B JIABOPATOPUAX MHCTUTYTA

AT THE LABORATORIES OF JINR

C.E. Kuuanos, E. B. /Iykun, /. I1. Ko3nenxo, B. H. Illgeuyos,
C. A. Kynukoes, b. A. Aodypaxumos, M. IO. Tauumemos,
b. C. Onoawes, H. b. Hcmamos, A. P. Cauoos, A. Hopmypoooe

Co31aHue HOBOW CTAHUUU HEUTPOHHOTO
uMuIKUHTra B MHCTUTYTE simepHOU pu3MKKU
(Y30ekucraHn): Tpancdep 3HAHUU U ONIBITA
OUSAU cTpaHaM-yyacTHUIAM

PazButre npuOOpHON 0a3bl PEKOHCTPYHPOBAHHBIX
HCCIIEIOBATENBCKUX SACPHBIX PEAKTOPOB SIBISACTCS yCTON-
YUBOU TEHJEHIMEN NOCIEIHUX JIET B psiie cTpaH. TexHu-
YECKHE TapaMeTpbl TaKUX PEaKTOPOB JIOCTATOYHBI IS
peann3anuy dKCIepUMEHTAIbHBIX BO3MOXKHOCTEN HcCie-
JIOBaHUM METOJaMU PACCESIHUSI HEUTPOHOB B PA3IMUHbBIX
MEKTUCIHATUTMHAPHBIX HAYYHBIX O0NACTSIX, BKIFOYas (pu-
3UKY KOHJCHCHPOBAHHOTO COCTOSHHUS, MaTepHaJIOBEIe-
HUE, HEPA3PYILIAIONIYI0 CTPYKTYPHYIO THAarHOCTHUKY, apXe-
OJIOTHI0, TIAJIEOHTOJIOTHIO U JIp. [1, 2].

OnHMM U3 OTHOCHTEIIBHO NPOCTHIX U 3()(PEKTUBHBIX
METOJIOB pacCestHUs HEUTPOHOB SBJISETCS HEUTPOHHBIN

UMHDKUHT (HEHTpOHHAst paguorpadust ¥ ToMorpadus).
3a nocnennue rojsl B JlJaboparopuu HEHTPOHHOM (DU3UKH
(JIH®) O nakomieH 10CTaTOYHO OONBIION OIBIT Kak
B 00J1aCTU NPUMEHEHUs STUX METOIOB B MEKAUCLUIIIN-
HapHBIX MCCIICAOBAHMUIX, TaK M B 00JIaCTH pa3paboTKu u
CO3IaHMS COOTBETCTBYIOIINX AKCIEPUMEHTAIbHBIX YCTa-
HOBOK [3]. DTOT OmBIT CTai MpeaMeToM 0co0O0ro MHTe-
peca co ctopoHsl rocynapcTB-uneHoB OMSAN, nmeromux
COOCTBEHHBIE HEJJaBHO PEKOHCTPYNPOBAHHBIE HCCIIEI0BA-
TEIbCKUE PEaKTOpPbl, TpeOyIolue pa3BUTHs HAyYHOH HMH-
(dpacTpyKTypbl. XOpOIIUM NPUMEPOM SIBIISICTCS CTAHIMS
HEHTPOHHOW paguorpaduu U TOMOTpaduu, CO3AAHHASL
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Development of New Neutron Imaging Facility
at the Institute of Nuclear Physics (Uzbekistan):
Transfer of JINR Expertise to Member States

Development of neutron scattering instrumentation of
the reconstructed or updated nuclear reactors is an ongoing
trend in several countries. The parameters of such reac-
tors are potentially sufficient for experimental studies of
condensed matter by neutron scattering methods in the in-
terdisciplinary fields, including condensed matter physics,
materials science, nondestructive structural diagnostics,
archeology, paleontology, etc. [1, 2].

