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BBeageHue

To4yHOEe nccnegoBaHMe MNpPoLLEeccoB

OBYXHENTPUMHHOIO OBOMHOro beTa-

pacnaga Kak B OCHOBHOE, TaK 1 B
BO30OYy>XOEeHHble COCTOAHUS
OOYEPHUX a0ep TaKxKe
npencTaBngeT UCKTIOUUTENbHbIN
MHTEepeEC, MOCKOSTbKY MO3BONAET
MOBbICUTb TOYHOCTb pacyeTa
AOEPHbIX MAaTPUYHbIX 2JTEMEHTOB
(AM3) kKak gona pacnagos 2v, Tak U
ona pacnagoB Ov. TOYHble pacyeTbl
AM3 (Ov), B cBOKO o4epenb, MO3BONAT
TOYHO ornpenennTb 3PPeKTUBHYIO
Maccy MamopaHOBCKOIoO HEUTPUHO.

Qp = 164 keV

Qp = 3192 keV
Qpp = 3356 keV

Ti2 = (2.34£0.2) - 10%yr.
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Cxema pacnaga Zr-96

2622.5

1625.985

1497.787

1148.13

778.237
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O6pa3sLbl LUPKOHUA

B pe3ynbTtaTe NepBOro B MMpe oboralleHus
LMPKOHUA rasoueHTPUPYKHbiM MeTogoM B AO «[10O
«INEKTPOXMMUNYECKMM 3aBOO», MPOUN3BEeOEHDbI
06pa3ubl okcraa 1 bopuaa LMPKOHMA C
oborauleHmnem no mnlotony 2°Zr 6onee 88 %
(cooep»kaHne B ecTecTBEHHOM cMech 2.8 ).

Container Material Sample mass (g) Zr mass (g) %71 mass (2)

| Boride 149.520 102.122 90.378
2 Oxide 75.865 56.807 50.274
3 Oxide 59.100 44.253 39.164

B cymme: 179.816 r 26Zr
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<s O fo/:,)) (&4
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dopMa 1 pasmMepbl
KOHTEMHEPOB a1
LIMPKOHUS



Noa3eMHble U3MepeHus

O06pa3Lbl UMPKOHUA Obliv OOCTaBMeHbl B TabopaToputo
HM3KOPOHOBLIX M3MepeHn BHO MAK PAH.

N3mepeHnsa oHa NpogosiKanmnch ~2897 4acos.

N3mMepeHnda c obpasuamMm ~12625 yacos.

icnonb3oBaHHAa Macca Zr-96: 140,65 r
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YepHaa NnnMHMA - U3MepPeHUs C MCNoSib30BaHMEM 00oralleHHbIX 00pa3L0B LIMPKOHUA. 4

KpacHaga - poHOBble naMepeHmna B TedeHmne 2897 4, HOPpMUPOBaAHHbIE K 12625 y.



OAMHOYHbIN 6eTa-pacnan

o +
BrepBble obHapy»>XeH OanMHOYHbIN beTa- 0 2438.508
xS
pacnan Zr-96 Ha ypoBHe 6.40 C Mepnoaom HE
. + S5
nonypacnaga: A 1978.453
Ty = [2.27%332 £ 0.27(syst)] - 10%° neT ) gk
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IBOMHOM 6eTa-pacnag Ha BO36y)XXAeHHbIXA YPOBEHb @ Huay
M

**Mo Mchn

[TocTaBneHo nyyllee
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MoaepHu3auumsa noa3eMHOM YCTaHOBKM

Ha 6a3e BHO ckoHCTpyMpoBaHa HoBad
HN3KODOHOBAA IKCNEepPUMeHTalbaHg
yCTaHOBKa

B ee ocHoBe HPGe geTekTop C
aKTMBHbIM 06beMoM 192 cMm3,

IHeTekTop oKpy»eH Nal
CUMHTUANIATOPOM, KOTOPbIN paboTaeT
KaK KOMMTOH-BETO.

[1naHunpyeTca perncrpayma
MIHOBEHHbIX COBMageHMM raMma-
KBaHTOB 370 n 778 k3B.



