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Pa3padoTka ra3oBbIX 1€TEKTOPOB

HenTpoHoB B JIH®D

B mnocnennue romsl B JlaGoparopuu HeHTpOHHOM
¢msukn um. 1. M. ®panka JOCTUTHYTHI OIpEAEICHHbIC
ycIiexu B pa3paboTKe W CO3AaHUM JETEKTOPHBIX CHCTEM U
OCHAILICHUU UMM cTIeKTpoMeTpoB peakrtopa MBP-2. O630p
9THX CHUCTEM OIyOnmuKoBaH B padore [1]. Paspaboranubie
JICTEKTOPHBIE CUCTEMBI BKIIIOUAIOT B ce0s1 COOCTBEHHO Jie-
TEKTOp, aHAJIOTOBYIO AJIEKTPOHHKY, JIEKTPOHUKY cOopa 1
HaKOIUICHUS JITAaHHBIX, KOMITBIOTEp W IporpaMMHOe 00e-
CIEYECHHUE, T.€. SABJIAIOTCS aBTOHOMHBIMHU MOACHCTEMAaMH,
KOTOpBIE JIETKO MHTETPUPYIOTCS B COCTaB 00OPYAOBaHUS
CIIEKTPOMETPOB 1 BIMCHIBAIOTCS B JIOOYIO CHCTEMY aBTO-
MaTHU3aLUU YKCIIEPUMEHTOB. J[eTanbHOE OMUCAaHNUE CUCTEM
cOopa ¥ HaKOIUICHHS JJAHHBIX KOMILIEKCA CIIEKTPOMETPOB
WBP-2 npuBomutcs B padore [2].

B nanHOI cTaTbe KpaTKO PacCMOTPEHBI HECKOJIBKO
TUIIOB HEUTPOHHBIX JETEKTOPOB HA OCHOBE MHOTOIIPOBO-
JIOYHBIX MPONOPLHOHATIBHBIX KaMep C Fa30BbIM HAMOIHE-
uuem “He + CF,, npeTHa3HAYCHHBIX KaK [T OCHAIICHHS
BHOBb co3ziaBaeMbiX criekrpomerpoB MBP-2 (GRAINS,

JIH-6, RTD), Tak u nOns COBEpIICHCTBOBAaHHUS JETEK-
TOPHBIX CHCTeM Ha JelcTByromux ycraHoBkax (DIBP,
PEMYP, PE®JIEKC, IH-12 u ap.). K ux uncmy oTHOCST-
Csl CIIEAYIOIIHUE AETEKTOPHI.

/leyxKoopOuHamuwlit. MOHUMOPHBLL NO3UYUOHHO-
yyecmeumensholit doemexmop (II9/]) ¢ HU3KUM oOcIa-
OJeHHMEeM BXOJHOTO ITy4yKka (pa3Mepbl YyBCTBHTEILHOM
obmnactu gperekropa — 100 % 100 MM, KOOpAUHATHOE pa3-
pemenne ~4 x4 mm). JleTekTop UCMONB3yeTcs ISl U3Me-
peHust poQuIIsi My4YKOB HEWTPOHOB Ha KaHanmax MBP-2.

Oonokoopounammuutii IT9/] (pa3Mepsl TyBCTBUTEIb-
HOM oOmactu aerexkropa — 200% 80 MM, KOOpIUHATHOE
pasperienne ~2 MM, 3GEKTHBHOCTD ISl TETUIOBBIX HEM-
TpoHoB (2 A) — Gonee 60%). Takue 1eTEKTOPHI YCTAHOB-
nensl Ha crekrpomerpax @/IBP m PEDJIEKC, a Taxke
nocrasinensl B UOM YpO PAH (EkarepunOypr), PHII
«Kypuarosckuit nactuty™ (Mocksa) u priunan HUDXUN
(O6HHMHCK).

