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Abstract

In the context of the LENS R&D solar neutrino project, thespectrum of a sample of metallic
indium was measured using a single experimental setup of 4 HP-Ge detectors located underground
at the Gran Sasso National Laboratories (LNGS), Italy: Bne at the energy497.48 4+ 0.21) keV
was found that is not present in the background spectrum and that can be identifigcyaargtum
following the g decay of119In to the first excited state d-°Sn (9/2)+ — (3/2)*). This decay
channel oft13In, which is reported here for the first time, has an extremely@gywalue, Q5 = (2+
4) keV, and has a much lower prdiifity than the wellknown ground state-gund state transition,
being the branching rati6 = (1.18 + 0.31) x 106, This could be thes decay with the lowest
known Q g-value. The limit on charge nonconserviglecay of-1%In is set at 90% C.L. agcnc >
4.1 % 1070 yr.
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1. Introduction

119 has been envisaged in the LENS project (Low Energy Neutrino Spectroscopy) as
a possible target for the real-time measurehwéow energy solar neutrinos. The detec-
tion principle is based on the inverse electron capture (EC) realdttom(v,, ¢ ~)11°Sr* on
1191, which has a threshold energy of 114 keV and populates the second excited state of
1153n at 613 keV (see Fig. 5 later). This state is metastable, with a lifertind. 76 us, and
its subsequent two-step decay to thewgrd state providesahighly specificv signature
[1]. Namely, the prompt electron emitted in the inverse-EC reactigni¢ followed, with
a typical delay ofr = 4.76 us, by a localized deposition of 116 kéx/y )2, in spatial co-
incidence, and by g-ray (y3) of 497 keV (see Fig. 5). Thought®In has several favorable
features as a target for low energy solar neutrinos (high isotopic abundance, low threshold,
strongv-tag), the detection technique éxtremely challenging becau$®lIn is unstable
and cang-decay directly to thé®Sn ground state. The specific activity of natural indium
is 0.25 Bg/g and thus indium itself is the major irremovable source of background. The
LENS R&D project has demonstrated that thé background suppression factor needed
for the pp solar neutrino measurement can be achieved, however, at the cost of a very
high segmentation~ 10° cells) and of an one-order-of-magnitude increase of the overall
detector mass [1].

The most serious background that has to be faced is related to the coincidence of two
spatially-close indium decay The coincidence of twd®In decays can mimic the-tag
if the secondB has energy close to the end point and emits a hard bremsstraplung
The importance of this source of background depends on the granularity of the detector
(because of the requirement of spatial cadeaice), on the energy resolution and on the
indium bremsstrahlung spectrum. In order to have a better comprehension and characteri-
zation of the bremsstrahlung, a measurement ofstlspectrum of an indium sample was
performed with HP-Ge detectors in the Ldvevel Background Fality underground in the
Gran Sasso National Laboratories, Italy. During the analysis of the data we found evidence
for a previously unknown decay é#°In to the first excited level o¥°Sn, at the energy
497 .4 keV.

In Section 2 we describe the indium sample and the experimental details of the measure-
ment. In Section 3 we present the spectrum and the evidence forlthe at 497 keV. In
Sections 4 and 5 we discuss the intetation of this line in terms of decay &#In to the
first excited state of'Sn and the consequent limit set on ##é@n charge-nonconserving
decay. Finally, in Section 6 we summarize ousults and briefly describe some possible
future perspectives.
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2. Thesetup
2.1. The sample and the detector

The sample used for the measurement consists of an ingot of méfiliicf mass
9287 + 0.1 g. It has the shape of a cylindrical shell, with the approximate dimensions of
2.0 cm (internal diameter), 5.5 cm (external diameter) and 6.5 cm (height). The high-purity
indium (6N5 grade) used for the production of the sample has been provided by the Indium
Corporation of America in May 2002.

