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1. Introduction

The predictions of the great unification theories have roused
interest in the experiments designed to search for nucleon decay
events and neutron oscilletion since such experiments offer the
unique possibility of verifying these theories. At present a number
of experimental setups is intended for detecting nucleon decay and
they have allowed one to observe several events possibly due to
this phenomenon., The limits of the nucleon half-life were set at
T = (0.5—20)x1031 years (for different decay channels) 1’2).
Experiments aimed to observe neutron-antineutron oscillation are
performed and planned mostly on free-neutron beams » but the
n — n transition may also involve en intra-nuclear neutron. For
the lifetimes of iron and oxygen nuclei with respect to the decay
induced by neutron oscillation in the nucleus the limits of 0,6x10
years and 2,4x10” years have been reached,

In ref. 6) it was proposed to observe nucleon decay by detecting
multiple neutron emission in a massive sample. The analysis carried
out in '’ shows that in the case of the oscillation of a neutron
bound in the Pb nucleus and in nucleon decay in the Pb
nucleus there will be observed multiple neutron emission from these
miclei (on the average, from 15 to 30 neutrons in one event).

One can assume that the detection of such neutrons in big
facilities (2 1000 %) will allow one to reach lifetimes of 10

years with respect to nucleon decay and to nuclear decays induced
by the oscillation of a neutron bound in the nucleus,

2, Calculation of the detector parameters

Ve have performed the calculation of the parameters of an
experimental setup designed for detecting multiple neutroh emission
events in massive samples, The calculation was done by the method
described in ref, . The detector was supposed to be assembled from
separate cells, some versions of the assembly are shown in Fig.1.
With this approach, an increase in the detector mass indicates
merely en increase in the cell number. For certeinty, the neutron
counter parameters were fixed, namely it was supposed that the
counters were filled with 3He at a pressure of 4 atm, the counter
diameter and length were 1,5 cm and 3 m, respectively. Polyethylene

Dn Rk oc bt IRACTHIYY
SAZHENE ECCHRRORAVER
BUSNHOTERA




Pig.1. Some detector cells:
(1) neutron counter,

(2) moderator,

(3) heavy substance.
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was chosen as a neutron moderator material and lead as a heavy
substance. The choice of lead rather than iron is due to the
following two reasons: (i) the multiplicity of neutrons emitted
from lead nuclei es a result of mucleon decay or neutron~-antineutron
oscillationt is several times higher than that observed in similar
processes occurring in iron nuclei, and (il) neutron absorption
in lead is considerably lower than in iron.

We calculated the dependences of the detection effioienocy for a
single neutron €, and of the parameter of the dimensions of <R2>
of the detection region for neutrons emitted from one point, upon
the characteristics of individual cells of the deteotor. In this
case the main requirement was the obtaining of the maximum value
of the quantity g, /;Ra> sy 1l.e.,the provision of a high efficiency
of single neutron detection with the minimum possible sire of the
regions in which neutron detection is taking place. Below it will
be shown that this condition is important for providing the
capability of the detector to suppress the background. The calcula-
tiom; were performed by varying the abasolute sizes of the cells, '

the ratio between the lead weight and the moderator one, the
number of counters in the detector at a fixed Pb mass., Fig.2 shows
the dependence of the value of -the parameter <R2> on the average
2 thickmess of the moderator d per one
ROT T T neutron counter. Fig.3 shows € a8 &
yAs
3 L =

function of d and fig.4 shows the
dependence of the ratio €n/<R2>upon
the ratio of the volumes of lead vPb
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Fig.2. Dependence <R%> = '£(3) ,<R%
— . in relative units. Bach neutron
d,Cm counter weighs 50 kg Pb.
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Pig.4. Dependences en/<32> =
= f(VPb/V) for different Pb
mass for each counter:

(1) 50 kg, (2) 60 kg, (3) 75 kg.
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Fig.3. Dependences €, =£(d)

for different values of the
ratio VPb/Vz (1)VPb/V=O.‘2;

(2)vPb/V=0.5; (3)vpb/v-o.75.

and the total volume of the detector, V. As is seen from the presented
data, with a fixed number of counters in the detector, there exists
an optimal ratio between the quantities of lead and moderator
material for which the ratio e,,/<n% has & maximum value. A further
cholce of the detector parameters is determined by the conditions
under which the background due to multiple neutron events resulting
from cosmic ray interactions is maximally suppressed.

