
THE N-N*OSCILLATION EXPERIMENT AT THE PAVIA REACTOR 

G.Bressid), E.Call igarich<l> , M.Cambi agii i <1> , R.Cardarel1i<2), A.Cesana<3), 
M-Conversi<2), G.De Zorzi<2),. R.Dolfini(1), A.Gigli(l), A.Lanza(l), 
G.Liguori<l>, F.Massa<2), A.Piazzol i U ) , S . R attiU), R.Santonico<2), 
F.Sebastiani (2), M. Ternani <3), P . T o r r e U ) , D.Zanello<2). 

<1) Istituto di Fisica dell'Università' di Pavia and Istituto Nazionale di 
Fisica Nucleare,Sezione di Pavia,Pavia Italy. 

(2) Istituto di Fisica dell'università' di Roma and 1stituto Nazionale di 
Fi sica Nucleare,Sezione di Roma,Roma Italy. 

(3) Istituto di Ingegneria Nucleare,Poiitecnico di Milano,Milano Italy. 

The n-n oscillation experiment, presented at the Seventh European Conference of 
Triga Reactor Users in 1982,has recentetly entered the data collection phase. 
The possibility o-f a neutron-antineutron transi t ion,under particular 
condi t ions, is -foreseen by some Partial Uni-fied Theory. 
The aim of the experiment is to detect any transition that should take place or 
to establish a lower limit for the transition time of at least 10 E7 s. 
A beam of slow neutrons,after a flight in a pipe,air exausted and shielded 
against earth magnetic field,crosses a thin carbon target in which the produced 
antineutrons annihilate. 
The annihilation products<charged and neutral pions) are dejected in a apparatus 
situated all around the target. 
Due to the relatively low flux available a very large cross section beam 
< <V l m )had to be- used in order to obtain a neutron intensity adequate to the 
experimental requirements. 
This rised several problems concerning radiation protection and shielding, in 
particular in the detector region. 
The final experimental set up is described and the results concerning the 
shielding effectivness and the intensity of the neutron beam obtained are 
compared with the dalues foreseen by computer code calculations. 
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1)INTRODUCTION 

In 1982 at the Istanbul 7th European Con-ference we presented the plan o-f an 
experiment d ) , aiming to detect neutron-antineutron oscillations, which 
entered the data collection phase at the end o-f spring 1986. 
Events o-f this kind are -foreseen by some Partial Unified Theories and their 
detection requires the realization o-f a neutron -flight path as long as 
possible in an air exausted and magnetic—field -free space. The beam must be 
well collimated and the thermal neutron intensi ty,about 20 m away -from the 

10 
core, must be greater than 10 n/s, a result not easy to attain in a 250 
kW reactor. 
In this talk the experimental -facility is described with particular 
attention to the results obtained concerning the intensity o-f the neutron 
beam, radiation shielding and background. 

2) THE EXPERIMENTAL LAYOUT 

The general layout o-f the experiment is displayed in Fig. 1. The neutrons 
enter an anticorodal pipe 12 mm thick, 1.15 m-diam (air tight and wrapped 
with high magnetic permeability material) 4.5 m away -from the core centre. 
A-fter a 18.5 m -fi ight they cross a thin carbon target (about 150 ;um thick) 
in which the antineutrons which may have been created will annihilate 

producing a number o-f charged or neutral pions.All around the target, as 
close as possible to it, is situated the annihilation product detector, a 
large volume -flash tubes array. The beam stopper is situated about 8 m -far 
■from the target. In the target region the pipe diameter increases to 2 m 
in order to avoid radiation scattering into the detector situated 
immediately after the pipe. Neutron and gamma-ray collimation is provided 
by the pipe itself and a number of diaphragms. Around the detector a 
concrete shield, 80 cm thick, ensures a full absorption of the annihilation 
products. After that a set of an%t ico incidence counters prevents from the 
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cosmic background. The cosmic neutrons (not intercepted by the active veto) 
are appropriately reduced by a top concrete shield 120 cm thick. 
Serious troubles arose -from the -fact that the -flash tubes are higly 
sensitive to gamma radiation, nevertheless, in order to avoid Coulomb 
scattering and nuclear interaction ô f the annihilation products, the least 
possible amount o-f material must be inserted between the target and the 
detector. 

