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Performance Test of the Japanese ENGIN-X Type Linear Scintillation Neutron Detector

Tatsuya NAKAMURA, Kaoru SAKASAI, Masaki KATAGIRI Atsushi BIRUMACHF
Takaaki. HOSOYA*, Kazuhiko SOYAMA, Setsuo SATO", Erik Shooneveld " and Nigel Rhodes ™

Neutron Technology R&D Center
‘Quantum Beam Science Directorate
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

( Received January 24, 2007)

The ENGIN-X type linear scintillation neutron detector was manufactured in Japan and its
detector performances were evaluated. The ENGIN-X type linear scintillation neutron detector was
originally developed by the detector group in Rutherford Appleton Laboratory and the Japanese
prototype detector was identical to one of the detector modules installed in the ENGIN-X
diffractometer operated at ISIS pulsed neutron source. The prototype detector can install 240
elements of neutron-sensitive scintillator, where each element has 3 mm in width and 196 mm in
height. The prototype detector exhibited a spatial resolution of 3 mm detection efficiency of 64%
for neutrons with a wave-length of 1.8 A, count uniformity of 6~7%, ®°Co gamma sensitivity of ~
5X107. Technological transfer to Japanese manufacturer was done successfully and mass production
of these detectors for J-PARC project is feasible.

Keywords: Neutron Detector, Scintillation Detector, Linear Detector, ENGIN-X, Spatial Resolution,
Detection Efficiency, Gamma Sensitivity

+ Engineering Services Department, Nuclear Science Research Center, Tokai Research and
Development Center

¢ Special Topic Engineer

*1 High Energy Accelerator Research Orgamzatlon

*2 Rutherford Appleton Laboratory



JAEA-Research 2007-014

2. ENGIN-XB 1 RIFLTFL—ZHPEFRRIHER  « o 0 o 00 0 0o v v oo e e e
21 ISISF Y OFNAARHEES ZF Lo o 0 o 0 0 o s e
22 BT IHMBURIEBY AT D oo e e e e e

@ﬂ%ﬁﬁ%%@@%ﬁ% ........................

w

3.1 PMT. PMT EREIKKGEM TL 7 PR=F R v v v v v v e o s Bk

32 ?:_g‘jaiUQDAEQ/;(%A ....................

.
%
IE
RE
<
N

4.3 HPETRRHZIEE - « ¢ ¢ 0 0 0 e e e e e e e e e e e e e e e e e
5. ﬁ%ﬁ?n‘ﬁl()“/—,‘\?&@?ﬁ% ......... * e o o s o 6 6 o 8 e o s o o b6 o o
BIEE o o o 0 o e o e "6 e s e o e .. I N

iii



JAEA-Research 2007-014

Contents
1. Introduction  * * * ¢ = + - e e e e e e e e e e e e e e e o v e e
2. ENGIN-X type linear scintillation peutron detector = ¢ ¢+ c e s s s s e e e e
2.1 ISIS original detector system + = « « <« « * ° ° S I R
2.2  JAEA detector systeﬁl ...................... ..
3. Test of the detector components * « « * * ¢ I I
3.1 PMT, PMT base circuit and GEM electronics « = « =+ ¢ * e e s o e ..
32 Decoderand DAEsystem * « * « + + = + * * e e e e e
4. Test of the detector performances -----------------------
4.1 Spatialresolution = = = + * + ¢ ¢+ ¢ ¢ s e e e e e e e
4.2 Gamma-ray sensitivity « + = = + ¢+ o+ + s e e s e e oeoe e e
4.3 Detectorefficiency « + = = * ¢+ o st e s e e R
5. Conclusion  * * » * = * » e
Acknowledgements + + + + ¢+ o+ s e e e e e e e e e e S
Refere_nces'---"-'-~";°°---°' ................