S. A. Kulikov, V. 1. Prikhodko, A. V. Churakov

Development of Neutron Gas

Detectors at FLNP

In recent years, at the Frank Laboratory of Neutron
Physics, considerable progress has been made in the de-
velopment and construction of detector systems and their
further implementation at the IBR-2 reactor spectrome-
ters. A review of these systems was published in [1]. The
components of the developed detector systems include a
detector itself, analog electronics, data acquisition and ac-
cumulation electronics, computer and software; i.e., they
are autonomous subsystems that can be easily integrated
into the instrumentation infrastructure of spectrometers
and fit into any experiment automation system. A detailed
description of the data acquisition and accumulation sys-
tems of the IBR-2 spectrometer complex is given in [2].

This report briefly outlines several types of neutron
detectors based on multiwire proportional chambers filled
with a gas mixture of *He+CF,, which were designed

both to equip newly constructed IBR-2 spectrometers
(GRAINS, DN-6, RTD) and to upgrade the detector systems
on the available instruments (HRFD, REMUR, REFLEX,
DN-12, etc.). Among them are the following ones.

Two-dimensional monitor position-sensitive detector
(PSD) with low attenuation of the incident neutron beam
(100 % 100 mm active area, ~4 x4 mm coordinate resolu-
tion ). The detector is used to measure neutron beam pro-
files on the IBR-2 beamlines.

One-dimensional PSD (200x80 mm active area,
~2 mm coordinate resolution, more than 60% efficien-
cy for thermal neutrons (2 A)). These detectors are in-
stalled on HRFD and REFLEX spectrometers, and were
also supplied to the Mikheev Institute of Metal Physics
of the Urals Branch of the Russian Academy of Sciences
(Yekaterinburg), NRC “Kurchatov Institute” (Moscow)
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Jleyxxoopounammnwiii ITH/] (pazmepbl 9yBCTBUTEIb-
HOM 06macti — 200 % 200 MM, KOOpAWHATHOE pa3pelIeHre
~2x%2,3 MM, adpdexTuBHOCTE ~65%). Takne neTeKTopb
ycTaHOBIEHBI Ha cnekrpomeTpax MBP-2 — PE®JIEKC,
GRAINS u RTD, a Taxxe HCHoib3yIOTCS B COCTaBe 000-
PYIOBaHMSI KPUOTEHHOTO 3aMEUIUTENS U1l KOHTPOIIS 3a-
TIOJTHEHHS KaMepBbl MIapUKaMH ME3UTHIIEHA. MOHUTOPHPO-
BaHME OCYIIECTBIIACTCS IyTEM MOJyYeHUS] HEHTPOHHOTO
o0pa3a KaMepsl 3aMeTUTeNs Ha IByxKoopanHatHoM [TY]]
METOJIOM «Kamepa-o0cKypa». JleTeKTops! 3TOro THma mo-
crasnensl B MM (Tpowmmk), PHII «KypuaroBckuii nH-
CTHTYT», 4eThlpe naerekropa — B UAD (Pxex, Yexus)
(puc. 1).

B ykazannbix I[T4/] curnan ¢ aHona uCnonb3yercs B
KauecTBE CTapTOBOTO MMIIYJIbCa, & CUUTHIBAHHE KOOPAHU-
HaTHON MH(POPMALNH OCYIIECTBISIETCS C KaTOIO0B C OMO-
IBIO JINHKH 3a7iepKKu. {7 chbeMa M HaKOTUICHHS TaHHBIX
c MYA B JIH® paszpaboTtanbl yHH(HUIIMPOBAHHBIE IPO-
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rpammupyemsie 6ok De-Li-DAQ-1 (co3mansr coBMecT-
HO ¢ HZB, bepmun) u De-Li-DAQ-2D.

