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Abstract - The processes of double beta decay with and without emlssic uf 

neutrinos are briefly reviewed. After the definitions of the processes and 

implications Tor the neutrino properties, the present status of the experimental 

results is discussed. We conclude with a description of the Qordeaux-Zarago2a-

Strasbourg experimental which will run in the frejus tunnel. 

It was Just 50 years ago that MariH-Goeppert Mayer calculated Tar the Tirst 

time the probability for the nuclear double betB decay to occur [l]. Since 

that time it was recognized that this process is strongly connected to a pc??i-

ble violation of the leptonic number and to the nature (Ha.iorana-Dirac character, 

mass, helicity) of the neutrinos. In the present talk, after a definition of 

the process, I will give a short review of the experimental results and then 

briefly describe an experiment to be set up in the Frejus tunnel by the 

Bordeaux-Zaragoza-Strasbourg collaboration*. A more complete review of the 

subject can be found in ref. 2 and references therein. 

Definitions and theoretical considerations 

If we look at the even-even nuclei with the same mass number A it happens 

sometimes that the moss relation M(A,Z) > M(A,Z+2) holds and that the single 
a 

B decay (A,Z) > (A.2+1) is either forbidden by energy conservation or 

strongly inhibited by some other selection rule. Then the nucleus (A,Z) is 

concerned by double 6 decay. As an example, the figure 1 shows the case nf 

the nucleus ,_Ge which may decay to ,.5e with an energy release of 

2041 keW. If this energy release is large enough the decay can also proceed 

through an excited state (J s 2* or OT) of the final nucleus, 
76 76 

How may the nucleus Ge transform into Se ? Two ways are suggested ; 
the f i rst one is a normal double B decay (B6(2v)) : 

(A,Z) -* (A,Z+2) + Sj * vj + a 2 + u£ 

where two neutrons are transformed into two protons with emission of two 

electrons and two antiheutrinos, This decay can be considered aa a second 

order weak process (like the double y-decay is a second order process of the 

electromagnetic field) and should be observed experimentally whatever the 
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nature or the neutrino is. The second way can be considered as a two step mecha
nism. A First normal B decay step which gives emission of an electron and a 
virtual neutrino is Tallowed by a second step which consists of the absorption 
or the some virtual neutrino by the intermediate nucleus : 

(A,2) * (A.2+1) + B l + Vj 

^ * (A,2+1) - {A,2+2) + 8, 

This processe is usually called the neutrinoless double beta decay [BB(0u] : 

(A,2) - (A,2+2) + 2B 

BeTore looking Further Into the neutrino properties, remark again that 
the Final nucleus may be leFt in an excited state : 

(A,2) - (At2 + 2)« + 2B 

(A,2 + 2)* - (A,2 + 2) + y 

The y-ray emitted by the excited nucleus may then be useful in some expe
rimental set-up ta minimize the background and/or ta caractérise the decay 
process. 

Due ta phase space considerations the most important cases to be studied 
are those with a high energy gap between the initial and Final states. 5omc 
oF these cases are listed in table 1 together with their natural abundance and 
the excitation energy aF the First excited state (J = 2 + ) . 

Far the BB(Ov) process to occur we must have u = v c which implies that 
the neutrino must be of Majorana type. We can also note that the process BBlOu) 
does not conserve the leptonic number. Now what is a Najorana neutrino ? 

Suppose we have masaless neutrinos so that : 

where o(<\i0y> o
z) a r s the Pauli matrices ; this gives two solutions : 

*f \ = - *L and ^ *R s * *R 
with ik . - . respect ively the leFt ( r i gh t ) handed solut ions. Using the charge 
conjugation operator C gives the Following propert ies t 

1' f l = C*L and * L s CiliR 

These two solutions are called the "Dirac" neutrinos and implies that the 
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neutrino and the antineutrino are different particles. 

Now the Majorana neutrino is deTined (by : 

*W 8 \ * *R 

Using the charge conjugation operator C on ik. shows that ^„ is invariant 

(^M = ^ M ) and then the neutrino and its conjugated particle are identical 

particles. 

The most general hamiltonian we can construct in order to calculate the 

transition rates is now [2] : 

H s . — S - J $ e y^ (i . y 5) ^ û yU (d - Y 5) * \ R (1 • Y5)] d + 

+ \ Y u (1 + Y 5) YR 3 Y u tn R R (1 + Y 5Î + n R L (1 - Y 5>] d [*h.c 

where 4* ,u and d are respectively the fields of the electron and of the quarks 

and the n parameters represent the strength of the different couplings between 

the leptonic and hadronic currents. For nuclei we can replace the quark terms 

by : 

* p Y U (1 : F Y 5 ) * n with F = - 1.25 

where ty and i|i stand for the neutron and proton Tields. If G = G cos 3 

where S is the Cabbibo angle and n, R = n R R

 s nni = ° w e recover to the usual 

U-A Glashow-Weinberg-5alam hamlltDnian. Note that we know of three neutrino 

generations so that the neutrino field can be written as a linear combination 

of these three eigenstates. 