The y spectrum of the indium source was measured using a set of 4 HP-Ge detectors
installed underground at LNGS. The detectors are very similar coaxial germanium crystals
mounted altogether in one cryostat made byl@ara; their main parameters are displayed
in Table 1. They are arranged as shown in Fig. 1 and surround the indium sample, which
is placed in the central well. The experimergatup is enclosed in a lead/copper passive
shielding and has a nitrogen ventilation system against radon.

One measurement of the indium ingot (27%8. of counting time for each detector)
and one of the background (1601.0 h) were carried out, both with the complete shielding
around the detectors.

Table 1
Germanium detectors parameters

Detectors

gel78 gel79 gel80 @gel88
Volume (cn) 2252 2250 2250 2207
Endcap and holder material Electrolytical copper

Energy resolution (FWHM) at 1332 keV . 20 20 20

~——229.00 —

j

101.00 S57.0C

Fig. 1. Top view of the experimental setup. Dimensions are in mm.
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Fig. 2. Simulated full energy effiency of the 4-detector setup.

2.2. Detector performances

The detectors show a very good energy resolution and linearity. The efficiency of the
configuration (detectors and ingot) has been evaluated using Hae13-based code
Jazzv, developed by O. CremonésiThe computed full energy efficiency, i.e., the prob-
ability that ay ray produced in a random position of the indium ingot deposits its full
energy in one of the four Ge detectors, is displayed in Fig. 2 as a function of energy. The
Monte Carlo code has been checked, with thecpdure described in Ref. [2], using a
previous measurement performed in the same setup vilE8@y source (1173 keV and
1332 keV). Taking into account the 2505 keihs peak in the experimental spectrum and
neglecting the angular correlations of the two photons, the measured absolute efficiencies
in this configuration agree with the computed ones at 12% and are consistent within their
statistical uncertainties. On the basis of our previous experience with similar simulations of
analogous experimental setups we estimate the systematic uncertainty on the Monte Carlo
efficiencies to be 10%. In any case, the knowledge of the absolute efficiency at the few %
level is not needed for the present analysis, as it does not represent the main contribution
to the uncertainty on the measurt®in — 119Sr* decay rate (see Section 4). For this

2 INFN Milano and Milano Bicocca University.
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reason, we can conclude that our knowledge of the detector and of the absolute efficiency
is satisfactory for our purposes.

3. Analysisof the measured spectra
3.1. Comparison of indium and background spectra

The spectra obtained by the four detectors for the indium sample and for the background
have been added (see Fig. 3) and analyzed using both an automatic program and visual in-
spection. In the indium measurement, besides the continuous component (see Fig. 3(a))
due to the bremsstrahlung of the electrons fromaftecay of!1°In (end point: 499 keV),

42 y lines with energy above 200 keV could be identified: they are listed, together with
their interpretation, in Table 2. The samelines, except the one at 497.480.21 keV

(which represents the main point of this paper and will be discussed in detail in the follow-
ing sections), are also found in the background spectrum, though some of them (e.g., 795,
1588 and 2447 keV) have a poor statistical significance because of the shorter measurement
time. As shown in Table 2, the observgdines come from the natural radionuclides and
radioactive series'K, 238U, 235U, 232Th) and from cosmogenic or anthropogenic nuclides
(69Co, 137Cs,207Bi, 26Al) that are usually present as contaminations in normal copper and
lead. The same table shows the counting rates of tlees for the indium sample and the
background, as well as their difference (statistical errors only). For each line (except the
one at 497 keV) the difference turns out to bdistecally consistent with zero. Hence there

is no statistical evidence of radioactive contamination of the indium sample, since the data
are consistent with contaminations of the experimental setup only (germanium crystals and
passive lead/copper shielding).

The efficiencies quoted in Table 2 (full energy efficiencies) have been calculated in the
hypothesis that the rays are generated inside the imai sample so they include the effect
of self-absorption in the ingot itself. The fact that in some cases the indium-background
difference rate is negative (though statistically consistent with zero) is explained because
indium is an effectivey ray absorber (the atomic numbgris 49) and can hence act as
an additional shielding for the Ge detectors with respect to the background measurement,
where the well is filled with a Plexiglas plug.

