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[1BOMHOW OBYXHEUTPUHHLIN 6eTa-pacnag (2v3[3)

[ BOWHON ABYXHEUTPUHHbIN beTa-pacnag — peag4yanwuni Habaogaembii
cnabbiv agepHbIN Npouecc.
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B nonckax TeopeTUYecKoro npouecca:
(A,Z) —> (A, Z+2) +2e°
B otanune ot: (A,Z) > (A, Z+2) +2e+2v,

YeM MHTepeCHbl 3KCNepuMeHTbl No 2B-pacnaay?
HecoxpaHeHue nenTtoHHOro ymncna (AL=2)
NMpupoaa maccel HenTpuHo (Dirac or

vpp . Majorana?).

Ab6conoTHasa wkasna Macc (BennymHa

UNn npeaesn Ha my).
Twvn nepapxmn (HopmasnbHas,

obpaTHas, KBa3n-BbIpoOXAEHHAA).

CP HapylieHue B NeNTOHHOM CEKTOpeE.

Majorana neutrino
vV =V
1937 ron

That’s because

they are simply just
VL and VR



Haunbonee nHtepecHblie ¢ 3KCNEepUMEHTa/IbHOM TOYKU 3PEHUA N30TOMbI U UX
K/1toueBble 0CO6eHHOCTHU

B npupoae cywectsyeT 35 n3otonos, cnocobHbIX K ABOMHOMY beTa-pacnaay.

48Ca’ 70zn’ 7GGe’ 8289, 86Kr’ 94Zr’ QGZr’ 98M0, lOOMO, 104RU, 110Pd’ 114Cd’ 116Cd’ lZZSn’ 124Sn’ 128Te’ lSOTe’ 134X
e, 136Xe’ 142C€, 146Nd’ 148Nd’ 150Nd’ 154Sm’ 16OGd’ 170Er’ 176Yb 186W, 19205’ 198Pt’ 204Hg

Table 1 The most experimentally feasible isotopes and their key features Isotope ¢ Experiment ¢ | lifetime T} [years] ¢

Isotope Abundance (%) Qpp (MeV) G*’ (10718 year—1) B0, ELEGANT-VI - 1.4 -10%
BCa 0.187 4.263 15.6 ™ (3 Heidelberg-Moscow!™ | > 1.9 . 10750141
6Ge 7.8 2.039 0.0482 ®Ge | GERDA - 1.8 10%015)
1Mo 9.6 3.035 4.13 I - 4.6 10407
H6Cd 7.6 2.813 3.18 Mz | NEMO-3 - 9.2. 102
B307Te 34.08 2.527 1.53 1000 | NEMO-3 - 2.1.10%
H0Xe 8.9 2459 1.43 | Solotvina = 1.7-10%
BONd 5.6 3.371 36.4 %Te | CUORE > 3.6. 10201
_ . . . _ 30Te | CUORE >2.2.10%
The phase-space factors G2¥ are from Reference 4. G2¥ for ?6Zr, 1Mo, and ''6Cd are calculated within the single-state
: o Xe |Exo > 3.5 - 10%°11]
dominance model (see Section 3). '
16X e KamLAND-Zen > 2.3 - 10281201
“Two-Neutrino Double-Beta Decay”, Ruben Saakyan, 10.1146/annurev-nucl-102711-094904
ONd | NEMO-3 > 2.1-10%



ZICOS

(Kamioka Observatory, %Zr = **Mo (g.s.)

