Koppexkuus Mojeiy 0e3HEMTPUHHOIO JIBOMHOIO OeTa-pacmaja.
Pe3yabrarsl KoJu1adopanuu H-M s 76-Ge M NOBTOPHBIH aHAJIN3 IAHHBIX
skcnepuMenTa Cuoricino aiasa 130-Te.
A (z,n) 2 A (z+2,n-2) + 2 e
CoBpemennblie moxen 2f0v-pacnaga mocTyJMpyIoT, YTO CUTHAJ pacnana J0JKeH
HMETh JHEPTHuI0 , paBHYI0 BeauunHe Qps (3Heprusi 2p0v-pacnana, onpeaesasieMast
KAK Pa3HOCTh MAaCC HAYAJbHOI0 U KOHEYHOI0 aTOMOB).
Ilpensioxkena KoppeKius MoaeJau 0e3HeTPUHHOIO ABOITHOr0 OeTa-pacnaaa,
npeackasbiBaomas caBur curuana 2p0v-pacnaga oTHOCUTEIbHO 3HAYeHUsT Qpp .
Pe3yabTarsl aHajau3a gaHHbIX kKoJsiadopauuii H-M n  Cuoricino noaaep:xkuBaroT
KOPPEKUMIO M YKA3bIBAIOT HA TO, 4TO 2B0v-pacnang 76-Ge u 130-Te nadironasncs
JAecsiTh JIET TOMY Ha3a/J B JIBYX JKCIIEpMMEHTAaX
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3asiBienue o HaOmoneHuu 2p0v-pacnana 76-Ge o110 caenano 10 Jer Hazan
rpynmnoii yuactuukon kosiadopanuu Heidelberg-Mocksa [1]. Oqnako pe3yabrar
ko/u1abopaunu GERDA [2] He moaTBepani 3toro 3asasienusi. B 2006 rony Kiuangop
u KpuBomenHa npeacraBuin pe3yibTarTbl HIOBTOPHOM 00padoTKH JaHHBIX [3].
3nauenue T12 Bo3poc.io mouTH B ABa pa3a u coctaBuio 2.2*10%**25 jger (uro He
MPOTHUBOPEYUJIO BIBOAAM [2])

IHonbITKa pa3o0parbCcsi B BOSHUKIICH CATYalld NMPUBEJIA K 3aKJII0YEHUIO O
BO3MOKHOCTH M HEOOXOIMMOCTH TepecMoTpa cylecTBywonleit moxeau 2p0v-pacnana,
yTO4YHeHHus pe3yabraroB kouiadopanuu Heidelberg-MockBa v moBTOpHOT0 aHaJIM3a
IKCMEPUMEHTANbHBIX JAHHBIX KoJu1adopanuu Cuoricino .



IpennoxeHa koppekuus MoaeJau 0e3HEUHTPUHHOTO IBOMHOI0 0eTa-pacnajaa,
npeackKasbiBamas caBur curuagna 2p0v-pacnaga ortHocureabHo 3HaYeHuss QPP
(oHepruu 2p0v-pacnana). Bo3HukHOBeHHE CABUTa 00bSCHACTCH BO30YKIEHUEM
3JIEKTPOHHBIX 000/109€K ATOMA-NPOAYKTA, C Ie-BO30Yy:KICHUEM MYTEM UCIYCKAHUS
PEHTIeHOBCKHUX raMMAa-KBAHTOB.

Bo30y:kaeHne NpouCXoAuT NP O0MeHe UMITYJIbCAMU OTAAYM HENMOCPEACTBEHHO
MEXKIAY «HOBOPOKICHHBIMHU» JIJICKTPOHAMHU U NMPOTOHAMHU. BbIUMCJ/IEHBI CIBUTH
curnayios 2p0v-pacnaga orHocureabHO 3HaYeHu QPP nas 76-Ge ( AE=-2.6 keV ),
100-Mo ( AE=-4.7keV ), 130-Te (AE=-3.7keV).

AE = [(p)**2+(p2)**2] / 2m(p)



Ettore Fionni, Taup 2005, Zaragoza, September 12, 2005

= still, community does not fully accept the result, because:
» signal is indeed too faint (4 o) to be blindly accepted: people siill find some weak
points in the published analysis
> presence of not understood peaks around the signal and with similar significance
» impossibility to check an energy window larger than the published one
= nevertheless any future g8-0v experiment will have 10 cope with this result

A Recent Claim

Klapdor-Kleingrothaus H V, Krivosheina | V, Dietz A and
Chkvorets O, Phys. Lett. B 586 198 (2004).

