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The Cs,HfCl; (CHC) and Cs,ZrCl; (CZC) crystal
scintillators

I High light yield (up to 30000 photons/MeV for CHC and up to 35000 photons/MeV for CZC);
| Excellent linearity in the energy response;

I Excellent energy resolution (<3.5% at 662 keV in the best configuration);

| Excellent ability for pulse shape discrimination (PSD) between ! "#) and $ particles;

I Cs,ZrClg crystal contains 16% Zr by weight.

I Cs,HfClg crystal contains a high fraction of Hf (%27% in mass).

Some general properties CHC CZC
Effective atomic number 58 46.6
Density (g/cm?) 3.9 3.4
Melting point (°C) 820 850
Crystal structure cubic cubic I"#Dalton Trans.$%
Wavalenght of emission (nm) 400-430 440-479 &'&&B1$%()**
Decay time (us) 0.4; 5.1; 15.2[1]  0.4; 2.7; 12.5[1] 0.*
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Search for 23 and rare o decay in Hf isotopes using passive source
approach
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HPGe-detector
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6 n T kfx 1 *+&\O 1 */ll *0 n Level Of Experimental limit Of
) : ( ! : () Channel Decay  daughter nucleus T2 (90% C.L.)
’*(Il/(l$11% =>C>] - _$!I*$#(I7Il /+#1|!||. of the decay Mode Jﬂ—, energy (keV) [25] (y) [26] CDEFGAHIJ KFLMAF@ @7FN<<OF(
80 O “F-A%0IHI%N . RR:E K 2K 2 i~ =Tl 2 A0l S
" n 1 ' " 2K 2v 2+ 76.5 ; 5.9 x 1016 g 7.9 x 106 - <o: <l o}
H $/! () '*(*’ # $2+'3/# KL 2v 2+ 76.5 > 3.5 x 101% > 7.9 x 106
a :RTEb5 2L 2v 2+ 76.5 > 3.9 x 10 > 7.9 x 10'6
— 2K Ov g-s. > 5.8 x 10" > 2.7 x 10" [.SEFGAHIJKFIMBAOFTIFAFNDER?UD
KL ov g.s. > 1.9 x 10'® > 4.2 x 10"7
2L (01% g.s. > 7.8 x 1017 > 3.6 x 107
KL Ov 2+7 76.5 > 6.2 x 1017 > 3.1 x 1017 [32] J. Physique (1983) 44 791
2L Ov 2+ 76.5 > 7.2 x 1017 > 9.4 x 107 [33] Rhys. Rev. C 92 (2015) 014602
KB+ 2v + Ov g.s. > 1.4 x 107 >5.6 x 10'°
LB+ 2v + Ov g.s. > 1.4 x 10" > 5.6 x 106
_ N Jm B Qo Decay isotope Level of the Tip (Y)
Nuclide Transition Parent — (%) (keV) daughter nucleus (keV)
afg‘lltgshfsielf?g‘i}) 2] [30] Experimental Theoretical
17AHf — 170V} (()): N ;: ngé 0.156(6) [24] 2494.5(2.3) [28] [26] [31] [32] [33]
0+__>> 0 s 1A Hf 27, 84.2 >33.10% >28-10% 13.10"® 3.0! 10® 6.6! 10%7
TOHE = MYD g o e 5:26(70)  2254.2(1.5) 1T6Hf 2+, 78.7 >30! 107 >27! 107 13! 1022 35! 102 49! 10
e o Teyn TR TR B 18.00016)  2245.7(14) TTHf (7/2)~,78.6 >13! 10% >11110% 911 10* 12! 10* 36! 10%
17857 174 0t — 07, g.s. 178 Hf 2", 76.5 >20! 107 >1.3! 10" 24! 10® 81! 10%® 7.1! 10%
— 174y 0F s ot Tox 27.28(28)  2084.4(1.4) 170 B 8 % % 5
9/2+:7/’2+ . Hf (7/2)~, g.s. >22! 10 - 20! 10 41 10 471 10
THET YD g gt ons 130200 10RO (9/2)*, 1045 >221 10% >27! 10 20! 10 25! 10% 22! 10%
180Hf — 176YDh (?+ _—:; ’Sg;‘l 35.08(33)  1287.1(1.4) 180Hf 2", 82.1 >1.0! 10" >46! 107 40! 10 41! 100 211! 10
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Time-amplitude analysis of 228Th sub-chain and the derived Q.F.
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The energies of the peaks of 224Ra, 22°Rn and 216Po, selected by
the described time-amplitude analysis, are 2260(200) keV,
2540(200) keV, 2780(240) keV (y scale), respectively.

Hy\,, @D 28+, 3[\ ()( 8I] "Hy\ " QF, DI 224-Q




8,0)(")0&") /1"%0$29))7.7)%$+/0H6)H-*)$"1260/)(-)* " Vot-+[')-#02$H66+)

10123+42566/27/6/6825/5905

(%%2%$$,-3),7(0(1"/

Counts / 100 keV

50

45

40

35

30

25

20

15

10

(8]

o

9l"-A% ."H(-+?  *0 ()" E "7 1"#(" 2%Y3d 0-*? ()"
2SHHASH12"S.+"2"1(.  &'() ()" M\M#-%.(SE/(L1$(*+7"- =XZX 5

I$($ *0 ()" 1*&D

210PO + 228Th + 222Rn + 224Ra
234U + 230-|-h + 226Ra
232Th + 238U

)—H—‘-HH‘I|||‘|||I‘]|||’||||‘|||]|||||||||||||||
_3
=
4
+
++

—+— Data

—— Gilobal fit

216PO

218Po + 21ZBi + 220Rn

1
6000

7000

Energy (keV)

. 2/WIW2EF/WICFIDWI "$'# '&#FN59<5 3L T#
HQOFWAABIW2R1Q&" $'S,T: / 6108561 (
NFQWI %&NBI.A2$/WI IUEL/IB ?R4PIC FN

111?/D 370? WFNBA/A/A80?9: 0DAPFRA566
FR?/m

 HWI4IADRCIBa 111?/D ACI@ @AS8 0?/FIAD
111? AD.COPOR@FEYWI4 [F %&NBI.A2SF?
B$*C$#,'(DE";,,EFF"; ,'G D;CE'E,DF"; ! 1),

L

Iy "H7.0" 1.2) ( 106 yr

Chain Sub-Chain  Activity (mBq/kg)

22T 232 0.2(1)
28Th 0.2(1)

238U 238U 0.6(1)
27 + 29Th 1.4(2)
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The mean-time pulse-shape discrimination (PSD) method [10] was used to discriminate ) "&" events from + events
caused by + radioactive contamination of the detectors by @R®h and QRY with their daughters.
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[10] L. Bardelli et al., Nucl. Instr. Meth. A 584, 129 (2008).
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The difference in scintillation time profile of each event was used in order to determine
its “mean time” ((t)) according to:

(t) = D f ot/ S F ()

where the sum is over the time channels, k, starting from the origin of the pulse up
to 8 ps. Moreover, f(t) is the digitized amplitude (at the time t) of a given signal.
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Calibration channel
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Four separate detector’s modules, each consist of:

(1) CZC J 21x21 mmA (5) OFHC Cu, 10 cm
(2) Plastic scintillator block roughly 200x200%x300 mm#* (6) P, 20 crr’i

i i - A ’
(3) Quartz light guide & 25%(100-150) mm (7) HDPE, 10 cm

(4) 2 low-background PMTs (8) 4® muon veto
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