the

The amplitude of the modulated ter8y, is depicted in  annual modulation searctiime variation of the ratewith
Figs. 12a) and 12b) for Dirac neutrinos of masses ranging respect to that of the conventionébtal raté method is

from 1 GeV to 1 TeV in the case of interactions in sodiumclearly seen. As expected from well-known arguments the
[Fig. 12a)] and in ioding[Fig. 12b)]. The relevant role of

the target nucleus mass in the interaction rates should be
emphasized: for sodium the rates are lower over a wide en-
ergy range, whereas for iodine, high rates can be achieved
for very low visible energy.

To search for the existence of a modulation in the data,
one could either simply look for a difference between the
rates of June and December or to extract the possible peri-
odic component of the dat@ any) overimposed to a large
random component by means of a cosine transform, as sug-
gested in Ref[6].

We have analyzed first the annual modulation through the
June minus December experimental residual and derived the
exclusion plotso(m) obtained by comparing it with what
was to be expected. Data recorded with the three Nal detec- T
tors during two year$1993 and 199)% integrated in an in- Energy (keV)
terval of a month around these maxirfdane 2 and minima
(Dec. 4, have been used, corresponding to an effective ex- F|G. 13. June minus December spectra. The expected residual
posure of 1342.85 kg day. Figure 13 shows the correspongsignal for typical WIMP’s are also show =30 GeV andoy,
ing residuals, compared with the theoretically expected sig=10"%? cn?® (dotted liné and M=150 GeV ando,=10 % cn?
nals from two CDM candidate WIMP of 150 GeV and (solid line).

counts/keV kg 'day”’

500

-500 —

Events/keV/3.68 kg yr
i
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TABLE Il. Value of the parameters of the modulation signifi- orthogonal tox [same asr but with sin@t) instead of

cance analysis. cost)]. The presence of a signal modulation in the data
should show up in both distributions of the values @inds,

Energy window(keV) X ' cL which, for no modulation, are both random variables with
10-18 0.067 0.0136 0.5054  zero mean and unit variance. The results shown are compat-
20-28 0.059 0.0176 0.5068 ible with the absence of modulation. This absence could be

expressed as an upper bougad a given C.L). for the modu-
lated term. The constraints in tlgm) plots drawn in Figs.
improvement in sensitivity with increasing statistics is faster8 and 9 have been obtained instead through the June minus
when analyzing residualdike June minus Decembethan  December method.
when using the total spectrum. For comparison with other
experiments sefl—3] (Nal scintillators and[8,15-19§ (Ge
detectors
The second procedure mentioned abggg follows the We have performed an experiment intended to look for
well-known strategy of projecting out a possible periodicWIMP’s through their elastic scattering off sodium and io-
component by Fourier or cosine transforming the data. Thigline nuclei with 32.1 kg of Na(TI) crystals in the Canfranc
is accomplished in Re{6] by using as an indicator of the Underground Laboratory recording data along about 2 yr. A
modulation the modulation significance defined & detailed description of the experimental setup, calibration
=X/lo(X) where X=X2 cospt)[S(t)+B(t)]. S(tj) and  procedure, and background analysis, including MC simula-
B(tj) are Poisson random variables representing, respecions, is presented. By comparing the observed direct spec-
tively, the signal and background data collected in a time birtrum (corresponding to 4613.6 kg day of expogungth ex-
of 1-day width centered at timig. For our particular experi- pectations, bounds on the properties of hypothetical particle
ment, a measure dR is given byr=x/\4ad wherex is  dark matter candidates have been derived. The influence of
measure ofX andd a measure o S(t;)+B(t;), a is a the background modeling on these bounds is also discussed.
correction facto{6] to account for the fact that we do not Looking for an identifying signature of the WIMP’s, we
have data all the days of the year<0.607). have observed the behavior of the data in the months of June
For the modulation significance analysis, we have use@nd December of the 2 yr trying to find the differences im-
data of only two Nal detector®1.4 kg and a total of 424 plied by the rotation of the Earth around the Sun. No differ-
days (paired, i.e., opposite in the cosine pepiodable Il ence has been observed but, from the absence of such a
shows the value of modulation significancend its related modulation effect, constraints on masses and cross sections
confidence level for the two energy windows used in thisof spin-dependent and spin-independent interactions of
analysis. Also the value of the random variallgwhere ~ WIMP’s more restrictive than those obtained from the total
(X)=2aT8S,) is given. If there is no modulatiom,is Gauss- rate have been found. The improvement on the sensitivity of
ian distributed around zero, wiilh= 1. The confidence level residual spectrum versus total spectrum techniques in our
for a measured valug, of R to indicate the existence of a experiment, as expected from the standard arguments, is
signal modulation isCL=1/2+1/2erf(ro|v2). A valuer,  clearly illustrated in this paper.
=1.28 (i.e., 90% C.L) would be a fair indication of the
existence of an annual modulation, whereas no modulation ACKNOWLEDGMENTS
would correspond to a C.L. of 50%. To conclude about the
possible existence of a modulation, one should perform the The financial support of the Spanish Scientific and Tech-
modulation significance analysis in various energy windowsnological Agency, CICYT, under Grant No. AE95-0747 is
and checked it by looking also at the modulation componenacknowledged.
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