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116Cd is one of the most Motivation to study
promising O n2b nuclei 2e ey, 2b* (1°°Cd)

Theoretical calculations of T, Test of right-nanded weak
for m, =0.05¢eV [1] current contribution

v TR Half-lives for Oneb" decay depend

A [SSM
® EDF

strongly on whether the decay is
dominated by the mass mechanism
or right-handed weak current [2]

Possibility of resonant On2e

One of the 3 nuclei with Q,, > 2615 keV Q,, =2775.39 £ 0.10 keV, d = 1.2%
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Requirements to scintillators from
enriched isotopes

(typically unclear for producers of scintillators)

Maximal concentration of the isotope of interest
High radiopurity (Th, Ra, U, K, rare earth elements)
Minimal losses and contamination of enriched materials

Recovery and purification of enriched materials from scraps
In detectors production cycle

Minimization of neutron & cosmogenic activation

Of course, one also needs:

« High scintillation properties (energy resolution, light yield,

transparency, reasonably fast scintillation decay)
e Large enough volume ~ 10% cm
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Purification of 19Cd and 116Cd

Khark v Institute of Physics and Technology, Ukraine

Distillation through getter filters Concentration of impurities in 19Cd (ppm)

Element
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1 — crucible; 2 — initial metal; 3 — plate with
holes; 4 — getter; 5 — condenser;
6 — purified metal
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Synthesis of 10.116CdWO, compounds

Joint Stock Company NeoChem, Moscow, Russia

After dissolving the metallic cadmium in nitric acid, the purification was realized
by co-precipitation on a collector. Solutions of cadmium nitrate and ammonium
para-tungstate were mixed and then heated to precipitate cadmium tungstate:

Cd(NO,), + (NH,),WO,® CdwWO, + 2NH,NO,

o All the operations were carried out by using quartz or polypropylene lab-ware,
materials with low level of radioactive contaminations

» Reagents of high purity grade (concentration of any metal less than 0.01 ppm)
e Water, acids and ammonia were additionally distilled by laminar evaporation in
guartz installation

« Additional recrystallization was performed to purify ammonium para-tungstate
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Growth of 1%CdwO, and **CdwO,

Nikolaev Institute of Inorganic Chemistry, Novosibirsk, Russia

standard LTG-C
Output 25-30% up to 90%
Quality typically higher
Radiopurity expected better
Loses of powder 2-3% <0.3%
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106CdwO, scmtlllator

Transmission (%)
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scintillator 215 g, 66% of 196Cd

Excellent optical and scintillation properties thanks to special R&D to purify raw
materials and Low-thermal-gradient Czochralski technique to grow the crystal

The total losses of 196Cd = 2.3%

S 1%& (




Low background %°CdWO, detector
DAMA R&D at LNGS
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106CdWO,: model of background,
pulse-shape discrimination
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106CdWO ,: time-amplitude analysis
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226Th = 0.042(2) = 0.051(4)
226Ra = 0.012(3)
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106CdWO, in coincidence with 4 HPGe
detectors

(archaeological
lead)

I HPGe 225 cm3

106CdWQ, in coincidence / anticoincidence
with HPGe

Detection efficiency ~ 5- 7% (eb* and 2b*)

Background expected to be several events
per year

Sensitivity to 2n eb" and 2b* in 1%°Cd: T,,, ~

1020- 102t yr
Theory: 2n2K 10%°-5" 102 yr
2nebt 8 10%°- 4" 1022 yr

@
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116CdWO, scintillators

Transmission (%)
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Low background detector with the
116CdWO, scintillators
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Pulse-shape and t-A analyses

B '"Cd, @ =583keV
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Model of background, cosmogenic  119MAg,
2n2b radioactive 1°Cd

Radioactive contamination (mBqg/kg)

4OK <1

113Cd  100(10)

1smCd 460(20)

1omAg 0.12(4) (cosmogenic)

~ 1 mBqg/kg of 116Cd (2n2b)

Expected sensitivity of a 5 yr
experiment (assume 2 — 5 times
suppression of background after
recrystallization of the crystals):

T, ~(0.5-1.5)" 10%4 yr
«m >~ (0.4-1.4) eV
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Comparison of 106.116CdWQO, and CdWO ,

CdWO, [3,4]

Nuclide

106CdWO,, [1]

116CAWO,, [2]

40K

<14

<1

<(1.7-5)

110mAg

<0.06

= 0.12(4)

113C(d

= 182(1)

= 100(10)

= 558(4)

113mCd

= 116 000(4000)

= 460(20)

<3.4-150

232Th

<0.07

<0.08

<0.03

228Th

= 0.042(4)

= 0.060(6)

< (0.003 — 0.014)

238

<0.6

<0.5

<1.3

226Ra

= 0.012(3)

<0.005

< (0.007 — 0.02)

210P0

<0.2

<0.5

< 0.06

Total a

78

= 2.1(2)

P<+=+"+

78 91/4" <+ = +$+

= 1.9(2) — 2.7(3)

= 0.26(4)
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Possibility to improve radiopurity by
recrystallization

rest of the melt

Crystal Rest
of melt

We expect to reduce K, Th, U and Ra contaminationb vy
recrystallization

. & 31 + +"J; 6 + + +# @
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Conclusions

 Production of crystal scintillators from enriched isotopes for high
sensitivity 2b decay experiments requires an extended R&D

 High quality radiopure %°CdwWO, and 11*CdWO, crystal scintillators
were developed from enriched 1°°Cd and '°Cd
* Deep purification of initial materials is the most important issue

 Knowledge of the “history” and control of the initial materials to be used In
enrichment process is important (133mCd in 196.116CdWQO,,)

» Cosmogenic activation should be kept in mind (11°"Ag with Q, » 3010 keV
was observed in 11CdWO, with an activity of ~ 0.1 mBqg/kQ)

 Recrystallization should improve contamination of CdAWO, by Th, U, Ra, K
thanks to very low segregation of these elements

e Experiments to search for 2b decay of 1%Cd and Cd by using the
developed crystal scintillators are in progress at the LNGS

18,

b "% $ 19%&' (



20



Back up slides



Most “promising” 2b nuclel

from the point of view of experiment:

_ -  Possibility of enrichment
Isotopic 2615 keV gl in amount of hundreds kg
0 . -
abundance ( A)) - t30Te ™ |
. @ - Low (ideally zero)
) e background detector with
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20 + .. : and energy resolution
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Energy of decay, Q,, (MeV)
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Segregation of impurities during
crystal growth

Segregation of impurities
K=CS/C,,

where K Is segregation coefficient, Cq IS
concentration of impurity in solid phase
(crystal), C, is concentration of impurity in
liquid phase (melt)

If K <1, recrystallization can reduce
contamination of crystal
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