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Investigation of the neutrinoless double beta decay is a unique way to probe physics beyond the Standard Model. The process is
sensitive to the lepton number violation, the nature of neutrino (Majorana or Dirac particle), an absolute scale of neutrino mass and
the neutrino mass hierarchy. Neutrinoless double beta decay is still not observed, only limits on its half-life were set in the most
sensitive experiments. The searches for double beta decay are carried out by different methods, in particular with low-background
scintillation and semiconductor detectors. To determine a neutrino mass hierarchy new generation experiment should be sensitive to
the effective neutrino mass 0.02 —0.05 eV, which corresponds to the half-lives Ty, ~ 10* — 10?7 years and requires ultra-low
background detectors with a high energy resolution applying hundreds kilograms of the isotope of interest. Low temperature
scintillating bolometers are the most promising technique for such experiments.
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HCCJIEIOBAHUSA CBOMCTB HEMTPHUHO M CJIABOI'O B3AUMOJIENCTBHS B OKCIIEPUMEHTAX 1O
MOMCKY JBOMHOI'O BETA-PACHAJIA ATOMHBIX SIIEP
D.A. laneBuu
Hnucmumym saodepnuvix uccnedosanuit HAH Yrkpaune
npocnexm Hayxu 47, MCII 03680 Kues, Ykpauna

HccnenoBanns 0e3HEUTPUHHOTO JBOHHOTO OeTa-paclaja aTOMHBIX sep MPEICTAaBISIOT CO00i YHUKaIbHYIO BO3MOKHOCTh ITOHCKA
HOBBIX (hU3MYeCKUX J(PQPEKTOB 3a paMKaMH CTaHJAPTHOW MOJIENIU DIEMEHTAPHBIX YACTHI. JTOT TNPOLECC YYBCTBHTENEH K
HapYIICHHIO 3aKOHAa COXPAHEHWUS JICNITOHHOTO YHCIIA, MpUpoje HeWTpuHo (4actuna upaka wim MaiopaHbl), BEIHIMHE MacChl U
CXEME MAaCCOBBIX COCTOSHHI HEWTpUHO. bBe3HeHTpuHHBIM JBOIHOW Oera-pacman Bce eclle He OOHapyXeH, BO Bce Ooee
YyBCTBUTEJIBHBIX KCIEPHMEHTAX YCTAHABINBAIOTCS JIMIIb IIPE/IENIBl Ha ero BeposTHOCTh. [Toncku nBoifHOTrO OeTa-pacnaja BeayTcs
pa3HBIMH METOaMM, B YAaCTHOCTH C IOMOIIBI0 HU3KO(QOHOBBIX CLMHTHIUIALHOHHBIX M IOJYIPOBOAHHKOBBIX JNETEKTOPOB. Jliis
OIpPEACICHHs] CXEMbl MACCOBBIX COCTOSIHUI HEHTPUHO IKCIIEPUMEHT NOJDKEH MMETh 4YyBCTBUTEIBHOCTh K 3((EKTUBHOW Macce
HeiitpuHo Ha yposHe 0.02—0.05 5B, uro coorBercTByeT mnepmoxam monypacnaza T, ~ 10%°-10%7 mer um TpeGyer cosmamus
CBEPXHU3KO(OHOBBIX JAETEKTOPOB C BBICOKMM JSHEPreTHMYECKUM pa3pelIeHHeM W Maccol HCCIeIyeMOro H30TONa COTHHU
KuorpaMMoB. HuzkotemneparypHble CHMHTHUIHOHHBIE 0OJIOMETPHI MPEACTABISIOT cO000il Hanbosiee NEpCIEKTUBHYIO TEXHHUKY
IUTSL OCYIIECTBIICHHUS TAKHX OTBITOB.
KJIIOUEBBIE CJIOBA: nBoiiHoit Geta-pacniaj, HEHTpHUHO, cl1aboe B3aNMOJeHCTBHE, HU3KO(OHOBBIH SKCIIEPUMEHT

JOCJIKEHHS BJIACTUBOCTEN HEUTPAHO I CJIABKOI B3AEMO/IIi B EKCITIEPUMEHTAX 3 ITOIIYKY
MOJABIMHOI' O BETA-PO3NALY
D.A. laneBuu