Used five 76Ge crystals, with a total of

10.96 kg of mass, and 71 kg-years of data.
T,,=1.2x10%¥y §"'

0.24 <m, < 0.58 eV (3 sigma) 10

Background level depends on / s|[/]] Ik ;'

intensity fit to other peaks.

3asBiaenune o HaOmonenun 2p0v-pacnaga 76-Ge obL10 caenano 10 er Hazan
rpynmnoii yuactuukoB kossiadopanun Heidelberg-Mocksa [1]. Onnako pe3yabrar
ko/utabopaunu GERDA [2] He moaTBepanJ 3Toro 3asiBjieHHsI. 4



Klapdor results 2004 [1]. Mt=51.39 kg y. Full and SSE spectra.

SSE spectrum = results of shape analysis. SSE/Full=0.34

A further analysis of Klapdor results indicated that the 2038 kev line
had a complex origin [5].
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A correction of Klapdor results
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SSE - 0.18*Full 2. Rej”’=

1. SSE”

SSE”/Full = 0.157
ted that the 2038 kev line had a complex origin [5]. It was produced by

It was indica

~2037

~2039.1 kev .

5 kev and

~2035.5 key,

f three unresolved peaks

an overlapping o

Full @ (SSE'=SSE-0.18*) @ (Rej"=Full-SSE")

Full
O Rej"

Begd 2039 keV

Bcegd 2035.5 keV

A9 / SIUBAD

0¢

0¢

0¢

0¢

0¢




A further analysis of Klapdor results indicated that the 2038 kev line had a complex
origin [S]. It was produced by an overlapping of three unresolved peaks: ~2035.5 key,
~2037.5 kev and ~2039.1 kev. So the above claim [1] and T2 value were erroneous.

It was demonstrated that the 2038 keV line was a result of a superposition of three
peaks : 2035.5, 2037.5 and 2039.1 keV. The 2035.5 kev and 2039.1 kev peaks were
due to double-coincidences of gamma-quanta in the detectors. Only the 2037.5 kev line
could be an expected signal of a 2B0v-decay of 76-Ge .

The pulse-shape analysis of the data provided possibility to pick-out the 2037.5 keV
line in the so called SSE spectrum. A number of events in the line decreased two times.
and the new life-time was T12=1.98x10**2S5 y .

This result was confirmed later (2006 y) by an improved pulse-shape analysis with the
final life-time T12=(2.23+0.44-0.31)x10%*25 y.

Still an observed = —1.5 keV shift of the peak position relative to the Q-value was a
serious argument against the claim. The Q-value of the 2f0v-decay of 76-Ge was known
with a very high accuracy as E=2039.0+0.007 keV . Attempts to explain the shift
through law statistics or calibration uncertainties failed. It was necessary to
understand a nature of this shift.
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A comparison of Klapdor-HM (2004) and GERDA results. Q=2039.07 keV
Klapdor-HM (SSE data). Mt=51.39 kg y). T12=2.0%10%*25y.

A position of the peak was E = [2037.5+0.5(stat)£1.2(syst)] keV .

GERDA : full data (Mt=21.6 kg y).

Four events t the energy E=2036.5 keV were attributed to a background.
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A comparison of Klapdor-HM (2006) and GERDA results.
K-HM results : the “NN-+low cut” spectrum [3]. A shift of the peak relative to the
Q-value was AE=-1.5 keV . T12=2.2*10%%25 y.
GERDA : full data (Mt=21.6 kg y). Four events just at the predicted energy were
attributed to a background [3].

The shift of the peak was a serious argument against the Klapdor claim for an
observation of the 2p0v-decay of 76Ge
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Calculations for Ge

Let us consider the most probable variant of the 2p0v-decay of 76-Ge.
Two electrons had equal energies t=2039 keV/2 =1.0195 Mev. Their
momentums were p(e)2=t2+2-m(e)-t =2.081 MeV**2/c**2, Sum loss of
energies of the two electrons was AE=2-p(e)2/2-m(p) = 2.081/938=2.22 x3B.

This value had to be corrected due to a distribution of single electron
energies in the 2p0v-decay process. The correction was rather small (~18 %)
and the final shift of the signal was AE=-2.6 keV.