Japan)

NEMO-3
%Zr = *Mo (g.s.)
(Frejus, France)

Kimballton
Underground Research %67Zr 2 %Mo (2+4)

Facility, (USA)

Collaboration at Frejus, [EZdd il X AR 1100
(France) 2%, 2%)

Collaboration at LNGS Zr = *®Mo (2*)

Collaboration at LNGS %4Zr 2 %Mo (2%4)

TILES (TIFR, Mumbai) 9%7r > %Mo (2*)
Kimballton
Underground Research %Zr = *®Mo (6%)
Facility (USA)
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AepHbIX UCCReaoBaHuUMi

B- v BP-pacnaabl °Zr. MpusepeHbl aHeprus pacnaga Q
under construction  [1] Liquid scintillator N HEeKOTOpble BO36Y)K,£I,€HHb|e YPOBHMU 96Nb

H Heiskanen, M T Mustonen and J Suhonen,
doi:10.1088/0954-3899/34/5/005

>9.2x10%1 [2]
0+ 0.000 _ , -
Tracking detector 967 (47) 0146 Q=17 kev
> 1.29x1022 [3]
(5+) ————0.044 Q=119 keV
Q = 0.163 MeV Gt ————0.000 —

> 3.1x10% [4] HPGe YOND

> (2.6 -7.9)x101°  [5] HPGe
Q = 3.187 MeV
> 3.8x10% (6] HPGe 5
2 o-decay
20 — e — (T —0.000

>2.1x10 (7] HPGe Tijp ~ 10"y 9\ 1o

> 5.2x10%° [8] HPGe

> 2.4x10%° [9] HPGe

* Qg = 3,35 MaB .
* MHTepeceH C TeOpPeTUYECKON TOUYKMN 3pEHuUs - T1/2~(Qﬁﬁ)

[6] C. Arpesella et al. Lett. 27 (1) (1994) 29 * M30TONHaAA pacnocTpaHeHHOCTb - 2,8 %
[7] E.Celi et al., Eur. Phys. J. C 83 (2023) 396

[8] N. Dokania et al. J. Phys. G: Nucl. Part. Phys. 45 (2018) 075104
[8] S.W. Finch, W. Tornow, Nucl. Inst. Meth. A 806 (2016) 70
[10] J. Heeck and W. Rodejohann, EPL 103 (2013) 32001
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HekoTopble nocTtaBkn IX3:
GERDA&MAJORANA: Ge-76 (a0 200 Kr)
CDEX (CJPL, Kutair): Ge-76 (200 Kr)
AMORE: Mo-100 (6onee 120 Kr)

EXO: Xe-136 (200 kr)

NEMO: Mo-100 (13 Kr)

SuperNEMO: Se-82 (7kr)
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HunskodoHoBbIM ramma-cnekTpomeTp « HUKA»

Coaxial

P-type
896
65

Hu3kodpoHoBas 3awmTta coctout n3: 80 mm 60PMPOBAHHOIO
nonnatuneHa, 230 mm ceuHua (Pb) n 120 mm megm (Cu).



[Mouck 6e3HenTpUHHOro ABoiHoro 6eta-pacnana 2°zZr

Produced at Queen’s University
e Effective atomic number 46.6
Search for neutrinoless CsCl (99.9%) +

e . 94.96 Melting point (°C) 830 ZrCl, (99.9%) double sublimed
double beta decay in 7*?°Zr e - -
Emission maximum (nm) 450 - 470 Brldgman grOWth tEChnlque
e e Scintillation time constants (us) 0.4;2.7; 12.5*
isotopes using Cs,ZrCl. crystal
2 6 Linearity of the energy response Excellent, down to 100 keV
. . I I Energy resolution (FWHM, %) @ 662 keV 3.5 - 7.0%**
s c I n t I ato rs Pulse-shape discrimination ability Excellent
Mass fraction of Zr (%) 16
A. Leoncini 12, P. Belli1-2, R. Bernabeil2, F. Cappella34, V. Caracciolo 1.2, for aloh et . wre (0o )
. . . . . * or alpha events at room temperature (Dalton Trans. 2022, 51, 6944-6954,
R. Cerulli12, A. Incicchitti >4, M. Laubestein *, V. Merlo 1.2, V. Nahorna 8, *+ for gamma quanta at room temperature (article in press)
6,7 ici 5 8 *** depends on the crystal quality, treatment and readout syst
S. Nagorny ,S. Nisi 2, P. Wang epends on the crystal quality, surface treatment and readout system @21.5"60 mm' about 60 g
Pulse-shape discrimination and background o event selection New low-background measurements in DAMA/CRYS setup (LNGS)
- >
E/ g 10 — B(y) events
fgj % = 1,81Mev — o events
£ g 107
Cone = w AL Selection efficiency i
- " election e iciency Is
FoM=7.8 0 \h\'ﬁ;\ U0 99.7% in [0.1-3.5] Mev
J\ e 10 w]M,ILw i 1
T 1 WI W |
5001000 1500 2000 2500 ‘3000 3500 4000 5001000 1500 2000 2500 3000 3500
Energy (keV) Energy (keV)
R .- * Three new Cs,ZrClg crystals (more crystals are under production)
H : “"‘;\ BN e * Total mass=59.5g
£ g2 * FWHM = 6-8% @ 662keV
. g > 1035_ . . ar: . 0,
Cylinder ¢ o : Counting rate at ROI Produced from high pur|t¥ and .p.urlfled raw materlals (> 99.996)
FoM =7.2 102k is 0.09 counts/(kg-kev.yr) * Crystals are encapsulated in a silicon-base resin + quartz window