3.2. The 497 keV line

As anticipated in Section 3.1, the onjy line of the indium spectrum which is not
present in the background measurement and cannot be ascribed to the usual radioactive
contaminants is located at the energy of 4974821 keV. The interesting region of the
spectrum is shown in Fig. 4. From the fit of the indium spectrum in the energy region 487—
508 keV with a Gaussian peak and linear background assumption, we get a net area of
90+ 22 counts, inconsistent with zero at more than %his corresponds to a counting rate
of 0.78+ 0.19 countgday. Variations of the energy interval for the fit result in changes of
the area inside the quoted uncertainty. With the same procedure applied to the background
spectrum, no Gaussian peak could be found and the resulting aref 1¢l @ounts; the
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Table 2 e
y lines observed in the indium and background spedhtensities are expressed as number’sfper nucleus decay. Efficiencies refer to the four detectors (in OR) and
are evaluated by cubic spline interpolation

Database lines e (%) Indium spectrum Background spectrum Differencelay

Energy Decay Chain Intensity Position Rate Position Rate

(keV) (%) (keV) ¢/day (keV) ¢day
23863 212pp 2321 433 2.55 23834 603+ 1.00 23864 600+ 0.87 003+1.33 o
24200 2l4pp 238y 7.43 2.59 24184 299+0.70 24170 330+0.63 —~0.30+£0.95 z
29522 214pp 238y 193 3.08 29516 5374082 29523 4474093 090+ 1.24 o)
30001 22'Th 5y 232 3.11 29916 082+ 0.63 30073 069051 013+0.81 &
30007 212py 2321, 328 3.11 5
33832 228 2321h 1127 3.27 33833 120+0.43 33795 141+0.48 —0.21+0.65 .
35106 211p; 235y 1291 3.30 35188 879+0.47 35188 1031+0.96 —151+1.07 o
35193 214pp 238y 376 3.30 E

3.32 49748+ 0.21 078-+0.19 - <0.34(90% C.L.) - £

51077 2087 2321h 226 3.31 51083 450+ 0.34 51065 420+ 051 030+ 0.67 3
51099 et ann * 3.31 il
569.70 21lpg 235y 05 3.25 57011 Q71+0.24 57036 057+0.18 01440.30 2
569.70 207g; * 97.7 3.25 2
58319 2087 2821h 845 3.23 58318 162+0.19 58353 180+ 0.27 —-0.18+0.33 >
609.31 214g; 238y 46.1 3.19 60929 707+0.28 60927 696+ 0.36 012+ 0.45 N
66166 37cs * 851 3.13 66176 434+0.26 66127 405+0.30 029+ 0.40 bl
727.33 212gj 2321h 6.58 3.06 72720 091+0.28 72715 047+0.33 0444043 §
76836 214p; 238y 4.96 3.02 76769 073+0.36 76804 045+0.18 028+0.41 g
794.95 228¢ 2321h 425 2.99 79403 056+ 0.21 - <0.67 (90% C.L.) - 8
80310  2%6py * 2.98 80311 0714023 80317 1174+0.33 —0.46+0.40 o
83484 54Mn * 100.0 2.95 83482 073+0.19 83544 075+0.18 —0.02+0.26 S
83571 228p¢ 2321h 161 2.95
83904 214pp 238y 0.59 2.95 84089 050+ 0.15 83972 036+0.18 0144023
84037 228p¢ 2321h 091 2.95
86056 2087 2321h 1242 2.93 85929 0644 0.43 86134 051+0.39 0134058
91120 228 2321h 258 2.87 91130 179+0.16 91116 170+0.35 009+ 0.38

(continued on next pagye



Table 2 ¢ontinued

Database lines e (%) Indium spectrum Background spectrum Differencelay
Energy Decay Chain Intensity Position Rate Position Rate
(keV) (%) (keV) ¢/day (keV) ¢day

