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Abstract 
 
Neutrinoless double beta decay (0 DBD) is among the most exciting processes under study in neutrino physics. The 
experimental evidence of this very rare decay would prove the Majorana nature of neutrinos and allow for an estimate of 
the absolute mass scale of these particles. The sensitivity of such experiments is practically driven by two parameters i.e. 
the background and the number of active nuclei, having both A and Z even. Therefore isotope enrichment plays a crucial 
role in this kind of experiments. LUCIFER uses Se82 as active nuclei, in form of ZnSe crystals in order to exploits also the 
light simultaneously emitted in the 0 DBD decay process. The detectors are cryogenic bolometers.  
The Se82 enrichment is underway using SeF6 and  centrifuges at Urenco Company in Almelo, Holland.  
The ZnSe crystal growth demands for very clean elemental selenium as starting material. This condition and the 
supplementary constraint of extremely low radioactive contamination are setting tight requirements to the chemistry 
converting SeF6  to selenium. 
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1.Introduction 
 
The very nature of neutrinos, ( e, , ), is still a puzzle for nuclear physics. Some experimental facts (like 
neutrino oscillations, non-zero although still undefined low mass) suggest that neutrino could be a Majorana �– 
not Dirac �– particle. This question  is of great importance, because in the former case neutrino and antineutrino 
would be the same particle, in disagreement with the Standard Model /1/. 
It is widely acknowledged  that the experimental results from the so-called Neutrinoless Double Beta Decay,  

0 ,  are currently the right way to give an answer to the above question.  
In the usual  decay the neutrino brings some energy and as a consequence the energy spectra are broadened. 
The same occurs, Fig. 1,  also in the rare 2  decays, due to the reaction 
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(A,Z)  (A, Z +2) + 2 e-  + 2    (antineutrino)                                           [1] 
 
which has already been observed from nuclei  with even both A and Z.  
If neutrinos are Majorana particles, the theory predicts that along with the reaction  [1]  also this one  
  
(A,Z)  (A, Z +2) + 2 e-                                        [2] 
 
is possible. Since in this second pathway there are no neutrinos, i. e.  0 ,  the energy spectra would appear 
narrow, as shown in the red coloured event in Fig. 1. Needless to say,  this is a potential sound signature, 
especially when the energy Q of the reaction largely offsets the broadening of  the corresponding 2  decays.   
 
 

 
 
Fig. 1 
 
However the 0  events are forbidden in the Standard Model since violate le leptonic number conservation. 
Being even more rare than 2 ,  the overall sensitivity S0  of the experiment is very important. This parameter 
is 
 
S0   =  k     [ (M  t)/ (bROI E)]1/2                                                          [3] 
 
where k is a constant,   the detector efficiency,  the abundance of decaying isotope, M the source mass, t the 
measurement live time, bROI the background in the observed energy region and E the detector energy 
resolution.  
Therefore the sensitivity  S0  is linearly increasing with  whilst only with the square root of  the mass M.  
Moreover, as usual, the detection of rare events demands for large sample, very low background and sensitive 
transducer. All the conditions lead to the following  possible candidates:  
 
 
Isotope   Q  (MeV)      Isotope Abundance (%) 
 
Ca48   4.271   0.187 
Ge76   2.039   7.8 
Se82   2.995   9.2 
Zr96   3.350   2.8 
Mo100   3.034   9.6 
Cd116   2.802   7.5 
Te128   0.868   31.7 
Te130   2.533   34.5 
Xe136   2.479   8.9 
Nd150   3.367   5.6 
 



 
Within this framework the role of isotope enrichment clearly stands out and actually this topic has been 
presented, indeed and for instance, also in the last SPLG2010 Workshop /2/. 
 
