PROCEEDINGS

OF SCIENCE

Feasibility study of dark matter searches with the
CUORE experiment

M. Vignati*, on behalf of the CUORE collaboration
Sapienza Universita di Roma and INFN Sezione di Roma, Re6t,85, Italy
E-mail: mar co. vignati @onmal.infn.it

CUORE will be a 1 ton experiment made of about 1000 J&0lometers. It will probe the
neutrinoless double beta decaw@BD) of 13°Te, a tool to test the neutrino nature and mass.
The excellent energy resolution and the low backgroundesgahdetectors will make CUORE a
leading experiment in this field, improving the sensitistitthe half-life of &’ DBD by more than

an order of magnitude. Bolometric detectors, however, B sensitive to nuclear recoils and
can be used to search for dark matter interactions. In plie€@UORE, thanks to its mass, could
look for an annual modulation of the counting rate at low gresr. We developed a trigger and
a pulse shape identification algorithm, that allow to lower énergy threshold down to the few
keV region. We present the preliminary results obtainedroaraay made of four CUORE-like
crystals, and the prospects for a dark matter search in CUORE
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1. The CUORE experiment

The CUORE experiment is designed to search for the neutssalouble beta decay(DBD)
of 139Te [1]. The observation of this nuclear decay would deteentiivat the neutrino is a Majorana
particle, unlike all other fermions that are Dirac parti;land would set a scale for the absolute
value of the neutrino mass. CUORE will be made of 988 Jb@lometers of 750 g each. Bolome-
ters are detectors in which the energy from particle intésas is converted into heat and measured
via the resulting rise in temperature. Operated at a tertyreraf about 10 mK, these detectors
maintain an energy resolution of a few keV over their eneagge, extending from a few keV up to
several MeV. The measured resolution in the region of istgi@b27 keV) is about 5 keV FWHM,;
this, together with the low background and the high mass @ftperiment, determines the sen-
sitivity to the W DBD. CUORE will be installed in the Gran Sasso National Labory (LNGS)
in Italy and will start the data taking in about 2 years. ThsetfCUORE tower, CUORE-0, com-
posed by 52 bolometers, is under preparation and will stertdata taking in the next year. A
demonstrator experiment, CUORICINO, was operated in theesaboratory in the years 2003-
2008. It was composed by 62 TeGolometers, for a total mass of 40.7 Kg. The acquired sizist
was 19.75k¢"°Te) -y, and the final result is presented in Fig. 1. NeDBD signal was found,
the background level was16+ 0.01 counts/keV/kgly and the corresponding lower limit on the
OvDBD half-life of 1*Te is 2.8< 10?*y (90% C.L.). This limit leads to an upper limit on the neu-
trino effective Majorana mass ranging from 0.3 to 0.7 eVatejing on the nuclear matrix elements
considered in the computation.

CUORE could also search for dark matter (DM) interactiomsyijoled that the energy thresh-
old is sufficiently low. DM candidates such as weak interagtmassive particles (WIMPs) and
axion-like particles (ALPs) [2] are expected to producenalg at energies below 30 keV, and the
interaction rate increases as the energy decreases. Tiyy émeeshold of CUORICINO bolome-
ters, achieved using a trigger algorithm applied to the rat@ damples, was of the order of tens
of keV. If the threshold were of few keV, the CUORE experimeotild be sensitive to DM inter-
actions and thus play an important role in this growing regdearea. In the following we present
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Figure 1: CUORICINO energy spectrum in the region of interest. The ki 2505 keV is due t8°Co
contamination of the materials surrounding the bolometéogpeak is found at the expectedDBD energy
of 2527 keV.
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a method we developed to lower the energy threshold, andrtijecied CUORE sensitivity to
WIMP spin independent interactions.

2. Experimental setup

A CUORE bolometer is composed of two main parts, a Ae@stal and a neutron transmuta-
tion doped Germanium (NTD-Ge) thermistor [3]. The cryssatibe-shaped (5x5x5 éjrand held
by Teflon supports in copper frames. The frames are connaxted mixing chamber of a dilution
refrigerator, which keeps the system at the temperature I mK. The thermistor is glued to the
crystal and acts as thermometer. When energy is released trystal, its temperature increases
and changes the thermistor’s resistance. The thermistbasged with a constant current, and the
voltage across it constitutes the signal [4]. Usually, delbeater is also glued to the crystal. It is
used to inject controlled amounts of energy into the crystaémulate signals produced by parti-
cles [5]. The signal is amplified, filtered with a 6-pole aetBessel filter with a cut-off frequency
ranging between 12 and 20 Hz, and then acquired with an 18E@ with a sampling frequency
of 125 Hz.

The data presented in this paper comes from a four-bolometeaty operated by the CUORE
collaboration at LNGS in 2009. The main purpose of the detesis to check one of the first
production batches of CUORE crystals [6]. Thermistors wgtued on all crystals, while heaters
were glued only on two crystals. A typical signal producecahy88 keVy particle generated by a
12imTe de-excitation in a crystal is shown in Fig. 2.
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Figure 2: Signal produced by an 88 kej/particle fully absorbed in one detector. The signal is s@hplt
125 Hz and the length of the window corresponds to 5.008 s.