934.10 214g; 238y 3.03 2.85 93%8 040+ 0.14 93453 021+0.21 0194025

964.76 228pc 2321 4.99 2.82 9630 041+0.19 96444 027+0.12 015+0.23

96897 228¢ 2321h 158 2.81 96917 116+ 0.26 96895 084+0.18 032+0.32
100103 234mpgy 238y 0.84 2.78 100100 035+ 0.14 100143 030+0.15 005+ 0.20
106366 207; * 745 2.73 10635 078+0.14 106369 090+ 0.15 —0.1240.20
112029 214p; 238y 15.1 2.68 112@7 146+0.12 111991 156+ 0.18 —0.10+0.22
112400 85Zn+ CuKy * 50.6 2.68 112409 089+ 0.10 112402 096+0.12 —0.07+0.16
117324 60co * 99.97 2.65 11720 4924 0.32 117322 4564 0.48 0364 0.58
123811 214p; 238y 5.79 2.61 123812 0724+0.21 123781 084+0.21 —0.12+0.30
133250 80co * 99.99 2.53 13352 488+ 0.32 133216 4524045 036+ 0.55
137767 214 238y 4.00 2.49 13753 044+0.14 137759 039+ 0.06 005+ 0.15
140798 214p; 238y 2.15 2.46 14082 045+ 0.24 140825 048+ 0.30 —0.03+0.39
146083 40 * 11.0 2.42 14602 1814+ 0.60 146094 1855+ 0.84 —04+10
150923 214 238y 211 2.38 15092 024+0.14 150886 024+ 0.06 000+ 0.15
158819  228ac 232Th 322 2.31 15882 024+0.11 - <0.36 (90% C.L.) -
172960 214 238y 2.92 2.19 17299 033+0.10 172984 048+ 0.12 —0.15+0.16
176449 214g; 238y 154 2.17 176449 158+ 0.20 176400 178+0.24 —0.21+0.31
177024 207g; * 6.87 2.17 17681 017+ 0.04 177000 022+0.07 —0.05+0.08
180865 26 * 99.8 2.14 180814 038+ 0.09 180844 030 0.09 0084 0.13
184742 214p; 238y 211 2.11 18453 014+ 0.07 184710 021+ 0.09 —0.07+0.11
220421 214p; 238y 5.08 1.89 22029 030+ 0.05 220337 033+ 0.09 —0.03+0.10
244786  21%Bi 238y 157 1.75 24486 0194+ 0.09 - <0.27 (90% C.L.) -
261454 2087 2321h 990 1.66 261416 090+ 0.14 261508 064+ 0.17 026+ 0.22
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Fig. 3. Experimenta} spectrum in the regions 70-510 keV (a), 500-1500 keV (b) and 1500-2700 keV (c) for
the indium sample (solid line) superimposed with tlaekground spectrum (dashed line) normalized to the same

counting time.

C.M. Cattadori et al. / Nuclear Physics A 748 (2005) 333-347

v ol !

! "u."r'l'f.i'kl‘hf'\i\\'illﬂ 1 |
.'t’"wlﬂ{ "Ur".il'-'h-'(';”., ol op
B

Illr:“]:..illlllllllllllil

e b o by b s B by v bew g By gy T

100 150 200 250 300 350 400 450 500
Energy (keV)

b)

E L L L ML BB B L

dodmi,

g g i ST (T
500 500 1000 1200 1400

Energy (keV)

35 C)
30

A AU N L0 Lk b
1600 1800 2000 2200 2400 2800
Energy (keV)



C.M. Cattadori et al. / Nuclear Physics A 748 (2005) 333-347 341

3. F -
= 190 r > 80 F
1 C i« E
o E o 70 F
St @) S E
= - c 60 |
=) B =2 =
§ 80r S 50 F
60 P 40 E
40 F bl
E 20
20 F 10 F

D T L1 1 1 I L1\ I il I 1_1 0 ; i S . I el l L1 __1 l )

480 480 500 510 480 480 500 510
Energy (keV) Energy (keV)

Fig. 4. Spectrum in the region 48®15 keV (a) for the indium sample and (b) for the background.

corresponding upper limit derived with the Feldman—Cousins method [3] is 23.0 counts
(90% C.L.) or 0.34 coungslay (90% C.L.).