From the above hamiltonian many calculations of the transition rates have 

been done [l-1*] and to have a rough insight into the theoretical predictions 

we shall Follow Rosen's estimations of the half lives [5], 

The half live for the 0* * 0* • SBlOv) transition is : 

^ - ° + (Os,) . 2.1 ID 1 5

 r ( < ^ c ) years 

where C is a coulomb term, M the nuclear matrix element 

M % < || OjSj T + i T + J || > 

f a <m> ^ + <m> T\ fj, + n F, 

f. are phase space factors depending on t the energy gap involved in the 



transition \ <m> is a linear combination of the masses of the three neutrinos 
and n s rtLR (^VR S nRR s D*' for the moat favourable caaea this half lire is 
between 1Q2Z to 10 y depending on the nuclear matrix element and neutrino 
maas values. 

The half life for the 0* * 2* , 6B(Qv) transition Is i 

Tl/2* Z + ( 0 y ) = 2' 2 1 Q 1 5 " P 1 (years) 

and depends only on the n parameter. For r\ * 2.10" the half life for Ce 
is T 1 / 2 = 1 Q 2 2 y. 

The half lire for the 0* * 0 + , BB(2v) transition Is ! 

-2 
t 1 / ; (2M) = 3.10 Z 0

 fÇ " M (years) 

and then mainly dependent of the nuclear matrix element and of the phase space 
factor* The expected range oT values is between 10 to 10 y and seems more 
favourable than in the BB(0v) cases. But its experimental observation is as 
difficult as in the latter case due to presence of 6 particles in the exit 
channel. 

The main conclusions of these theoretical considerations-can be summarized 
into three points : 

i) The D* •* D BBlDv) transitions give information on the Majorana 
neutrino and/or the relative strength n of the right handed neutrino. 

ii) The 0* * 2* BB(Gv) transitions depend on the n parameter only. 

iii) The Q •* 0 BB(2u) transitions give an overall check of the theory* 
especially about the nuclear matrix elements. 

Experimental situation 

Since almost 50 years many experiments have been devoted to the double 6 
decay process either with or without neutrino emission. Due to the expected 
long periods all these experiments are oT "low counting rote" type and reflect 
a long fight against different kinds of backgrounds. They can be divided mainly 
into three categories : 

i) Geochemical determinations of the total BB decay rates by measuring 
the abundance of a daughter Isotope in an ore setr.pl e containing the parent 

tip 130 H2 
isotope (generally " D » 1 J u i e 0r 5e). Tor such measurements the counting 
time reflects the age of the ore, typically *• S 10 y. Two cases have been 
especially studied i.:-. n give evidence of the BB(2v) process : the decay of 

http://setr.pl
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1 3 0 T e with 1y2 = C2.6 i 0.3) 1Q 2 J y [fi] and the decay or 8 Z S e with 
h/2 = t*'** * 0**5) 10 y [7]. These two values are nt least one order of 
magnitude greater than the theoretical estimations of Haxton et al. [2]. 

11) Radiochemical measurements of the total SB decay half lives by observing 
the accumulation of".the daughter isotope under laboratory conditions [ B ] . Until 
now no experimental results have been published using this technique. 

iii) Direct detection of the electrons emitted at the same time and/or the 
same point. Kinematics may provide more information on the mechanisms (sum of 
the energies of the two B~ is a constant in the BB(0u) process, angular distri
butions or the two B~). Among all the tentatives only one experiment [9] led 
to a positive result 1 l / 2 z (1.0 • 0.6) 1 0 1 9 y for the case B ZSe - B 2 K r 
unfortunately in disagreement with the geochemical measurement. With the actual 
progress in the techniques new experimental results using the direct detection 
of the electrons will probably be available very soon. 

Actually, counter experiments are mainly based on the property of Germanium 
to be at the same time a BB emitter and an electron detector. In fact natural 
Germanium contains 7.7 Si of Ge which is, as show in fig. 1, a potentially 
good B8 emitter. The Milano group [lO] was the first, already in 1972, to use 

> 5 lu 2 1 y for the BB(Qy) 
process. The experiment consisted in measuring a single spectrum and to search 
for a single line at an energy of 2041 keV. A strong limitation of this technique 
ia due to the fact that the Ge counter is also a very good ^-counter and then,very 
sensitive to the background provided by the natural radioactivity and the cosmic 
rays. Since that first experiment many improvements have been made in selecting 
law radioactivity materials for the detector and the shielding, and almost all 
the (: esent experiments tire running in underground laboratories. A summary of 
the experimental results is given in table 2. The actual limit far the 
BB(Qy) 0 * 0 + transition is situated around 10 y and implies a constraint 
on the neutrino mass <m> < 10 eV (if n = 0). 