iv



JAEA-Research 2007-014

1. #&

it

BE, KIREGTIN#EERJ-PARC, Japan Proton Accelerator Research Complex)?3 H A JF 7
RS (R T BBy 4 PRIER I TW5, J-PARC O ) L -
MBI EERGRIIMER Ny F 752D~ PHETHREL 3 KD —L0F5 A4V 2ET S
KBRERY & 720 . SRR O BT S RIS AR A SIS ST B, HEFATO
BRATVa— ML 5 & 2007 FEIIEPHETBELEBREER OBEFR A BRMA L 2008 45
L7 7 =2 bHEF E— A, iV T— R —F~DE—AMHENFESh TS,

Day-1 EREBED 5 b OV & D, FAEHENTIEE Figure 1 VIR BN FEK L 725 T
BT D EITERER CH D, AEREBIIREFORES % 3 RITIZHEIET
5 Z L BARE TR A D A 72 & P EEIS AR L SEICEI N TV 5,

AIEBEOEELERT D PHEFRHBICIE, BOBRHEDER, BV~ E, 3 mm
BED 1| WIMESFEEE Vo EAMRENRER IS, £z, HBEOZ VD fifize
BOFME Vo R ORE L FREL T 5= ORHBRRERFREABERTHI L
bEEREMHOVEDTHD, INDEBRUIER, FMHMEITEBICIEX T BN
TR E L TRES Y7 4+ — K7 v 7V R UBFZERT (Rutherford Appleton Laboratory,
RAL) I TR SNEBBRAEROD S | kv v FL—F PlFHHE (ENGIN-X # 1
WY v F L—F FPETRRHER & IRRR) DSBE SRz, TSRV JRF R 6
- BEREREFIE S L — 712 RAL L OEBHEH B ECESXERBAES T
ENGIN-X B 1 RIS v F L—& FHEFRHBOEELZED TV 5,

ARt EEF KRIEROMERBRERZHET IO TH B,

2. ENGIN-X & 1 KL v F L—& fik THaH s

AR HERIT RAL @ ISIS SV AHEFIRICREBE SN TV REIGHHEEE TH S
ENGIN-X"D#H 1 £ 22— Th 5, Photo 1?12 ENGIN-X BEISHHIEEBICHREB S
TARHERDBEE %, Table 1 2 DMWREERT Y, PHEFAREIN+4/NE L Time of
flight (TOF)DFRZEL R HIEHI T T v 7 AR+4 /J\éb\" L. PLESHERE 3 mm TRFES
MICBRE 2 RKEBEBZ DL, av 7 NREY 2 —VRE IR SN B OB HEE
BEEXFRELTH I &%, /\/I/REPfi%%ﬂ%b\f_?f‘%’ﬁfﬁiﬁﬂi%%‘ﬂﬁﬁﬁjaﬁk L’Cﬂzﬁﬂ:
u+75>7§? XT3

2.1 ISIS FV /fﬂdﬁtl:la%/xTA

ISIS & U P VR B Bl AR H R S 2T L OBIE & B2 EHT 5,

ARRHER Y AT AR E L S THRIEESE~Y N, XEFHEEE (Photomultiplier, PMT) |
GEM =V 7 hr=J R (BREEBLIOEET 4 A7) IR—F) | Ta—F, T—HFIX
£ 17 hu=2/ X (Data acquisition electronics, DAE) 2> H &k X5 (Figure 2), HRHZE~
v REIZIE 240 F % V RAOHMEEEINTZE 72T ) v RRH Y, ThENICH 1A
B FL—2BRDLNTNWD, MHARICAR LZFEFEIy rFL—2icgdainne
Li FEFa o N—Z I THERIN SN Y FL— g U EAELD, BELEYFL—
arvHIEN T AN KY S ENREE I B EBIZ 2 OO PMT LT AL D a—F ¢
YITBIRENDQRCh =T 4 ), PMTIZEIE L= v F b— a3 VI PMT I TER
ERICEHSL, GEM =L 7 hr=7 A ZEHENS, GEM =L ha=7 2 TiE7 % b
YATLT 4 TBPTONERT + S BROBNC LD Ny 7 T T R ~a ) e
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$ﬁ%_£®#5%ﬁa®ﬁ%mﬁbM5<EM£V7%H 7 A CTHEFIC L DFN
fe R LB SNEREITIE NY TEE NV ART a—F~EHINE, 7 a2—# TRFEE
%@&Ltzo@PMT@ﬁ#Abﬁ#6¢&%A%t7fwu%#%Oméhé Sa2)=
7B WALEIE B1d DAE 2k SNZF ORI & A I v 7 & PEFRIALEDD ToF A7
MV S LD,