1. Tlybnukaumnga ctaTtbm 06 OTKPbITUKM OOUHOYHOIo BbeTa-pacnane Zr-96.

2. Tlybnmnkauma ctaTbM O NyYLUMX OorpaHnyeHmax 2vpp-pacnaga Zr-96 Ha
BO30Oy»XOeHHble YpOBHUN M0-96.

3. MIamepeHunda c obpasL,aMm Ha HOBOM Noa3eMHon yctaHoBke B BHO AWM PAH.



Anpob6auusa: KoHbepeHuuu

1.

XXI MexayHapoaHasa HaydyHasad KOHPEePEHLIMA MOTOObIX y4eHbIX "MonoaeXb B HayKe -
2024". BbicTynneHme ¢ OOKNaaoM «IKCnepuMeHTalbHbI MOUCK OBOMHOIo 6eTa-
pacnaga 96Zr Ha BO30Oy»XOeHHble cocToAaHMA 96Mo». 3apyberkHbin (3a npegenamm PO)
ypoBeHb. [NobeauTtenb. JaTtbl: 2024-10-29 - 2024-10-31.

LXXV MexayHapoaHasa kKoHpepeHumna «34P0O-2025. Dnsmka aToOMHOro aapa u
3NeMEHTAPHbIX YacTuL,. AaepHO-PU3INYeCcKne TEXHONOMMM». BbICTyNIeHME C AOKNaO0M
«Mass calibration of the HPGe detector from nuGeN experiment with dissolved
uranium calibration source.». MexxayHapoOHbIM YpOBeHb. Y4Y4acTHUK. daTbl: 2025-07-01 -
2025-07-06.

29th International Scientific Conference of Young Scientists and Specialists (AYSS-
2025). BboictynneHume ¢ goknagom «HPGe detector mass calibration with a dissolved
uranium source». MexxayHapoO4HbIN YPOBEHb. YUacTHUK. [daTtbl: 2025-10-27 - 2025-10-31.

The 43rd International Conference on High Energy Physics (ICHEP-2026).
BbicTynneHune ¢ goknagom «Experimental search for rare decays of 96Zr». 3apybexkHbI
(3@ NnpenenamMm PO) ypoBeHb. Y4YacTHUK. [1aTbl: 2026-07-30 - 2026-08-06. 9



Anpob6auusa: poknaabl

1. CeMumHap otoena HoOHACKHPX «VcTopma akcnepmMeHTalbHOro nccrengoBaHmg
OBoMvHOro 6eta-pacnaga». JaTa: 17.02.2025.

2. RICOCHET collaboration meeting. Low energy recoils from germanium using Cf252
(data and MC). daTbl: 19.05.2025-21.05.2025.

3. CoBeuwaHune konnabopauymm NUGEN 1 DANSS. «KannbpoBka repMaHMeBOro AeTeKTopa
C MOMOLLbIO YPAHOBOIO NCTOYHMKax. [aTbl: 25.06.2025-27.06.2025.

4. CeMuHap B MHcTUTyTe aoepHomn dusmkm Pecnybnmkim KasaxcrtaH. “HPGe detector
mass calibration with a dissolved uranium source”. JaTta: 05.11.2025.

5. JleTHaa wkona ONAN. «MeToabl nccnegoBaHma HeUMTPUHO». [aTbl: 01.06.2025-
03.06.2025.
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Anpo6auuna: nybnmkaumm

1.

Barabash, A.S., Warot, G., Nagorny, S., Pagnanini, L., Pirro, S., Ponomarev, D.V., Rozov,
S.V. Rukhadze, N.I,, Shitov, Y.A., Stekl, I. and Khussainov, T.K., 2025. Search for Double-
Beta Decay of 82Se into 82Kr Excited States Using the OBELIX Installation. Physics of
Particles and Nuclei, 56(3), pp.831-834.

Belov, V., Bystryakov, A, Danilov, M., Evseevy, S., Fomina, M., Ignatov, G., Kazartsey, S,
Khushvaktov, J., Khussainov, T., Konovalov, A. and Kuznetsov, A., 2025. New constraints
on coherent elastic neutrino—nucleus scattering by the vGeN experiment. Chinese
Physics C, 49(5), p.053004%.