LLMW 3 * Modified experimental setup
* Measurements started in June 30th, 2023
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[TpoeKT akcnepumeHTa ZICOS

ZICOS - Neutrinoless Double Beta Decay experiment

using Zr-96 with an organic liquid scintillator -

Yoshiyuki FUKUDA!!, Shigetaka MORIYAMA Zl%, Katsuki
HIRAIDEPI®, Izumi OGAWAP!, Takahiro GUNJIY, Ryohei
HAYAMIM, Satoru TSUKADAM and Shunsuke KUROSAWA [7]

[1] Department of Physics, Faculty of Education, Miyagi University of Education, 149
Aza-Aoba, Aramaki, Aoba-ku.Sendai, Miyagi, 980-0845 Japan [2] Kamioka Observatory,
Institute for Cosmie Ray Research, the University of Tokyo, 456 Higashi-Mozumi, Kamioka,
Hida, Gifu, 506-1205, Japan [3] Department of Applied Physics, Faculty of Engineering,
University of Fukui, 3-9-1 Bunkyo, Fukui, Fukui, 910-8507, Japan [4] Department of Pure and
Applied Chemistry, Faculty of Science and Technology, Tokyo University of Science, 2641
Yamazaki, Noda, Chiba, 278-8510, Japan [5] New Industry Creation Hatchery Center
(NICHe), Tohoku University, 6-6-10 Aza-Aoba, Aramaki, Aoba-ku, Sendai, Mivagi, 980-8579,
Japan [6] Kavli Institute for the Physics and Mathematics of the Universe (WPIL), the
University of Tokyo, Kashiwa, Chiba, 277-8582, Japan

FE-mail: fukuda@staff.miyakyo-u.ac. jp

Abstract. A liquid scintillator containing a tetrakis(isopropyl acetoacetato)zirconium has
been developed for Z1ICOS experiment. In order to reach the sensitivity Tf;Q > 10°7 years, we
have to use tone scale of “®Zr and have to reduce 95 % of backgrounds from ***T1 decay, which
should be major backgrounds observed around (Q-value (3.35 MeV) of % 7r neutrinoless double
beta decay. According to the Monte Carlo simulation, we demonstrated that new method using
the topological information of Cherenkov light could reduce 93 % of **T1 background with 78
% efficiency for Or33 signal. For an identification of Cherenkov light, the precise spectral pulse
shape from both Cherenkov and scintillation was directly measured by using sub-MeV electrons
from "Sr /Y beta source. The observed pulse rise and fall (decay) time for Cherenkov light
were (.8 ns and 2.5 ns, respectively. They were actually shorter than those times of scintillation
light which were also measured by 1.6 ns and 6.5 ns, respectively. This clear difference of rise
time will be used for the pulse shape discrimination in order to select photomultiplier tube which
receives Cherenkov lights, and the topological information of Cherenkov light will be used for
the reduction of backgrounds from 2087 decay.
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Fabrication of Liquid Scintillators Loaded with
6-Phenylhexanoic Acid-Modified ZrO, Nanoparticles for
Observation of Neutrinoless Double Beta Decay

averaged angle [degree]

