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Abstract. New results achieved by the DAMA collaboration on the search for rare
processes in the underground Gran Sasso National Laboratories (LNGS) of the
INFN are presented. In particular, the following searches have been summarized:

1) search for the o activity of 51 Eu; il) measurement of 232v decay of **°Mo to

the first excited 07 level of 1%9Ru; iii) search for double beta processes in $4Zn.

1 Search for « decay of natural Europium [1,2]

Both natural Europium isotopes, **'Eu (natural abundance d = 47.81(6)%)
and 3Eu (6§ = 52.19(6)%) have a positive energy release respectively to o
decay and, thus, they are potentially ¢ radioactive. Corresponding @, values
are: Qg = 1.964(1) MeV for %1Eu and Q. = 0.273(4) MeV for *3En.

The first experimental limits (90% C.L.) on the half lives of the rare alpha
decays of *'Eu into the first excited level of ¥*"Pm (Ty/5 > 2.4 x 10% y)
and of ' Eu into **Pm (T, > 1.1 x 10%° y) was achieved in a preliminary
measurement using a LigEu(BOgs)s crystal (mass = 2.72 g) at LNGS [1].

In a second measurement, a low background CaF3(Eu) crystal scintillator
32 x 1”7 (mass of 370 g), doped by Europium, was used to search for the a
activity of 5'Eu [2]. The concentration of Eu in the crystal was determined
with the help of the ICP Mass Spectrometry analysis: (0.4 £ 0.1)%. The
detector was installed in the DAMA/R&D set-up operative at LNGS at a
depth of 3600 m.w.e. The energy scale and resolution of the CaFs(Eu) detector
for v quanta were measured with standard 7 sources and the response of the
detector to « particles was studied with a collimated 24! Am « source — by using
different sets of absorbers — from 1 MeV up to 5.25 MeV (see Fig. la). To
discriminate events from ¢ decays inside the crystal from the v(3) background,
the optimal filter method was applied and the energy dependence of the shape
indicators (SI) was measured. The low energy part of the background spectrum
measured with the CaFy(Eu) crystal scintillator during 7426 h is shown in
Fig.1b. There is a peculiarity in the spectrum at the energy near 250 keV —
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Figure 1: Left Energy dependence of the /3 ratio for the CaFz(Eu) scintillation detector.
Measurements with 242 Am source using different sets of absorbers (mylar or few mm of air
in some cases) are shown by circles; points shown by triangles have been obtained from the
identified v activity in the background data. Right: Low energy part of the background spec-
trum measured during 7426 h in the low back_ground set-up with the CaF3z(Eu) scintillator
(crosses). The peculiarity on the left of the }47Sm peak can be attributed to the o decay of
151 By with the half-life Ty /2 = 5x 108 y. The o nature of the two peaks is further supported
by the pulse shape discrimination analysis; see discussion on the bottom lines given in ref. [2].
in agreement with the expected energy of the 1°*Eu alpha decay — which gives
an indication on the existence of this process. Therefore, the half-life of **'Eu
relatively to the o decay to the ground state of *”Pm has been evaluated to
ber Tfo(g.5. — g.8.) = 573" x 10 y, or, in a more conservative approach:
e NN 8 . 7

Tyy(g.s. — g.s.) 2 LT x 10 y at 68% C.L. [2].

In addition, for the decay of *'Eu to the first excited (5/27,Ecze=91 keV)
level of *4"Pm a limit has also been obtained: TP,(g.s. — 5/27) > 6 x 10"y at
68%C.L. Theoretical half-lifes for 1*Eu o decay calculated in different model
frameworks are in the range of (0.3-3.6)x 10 y; in particular, the measured
value of half-life of 1 Eu is well in agreement with the calculations of [3].

2 Measurement of 232v decay of “’Mo to the 07 level of 1“"Ru [4]

The meAsuRe Ment of twO-Neutrlno 23 decAy of ®Mo to the first excited
07 level of 1®Ru (ARMONIA) consists of a Mo sample of ~ 1 kg enriched in
1%0Mo at 99.5% in form of metallic powder installed in the four low-background
HP Ge detectors (about 225 ecm?® each, all mounted in one cryostat) facility
located at LNGS. The aim of this high sensitivity experiment is to measure
the 2321 decay of ™Mo to the first excited 07 level of 1Ru [E(07) = 1130.5
keV ] either to confirm positive results reported in (5] (with T3/ in the range
around 6 — 9 x 102 y) or to confirm previous higher limit value of ref. [6]
(T1/2 > 1.2 x 10?1 y at 90% C.L.).