Muozocekyuonnolit Konbuegoil Oemexkmop TEIo-
BBIX HEHTPOHOB JIJIsl UCCIICA0BAHUS TU(PPAKIIMU HA MUKPO-
o0pa3max B aKCHAJIBHOW T€OMETPHUU Ha JU(PpPaKTOMETpe
JH-6 [3]. deTexTop cOCTOUT U3 16 ceKlMii, HaXOAAIMUXCS
B o0uieM rasoBom oObeme. Kaxjas M3 CeKIMi, B CBOIO
ouepesp, pa3lieneHa Ha 6 sUeeK BAOJIb 00pasyromei 1u-
JUHIPAICCKON MOBEPXHOCTH, OO0IIee KOIMWYECTBO H3ME-
PUTENBHBIX KaHAJOB JieTeKTopa paBHO 96. CHrHambl ¢
OT/ICNIbHBIX SYEEK CHUMAIOTCS C HE3aBHCHUMBIX aHOJIHBIX
HUTEH, KOTOPhIe HAXOAATCS B TE€OMETPHUYECKUX IIEHTPax
sieeK. 3apsIOIyBCTBUTEIBHBIC IPEIYCHIHTEIN PaCIIoa-
rarorcsi BOJIM3U HUTEH BHYTPH Ia30BOro o0bema JIeTeKTo-
pa. UaauBuayanbHbIN cheM HH)OPMAIINY ¢ KaxXI0H suei-
KH 00ecTieunBaeT HeOOXOMUMYIO THOKOCTD IPH HACTPOUKE
1 I0OCTHPOBKE JIETEKTOpa. J[eTeKTop HE NMEeT aHaJIoroB B

Puc. 1. OgHokoopaunar-
HBII (cl1eBa) U JIBYXKOOp-
JUHATHEIH (cipasa) [TY/{

Fig. 1. One-dimensional
(left) and two-dimension-
al PSD (right)

and the Obninsk Branch of the Karpov Institute of Physical
Chemistry.

Two-dimensional PSD (200x200 mm active area,
~2%2.3 mm coordinate resolution, ~65% efficiency).
These detectors are installed on the IBR-2 spectrometers
(REFLEX, GRAINS and RTD) and are also used as an
equipment component of the cryogenic moderator to mon-
itor the process of loading the moderator chamber with
mesitylene pellets, which is carried out by taking neutron
images of the moderator chamber by a two-dimensional
PSD using a pinhole-camera technique. Detectors of this
type were supplied to the Institute for Nuclear Research
of the Russian Academy of Sciences (Troitsk), NRC
“Kurchatov Institute” and four detectors to the Nuclear
Research Institute, Rez, Czech Republic. A general view
of 1D and 2D detectors is shown in Fig. 1.

N | 16

In these PSDs, the anode signal is used as a start pulse,
and the coordinate information is read out from the cath-
odes using delay lines. At FLNP, for acquisition and accu-
mulation of data from PSDs, two types of unified program-
mable modules were developed: De-Li-DAQ 1 (designed
in cooperation with HZB, Berlin) and De-Li-DAQ 2D.

Multi-section ring-shaped thermal neutron detector
for diffraction studies on microsamples in axial geometry
on the DN-6 diffractometer [3]. The detector is divided into
16 sections, which share the same gas volume. Each sec-
tion, in its turn, is divided into 6 cells along the cylindrical
surface generator. The total number of detecting elements
is 96. Signals from individual cells are read from indepen-
dent anode wires, which are placed in the geometric cen-
tres of the cells. Charge-sensitive preamplifiers are located
near the anode wires inside the gas volume. Individual
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MHpE ¥ 00eCTIEYNBACT OJJMHAKOBYIO A3(PPEKTUBHOCTH PErH-
CTPALMH VIS BCEX JETEKTOPHBIX 3JIEMEHTOB.

B 2018 r. Ha nmudpaxromeTpe pearbHOr0 BpEeMEHH
RTD BBeaeH B 3KCIUTyaTallio HOBBIN KoibUesoil cekuyu-
oHuposannwvlii demexkmop (puc.2), TpelHa3HAYCHHBII
JUTS MaJIOyTJIOBBIX McclenoBaHui. OTindne JaHHOTO Je-
TEKTOpa OT M3BECTHBIX KOJIBIIEBBIX JETEKTOPOB COCTOUT
B BO3MO)KHOCTH OJJHOBPEMEHHOTO OMpPEACICHUS yIIOBOI
U pajuaJbHON KOOPAMHATBHI 3aperuCTPUPOBAHHBIX HEM-
TpOHOB. bilarozapst cBoeil OpUrMHAJIBHON KOHCTPYKLUH
JETEKTOp SBIACTCS TMOAXOAAIINM HHCTPYMEHTOM ISt
JHOOBIX MCCIIEIOBAHMIA, B KOTOPBIX HAOIIONACTCS YIIIOBas
W/UIH OCeBasti aHU30TPOIIUS PACCESTHUSI TETUIOBBIX HEUTPO-
HOB. ABTOpaMH NperIoKeHHON KoHCTpykuuu A.bormse-
neM, B. MunkoBbeim u L. [TanTeneeBsiM nojiana 3asBka Ha
n3zobperenne (RU 2018108597) «I"a3oHamonHeHHbIH ne-
TEKTOpP JUI1 U3MEPEHHs] MaJOYITIOBOTO PACCESTHUS TEIIO-
BBIX HEHTPOHOBY.