Akito Watanabe 1-*(, Arisa Magi !, Akira Yoko 2, Gimyeong Seong *[, Takaaki Tomai 4, Tadafumi Adschiri 234,
Yamato Hayashi !, Masanori Koshimizu 10, Yutaka Fujimoto ! and Keisuke Asai !

Department of Applied Chemistry, Graduate School of Engineering, Tohoku University,

6-6-07 Aoba, Aramaki, Aoba-ku, Sendai 980-8579, Japan; arsm723.tmsj@gmail.com (A.M.);

hayashi@aim.che.tohoku.acjp (Y.H.); koshi@gpe.che.tohoku.acjp (M.K.); fuji-you@gpc.che.tohoku.acjp (Y.E);

asai@qgpc.che.tohoku.acjp (K.A.)

2 WPI-AIMR, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan;
akira.yoko.c7@tohoku.ac.jp (A.Y.); tadafumi.ajiri.b1@tohoku.acjp (T.A.)

3 New Industry Creation Hatchery Center, Tohoku University, 6-6-10 Aoba, Aramaki, Aoba-ku,

Sendai 980-8579, Japan; kimei.sei.c6@tohoku.ac jp

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, 2-1-1 Katahira,

Aoba-ku, Sendai 980-8577, Japan; takaaki.tomai.e6@tohoku.acjp

*  Correspondence: akito.watanabe.p7@dc.tohoku.acjp; Tel.: +81-22-795-7219

Abstract: The observation of neutrinoless double beta decay is an important issue in nuclear and
particle physics. The development of organic liquid scintillators with high transparency and a
high concentration of the target isotope would be very useful for neutrinoless double beta decay
experiments. Therefore, we propose a liquid scintillator loaded with metal oxide nanoparticles
containing the target isotope. In this work, 6-phenylhexanoic acid-modified ZrO; nanoparticles,
which contain *Zr as the target isotope, were synthesized under sub/supercritical hydrothermal
conditions. The effects of the synthesis temperature on the formation and surface modification of
the nanoparticles were investigated. Performing the synthesis at 250 and 300 °C resulted in the
formation of nanoparticles with smaller particle sizes and higher surface modification densities
than those prepared at 350 and 400 °C. The highest modification density (3.1 + 0.2 molecules/nm?)
and Zr concentration of (0.33 £ 0.04 wt.%) were obtained at 300 °C. The surface-modified ZrO,
nanoparticles were dispersed in a toluene-based liquid scintillator. The liquid scintillator was
transparent to the scintillation wavelength, and a clear scintillation peak was confirmed by X-ray-
induced radioluminescence spectroscopy. In conclusion, 6-phenylhexanoic acid-modified ZrO,
nanoparticles synthesized at 300 °C are suitable for loading in liquid scintillators.
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JKYPHAT HEOPTAHHYECKOH XHMHH, 2021, mom 66, Ne 8, c. 1054—1062 KVPHAT HEOPTAHHYECKOH XHUMHH, 2021, mom 66, Ne 3, ¢. 1-7
OU3NKOXUMHAA OU3IUNKOXUMUA
PACTBOPOB PACTBOPOB
VIAK 546.662+546.682+546.657+546.831.4+539.1.074.6 VAK 546.831.4+547.442.3+539.1.074.9
p-ANKETOHATBI 1 KAPBOKCW/IATBI METAJVIOB (Gd, In, Nd, Zr) B-AUKETOHATHI HUPKOHUA UISA CO3JAHUA Zr-COAEPZKAIIINX
JJIA CO3JAHUA SJIEMEHTCOAEPAKAIIINX ZKNJIKNUX KUIAKUX OPTAHUYECKUX CHUHTUJIATOPOB
OPTAHUYECKNX CHHIMHTUWLIATOPOB © 2021 r. JI. b. Be3pykon?, I'. §{I. Hopukopa® *, E. A. fIlnosuy’, b. B. Jlokumn®,
© 2021 r. T. 4. Hosukosa® *, B. I1. Mopramok?®, E. A. SInoBuy” B. I1. Mopramok’, A. 1. Kocteiier’, H. A. Kopcakora“
4 Hucmumym adeprvix uccaedosanuit PAH, np-m 60-aemusn Oxmatps, 7a, Mockea, 117312 Poccus 4 Huemumym adeprubix uccaedosanuit PAH, np-m 60-a1emua Oxmaépa, 7a, Mockea, 117312 Poccua
b Hucmumym anemenmoopeanuseckux coedurnenuii un. A.H. Hecvennosa PAH, ya. Basuaosa, 28, Mockea, 119334 Poccua — ° Mnemumym ssemenmoopearumecrcux coedunenuit um. A.H. Hecmesnnoea PAH, ya. Basuaosa, 28, Mockea, 119334 Poccus
*e-mail: g-novikova @mail.ru CAO “Paduesoiii uncmumym um. B.I. Xoonuna”, 2-i Mypunckuio np-m, 28, Canxm-Iemepiype, 194021 Poccua
MocTtymina B penakimro 27.01.2021 r. *e-mail: g-novikova@mail.ru

