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A structure of radiation shielding for a low background pulsed generator of intermediate energy range neutrons
was developed on the basis of calculations and the data obtained in the model experiments, and limit parameters for
remote detection of fissile materials using this generator were determined and are presented in this paper. The mag-
netically insulated diode structure and the radiation shielding geometry were optimized in accordance with the per-

formed calculations.
PACS: 28.50.Ma

1. INTRODUCTION

Topicality of solving the problems of fissile material
reliable detection demands some new active methods to
be developed. One of such active methods is the tech-
nique of pulsed illumination of an object with neutrons
of intermediate energy range. Examples of sub-MeV
neutron utilization for U and *’U detection and recog-
nition were described in a number of papers [1,2]. How-
ever, in all the described experiments the source, object,
and detector of the induced radiation were positioned
close to one another. But the use of a high-power pulsed
source allows to position it at some distance from the
object under examination and to use the time-of-flight
technique for the object recognition.

Principal feasibility as well as the advantages of us-
ing the technique of an object illumination with a high-
power pulse of sub-MeV neutrons for fissile material re-
mote detection is discussed in [3].

Preliminary modeling experiments carried out at the
High-Current Electronics Laboratory of Kharkiv Na-
tional University have shown especial promise of the
proposed technique [4]. The technique provided effec-
tive recording of the signals induced by scattering neu-
trons of the model probing pulse, simulating fission
neutrons, at the distance of some meters.

The factors limiting the technique potentialities that
were found out during the experiments may be account-
ed mainly for the radiation background effect on the de-
tectors produced by the neutron generator. The neutron
generator operation was accompanied by intensive radi-
ation  background resulting from both the
bremsstrahlung radiation of electron component of the
ion diode current and the nuclear reactions induced by
an ion beam and neutrons.

To achieve effective remote probing a high-power
pulsed neutron source with low radiation background is
required. This paper is devoted to the problem con-
cerned with the research and development of a sub-MeV
neutron generator of this kind.

2. NEUTRON GENERATOR

The generator of high-power neutron illumination
pulses can be built on the basis of a high-current pulsed
proton accelerator with using Li’(p,n)Be’ and T(p,n)’He
reactions. For the comparable neutron yields from these
reactions, realization of the generator based on the use
of the first (Li’(p,n)Be’) reaction has some disadvan-
tages:
= to build a 2.2-MeV magnetically insulated diode is

more difficult;
®  to attenuate bremsstrahlung background at a higher
quantum energy is more difficult;
= the neutron pulse spectrum is more spread-out than
when the generator operates using the second
(T(p,n)’He ) reaction.
Therefore, the neutron generator under development is
based on the T(p,n)*He reaction. Some other nuclear re-
actions allowing to generate neutron pulses may also be
used at the stage of the facility adjustment and model
experiments.

The T(p,n)’He reaction-based neutron generator op-
eration is accompanied by essential (of the order of
0.035%) )quanta yield at the energy of 20 MeV from
the T(p, ))*He reaction [5]. It is known as well, that deu-
terium natural occurrence is 0.01%, and so, the
T(d,n)*He reaction may yield 107 neutron/pulse with the
energy of 14 MeV at the proton beam current of 50...
100 kKA.

The greater portion of the generated neutron flow
may also cause background when directly hitting the de-
tector or being converted into )~quanta of radiation cap-
ture on the device structural units (see Fig.1, curve 2).

Depending on the scintillator irradiation dose rate
the scintillator luminescence intensity may be strong
enough and prevent the response signal from being
recorded (see Fig.1 curve 1).

Various versions of radiation shielding were tried in
the experiments. As a rule it was made of alternate lay-
ers of paraffin, lead, and polyethylene.

Operation efficiency of shielding of this kind may be
seen from comparison of curves 2 and 3 in Fig.1.
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Fig. 1. Shapes of the scintillation detector response sig-
nals: 1 — signal measured without shielding;
2 — signal detected after the lead shielding between the
detector and the generator had been mounted;
3 — neutron response signal clearly seen after the back-
ground neutron shielding had been mounted

The following requirements to the neutron generator
were worked out on the grounds of the accumulated ex-
perimental data:
=  Maximally narrow neutron energy range

(En =350 keV)

Neutron output per pulse should be no less than
10° neutron/pulse;

The levels of radiation background and
bremsstrahlung must not exceed the response signal
value at the points where the response signal detec-
tors are placed.

The generator must provide stable neutron pulse
characteristics during a long period of its operation.
According to the requirements to the neutron pulse
the tritium target should contain no less than 1.690
10" nuclear/cm®>. The proton beam energy is to be
1.2 MeV, its current — 50kA, and pulse duration
~100 ns.

High-performance ion diode insulated by the exter-
nal magnetic field will provide parameters specified for
the proton beam.

3. RADIATION BACKGROUND
CALCULATION

To reduce the electron escape in the diode, which
can induce bremsstrahlung, diode fields were calculated,
and electrode geometry was determined, as well as de-
mands to the insulating field producing coils were de-
fined.

Simulation of electron trajectories in the ion diode
allowed determining the most probable places for the
electrons to hit the structural units. Because of the ne-
cessity to reduce the bremsstrahlung background these
parts of the diode must be made of low-Z materials.
Moreover, all the unfilled places in the diode must be
filled with materials that would efficiently decrease the
radiation background, i.e., borated polyethylene and
lead. The gamma-background produced in the process
of the unused neutron interaction with the generator
units, most of all with those made of copper and iron,
was calculated.

