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Summar:

Neutrinoless double beta decay provides a window
onto the new physics the SSC hopes to explore, requiring
lepton nonconservation, which is outside the standard
model. It then gives 1imits on light and heavy Majorana
neutrino masses, right-handed currents, and the existence
of Majorons and supersymmetric particles. The experi-
mental status of double beta decay is reviewed briefly,
and current best 1imits are given on these interesting
quantities. Prospects for future experiments are also
surveyed.

Introduction to Double Beta Decay

At this Workshop devoted mainly to an accelerator
motivated by the need to explore beyond the standard
model, it is quite fitting to discuss double beta decay.
If neutrinoless double beta decay (BBOv) should be ob-

served, it would violate lepton number, which is con-
served in the standard model, and hence this would simi-
larly probe new physics. So far no positive effect has
been seen, but the 1imits obtained already are very con-
straining on theories and set goals for the SSC. 1In

depth rev1‘ews]'4 of double beta decay are available, and
here only a few relevant points will be discussed.

_ Double beta decay of the form (A,Z)>(A,Z+2)+2e™+
Zve, or BBZv’ surely occurs as a second-order weak tran-

sition between even-even nuclei when this is energeti-
cally possible, since the intermediate odd-odd nucleus
is generally of higher mass, making a single B transition
impossible. The effect of this decay has been observed
by geochemical experiments using billion-year-old rocks.
The BBOv decay, (A,Z)>(A,Z+2)+2e~ would be much more

likely than 88, because of a factor ~106-10° greater

phase space were it not that there are two inhibiting
conditions: (1) lepton number must be violated, and

(2) there must be a helicity reversal. To explain the
latter in terms of a conventional picture for BBOv decay,

when_a neutron turns into a proton with the emission of
an e , a virtual Ve of positive helicity would be emit-

ted, but to produce a second e~ from another neutron,
the virtual particle must be absorbed as a Ve of nega-

tive helicity. For this to be possible vesﬁé, or the

neutrino must be of the Majorana type, and the wrong hel-
icity admixture must be present, which can occur if the
neutrino has mass or if right-handed currents exist.
Indeed, the neutrino could be one of extremely large mass
with some coupling to the very light or massless Ve+

The decay could also be mediated by the existence of
supersymmetric particles {gluino, zino, and photino ex-
change) or of massless bosons, such as Majorons® (x°) in
the process (A,Z)+(A,Z+2)+2e"+x°, which we designate
BBOv X' Many of these processes are experimentally dis-

tinguishable, if the summed energy of the two e  1is ob-
served, since BBZv gives a four-body spectrum, BBOv X

gives a three-body spectrum, and BSOv gives a spike.

Even the presence of right-handed currents can in prin-
cip]e be singled out because that mechanism permits a
0*+2* transition to the first excited state as well as
the 0*+0% transition, which is the only one allowed for
BBOv decay driven by neutrino mass alone.

Double Beta Decay Experiments

With so much to be Tearned from double beta decay,
it is not surprising that experiments searching for it
are going on all over the world. While much reanalysis
of the geochemical experiments has been taking place
lately with somewhat changed BBZv lifetimes, space does

not permit discussing these or the laboratory experi-
ments on the verge of detecting this process. However,
mention must be made of a possible resolution of the
previous one-to-two order of magnitude discrenancy be-
tween calculated BBZv lifetimes and measurements or 1i-

mits on these quantities. The calculable BBZv process
provides some check on the interpretation of BBOv life-
time limits in terms of parameters of physical interest.

Vogel and Zirnbauer6 have found cancellations can occur
if the previously neglected particle-particle component
of the spin-isospin polarization force is included.
This is capable of bringing experiment and theory into
agreement but makes calculations very uncertain. It is
not yet known whether there is a similar effect on cal-
culated BBOv lifetimes.

While work with other nuclei such as !9°Mo, !36Xe,
and !5°Nd is underway, the important limits at present
on BBOv come from 7Ge experiments. High-purity Ge can

be made into a high-resolution (0.1%) detector of elec-
tron energies, and 7.8% of Ge is the BB nucleus 7%Ge.

To summarize these experiments, information will be given
on the groups involved, the location of the experiment,
the quantity of Ge currently used, background levels
achieved around 2 MeV (in units of counts/keV-year-kg of
Ge), and the 0++0% lifetime 1imit reached at last re- -

porting. The Zaragosa-Bordeaux-Strasbourg group7 with
2.2 kg of Ge in the Frejus tunnel has reached 2.2x1022y
in 2252 hours with a rather high background of 40 be-
cause not all of their Nal counters have arrived, and
the substitute counters have been irradiated. The Cal-
tech-SIN-Neuchatel group® in the St. Gotthard tunnel ob-
tained a lifetime of 6.2x1022y after 6728 hours with
0.48 kg of Ge and a background of 4, but they are in-
stalling 6 kg of Ge, as well as building a TPC to use
136xe. The Osaka group? located in the Kamioka mine and
using 0.88 kg of Ge with a background of 6 for 8621 hours
achieved a 1imit of 7.4x1022y and have since replaced
the Ge with 1°°Mo and Si detectors. The Pacific North-