[Mocne nopadoTtku 13.03.2021 1.

TMpunsTa K myomKamm 15.03.2021 . IMoctynuna B penakimio 10.06.2020 r.

[Tocne nopaGoTku 11.09.2020 r.
[MpunsTa K nyonukaumu 14.09.2020 1.
Wccnenosannl B-IMKETOHATEI M KapGOKCHIATE METAIIIOR ¢ HeIBLI0 UX UCMONL30BaHU 7SI CO3TaHU 2T1e-

MEHTCONCPKALIIMX KHIKHX ODIEIBH“”ECK“X CLHHTH/IATOPOB. M3ytieHO 1X BIMSHIE Ha CBETOBLIXO/ U MPO- C LeNbio co3NaHus HU3KO(OHOBEIX Zr-ConepkKalliX KHIKHX OPraHHUecKHX CLUHHTHITSITOPOB H3YUeHbl
3PAYHOCTDL CUHUHTHWJLIATOPOB. HMBEIACHBI CIIEKTPLI MNOIMOoLIeHKW P-AMKEeTOHATOB HEOIHMMda U HUPKOHMS, a o 5
T‘I'I)K)»Ke 3.5 SL; lmeT[nreEcmoquoa ﬂEOHHM’i " r[:umrunmsljl chogslﬂm CBeT(;Bmo:Lolil cm‘mrt:ngmo OB ¢ B-AUKETOHATLL UMPKOHNS — CHHTE3HPOBAHHELH AUMHBATOWIMETAHAT i KOMMEPUECKH 10CTYIIHbII atte-
AKKE 5., - TPHMETIATCRCAIOL 4 H rafa) g X0/ JUIITOD THAatieToHat. McenenoBaHa MX pacTBOPUMOCTE B OPTAHIUECKHX PACTBOPUTEISIX — JTMHEIHHOM aTKHI0eH-
BBEICHHBIMH - THKCTOHATAMH M KaPOOKCHIATAMH CIEIAH BBIBO, UTO MPH GOMBIINX KOHLECHTPALIHSIX B-11- HOMe 1 HeCBIORYAONe. MAMEneno HoLTONIOHIe CheTa B CeRIORYMOTe 1 TeKCAHE. A TAKKE CHETOBLIXON
KETOHATOB BLICOKNE 3HAYCHHSI CBETOBBIXOMA (50%) MOTYT ObITh MOTYUSHBI TOIBKO TIPU BBEACHNH 3HAYM- ’ YMOJIE. VISME] ’ ‘ yMa Anb, & 1 ’
CLMHTHLIATOPA ¢ BBeAHHBIMU B-IMKeTOHATAMM B 3aBUCUMOCTM OT KOHLEHTPALNN IUPKOHUS U CLIMH-