Incmumym sdepnux docniooncens HAH Yrkpainu

npocnexm Hayxu 47, MCII 03680 Kuis, Yxpaina
Jocnimkenas 0e3HEHTPHHHOTO MOABIMHOTO OeTa-po3naay aTOMHHUX SAEp SBISIOTH COOOI0 YHIKAaJIbHY MOXKIMBICTH MOIIYKY HOBHX
¢isnuHuX edekTiB 3a paMKaMH CTaHIAPTHOI MOJENi eIeMEHTapHUX 4YacTHHOK. Lleil mporec dyTiamBHii 1O MOPYIIEHHS 3aKOHY
30epexeHHs JIENTOHHOTO YHCIIA, IPUPOIN HEWTpHHO (JacTHHKA [lipaka unm Maiiopann), BeITHYMHN MacH i CXeMH MAacOBHX CTaHIB
HeliTpuHo. besHedTpuHHHMII monBiiHMI OeTa-po3maj Bce Ie HE BHSBICHUH, y BCe OUIBII UyTIMBUX EKCIEPHMEHTax
BCTAHOBJIIOIOTHCS JIMIIE MEXi Ha Horo BiporimHicTs. Ilomyky noasiiiHoro Gera-po3maay BeIyThCsS PI3HHMH METOIAMH, 30KpeMa 3
JIOIIOMOTOI0 HU3bKO(GOHOBUX CLMHTWIALIMHUX 1 HAIiBIPOBIJHUKOBUX JeTEKTOpiB. [l BH3HAUEHHS CXEMHM MAacOBHX CTaHIB
HEWTPUHO eKCIIepHIMEHT IIOBHHEH MaTH Yy TJIUBICTh 10 eeKTUBHOI Maci HeiTpuHo Ha piBHi 0.02 — 0.05 eB, mo BigmoBigae nepiogam
namisposmany T}, ~ 10%° — 107 poxiB i BIMAarae CTBOPEHHS HaJHH3BKO(QOHOBUX IETEKTOPIB 3 BUCOKOIO €HEPreTHUHOIO PO3IiIEHOI0
3[aTHICTIO Ta MAacol0 JIOCIIKYBaHOTO i30TOITy COTHi KijorpamiB. HuspkoTemmepaTypHi CUMHTWIALIMHI GoJIOMETpU € HaHOimbII
MEPCIIEKTUBHOIO TEXHIKOO AJIs 3A1HCHEHHS TaKKX JOCIIIiB.
KJIFOYOBI CJIOBA: noxBiiiauii 6eTa-po3nazn, HeHTpuHO, ciabka B3aeMOisl, HU3bKO()OHOBHUH €KCIIEPUMEHT

Properties of neutrino and weak interaction play a key role in particle physics, cosmology and astrophysics.
Measurements of neutrino fluxes from the Sun, from cosmic rays in atmosphere, from reactors and accelerators give
strong evidence of neutrino oscillations, an effect which cannot be explained in framework of the Standard Model of
particles [1]. Search for neutrinoless double beta decay is considered now as an unique tool to study properties of
neutrino. Study of this extremely rare nuclear decay with the help of nuclear spectrometry methods, without building of
expensive accelerators, allows to investigate effects beyond the Standard Model: nature of neutrino (is neutrino Dirac or

© Danevich F.A., 2013
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Majorana particle), an absolute scale and the mass scheme of neutrino, to check the lepton number conservation, to
probe existence of hypothetical Nambu-Goldstone bosons (majorons) and right-handed currents in weak interaction
[2-9].

The half-life of Ov2 decay rate depends on the effective Majorana mass of neutrino and admixtures of right
handed currents in weak interaction:

2
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where m, is the electron mass, {m,) is the effective Majorana neutrino mass, (A) and (n) are the coupling strengths of the

right-handed currents [10], coefficients C;v can be defined through the nuclear matrix elements and phase space

integrals of the Ov2[3 decay. The effective Majorana mass of neutrino can be defined as following:

(m, ) =X Usm,

where m, are the mass eigenstates of neutrino, U, ,; are the matrix elements of mixing between the mass eigenstates

b

and flavor states of neutrino.