Barabash A, Evseev S, Filosofov D, Kazalov V, Khussainov T, Lubashevskiy A, Mokhine
ND, Ponomarev D, Rozov S, Vasilyev S, Vorobyeva M. Application of a high-precision
distributed uranium source for determining the effective mass and volume of a HPGe
detector. Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment.

2026 Feb 23:171420.
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Anpo6auuna: npenpuHTbI

1.

Arefev D, Barabash AS, De Jesus M, Evseev S, Filosofov D, Gorshkov N, Kazalov V,
Karaivanov D, Khussainov T, Kochetov O, Kushnarev D. First investigation of $2{96} $ Zr

samples enriched by the gas-centrifuge method for the use in rare-decay studies. arXiv
preprint arXiv:2605.13215. 2026 May 13.

Ha peueH3npoBaHumm B Applied Radiation and Isotopes

Barabash AS, Evseev S, Filosofov D, Gavrilyuk YM, Gangapshev AM, Gorshkov N, Kazalov
VV, Kazartsev S, Khussainov T, Kuzminov VV, Lubashevskiy A. First observation of

single beta decay of $2{96} $ Zr. arXiv preprint arXiv:i2605.18344. 2026 May 18.
Ha peueH3npoBaHumM B Physics Review Letters
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Cnacub6o 3a BHMMaHue!



TABLE I. Results of measurements for 12625.34 h for the three most intense v lines (778.22, 568.87 and 1091.35 keV). L, is
the intensity of the « line; €, is the efficiency of registering one v quantum in a cascade; €y4eccay is the efficiency of registering
one v quantum per decay; N and B are the number of events and the background in the selected area; S is the signal in the

selected area; S/4/B is the statistical significance of the signal; 7 is the proportion of the Gaussian in the selected region; Siot
is the total signal.

Energy, keV I, % e~ , % Exdecay, Y0 N B S (error) S/\/B 7 Stot (error)
778.22 96.45 1.183 1.141 94 60.52 33.48 (9.70) 4.30 0.9158 36.56(10.59)
568.87 58.0 1.420 0.824 129 90.60 38.40 (11.36) 4.03 0.9619 39.92(11.81)
1091.35 48.5 0.988 0.479 61 43.83 17.17 (7.81) 2.59 0.9444 18.18(8.27)

TABLE II. Content of radioactive impurities in enriched Zr samples.
Isotope 2381) (231Th) 288 (234mpy) 226 23517 2827 (228 A¢) 105 137 (g 6016

Activity, mBq/kg < 35.8 < 13.6 < 0.82 < 0.48 < 1.05 < 5.29 < 0.25 < 0.14




Ha3zeMHble uaMepeHus U nx pesybTaTbl éﬁ/ﬂx]%ﬁ

B 1AM OMAWM 6blna co3gaHa akCcnepmuMeHTaibHaa YCTaHOBKA, COCTOALLLAA M3 TpeX
HM3KOPOHOBbLIX FEPMaHMEBDLIX OETEKTOPOB.

AHANOIMMYHbIM OETEKTOP MCMOMb3yeTCca O19 pPeErmcTpaumnm KOrepeHTHOro paccedaHmsa
HEUTPWHO B aKcnepmmMeHTe vGeN.

M3mepeHna c obpa3u,aMm 248 4acos.

B pe3ynbrate nocTaBfeHbl OrpaHMYeHs Ha akTUBHOCTb Sorated poyethylone, 3.5% 8 o
U-238 (<49 MKBK/r) n Th-232 (< 8 MkBK/r) C.L. 90%.

OrpaHunyeHune Ha nepwmomd nonypacnaga 2°Zr Ha ypoBeHb .g.
_ o)
1148 k3B Mo0-96 C.L. 90% T1/2 >1.2 .1019 eT

3D printed nylon

Jlydylee orpaHnyeHme Ha JaHHbI MOMEHT: Tl/ > 3 1.1020 1eT
2 ]

CxeMa yCTaHOBKM
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B3Kan BepoATHOCTb ABOMHOIO 6eTa-pacnaga @ HUsY
P & pachai MVICPU