TEMBHBIX KOAMYECTB CUMHTHUTSIHOHHBIX 106aBoK (BMIoTh 10 100 /). M3yueH Bompoc cTabUIbHOCTH p ﬂ (>60%)
METATCOTePKALINX CLTHTITSTOPOB, CBA3AHHBIL CO CTPYKTYPOH BECICHHLIX COSTHeHMH, TTyGHHON THIISIIMOHHEIX 100aB0K. [1oka3aHo, 4TO CBETOBLIXOZ CLIMHTHILISTOPA NMEET BLICOKOE 3HAYCHIE %
TOJILKO TP MaJlbIX KOHUEHTpAUUgX HUPKOHUS (He Bomee 2.5 1/m).

OYMCTKH BCEX KOMIOHEHTOB CUMHTH/LTATOPA U BIUAHHUEM KGPGOKC[‘U’I‘JTOB Hn B*JIHKETOHGTOB METALIOB Ha
OKHUCJHUTENBHEBIC TTPOLECCH] ATKMI0EH3010B.
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Awvailable online at www.sciencedirect.com =NUCLEAR

Scintillation Properties of Yttrium-stabilized Zirconia Crystals scrence @ pimeor- INSTRUMENTS

Synthesized by the Floating-zone Method E:ﬁgﬁ

Nuclear Instruments and Methods in Physics Research A 537 (2005) 251-255
www.elsevier.com/locate mima

Masaki Akatsuka,” Daisuke Nakauchi, Noriaki Kawaguchi, and Takayuki Yanagida

Graduate School of Materials Science, Nara Institute of Science and Technology, Thlﬂ ﬁlm% Of HfO‘) and ZrO- as potential qcinti"atorg
8916-5 Takayama, Ikoma, Nara 630-0192, Japan - = L - B

Marco Kirm®*, Jaan Aarik®, Meelis Jiirgens®, Tlmo Sildos®
(Received November 30, 2018; accepted March 25, 2019)
“Institut fiir Experimentalphysik der Universitdt Hamburg, Luruper Chaussee 149, Hamburg 22 761, Germany
®Institute of Physies, University of Tartu, Riia 142, Tartu 51014, Estonia

Keywords: scmtillation, ZrOs, single crystal, zirconia Available online 25 August 2004

We synthesized ZrO> and vyittria-stabilized ZrO; crystals by the floating zone (FZ)
method to evaluate their scintillation properties. Under excitation at around 250 nm, the

Abstract

Emission, excitation and absorption spectra of HfO, and ZrQ, thin films grown by atomic layer deposition were
investigated in the temperature range of 10-300 K. Time-resolved luminescence spectra were excited with a pulsed ArF

scintillation spectra, an intense emission peak was also observed at around 450 nm 1in all the laser and tuneable synchrotron radiation in UV-VUV. The strong emission with the peak position at 4.2-4.4¢V and
with the decay time in ps range was revealed at 10 K in both materials. The emission was ascribed to the radiative decay

photoluminescence (PL) emission peak appeared at around 450 nm. In the X-ray-induced

samples. The scintillation decay time pl’OfllCS were approxmlated b.V a sum of two exponentlal of self-trapped excitons (STE). the features observed in the absorption and excitation spectra at 5.8 and 5.4eV were

decay functions, and the obtained value varied from 30-90 and 300-2230 ns depending on the p]is;ﬂ%robagl%dge to the fn_)mlmtion of excitons; While the interband transitions started to dominate at 6.15 and 5.85ev
in > and ZrQ,, respectively.