3. Possibilities of suppressing the baol_:gogg

In reta.6’7’9) it wes pointed out that if the experimental setup
is installed in an underground laboratory and is protected against
charged cosmic ray particles (mostly muons) by an antiocoincidence
syatem, there remain two substential sources of the background :
high energy neutrons emitted from the walls, and neutrinos.

The data presented in ref. can be employed for eatiméting
the high-energy neutron flux. To estimate the background from high
energy mucleons we calculated the multiplicities and the 'spatia.l
distribution of the formation pointé for secondary neutrons generat-
ed in the infinite lead block as a result of the interactions of

‘energetic mucleons with the Pb nuclei. '11'163 calculation was carried

out using the method described in ref, » In f£fig.5 the numbers
of secondary neutrons produced in the interactions of neutrons and
protous with Pb nuclel are given as a function of the projectile
energy.



Pig.5. The bombarding energy
dependence of the number of
L0+ - secondary neutrons produced
in interactions of energetic
neutrons (1) and protons ( 2)
20 + . with the infinite lead block;
( 3) date from ref. .
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A8 one can see from fig.5, the average numbers of secondary
neutrons formed in the interactions of 0.3 GeV = En < 1.0 GeV
neutrons and 0.7 GevéEpé1.2 GeVprotons with Pb are comparable with
the average number of primary neutrons produced as & result of
the oscillation of a bound neutron. Note that in the real geometry of
the detector these numbers are somewhat smaller for the interactions
of energetic nucleons since a part of the primary particle energy
will be lost in interactions with light nuclei, such as C, and
this will lead to the breakup of the 120 nuclei to ol-particles
and the emission of few neutrons. Consequently the number of
secondary particles will be lower by 10-15% and the ranges of
primary neutron and proton energies producing the background events
will be displaced toward the higher energies.

As® for the interactions of atmospheric neutrinos, it is known
that neutrinos and antineutrinos with energies E> 0.3 GeV induce
about 0.16 interaction per year per one ton of the detector substan-
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ce. Of these interactions, there are 0.05 electromagnetic interac-
tions, 0.10 interactions of charged currents and 0.01 neutral
currents. It is hardly possible to estimate more or less accurately
the number of such neutrino interactions which could lead to neutron
events similar, in multiplicity and spatial distribution, to events
due to nucleon decay or n -~ Tn oscillation. Neutrons can be produced
not only in neutrino interactions proper, but also in the secondary
interactions of nucleons and pions formed in neutrino interactions.
According to the data of ref. 13 in the interactions of stopped
pions with 208Pb nuclei the average number of secondary neutrons

is equal to about 7, and only in a few per cent of cases it reaches
17-20. The neutrino interacétions leading to the formation of several
slow pions present special danger. In ref. it was found that

the number of the VN — 1% x%:° interactions of atmospheric neutri -
nos (where 1 is a lepton, X = 3 or &w®x ) is rather small (about
0.01 intera%Z}ona per year per one ton). The data presented in

that paper concerning the invariant masses and total momenta
indicate that such multipion neutrino events are unlikely to be

the source of the background in searches for multiple neutron events
induced by the TN annihilation process occurring in the lead nucle-
us. Such a supposition can be set forth for nucleon decay events
with a lower probability.

