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Abstract

New preliminary experimental limits are reported about the electron-positron pair as well as the

radiative decays of massive neutrinos coming out of a 2800 MW, nuclear reactor located near
Lyon (France) .

Submitted to the Proc. of the 3rd Intemnational Symposium on Weak and Electromagnetic
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1. Introduction
Experiments at LEP found that there are only 3 neutrino flavours below 45 GeV. If these

neutrinos have non degenerate masses and mix together then neutrino oscillations and neutrino
decays are unavoidable. In analogy with the quark sector, we may write:
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Direct neutrino mass measurements give us constraints which can be interpreted as mass lim-
its on the mass eigenstates dominantly coupled to the corresponding weak eigenstates. The lim-
its up to now are: my) < 9.4 eV [ref. 1], m,,, < 250 keV [ref. 2], my) < 35 MeV [ref. 3] from
which we can infer that the only two experimentally observable possible decay modes are the
radiative decay (v; --> v; + 7’s) and the electron-positron pair decay (v;-->V; + ct+e).

2. Neutrino source

As a source of massive neutrinos we use one of the nuclear reactors of the Bugey Power Plant
located 30 km east from Lyon (France). The reactor has a thermal power of 2800 MW. The de-
tector being positioned at 18.6 m from the reactor core, a 10>*cm2s’! flux of antineutrinos com-
ing from B decays of neutron rich fission products impinges on it.
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Because of the nature of the physical process giving rise to this antineutrino flux, the energy
of the antineutrinos is less than about 10 MeV.




3. Experimental set up

The detector, as shown in figure 1, consists of a cube made of six 2x2 m? proportional
counters used as an active veto shield inside which a thin bag filled with 6.78 m? of “He is used
as a decay volume for the massive antineutrinos and two position sensitive multiwire propor-
tional XY-chambers (1.9x1.8 m? with a 36 um thick entrance window) are designed to detect
possible antineutrino decay products, namely electrons and low energy photons.
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[fig. 1. Sketch of the detector]

Copper and Aluminum sheets are used as passive shielding. It is also possible to rotate the
whole detector by up to 2x with respect to the direction of the incoming antineutrinos.

4. e*e” decay mode

If the direct mass limits (cf. § 1) are taken as constraints on the mass eigenstate coupled dom-
inantly to the flavor eigenstate then if m,;3 > 2 m, then v3 —> v; e*e” (i = 1,2) must occur.




In the coordinate system where vj is at rest, the decay rate is given by [ref. 4]:

Y, 2_5 2
V3 U, et Gpmv3 ) m,
3
I
1w - h—0 as m,—2m,
!
L< h=1 for miy»m,
= 5
v m
© 1 ~5 —1 Vs 2
-—;—; 35-10 (——IMBV) IUeBI

The trigger for this mode is given by 2 simultaneous clusters in each XY-chamber in antico-
incidence to the veto chambers (see fig. 1). In June 1991 we took 10 days of reactor OFF data
as a background measurement and 20 days of reactor ON. The average trigger rate for these two
periods was 1.88 +- 0.03 and 1.88 +- 0.02 counts/s respectively. On figure 2 the dashed line
shows the 90% C.L. limit obtained just looking at the difference between reactor ON and OFF
trigger rates.
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|fig. 2. electron-positron pair decay]

New data were taken in spring ‘92 with improved electronics. A finer data analysis is in
progress for both ‘91 and ‘92 data. Using a window for the energy deposition in the XY-cham-
bers, pulse shape discrimination to reject photon background and reconstructing (even roughly)




the vertex of the decay should allow us to go down as low as 104 in [U_;P.
§. radiative decay

Two helicity ampﬁmdes F and N contribute to radiative decay of a heavy neutrino of mass
M into a lighter one of mass m [ref. 4 and 8]:

where 6 is the emission angle of v;in the v; rest frame with respect to the laboratory line of flight
of Vj.
The decay rate is then proportional to:
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The lifetime in this decay mode is thus extremely long. Much shorter life times can be
achieved in other models (Left-Right Symmetric, Mirror Fermions or Composite Models ...).
The trigger for this mode is a single energy deposition in a single X'Y-chamber in anticoin-
cidence to the veto chambers (see fig. 1). For photons in the energy range from 2 to 10 keV the
“He decay volume is transparent whereas XY-chambers have a 99.8% detection efficiency.




Using the fact that the photon spectrum is strongly peaked in the direction of the decaying neu-
trino, we performed background measurements just by rotating the whole detector by + x/2
with respect to the direction of incoming neutrinos. No effect was seen after one day of reactor
ON data taking resulting in a 0.58 counts/s 90% C.L. limit. Figure 3 shows the limits obtained
for Majorana neutrinos (solid curves) and Dirac Neutrinos in case of helicity flip (dotted curve)
or no flip (dashed curve).
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Using these curves we can set limits, namely t,,, > 5.3 10%s (neutrino helicity flip) and 1, >
3.1 10%s (no neutrino helicity flip),on the lifetime of a neutrino v; of mass M = 17 keV and mix-
ing IU,#? = 8. 10, the existence of which has been claimed by some authors [ref. 10].

A new measurement of the radiative decay channel should be performed in September ‘92.
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