composition. © 2004 Elsevier B.V. All rights reserved.
New Physics: Sae Mulli, DOI: 10.3938 /NPSM.63.939 . hl
11 e } . 090,044 .. . . . . wck far
Vol. 3. No. 5. August 2013, pp. 030~044 Scintillation and luminescence properties of undoped and europium-doped &=
CaZrOg3 crystals
Structural and Optical Properties of AZrO5 and AHfO; (A = Ca, Sr, and Ba N .
( T ) Hiroyuki Fukushima , Daisuke Nakauchi, Takumi Kato, Noriaki Kawaguchi,
Miru NoOH - Soonchul CHoI - Dongjae LEE - Minhyun CHO - Changhyun JEON - Yunsang LEE® Takayuki Yanagida
sics, Soongsil University, Seoul 156-T :
Department of Physics, Soongsil University, Seoul 156-T43, Korea Division of Materials Scieice, Nara Institute of Science and Technology (NAIST), fkoma, Nara, 630-0192, Japan
{Received 31 July 2013 : revised 6 August 2013 : accepted & August 2013)
We perform a systematic study on the physical properties of perovskite AZrOg and AHfOg (A ABSTRACT

= Ca, Sr, and Ba), which depend strongly on the size of the A ion. The 4d and the 5d band
insulator compounds show similar structural and optical properties for a given A ion. From the Undoped and Eu-doped CaZrOj crystals were synthesized by the xenon lamp floating zone method, and photoluminescence (PL) and scintillation properties were
X-ray diffraction and the Raman spectroscopy measurements, the crystal structures in both series investigated. The undoped CaZrO; exhibited a broad PL spectrum peaking at around 410 nm while the Eu-doped CaZr(; showed some sharp emission lines due to 4f-
of samples are clearly found to change from an orthorhombic to a cubic phase with increasing A-ion 4f transition of Eu*. The PL decay time constant of the undoped CaZrO3 was 77.8 ns while the Eu-doped CaZrO; showed a typical value of 4f-4f transition of Eu**. In
size. We estimate the optical bandgaps of the compounds by performing optical spectroscopy. In X-ray induced scintillation spectra, undoped CaZr0O3 showed a broad emission at 480 nm, and Eu-doped ones exhibited some emission lines at around 600 nm. The
the photoluminescence measurement, we ohserve two visible emissions, one each near 4200 and 500 afterglow levels of the Eu-doped CaZrO5 were lower than that of the undoped one.
nm, in AZrOy and AHfOg, and their spectral weights are sensitive to the local distortion
PACS numbers: T8.20.-e, T7.80.-e, T1.20.-b 1 1

Keywords: AZrOg, AHIO3, Structural property, Lattice dynamics, Optical spectroscopy, Photoluminescence



Co3aaHue NpoToTMNa KUAKOCLUMHTUANALMOHHOTO
netektopa ans noncka OvpBp-pacnana °°Nd

B KauecTBe NpOTOTUMNA KPYNHOMACWTabHOro AeTeKTOpPa Mbl CO343aeM AETEKTOP B pamMKax npoekTa "HoBble meToAbl
nccnenoBaHmMA aBonHoro beta-pacnaga 6e3 ncnonb3oBaHmnA HeUTpuHo" (FZZR-2022-0004). Llenbto 3Toro npoekTa

ABNAETCA CO34aHNE HOBOMO CUMHTUANALMOHHOIO AEeTEKTOpPA ANA NOUCKa be3HeNTPUHHOIO ABOMHOro beta-pacnaga B
150Nd, 96,947Zr, 176Yb.

MoapobHee B Aoknage A. B. BepecHrKoBOM
«Pa3paboTKa n co3gaHune NpoToTUNa AeTeKTopa ANA perucTpauum
6e3HelTPMHHOro gBoMHOro bera-pacnaga Nd-150»

20 Feb 2025, 13:45
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[TOMCK peaKmnx NPoLECCOB C MOMOLLbK AETEKTOPA
Ha OCHOBE MacCMBa CTPOYTPYOOK )

AAEepPHbIX nccnefoBaHuin

Straw production

Glueing 2 overlapping strips (COMPASS)

Signal formation

1 strip ultrasonically or thermally welded (NA62) )
As any other proportional chamber

1/(t+t0) per cluster
I'DANGER!!