AR AT ADOKRERER L LT, 1) RXF T VEBEINZV I FL—HFIZLDE
UV B ER D FEEL, mxm:~f4/7 L BFBTF ¥ U RNVEDER, 3) 74 VY
VT4 v TEHANC L B R R ERom B, BETFLND, 1) ORWBRHZIRITT
?V*5ﬁﬁbﬁfréﬁ04mn®Zﬁﬂmvv?Vw5%*@%A%ﬁﬁKﬁbfﬂ
DIZEET S (RNRFT UEE)D & CHRNENRBBIEICT 5 Z L RER TV FL—F
EEZEAL S50 % (PHETHE 1 ADKRIESREER LTS Y, £, 2) DXT 7 AN
RV 2Cn a2 —F 4 Z1E 16 ROEEIF ¥ R T 120 ch DALEY 7 BAGRAH LE
HEEL LEBS AT ADRA T F U RAEEED, EHIZEaT X MEZOEBRL TS
(ENGIN-X &Y 2 —/ )V CIIHT Y 7% 243 L4 120 ch ThH D), {7 BN DPHEFEEK
RIFFIUEEEL ROBREEOE 7 BV EHAETHED D D Z OO T BIHT(FEREIS
INHIEEBICE LEERAH LFETHD, 3) 0T+ AT T 4 7T
VUFL—F B L PMT ORE R 7 MHT 2 P38 E b2 BT 5, AT
AF AT PMT A v 230 N7 bCREEZAET DI ORE LAy 7 75 R
VR ) FHEFORINIFHI L 7 4 b U BOBMI R VITH, MRRERRED
BN YL UF L —ZHAWE PMT A A VR EET D EBH LI v AT+ b AR
BOWE R ORRIEN K X < Bt 5 2O B2 E TSI L 5 mlE TPt
BEEEHLTCLEY, —FH., 74+ BT 4 o TETRZ 4+ bV BERE—THONEIE
BIR LT ERRIC P EHIER — R DV RSB O BIIRER b D LR D, DI
PMT 7' A ¥ ZFEHICRET HRHERRND (YU N7+ b 2RET DL ED PMT
FALURBIEI) $F v o FVICRSBRHBOTRE, AT AMERERbDL
PR QAH :

22 T IR IS < T A

Photo 1 IZJB7- /1t A IE L 7= ENGIN-X T 1 Ykt v F L—& FiE R HER O 5 E %
T, ARBRMERHEET Photol 127% L7~ ENGIN-X 78 I B EICRE ST A
BMLFERIEY 2— L Thb, HHE~y FE, GEM L7 bun=7 X Fa—FK»
DAE iZEFE L, ¢%¥ﬁm//%v—&&UPMNim$ ITHERALTHWALDERITD
DxEEAN L THRA BT,

$@ﬁ%®%4x&%ﬁmem@Mvﬂ%awékMMmm X 200 mm, BATE
500 mm T 5 (T HEFHREEIIE 744 mm, & X 196 mm) , ARHEIZF~ Y FERICIL 240 ch

