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Fig. 1. (a) The schematic diagram of the multipurpose reflectometer; (b) the high pressure MWPCs neutron

detector.
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Table 1. The requirements of the 2D position resolu-

tion neutron detector.
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Table 2. The deformation and the less than 0.1 degrees of thermal neutrons transmittance for 7075 aluminum

alloy at 8.5 bar pressure.
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Fig. 2. The detection efficiency as a function of the

pressure of 3He (gas thickness =15 mm).
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Fig. 3. (a) The absolute pressure and temperature as
a function of the record time; (b) the relative pressure

as a function of the record time.
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Table 3. The range and the ionization center of gravity of

573 keV proton and 191 keV triton at latm stopping gas.

Stopping Proton Triton COG of proton-triton
gas range/mm range/mm pair/mm

CszHg 4.23 1.000 1.773
CFy4 4.12 1.620 1.533
Cy4Hio 3.23 0.774 1.356
CsFg 1.85 0.709 0.695
CoHyFo 4.14 1.23 1.652
CO2 6.98 2.190 2.762
Ar 11.6 2.990 4.807
Xe 6.24 1.610 2.552
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(b) the range, the COG and the position resolution

for neutron as a function of the pressure of propane.
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Fig. 5. (a) The structure schematic of the MWPCs

detector; (b) the position resolution for X-rays.
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WA A E R R EBEAFERA T, R
A 3ok 8 25 R0 B B)) ARG B0 ) B RE SR, an ] 6 () P
AN, RIS R AR A O TR R — AN B AN IR
FETE 758 2 28 N WSS KRS A ML 24 i S
AL RSO R P A —Fh o2 F T IR
1) “Ridox” M8k, & F 2 H 99% PA AL ERFI /b
T 1% B 8 3 4h— T TR BUE T
TR 2RI 2% ot = A4 1) 43 -9, 3% FH AR 40
TFIGFLEAR NS A, 4T il G 5] ik E
BN 3 A BRI ST BRI EE TAE SR ket
J& T NS> 1, TR A 20 7 IR R SCRIRE
T, AT R IR U RE D R R ROR B OR R, R AE
LR G TAERE, DREFPREEIR R AN £5 °C,
A58 3t Y08 25 55 TR ) W SR R T80k B ST, “Ridox”
Aoy F- i SOR L AT AT BE B, J8IE AR 200 °C %A
TN 95% Ar+5%Ho TR JEOR SO K W)
JAAR. FLESR AE R AR AE U 26 A T SRS R
NIRRT JE AR 2 RIIE IR, SRR R,
2 B X B R Y S A T SO Al
RN E R B A A . FRREARE I A SR B
AR R B IR B Al gk B bR RSN, W SUE R
PRBN, MM AR P SUE N IR AUE, TR S
P SUE ) L) IR [ R AR 8 P AR L )
TEIR TSN, fJa ik BRI SR GG H (1. HL R
RV R I RS AE TR SUE IR BN ™ AL 1) R & g
BATIF R . (4) KON TR S8 3R 3l 7= A2 1) i
KIEZ AT, A Prax M1 Py 73 5 9 8UE k30
A R B K 22 AN U R AR S, Vo 1V 43

i BUE W IE AR R AR ) OB AR AR R H
TR A 5 Al kB 2 TR B — AN 2%, BT DA R AR T
X ARk H W 5| D7 PR g e () R B A R, Rt
LR B Al gk B 5 P SUE LIRS ZE, A BRTEA IR
W51 ) R A3 2 K SUE SRR, 8 R TE
JE AR AR, 15 2010 1 H R I SRR
62 Hz, HLYFHE A 24 V. & B9 S0 PR IE, AT
DA B Y 7E 5 A0 8.5 bar TAESE N, BSUE R
BN A B KR 2243 08 0.15 bar f11.1 bar. KA
) B 1) 1 T ) T 13 0.03—0.21 bar. BT H K4
PR (0SSR, F R 2R R B Bl S ARG PR I B,
SARREIAF] 2 L/min. M TAESE 4042
8.5 bar, WSUE RSN T =L KI R Z, FIHEZR
Sy T 5 ) [ IR B S AR Bl PRSI AR AR L)
Jy4 L, B K20 75 5 2 min A7 KR 38 S AR AL
— .