The value of shift could be calculated with a rather high accuracy as it was
calculated directly and not as a difference of big numbers.
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The calculated shift was AE=-2.6 keV according to the new model . It was within an
uncertainty of a calibration of K-M results (the SSE spectrum, Mt=51.39 kg y).

A shift of the peak relative to the Q-value was AE=—1.5 keV . A position of the peak
was E = [2037.5+0.5(stat)£1.2(syst)] keV .
GERDA : full data (Mt=21.6 kg y). Four events just at the predicted energy were
attributed to a background.

The model removed a very serious argument against the Klapdor’s claim for an
observation of a 2p0v-decay of 76-Ge. An independent support of the hypothesis was
given by an analysis of the published Cuoricino data [4,5]
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Klapdor-HM (51.39 kg y, 2006 y) and GERDA (21.6 kg y, 2013 y) results.

T12=2.2%10%*25 y (Klapdor).

GERDA : Four events just at the predicted energy were attributed to a background.
It was expected 3-4 events according Klapdor data.

[ rmwherrox14054709, arxivbop ox/14097507v2 | !



CUORICINO

The project “Cuoricino” was devoted to a search for the 2f0v-decay of 130-Te and
was also, as the HM experiment, performed in LNGS, Italy. The first results were
presented at the Neutrino-2004, Paris, by E.Fiorini . The final publication was in
2011 year. The bolometric detectors of TeO2 (source = detector) were used with
parameters close to those of the Heidelberg-Moscow device. The total mass of 62
detectors was 44.7 kg, which contained 34% of an active 130-Te isotope (active mass
~11 kg, to be compared with 10 kg in the case of HM). The energy resolution of the
device was 7.2 keV FWHM at 2.6 MeV (3.4 keV FWHM at 2 MeV for HM).
The last publication presented the total collected statistics 19.75 kg y. A signal of
the 2p0v-decay was searched at energies close to the Q value (Q=2527 keV).
No trace of the signal was found and only a limit for the process
T12>2.8:10%%24 y was claimed (90% CL).

arXiv:hep-ex/1405.4703, arXiv:hep-ex/1409.7507v2 15




T12 >2.8%10%%24 y
90% CL

Counts

14

10
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Emergy

TAUP-07
Mt=11.83 kg y (Te-130). FWHM: 7 keV

Toabko 40% dona 00bSICHAJINCH BKJIAJT0M KOMITOHA OT MKa 2614 k3B.

OcTajibHOE NPUNIHCHIBAJIOCH HEU3BECTHLIM raMMa-HCTOYHUKAM.
C. Arnaboldi et al., Physical Review C 78, 035502 (2008)
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E=Q - 3.7 keV
T12 >2.8%10%%24 y

l 90% CL
Q
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Emergy

TAUP-07
Mt=11.83 kg y (Te-130). Pacuérnbiii capur AE=-3.7 k3B. UHTeHCUBHOCTDH
CABMHYTOI0 nmuKa HajJ ¢poHoM 8 coObITHIl. ITO 0OJIee YeM B TPHU pa3a
npesbimaeT ouoOKy ¢gona. Ha 1o, 4T0 3T0 HE CiIy4alHBINA BHIOPOC,
YKa3bIBAIOT Pe3yJibTAaThl EPBOIo npeacrasiaenus Ha Neutrino-2004
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A comparison of the 2004 year and 2008 year Cuoricino data.

The data were normalized through Mt values (5.8 kg y and Mt=11.83 kg y ).

A significant change of the background was indicated. An intensity of the both components in the

2004 y data was ~3.5 times less then in all further exposures. Flat components were calculated as a mean
background (peak at E=2506 keV was excluded). The approximation 2 was given by E.Fiorini.

The shifted peaks have the same normalized intensities in both the spectra in spite of quite
different levels of backgrounds.
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A comparison of the 2004 year and 2008 year Cuoricino data.

The data were normalized through Mt values (5.29 kg y and Mt=11.83 kg y ).

A significant change of the background was indicated. An intensity of the both components in the
2004 y data was ~3.5 times less then in all further exposures. Flat components were calculated as a
mean background (peak at E=2506 keV was excluded).

The shifted peaks have the same normalized intensities in both the spectra in spite of

quite different levels of backgrounds.
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An attempt to get a shape of the single 2023.5 keV line [8].