DY FL—FETEANRBARTHD, ARRIZBOTUIFDO 120 ch Ty v F b—
BHRA VA b= L 16 KO PMT 2EH L TEBSEFAH Lz, Y FL—XidxE
Applied Scintillation Technology #:8 ZaSPLiF (B & 04 mm)% ., F£7=. PMT ICIZHEE
Electron Tube LTD #HIDEAE 38 mm- D 9102SB #fFA L7, GEM =L 7 b =7 X%
NIM B 2 iBDE Y 22— /)L T 16 ch ZHT 5, T a—F 8B XU DAE #7I2134% VMEL &
DIEEFEA— K& VME-USB B#AR— FE2FEHLE Y, Ta—FIEE—Rv=7D
FPGA 7175 L% 20n Fa— RF—TNCEEMZ 52 L TG Lz, T—X Bl X
W= b r—/biX VME-USB Z#ih— E%ﬁbhmmﬂﬂﬂﬂﬂwmwfu77A&£D
1To7, ~
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3. HRHIEHR AT O MR ER

RIERHBE R 5 S WHER (R~ FEBZBR<) OMiE% ISIS 4V U710
D LB 2 & TRl U7z, AFHERBRICB WL ISIS B/ 1 ke v FL—a v
WHegs (27 ch MHER L FERR) 2~y K& L, PMT, PMT KB, GEM=L 7 fu
=7 A, BIOF a—H/DAE VAT ADZFNENE T IIHERO L OB X Hx g
P U7z, A 27ch SR HERIE ENGIN-X ARHERE Y 2 — VDY A X&—REIY /M Lieh
DT, ISIS TRES NI HDTHY, 8 KD PMT T 27 ¥ vk FHAMT, AR
RAL iZ8B W T\, Am-Be HHEFHRIE (10 Ci. RBRAMNEICRBIT 5 FHEFE~ 60
neutrons/s/cm?®). ISIS 7V At FIE (ROTAX R— b, &5 L—& SBHEERE 15 m, 3R
-1 H SRRE BERE 50 om, & — 2 T F-3~1x10° neutrons/s/em?) & L7z,

3.1 PMT. PMT EHREIRE O GEM =LV 7 fu=7 X

ISIS B 1 ke v F L—F TSI T + b b v T 4 V7 5HZ1T 9 728 PMT
NHOT Fu JEE 1% PMT EMRIEIRKIZTO ~ -250 mV OEEH % b OHEEEFICE
i b, EMERT+ N AT UT 4 7 %175 1203 PMT EHREIEA+oEmEICHE
TREEEET A Z L RBEETH DL, PMT 26D I N7 4 bAEBIE ns A—F —D3F
H B Y B & b IR DOV EERE RS UL R Th 5 72 DB E IR B R %R
EEERRD b b, ISIS U V0 PMT EHREIRE CiE RAL KBWURBBERE I
B L —# ASIC (RAL-10) MEH SN T2 BT IIHEER O L O CIEmR CATF
AIHEZR Analogue Device thD @ = v /3 L— 4% AD96687 % LEIRK % #AL L 7=, Figure 3

T R SIS L O ISIS A4 Y v PMT #E#UC X p8IE s v 77+ F o Hh
BRI ERT, BT IER PMT ERERIIEE, DOREEEL, i ns OB L
BOEMTISISZ Y VDb L iZIERIEDOHEEZAE L TCNA I L 2R LT,

BT PMT, PMT #ikE GEM V7 b =7 XA O ZFHBIRICBOWTETS S
R L ISIS AV Pk OB EIT o T2, ABEIZIV T 27 ch BiHH%8 % Am-Be ik
FIRERNICEE L PMT, PMT 24 GEM T L7 ha =/ 2% X L lE CORMET
¥ el U7z, Figure 41X GEM =L 7 b =27 X TORBME%-220 mV &_lm L PMT i
4 2@mEEESZIL L THFEF I Y MEERIE L2 S D TH S, ISIS 43 PMT &i~800
V., RFIHRED S DIZ~1000 VA EEFIINT 5 Z L THETT b—%H 52 2 L ZHER
oo TDTT b —BEEEDEWIL PMT 71 » OEEZE L PMT EREIE D =2 ) 1/~§7
EBMRHEICIRIE L CWDD LB X BNEN, WTHOBAILBWTHL Y77+ b gl
NEREL R B EELLE%R PMT 12525 2 & CRERPHETEENHE SN D Z & Bgh
5, Figure 5 1ZIEH 35D GEM = L7 b o =7 ZABMERM: 2~ 72 1ch D H O
ZFR), BEIBMEEE CRLTWARI LT + b cshind 5, HIE Lz dp7-3
BOBERMEIIEE & b IR CHRT /g RE O PMT, PMT gifmo GEM=TL 7 hu
S AREFEEEL TS Z L 2R L,