Investigations of double B decay are carrying out by different methods: geochemical, radiochemical, direct
detection of the events by nuclear spectrometry. Taking into account an extremely low probability of the decay, the
experimental facilities are placed deep underground in laboratories build in mines or tunnels. The two neutrino mode of
the double B decay, being allowed in the Standard Model, is detected for 11 nuclei: BCa, Ge, ¥Se, *Zr, '"Mo, "°Cd,
1287e, 130Te, 3Xe, "'Nd and ***U (see review [11] and references therein; for the recent observation of **Xe see
[12,13]) with the half-lives in the range Ty, ~ 10" — 10** yr. In contrary, the neutrinoless decay is still not observed.
Highest limits on the decay were set in direct experiments with several nuclei: 71, > 10*' yr for *Zr [14], ''*Cd [15],
1Gd [16], "°Nd [17], "W [18]; T2 = 10* yr for **Ca [19], T}, = 10% yr for ®Se [20,21], '*Mo [22], '°Cd [18], **Te
[23], Ty = 10** yr for *°Te [24] and Ty, = 10 yr for °Ge [25,26] and **Xe [27,28]. These experiments restrict the
effective Majorana neutrino mass (m,) < (0.3 — 3) eV, the right-handed currents admixtures in the weak interaction (n <

10%, <107, the effective majoron-neutrino coupling constant (gy < 107°). At the same time, HV Klapdor-

Kleingrothaus with co-authors claims observation of 0v2B decay of "°Ge with the half-life 2.23 fgﬁ x 10, which

corresponds to the neutrino mass (m,) = (0.32+0.03) eV [29]. Despite the skepticism of the scientific community, only
new, more sensitive experiments could refute or confirm the claim.

Apart from the already running EXO and KamLand-Zen detectors [27,28], a few large-scale experiments are
under construction or in R&D stage with the mass of isotopes of interest several tens — hundreds kg with the aim to
achieve sensitivity to neutrinoless double B decay at the level of T}, ~ 10°® yr, which corresponds to the neutrino mass
(my) ~ 0.05 eV. Taking into account the uncertainties of the theoretical calculations of the nuclear matrix elements, and
the extremely low probability of the process, it is important to realize search for Ov2J decay of different nuclei.
Furthermore, to discard certainly an inverted hierarchy of the neutrino mass eigenstates one need to build experiments
with the sensitivity to the neutrino mass on the level of 0.02 eV, which corresponds to the half-life 7y, ~ 1077 yI.

To achieve such a sensitivity a double B experiment should use about ton of isotope of interest, have an energy
resolution of better than 1% and almost zero background. Cryogenic scintillating bolometers look only an option to
realize such experiments with different nuclei [30] (in addition to germanium semiconductor detectors, which able to
search by the calorimetric approach with high detection efficiency only "°Ge). Currently, the most promising materials
for cryogenic experiments are tellurium oxide crystals (assume simultaneous detection of Cerenkov light), zinc
selenide, cadmium tungstate and zinc molybdate crystal scintillators.

Experimental investigations are concentrated mostly on 23~ decays, processes featuring the emission of two
electrons. Results for double positron decay (2B"), electron capture with positron emission (eB"), and capture of two
electrons from atomic shells (2¢) are much more modest. The most sensitive experiments give limits on the 2¢, €B" and
2B" processes on the level of Tj, > 10'° — 10°! yr. At the same time, studies of neutrinoless 2¢ and eB" decays could
elaborate the mechanism of Ov2[3 decay: is it due to the non-zero neutrino mass or to the right-handed admixtures in
weak interactions [31,32]. Another important motivation to search for Ov2e decay appears from a possibility of a
resonant process due to energy degeneracy between initial and final state of mother and daughter nuclei. Such a
coincidence could give an enhancement of the Ov2¢ decay. The possibility of the resonant process was discussed in [33-
36], where an increase of the decay rate by some orders of magnitude was predicted. Recent calculations show that the
half-lives of some nuclei relatively to the neutrinoless electron capture can be comparable to the half-lives of the most
promising 0v2f3 decay candidates [37-39]. Several scintillation and HPGe experiments were performed to search for 2¢
(including resonant processes on excited levels of daughter isotopes), €f” and 23" decay in different nuclei.

In this paper, we review recent progress in the area of double beta decay experiments, in particular the results
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obtained in the Institute for Nuclear Research (Kyiv, Ukraine) by using scintillation method and low-background HPGe
gamma spectrometry. Development of cryogenic scintillating bolometers, which is extremely promising technique to go
towards the inverted hierarchy of the neutrino mass, is briefly discussed.

SCINTILLATION EXPERIMENTS

Scintillators are successfully used in experiments to search for double 3 decay. It is worth to mention a pioneering
work of der Mateosian and Goldhaber to search for neutrinoless 2B decay of **Ca by using enriched and depleted in
*®Ca (*CaF,(Eu) and *CaF,(Eu)) crystal scintillators [40]. Several 2P experiments were realized using crystal
scintillators, which contain candidate nuclei (see Table I).