3) MATERIALS 

Most o-f the biological shield was realized with high density (3.2 g/cc) 
concrete having the -following composition: 2500 kg/mc o-f baryte, 210 kg/mc 
p-f cholemanite, 350 kg/mc o-f cement, 180 kg/mc o-f water. 
But -for the very high dose rate region near to the core, wood (density 
about 0.7 g/cc) was employed -for neutron thermal i zat i on and collimation. 
In several points thermal neutron -flux was suppressed using -foils o-f 
borated rubber. Ordinary rubber was loaded with -finely powered cholemanite 
up to 50/. by weight (.8'/. natural boron). The material showed an excellent 
behaviour under vacuum conditions and with respect to mechanical stress and 
to radiation damage while its cost was in practice that one o-f ordinary 
rubber. 

4) THE SOURCE REGION 

This region is mostly -filled with helium contained in appropriate aluminum 
boxes. Fission gamma-rays a.nd -fast neutrons are strongly suppressed by a 
bismuth and a graphite shield (each 20 cm thick, 50*60 cm*2 cross section) 
placed directly against the graphite re-flector. The walls o-f the cavity 
inside the reactor biological shield are lined with scattering material: 
graphite in the region nearest to the core and wood in the -farthest one. In 
order to ensure sa-fe working conditions during maintenance o-f the detector, 
when the reactor is operating at its maximum power, an high density 
concrete movable door 80 cm thick is situated at the end o-f this region. 
The neutrons free -flight begins just a-fter the shutter. 
The neutron source is strongly non uni-form and is mainly concentrated in 
the cavities between the bismuth-graphite shield and the walls o-f the 
thermal column. 
Besides the core, in this type o-f reactor, an important source o-f 
gamma-rays is originated by neutron capture in the toroidal metallic sample 
holder, named Lazy Susan (L.S.), which was -firstly disregarded in 
computat ions(2). The gamma-rays produced by L.S. caused an increase o-f 
gamma-ray intensity in the beam over a -factor 300 above that one -foreseen 
and required the building o-f an additional lead shield in the pipe which 
caused a nearly 50X loss o-f total neutron current. 

5) BIOLOGICAL SHIELD AND COLLIMATORS 

The shield around the neutron -flight path is as -follows. 
High density borated concrete 100 cm thick in the -first 4 m starting -from 
the reactor biological shield, 80 cm in the next 2 m, 70 cm -for 6 m and 60 
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cm in the remaining section. 
The contribution to the total dose rate due to capture gamma-rays produced 
in the vacuum pipe was -foreseen to be everywere important and the main one 
in the last section o-f the pipe. In order to reduce this contribution the 
iflner sur-face o-f the pipe is lined with borated rubber. 
The inner cross section o-f the shield is 180*180 cm*2. 
Six wooden diaphragms 30 cm thick are placed 1.5 m apart between 4 m and 12 
m. To prevent Ar-41 production most o-f the space between the pipe and the 
biological shield is -filled with air tight paper bags and the diaphragms 
are lined With borated rubber. 
At the end o-f 1.15m-diam pipe, radiation is intercepted by a diaphragm 2 rn 
thick made o-f para-f-fin and a sandwich o-f wood, borated rubber and lead. 
Neutrons and so-ft gamma-rays scattered into the detector are intercepted by 
a layer made of wood and borated rubber set just a-fter the pipe. 

6) BEAM CATCHER 

The walls o-f this room, 50 cm thick, are made with ordinary concrete in the 
underground part and with concrete loaded with 3'/. o-f cholemanite in the 
part over the ground level. The neutron beam hits a circular area o-f about 
3 m-diam. In this area concrete is substituted by a wooden palisade lined 
with borated rubber in order to suppress radiation backscattering into the 
room itsel-f. A-fter that the beam is completely absorbed in a 6 m thick 
embankment. 