2y 1 2v

ov L ov|? 2

roe G QpZ — Pa30BOE MPOCTPAHCTBO,
3aBUCALLLEE OT SHEPTUMM pacraga M 3apsa0BOMY
umMcny pacnagatollerocs sapa,|ME keagpaT
AOEPHOIro MaTPUYHOIO anemMeHTa (AM3), a <mﬂﬁ> —
KBaopaT apPEKTUBHOM MaACCbl MaMOPaAHOBCKOIo
SMTEKTPOHHOIO HEUTPUHO.
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INEeKTPOHUKA YCTAaHOBKM

Bce petekTopbl 060pYyaOBaHbl NpenycunmTenemM co cbpocoM 3apsaaa.
Moy DOCTMXKEHMM 3apsaaa B AeTeKTope onpeaeneHHoOro aHavdyeHms

nponcxoguT copoc.

12.5kS/s
2000 points

/ 0.00v

37.8Hz

CunrHasnbl C 4eTEKTOPOB

20:51:00
07 Oct 2019

Muon veto

k max
eff E
max
HPGe 54755 HPGe 54728 HPGe 54739
¥ ¥ ¥
Preamplifier » Inhibit Preamplifier » Inhibit Preamplifier » Inhibit
A A A A A A A
ORTEC 673 ORTEC 855 ORTEC 673 ORTEC 855 ORTEC 673 ORTEC 855 ORTEC 855
Gus 10 ys 10 us
_ v
VME Realtime VME CAEN
> ADCCAEN < V76 (Trigger) [
V785N (Tngger)

PC

Cxema AJJTEKTPOHUMKUM B SKCINepnMeHTE
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Bakan KO3 PULIUEHTDI
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MoHTe-Kapno

Tak>ke paccMoTpeHa reoMeTpusa ¢
pacnosnoXxeHmem obpa3LoB B
KOHTeMHepax, 06pa3yoLLmx
«TPUMUCTHUK» Mexay OeTeKTopaMu

Mony4yeHHble 2pHEeKTUBHOCTU OETEKTOPOB

HeTekTop |54739 547755 54728 CyMMapHagq
i;Beprmq, 1.4ngrB:PGe
370 0.934 -102|1.803 - 102 |1.595-102 |4.332-107
778 0.359 102 |0.909 - 102 [0.738 - 102 [ 2.006 - 102 pawemeHgmsgggifgggitzO6pa3uOB
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MopenupoBaHMe ypaHOBOIro MICTOYHMKA

[MpoBeOeHbl M3MePEeHUsa C KanmbpoBOYHbIM MCTOYHMKOM YpaHa, pacnpeneneHHbiM B pacTBope
a30THOW KNCSTOTbI f/j\

— ~

Macca ypaHa (125 £ 6.25) Mr, Torga akTMBHOCTb MCTOYHMKA (1550 + 8) b (\r//’// >

N3mMepeHmna npoBoanincb B gHBape 2024, SN ., Y
MCTOYHWK Obls1 Mpon3sBedeH B aBrycrte 2022, Taknm _
0bpa3oM BpeM4a BblAep>KKu nodTn 1.5 roga. ~—

TakmM ob6pa3oM pag paona 0o 24Pa
BKIOUYUTENTbHO HAaXOOMTCA B PaBHOBECUM

ww 0/

ww oG}

Uranium

234M [y
91 o
1.17 min

@ 110 mm

Protactinium |

Thorium / \

Pa3mMelleHMe OeTeKTopOoB U
PagounoaKTMBHbIW paa paana MCTOYHUMKa B Mmogenu Geant4 20




NpoBepka MoHTe-Kapno

HpOBe,D,eHbI N3IMEPEHNH C KaﬂM6pOBOHHbIM
NMCTOYHMKOM YPaHa, pacripege/ieHHblM B
PacCTBOpE a30THOWM KNCOTbI

Macca ypaHa (125 + 6.25) Mr, Toroa akTMBHOCTb E, k3B OTHOLUEeHWe aKCNeprMeHTa K
mcrtodHmka (1550 % 8) bk

CpaBHeHMe aKCnepmMMeHTaNbHbIX
3PPEKTUBHOCTEN C MOSNTYYEHHBIMU B CUMYNALIMAX

MoHTe-Kapno
Geant4 spectrum _ 25826 0.82+0.03

Entries 1.34e+008
NS 54 742.81 0.73 £ 0.04
766.36 1.01 £ 0.03

786.27 0.98 + 0.07

10°

Counts

10°

108

10?