KoHCTpYyKTHBHO AETEKTOp pasneieH Ha 9 He3aBH-
CHUMBIX IKBHAMCTAHTHBIX KOAKCHAJBHBIX Konel. Karombl
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KaXXJIOTO W3 KOJIEI[ pa3lesieHsl Ha 16 ceKTopoB, oOpasys
144 He3aBUCUMBIX JIETEKTOPHBIX AeMeHTa. CheM CurHa-
JIOB TIPOM3BOIUTCS C AaHOTHBIX HUTEH (OOIINX IUIS KaXKI0-
rO OTAENBHOTO KOJIbIA) U ¢ Kaxaoro u3 16 xaromos. [Jlist
YCTpaHCHUS BIUSHUS UMITYTbCHBIX HABOJAOK M CHIDKCHUS
YPOBHSI 2IEKTPOHHBIX IIIYMOB MPEIYCHJINTENIN AETEKTOP-
HBIX JIEMEHTOB pa3MeIleHbl BHYTPH I'a30BOT0 00BEMa.
udposas smexTpoHuKa cOOpa U HAKOIUICHHS JaH-
HBIX C OIMCAHHBIX BBIIIC KOJBIIEBEIX JETCKTOPOB Oa3u-
pyercss Ha paspadoraHHbiXx B JIH® yHUPHUITMPOBAHHBIX
omokax MPD u BrirrouaeT B ce0st 5 0JIOKOB 32-KaHaIBHBIX
JTUCKPUMHUHATOPOB M KOHTposuiep MPD-32.

Bce onucannble BblIlIe IETEKTOPHI 10 CBOMM Hapame-
TpaM HE YCTYMaloT MHPOBBIM aHAJIOTaM, a 10 HEKOTOPBIM
M TIPEBOCXOIAT MX M JOCTaTOYHO HIMPOKO BHEAPEHBI B
npakTuky kak B JIH®, Tak u B Apyrux Hay4HbIX LIEHTpax
ctpan-yyactHun OWSM. Jlo mocnenHero BpeMEHHM NpHU
W3TOTOBIICHUH W COOpKE IETEKTOPOB BO3HHKAIHM OIpe-
JIeJICHHbIE TIPOOJIEMBI, CBSI3aHHBIE C MAJIBIMH pa3MepaMu
U HEOCTaTOYHO BBICOKUM KJIACCOM YHCTOTO IPOU3BOI-

Puc. 2. KonbueBoii CeKITMOHNPOBAHHBIN
JIETEKTOp Ha CTEH/Ie

Fig. 2. The ring-shaped multi-section
detector on a test bench

data readout from each cell provides the necessary flex-
ibility for adjusting and positioning of the detector. The
detector has no analogues in the world and provides the
same detection efficiency for all detector elements.

In 2018, a new ring-shaped multi-section detector
(Fig.2) designed for small-angle neutron scattering studies
was put into operation on the RTD real-time diffractome-
ter. The difference between this detector and previous ring
detectors is the possibility of simultaneous determination
of angular and radial coordinates of detected neutrons.
Due to its original design, the detector is a useful tool for
any research where angular and/or axial anisotropy of
thermal neutron scattering is observed. The authors of the
proposed design A. Bogdzel, V. Milkov and Ts. Panteleev
filed an application for invention (RU) 2018108597 “Gas-
filled detector for small-angle thermal neutron scattering
measurements”.