It can hence be concluded that the peak unganmenation is statistically significant and
related with the indium sample, being absent in the background measurement.

4. Interpretation
4.1. Decay of19n to the first excited state £°Sn

The peak with the energy 497.480.21 keV found in the indium measurement and
absent in the background one can be explained witig ttlecay of'1%In to the first excited
level of 115Sn, whose excitation energy is 497.4 keV. Such a process had never been ob-
served previously and thgdecay of!1%In was considered up-to-date as going exclusively
to the ground state df-°Sn [4-6]. Because of the large change in the nuclear angular mo-
mentum (9/2)t — (1/2)1), the ground state to ground stgtedecay of19n is a 4th
forbidden transition and has one of the largest knownflogalues (logfr = 22.5). The
measured half life of1%In is 112 = 4.41 x 10 yr [4-7].

According to the most recent table of atiznmasses [8], the mass difference between
19 and115Sn is 499+ 4 keV. The decay'®In — 115Sn* to the first excited level of
1153n is hence kinematically allowed, though with an extremely si@glivalue, Qg =
1.6+4.0keV.

Using the area of the 497 keV peak observed in the indium spectrum, the decay rate for
the transition to the first excited level 5°Sn can be evaluated through the relation

S
(M50 - 1155y = 3L O (1)
Nety
wheres is the efficiency to detect the full energywith the 4 Ge detectorsy is the number
of 119n nuclei in the sampley, is the measurement tim§,is the area of the peak and

is the coefficient of conversion gf quanta to electrons for the given nuclear transition.
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The full peak efficiency at 497 keV is= (3.324+ 0.33)% and it was evaluated using
the Monte Carlo simulation described in Section 2.2. Taking into account the total mass
of the indium sample (928.7 g), the atomic weight of indium (114.8 gHdP] and the
isotopic abundance d#°In (95.7%) [10], the number df*%In nuclei in our sample results
to be N = 4.66 x 1074, The area of the peak is 9922 counts (see Section 3.2) and the
electron conversion coefficient for the transitionxis= 8.1 x 10~3 [5]. With these values
andry = 27623 h, the decay rate for thé®n g decay to the first excited level 6#°Sn
is estimated to be

r(*%In - 15rf) = (1.864 0.49) x 10721 yr 1, @
that corresponds to a partial half life of
In2
112(*In — 115sr) = n? =(3.73+£0.98) x 10?yr. ®)

The probability of this process is thus near one million times lower than for the transition
to the ground state df°Sn (see Fig. 5); the experimental branching ratio is

b=(1.18+0.31) x 10°°. (4)

The uncertainty on the decay rate and on the tnarg ratio mainly comes from the statis-

tical error on the net area of the 497 keV peak. Nuclear spin and parity are changed in the
observed transition from the initi@d/2)* of the 11%In ground state t@3/2)* of 115Sn;

this is therefore a 2nd forbidden unigdedecay. The recent compilation of Igg values

of Ref. [11] gives for such a decay the average valueflog: 15.6 + 1.2; for the 12 known
experimental cases, the range is from 13.9 to 18.0. With the measured value of the half life
of (3.73+0.98) x 10?0 yr, the “experimental” logf value is logf = —12.47+1.21. On

the other hand, the lofj can be estimated with the help of the LOGFT tool at the National

T=476ps
e: 712* 6128
7| 115.4kev
- o (eI'Y)Z t=16 ps
or2* e T 312+ 497.4
115In b=1.2-10%
T = 6.4x10"
Y 1 7
Brrax = 49k:[ 497 .4 keV
112+ 0
115§

Fig. 5. New level scheme fdr®In and115Sn as a result after this work. Tti8/2)* level of 1155n is shown in
its old (dashed line) and new (solid line) position, namely above and belod!fe ground state. The nuclear
transitions relevant for the LENS neutrino tagging are also shown.