In what follows we shall assume that the multiple neutron event
background is due to En} 0.3 GeV neutrons reaching the detector
through the room walls, and due to neutrino interactions with the
detector material leading to the production of & > 0.3 GeV hadron.
We shall estimate the possible degree. of discrimination between such
events by restricting ourselves to the consideration of the inter-
actions of 2 0.3 GeV neutrons and protons with the detector meteri-
al. This discrimination can be based on the comparison of the para-
meters of the spatial distributions of the points of detection of
neutrons produced in the indicated processes.

We have done  the preliminary calculations of such distributions.
They are preliminary in the sense that the coordinates of the points
of formation of secondary neutrons were calculated for the interac-
tions of high-energy neutrons with an infinite leed block the densi-
ty of which was determined as 9= Qp. (VPb/V), where @p =11.2
g/cmj, vfb and V are the volume. occupiled by Pb and the full detector

. volume, respectively. Fig.6 shows the distributions in the Z axis of

the formation of secondary neutrons in the interactions of nucleon
with an energy Eg = 0.5 and 1 GeV with Pb for the case @ =1/2 ®
(the Z axis coincides with the direction of the momentum of the
high-energy nucleon). The distribution of the points of detection.
of secondary neutrons was constructed with respect to the centre
of gravity of the distribution of the formation points by folding
with the distribution of neutron detection points which has been
obtained for the real detector geome%ry and. the point source of
evaporated neutrons, '
Fig.7 shows the results of such calculations for one variant
of the detector. The difference between the distributions(I)and (2)
gives the degree of background suppression compared with the
spatial pictures of the processes of micleon decay or neutron
oscillatien in the nucleus (I ) and of the interaction of an
energetic nucleon with the detector material (2 ). The final choice




— Ep=10GeV'
~=Ep= 5 Gev

---Ep=1.0Gev .
*+ Ep= .5GeV _

'

-y
T

L ,L "1_1-1- -
PO W
0 L Ly e

S 1"'1"\..... i
0 20 ) 60 80 100 120

: Z,cm

Fig.6. The depth distributions of the points of
formation of secondary neutrons in an infinite
lead block for different energies of the incident
nuplaons. N is in relative units. The 2 axis
coincides with the direction of the motion of the
primary nucleon. '

Fig.7. Distributions of the points
of detection of the neutrons emitted
from & point Source (relative to the
source) (1), and of those emitted in
the interaction of a high-energy
nucleon with the detector material
relative to the centre of gravity

of the formation points distribution
for secondary neutrons (2).
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of the detector parameters consists in the optimigation of the
dependences presented by curves in figs.4 and 7. According to the
obtained estimates for the "decay" neutrons (i,.e.,the neutrons
emitted in multipion mucleon decay or in antineutron annihilation
in @& heavy nucleus) a Spherically symmetric spatial distribution of
detection goints should be obaerved with a width parammte:'<R2>%5
250-300 cm“ depending on the quentity of Pb in the detector cell
and,on the cell size., For the secondary neutrons produced by the
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interactions of energetic nucleons with the detector material,
this distribution will have the form of a prolate ellipsoid

(with & semiaxis ratio of approximately 2), stretched toward the
momentum of the primary particle, the parameter <R3 = 500-550 ,cm
being noticeably larger than that for the "decay" neutrons. In the
case of detecting a neutron number of the order Vé,~ 10-30 imr one
event, the estimates based on the;Z criterion allow one to expect
a factor of > 10 suppression of the background events with a loss
of £ 20% of the events of nucleon decay or neutron oscillation.

4. Conclusion

We note that the final estimate of the sensitivity of the method
of detecting nucleon decay and the oscillation of neutron bound
in the nucleus requires more precise data especially concerning
the background conditions of the experiments, for example, the
number of the interactions of energetic nucleons and neutrinos at
different depths, some data on the multiplicities, momenta and
energies of secondary particles involved in neutrino interactions,
etc, The construction of a model set-up would make it posaible to
obtain such information and to verify the calculations performed.
The choice of the detector will still require additional considera-
tions but the following variant seems to be possible. e detector
may be 1.3 m high and 1.3 m in diameter, the number of ~“He-filled
counters is 780, the counters are 1.3 m long and 1.5 cm.in diameter,

the gas pressure is equal to 4 atm, Pb occupies the % th fyacilon of the
detector volume. Then €,% 0,75, <R™> = 280 cm".