APmax:%PO/(‘/E)+‘/1)' (4)

bR A R (R R N Z S URE AR 1) =1 (R 32 1
s AR, AT IS AERI ] AR R BRI, PRI A
BEIX H IR E 34003600 V 2 (7], I & 1% & JE X [A]
R T RETE, Hhi b T RE g A AR 1k, BT 15 2
PRI AR SR 2 AR O (AR 25 T AR
AT, RN A% (R A 338 25 A 1 0 2 45 SR
B 7 s, W LLE H, TAESAESEE, S
(R R AR 18 25 7 3500 V i EAL, $R5E T 4127%.
E BB ] 0 AR AL R T A Ak 2 R 2% R A4

072901-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 072901

180 E_ —— With purification
160 |-
140
120 |
100 F
80 F

—— Without purification
60 F
40 F

/

ob
3350 3400 3450 3500 3550 3600 3650
Anode high voltage/V

Relative gain

7 LR G AR S PRI A S A 2 0 I 5 SR
Fig. 7. The relative gain as a function of the anode
high voltage with and without purification of the work-

ing gases.
3 A1 AR

SEEG AR B2C TR, £ R O mtg iR,
HENTRIUES. 15 20 D0 SR I 25 00 1 BO0F DX Rff s )
A AR ] I 28 B B v S —1800 V,
BH A% #51  A 29003650 V328 31 3 184 00 5 R 3000 28 )
BRSSPI N 3650 V, 0038 LS S
K, 8 HH T E R VG L T kT KB

—~
®
Naig

30

Counts/103
— [ [
a S &

=
fe=}

-
-

-

PPN Rl MR | |

2800 3000 3200 3400 3600

Anode voltage/V

0
2600

Counts

S ARIPERMNE5 (1) 22 4, AT Ak SR 38 I PH AR =y . DU
AR 8 (a) s, PRI (1) BH AR PR X L A
3400—3600 V. Al 1 £EERM 2% 1 PE X HL e, BH AR
3500 V, A —1800 V, J&E it il & 5N B AR Z 1 s
JEN AR BRI RERE S, BS(b) N
TR B AR 2 A RS A B B AR, AT
ZRANRAG T HITI, BB 1 SR H Ay £ 2 1
Tob A A TE ) AT ) R O O T AN IR AR, 4
AR T ENBHER T, 4 RINBI IR Z 1) &
SRR AT L BT S PR I oy AR R A 2 T R U
RS, B8 (b) W& R ReRE b~ KT =, B
Ty SRTERRI AR DU I RE A —FF, 182
AT DABA R X 73 P R RE R U, 1T 150 £C A4 AL
B, Hor Ay fygesr b a7e 5 UL b, T RIS 4R
M EA B S n/y oFae /. s 7R PG
RS 7= A 1 ST LT 20249 9 30000 4, B
AR 2 WSO P J 7 HEL A 240 A SR AT) H T 5 3 S T
Fr R 1/2. PRI BLTHSR 150 £C [ 7 U xf
LRI 5 (1) AR 5 2009 62, PRI #5375 a0 AR 1
SRR, AR TR IAAS E I TAE.

hl

800 f- (b) 20527

176.2
91.69

Entries
Mean
RMS

700

600

500

400

300

200

100

100 150 200 250 300

Charge/fC

350 400 450

8 WM HUT L (a) FIrh TREWG M (b)
Fig. 8. The curve of the high pressure MWPCs neutron detector (a) and neutron spectrum (b).

200 mm

(b)

Y/mm

X/mm

9 CH” FRHOHIR (a) PRI — 4R IZ (b)
Fig. 9. A cadmium plate with a hole of the character “H” (a) and the two dimension image (b).

072901-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 67, No. 7 (2018) 072901

LI R AE — AN E 9 (a) BT AR IR, IR
(R JE 9 4 mm. HRARBCE 7E BRI 28 N 5 5 T ik
1T ZAE AGIR, PR IR A 5 vy AR A, T
H IR R PRI, HE 2 A AR 4 T 8 (b) RE T 1
TR EE R ¥ B A2 2 8N H 7 21K T 100 £C 1)
HG G BR, 2bky BTG R, &L
10 h i BAZ MR 25 SR an P 9 (b)), 15 H 3550 i )8 1)
“H” 7R, RN 252Cfp IR B AL G, B A7
TERERTE 0.3—0.5 eV 2 LR Z 4R L7, ik
X IR e o - (R W TG, B r 4t R g
G A2 T — NP, BORBUR A, DL 4R
R B2 Xof A 548 B (1) 252 Cf v - R AT o LU &, B
DA FH 1 252 COf 55 3 HE A 00 HE 3000 88 6T - (1) o7 B

