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Abstract. An experiment to search fop2rocesses if*°Cd with the help of®CdwQ, crystal
scintillator (mass of 215 g), enriched 1fCd up to 66%, is in progress at the Gran Sasso
National Laboratories of the INFN (ltaly). After 1320 h of data taking, limits on double beta
processes in°Cd have been established on the level df 20 yr, in particular (all the
results at 90% C.L.)T;(0v2g) > 3.6x 107 yr, Ty5(2veB?) > 7.2x 10 yr, and Ty (2v2p") >
2.5x 10° yr. Resonant e processes have been restrictedTagOv2K) > 1.4x 160°yr and

Ty (OVLK) > 3.2x 10?° yr. A possible resonant enhancement of th2e(rocesses is estimated
in the framework of the QRPA approach.
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INTRODUCTION

Neutrinoless double betay@B) decay is a powerful tool to investigate properties
of neutrino and weak interaction. Study of this extremely rare effect could determine
an absolute neutrino mass and its hierarchy, establish nature of neutrino (Majorana or
Dirac particle), check the lepton number conservation, possible contribution of right-
handed admixture to weak interaction, existence of Majorons.

Isotope’®®Cd is one of the most promising objects f@ &periments thanks to
large energy releaseQfs =2770£7 keV [1]) and comparatively high natural
abundanced = 1.25 + 0.06 % [2]). Experiments fulfilled to-date give ofiy limits
on P processes if°°Cd on the level of 1§ - 167° yr [3, 4, 5, 6, 7]. Taking into
account theoretical calculations [8, 9, 10, 11, 12, 13, 14], double beta deCayf
could be detected at the level of sensitivity of-+0107 yr.

Cadmium tungstate (CAW crystal scintillators were successfully applied in
experiments to search fof 2Zlecay [3, 6, 15], investigations of raxg16] andg [17,
18] decays of Cd and W isotopes. A CdyM@ystal scintillator enriched itf°Cd to
66% (°°CdWO,) was developed to realize a high sensitivity experiment to search for
2B processes it’°Cd [19]. First results of the experiment are presented here.

EXPERIMENT

The'%CdWQ, scintillator (127 x 50 mm, mass of 215.4 g) is fixed inside a cavity
047x 59 mm (filled with high-purity silicon oil) in the polystyrene light-guide
066 x 312 mm. Two high purity (HP) quartz light-guidé$6 x 100 mm are optically
connected on opposite sides of the light-guide. The assembling is viewed by two 3"
low radioactive EMI9265 photomultipliers (PMT). The detector is installed in the low-
background DAMA R&D set-up at the Gran Sasso National Laboratories of the INFN.
It is sealed in a low radioactive Cu box flushed with HP nitrogen gas to avoid presence
of radon. The Cu box is surrounded by Cu (10 cm of thickness), 15 cm of lead, 1.5
mm of cadmium and 4 to 10 cm of polyethylene/paraffin. The shield is contained
inside a Plexiglas box, also flushed by HP nitrogen. An event-by-event data
acquisition system records amplitude, arrival time, and pulse shape of events by a 1
GS/s 8 bit DC270 Transient Digitizer by Acqiris (adjusted to a sampling frequency of
20 MS/s) over a time window of 1Q6s. Energ;/ dependence of the detector energy
resolution was measured witffNa, **Ba, **'Cs, **Th and **’Am sources as

FWHM, = J112[E, , wherek, is the energy of quanta; FWHMandE, are in keV.

RESULTS and DISCUSSION

The energy spectrum gfB) events accumulated with th¥CdWo, detector over
1320 h is presented in Fig. 1. ThgB) events were selected by pulse-shape
discrimination described in [20, 16, 2Zhe counting rate= 24 counts/s below the
energy of=0.6 MeV is mainly due to th@ decay of*"Cd (Qz=584 keV,

Ti2 = 14.1 yr [22]) with the activity 112 + 5 Bg/kg. The contamination of the enriched
19%cd by'™*"Cd was detected in the low-background TGV experirf@sit
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FIGURE 1. Energy spectrum of(8) events measured witf®'CdWQ, scintillator over 1320 h in the
low-background set-up. (Insé)decay of*"Cd dominates at low energy (the data over 268 h).