S5a. A lower part : the data 2004/5 [Sb] were used instead of [Sa]. It included
some other choice of exposures. The main difference was an existence of a bunch
of events (11 counts) at 2017 keV - an extra gamma line ? A presence of this
gamma-line was indicated also in the 2008 y data.

The approximations 1 took into account possible levels at 2017.5 and 2027 keV .
Parameters of the peaks were chosen rather arbitrary (except for widths w=7.2
keV) to reproduce the experimental piece of the spectrum .

Flat components were calculated according [8] as belonging to the 2.6 MeV
peak.

5b. The difference ‘‘data 2008 minus approximation 1”’
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The shifted signal in a bolometric detector could be seen only if a part of
active agents left the detector. And it was possible due to a TeO2 crystal
structure, which provided a possibility for a canalization of low -energy
gamma-rays (X-rays).

TeO2 crystal viewed along a-axis:
a=0.550 nm, b=1.175 nm, ¢=0.559 nm. 8 units in the cell

M2m =5.33x10-9 cm (e=3.7 keV)

gre
| @07

arXiv:hep-ex/1405.4703, arXiv:hep-ex/1409.7507v2
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The total signal of a detector should include both the components, the
shifted and non-shifted ones. An attempt was made to get a more
realistic shape of the line. Results of the attempt were presented at the
figures. A presence of the two peaks were clearly indicated ( the existence
of the non-shifted peak at 2527 keV was found earlier but was attributed
to a background). The width of the 2527 keV line seemed noticeably less
(= 4 keV) then the widths of the normal gamma-peaks (7.2 keV ).

It confirmed a particular nature of the line and could be connected
with its origin as the 2p0v-signal.



An attempt to get the full signal. The data _and approximations.

An existence of a background levels at 2012 , 2015, 2035 and 2043 keV was supposed.
A presence of these levels was indicated in both the spectra. Energies of the levels
and intensities were chosen arbitrary ones to reproduce the experimental data.

The slow varying components were postulated as belonging to 2615 keV levels
(0.136 events/keV kg y and 0.026 events/keV kg y)
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The full shape of the signal.
A difference between the data 2008 and the approximation
(5 levels+1.6 events/keV).
A width of 2527 keV line was about 4 keV (7.2 keV for the normal gamma-lines).
The total intensity of the line was N(sign) = 44.6+ 8.1(stat)+4.6(syst) events
It corresponded T12=1.0x10*%*24 y ( data of 2004+2008 , Mt=17.04 kg y ).
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(2008 v) and Cuore (summer 2014 v) results
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All results of the investigation are summarized in the table 1. The table contains the
calculated shifts AE and the results of the proper experiments AE, per It includes
also the expected result of a project AMoRe [8] . Still one should remember that the
intensity of the shifted gamma-line and the possibility to observe it depends on the
type ( structure) of the crystal which was used in the experiment.

Table 1. All numbers in [keV]

QW EBﬂ AEcalc AEexp T1/2 ’
decay years
76-Ge>76-Se 2039.0+0.005 | 2037.5+0.5(stat) £1.2(syst) -2.6 -1.5 2.2:10%
enriched Ge [Klap] -2.5
=~ 2036.5 [gerda]
130-Te =>130-Xe ~ 2527 ~ 2023.5[2004+2005] -3.7 ~-3.5 1.0-10%4
bolometric detector
100-Mo~>100-Ru =~ 3531 a project -4.7 22? 22?2
bolometric detector

*) AE,,,.— calculated with [(P1)2 +(p,)*1/ 2’m(p) *%) AEeXp — experiment

Coincidences of the predicted shifts with the results of analysis of the
experimental data for 7°Ge and 13°Te strongly support the hypothesis under
discussion.
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Conclusion

The investigation pointed out definitely that the 2p0v-decay does exist
and has been experimentally observed ten years ago in the two
experiments.