4 % B

JE 0T R 8 A [ R R R NS TR R AL
THEL 9 mm BN & i, AT 2 7E 8.5 bar X
JE 2% /N F 0.3 mm ({48 2 &, 8] I A5 2
90.26% I # b 1A 28007 5 8 AR 0 45 22 5% B
PRI 28 3 SR R B M, 10 SR/ SR &
214 1.7 bar, K6 bar B4 3He AR 1] il 4K
TZSAEIBAT I 8] N 54%—67.5% 4= THI B 3R 35 2
RELR . I X8 X BRI #% AT W &, SRR AL
BO#280.235 mm; T 5 3He %N AR R
R, 1£ 2.5 bar P KT BH SR &4 R =4
(P4 B 25 2078 1.37 mm; [R LRI 88 X6F o -1 (1 47
BO#nlik s 1.4 mm. BRI SARESE R
Gl A5 R 2R BR A AK SR LR SRS B
HL P 4 0T UM, B R 28 20 27% ISR B, AR
TESR I 28K WA 52 38 47, fd ) 252Cf dh 7 Y56 4
BIATYDE M RER AR TP S AR y SR
MIIRE A —FE, P TR y S LI AL LLAE 5
5L B, A RIAR R y S 2 AE R I B AR 25 2 B
(X 735 X AR ) AR B b, SRAS AR I 28 %5 b IR
()35 5] e B AR . B = AU SHe S8 MWPCs
PRI 2316 2 2 ThRE ST A Re LR, HF CAEH
i b IR 2 e A, HERICIE. T —2B
FEAE H [ B0 b 7 Y5 AR S 56 ) 1 N 58 E R DU
AT T IR R RN B 5y Pk

S

(1]

(2]

(6]

072901-8

Zhang L'Y, Jing H'T, Tang J Y, Li Q, Ruan X C, Ren J,
Ning C J, Yu Y J, Tan Z X, Wang P C, He Y C, Wang
X Q 2018 Appl Radiat Isotopes 132 212

Chen J, Kang L, Lu H L, Luo P, Wang F W, He L H
2017 Physica B (accepted)

Shen F, Liang T R, Yin W, Yu Q Z, Zuo T S, Yao Z E,
Zhu T, Liang T J 2014 Acta Phys. Sin. 63 152801 (in
Chinese) [TLK, B, B, TaZ, ZRMHk, iER, &
W, BRGF 2014 YHE IR 63 152801]

Yu Q Z, Yin W, Liang T J 2011 Acta Phys. Sin. 60
052501 (in Chinese) [T422, B3, BRYF 2011 WYBLEAR
60 052501]

Huang C Q, Chen B, Li X X, Syromyatnikov V G, Ple-
shanov N K 2008 Acta Phys. Sin. 57 364 (in Chinese)
[BEEHE, MRk, ¥ 5, Syromyatnikov V G, Pleshanov N
K 2008 PB4k 57 364]

Li T F, Chen D F, Wang H L, Sun K, Liu Y T 2009
Acta Phys. Sin. 58 7993 (in Chinese) [ZRE, MAE K,
THEST, PNIL, XIZEHE 2009 #EE R 58 7993]
Kampmann R, Marmotti M, Haese-Seiller M,
Kudryashov V 2004 Physica B 350 e845

Mattauch S, Toffe A, Lott D, Menelle A, Ott F, Medic Z
2016 J. Phys.: Conf. Ser. 711 012009

Avdeev M V, Bodnarchuk V I, Lauter-Pasyuk V V,
Lauter H, Aksenov V L, Yaradaikin S P, Ulyanov V
A, Trounov V A, Kalinin S I 2010 J. Phys.: Conf. Ser.
251 012060

Orban J, Cser L, Rosta L, Torok G, Nagy A 2011 NIMA
632 124

Eijk C W 2002 NIMA 477 383

BoieJ R A, Fischer, Inagaki Y, Merritt F C, Okuno H,
Radeka V 1982 NIM 200 533

Radeka V, Schaknowski N A, Smith G C, Yu B 1998
NIMA 419 642

Fried J, Harder J A, Mahler G J, Makowiecki D S, Mead
J A, Radeka V, Schaknowski N A, Smith G C, Yu B 2002
NIMA 478 415

S R IM, Ziegler J F, http://www.srim.org/[2017-12-8]
Doumas A, Smith G C 2012 NIMA 675 8