The authors express their gratitude to G.N.Flerov for his grea
support of the given work and for mumerous fruitful discussions.
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Coxon E.A. wu ap. E13-86-28

OyeHka napaMeTpoB YCTAHOBKU ANA NOUCKA pacnafa HYKMNOHa u OCUMANAUUK

HEMTPOHA MO MHOKGCTBBHHWM HEATPOHHLIM COGHTUAM, AETEKTUPYEMbIM
8 MaccueHbx ofpasyax

OueHaHn napaMeTpul AGTEKTOPa ANA perucTpauyudu pacnaga HyKNoHa unu ocuun-
nAUMM BHYTPUAAGPHOrO HEATPOHA NO HaGNIDAEGHU MHOKECTBEHHOW 3IMUGCUM HEATpOo-
HOB M3 MaccusHux 06pasuos, nposBefeHn pacueTs IPPEKTUBHOCTH PerucTpauuu
M NPOCTPAHCTDOHHLX PACNPefeneHuit TOYeK PEerMcTpauuu HEeMTPOHOB, WCNYWEHHBIX
M3 TOUBUHOIO WUCTOMHWUKA ANA Pa3NUUHLIX BaApPWAHTOB. reoMeTpuu peTexkTopa. Ana
OUBHKM (OHODHIX XAPAKTEPUCTUK fEeTeKTOpa NPOBEAeHH pacyeTH MHOKECTBEHHOCTew
¥ NPOCTPAHCTBEHHLX pacnpefeneHuit Touek o6paspBaHWA BTOPUUHWX HeWTpOHOB,
POXABOWHUXCA NPpu B3aUMOAENCTBUAX NPOTOHOB U HEWTPOHOB ¢ 3Heprusmn 0,3-1 3B
c BecKoHEuHbMM GNOKaMM CBUMHUA pa3fMUHON NNOTHOCTU. MoKasaHo, 4TO cpasHe-
HUM@ NPOCTPAHCTREHHUX PaCnpefeneHuit ToOueK perucTpauuu HeWTPOHOB ANA npouec-
Ca pacnafa HYKNOHa WU OCUMANRUMK BHYTPUAAEPHOrO HEATPOHA U (OHOBHX MpPO-
yeccon nNO3BONREeT CHumaTb QOH peTekTopa Gonee, uem 8 10 pas.

PaGora swnonxeHna B JlaBopaTtopuu saepHeix peakuyusn OURU.

Ipenprnt OGbeMMHEHHOr0 HHCTHTYTa ANEPHBIX HccnenoBanuid. HyGHa 1586

Sokol E.A. et al. E13-86-28
Assessment of the Parameters of a Setup for Searches for Nucleon Decay
and Neutron Oscillation by Detecting Multiple Neutron Events

in Massive Samples

The parameters are assessed of a detector desianed for recording
nucleon decay and/or the oscillations of & neutron bound in the atomic
nucleus by detecting multiple neutron emission events in massive samples.
Calculations have been carried out for the detection efficlency and
for the spatial distribution of the points at which the single neutrons
emitted from a point source had to be detected, for different variants
of the detector geometry. To evaluate the background characteristics
of the detector, calculations have been performed for the multiplicities
and spatial distributions of the points of formation of secondary neutrons
occurring in the interactions of 0.3-1 GeV nucleons with infinite lead
units. |t is shown that the comparison of the spatial distribution of
the points of neutron detection for nucleon decay or the neutrén oscilla-
tion phenomena and the background processes allows one to suppress the
cosmic-ray background of the detector by a factor of more than 10.

The investigation has been performed at the Laboratory of Nuclear

Reactions, JINR. . .
Preprint of the Joint Institute for Nuclear Research. Dubna 1986