The detector is divided into 9 independent equidistant
coaxial rings. The cathodes of each ring are divided into
16 independent sectors forming 144 independent detector
elements. Signals are read from anode wires (shared by
all rings) and from each of 16 cathodes. To eliminate the
effect of impulse noise and reduce electronic noise, the
preamplifiers of detector elements are arranged inside the
gas volume.

Digital electronics for data acquisition and accumu-
lation are based on unified MPD modules, and include 5
modules of 32-channel discriminators and an MPD32 con-
troller.

In terms of their characteristics all the detectors de-
scribed above are on a par with the world’s best analogues
and in some cases even surpass them by a number of pa-
rameters. All the detectors are widely applied both at FLNP
and in other scientific centres of the JINR Member States.
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ctBenHoro nomerienus (UIIIT), ogHako B konie 2018 T
ObUTH 3aBepIIeHBI pabOTHl MO CO3AHUIO M BBOLY B JKC-
TUTyaTaluio HOBOTO IMOMEIICHHUS, KOTOPOE HAaXOIUTCS B
xoprryce Ne 119 JIH® u umeeT B cCBO€M COCTaBe JIBE YH-
CTBIE 30HBI: TaMOyp U pabouyro 30HY. B TamOype mpous-
BOJISITCS. MOHTX M OYHMCTKA JIETalel IETEKTOPOB, TaM ke
pacrioniaraeTcsi pasjieBalika IpU BXOJE B padouyio 30HY.
B paGoueii 30HE BBIMOTHAIOTCS HAMOTKA W MOWKA 3JIEKT-
POZIOB JICTEKTOPOB, a TaKkxke UX cOopka. OOmas rmiomans
IOMEIICHHS COCTAaBMAET 44,7 M2, IIOIIah paboueii 30HBI
29.8 M%. B momerieHnu MOJICPYKUBAIOTCS M30BITOYHOE
JIaBJICHUE, TTOCTOSHHBIE TEMIIEPATypa M BIAXKHOCTH BO3-
JlyXa, TIPOU3BOAATCSI OYMCTKA BO3yXa OT a3pPO30JIbHBIX
YacTull U yJaJICHUEC B3BCUICHHBIX YaCTHII. YucrtoTa BO3y-
xa B TaMOype cootBeTcTByeT Kiaccy 7 MCO, B paboueit
30He — Kiaccy 6 MCO no 'OCT UCO 14644-1-2002.
OcHoBHbIE paboThI 10 co3aanuo YT ObUTH BBITOTHEHBI
1o koHTpakTy cneruaguctaMu OO0 «UTT.

Cozmanne YIII B JIH® mo3BoisieT 3HAYUTEIBHO CO-
KpaTuTh BpeMs, HeOOXoanMoe it COOPKH HEHTPOHHBIX
JICTEKTOPOB, M, YTO OCOOCHHO Ba)XKHO, MIOBBICUThH KaueCTBO
cOOpKH, a Taxke BBITIONHATH JPyTHE BUABI padboT, Tpedy-
IOHIUX 0COOON YUCTOTHI.
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cucteM cOOpa M HAKOTUICHHUS JaHHBIX KOMIUIEKCA CHEKTPOMETPOB
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DUAA. 2013. T. 10, Ne5(182). C.713-721.

Until recently, there were some problems in the manufac-
ture and assembly of detectors, related to the small size
and insufficiently high air purity class of a clean room
(CR), but at the end of 2018, the activities on the creation
and commissioning of CR were completed. The CR is lo-
cated in FLNP bldg 119 and comprises two clean zones:
an anteroom and a working area. The anteroom is used for
assembling and cleaning the component parts of detectors,
as well as being a dressing room for entering the working
area. The working area serves for winding and washing
detector electrodes, as well as for assembling detectors.
The total area of the clean room is 44.7 m?, and the area of
the working zone is 29.8 m?. The clean room maintains an
excess pressure, constant temperature and humidity, and
the air is filtered to remove aerosol and suspended parti-
cles. The air purity in the anteroom corresponds to ISO 7
class, in the working area — to ISO 6 class in accordance
with GOST ISO 14644-1-2002.

The creation of CR allows us to significantly reduce
the time required for assembling neutron detectors, and,
most importantly, improve the quality of performed work.
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