 
 
2. The LUCIFER experiment 
 
Nowadays in the world there are a handful of experiments searching for neutrinoless double beta decay. 
LUCIFER (Lowbackground Underground Cryogenic Installation For Elusive Events) is one of the last entry, 
with some specific features /3/. The source are crystals of ZnSe, where Se is enriched up to 95% in the isotope 
Se82. This isotope not only is a good candidate for 0 ,  but when combined as ZnSe dissipates the Q  
energy sharing heat and light. Therefore at each event the signals are twice and it is easily understood that 
when properly put in coincidence a strong improvement in signal to background occurs. The detectors are 
bolometers, operating at 10 mK temperature, as are cooled the ZnSe crystals. As additional protection from 
cosmic radiation the system will operate underground at INFN Laboratori Nazionali del Gran Sasso (Italy).  
Further details are given in the paper by I. Dafinei et al /4/, presented at this Workshop.  
 
 
3. Enrichment of Se82 
 
Lucifer is a demonstrator and will run with a total mass limited to 15 Kg of Se82.  The enrichment, starting 
from natural selenium, is already ongoing at Urenco, Stable Isotope Group, site of Almelo in Holland.  
The starting material is natural SeF6 produced by an external supplier. The technique used are centrifuges, in a 
cascade recently updated and, of course, not contaminated with radioactive material. The number of 
centrifuges in the cascade, the throughput and other technical specifications are proprietary of Urenco.  
To prepare the ZnSe crystals, the SeF6 once enriched shall be chemically processed to obtain elemental 
selenium. The delivery schedule is 1,5 Kg  each six weeks, not linked  to the throughput of the enriching 
cascade. 
A very important issue is the chemical and radiochemical purity of the product. Cares and controls are applied 
in every step moving from the initial supply of natural SeF6 to the final Se production.  
 
 
4. From SeF6 to elemental Selenium 
 
From the point of view of contamination, the chemical conversion of enriched 82SeF6 is a potential source of  
problems and must be carefully selected. The following is a list of routes examined.  
 
 
 
a)   SeF6 + 6 NaI  Se + 6 NaF + 3 I2 
 
b)   SeF6 + 9 Na2SO3 + 4 H2O  6 NaF + Na2SO4 + Na2SeO3 +  8 NaHSO3 
       Na2SeO3 + H2SO4    H2SeO3 + Na2SO4 
       H2SeO3 + 2 SO2 + H2O    Se  +  2 H2SO4 
 
c)   SeF6  + 2 NH3    Se  +  6 HF + N2 
 
d)   SeF6  +  N2H4     Se  +  6  HF  + N2 
 
e)   SeF6 + glow discharge + H2    Se   (russian patent)  +  �….. 
 
f)   SeF6 + H2 + catalyst    Se  +  �…. 
 



Taking into account the tight requests of the LUCIFER experiment, any of these processes has advantages and 
disadvantages.  For instance, the well proven first process did not survive to a scrutiny because of the 
unacceptable radioactive content of the available NaI chemicals and has been discarded. Also the materials of 
the chemical reactor have their own relevance.  
One of  the other remaining chemical reactions has been successfully tested and is currently ready for small 
scale production.  
Presently the overall chemical purity turns out to be better than  99,8  % on trace metal base; in particular the 
concentrations of U238 and Th 232 fall below  10-10 g/g. All the measurements have been performed at Gran 
Sasso Laboratory  using  an ICP-MS spectrometer, in low or high mass resolution.  
Further details concerning the content of chemical elements suspected to compromise the good crystallization 
are given in the Dafinei�’s paper /4/. 
A measure of the total radioactivity  background in a large ZnSe crystal would be the next step. 
 
 
5. Conclusions 
 
Isotope enrichment plays a crucial role in the search of neutrinoless double beta decays.  
In the LUCIFER experiment selenium enriched in the Se82 isotope will be used, in the form of ZnSe crystals, 
where both thermal and luminous energy release are exploited.  
Centrifuge technique feeding clean SeF6 gaseous compound fully accomplishes the enrichment task.   
Since the crystals are made starting from zinc and selenium as pure elements, a further and unavoidable 
chemical reduction of SeF6 to elemental selenium is required. Unfortunately this step is a potential source of 
chemical and/or radiochemical contaminations and must be very carefully controlled. 
Sizeable quantities of enriched elemental 82 selenium have already been produced at Urenco Company in 
Almelo. 
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