One of relatively simple and effective neutron scat-
tering techniques is the neutron imaging (radiography and
tomography). At FLNP JINR, the proficient expertise in
research using neutron imaging methods and development
of relevant instrumentation have been gained during the re-
cent years [3]. This expertise has become a subject of spe-
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cific interest from the JINR Member States, having their
own recently renewed reactors, requiring development of
neutron scattering instrumentation. A good example is the
neutron radiography and tomography facility, which was
developed on the WWR-K research reactor at the Institute
of Nuclear Physics (Almaty, Republic of Kazakhstan)
jointly by the FLNP JINR and INP staff [4].

Recently, the Directorate of the Institute of Nuclear
Physics of the Academy of Sciences of the Republic of
Uzbekistan (INP AS RUz) expressed interest in collabo-
ration with FLNP JINR for development of the neutron
imaging facility at the WWR-SM reactor.

The WWR-SM water-moderated research reactor is
located in the Ulugbek settlement 30 km from Tashkent.
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U 3alylleHHas B HKCIUTyaTallMI0 Ha HCCIEN0BATEIECKOM
peakrope BBP-K B Mucruryre sinepHoit puzuku (Anma-
Ara, Pecriyonuka KazaxcraH) COBMECTHO COTPYAHUKaMHU
JIH® OUSIU n U D [4].

Jupexunst MucTHTyTa siaepHOil dusnkn AxajgeMun
Hayk PecnyOnukn Y3oekucran (US1® AH PVY3) Beipasuia
3aMHTEPECOBAHHOCTh B coTpyaHuuectse ¢ JIHO OUAN
1o pa3pabOTKe M CO3[JaHUIO0 YCTaHOBKM HEHUTPOHHOIO
UMUJDKMHTA Ha peakTope BBP-CM.

Wccnenosarensckuii peaktop BBP-CM ¢ BogHBIM 0X-
JaXIECHUEM PACIIONOXKeH B mocenke Yimyroek B 30 xuio-
Mmerpax ot Tamrkenta. OH Bo3oOHOBMI paboty B 2017 1.,
U TeHephb 3TOT PEaKTOp UCHONb3yeTCs IS UCCIeTOBAHUMN
B IIMPOKOM CIIEKTPE HAy4YHBIX HAIpPABJICHHUH, TAKUX Kak
snepHass (hU3UKa, HEWTPOHHO-aKTHBALIMOHHBIN aHalu3,
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00ly4eHHe MUHEpPAJIOB, a TAaKXKe IPOU3BOIACTBO PaaUO-
M30TOIIOB /I MEAUIUHEL B cBS3U ¢ pacTyieil TeHaeHInein
3aIPOCOB HAYYHOT0 COOOIIECTBA B MEYKAUCIUIUTMHAPHBIX
MIPUKJIAJHBIX HCCeqoBaHusX [2,3] B 00JacTH TEXHUKH,
pacTeHneBOICTBA, re0(pU3NKH, aCTPOPU3UKH, APXCOJIOTHU
1 TIaJIEOHTOJIOT UM OBLIIO IPUHSTO PELIEHNE O CO3/1aHUU HO-
BOM DKCIIEPUMEHTAJIBHON YCTAHOBKH HEUTPOHHOT'O UMH/I-
kuHra Ha Oaze peaktopa BBP-CM. IlpoexrtupoBanue
HOBOM YCTaHOBKH, 3aKa3 U IPOM3BOJICTBO HEOOXOANMOIO
000pyIOBaHUs,, MOHT@XX OCHOBHBIX Y3JIOB JKCIIEPUMEH-
TaJbHOW CTAaHUUM OBbLIM BBIIOJHEHBl COBMECTHOW pabo-
yeil rpynnoit JIHO OMAN — USAD AH PY3 B noBoibHO
KOPOTKHE CPOKH. YCTaHOBKa HEWTPOHHOTO HMMUJDKHHTA,
co3naHHast Ha 5-M kaHane peakropa BBP-CM (puc. 1),
BBEJIEHA B 3KcIuTyararuio B 2020 .