The Bordeaux-Zaragoza-Strasbaurg collaboration has mainly concentrated 
on the study of the 60(Ov) process in Ge leading to the excited states 
of Se. The idea is to improve the signal to background ratio by using 0 
multicoincidence set-up between or? w several Ge counters and a halo of Nat 
detectors in an geometry around the Ce-counters. An exploratory experiment [17] 
using a 90 cm fiducial volume Ge detector and 9 hexagonal shape (0 15.3 cm 
and £ s 20 cm) Nal scintillators has given the following limit 
r. / 2 (0* * 2*) > 5.5 I D 2 1 y (lo) which is about a factor two less than the 
actual limits [ll,15,16,18]* for the 0B(Qu) transition to the second excited 



state J r s Qj a half lire limit or T J / 2 (0* * Qj) > 2.3 ID 2 1 y (la) has been 
obtained Tar the Tirât time. Since thia exploratory experiment was carried out 
aboue ground and with atandard materials Tor the detector, a new experimental 
set-up (Tig. 2) has been designed based on 4 Ge detectors inside a cryostat 
built with commercially available low radioactivity materials. The total Go 
volume or Bbout 420 cm is completely surrounded by 19 low background Nal 
detectors and then by 2.5 cm OFHC copper and 15 cm lead. The experiment is 
presently being installed in the Frejus Laboratory and the electronic allows 
us to record on tape all the multifold coincidences between the Ge and the 
Nal detectors. Depending of the background level which will be obtained and 

23 after several monthes of statistic experimental limits of T, .„ > 10 y For 
the 0* •*• 2* and 0 + - o| 0B(Qv) transitions should be measurable, implying 
constraints on the Majorats neutrino mass around 5 eV and on the n m parameter 
around 10 to 10 . These constraints are of course model dependant and 
attempts will be made to measure with the same experimental set-up the hair 
life of the B6(2u) process leading to the 0 excited state, and therefore to 
get experimental informations on the nuclear matrix elements. 

We would like to thank J. Donohue for very useful discussions. 

Mhe collaboration consists oT D. Dassie, P. Larrieu, F. Leccla, Ph. Hubert, 
P. Mennrath and M.M. Uillard (University of Bordeaux 1), A. Morales, 
R, Nunez-Lagos, J. Morales and J.A. Miliar (University of Zaragoza) and 
J. Chevallier and B. Haas (Centre de Recherches Nucléaires de Strasbourg). 
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Table captions 

Table 1 List or aome nuclei which can docay by the double beta process and 
some of theirs caracteristlcs (total energy release Eg, natural 
abundance and excitation energy of the first excited atBte). 

Table 2 Status of the experimental results for the BBCOu) 0* * 0* process 
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Figure Captions 

Tig. 1 Nuclear scheme tor double beta decay in Ge. 
Fig. Z Experimental set-up to be installed in the rrejua tunnel and showing 

the it Ge counters and the hexagonal shape Nnl scintillators, the 
figure shows respectiveley a top view and a side view or the set-up. 



Tobliî 1 

Transition BB E 0 (kev) Abundance ?; excitation Cnergy or 
(M) 

" c . * "n 4272 0.1B7 9B4 
7 6Ge * 7 6 5 e 2041 7.D 559 
"h* . B 2 K r 3005 9.2 776 
l M H . - 1 0 0 R u 30J3 9.6 510 
U 6Cd - 1 1 6 S n 7.BQB 7.5 1294 
« BI. . " " x * D69 31.7 443 
l»l. - 1 3 0 X = 2533 34.S 536 
1 3 % j - 1 5°S» 3367 5.6 334 



Tabla 2 

11 

Experimental croup Ha volume Counting time Expérimenta! 
(cm ) (yonra) 1 0 2 3 yei 

Bellottl et al. [n] 115 2.36 > 1.0 
na a.en > 0.7 

Aulgnone et al. [12] 123 0.67 > 1.2 
Forater at al. [n] ra 0.63 > 0.2 
Simpson at al. [!•] 20B 0.27 > 0.3 
EJlrl et al. 1»] 161 e 0.5 > 0.5 
Caldwell et al. [16) 336 o.ie > 0.5 

65B 0.20 > 1.2 
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