[ToMYyMHaMmM HECOOTBETCTBUA MOIYT ABJATbCH.

HeKOppEeKTHbIN yYeT 3NEeKTPOHHOM
KOHBepcumM B Radioactive Decay dataset

10

| ‘1(‘)0‘ - ‘2(|)0‘ - ‘3(|)0‘ - ‘4(‘)0‘ - ‘5(‘)OI - ‘6("10‘ - ‘7(")0‘ - ‘8(‘)0‘ - IQ(‘)O‘ |
Energy, keV v
HepnoctaToK MHPOPMaLMKM O BHYTPEHHEWN

CnekTp pagmneBoro psaaga oo 234pPa,
P pai PAAa A reoMeTpum OeTeKTOPOB

nony4yeHHbin B Geant4
21



Bakan 3apPeKTUBHOCTU AE€TEKTOPOB

HeTekTop|39 55 28 CyMMapHa4
JHepruga, kaB
CxeMa 1 (LMAMHOpUYEeCKe KOPOoBOoUKM)
370 1021-102  [1.807-102 |0.874-102  |3.702-102
370 (yu. Heobd) 0796 -102  |1503-102 |0.646-102  |2.945 -102
778 0.675-102 [1195-102 |0528-102  |2.397-102
778 (yu. Heabd) 0362-102 0994 -102 |0238-102  |1.595-102
CxeMa 2 («TPUNMNCTHUKY)

370 1264 -102  |2167-102 |2.045-102  |5.476 -102
370 (yu. Heobd) 0934102 |1.803-102 |1595-102  |4.332-102
778 0.795-102 1406 -102 |1375-102 _ |3575-102
778 (y4. Heodhd.) 0359-102 0909 -102 |0.738-102 _ |2.006 -102
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JdKCcnepuMeHTanbHada npoBepka MoHTe-Kapno

Uranium spectra
1149 NpoBepPKM BbIMOMHEHHbIX pacyeToB — Uranium

sbdekTrBHOCTU U Mogenu Geant4 o
permcTpaumm raMmMa-KBaHToB, 6blin
o
m" i nn i

—_
(@)
o

Counts

—_
o
O

_.
U

—_
o

W
{1 Ft

R _..
o </

—
o
HH‘ FTTTII T T ==

Bl W i )

100 200 300 400 500 600 700 800 900
Energy, keV

CpaBHeHVe pOHOBOIO CreKTpa U
CMeKTpa C MCTOYHMKOM
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baKan pe3ynbTaTbl cpaBHeHUa MK

E kKaB [MoHTe- MoOHTE- JKcnepmMeHTanb |OTHOLUeHMe
Kapno Kapno (c Haf SKCMepuMMeHTallbH
y4. HEDD.) o K MHoTe-Kapno
(C y4. HEDD.)
2582611920 -10> |1571-10> |(1.16+£0.04) - 10> 0.82+0.03
742.81 |1.228 - 10> |0.586 -10> [(0.40+0.02) 10~ |0.73+0.04
766.36|3.263 - 10> |1.503 .10~ |[(1.48 £+ 0.04) 10> |1.01+0.03
786.27|7166 - 10> [0.320-10> |(0.28+0.02)-10~> (0.98 + 0.07
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Pe3ynbTaTbl U3MEepPEeHUM ¢ obpasuamMmm

HPGe_28 spectra

B pe3yJibTaTe Ha3eMHbIX l/I3MepeHl/Il;l, . —— Sample
npoBeneHHbIX B JTAIT ONAN | — Background
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YcTtaHoBKa BHO

Detector e

Borated polyethylene
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MoaenupoBaHue getekrtopa bHO

Tabnuma 1. CueT B HHTEpECYIOMIMX MHKAX.