Puc. 1. Cxema ycTaHOBKM HEHTPOHHOTO MMUKUHTA Ha 5-M KaHajie peakropa BBP-CM [5]. [loka3aHbl KOIUIMMalMOHHAs CHCTEMa B
BaKyyMHpOBaHHOU TpyOe (1), OeToHHas Ononornyeckas 3ammura (2), ZeTeKTOpHas CUCTeMa U MoJokeHne rornomMerpa (3). Ha gororpa-
(UM IeTEeKTOPHOI CHCTEMBI TIPEICTABICHBI IIOBOPOTHBIN TOHUOMETP (4), TTO3UIHS CUUHTHIUISIIHOHHOTO dKpaHa (J) ¥ CBETOHEIIPOHHUIIA-
eMBIil 0OP-TTOTMATHIICHOBEIH KOKyX ¢ CCD-kamepoii u 00beKTuBOM (6)

Fig. 1. The layout of the neutron imaging facility at the Sth beamline of the WWR-SM reactor [5]. The collimator system in the evacu-
ated tube (/), the concrete biological shielding (2), detector system and goniometer position (3) are shown. The rotation goniometer (4),
the scintillation screen position (), and light-tight boron-containing polyethylene box with CCD-camera and optical lens (6) are shown

in photo of the detector system of the neutron imaging facility

It resumed operation in 2017, and now this reactor is used
in a wide range of scientific areas like nuclear physics,
neutron activation analysis and irradiation of minerals,
as well as for the production of radioisotopes for nuclear
medicine. Taking into account growing trend of requests
from the scientific community in interdisciplinary applied
studies [2,3] in engineering and plant science, geophysics,
astrophysics, archeology and paleontology, it was decided
to develop a new neutron imaging experimental facility
based on the WWR-SM reactor. In a relatively short time,
the design of the new facility, ordering and construction of
necessary equipment and the installation of main compo-
nents were performed by joint JINR — INP AS RUz work-
ing team. The neutron imaging facility, installed at the Sth
beamline of the WWR-SM reactor (Fig. 1), was put into
operation in 2020.
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The neutron beam is formed using a composite colli-
mation system, which consists of several layers: the par-
affin part with the length of 300 mm, boron-containing
polyethylene of 100 mm, cadmium foil of I mm, and lead
layer with the dimension of 100 mm. It provides protection
against both gamma radiation and fast neutrons, which are
present in the incident neutron spectrum. The characteris-
tic parameter of the L/D ratio, characterizing neutron beam
divergence of the facility, is 600. The scintillation screen
LiF/Zn(Cd)S:Ag manufactured by RC TRITEC Ltd
(Switzerland) is used as a neutron converter. Thickness
of the scintillator is 0.2 mm. The light is reflected out of
the beam by two mirrors and focused on CCD chip of the
ProLine PL-09000 camera manufactured by Finger Lakes
Instrumentation (New York, USA). The spatial resolution
of the neutron imaging facility is 280 pm.
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[Tydok HEUTPOHOB (HOPMHPYETCS C MOMOIIBI KOM-
MO3UTHOW KOJUIMMAIIMOHHOM CHCTEMBI, COCTOSILICH M3
HECKOJIbKUX YepeyIOIIUXCsl CI0eB: MapaMHOBOW 4acTH
mHoi 300 MM, Oop-monudTHiIeHA TONmHOK 100 MM,
MHJUTUMETPOBOM KaJMHEBOH (DOJIBIM M CBHHIIOBOTO CJIOS
tomuuHoi 100 mm. Takoii koymmaTop obecrieunBaeT 3a-
HIMTY KaK OT raMMa-HU3JTy4eHHUs1, TaK ¥ OT OBICTPBIX HEHTPO-
HOB, IIPUCYTCTBYIOLIMX B CIEKTpe HEUTpoHOB. Ilapamerp
cooTHOmeHUsT L/D, XapakTepu3yIOIHi pPacXoIuMOCTh
Iy4yKa HeUTpoHOB, paBeH 600. B neTexropHoii cucteme mc-
0JIb3YeTCs CLMHTUIUIALMOHHLIA skpan °LiF/Zn(Cd)S:Ag
npomsBozacTBa RC TRITEC Ltd (IlBefimapust). Tommmaa
crmHTIUILIIATOpPa cocTaBnser 0,2 MM. CBeT OT CIMHTHII-

JISITOpa OTpaXkaeTcs OT JBYX 3epkai U (oxycupyercs Ha
CCD-cencope xamepsl ProLine PL-09000 mpousBon-
crBa Finger Lakes Instrumentation (Hpro-Mopk, CIIIA).
[IpocTpancTBeHHOE pa3pelleHue CTaHUUA HEUTPOHHOTO
UMHJDKMHTA cocTaBnsaeT 280 MKM.

