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Interest in studying the 𝛽 and 2𝛽 decay 
v𝟐𝛃 decay without the presence of neutrinos, if observed,

could open a new window beyond the Standard Model.

vThe very accurate determination of the shape of the
𝛃 spectrum at the end-point, can get information on the
neutrino mass with direct and model-independent approach.

vThe nuclear matrix elements for the 𝟐𝝂 mode and for the 𝟎𝝂
mode can be related to each other through relevant
parameters: in the free nucleon interaction, the gA value is
1.2701, but, when considering a nuclear decay, there are
indications that the phenomenological axial-vector coupling
value is reduced at gA < 1, more precisely: gA ≈ 1.269 A-0.18 or
gA ≈ 1.269 A-0.12, depending on the nuclear model adopted to
infer the gA value.

2𝛃 and single 𝛃 investigation with various nuclei would shed
new light in constraining these and other important model-
dependent parameters.

L violated (∆𝐿 = 2) → massive 
Majorana neutrino
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Some general properties Cs2ZrCl6
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Produced at Queen’s University

CsCl (99.9%) +
ZrCl4 (99.9%) double sublimed
Bridgman growth technique
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DAMA/CRYS setup at LNGS
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Low-background measurements at LNGS (Italy)
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Pulse-shape discrimination ability
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Pulse-shape discrimination and background ! event selection
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219Rn Ad" c=?_>?=3#R4=Z1/2 c=D9_?=$C

215Po Ad" c=JHM?=3#R4=Z1/2 c=N9JGM=0$C

211Pb

A(227Ac) = 1.4(2) mBq/kg )*=2/*#
= 2.7(2) mBq/kg )*=28()*-#"=

e :$,#5%/&-5$,"$#"!"# ;"7*6&8"6)&5,"(%*.*,6*
e <'()&"(*&=."-$"(%*65.*'8"7*-*%/5,*">?%%&-5$



11

3<+&( G>;H&I$ J()$%(+H/;-()+'&(+)&-(C/
'K= LME

:);" :%<=;>"-

#'# ?' #'# ?' 2@273/5 2@/9375

##)?' 2@243/5 2@AA3A5

#'* B #'* B 2@/83A5 C@2305

#'$ D$ AD416N8 NN406N8

##+E# 2@723C5 0@293C5

#') B #') B 2@4C3A5 0@07345

#'( B 2@/305 C@9305

#'&?' 2@/C375 F+2@2/

##"G$ 2@2C3C5 2@0/3C5

#$&DH /@/3/5 I@73C5

(&J I305 4305

$'( :& CI3A5 A/3/5

$'* :& AFO6B8 AP06A8

Background model

! F/05(8=+)%,=0#!$&"#0#*%$=/*=UXa#
! U)',=2/*%!0)*!%)/*=18=235]=-!&',%#"$
! K#'"#'!%)/*=/6=)05&")%)#$=)$=/1$#".#-

Beta/gamma eventsAlpha events

F/*#F/*#

F8()*-#"F8()*-#"

F/*%")1&%)/*=/6=#;%#"*!(='!00!$=
6"/0=XEZf$=)$=-/0)*!*%

α/' light ratio: 

$%&'()))))))))))* "+ +),-#!!./!01)2,-,#3,4/#41 !5α67'89))))))))

$:;<&='>())))))* "+ +),-#!,?/!?12),-,#0?!/#,1 !5α67'89))



Simulated response functions of CZC crystals to 2" processes
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Experimental limits on various decay modes in !"#!$ Zr isotopes
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New low-background measurements in DAMA/CRYS setup (LNGS)
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