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High-flux neutron sources are relevant to testing materials for thermonuclear facilities and hadron colliders, treating malignant tumors
with boron neutron capture therapy, and other applications. An accelerator-based neutron source was proposed and implemented at the
Budker Institute of Nuclear Physics in Novosibirsk, Russia. It comprises an originally designed tandem accelerator, a solid lithium target,
and a neutron beam shaping assembly. The neutron source has been found capable of producing high neutron fluxes in different energy
ranges, from thermal to fast. It is applicable to a wide range of research tasks, including the characterization of neutron detectors, intend-
ed for fusion studies, in-depth investigation of the promising 'B(p, a:)o.at neutronless fusion reaction, etc.
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UCTOYHUK BOJbIINX IOTOKOB HEUTPOHOB HA OCHOBE YCKOPUTEJIA
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Hcroynuky GONBIINX MOTOKOB HEUTPOHOB MOTYT HAiiTH MPUMEHEHUE MPU UCCIIEA0BAHUN MATEPHANIOB LISl TEPMOSAEPHBIX YCTAHOBOK U
aJIpOHHBIX KOJUIAHJEPOB, JICUCHUH 3JI0KAYECTBEHHBIX OITyXOJIeH MeTomoM OOp-HEHTpOHO3aXBaTHOW Tepanmuw W Ul APYrux nenei. B
HoBocuOupckoM MHcTuTyTe sinepHoii ¢pusuku um. 1. Bynakepa Obi1 n300peTéH U M3rOTOBIICH TaKOW HEHTPOHHBIH HCTOYHUK HA OCHOBE
YCKOPHTEIIS, BKIIOYAIOLINHA BIIEPBBIC pa3paO0TaHHbBIA TaHIEMHBIH YCKOPHUTEIb OPUTHHANBHONW KOHCTPYKIHH, TBEPIYIO JTUTUEBYIO MH-
IIEHb U cUCTeMy (OpMHpPOBaHMS Iy4Ka HEHTPOHOB. bplI0 0OHAPYXEHO, YTO pa3paboTaHHBII HEHTPOHHBIH HCTOYHUK CIIOCOOEH reHepH-
poBaTh OONBIINE TTOTOKH HEHTPOHOB B PA3IMYHBIX AMANA30HAX YHEPIHU — OT TEIUIOBBIX HEHTPOHOB IO OBICTPHIX. OH MOXET MpUMe-
HATBCS JUISt MHOTHX IieJIel, BKIIIOYasl ONpeIeNICHHE XapaKTePUCTHK HEHTPOHHBIX AETEKTOPOB, UCHONB3YEMBIX B TEPMOSICPHBIX HCCIIEI0-
BAaHUSX, @ TAKKE NIPH yrITyONEHHOM U3y4YEHHMH NIEPCIIEKTUBHOM Ge3HEUTPOHHOM TepMosiepHoi peakiuu 'B(p, a)oo.

Karwuebie cioBa: HeﬁTpOHHBIﬁ HUCTOYHHUK, YCKOPUTEIIb 3aPAKCHHBIX YaCTHUL], IMTUEBass MUIIICHbD.

INTRODUCTION

A neutron source based on a charged particle accelerator and a lithium target has been proposed and devel-
oped for boron neutron capture therapy (BNCT) [1, 2] at the Budker Institute of Nuclear Physics (BINP) in No-
vosibirsk, Russia. This paper describes the said neutron source and summarizes relevant research. The neutron
source applicability for the testing of fusion materials is discussed.

NEUTRON SOURCE

The BINP neutron source comprises a DC vac-
uum insulation tandem accelerator (VITA), a lithi-
um target, and a neutron beam shaping assembly. A
schematic diagram of the neutron source is shown in
Fig. 1. The VITA is used to provide a high-current
proton/deuteron beam of up to 2.3 MeV. Negative
ions injected into the VITA are accelerated by ap-
plying a positive potential to the central electrode,
then stripped to positive ions, and accelerated again

. . A cross-sectional view of the neutron source: / — nethi-V.eEn source;
by the same potential. The VITA has a special de- > vacuum insulated tandem accelerator (2a — high voltage electrode;

; ; ; _  2b— intermediate electrodes; 2c — feedthrough insulator); 3 — bending
sign that does not include accelerating tubes [3] pre magnet; 4 — lithium targets (4a — horizontally; 4b — vertically); 5 —

sent in conventional tandem accelerators. Instead, it neutron beam shaping assembly
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features intermediate nested electrodes (2b), fastened to a feedthrough insulator (2¢), as shown in Figure. The ad-
vantage of this setup is that the ceramic parts of the feedthrough insulator are distanced well away from the ion
beam, increasing the high-voltage strength of accelerating gaps given high ion beam current.