In the 2[3 experiment carried out in the Solotvina Underground Laboratory (Ukraine) with the help of enriched in
"Cd cadmium tungstate crystal scintillators [18] a very low counting rate of 0.04 counts/(year keV kg) was reached in
the energy window 2.5 — 3.2 MeV where a peak from the 0v2B decay of ''°Cd was expected. The half-life limit on the
neutrinoless 23 decay of 16Cd was set as T} n=1.7X% 10% years at 90% confidence level, which corresponds to one of
the strongest restriction on the effective Majorana neutrino mass (m,) < 1.7 eV.

Table 1.

The most sensitive double B experiments with crystal scintillators

2 transition Scintillator Main results: half-life Years [References]
(channels)
“Ca — YAr CaF,(Eu) >5.9x10* yr (2v2e) 1997 [41]
>3.0 x 10°! yr (Ov2¢)
*Ca — *Ti CaF,(Eu) > 1.4 % 102 yr (0v2PB) 2004 [42]
>5.8 x 10 yr (0v2pB) 2008 [19]
%Zn — *Ni ZnWO, >6.2 x 10" yr (2v2K) 2008 [43]
>1.1x 10" yr (2v2K) 2011 [44]
>9.4 x 10” yr 2veB") 2011 [44]
Zn — "Ge ZnWO, >3.8 x 10" yr (2v2B) 2011 [44]
>3.2 x 10" yr (0v2B)
"%Mo — '“Ru “Ca'™Mo0s | >4.0 x 10°" yr (0v2P) 2011 [45]
1%cd — 'pd CdWO, >2.6 x 10" yr 2vep") 1996 [46]
>5.5x 10" yr (Ovef")
"ecdwo, >1.2x 10" yr 2vep?) 2003 [18]
>7.0x 10" yr (Ovep")
15CdwO, >2.1x 10 yr (2vep") 2012 [47]

>2.2x 10" yr (Ovep")
>4.3 % 10" yr (2v2B")
>1.2x 10" yr (0v2B9)

'%cd — 'pd CdWO, > 1.0 x 10"® yr (Ov2e) 2008 [15]

"4Cd — "Sn CdWO, >1.3 % 10;‘ yr (2v2B) 2008 [15]
> 1.1 x 10*" yr (0v2B)

"9Cd — "'°Sn "cdwo, >1.7x 10?; yr (0v2B) 2003 [18]
=2.9x 10" yr (2v2p)

"Ba — "Xe BaF, >1.4x 10" yr (OveB) 2004 [48]

P0Ce — Y°Ba CeF; >2.7% 10" yr (2v2K) 2003 [49]

CeCly >2.4x 10" yr 2veBH) 2011 [50]

¥Ce — **Ba gegf >3.7 x 10:2 yr (2v2K) gg(l)? E‘g}
eCly > 4.4 x 10" yr 2v2K)

2Ce — '"*Nd Ggoge) > 1.6 x 101; yr (2v2B) ;g(ﬁ % ; g%
eCly >1.4x10" yr 2v2B)

'Gd — "Dy GSO(Ce) >13x 10?; yr (0v2B) 2001 [16]
>1.9x10" yr 2v2B)

8oy — SOHF ZnWO, >1.0 x 101: yr (2v2K) 2011 [44]
>1.3x 10" yr (0v2e)

10w — 15905 ZnWO, >2.3% 10" yr 2v2p) 2011 [44]

"CAWO, > 1.1 x 107 yr (0v2P) 2003 [18]
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High concentration of isotope of interest is one of the most important requirements to 2@ detectors. This
requirement can be satisfied by production of crystal scintillators from enriched isotopes [51]. High cost of enriched
materials imposes a few specific requirements to the technology on all the stages of scintillators production: as low as
possible loss of enriched materials, high output of crystals, prevention of radioactive contamination, recovery and
purification of the isotopes and their return to the production cycle. The most important issue is to minimize as much as
possible radioactive contamination of scintillators, especially by radium and thorium. Low-thermal-gradient
Czochralski method provides a few advantages in comparison to the standard Czochralski technique: large output of
crystals up to 90%, low losses of high cost enriched isotopes (less than 1%), higher optical quality. One could expect
also higher radiopurity, which feature needs additional studies.