west Laboratory, University of South Carolina g\r‘oup]0 in
the Homestake mine operated 0.67 kg of Ge for 8089 hours
with a background of 2.4 to reach 1.4x10%2%y, and they
‘are now assembling a 3.9 kg detector, which will even-

tually be doubled. The Guelph-Aptec-Queens groupH is
currently using 3.0 kg of Ge in a salt mine near Windsor,
Ontario and has achieved 1.6x102%y in a 3200 hour run
with a background of roughly 2. The Milan group, which

was the 1’1'r's1:12 to use Ge, has more recently ~ operated
two Ge detectors in the Mt. Blanc tunnel, one of 0.62 kg
with a background of 24 when run for 21,000 hours gave

a limit of 1.2x102%y, and the other of 0.74 kg with a °
background of 4 gave a slightly better limit of 1.3x10%*%y
in 10,000 hours. The combined 1imit from these two is
1.8x102%y, They are now developing a MWPC for !3%Xe.

Finally, the University of California at Santa Bar-

bara, Lawrence Berkeley Laboratory exper‘iment14 has been
operating in the power house of the Orovilie, California
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dam. Because the current best limits are from this ex-
periment, a little more information will be given about
those Timits. Initially 3.5 kg of Ge were used for 3550
hours with a time-averaged background (which dropped a
factor of two in 6 months) of 2.2 to achieve a limit of
2.5x10%%y. Using 2456 hours of those data, a 90% C.L.
limit for BB, of 8x101%y was reached, as well as a 90%

C.L. limit of 6x10%°y for 0 X After adding more de-

tectors for a total of 5.3 kg, there was an additional
5000 hour run. Combining the data of the two runs gave
a time-averaged background of 1.7 and 1imits for the
0*>0" transition of 4.1x10%%y and for the 0*»2* decay to
the first excited state of 1.3x102%y (by using the Nal
surrounding the Ge in coincidence to be sensitive to the
559 keV deexcitation y, instead of using the Nal in anti-
coincidence to reduce backgrounds). More recently all

8 detectors (7.1 kg) have been used for some additional
running, and the current 0%¥»0% Timit is 4.5x10%%y. This
Tast value is the BSOv 1imit which will be used below

for setting Timits on quantities of interest.

Interpretation of the §§0V7Resu1ts

The 1imit'* for BBy, decay of 6x102%y has been

eva'luated3 to give 90% C.i. 1imits for the coupling of
the Majoron to the electron neutrino. The result depends
on the matrix elements used, varying from <1.1x10-% for
the Los Alamos2 matrix elements to <4.1x10™*, using

those from He1‘de1berg.]5

This variation in matrix element calculations is
not as large as the uncertainty resulting from the dis-
agreement between experiment and theory in the BBZv

case, but the possible resolution of that problem already
alluded to would make the BBzv matrix elements difficult

to predict reliably. It is far from clear whether that
problem even applies to the short-range BBOv case, so it

will be ignored here, as will another potentially serious
issue: 1if the neturino involved is actually a mixture,
it may consist of neutrinos of opposite CP eigenstates,
producing a cancellation which would make the effective
neutrino mass, <m >, in BB decay less than in, say,

single B decay..|6 The quantity <m, > will be given below

ignoring these problems and also as if it were the only
effect contributing to BBOv decay. Right-handed current

(RHC) effects could be present at the same time, for ex-
ample, but these will also be treated as if they occurred
alone. Actually, if RHC were present, any gauge theory

would require <mv>f0 as we11,17 but by stating Timits as

if only one cause is operative, one gets a better feel-
ing for the relative sensitivity of the limits to BBOv

lifetimes. The RHC parameters are interpreted most
easily in terms of the simplified Hamiltonian,

+
Lu
where the j's (J's) are components of the leptonic

(hadronic) currents, with L and R standing for left- and
right-handedness. The <m >, <npp>s and NpL> parameters

given below display more significant figures than are
warranted to show the effects of different calculations.
18

=_o~1/2 M T oypsl il +
Hy=-2 " "GpeoseLif (9, #ny gdg, IR gy Iy Friggdi,, ) 1#h-c. 5

The. more recent Tilbingen-Jiilich calculation'® of <NpL>

includes the effects of using a relativistic p-wave elec-
tron wave function and of including nucleon recoil, giv-
ing an impressively small number. This is many orders

of magnitude™ more stringent than those of other experi-
ments for the case of neutrino mass generation by the

.19
see-saw mechanism.

