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Development of 2-d Position-sensitive Neutron Detector
with Individual Readout
— Operation Test and Establishment of Detection System

by Means of Neutron Beam —

Hiroki TANAKA* Hideshi YAMAGISHI, Tatsuya NAKAMURA,
Kazuhiko SOYAMA and Kazuya AIZAWA

Neutron Science Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received February 9, 2005)

We have been developing the 2-d position-sensitive neutron detector with individual
readout as next-generation-type detector system for neutron scattering experiments
using intense pulsed neutron source. The detection system is designed to fulfill the
specifications required for each neutron spectrometer, such as a count rate, efficiency,
neutron/gamma-ray ratio, a spatial resolution and a size, by using suitable detector
heads. The fundamental and imaging performances of the developed system assembled
with a Multi-wire proportional counter head were evaluated using a collimated neutron
beam. The system worked stably for long hours at the “He gas pressure of 5 atm with a
mixture of 30% C2Hs (0.26 atm 3He) at gas gain of 450. The spatial resolutions were 1.4,
1.6 mm (FWHM) for a cathode- and a back strip- direction, respectively, considering a
beam size. It was also confirmed that the spatial uniformity of the detection efficiency
over the whole sensitive detection area was rather good, =8 % deviation from the

average with the optimum discrimination level.

Keywords: Multi Wire Proportional Counter, Helium-3, 2-d Neutron Detector,
Individual Readout,Spatial Resolution
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KENT B T b [EERIC Spallation Neutron Source(SNS) 3 E & L TA—7 Vv VEHIZFRFTANIC
2006 FFETFEE LTRBENSVAPETREBERFTTH D, BE, REFF 74— KT o7k
YRR FERT O ISIS i+ BEL EBRMER T & 2 SV A HEFIRAH 71 0.16 MW &R EH TH 5 03,
BAR, XKEZERINL T DIV ZAHREFRIZIIMWEADOHB IR H 5,

INODRBENNVAPHEFREREZ AN PEFREZRCBONTRHF LY A= U 2R EHA &S
DR, BB LoTHRHEBICEREINDERITR L S, Table.1IZSNSIZHIT 2K DNET
HELROMEBEOMBERET (1, AERFFOPEFHEERER TEDA TN L) 2K
FOFRHETREBTRREDI L) LHEROLTERLZTZ Lk, 72, BFHEE, K
EHE. /vy, BREME, BANBELSBREE VoLEREZETHTIREBEBREDOL ZAHFE
LanZend, SABREICELRIHECEALZRHBEHRRTILEN DD, Z0bHeld
BRI LB RGP EF T AREBR AT A0 ZToT VD, ARB Y AT A TIIHRH
RTOET YU ANV EENCEERAH LT 2L 2HHME L TR, BULREREFEZBRT
5L TRRDBERMERBICERIZHISTE S, A Tid Multi Wire Proportional Chamber(MWPC)
BHZFFERAOCTHELZENGEAH LB ZRITTHEFTARER VAT 2OERERRER T B
E3 D,

2 WAL EBURE PR H AR

REFTHEFHIAERTHAVNON TV 2 REFREBIIRES Z2LFEEND, —DR TR E
AWEFETE) 2BV FL— 22 AV FETHD, WTHORBEHRICBW TS RHEFIX
B THOMEL 7 — o HEEREZBEI SRV EDHBR F~O Iy N—F BNUEL R
5, &R a Ly =% (3He Li,''B,15"Gd) & HHEF OREEE Z L TIZRT,

n 43 He —s! H (574keV) 43 H (191keV) 5330barn

n 4% Li —® H (2.73MeV) +* He (2.05MeV) 940barn
n+°B —7 Li* +* He — Li (0.84MeV) +* He (1.47MeV) + v (0.48MeV)(97%) 3840barn
n+°B —7 Li* +* He —" Li (1.01MeV) +* He (1.78MeV)(3%)
n +%%" Gd — Gd* — 4 — conversion electron  255000barn