The life-time for 2p0v-decay of 130-Te was T12=1.0-10%%24 years.
The life-time for 2p0v-decay of 76-Ge was T1/2=2.2-10%%2S5 years.
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Koppeknusa moneaun 2f0v-pacnana

Jiis Hayaia oTMeTuM, UTO curnaJj 2p0v-pacnaga cMeméH OTHOCUTEIbLHO
3HadeHust QPP B ;1000m cayuae. Pacnmagarorcs 1Ba HeMTPOHA, CBSI3AHHBIX 00MEHOM
BUPTYAJIbHBIM HEUTPUHO. IJIEKTPOHBI YHOCAT UMIYJIbCHI , pl and p2, HecKo0JIbKO
MbB/c kaxabiid. UMIyJabcbl 0TAA4Y4 POKAEHHBIX JJIEKTPOHOB NEPEAAOTCS SIAPY-
npoaykry. B ciyuae, eciiu a0po eéocnpunumaem ux Kak yenoe, nOTepsHHAA
3jIeKTpoHaMu 3Heprusa €< [(pl)**2 + (p2)**2]/ 2:-M(Z), rne M(Z) ecTb Macca siapa-
MPOAYKTA. JTA BEJIMYUHA COCTABJISAECT HECKOJbKO COTBIX /101l K3B W He MoxkeT
OBITH OOHAPY:KEHA IKCNEPUMEHTAJBHO (Mpeodpa3yeTcsi B KHHETHYECKYI0 YHEPTHI0
sipa)

Tak 0b110 ObI, ecJiu ObI UMITYJIbChI JJICKTPOHOB MEPEAABATNCH AAPY-NIPOAYKTY KAK
neaomy. Ho tak jiu 310 ? Pacnagaiorcs 1Ba HETPOHA U OJHOBPEMEHHO POKIAKOTCS
JABe Mapbl (MPOTOH + 3JIEKTPOH). JIOrMYHO MPEANOJI0KUTH, YTO <HOBOPOKIAEHHbIE»
3JIEKTPOHBI JACJAT CBOU MMITYJIbChI ¢ COOTBETCTBYHIIUMHU «HOBOPOKICHHBIMU»
nporoHamMu. CymMMapHasi oTeps SJHEPruM JIEKTPOHAMH JITOM CJIy4ae :

AE=M(Z) -&=[(pD)**2 + (p2)**2]/2-m(p) ,
rae m(p) ecTb Tenepb Macca NPOTOHA . JTO HA IBA MOPSAKA 00JibIle YeM B IePBOM
Bapuanrte, u BeimuuHa AE cocraBisieT Tenepb HECKOJIbKO KIB.
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OO0OMeH 3anpenén 3aK0HOM COXpPaHeHusl FJHepruu/umnyJjabca. Q0cyxxnaeMas MoaeIb
NMPeANnoJaraer , YTo ABa «<HOBOPOKAEHHBIX» MPOTOHA B Mpolecce Npeodpa3oBaHus
siapa Z(z,n) > Z(z+2,n-2) o0pa3yoT BUPTYaJbHO BO30YKIEHHOE PO, C IHePrueii
BO30YKICHMS, TOCTATOYHOM JIJIf TOT0, YTOOBI HE TOJbKO MPE0A0JIeTh MOTCHIUATIbHbIN
Oapbep Ha nyTu 2B0v-pacnaaa, HO M c1eJIaTh BO3MOKHBIM 00MEeH UHMITYJIbCAMM MEXKIAY

3JIEKTPOHAMH U NMPOTOHAMHU. SAPo nepenaéT I3Hepruro Bo30yxaeHns: 000/J109KaM aTOMA-
NMPOAYKTA, peniasi TAKUM 00pa3oM npodjieMy OTCYyTCTBUA BO30YKAEHHBIX COCTOSIHUM
sapa-npoaykra. Ilpu 3Tom 3j1eKTpOHHBIE 000JI0YKH aTOMA-NIPOAYKTA BO30YKIAKTCH .
Bo3nukuiee B pesyiabrare 2f0v-pacnaga sigpo odpa3yercss B OCHOBHOM COCTOSIHHM,
OAHAKO HOGblI AmMoOM 00pA308aMbCA 6 CHAOUNLHOM COCMOAHUU HE MOICEH.

JHeprus BO30YKIACHUS MOKET ObITh OLIEHEHA KAK PA3HOCTh CYMMAPHBIX JHEPrui
3JIEKTPOHOB HA 000/I0YKAaX HAYAJbHOI0 U KOHEYHOI'0 aTOMOB, TO ecTh AE cocTraBisier
HECKOJbKO KJB.

OtHomenune AE/Qpp=10**-3, HO MCTOYHHMK ITOIl IHEPIrUM JOJ/IKEH CYIIECTBOBATD.