[IpumepoM TEpBBIX 3KCHEPUMEHTAIBHBIX PE3Yilb-
TaTOB, IOJYYECHHBIX Ha HOBOW YCTAQHOBKE, MOXET OBITH
HEUTPOHHOE M300pakeHNE HABECHOTO 3aMKa B METaUIu-
YeCKOM Kopiryce (puc. 2). BHyTpeHHUI MexaHU3M 3aMKa U
€ro CTaJIbHbIE ATEMEHTHI XOPOIIO PA3IMYNMbI HA HEHTPOH-
HOM pagmorpaduyueckoM wm300paxkeHnn. Habmromaercs
XOpOILIMH KOHTPACT MEXKAY Pa3IMIHBIMH YacTAMH HC-
ciemyeMoro 3amka. Ha pucyHKe Takke IPeACTaBICHO

Puc. 2. CneBa: pororpadus u HeliTpoHHOE H300pakeHHe MeTauinueckoro 3amka. CripaBa: gororpadust pocTka KyKypy3bl U HSUTPOH-
HOe U300paykeHHe KOPHEH MCCIIeLyeMOro pacTeHUs B INIACTUKOBOM KOHTEHHEpe

Fig. 2. Left: photo and neutron imaging of the metal padlock. Right: photo of the corn and the neutron radiographic image of the roots

of the corn plant in the plastic container

Puc. 3. Bponsosas kypunsHuIa B hopme onens. [IpecTaBieHbl BOCCTaHOBIICHHAS U3 IAHHBIX HEUTPOHHOM TOMOrpaduu TpexMepHas
MOJIeJIb KypPHIIBHHIBI ¥ HECKOJIBKO BHPTYAJIBHBIX CPE30B 3TOH Mojenu. [[BeToBast cxema cOOTBETCTBYeT KO dUIIMEHTaM 3aTyXaHHUs
HEWTPOHHOTO MyYKa OT HU3KOTO (3€JIeHBII) 10 BEICOKOTO (KpacHBIil) ypOBHs

22 mm

4419

Fig. 3. Bronze deer-shaped incense burner. The 3D model after tomographic reconstruction procedure and different virtual slices of the
obtained 3D data are given. The rainbow-like coloring shows the attenuation coefficients of the neutron beam from low (green) to high

(red) level

As an example of the first neutron radiography exper-
iments on the new facility, the neutron image of a metal
casing padlock is shown in Fig. 2. The inner lock gears
and steel arc are visible and well distinguishable. There is
a good neutron contrast between the different parts of the
metal lock. Also, the neutron radiographic image of the
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complex system of the corn roots is shown. The neutrons
easily penetrate the plastic container and provide visual
data about hidden organic matter.

The ancient Uzbekistan cultural place was an import-
ant trading center on the Silk Route [6], and the Uzbek na-
tion is a rich mixture of different cultures as a result of the
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HEHTPOHHOE pamuorpaduueckoe U300paKEHUE CHCTEMBI
KOpHEH pocTka KyKypy3bl. HEHTpPOHBI JIETKO IPOHHUKAIOT
yepe3 IUIACTUKOBBIN KOHTEHHEP U MOYBY M BU3YallH3HPY-
10T CTPYKTYPY OPraHHUYEeCKOTO BEIEeCTBa.