32 Ta—FZBELODAE AT A

ARBRC THEH LTZRF D5 22— F/DAE & ISIS 4V Vv & Dl % ISIS 2L
AHHEFPRDO ROTAX AR— MZTITo 72, ZDOHEA. BHE~y FEOPMT (PMT ZH(E
Ba2ETe) X ISISA Y PFNaERL, GEM L7 ha=27 XK a2 —&/DAE 3R+
FEERIOLDOZMEH Lz, EBRTIX, 27 ch RHSHI Y I NAALED D 50 cm. 90 FEELEL
PMEICHEBE L, REHIER 10 mm D 7T AF v 7L LA KEIC X HIETEEL S
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T ZE L7-, Figure 6 i34 ToF IZBI 25 FI 2 {7 BV BT LI b D THD,
BB D GEM =L 7 b=/ A, Ta—H/DAE & ISISF U Y F/VD GEM =17
rr=7 X T:~&mm3iﬂ%@#ﬁﬁ\ﬁﬂ¢ﬁ%Aﬁ%rbﬁ%ﬁ%ﬁ%®E%
EMELFER LT,
it\éTﬂ—§DMHDﬂﬁwﬁﬁ%%ﬂﬁfékbﬁﬂ%NﬂﬂyF&Lﬁﬁﬂﬁ—
VOREBIToTn, ZOHATL. B~y ROZRE ISISH Y UFveE L, PMT UED Y
AT AERTIHFEDO LD L ISIS &Y VTN AT Ak - EB L7z, Figure 7 [Z—4H
LTI EL (IE 3mm, BELH 20 1349 89.9~90.2 deg) D ToF A7 MVERT,
AT RV NLIZ L A EE OB E— 7 BDERI S, WThOoEe—27 by 2T A
TR U ToF F¥% V RVIZEHE S h, BT H#ED PMT LAED VAT AD ToF HEREDIER
BELHER TE T, .

uiibﬁm#mzb%%<ﬁ%ﬁ%%§l&iV/%v~ﬁ¢@%ﬁm%@ﬁM%
@MrPMT%w GEM =Tl 7 ha=7 X, T:—&&ﬂmmm&immﬁ)/%wm%
IEEETHD I EEHER LT,

4 BT 25 APERERER

7Sl ENGIN-X B 1 R v F L—F T RIS AT A R EERH~Y R
L FHER D DA BT F OB BRI 21T o o, ERITFAT B RS TR
YERE SN I BB S 7z 22Cf LB 3 B4F(JRR-3) MUSASI R — Mz TfTo 7z, 2*CHRR
L BENEOEAR OO RE SN EHRERRE D 125 em MLEIZI T 2 BHHEFIISH
39 neutrons/s/cm’ Cé %, £7-. Figure 8 12 MUSASI AR— MIRT 5 FHETFE—ADT RV
F— R b EFRT, MUSASI "— b TiX, Pyrolytic Graphite #Ega %€/ 7 n A —F L
LTHOWTWASED, BOoPDZR VX —E—I 2 FTHE—LLRoTND, £/c, T
v R E EBRIC B\ Tk “Co #RIFE(100 pCi) 2 A Uiz, PMT HIMIFERE~1200 V,
GEM =L 7 hu=7 ABIHEIX ammvkbf%%%ﬁoto -