Recently high quality radiopure cadmium tungstate crystal scintillators were developed from enriched '%°Cd [52]
and ''"®Cd [53]. Excellent optical and scintillation properties of these scintillators were obtained thanks to the deep
purification of raw materials and low-thermal-gradient Czochralski technique to grow the crystals. The experiments to
search for double B decay of '°°Cd and ''°Cd are in progress in the Gran Sasso underground laboratory (Italy). Calcium
molybdate crystal scintillators from enriched '“Mo and depleted in **Ca were developed by AMoRE collaboration to
search for 0v2P decay of '“Mo [54]. Development of enriched in '“Mo zinc molybdate crystal scintillators is in
progress [55].

A first stage experiment to search for double B processes in '*Cd was realized at the Gran Sasso underground

laboratory with the help of the '°CdWO, crystal scintillator [52]. After 6590 h of data taking, new improved half-life

limits on the double B decay of '**Cd were established at the level of 10'°~10*! yr. In particular, T f;’;ﬂ T 221 %x10%yr,

T 12/‘/22 P >43%10% yr, and T ?;/22 ® > 1.0 x 10*' yr. The resonant neutrinoless double-electron captures to the 2718 keV,

2741 keV, and 2748 keV excited states of 106pq are restricted on the level of Ty, ~ 10%° yr. A new phase of the
experiment with the enriched '°CdWOy, crystal operating in coincidence with four HPGe detectors of 225 ¢m’ volume
each is in progress [47].

A low background experiment to search for double B decay of ''°Cd with the help of the enriched ''®*CdWO,
crystal scintillators is in progress [56]. A sensitivity of a 5 yr experiment (depending on a level of background) can be
estimated as Ty, ~ (0.5 —1.5) % 10* yr. It corresponds, taking into account the recent calculations of matrix elements
[57-58], to the effective neutrino mass {m,) ~ 0.4 — 1.4 eV. Very low segregation of K, Th and Ra was observed in the
compound, which can be used to reduce the radioactive contamination of the crystals by recrystallization.

INVESTIGATION OF DOUBLE p PROCESSES BY vy SPECTROMETRY

Ultra-low background y spectrometry is successfully used to search for double B processes accompanied by 7y
and X rays: 2 transitions to excited levels of daughter nuclei, double electron capture (2¢), electron capture with
positron emission (¢"), double positron decay (23").

Table. 2.
Half-life limits on resonant Ov double electron capture in *°Ru, '**Dy, '**Dy, '**Os and '*°Pt.
Process of decay Level of daughter | Experimental  limit Years
nucleus (keV) (yr) at 90% References
confidence level
%Ru — *Mo KL 2% 2700 5.8% 10" 2009 [59]
2L 2713 1.3x 10"
5Dy — 5Gd 2K 27 1914.8 1.1x 10" 2011 [60]
KL, 1- 1946.4 9.6x 10"
KL, 0 19524 2.6x10"
2L, 0" 1988.5 1.9x 10"
2L, 2" 2003.8 2.8x 10"
¥py — 158Gd 2L, 4" 2615 3.2x10'
1805 — HwW 2K (0)" 13222 2.8x10'" 2012 [61]
KL 2" 1386.3 6.7 x 10"
2L 2" 1431.0 8.2x 10"
0pt 5 198Gd MM, MN, NN (0,1,29) 1382.4 2.9x10" 2011 [62]

An experiment to measure 2P decay of '“Mo to excited states of '’Ru was realized deep underground in the Gran
Sasso laboratory with the help of an ultra-low background semiconductor germanium detector. A 1.2 kg sample of
molybdenum oxide enriched in '*Mo to 99.5% was measured over 18120 h. Two y quanta of 540 keV and of 591 keV
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emitted in the de-excitation process after two neutrino double B decay of '’Mo to the Ol+ excited level of '"’Ru with the
energy 1131 keV were observed both in coincidence and in the sum spectra. The measured half-life of '°°Mo relatively
to the transition is 77,= 6.9 f(l):g (stat.) £ 0.7 (syst.) x10?° yr [63], in agreement with results of previous experiments
[64-66].

Possible resonant processes were studied in *Ru, Dy, "**Dy, "Os, and '"*Pt with the help of ultra-low
background HPGe detectors at the Gran Sasso laboratory. For this purpose samples of ruthenium, dysprosium, platinum
and osmium of high purity grade were measured a few thousand hours each. No peculiarities have been observed in the

data which can be ascribed to the effects searched for. Half-life limits on resonant double electron capture in ruthenium,
dysprosium, osmium and platinum isotopes established in the experiments are presented in Table 2.