The calculations were performed using the following
parameters:
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the model fissile material mass — 200 grams;

the distance from the neutron generator to the mod-
el — 5 meters;

scintillator with dimensions of 100x100%20 cm was
used as a detector and was arranged at the distance
of 2 meters from the model;

neutron yield per pulse — Y= 10°.
The signal value calculation results are given in Ta-
ble 1 in energetic units. The first column presents the
values of signals from the generator without radiation
shielding. In the second column the values of signals de-
tected when 4-cm thick moderator (polyethylene) was
mounted around the neutron generator are given. The
last column presents the values of the model response.
Increase of )radiation signal (second column) is deter-
mined by increase of the radiation capture reaction
cross-section (Fe(n, ))) due to the neutron moderation in
polyethylene. Here the neutron signal decreases insuffi-
ciently. Further increasing of the moderator thickness up
to 8 cm results in sharp reduction of the neutron signal
and not great decrease of the Jradiation signal level (the
third column in Table). When a radiation shielding in
the form of 16-cm thick moderator plus 16-cm thick
lead is mounted around the neutron generator the back-
ground signal value (the forth column in the Table) be-
comes smaller than the model response signal value (the
last column in Table).
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Complete suppression of gamma-background is im-
possible because of the necessity to leave the channel,
meant for protons to drift towards the target, open,
whereas the neutron output from the target forward can
be effectively collimated.

To solve the problem of the forward neutron flow
collimation one must study carefully the neutron flow
transformation in space. So careful studying is neces-
sary to achieve optimum between the neutron flow den-
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sity and the irradiated area size, because the additional
area irradiated by a neutron flow in the region of the ob-
ject position is an additional background source.

The obtained values of Jradiation background en-
abled to determine minimal and maximal distances for
remote detection (see Fig.2.). Minimal distances are de-
termined by the necessity to separate the J+radiation re-
sponse in time from scattering neutrons and fission neu-
trons. Maximum distances are correlated as signal/back-
ground ratio.
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Fig.2. Calculations of limit detection distances depen-
dence on neutron output per pulse (Y), and **’U mass

(m)

4. SUMMARY

The conception for the neutron generator radiation
shielding presented in this paper has been designed for
specific geometry of the experiment on fissile material
detection simulating a stationary detecting complex. In
our case there are no strict limitations as for the com-
plex overall dimensions and weight that are generally
determined by the generator and radiation shielding
structure.

When the detecting complex on a mobile platform is
designed the probing neutron source and the response
signal detector should be placed close to one another.
But, if even being so, merely increase of the moderator
or absorber thickness cannot solve the problem of the
radiation background suppression because of limitations
as to the complex overall dimensions and weight. Some
other ways to solve the problem of the radiation back-
ground suppression are required for this case. For in-
stance, to use the proton accelerator units as shielding —
with water and oil in the forming line as a moderator,
and the metallic components in combination with boron,
cadmium, and lead as an absorber.
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PA3PABOTKA HU3KO®OHOBOI'O UMITYJILCHOI'O TEHEPATOPA HEMTPOHOB ITPOMEKY-
TOYHBIX YHEPT UM J1JIsI ITUCTAHIIMOHHOI'O OFHAPYKEHUSA JEJAIINXCS MATEPHAJIOB

B. Yepnwi, I. Ilenunos, A. @ponos, A. Yepnwuii, B. /[youna, B. Conoeves

B naHHOHW cTaThe MpeICTaBICHO OMUCAHME KOHCTPYKIMH PaAMAllMOHHOW 3allWThl JJIsi HU3KO(QOHOBOI'O HM-
MyJICHOTO Te€HEePaTOpa NPOMEKYTOUHBIX SHEPT Ui, pa3padOTaHHOTO Ha OCHOBE KOMITBIOTEPHBIX BHIYNCICHUHN U 1aH-
HBIX MOZEJBHBIX SKCIIEPUMEHTOB, a TAKXKE MPUBEIICHBI IPEAETbHBIC TAPaMETPhI JUCTAHIIOHHOTO OOHAPYKEHHUS Jie-
JAMUXCA MaTepHajoB C MCIOIB30BaHHUEM AITOTO reHeparopa. KOHCTPYKIMS MAarHUTHO-M30JHUPOBAHHOTO THOAA U
reoMeTpus paJualliOHHOH 3aINThl OBUIN ONTUMHU3HPOBAHEI B COOTBETCTBHH C POBEACHHBIMH BBIYHCICHUAMH.

PO3POBKA HU3bKO®OHOBOT O IMITYJIbCHOI'O TEHEPATOPA HEMUTPOHIB TPOMIXKHUX
EHEPI'IM JJISA JUCTAHIOIMHOI'O BUSABJIEHHS NOALJIBYNX MATEPIAJIIB

B. Yopnuau, I'. Ileninos, O. @ponos, A. Hopnui, B. /Iyéina, B. Conosiios

VY namiii poOOTi TMPEACTaBICHO KOHCTPYKIIIO pamiallifHOrO 3aXWcTy sl HHU3BKO(OHOBOTO iMITYIBCHOTO
reHeparopa TPOMDKHHX EHEprii, po3po0IeHOr0 Ha OCHOBI KOMIT'IOTEPHHX PO3PaxXyHKIB 1 JaHUX MOAETHHHUX
EKCIIEPUMEHTIB, a TaKOX IPHUBEIEHI IPaHUYHI MapaMeTpu AWCTAHLIIHHOTO BHSBIICHHS IOAUIBYMX MaTepiajiB 3a
JIOTIOMOT0I0 IIOTO TeHepaTopa. KOHCTPyKIlisl MarHiTHO-i30JIbOBAaHOTO Ji0o/ia 1 TeOMeTpis padiallifHOTO 3aXUCTy
OyJiM ONTUMI30BaHi BiAMOBITHO JI0 POBEAECHUX OOUYHCIICHD.
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