3. Lowering the energy threshold

At low energies the detection capability is limited by thaeadtor noise. Electronics spikes,
mechanical vibrations, and temperature fluctuations cadyme pulses that, if not properly iden-
tified, generate nonphysical background. The lower theggneieased in the bolometer, the more
difficult it is to discriminate between physical and nonpbgbpulses.
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We developed a trigger and a pulse shape identification iligo{7] that operate on data
samples processed using the matched filter technique [8k filter is designed to estimate the
amplitude of a signal, maximizing the signal to noise rat@ome slices of the filtered data are
shown in Fig. 3. In it one can see that the noise fluctuatioaseduced and signals with shape
different from the expected are suppressed.
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Figure 3: Windows of data samples containing pulses. The raw data(btzick line) have been shifted
such that the first sample has zero ADC counts; the filterea @ktshed red line) are not modified. Red
triangles identify the pulses detected by the trigger algor. The filter removes the baseline drifts and
suppresses pulses with different shapes than the expégted. s

3.1 Detection efficiency

Pulses are triggered when the data samples exceed a pdisit/ghold, and a new trigger is
possible when the data samples return below threshold ter thiat a local maximum is found.
The detection efficiency is estimated on pulses generatékedlyeater, performing an energy scan
from about 1 keV up to 100 keV. In the case of bolometers withbe heater, the estimation is
made on simulated data. In Fig. 4 the efficiency as a functf@mergy is shown for a bolometer
with the heater, and is compared with simulations of heater fzarticle pulses. In it, one can
see that the simulation agrees well with data, validatirgdfiiciency estimation on bolometers
without the heater. The efficiency reaches a plateau 81% atE ~ 3 keV, which is the software
energy threshold we set in the data analysis. Three bolombkés a 3 keV energy threshold and
a detection efficiency in excess of 80%, while the fourth htgeshold of~ 10 keV. To ease the
analysis job we ignored the fourth bolometer.

3.2 Pulse shape identification

To remove nonphysical pulses we fit the filtered pulses wighetkpected shape of the filtered
signal. They?/ndf of the fit is used as shape parameter, and the distribatitained for one of the
bolometers is shown in Fig. 5. In it, one can see that nonphi/giulses are very well separated.
We apply a cut on this variable to select signal events in ttergy region below 30 keV. The
probability of loosing a signal event after this cut has bestimated to be less than 3%.



Dark Matter searches with CUORE M. Vignati

f=
o
=

Efficiency
o g
O e
+
—4—
——
———
——
—ee—
—o—e—
——
— e
x

0.88}

0.86
0.84

0.82

0.8}~

Energy [keV]

Figure 4: Detection efficiency as a function of energy for one of ther tmmlometers. The red dots represent
the detection efficiencies on pulses generated by the h#adslue (green) dots are simulated heater (parti-
cle) pulses. The plateau is reached-& keV, value which determines the energy threshold usecidata
analysis. Above this threshold simulated data agrees wtlln@al data, validating the efficiency estimation
on bolometers without the heater, where only the simulataambe used.
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Figure 5: Shape parameter distribution of all the events in the ranb@d® keV for one of the three bolome-
ters used in the data analysis. The band at low values of #qgegbarameter is populated by signal events,
where the lines generated by metastable Tellurium isotapesisible. At higher values there are triggered
mechanical vibrations and spikes.

4. Sensitivity to dark matter interactions

The four bolometers array took 19 days of data. The low engpggtrum obtained combining
the three bolometers having 3 keV threshold, after cuttimghe shape parameter and correcting
for the detection efficiencies, is shown in Fig. 6. The datth@érange 3-5 keV are not displayed,
since they are still being studied; in place of the data wavsheir approximate behavior, that is an
exponential decay. The counting rate ranges fro20 cpd’keV/kg at 3 keV to~ 2 cpd/keV/kg
at 25 keV, and is well described by a double exponential des#ye estimate the CUORE sen-
sitivity to WIMPs assuming that the background differenteate will be equal to the measured
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Figure 6: Differential rate at low energies obtained combining daterf the three bolometers having the
energy threshold at 3 keV. The region below 5 keV is not shasimge it is still under study (see text).
The data are fitted with a double exponential decay, and therfition is used as model of the CUORE
background.

value in the four bolometers array, and that all bolometelihave a 3 keV threshold. It has to be
stressed that CUORE bolometers, unlike many other deteatannot distinguish nuclear recoils
from B/y interactions. Dark matter candidates like WIMPs, for exenare expected to induce
nuclear recoils, so that experiments able to reject othpastypf interactions have a higher discov-
ery potential. Nevertheless CUORE, thanks to its mass atitetlmw background expected, could
detect dark matter searching for an annual modulation ofdl#ning rate at low energies.

We performed toy Monte Carlo simulations generating bamligd events from the fit of the
measured distribution in Fig. 6, and WIMP events from theotbical distribution described in
Ref. [9], using a quenching factor for nuclear recoils in Jefgual to 1 [10]. We included
the dependence of the WIMP interaction rate on the time inythay, and estimated the back-
ground+signal asymmetry subtracting the 3-months integrapectrum across 2 December from
the 3-months integrated spectrum across 2 June. The 90%s€nsitivity to the cross-section
for spin independent interactions normalized to nucleena dunction of the WIMP mass, for
CUORE-0 in 3 years and CUORE in 5 years of data taking, is shaviAig. 7 together with the
present results of the leading experiments of the field. Aaritbe seen from the figure, CUORE-0
and CUORE will not be as sensitive as experiments able taidigate nuclear recoils. CUORE,
however, could investigate the same parameter space ofAMAIL IBRA experiment, and could
be the only experiment other than DAMA/LIBRA looking for anraual modulation of dark matter
interactions.
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Figure 7: CUORE(5Y) (in red) and CUORE-0(3y) (in black) expected gasitses compared to the actual
limits on WIMP-nucleon elastic scattering cross sectioAMA/LIBRA 3 ¢ evidence with ion channeling in
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