— R ARERFITREZIER, n/yib, REBICEN TR Y, YU Fr—Ta VRBSEFHEEE,
ML, REBILICBERLTWD, KICERNELORHEHZEDOHFHMIZONTHR~S,
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aBLFEVOSTEHEBRFEERT D, TOMEBR IR N—F T2 BERELEREREZAERT D
OTREFRZINVE—BEREET D, ~FEE2NN—FE2FERALEEE, B N—FRNT
ERLUEFMBERFIEIUANA—FANLKBTEZ2ETRIAF—F2HRLTLEIOTZRNVF—
AR MVITERERHSOTLEI) BV XA —SMEZH/IZDICRER  N—F 2 HR
WTAVNENHIN, REDEOERTIZENZOTHEVHFE LI 2, EFyRARVbED
FHUPELS RoTLEILWVWIRR OGS D, LPLRABRL—HKRPUIKESAVLRA TS P-104
R OB AZBHICBRTELZ VWS> AV M H D, BEEA LI FHEFRAS LS
WHERHINTWD VAR EEIL 3 He lLBIFHBUE . B EI 5 SHe e BIFHEE . BERFHI Y 3He Lo f
HEE. AV TFUAYHRAFERESER DS, BT, BEKRMAIZNENERTOREE
MHBLEEF SNVADOLLERVFRZ VA PORMUTRIEL., ZOLEMEBEOHFERICESLRT
HZHFETHD, ~RICBEEIBERMBEOFPIERL TS, AR TEHINEZETNEES
MIZRYZRMLT, BBEBFCHTABEBEZEITILERCIVMEEENEOND N, ERFINER
RIDSA Ry MBI L R DD HEEIT 104~ A —F— 1t b, ThIULEoFEETITE
BEGECTOEMENHRICIVEROCETZAEL, HAGEMET L THELFAELEKS, £X
BRHEMFE—LADOAFICEVHERER LR L BRABKPLEZR 1I0um BEOERICGBER BT,
W+ 0bVEERNLETH S,

T VT T A e B RHEUE O AL B R 4 R OB RO i 2 BB B 7 D ICAE O Oed[2] B 12
& T MSGC(Micro Strip Gas Chamber) DBAFER{ThO T& 7z, MSGC I N T R EDH#ERAED ki
MHEEKY VT T4 ERERBCCT ) —REWY—FOBEBEEBECEARER. ZOMBEE10
pm EEL TAHZENTE, BNESMBEOREANRTREE LD, FEEFLRI>BHMERLEET
MBEFZZERTEBEDT, 104 cps/mm? A —F —DHKECEEMLBETE S, MSGCIED & b
& {LE @ Institut Laue-Langevin(ILL) FFRFTICB W TR FFICBIT 2P HFREERA L LTI04F
UEHEPEDONTEL, FEXBRBEERBERICBEVWTHEELHD 3. L2ALEABWNL
ONPDOMBEERLTEY, FIZIEEBREE~OBREBSERBBEICL 2 X MY v REW 2 &R
EFohsd, PHEFRHCBVWTHRERGOBREERT 2 KRBT O RNV F— (L 3He ¥ X
DEAT5keV EHEBICRKEVWOTHARAERZ EIFTTREZEL LNBSHEEOMEERZ B, —
FCETATA VOBETICEY S/NBLHILLTLE S, ZOLDRERFTIIRE LB ICHhoTcx
FAR—BARERD T EHRALT, BTRIEITD 2 & TH R KM L 1358 BR I 554
BEBLIFECOVWTOMERFELIToTVS 4,5, 6l

292 YvFL—TagrhETRHE

UF L —YarBRHETIE BRI RN TERENIFERFR Y VFL—FHOEY
B2 Z2RMELITAREERBICEBTIRICKHBEN I EAEZHETHEE CERBEILE
BUTHETFEPRHETS, —BICHETFAI VY FL—FE LTIHSLIYT T AR ZnS & SLIF DE L&
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YUFL—varREHBRIEVWS OPORSEWMY FERBREINTWT, REHL2 S O
TZrANEbbnkora— FHR BREEBE 77 A N—2 AV X, BEERAH LU EFN2 Y
BHod, =ra— FHRITERCISISERBER TIIERE LTHEL TS [7, KBTS
Ny FUL—FRENENR T 7 ANAPFEEINTEY, ABEFHBEEOREZROTDIC1E
TENDYVFL—ENb 20K T77ANEHL, T ERRINEFHEFCHEEGTI LW
A EDLET L a— R THD, BREBL 77 A AN FRF 0S5 mmBEEDOL U FL—FD LT
FIZ05mmADHET 7 A NEERZLTESR, TAZhOPFHEFASGFME THRELEELETH
EEWCANTHZETMNBERETDHETH S (8, BEFEHRALRY FRITFEN U FL—F 2K
AR EFHEETOANBEERES LUEFREZ/BLI P TES[9, =ra— FHAX
3-5mm O ESREEZE L. lLAOEEOFHET AT 2REDRIT20 %THD, ~HEELH
Tr7ANFRIZ05mm D7 7 A NEANTWDZDMEBESRIEN 0.5 mmBELIFEFITR WV, L
LR bBPHEFICR T 2REENIRBRE LENEDEEEL LT 2 TRRMLEICZRD EEX
b, TNEREZInS VvV FL—F20RIEMANEZRNETZ2EDOMBORRE. bLIE 7+
AT TAvTEVolmFHEIZLIVDEEMEIEZTDOHENITLN TS [10], EHEFH
Y HFRITAL B A AREE 0.5mm MR HBE50 %L B L VB, kEFHEEOMBRELZEASET
fToTWaid, ZONERER»LFREIIE T keps £ 2D, ELEFHEFE—LRFT AL L7 T
AFRTARELRE TIABTFHBEORKEZEETA L bELDN D,