N TakumM «MCTOYHMKOM», BUTTUMO, U SIBJIAETCH 00MEH UMITYJIbCAMH MEKIY
«HOBOPOXKICHHBIMU» 3JIEKTPOHAMHU U COOTBETCTBYKIIUMHU «HOBOPOXKICHHBIMU»
NMPOTOHAMM.

29



DHeprus 3JIeKTPOHOB 000JI0YKH 3aBUCHUT TOJbKO OT YHUCJIa IPOTOHOB B sI/Ipe.

IIpu 2p0v-pacnage siapo yBeJu4HuBaeT 3apsj cpa3y Ha ABe eanHuubl. Ho aTtom
COXpaHsieT HA 000JI0YKAX MpeKHee YUCJI0 IJTEeKTPOHOB, TAK KAK /1Ba
«HOBOPOKIEHHBIX» JIEKTPOHA NMOKUIAIOT SIAPO He BCTPAMBASICh B CHCTEMY
IJIEKTPOHHBIX 000JI09€K aTOMA-NPOAYKTa. B pe3ynbTare 4ncj0 3JIeKTPOHOB B aTOMe
HAa JiBe eAMHUIbI MEHbIIIe, YeM JO0JKHO ObITh B KOHEYHOM HEUTPAJIbHOM aToOMe
A(z+2,n-2). Ho sigpo+aToM — KBAaHTOBAasi CHCTEMA , U Z-3JICKTPOHOB MPUOOPETAIOT
IHEPIrUI0 , JOCTATOYHYIO JJISI Mlepexoaa B HOBOe COCTOsIHUE (Z+2) 3JIEKTPOHOB.
HeckoJbKO 3JIEKTPOHOB MEPEXoAsT HA 0oJiee BbICOKHE 000/109KH, U aTOM A (Z+2,n-2)
Bo30y:kaaercs. Ilpu 3Tom s3Heprust Bo3oyxkaenuss AE MokeT ObITH CHATA TOJIBKO B
BU/I€ PEHTICHOBCKOI0 M3jy4eHus. McmyckaHnme 3JIeKTPOHA SJHEPreTU4eCcKu
HEBBITOIHO, MOCKOJILKY IPH 3TOM JAe(UIUT YHUCJIA IJIEKTPOHOB BO3pacraer.

Iepenaya MoxeT ObITH 3P (PEKTUBHO OCYILIECTBJICHA IMMYTEM IJIEKTPOMATHUTHOIO
B3aMMO/IeHiCTBUS , TAK KaK 3JIEKTPOHHbIE¢ OPOMTHI MOTEHUUAJABbHO 2B0V-aKTUBHBIX
ATOMOB YaCTHUYHO JIEKAT BHYTPH UX siep.

HUcnyckanue X-jaydeil NPUBOAUT K YACTHYHOMY CABUTY curHaga 2p0v-pacnana
oTtHocuTeabHO Qpp. IIpu 3TOM Bua curxajia (ero ¢popma) 3aBUCUT OT HCIIOJIb3YEeMOI0
MPU U3MEPEHMSIX JeTeKTopA.
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CurnaJg , nosiBiasiommiicst B Ge JeTeKkTope npu 3axsare raMMa-KBaHTAa ¢
JHEpPruey MOPsAKa K3B , BUAMMO, HAMHOI0 MEHbIIIE YeM OTKJIMK HA 3JIEKTPOH C
TAKOM Ke JHeprue. Buanmbiii CcyMMapHbIA CUTHAJI IETEKTOPA Oy1eT M03TOMY
MEHbIIIe CYMMAPHOI SHEPIrvH, BbIJICJICHHON B JIETEKTOPE, MPAKTHYECKH HA
Besuunny AE.

BosioMeTpuyecknil 1eTEKTOP PErucTPUpPyeT U3MEHEHUE TeMIIePaTypPbl KPUCTAJLIA,
HE3aBHCHUMO OT TOT0, YeM 3TO M3MEHeHHue BbI3BaHO. [lodTOoOMYy caBUT curHaJia
TOBOPHUT 0 TOM, YTO YaCTh raMMAa-KBAHTOB BbLIeTe A U3 AeTeKkTopa. U 3Ta
BO3MOKHOCTh o0ecneunBaercs 3PPeKToM KAHAIMPOBAHUA FAMMA-KBAHTOB HU3KHX
JHEePruii B cTpykrypax kpucrasia TeO: [6]

