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ABSTRACT 

The energy spectrum of electron antineutrinos has been measured 
at two distances, 13.6 and 18.3 meters, from the core of a FWR power 
reactor at Bugey (FRANCE). About 63000 antineutrinos events have been 
recorded using the inverse B-decay reaction v e + p •* n + e +. A signi
ficant difference in the counting rate between the two positions has 
been observed. The compatibility of the results with solutions in a 
two-neutrino oscillation analysis is discussed. 

1. INTRODUCTION 

The high flux of low energy v e produced by the core of a PWR 
reactor at the Bugey power plant is used to search for neutrino oscil
lation. Measurements have been performed at two distances 13,6 m and 
18,3 m from the core of the reactor. 

2. EXPERIMENT 

The principle of detection is based on the inverse beta decay 
reaction v e + p + e + + n where the neutrino energy can be deduced 
from the positron energy following E- = E_ + 1.8 MeV + neutron recoil 
correction. 

The experiment_was carried out in the basement of a PWR reactor 
at Bugey where the v e flux is 2.lo'-Vcm2s at the closer distance. The 
experimental areas are outside of the containement building and are 
isolated from Che reactor core by more than 2.5 meters of heavy con
crete (fig. I). Two identical cubic shielding structures have been 
built at Che two positions. They consist ; from inside to outside, of 
7 cm of low activity lead, 10 cm of veto counters filled with liquid 
scintillator, 25 cm of borated water and 10 cm of lead. The two shiel
ding doors and the detector are movable without disassembling, al
lowing position changes within, fourcy eight hours. 

The detector, similar to the one previously used at the ILL ex
periment ',consists of five planes of six target cells each, filled 
with liquid scintillator (3211 of NE 235C) sandwiched with four 3He 
wire-chambers. The liquid scintillator serves as free proton target 
pronpt position calorimeter and neutron moderator. The thermalized 
neutrons are detected by the neighbouring ^He-chamber. 



3. DATA TAKING 

Different data sets have 
been recorded during a seven
teen month period (Table I) 
the backgrounds have been mea
sured at both positions during 
the annual shut down of the 
reactor. Energy calibration 
and stability of apparatus ha
ve been controlled frequently 
using cosmic muons as well as 
gamna and neutron sources.The 
neutron detection efficiency 
map has been measured over 204 
points in the detector with an 
I % calibrated 5b Be scurce. 
The mean efficiency value is 
26.18 + 0.88 Z. 

At the first position, 
two positron energy spectra 
have been measured one year 
apart. At the second position, 
three positron energy spectra 
have been collected at diffe
rent reactor mean powers. The 
consistency between these dif
ferent set of data at both po
sitions demonstrate a correct 
control of energy calibration 
and apparatus stability. In 
the data analysis, the main 
reduction of back-ground is 
due to rejection of cosmic mu
ons and time-space correlation 
criteria. 

After reactor off subs-
traction, we end up with 39881 
neutrino events in position 1 
and 23345 neutrinos events in 
position 2. The positron ener
gy spectra for position I and 
position 2 are shown in fig. 
2a-b together with Monce-Carlo 
expectations and the reactor 
off spectra. 

AND ANALYSIS 

Fig. 1. Bugey Reactor 



Position I Position 2 

Fig. 2. Positron energy spectra.Shaded curves are MC calculations 

Fig.3. Ratio of the expérimenta yields as function of positron energy 



4. RESULTS AND DISCUSSIONS 
Interpretation of single position data should rely on a calcula

ted spectrum with large uncertanties which are mainly from 

- the initial source spectra C1- S X) 
- the detector efficiency and absolute enegy response (̂  4%) 
- the reaction cross section (̂  2 Z) 

Host of the uncertainties cancel out in measurements with two 
distances. The ratio of the experimental yields at the two positions 
corrected for solid angle is plotted as function of positron energy 
in fig. 3. 

All the data points are higher than unity by 10 %,the ratio of 
integrated yields from 1.5 to 6.5 HeV, corrected for the difference 
in the fuel isotopic composition is 1.102 ± 0.014 stat + 0.028 sys. 
This value can not be explained in our present knowledge by any expe
rimental effect but could be interpreted in a simple scheme of two 
neutrino oscillation. 

Two chi-square tests have 
been defined, one for the rela
tive shape of the positron ener
gy spectra (X2 SHAPE) and the 
other for the ratio of the in
tegrated yields (X2 NORM). The 
contours of the two chi-squa-
res at 95.4 % CL are plotted 
on fig.4 in the (6m2, sin2 29) 
plane. The shaded part is ex
cluded. The relative shape is 
not very well defined, (fig.3) 
and the no-oscillation case is 
not excluded by the shape alo
ne. The X 2 NORM has two allo
wed regions around 0.8 eV 2 and 
0.2 eV*. Combining the proba-
bilies from the two kinds of 
countour, only the solution at 
0.2 eV2 is allowed. If one ta
kes also into account limits 
from two positions of gosgen 
experiment 2, only the region 
around 0.2 eV2, sin2 29 - 0,2 
is left. 
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Fig . 4. Contours of X z (see t e x t ) 



S. CONCLUSION 

We have observed in the Bugey experiment deviation at 3a level 
from the expected value of the ratio of integrated yields at two po
sitions. This result is compatible with a solution in term of two 
neutrino oscillation with Sm2 t< 0.2 eV2 and sin'28 •»• 0.2. This result 
is not excluded by present accelerator data. It is compatible with 
Gosgen two position limits but not with the Gosgen single position 
limits. 

It is interesting to note that the mixing angle is close to the 
Cabibbo angle. He are studying further improvements of our experiment 
so as to obtain a clear confirmation of this effect. 

REFERENCES 

1. H. Kwon et al., Phys. Rev. D24, 1097 (1981). 
F. Boehm et al., Phys. Lett. 97B, 310 (1980) 

2. J.L. Vuilleumier et al., Phys. Lett II4B, 298 (1982) 
K. Gabathuler et al., Phys. Lett. I38B, 449 (1984) 