Neutrino Mass and RHC Parameter
Limits for T1/2>4.5XI023y

Table I:
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Parameter Los A1amos2 TUbinggn—Julich18 Heide]berg)5
<m > eV 1.9 1.4 0.76
<Nep” 3.2x10°¢ 2.7x107¢ --
<Np> 4,7x107° 3.4x1078 --

If instead of the above mechanisms for BBOv decay,

it were engendered by the mixing of a heavy Majorana
neutrino (mass Mv) with the electron neutrino, which

then could be effectively massless, the Tifetime 1imit
can be used to provide constraints on Mv for a given

coupling, (Ut)z, of the heavy neutrino to the light one,
For the case in which only left-handed W bosons are in-
volved, the Timits on M vs. (Ulé)2 are given in Fig. 1,

using the Haxton-Stephenson calculations.” The con-
straints on these parameters (values below and to the
right of the lines are allowed) from BBy, (the diagonal
line) are generally v
much more stringent

T L T T T T T E
than from other ' \ ]
experiments.zo A 0 sz E
heavy neutrino
could be a fourth-
generation par-
ticle, which
might be of the
Majorana or Dirac
type, but extra
neutrinos, such
as are required
in the low-energy
Timit of string
theories or in o | L L L
Teft-right symmet- 1° 102 10% 10°®
ric models, are M, GeV
most 1ikely Major- v
ana particles.

For the Tleft-right

(
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Fig. 1. Limit on the mass of a

. 9 heavy Majorana neutrino as a func-~
symmetric theories tion of its probability for mixing
right-handed W bos- with an electron neutrino.

ons are also in- 21

volved, giving a different sort of limit.

Recently, Mohapatrazz has found a new use for BBOv

results, namely setting a Timit on supersymmetric par-
ticle masses. Instead of the exchange of Majorana neu-
trinos, various gauginos can be exchanged, and in super-
symmetric theories with R-parity violation this sets a
1imit on the mass of the squark (¥) involved as a func-
tion of gaugino mass. The exchange of zino plus photi-
no would surely occur, but an even more stringent T1imit
is set if gluino exchange involves essentially a point
interaction so that a Fierz transformation is allowed
and colored intermediate states are not required. Both
Timits are shown in Fig. 2 as a function of gaugino
mass.

While the constraints BBOv places on <m > are re-

latively well known, those it imposes on RHC are not so
known, and the Timitations placed on M_ vs. Ut are prac-

tically not known at all. Now there are the new con-
straints on supersymmetric particles, further showing
the sensitivity of this second-order weak process to




new physics, and
it is hoped that
the usefulness of
double beta decay
will be noticed
more widely.
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Since this
process is so im-
portant in seek-
ing clues to phy-
sics beyond the
standard model,
what are the pros-
pects for further
improvements and
the hopes for see-
ing a positive
effect? 1In the
short term the
UCSB-LBL experi-
ment should
achieve a limit

Ll

Zino + Photino
Exchange

T T T T

B N Y

SQUARK MASS LOWER BOUND

[02 il
10? 103 10%
.88 GAUGINO MASS  (GeV)

5568A1

©
®

Fig. 2.
4,5%10%% for BBOv imposed on the

mass of the ¥ squark as a function of

the mass of the gaugino exchanged,

with zino plus photino exchange

surely allowed, and gluino exchange
o4 subject to some conditions.

of around 10%*y

in two years time. That doubling of the lifetime 1imit
is an improvement in limits on <mv>, <NpR>> and <npL> by

only a factor of v2, so no positive effect is-expected.

Lower limit from Tl/2 >

The significant change which could occur in that
time scale is the advent of Soviet experiments using
large quantities of separated isotopes. There are two
of these now being developed. One by a Moscow group has
10 kg of separated %Xe, and they are building a 3mx
3mx1.5m TPC to use this gas. The TPC is expected to be
completed by the end of 1986, and then there will be the
usual shakedown period to get the apparatus working and
particularly to reduce backgrounds. It is not clear at
this point how free the Xe is of contaminants.~ The se-
cond experiment by a Moscow-Leningrad-Heidelberg group
will use 15 kg of separated 7%Ge, of which they have
about half now. That quantity of material would give
them a factor of 20 advantage over the UCSB-LBL experi-
ment, provided it could all be used and similar back-
grounds are achieved. Normally there is a large loss
of material in making the crystal and some loss in mak-
ing detectors from the crystal. Again, separated mat-
erials also tend to have radioactive contamination.
However, if these problems can be overcome, there will
be from either experiment an order of magnitude improve-
ment in the BBg,, 1ifetime Tlimit.

Since these quantities of separated isotopes would
cost several hundred million dollars in the West, if
they could be obtained at all, Western physicists will
have to either give up this field or try a different
approach. The most promising new technique is the use
of low-temperature quasi-particle/phonon detectors,

which are described elsewhere™ in these Proceedings.
If these can be implemented, one or even two orders of
magnitude improvement in the BBOv lifetime 1imit appears

possible. Then there will be a new era in double beta
decay with renewed hope of a positive effect, but even
negative results will impose severe and very important
constraints on new physics.
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