— This formula has been derived

assuming constant mobility of ions
(NOT velocity)

— The first 10ns -~100ns differ
depending on gas and electric field

— The tail follows 1/(t+t0)

reinforced by

Glued and
carbon fibres

also . . . .

! : — The tail lasts until last ion arrival, can

improving ~ . electron
calh e be ~100-s microseconds St
resistivity) With the characteristic shaping time

of ~¥20ns, one uses only ¥5% of total
charge

https://indico.cern.ch/event/121649/attachments/68416/98147 /straw.pdf
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N30oTonbl KAaHAM AT

NHTepecHbIN KaHAKAAT AN MaTepuana AeTeKkTopa

50 50
24CT6 = 25T 15

58 58
28Nz = 26Fes;

54 54
26F €8 = 24013

60 64 A7
304MN3, = 2gNli3g

ConHeyHble aapPOHHbIe aKCMOHbI oT °’Fe — 14,4 K3B

ECEC decay scheme of Ni-58

Ni-58 has one of the largest natural abundance among all double beta emitters — ~68,3%

2+  709d

8Co
D_' -
55N

g g

o) & o
& . 2t 5
% g N
gl e i

= T2

]

®

[am—1926.5 kev] o “

5BFe

|[~a

1918.3 keV

4>

%

Decay modes are feasible for investigation:

erarrey  2VECEC: “SNi+ 2e™ = 5%Fe(2F) + 2v, + 2X pey + ¥(810,8 keV)

810.8 keV

0 keV

The theoretical prediction:
Ti, (BYEC,0% = 0%) = 8.6-10% yr

T7}, (ECEC,0%" - 2*) = 6.1+ 10** yr

arXiv: 9606023v1

2VECEC:®®Ni + 2e™ = %%Fe(28) + 2v, + 2Xpey + ¥ ([1674.8 keW)
BNi + 2e” = *®Fe(2]) + 2v, + 2X e + y1810.8 keV) + y[864.0 keV)

2VECSH:78Ni + e~ — ®Fe(g.5.) + 2V, + e + Xgpey + 2¥(511 keV)

OVECEC:*®Ni + e~ = *®Fe(g.5.) + v + 1 + y(1918.3 keV)

The theoretical prediction for radiative OVECEC:
T, 2:10% +3-10% yr.

HeprKaBerLwaa cTasb, H-p mapkn 12X18H10T

Xummnyeckmm coctas — Cr-17-18%, Ni-9-11%, Ti-0,8%, Si — 0,8%, S-
0,02%, Mn-2%, Cu-0,03%, P-0,035%, C0,12%, Fe~68%

O6beanHEHHbI UHCTUTYT
AAEpHbIX UCCefoBaHuit

Ho, «cTaHpapTHbIN» 0bpa3el, HeprKkaBeloLLen CTasin 3arpAasHeH

U, Th, K-40, KocmoreHHbIMX U30TONamu

TI-208

Bi-214

Cs-137
Co-58
Mn-54

Ac-228

Co-60

K-40

2614,5 k3B

609 k3B

662 K3B
810,75 k3B
834,85 k3B

911 k3B

1332,5 k3B

1460 k3B

(0,45+0,2) mBK/Kr
(4,02+0,8) mBK/Kr

(0,82+0,2) mBK/Kr
(1,6%0,23) mBK/Kr
(4,5+0,4) MBK/Kr

(4,3+0,72) mBK/Kr

(4,8+0,4) MBK/Kr

(11,243) mBK/Kr

N3oTton Y - ANHUA AKTUBHOCTb

3 muH (1,9 roaa
Th228)

19,9 net (1660 net
Ra-226)

30,08 ner
70,86 aHel
312, 2 pHew

6,15 yacos (1,4-1010
ner)

1925,28 pHelt

1,248-10° net
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