Contributions to the background above the energy 0.6 MeV were analyzed by the
time-amplitude (see, e.g. [24, 25]) and the pulse-shape discrimination techniques [20,
16, 21], as well by fit of the energy spectrum (the procedure is described in [6, 15, 18])
by models of background (intern®K, 2°’Bi, U/Th, externaly rays from the set-up)
simulated with the help of the EGS4 code [26]. Two peaksl &6 and=1.63 MeV
can be explained by contamination of the crysta?®BBi. The data on radioactive
contamination of®®CdWQ; crystal are summarized as (in mBo/KgfTh < 0.1,%2%Th
= 0.045(6),%**U <0.3,2%°Th <0.8,**Ra < 0.3, %P0 < 0.3, totala activity (U/Th)
=2.1(1),K < 5,%cd = 174**"Cd = 112 000(5 0005°Bi = 2.3(5).

There are no peculiarities in the spectrum which could be ascribed tg3the 2
processes in°°Cd. Therefore, lower half-life limits can be set according to formula:
limTy, = N £IR2 / imS, whereN is the number of°Cd nuclei (2.426 107, 77 is
the detection efficiency, is the measuring time, and Bis the number of events of
the effect searched for which can be excluded at a given confidence level (C.L.). To
estimate values of li®, the experimental energy spectrum was fitted in different
energy intervals by the sum of components representing the background (fftérnal
207Bj, U/Th, external’s) and the expected models fd@ grocesses if’°Cd simulated
by using the EGS4 code (some examples of the simulfitepettra are presented in
Fig. 2). The fits allow us to set limits on th @ecays inf°Cd given in Table 1.

In case of 0 capture of two electrons from the shell (orL andK shells) of Cd
atom, energy release of 2721 £ 7 keV (2742 + 7 keV) is equal, within errors, to energy
of the excited levels of%Pd with Eec= 2718 keV (2741 keV) [22]. Such a
coincidence could give a resonant enhancement ofvikedapture [27, 28].

The resonant® half-life of 1°Cd was estimated by using the general formalism of
[27] and calculating the associated nuclear matrix element in a realistic single-particle
space using a microscopic nucleon-nucleon interaction. We have used a higher-RPA
(random-phase approximation) framework called the multiple-commutator model
(MCM) [29, 30]. We have assumed that the spin-parity of the resonant levéls is 0
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FIGURE 2. Simulated response functions of FIGURE 3. Calculated dependence of the half-
the*°CdWQ, scintillator to B processes in life of 1°°Cd relatively to the resonanv®e
106¢cq. capture to excited levels 8¥Pd on parameter

X (see text) for different values of the effective
neutrino mass.

TABLE 1. Half-life limits on 2B processes if°Cd.

Decay channel Level dfPd Experimental limit orily, at 90% C.L.
Present work Best previous limits

Ov2e g.s. >3.6x 107 >8.0x 10 [6]

2vep’ g.s. >7.2x 10" >4.1x 10°[5]

27 512 keV >9.0x 107 >2.6x 107 [5]

2; 1128 keV >3.2x 107 >1.4% 107 [5]

o;' 1134 keV >3.5x 107 >1.6x 107[8]

Ovep’ g.s. >2.1x 10° >3.7x 10°[5]

2v2p° g.s. >2.5x 107 >2.4x 107 [5]

27 512 keV >3.2x 10° >1.7x10°[8]

ov2p* g.s. >2.1x 107 >2.4%x 107 [5]
Resonant 92K 2718 keV >1.4% 10%° _

Resonant OKL 2741 keV >3.2x 107° >1.6x 10°[8]

The half-life can be written as:

2
Typ=5.561x 107 X * 942 1)

wherex = \Q— E|, and(m,) (the effective Majorana neutrino mass) are iniofteV.

Here Q is the difference in atomic masses betw&88d and'°Pd, E contains the
nuclear excitation energy and the hole energieshm atomics orbitals. The
dependence of the half-life an(see Fig. 3) gives a strong motivation for precise
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measurements of the atomic masses difference bett®€d and °®Pd, and
properties (spin and parity) of the 2718 and 27&\ &xcited levels of°®Pd.

CONCLUSIONS

An experiment using a cadmium tungstate crystaitileitor enriched in°°Cd to
66% is in progress in the DAMA R&D set-up at the GN. After 1320 h of data
taking we have estimated radioactive contaminatibthe *°°CdWQ; scintillator (in
particular the totaln activity of U/Th is on the level okt 2 mBqg/kg). The main
components of background gBeactive **"Cd (112 Bag/kg) and’’Bi (2.3 mBq/kg).

By analysis of the experimental data we have saitdion B processes if°®Cd on

the level of 16° — 10° yr. A possible resonant enhancement esOprocesses was
estimated in the framework of QRPA approach. A ieity of the experiment to
differe(?} P decays int°Cd after= 3 yr of measurements is expected to be on thé leve
of ~ 107 yr.