O CHETRHBOMERICEI ML —FI 7030 TR TEBEZTREBIIEELZL,
Lo TRETOINNBOFHUPLEN L TEIFIA T ATHELEBRHBIY AT AL TILERN
b5,

3 BT At LB Wk T A AR 5

BABNEREEToTCVARHBURATAE 3 >OBAYCHT OIS, —DIEMWPCE DR HE
TEEETDIHWMEL atm DEAFER, RICHETFBPAF LEMBEEZRET I EOOT vy a— ¥k
B, BB T—FERTHEOOHMUEE» S22, Fig lCEE5mmODARBEETHT VI
KRSV PERINLERBOENBFR/ROBEEELRT, NEBAmm D AT VY VAT Z Y ORE
WG-10BEZUBICEEL, FYTZ7 PP L — b RIEFFETOEREL 25mm & LT,

31 MHRTFLENES

Fig2 IfEBIFE & H L MWPC OB 279, ZORMBBIXIFY 7 M7 L— b B, BHE.
Ny Z A MY o7 POERENTVS, BB 1 om MR, ER20um F Y7 RAT 0T A YR 40K
G-10 7 V= AZIFAESTFERTEY, BEP L 1.2 mm FTHOAMEIC 1 mm MR TRENARE S
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v F—R—FZANEINDE, vF—FR— FZiI4KO 7TV 7ERBBBASNAL TS, 1EOT VT
ERCEATF YV RNVOOEFTEEZLBEBTERT VS T4R2A7 VU ERRLVDS HABBISELAEN
7 ASD-ASIC(12 mm A x25mm & &) B I6ERE SN TWVD, 4AMDERTER 1284128 F ¥ X
NOEFEZLBTHZLRTE B,

HV
Feedthrough

Fig. 1 Picture of the internal pressure vessel with MWPC
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WAL P E RN PUVORE, KEFELTW O»ORBREBERAAYZ 2 M) v 7iLES
BHFEEND, TV FEROBEL B ESRIZ8ns THEMNG L TRV A ATy 7EREEM TE
5, BEEOANYZA NI o7hoDT7 V7HABRBEBBCER LEERNARBRUEERORE LY
Fig.3 IZR 7,

FEINEEEOREZEBRELEBELV bRERBEBELZFORBEL A7 A M) v T H
LOEBIRIVDSF U A EEREREN6pn ¥ — TV EBo Tz va—FEB~ANEN D,
MEZELSEEHOHAESOEAEM L LVDSEEDOEBEOMMBAE Figd lZRT, XBOES
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Fig. 2 Schematic layout of the developed neutron detector with individual readout
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Fig. 3 Typical pulse shapes of a cathode, back strip and charge amplifier
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BT DREHST, ERT VIO OEFERMENRE 21T IVDSEFBIXIEL 25, &K
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Fig. 4 LVDS pulse width as a function of amplifier pulse height when the discrimination level was
changed.
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Fig. 5 Schematic layout of the developed encoder system
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B4C Rubber Board Cd Sheet Cd Collimator
10 mm thickness 2 mm spacing 1 mm spaging

Fig. 6 Experimental view of neutron beam collimator system
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Fig. 7 Pulse height distribution under gaseous condition of 5 atm 30 % CsHg and applied voltage of 2200
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Fig. 10 Pulse height distribution of a cathode and a back strip when the pencil-like neutron beam was

irradiated on these strips.
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Fig. 11 Schematic layout of the neutron beam experiment
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