dur Cumnun meton
E (KCMEPUMEHT) | (PKCTIEPUMEHT) MC but/MC | Cummn/MC
258 1472+39 1337+47 1461 1.01 0.91
HPGe
40 MM + 94 Mm
Uranium
766 3232458 3155+61 3091 1.05 1.02
1001 7247+86 7398+90 7625 0.95 0.97
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Noa3eMHble ycioBuUS

O6pa3ubl oTnpaBneHbl B BHO AWM PAH ona npoBegeHuna Noa3eMHbIX U3MepeHMM C NyYLliMm
$OHOBbBIMU YCITOBUAMMU:

370 k3B - (0.18 £ 0.06) cObbLITUM B CYyTKM
778 k3B - (0.10 £ 0.04) cobbITUIN B CYyTKU

AHann3 oHOBbIX YCMOBUM crieKkTpomMeTpa B BHO nokasbiBaeT, UToO CTabuibHble M3MepeHuny,
MNPOOOMKUTENBbHOCTbIO Bonee 1 roga, MO3BOMAT AOCTUYb YYBCTBUTENbHOCTU, HEOOXOOMMOM ON4
perncTpaLmm, BnepBble B MMpPeE, ABYXHEUTPUHHOIO 6eTa pacnaga Zr-96 Ha BoO30y»KaeHHble
cocToaHMa Mo-96. Kpome Toro, $oHOBbIE YCNOBUA, Macca M pagnoaKTMBHAA YMCTOTa 0O6pa3L,0B
MO3BOMAT BrepBble 0OHaPY>XMTb 6eTa pacnag Zr-96 B Nb-96, npegnonaraeMsin nepuog,
nofypacnaga KoToporo cocrtapnaeTt 6onee 1020 net
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Pe3ynbTaTbl NnoA3€MHbIX USMEPEeHUM

BNO_Background_1week

‘§ back_hist
- S gl Entrie 1050
B xoOe npenBapuUTerbHbIX MU3MepeHni 8 g.t%%s sais
- - ev .
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Search for Double-Beta Decay of #2Se into 32 Kr Excited States
Using the OBELIX Installation
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Abstract—A search for the processes of double beta decay of 32Se into excited states of 2Kr is conducted using
the OBELIX setup. The measurements are conducted using a 600 cm® HPGe detector. The detector is surrounded
by 6.5 ke of enriched selenium (the content of ¥2Se was ~92.5%). The data collected over 17572.2 h of measure-
ments are given. As a result, a world-record sensitivity is reached for transitions of this type. Specifically, we
have found an indication of the existence of two-neutrino *Se decay into the first 0% 32Kr excited state with

a half-life of 4.475 x 102 years.
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New constraints on coherent elastic neutrino nucleus scattering by the vrGeN

experiment*
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8 Institute of Nuclear Physics of the Ministry of Energy of the Republic of Kazakhstan,
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(Dated: February 27, 2025)

The vGeN experiment searches for coherent elastic nentrino-mucleus scattering (CEvNS) at the
Kalinin Nuclear Power Plant. A 1.41-kg high-purity low-threshold germaninm detector surrounded
by active and passive shielding is deployed at the minimal distance of 11.1 m allowed by the lifting
mechanism from the center of reactor core, utilizing one of the highest antineutrino Huxes among
the competing experiments. The direct comparison of the count rates obtained during reactor-ON
and reactor-OFF periods with the energy threshold of 0.29 keVee shows no statistically significant
difference. New upper limits on the number of CEv#NS events are evaluated on the basis of the
residual ON—QFF count rate spectrum.
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Application of a high-precision distributed uranium
source for determining the effective mass and volume

of a HPGe detector

A. Barabash® S. Evseev®, D. Filosofov®, V. Kazalov®', T. Khussainov®%*
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Abstract

A distributed uranium source with the accurately certified activity of U
has been used to verify the effective mass of the HPGe detector intended
for the vGeN neuirino experiment. The source, dissolved in nitric acid, pro-
vides homogeneous irradiation of the detector crystal allowing the study of
its mass and volume. The experimental spectra obtained with the distributed
source have been compared to the detailed Geant4 Monte Carlo simulations.
The measured counting rates of several -y-lines agree with the simulated ef-
ficiencies, confirming that the detector’s mass and volume coincide with the

manufacturer’s specifications. The results d strate the applicability of
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