7) RESULTS 

All the data reported below concern the maximum reactor power, 
a) The neutron beam 
The neutron -flux at various distances -from the core on the beam axis and 
its radial distribution at the target, were measured by the activation 
technique. Absolute neutron -flux measurements were made at the beginning o-f 
the neutron -free -flight path using the -following reactions: Au-l?7<n,g), 
Na-23(n,g), Co-59(n,g), In-115<n,n'), Ni-58<n,p), and at the centre o-f the 
target using: Au-197<n,g), Mn55(n,g) and Na-23<n,g). Relative measurements 
in other points o-f the apparatus were made with bare and cadmium covered 
gold -foils. Owing to the relatively low neutron -flux intensity, it was 
possible to derive the neutron energy distribution only in the -first 
position. In the remaining the Westcott convention was adopted. In all the 
positions a Maxwell i an distribution with a mean velocity o-f 2600 m/s, as 
deduced -from computations, was assumed -for the thermal component. 
In Fig. 2 the ratio between the computed and the measured -flux at the 
beginning o-f the neutron -flight path is displayed versus the group number. 
The results o-f calculations can be considered -fairly good in the high 
energy region (above 0.5 MeV) while are somewhat underextimated in the 
intermediate region and overextimated -for the thermal group. The 
discrepances may be due to the -fact that in such-a 'small reactor the 
reproduction o-f the structure o-f the source region is necessarily rough and 
incomplete. The results can be considered acceptable -for shield calculation 
purposes, the high energy region being the only really important in this 
case. 
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The dependence o-f thermal neutron -flux -from the distance along the beam 
axis is shown in Fig. 3. This trend is consistent with an apparent plane 
neutron source set about hal-fway in the source region and prove that in the 
last 8 m o-f the -flight the contribution o-f stray neutrons is negligible. 
In Fig. 4 the thermal neutron -flux distributions along the irertical and 
horizontal diameters o-f the target are displayed. The beam does not show a 
cylindrical symmetry due to the additional shields inserted in the pipe as 
explained in par. 4. The total neutron current across the target turns out 
to be 3 10 n/s. A -fast neutron current o-f the same order o-f magnitude is 
present; un-fortunatel y these neutrons contribute negligeably to the total 
observation time while they are an important background source on the 
detector. 

b) Dose rate outside the biological shield and background in the detector 
region. 
All the measurements were per-formed by -film badges, TLD dosimeters and GM 
survey meters. 
But -for some regions in which radiation streaming through the shield was 
unavoidable the total dose rate (n+gamma) at the shield outer sur-face was 
below 2 mRem/h. No detectable dose rate <less than 0.2 mRem/h) was -found in 
most o-f the anticoincidence counters region nor outside the building. The 
beam stopper proved to be very e-f-ficient: in most o-f the beam catcher 
region outside the beam, dose rates less than 10 mRem/h were registered, 
the dose rate in the beam region being o-f the order o-f 50 Rem/h. 
The gamma-ray dose- rate in the detector region ranged between 20 and 40 
mR/h. Thermal and -fast neutron doses were not detectable; an upper limit o-f 
about 0.5 and 3 mRem/h respectively was estimated. From computer 
simulation more than 50/. o-f the gamma-ray dose rate is due to -fast neutrons 
which thermal ize and are captured in the detector itsel-f. 

8) CONCLUSIONS 

The gamma background causes a certain amount o-f spurious hits in the -flash 
tubes ranging -from 4/ in the layer nearest to the beam to 0.1/. in the 
■farthest one. This -fact is unpleasant but does not prevent tracks 
recognition and reconstruction. In Fig. 5 (a and b) are reproduced two 
events triggered by cosmic rays when the beam is o-f-f and on respectively. 
This kind o-f events are induced by cosmic rays, not intercepted by the 
anticoincidence system, at the rate o-f about one every 20 s. 
At present over 100000 triggers have been recorded and are being examined. 
In order to estabilish a lower limit between 10 and 10* s -for the 
oscillation time o-f a -free neutron, about 500000 triggers must be collected 
in our experimental situation. 
We look -forward to reach our goal be-fore autumn 1987. 
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A) REACTOR REGION 

B) NEUTRON FLIGHT REGION 

C) DETECTOR REGION 

D) BEAM CATCHER REGION 
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