After acceleration, the ion beam is directed to the lithium target placed either horizontally (4a) or vertically (4b)
behind the bending magnet. The low and high energy beam lines are equipped with diagnostics, such as retractable
Faraday cups, beam current monitors, video cameras, beam profile scanner, stripping target efficiency monitor, and
thermocouples installed on the beam apertures along its path. The lithium target (4) on a copper substrate is used to
generate a neutron flux via the "Li(p, n)'Be- or 'Li(d, n)-reactions. The target assembly is water cooled [4].

RESULTS AND DISCUSSION

Proton beam energy varies in the range of 0.6—2.3 MeV with a high-energy stability of 0.1%. The beam
current also varies in a wide range (from 0.5 to 10 mA) with a high current stability (0.4%) [5]. The VITA can
generate a deuteron beam with similar characteristics.

A 2 MeV proton beam was used for an in situ observation of blisters growth in copper and tantalum [6].
The neutron yield behavior generated the "Li(p, n)'Be-reaction was determined as a function of neutron fluence
to identify the copper substrate’s potential blistering effect on the efficiency of neutron production.

Table shows the yields and energies of reaction products generated by the device.

The yields and energies of reaction products generated by the device

Reaction Incident ion Product of | Yield, 10!' | Mean ener- Maximum Ref
energy, MeV reaction mC! gy, keV energy, keV )
"Li(p, n)'Be 2.0 Neutrons 1.1 75 230 [7]
2.1 2.13 110 350
2.2 3.62 160 460
2.3 5.78 230 570
TLi(d, n)*Be; TLi(d, n)2*He 2.1 15 5600 15000 8]
"Li(p, p’ yY'Li 1.85 Photons 0.9 478 [9]

In the device, the neutron flux is generated by the "Li(p, n)"Be threshold reaction. A beam shaping assembly
with a magnesium fluoride moderator is applied to convert this flux into a beam of epithermal neutrons with
characteristics suitable for clinical testing of BNCT [10].

The device is capable of producing a beam of thermal neutrons with a plexiglas moderator. This beam
is employed to irradiate cell cultures and laboratory animals for the boron neutron capture therapy (BNCT)
development purposes [11, 12]. It is also used to measure hazardous impurities in boron carbide ceramics
and 316L-1G austenitic stainless steel considered for ITER [13].

A beam of monoenergetic neutrons with energies from 10 to 100 keV is produced by kinematic colli-
mation using several-micron-thick lithium foil targets. This beam is suitable for calibrating a dark matter
detector [14] and is to be used for boron imaging by prompt gamma-ray spectroscopy.

Fast neutron flux is obtained via the 'Li(d, n)-reaction [8]. It is employed to study the activation of B4C
ceramics and SS 316L ITER-grade steel by fast neutrons [15]. It is also intended for the radiation tests of
fibers used in the laser calorimeter calibration system of the CMS electromagnetic detector developed for
the High-Luminosity Large Hadron Collider at CERN.

A 478 keV-photon flux is produced by the "Li(p, p’ y)’Li-reaction (inelastic proton scattering by a lithium
atomic nucleus) at a proton beam energy below 1.882 MeV, the threshold value for the "Li(p, n)’Be-reaction.
This beam is used for in situ measuring of the lithium layer thickness [16] and for determining the doses of
high-LET radiation [17].

To sum it up, the device is applicable to a wide range of research tasks, including the characterization of
neutron detectors designed for fusion studies, in-depth investigation of the promising ''B(p, a)oio neutronless
fusion reaction, etc.

CONCLUSION

The accelerator-based neutron source can produce high neutron fluxes in different energy ranges, from
thermal to fast, that can be useful in various fields of research, including thermonuclear fusion. The research
team has already been involved in neutron activation experiments conducted under the ITER project.

The study was supported by a grant (project Ne 19-72-30005) from the Russian Science Foundation.
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