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Double beta decay is one of the most powerful ways to
test conservation of the lepton number. The highest half-life
(7,/,) limits for the neutrinoless (ov) /3f3-decay were obtained
using 1/ 76
give the OV /3,8 -decay with the total energy of two electroms
E, = 2 MeV. But this technique does not exclude other methods

germanium solid state detectors. e-1sotope can

of investigation with different sources of -decay. For
instance a probability of the O\)/gﬁa-deca& for 1°°%d 1g much
higher (by two orders /2/) than for 76Ge. Besides it is not
necessary to use a high resolution detector to sedarch for/gyg -
decay with 2 or Majoron (OLl](S. because E £ const for
these modes. New limits for the O0U K °-mode will nave some iu-

/3/. According to ref. /4/,

portant consequences in astrophysics
a probability of the O'VJ(imode is even higher than that of the
OV -mode, if Majoron exists. A scintillation counter with a
~s 20% energy resolution is an adequate detector for a search
tor the OV - or 217-mode;.

A scintillation spectrometer with a 150Nd-source was used
in. the underground experiment /5/. The Hd203-sample (150Nd -
92.5%) was placed between.scintillators and a twﬁ-dimensional
spectrun was measured. The main background in the experiment
is due to electrons produced in the scintillators by gamma-rays
from natural radioactivity and n~-capture.

The time-of-flight and track techmique can be used to
exclude such : background. This approach is used in the version
of the apparatus shown in the Figure 1.
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Double beta decay apparatus.
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There are three planes of the source (~3 M°) in the center
of the set-up. Four wire chambers measure particle tracks in )
the source region. An accuracy A é; a + 5° for measurement of
the angle é? between two tracks is quite sufficient. The
thickneéss of each plane is about 6 mg/cm®. It can be Nd,0, pre-
cipitated on 6/Hku-my1ar (aluminized). Nd thickness is ~ 4 mg/cm?
in this case. To simplify preparation of the source precipita-

tion can be done on smaller surfaces (~ 0.1 12) in succession.

Two planes are for 150gq (M = 75 g) and the third plane is a

dummy source. Each chamber measures two coordinates. The ave-
rage amount of substance (Cu) in each chamber is -~ 1 mg/cmz.

Scintillation counters are made of. long plates. Typical
thickness is 1 cm, width is 4+5 cm. Scintillations in each
plate are detected by & small photomultiplier, taking of?f

~10% of collected light. Four such plates form a counter with

two fast photorultipliers om .both edges. A time resolution

2.35 6?51 ns is expected for the energy of electrons: T = 0.5+3 MeV.
The time of flight of electrons between the scintillators is

2¢5 ns depending on the angle of emission. The energy of two
eiectrons E, = 3,4 MeV for the v /3/8 -decay of 17%d. The
most probable energy of one electron is 0.5 E,» Timing allows
determining a position of ‘the scintillation in the counter.

Background electrons with the energy about E° produced in
tﬁe scintillators will have the r.m.s. scattering angle ~ 10°
after traversing the source. A major part of these electrons
can be rejected if opening angles é?Q> 155° are excluded.

Only 10% of the true events are found at 9 > 155° in the dis-
tribution with the angular correlatian (1 - cos 0 ) 76/, timing
can make the electron backgroun& negligible for é;>' 155°,

The main background will be caused by pair production in the
gource. But there are 90% of pairs and only 20% of the true

events for < 80° Multiple scattering will not change
the angle distribution very uxuch because of small thickness of
the source planes.

The apparatus efficiency for 80° << 67'<L 155% is about 1/3.
It T1/2 - 1022 Y. and M = 75 g one will record N = 7 events
of the (Y f3F3-decay for the measuring time t = 1 y.

Let's take data of /5/ to estimate the background. Eveﬁts
occurred at a rate of 1.5/h for E = 3¢3.5 MeV with the scintil-
lator of mass My = 6.2 kg, Taking into account the ratio Mg,/M_,
the pair production cross section and efficiency for 8091t9<:\155°



(~ 6%) one can expect ~ 0.5 N of ete”-pairs for t = 1 y. But
the real background -can be higher. Active scintillation shield-
ing (20430 g/cm2) can be made for suppressing the background.
There will be a high probability of detecting one of the two
annihilation gamma-quanta (0.5 MeV).

In the case of the OV /g/g—decay two electrons have a
total energy E = (~ 0.5-1)E,. Gamma-quanta must have energies
E_=1.5 E to produce pairs with E =0.5 E « It is higher than
t:e natural radioactivity boundary and the background is much
lower in this region. The number of single background electrons
will be larger than for the 0V -mode. But this kind of back-
ground can be effectively excluded by the time-of-flight and

track technique.
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Axumos O.K. E13-87-309
KoMmOuuMpoBaHHAsT CHMHTHIUIAIMOHHAA W TPEKOBas
TeXHHKa IJIA [IoUCKa BF-pacnana

PaccmaTpuBaeTcsi BapHaHT CLHUHTHUIAIMOHHOIO CIIEKTpOMeETpa
C IPOBOJIOYHBIMH KaMepaMH s moucka 33-pacnapma. ITpenmodxena
BpeMANpOJIeTHasA TexXHHKa JJIA TNojaBlesHsa ¢oHa. HMcrounmk
(~ 3 M?), pacriono>xeHHbIif B LIeHTpe YCTAaHOBKH, COCTOMT U3 Tpex
mnockocTteii. UeThIipe MNpPOBOJIOYHbIE KaMepbl H3MePSIOT TpPeKH uva-
CTHI B LEHTpe HCTOUHHKA. Becr oObem 3amonHeH renweMm. CruH-
THJUIALMOHHbBIE CUETUYHKHM U3TOTOBJIEHb! M3 JUIMHHBIX INAcTHH. UeThi-
pe TaKUX IUIACTMHBI OOpa3yloT CUETUMK C OBYMSA OBICTPHIMH (DOTO-
YMHOXXHUTENIAMH Ha obOoux Topuax. Bpemsa mpoiera 3neKTPOHOB
MeXOy CUMHTHIIATOpaMH cocraBngeTr 2-5 Hc. Ecim macca HCTOUYHU-
ka (150Nd) paBra 75 r, TO MOXeT ObITh U3MEpEH MepUOI TOJIy-
pacrmaga T 1y, = 10°2 jer

PaGoTa BhimonHena B JlaGopaTopuu suepHbIX npo6iem OUAU.
IMpenpuHT O6bERHHEHHOIO HHCTHTYTA ANEPHBIX HccnenoBanmi. Jlybua 1987

Akimov Yu.K. E13-87-309
Combined Scintillation and Track Techmque
to Search for 83-Decay

A version of the scintillation spectrometer with wire cham-
bers for the search for 88-decay is considered. The time-of-flight
technique for suppression of a background is proposed. There are
three planas of the source (~3 m?) in the center of the set-up.
Four wire chambers measure particle tracks in the source region.
The whole volume is filled with helium. Scintillation counters are
made of long plates. Four such plates form a counter with two fast
photomultipliers on both edges The time of flight of electrons bet-
ween the scintillators is 2+ 5 ns. If a sourse mass ( 1°0Nd) is 75 g,
a half-life T, =1022y. can be measured.

The investigation has been performed at the Laboratory of
Nuclear Problems, JINR.
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