4.1 (EEE

K@m%fi%//?v—ﬁt&twit%ﬁ%énfﬁbﬁﬂm itﬁtwm#u

SREEL 72 B, Figure 9 iXRHZROAB 1 7 T2 X1 mmiZa Y A— b L7zHE+
EWA&%%LK%®ﬁmmaMmmmﬁ~bmfwﬁnEW?wﬁ%<%ﬁbrmé:
ENIND, ThEh, ARHBROa—F 4 VIIRELITbR TS Z L 2R TH L
Lz, B BABIOBEERN T 0 A b—27 B ARHED 3 mm O ESMHEEL AT
5T L EHER L,

4.2 Ho~iRRE ,

AMR DN < MR EERIE % CCo BB Z A L TiTo7, “Co i1 FEdY 117
MeV & 1.33 MeV O < e 4+ 5, RHBREDD 60 om (LB “Co MITERRE L
BRI L DR ERHR L=, FHRRICIIFERREC L2 I 7T FhY
v R BET), EHBMAEART U~ CEHAIZ LIV T v RERELZRRH LA
1tﬁt»&t@$ﬁ5xm(mmwmmmf%bmmﬁ)/%w@m%ki&ﬂ#f%
HTLEMER LT,
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43 TR

AU R IS RE Sz P°Cf PHEFIEZ O TSR 231 L7-, Figure 10 IZ
HIEMR 2T, MHBEEICELFHEOIZS DXL 6~7% (EHEREZ)TISIS Y UL
@%@&ﬁ&ﬁﬁgf&otoik\¢ﬁ%@ﬁ%$%%ﬁmi@%&bt&:%$ﬁ
64%@1.8A Tholz, ZOMEIT1 A #ET 3% TH Y, ISIS AV PO hte TRzl
DB 50%THDZEEBRTDH L. T HEERRNEBOPETREFITH2ERICH X
DBbDTHDLHZ LV D, TNDOFRRITFEFAFICEIVBE L FL—va
VHOIRERBRBLRRIFIATONTHWAEZ EERLTEY, Y F L—X RHEORE
B om LN I HICEETH D LB TN,

Figure 11 [Z USSR ORBRE R 27T, EBRIT JRR-3, MUSASI R— MZEWT
1TV, B —ABREEIE 2 Y A —ZHHIZ Disperser Z B Z WX o TR L, 2. AN
FHEFER OB *He SR TIT o7, ARBRCERT D Z LN TELH 3X10° ¢ps £°C
DB CHBEREEZH L TNDZ L 2R L,

ui\ﬁ%ﬁ%ﬁ%lﬁx//%V—Va/¢@%ﬁﬁ#®ﬁ?ﬁﬁﬁ%%T®hz fal=3
L DTRT,

5. WERmB LS B ORE

Fox IR TINERRFHEIC BT 2 PHETEELERIE . 8BRS HEIT-OBhRE
PrEsk o nE T RtER & LT, %l?$7¢—F7/7w%yﬁ%ﬁ®mmﬂ
JVAHFMETIRICERE STV 5 ENGIN-X EEABREISEFEED 1| Koy vrFlL—vay
HiE iR ER 2 RAE L2 D EE ﬂﬁ%%%ﬁoto%@F%\ﬁﬁbk¢ﬁ%ﬁ&%yx
T APBENORIFICEMET 52 L 2R L. BEISRLICHETFEITEERO 1 R
FTFL— g RFREBOEELLOREBE LA B, 5%, RESES L IC—1E
YD S BRBWEITS & & bICHMBHRITER~D A > X b — %2 &SI 7= R e
SRR AT DOKHEALEIT), Fho, BITRHBIZR L TREY VF L—FR0T D F )1
FRBR C el LIRHSRAMREOIORIMEEF AT I v I LU POREEZRY
J-PARC @ IMW ZNV/S0 —BENZ b+ 0% s TE 5 L O MHIBIOBBEEZED TS,