C.M. Cattadori et al. / Nuclear Physics A 748 (2005) 333-347 343

Nuclear Data Center, USA [12] which is lmkon the procedure described in [13]. The
value for Qg = 1.6 keV calculated with the LOGFT code is Igg= —10.8; this means

that with such a4 the g decay should go near 50 times faster. One can solve the inverse
problem and use the LOGFT code to adjust the value corresponding to the measured
log f = —1247+1.21. Such a procedure gives a valuelyf = 0.46f8:;g keV. The lowest
value of logft = 13.9 in the range of the known 2nd forbidden unigtidecays [11] cor-
responds ta g = 0.12 keV, while the highest value (lofy = 18.0) givesQg = 2.85 keV.
Derived on this basis, the atomic mass differeHéa-115n is equal 49823 keV (with

the error bars corresponding to the range of 13.9-18.0 of iogalues), which is more
precise than the recent value of 499 keV [8].

In any case, it is clear that th@s value in thep decay!'®n — 11°Sn* is close to
zero® Such a unique situation could be used to establish a limit on the antineutrino mass,
in addition to the experiments wiftH and187Re, where up-to-date limits are in the range
of ~ 2 eV [16] and~ 15 eV [17], respectively. To do this in a competitive way both the
119n Qg-value and the energy of tHé>Sn 497.4 keV level should be measured with an
accuracy of~ 1 eV or better. The uncertainty in the energy of the 497.4 keV level is equal
now to 22 eV [5] and it could be further reduced doing an accurate investigation of the
1155h decay The atomic mass differené¢é®n-11°Sn can possibly also be measured with
an accuracy of 1 eV. For example, the mass differencé®te—6Se was determined with
50 eV uncertainty in Ref. [18], where it was stated that the Penning traps technique is able
to deliver even more accurate results. Bothremeasurements require strong experimental
efforts but the physical result could be very interesting and important.

4.2. Possible imitation of the effect

In some nuclear processgsays with energies close to 497 keV are emitted. This could
give an alternative explanation of the peakerygd in the experimental spectrum. Luckily,
additionaly rays are also emitted in such decays,\wlhg to tag those mimicking effects.

The!%®In nucleus has an isomeric staf€™n with the energyFiso = 3362 keV and a
half life of 4.5 h [4]. With the probability of 0.047% tHé°™n nucleus8-decays to the first
excited level of1°Sn, with the subsequent emission of a 497 kekay [4—6]. However, in
this case & ray with the energyiso = 336.2 keV is emitted with much higher probability
(45.84% [4]) because of the electromagnetic transition from the isontEtfdn to the
ground!9n state. This huge peak at 336.2 keV, whose area shoutd 1@ times bigger
than that of the observed 497.4 keV peak, is absent in the experimental spectrum; only a
peak at 338.3 keV is observed, with the net area of +3® counts, which corresponds
to the decay of28Ac from the232Th natural chain (see Table 2). Therefore, the decay of
the isomeric staté'®Mn is absolutely negligible and the 497 keV peak cannot be ascribed
to it, not even in part. Similarly, given also the underground location of the experimental

3 Even the history of theD 4 evaluation forl19n gives some indication for this: th@ g value was slightly
lower than energy of the first excited 497.4 k&¥PSn state in accordance with older tables of atomic masses,
Qf =495+ 4 keV [14] and 496t 4 keV [15], while it is slightly higher in the last evaluation, 433 keV [8].

It can be noted that energies of manyines of calibration sources are known with an accuracy.bfQ3 eV,
also in the~ 500 keV region of our interest [4].
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setup and the low flux of neutrons [19], we conclude thal ) reactions cannot contribute
to the peak under analysis.

Protons produced by fast neutron or cosmic ray muons can populate the second excited
level of 115Sn (Fig. 5) via the(p, n) reaction on19In (Eiy = 0.9 MeV); the 115Sn nu-
cleus quickly returns to the ground state with the emission ofjtways of energy 115.4
and 497.4 keV. The contribution originated by fast neutrons is practically zero (see, e.g.,
[20]) because of the deep underground location and the lack of hydrogenous materials
in the setup. On the other hand, since the muon flux in the laboratory is extremely low
(1 muorym?h [21]), also the contribution ofp, n) reactions induced by cosmic rays (see
also [22]) to the 497 keV peak is absolutely negligiblel0~23 counts).