Bua kpucranaa Baoas ocu a: a=0.550 nm, b=1.175 nm, ¢=0.559 nm.
8 units in the cell M2m =5.33x10-9 cm (e=3.7 keV)
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to 2615 keV level.
6b. A difference between the data 2008 [4] and the approximation

An attempt to get a full shape of the signal [9].
6a. The data [4,5b] and approximations. An existence of a background levels at 2012 ,

2015, 2035 and 2043 keV was supposed. A presence of these levels was indicated in both
the spectra . Energies of the levels and intensities were chosen arbitrary ones to

(4 levels+1.57 events/keV).
A width of 2527 keV line was about 4 keV (7.2 keV for the normal gamma-1
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All results of the investigation are summarized in the table I. The table contains the
. It includes

calculated shifts AE and the results of the proper experiments AE

exper

also the expected result of a project AMoRe [10]. Still one should remember that the
intensity of the shifted gamma-line and the possibility to observe it depends on the

type ( structure) of the crystal which was used in the experiment.
Table 1. All numbers in [keV]

Qp[} EB[} AEcalc AEexp T1/2 ’
decay years
76-Ge>76-Se 2039.0X0.005 | 2037.5+0.5(stat)+1.2(syst) keV [KI] | -2.6 -1.5 2.2:-10%
enriched Ge ~ 2036.5 [gerda] -2.5
130-Te =130-Xe ~ 2527 =~ 2023.5[2004+2005] -3.7 ~-3.5 1.0-10%4
bolometric detector
100-Mo->100-Ru ~ 3531 a project -4.7 7?? 1?7
bolometric detector
*) AE,,,.— calculated with [(P1)2 +(p,)*1/ 2’m(p) *%) AEeXp — experiment
Coincidences of the predicted shifts with the results of analysis of the
experimental data for 7°Ge and 13°Te strongly support the hypothesis under
discussion.
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3aKJII04YeHue

Coincidences of the predicted shifts with the results of analysis of the

experimental data for 76-Ge and 130-Te strongly supported the
hypothesis under discussion.

The investigation pointed out definitely that the 2p0v-decay does exist
and has been experimentally observed ten years ago in the two
experiments — 76-Ge and 130-Te.
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Figure 1: Expected S3(0w) half lives for 50 meV effective neutrino mass and different NME
caleulations: IBM2 [17], Y109 [18], TUOS [19] and SMOS [20].

The life-time for 2p0v-decay of 130-Te (1.0-10**24 years) did not agree with the
Klapdor results for 76-Ge (2.2-10**25 years).
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Neutrinoless double beta decay observed already ten years ago?

The observation of neutrinoless double beta decay by the HEIDELBERG-MOSCOW
experiment has been defended again in CERN Courier (H.V. Klapdor-Kleingrothaus,
November 2013 ). It is up to now the only claim for an observation of the 2f0v-decay.

Another high-sensitivity experiment in Gran Sasso, CUORICINO, looking for B
decay of 130-Te, at first glance seemed not to support this positive result . Also the
recent GERDA experiment, again looking for B8 decay of 76-Ge in Gran Sasso,
though up to now with smaller statistics, was claimed not to support these findings .

However, a recent reconsideration of the theoretical process of neutrinoless double
beta decay changes this picture completely. It is found that the signal of the decay
should be shifted by a few keV from the Q-value for 280v-decay. The shift is predicted
to be delta E = -2.6 keV for 76-Ge and -3.7 keV in the case of 130-Te.

This model prediction is consistent with the energy shift of the 2B0v-decay signal in
the Klapdor-experiment. Moreover, reanalysis of the 130-Te experiment yields now
observation of 2B80v-decay decay also of 130-Te. Even the GERDA experiment shows
an indication of the weak intensity expected from the HEIDELBERG-MOSCOW
result at the model-corrected energy.

Concluding, indeed neutrinoless double beta decay definitely does exist, and has been
experimentally observed ten years ago in two experiments.. It is the rarest nuclear
decay process ever registered in a laboratory.
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Figure 2: BB(0v) half life intervals corresponding to the 90% CL range of the KHDH
claim, rescaled (Tr=T.G(Ge)M(Ge)? /G(k)M(k)?) according to different NME calculations:
IBM2 [17], Y109 [18], TUOS [19] and SMOS8 [20]. Available lower limits for '*Te (CUORI-
CINO: red line) and **Se (NEMO3: green line) are also shown.
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