LOW TEMPERATURE SCINTILLATING BOLOMETERS
According to Zdesenko [2] a sensitivity of a double B decay experiment (in terms of the lower half-life limit, lim 7}),)
can be expressed as following:

m-t
R-BG’

lim7,~&-0

where € is the detection efficiency, Jis the concentration of the isotope of interest, ¢ is the measurement time, m, R and
BG are the mass, energy resolution and background of the detector. Therefore, energy resolution is an important
characteristic of a double B decay detector. Furthermore, as it was demonstrated in [67], the energy resolution plays a
crucial role due to irremovable background coming from the two neutrino decay. It should be stressed that a few %
energy resolution remains acceptable as far as the phenomenon is not observed: it still allows to suppress the
background caused by two neutrino 23 decay events in the energy region of interest. However, the energy resolution
becomes a crucial parameter in case if an indication of Ov2 decay is obtained. Indeed, even in a case of high resolution
HPGe detectors (with typical energy resolution over long time measurements FWHM = 4 keV at O,p of %Ge), one
cannot exclude possibility to falsify the effect of the Ov2B decay of °Ge (see e.g. [68]).

Apart from HPGe detectors (at present the most sensitive technique to search for Ov2p decay of "°Ge [25,69]),
only cryogenic bolometers [30,70,71] are able to provide comparable energy resolution to realize large scale high
sensitivity experiments to search for Ov2[3 decay of different isotopes thanks to high energy resolution (a few keV) and
detection efficiency (near 70% — 90% depending on crystal composition and size). Development, during the last
decade, the technique of low temperature scintillating bolometers give a “second wind” for the scintillation method
allowing to reach very high energy resolution, which are especially important feature for the next generation double 3
experiments. In addition to excellent energy resolution on the level of a few keV at energies 2 —3 MeV, cryogenic
scintillators allows almost complete particle discrimination ability. The technique also offers a very important
possibility to use compounds with nuclei of interest. A few R&D projects are in progress to build double B decay
experiments with aim to explore inverted hierarchy of neutrino mass by using CaMoOy [54], ZnSe [72], CAWO, [73],
and ZnMoOQy [55,74] crystal scintillators.

However, a disadvantage of cryogenic bolometers is a poor time resolution, typically a few ms. It can lead to
background up to the energy of 2 X O, due to random coincidence of 2v2p events. The random coincidence of 2v2f3
events as a source of background in high-sensitivity O0v2p cryogenic experiments was considered and discussed for the
first time in [55]. The contribution of random coincidences of 2v2f events to the counting rate in the energy region of
the expected Ov2p peak was estimated in [75]. It was shown that the pile-up effect can be substantially reduced by
pulse-shape analysis and application of faster sensors in cryogenic scintillating bolometers.

CONCLUSIONS

Search for neutrinoless double B decay is one of the most promising ways to prove new physics beyond the
Standard Model of particles. Despite almost seventy years of attempts the process still remains unobserved. Only half-
life limits on the level of Ty, ~ 10— 10% yr were set in the most sensitive experiments, which allow to restrict a
Majorana neutrino mass on the level of 0.3 — 3 eV, set strong limits on admixture of right currents in weak interactions
and on the decay with emission of majorons. Several experiments are in preparation or in R&D stage to explore the
inverted hierarchy of the neutrino mass. In a case of non-observation of the decay on the level of sensitivity to the
neutrino mass = 0.02 eV one could conclude that a normal scheme of the neutrino mass eigenstates is realized.

Investigation of transitions to excited levels of daughter nuclei and search for “double beta plus processes” are
carried out with the help of ultra-low background HPGe Y spectrometry. Investigation of neutrinoless 2& and €B"
decays, as well as measurements of O0v23 decay to 2" excited levels of daughter nuclei, could refine mechanism of 0v2f
decay if the process will be observed: is it due to the light neutrino mass mechanism or due to an admixture of right
handed currents in weak interactions. Search for resonant neutrinoless double electron capture is considered as an
alternative way to study properties of neutrino.
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Scintillation detectors are widely used in the double B decay experiments. Using of crystal scintillators as

scintillating bolometers with high energy resolution and low background is especially promising approach. A few high
sensitivity experiments intending to apply this technique are under construction or in R&D stage to explore an inverted
hierarchy of the neutrino mass.
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