Some decays from the natuf®U and232Th chains can also give rays in the en-
ergy region of interest, though with very low intensity. They are in particulaPjaBi
(E = 4967 keV, I = 0.0069%),228Ac (E = 4975 keV, I = 0.0059%) and?3*™Pa
(E = 4980 keV, I = 0.062%). However, the sum contribution of these decays to the
497 keV peak is less than 1 count and can be easily estimated using their stronger as-
sociatedy lines®

We could not figure out other sources than can mimic the experimentally observed
497 keV peak.

5. Charge nonconserving 8 decay of 11%In

The present measurements give alsopbssibility to set a limit on the charge noncon-
serving (CNC)8 decay oft19In, a process in which thed, Z) — (A, Z + 1) transforma-
tion is not accompanied by the emission of an electron [23,24]. It is supposed that instead
of ane™, a massless particle is emitted (for example,@aa y quantum, or a Majoron):
(A,Z)—> (A, Z+ 1)+ (v. Ory or M) + v,. In this case the energy available in the Z)
decay is increased of 511 keV, that are ndtynapent for the electron rest mass. This
makes possible some transitions to the ground or excited states of the daugtier 1)
nucleus which are energetically forbidden for the normal, charge conservingg(G&ay.
Up-to-date, the CN@ decay was searched for with four nuclides oriGa, "3Ge,®"Rb
and13Cd. Only lower limits on the corresponding life timesnc were established in the
range of 1868-10?8 yr (see Table 3).

The additional 511 keV in the CNE decay of'19In allow the population of the second
excited level(7/2)" of 115Sn at 612.8 keV (see Fig. 5). In the subsequent deexcitation
process twa rays of energies 115.4 keV and 497.4 keV are emitted. Instead of the 115.4-
keV y, the corresponding conversion electrcan be emitted with high probability, due
to the large conversion coefficiesat= 0.96 [5]. This, together with the self-absorption of
low-energyy’s in the In sample, results in the effective observation of the 497.4 keV peak
only (with efficiencye = 3.30%). In principle, we cannot distinguish which mechanism
leads to the detected 497 keV peak: the CB/@ecay or the usual C@ decay to the

5 For instance, the area of the 338.3 keV line?8%Ac, whose relative intensity is 11.27%, is only 1380
counts. Therefore, if the contaminaitiavere located in the indium ingot, the estimated contribution to the 497 keV
peak, taking also into account the different full peak efficiency, wouldt@+ 2.6) x 102 counts.
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Table 3
Limits on life time and charge nonconserving admixture inleak interactions established in direct experiments
to search for CN@ decay

CNC g decay TenG YT (C.LY) €2 Year [Ref]
87Rb—> 87Mgr > 1.8 x 106 (68%) <33x10°Y7 1960 [25]
87Rb—> 87Mgr > 1.9 x 108 (90%) <30x10719 1979 [26]
Ga— "1Ge > 2.3 x 1023 (90%) <90x 1024 1980 [27]
87Rb—> 87Mgr > 7.5 x 1019 (90%) <7.9x1072! 1983 [28]
113¢cq— 113mpp > 1.4 x 108 (90%) <97x10718 1983 [29]
Ga— "1Ge > 3.5 x 10?6 (68%) <80x 10727 1996 [30]
3Ge— "3As > 2.6 x 1023 (90%) <11x10°8 2002 [31]
115 — 115mgpy > 4.1 x 1020 (90%) <24x10°20 This work

first excited level of15Sn. If the whole area of the observed 497 keV peak is considered as
belonging to the CN@ decay (instead of the much less exotic ugtidecay of1%n), and
substituting in the formula for the life timeznc = e Nty /[Sim (1 + «)] the values of the
efficiency and of the other parameters described in Section 4.1 togetheS$wits 118,

the 90% C.L. limit on the life time of this process is

Tene > 4.1 x 100 yr. (5)

Though this value is relatively low, it is determined for the first timefoin, expanding
the scarce information on the CNC processes.