Preliminary data have been collected deep underground at LNGS during
1927 h (see Fig. 2). Two v of 590.8 keV and 539.6 keV respectively are
expected in the 0] level de-excitation of the '™Ru. The measured energy
distribution in the range of 500-600 keV is reported in Fig. 2 and compared
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Figure 2: Spectrum of '°°Mo sample (mass of 1009 g) measured with 4 HP Ge detectors set-
up at LNGS during 192? h in the range of 600-600 keV. Shaded area is background spectrum
(without '"°Mo sample) normalised to the same time of measurements. Peaks at 583 keV
and 511 keV are related with 0®TI decay and the positron annihilation process, respectively.

with the background spectrum measured without the '*’Mo samgle (shaded
area). Note that peaks at 583 keV and 511 keV are related with *®*T1 decay
and the positron annihilation process, respectively.

A modest peak structure seems to be present - but at very low C.L. - around
540 keV, where one 7 searched for is expected. If this would be ascribed to
the decay searched for, one gets: 71/2 = 3 x 10* y. However, no significant
statistical evidence for the peak at the energy of 591 keV is found at present
and a limit on the half-life can be derived: T71/2 > 6 x 10% y at 90% C.L..
These measurements have shown that AR.MONIA is entering in the sensitivity
region of interest. New data taking with further purified sample and larger
exposure is in progress,

3 Search for 2/3 processes in **Zn with a ZNWO4 scintillator [7].

%7Zn is one of the few exceptions among 20" nuclei having big natural iso-
topic abundance (48.268%); the mass difference between **Zn and **Ni nuclei
is 1095.7(0.7) keV and, therefore, double electron capture (2s), and electron
capture with emission of positron (s/3") are energetically allowed.

A low background ZnWO4 crystal scintillator (mass of 117 g) has been in-
stalled deep underground in the low background DAMA/R&D set-up at the
LNGS for the investigation of double beta processes in **Zn with higher sen-
sitivity. The energy scale and resolution of the ZIIWO4 detector for 7 quanta
were measured with **Na, '**Ba, *’Os, **Th and *' Am sources.

The energy spectrum measured during 1902 h is presented in Fig. 3.

Comparing the simulated response functions for different 2/3 processes in
#Zn with the experimental energy distribution accumulated with the ZnWO4
crystal we did not find the peculiarities expected in the spectra. Therefore,
lower half-life limits can be set for the 2/3 processes in decay *‘Zn — **Ni at
90% C.L. (see table 1) improving the previous results; moreover, the positive
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Figure 3: The measured energy spectrum of ZnWQy scintillation crystal (mass of 117 g, 1902
h of measurements) together with the excluded at 90% C.L. distributions for 8™ processes
in ¥4Zn. Energy spectrum of 2ve™ decay with T3/ = 1.1x 10*% y (central value of positive
indication in Ref. [8]) is also shown by dotted line. In the Inset: Low energy part of the
spectrum together with the 202K peak of %4 Zn with Ty 5 = 6.2 % 10*8y excluded at $0%C.L.

indication for the 2ve/3* decay channel (T, = 1.1x 10" y) [8] is excluded with
high confidence by the experimental data. New measurements with a larger
ZnWO, crystal (mass of 0.7 kg) and with higher light output arve in progress.

Table 1: Half-life mits on 28 processes in decay ®4Zn — % Ni at 90% C.L.

Decay channel | T/, (y) Present work | T/, (y) Previous results

Quef™ > 2.2 % 1079 > 1.3 x 104 [9]

2wef3T > 2.1 x 10% = (1.1+0.9) x 10'° [§]
> 1.3 x 10% [9]

02K > 4.0 x 1018 > 1.2 x 1017 [10]

2K > 6.2 x 1018 > 6.0 x 106 [11]

Ov2e > 3.4 x 1018 > 7.0 x 1017 [12]
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