REFERENCES

1. G. Audi, A.H. Wapstra, C. Thibaullucl. Phys. A29, 337-676 (2003).
2. J.K. Bohlke et al.). Phys. Chem. Ref. Dat#4, 57-67 (2005).
3. F.A. Danevich et alZ. Phys. A355, 433-437 (1996).
4. A.S. Barabash et aNucl. Phys. 404, 115-128 (1996).
5. P. Belli et al. Astropart. Phys10, 115-120 (1999).
6. F.A. Danevich et alRhys. Rev. €8, 035501 (2003).
7. N.l. Rukhadze et all, Phys. Conf. Se203, 012072 (2010).
8. M. Hirsch et al.Z. Phys. A347, 151-160 (1994).

9. A. Staudt, K. Muto, H.V. Klapdor-KleingrothauBhys. Lett. 268, 312-316 (1991).
10.J. Toivanen, J. Suhondtys. Rev. G5, 2314-2323 (1997).

11.J. Suhonen and O. CivitareBays. Lett. BI97, 221-227 (2001).

12. S. Stoica, H.V. Klapdor-Kleingrothal&yr. Phys. J. A7, 529-536 (2003).

13. A. Shukla et alEur. Phys. J. 23, 235-242 (2005).

14.P. Domin et alNucl. Phys. A53, 337-363 (2005).

15. P. Belli et al.Eur. Phys. J. /86, 167-170 (2008).

16. F.A. Danevich et alRhys. Rev. &7, 014310 (2003).

17.F.A. Danevich et alRhys. At. Nucl59, 1-5 (1996).

18. P. Belli et al.Phys. Rev. @6, 064603 (2007).

19. P. Belli et al.Nucl. Instr. Meth. 415, 301-306 (2010).

20.T. Fazzini et alNucl. Instr. Meth. A110, 213-219 (1998).

21.L. Bardelli et al.Nucl. Instr. Meth. 469, 743-753 (2006).

22. ENSDF at NNDC site, http://www.nndc.bnl.gov/.

23.V.B. Brudanin et alBull. Russ. Ac. Sci. Phy#), 316-321 (2006).

24.F.A. Danevich et alRhys. Lett. B344, 72-78 (1995).

25.F.A. Danevich et alNucl. Phys. 494, 375-391 (2001).

26.W.R. Nelson et al., SLAC-Report-265, Stanfd@B5, 398 p.

27.J. Bernabeu, A. de Rujula, C. Jarlskégel. Phys. B223, 15-28 (1983).

28.Z. Sujkowski, S. WyceclPhys. Rev. @0, 052501 (2004).

29.J. Suhonemucl. Phys. /563, 205-224 (1993).

30. O. Civitarese and J. SuhonBiucl. Phys. 75, 251-268 (1994).

358

Downloaded 07 Dec 2010 to 147.46.56.157. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 7.000 x 9.250 inches / 177.8 x 234.9 mm
     Shift: move left by 6.48 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20090814105629
       666.0000
       AIP
       Blank
       504.0000
          

     Tall
     1
     0
     No
     41
     282
     Fixed
     Left
     6.4800
     0.0000
            
                
         Both
         4
         AllDoc
         5
              

       CurrentAVDoc
          

     Uniform
     24.4800
     Bottom
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     5
     4
     5
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 7.000 x 9.250 inches / 177.8 x 234.9 mm
     Shift: move right by 6.48 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20090814105629
       666.0000
       AIP
       Blank
       504.0000
          

     Tall
     1
     0
     No
     41
     282
     Fixed
     Right
     6.4800
     0.0000
            
                
         Both
         4
         AllDoc
         5
              

       CurrentAVDoc
          

     Uniform
     24.4800
     Bottom
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     1
     5
     4
     5
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 7.000 x 9.250 inches / 177.8 x 234.9 mm
     Shift: move up by 8.64 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20090814105629
       666.0000
       AIP
       Blank
       504.0000
          

     Tall
     1
     0
     No
     41
     282
     Fixed
     Up
     8.6400
     0.0000
            
                
         Both
         4
         AllDoc
         5
              

       CurrentAVDoc
          

     Uniform
     24.4800
     Bottom
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     5
     4
     5
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 44.64 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     354
     TR
     1
     0
     77
     281
    
     0
     10.0000
            
                
         Both
         5
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     44.6400
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     5
     4
     5
      

   1
  

 HistoryList_V1
 qi2base



	copyright1: 