We can use the obtainedyc limit to derive constraints on the charge nonconserving
admixture in the weak interactions. Assuming that the weak interactions include a small
CNC component of the usual form, except for.areplacing thee™ in the lepton current,
Hcne = €, Husuar the €, value can be expressed as the ratio of the probabilities of the
neutron decay through the CNC channeb p + v, + v, and the usual C@ decay
n—p+e + v, [32]:

s Tn—>ptve+i) )  W(n) fi(A 2Z) )
" I'n—p4e +0) TeNc(A, Z) WA, Z)  fi(n)

In this expression (n) is the free neutron life time (885.7 s [33,(n) is the mass differ-
ence between andp (1293.3 keV [33]),W (A, Z) is the mass difference betweeéa, Z)
and(A, Z + 1) nuclei(in our case, 397.2 keV for thEIn ground state and the second
excited level oft1°Sn), f7(n) = 1040 s is the: comparative half lié. The specific com-
parative half lifef¢(A, Z) can be calculated from thgt (A, Z + 1) value of the daughter
nucleus, with the correction for the statistical factor which takes into account the difference
in spin between the initial and final nuclear states:

ft(A, Z+D[2J(A,Z)+1]

2J(A,Z+1+1
However, theft (A, Z + 1) value for the transition from th€7/2)* second excited level
of 115Sn to (9/2)* ground state of'%n is unknown; for the estimation of the? limit

we use the recommended value for fherocesses withA J47 = 11 in odd A nuclei:
log ft = 5.9 [11]. Substituting all the values together witknc > 4.1 x 107%yr in Eq. (6),

€

(A, Z)=
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we gete? < 2.4 x 10729, As could be seen from the Table 3, though this value is worse than
the limit derived with’1Ga [30], it is better than that obihed in the recent experiment with
73Ge [31]. In addition, it should be noted, as in [31], that while the paranagtisrrelated
only to the neutrino emission, the limit obtained ag\c is valid for any CNC channel
with the emission of massless neutral partickesNlajoron(s),v, etc.) or the nonemission

of the electron at all.

6. Conclusions

From the measurement of thespectrum of a sample of metallic indium performed
with HP-Ge detectors in the Low-Level Baground Facilityof the Gran Sasso Laboratory,
we have found evidence for the previously unknggvdecay of'19In to the first excited
state of'15Sn at 497.4 keV (©/2)* — (3/2)*). The Qg-value for this channel i9s =
2+ 4 keV; this could be lower than th@ z-value of ¥¥'Re, Q5 = 2.466 keV [34], and
hence be the lowest of all the knowhdecays. The branching ratio is found to be-
(1.18+ 0.31) x 105, We also set a limit on the charge nonconseryindecay of!1%n
tene > 4.1 x 1020 yr (90% C.L.).

This measurement was carried out in tlemiext of the LENS R&D project, with the
aim of better characterize th&°In bremsstrahlung spectrum, which is poorly known near
its end-point. The discovered decay3fin on the first excited state df-°Sn could in
principle be dangerous for the LENS solar neutrino measurement, since it is an irremovable
background source of 497 ke}'rays. The coincidence #°n decay on the ground state
of 1155n and oné!%In decay on the first excited state can in fact mimic thag and the
possible impact is currently under investigation.

In a future work we plan to study the possible atomic effects on the half life of the
190 — 551+ decay by measuring a new sample where indium is present in a different
chemical form (e.g., InGlsolution instead of metallic indium).

We also point out that, given the extremely lg@s value, the decay reported in this
work could be used in a future experiment to directly measure the neutrino mass. In order
to reduce the background due to fhelecay oft1%n to the ground state df°Sn, such ex-
periment would need a rejection power of1that could be achieved tagging the 497 keV
y ray emitted in coincidence with thgparticle. New In-based semiconductor detectors or
fast bolometers could be used for the purpose.
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