Hcropuyeckn Y30eKHCTaH SIBISUICS Ba)XKHBIM TOPTO-
BO-TIPOMBIIIUICHHBIM PETHOHOM Ha Benmkom menxoBoM my-
TH [6], @ €ro KyJlbTypHOE Hacieaue, (HOPpMHUPOBABILCECS B
TEYEHUE HECKOJIbKHUX ThICSUEIeTHH, 00YCIIOBIEHO coueTa-
HHEM MHOXKECTBA STHHYECKUX KyJbTyp. Hepaspymatommuii
XapakTep METOIOB HEHTPOHHOU paauorpaduu u ToMorpa-
(UM MMeeT XOpOolIne NEePCIeKTUBBI ISl N3YUYEHHS CTPYK-
TYpHOW OpraHW3alMK YHHUKAIBHBIX apXCOJOrMYECKUX
00BEKTOB KyJIBTYpPHOTO Haciemusi pernoHa. llomoOHbIe
HUccie10BaHus 6y):[yT SIBJIIATBCA OAHUM H3 KIKOYCBBIX Ha-
NIPaBJICHNH TIAHUPYEMBIX KCIICPUMEHTAIBHBIX padoT Ha
co3maHHON ycraHOBKe [2,7]. TlepBBIM H3yUeHHBIM apxe-
OJIOTUYECKHM OOBEKTOM cTajia OpOH30Bas KypHIIbHHIA
B Qopme onenst (puc. 3), narupyemas III-IV BB. H.5. U
HalJIecHHasT Ha AapXeoJIOTMYECKHX PACKONKaX B palioHe
nocenenust  JlaneBep3untena CypXaHIapbHHCKOW 007
Pecriyonukn Y30ekuctan. HeHTpoHHBIE SKCIIEPUMEHTEHI
BBISIBUIIN CKPBITHIC BHYTPEHHHUE TIOJIOCTH B 00beMe MeTall-
JIMYECKOTO KOPITyca KypPHIbHHIIBL

IIpencraBneHHble IEPBBIE KCIIEPUMEHTANIBHBIE pE-
3yJBTaThl YKa3bIBAIOT Ha 3HAYMTENBHBIN MOTEHIMAI IS

clash of civilizations. The nondestructive character of the
neutron radiography and tomography method has prompt-
ed the rising interest in studying rare archeological items.
One of the important research directions that will be devel-
oped at the new neutron facility is the nondestructive neu-
tron studies of the cultural heritage objects [2,7]. The first
studied cultural object was the bronze deer-shaped incense
burner (Fig. 3), dated to the III-IV centuries A.D. and
found at an archeological site around the Dalvarzintepa
settlement of the Surkhandarya region of Uzbekistan. The
neutron experiments revealed inner empty space inside
metal body of the incense burner.

These first results demonstrate a significant potential
for research in various multidisciplinary areas, including
engineering and materials sciences, archeology, plant cul-
tivation, etc. The joint work provides an opportunity to
bring cooperation between the institutions to a new level.
Based on the experience of FLNP JINR, further activities
will be focused on the improvement of the technical pa-
rameters and the realization of an extensive scientific pro-
gram at the constructed neutron imaging facility.
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HCIIOJIb30BaHUA MCTOI0OB HeflTpOHHOFO UMHUJPKUHTAa B pas3-
JIMYHBIX MEXIUCIUIUIMHAPHBIX 00JIACTSIX MCCIIETOBAHUM,
BKJIIOYAsl MHXKEHEPHbIE HayKH U MaTepHaJOBEACHUE, ap-
XEO0JIOTHI0, PACTEHUEBOACTBO U 1p. COBMECTHOE CO3AaHUE
YCTaHOBKU MO3BOJIMIO BBIBECTU COTPYJHHUYECTBO MEXKITY
Y4acTBYIOIIMMHU HAyYHBIMH OpPraHM3alUsMH Ha HOBBIN
KadeCTBEHHBIN ypoBeHb. Ha ocHoBe ombita JIHO OUAN
JambHEHIIast IEeATEIbHOCTh COBMECTHOH TpyHmbl OymeT
HampaBJIeHa HAa YIY4IIEHUE TEXHUYECKHX IapaMeTpoB
CO37aHHOM YCTaHOBKM HEHTPOHHOIO UMHJKUHIA U pea-
JU3AIMI0 OONMIMPHONW HAyYHOW MPOTPaMMBbI C ITOMOIIBIO
METOJIOB HEUTPOHHOI paguorpaduu u Tomorpaduu.
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