EIaE

ARBRIL B AR A R R R E BRSO EEER, REF V74— T v
IV b R ORRMER I N =T DER WA EZTTbRIL, T ICEHOBER LI,

e Z PN

1) ISIS ENGIN-X: available from <http:/www.isis.rl.ac.uk/Engineering/> :

2) N.J. Rhodes, et al. : “Current Status and future directions of position sensitive neutron detectors
at ISIS”, Nucl. Instrum. Methods Phys. Res. A 529, 243 (2004)

3) E. M. Shooneveld, et al ; “A new neutron sensitive scintillation detector for ENGIN-X”, ICANS-
XVI, 16th Meeting of the International Collaboration on Advanced Neutron Sources, 455 (2003)
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4) S. Sato, et al: “Development of readout system for neutron scintillation detector”, KEK Report
-2003-8 '
5) SRR ; B AR /1245 2006 4EF K02, K U* 2006 FFFK D K2 E38
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Fig. 1: Image view of Engineering Diffractometer at J-PARC

Photo. 1: The south bank of the ENGIN-X detector array 2
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Table 1: Specifications of neutron detectors for ENGIN-X”

Number of detector modules 10
Geometry of single detector module 196 mm * 744 mm
Linear position resolution 3 mm
Number of elements / detector module 240
Neutron detection efficiency > 50% at 1A
Gamma sensitivity (1.3 MeV) <10
Intrinsic detector background <12 c/hr/element
Pulse pair resolution 10 ps
Neutron detection stability <1%
PMT PMT
Detector head
GEM electronics
Decoder/ DAE
L’ PC

Fig. 2: Schematics of the ENGIN-X type scintillation detector
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Photo 2: Japanese ENGIN-X type scintillation detector. Main Parts of the detector

system, detector head and PMTs, are shown only.

a) ISIS photomultiplier base

B S R  —

' b) JAEA photomulti
IWMMMM e

S somVidiv.
25nsldiv.

Fig. 3: Single photon signal measured through photomultiplier base

circuit made by a) ISIS and b) JAEA.
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Fie. 4: Neutron counts as a function of high tension on photomultivlier tube.
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Fig. 5: Neutron counts measured by ISIS and by JAEA system as a
function of threshold voltage of GEM electronics.
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Fig. 6: Neutron counts measured by 27 ch linear scintillation detector.
Scattered neutrons by a plastic sample was measured by detectors
placed at the 90 degree position.
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Fig. 7: Time of flight spectra of Ni sample measured at ROTAX port at ISIS. The distance from the
sample to detector was 50 cm and scattering angle covered by was 89.9-90.2 degree.
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Fig. 8: Neutron wave-lengths measured after a pyrolytic graphite
monochrometer at MUSASI port at JRR-3. Neutron counts are not
corrected by the detection efficiency of the counter.
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Fig. 9: Spatial response of the Japanese ENGIN-X type linear detector
measured at MUSASI port at JRR-3 reactor. Incident neutrons (for

spectra see figure 7) has a size of 2 x 1 mm?2.



JAEA-Research 2007-014

16000

14000
12000
10000
8000
6000
4000
2000

Counts

0 20 A0 60 a0 100 120
Channel

Fig. . 10: Count uniformity of Japanese ENGIN-X type scintillation detector.
Thermalized neutrons from 252Cf were measured by the detector at the distance of 125
cm from the source.
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Fig. 11: Neutron count linearity of Japanese ENGIN-X type scintillation
detector. Measured counts by the scintillation detector were plotted to those by

3He tube for calibration.
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Table 2: Detector specifications of Japanese ENGIN-X type linear detector
(*) : not yet evaluated )

Number of detector modules 1

Geometry of single detector module 196 mm * 744 mm
Linear position resolution 3 mm

Number of elements / detector module 240 (120 installed)
Neutron detection efficiency 64% at 1.8A
Gamma sensitivity (1.3 MeV) 5x 107

Intrinsic detector background - )
Pulse pair resolution <10 ps.

Neutron detection stability - D)
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