Desai S S, Desai A M 2006 NIMA 557 607

Wen Z W, Qi HR, Wang Y F, Sun Z J, Zhang Y L,
Wang HY, Zhang J, Ouyang Q, Chen Y B, Li Y H 2017
Acta Phys. Sin. 66 072901 (in Chinese) [#:£3C, FE#E%,
FEHR, INEF, KR, Bz, R, BRI, Broom, %
E4L 2017 YEAAR 66 072901

Abuhoza A, Schmidt H R, Biswas S, Frankenfeld U,
Hehner J, Schmidt C J 2013 NIMA 718 400

Bouclier R, Capeans M, Garabatos C, Sauli F, Silander
F 1994 NIMA 350 464

Garfield, Veenhof R, http://garfield.web.cern.ch/garfield/
[2017-12-8)]

Niebuhr C 2006 NIMA 566 118

Kadyk J A 1991 NIMA 300 436


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.apradiso.2017.11.013
http://dx.doi.org/10.7498/aps.63.152801
http://dx.doi.org/10.7498/aps.60.052501
http://dx.doi.org/10.7498/aps.60.052501
http://dx.doi.org/10.7498/aps.57.364
http://dx.doi.org/10.7498/aps.58.7993
http://dx.doi.org/10.7498/aps.58.7993
http://dx.doi.org/10.1016/j.physb.2004.03.219
http://dx.doi.org/10.1088/1742-6596/711/1/012009
http://dx.doi.org/10.1088/1742-6596/251/1/012060
http://dx.doi.org/10.1088/1742-6596/251/1/012060
http://dx.doi.org/10.1016/j.nima.2010.12.035
http://dx.doi.org/10.1016/j.nima.2010.12.035
http://dx.doi.org/10.1016/S0168-9002(01)01836-8
http://dx.doi.org/10.1016/S0168-9002(98)00844-4
http://dx.doi.org/10.1016/S0168-9002(98)00844-4
http://dx.doi.org/10.1016/S0168-9002(01)01787-9
http://dx.doi.org/10.1016/S0168-9002(01)01787-9
http://dx.doi.org/10.1016/j.nima.2012.01.035
http://dx.doi.org/10.1016/j.nima.2005.11.182
http://dx.doi.org/10.7498/aps.66.072901
http://dx.doi.org/10.7498/aps.66.072901
http://dx.doi.org/10.1016/0168-9002(94)91245-9
http://dx.doi.org/10.1016/j.nima.2006.05.130
http://dx.doi.org/10.1016/0168-9002(91)90381-Y

32 % R Acta Phys. Sin. Vol. 67, No. 7 (2018) 072901

Development of high-pressure multi-wire proportional
chamber neutron detector for the China Spallation
Neutron Source multipurpose reflectometer”

Wen Zhi-WenY?®) Qi Hui-Rong?®! Zhang Yu-LianV?? Wang Hai-Yun???
Liu Ling"?3%  Wang Yan-Feng®® Zhang Jian®® Li Yu-Hong" Sun Zhi-Jia??)

1) (School of Nuclear Science and Technology, University of Lanzhou, Lanzhou 730000 China)
2) (State Key Laboratory of Particle Detection and Electronics, Beijing 100049, China)
3) (Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)
4) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 8 December 2017; revised manuscript received 19 January 2018 )

Abstract

As a multipurpose reflectometer device, the two-dimensional (2D) position resolution neutron detector with a
200 mm x 200 mm effective area is developed for China Spallation Neutron Source (CSNS) in Dongguang, China. Due
to the requirements for the specific parameters of the multipurpose reflectometer, it should be designed to have a more
than 50% (@2 A) detection efficiency, better than 2 mm position resolution and 3 times n/y resolution ability during
the whole operation period of 10 years. The high pressure multi-wire proportional chamber (MWPC) neutron detector
filling 3He gas is used as a key detector. Some simulation results and the experimental results show that the optimized
thickness of the neutron entrance window should be 9 mm with using the 7075 aluminum alloy, the high pressure chamber
should be sealed by the aluminous ring and a gas mixture should be filled with 6 bar *He+2.5 bar C3Hg. The assembled
detector can achieve a more than 54% (@2 A) detection efficiency in the normal operation.

With the 100 pm wide collimator slit, the position resolution for X-rays is about 0.235 mm. Therefore, the position
resolution for neutron is about 1.4 mm when 2.5 bar propane is used as the stopping gas for proton and triton. In
the chamber, the water vapor, the oxygen and the organic impurity gases will reduce the gas gain, cause the detector
electrodes to break down and the detector to speed up aging. To solve the outgassing effect of the detector components
and keep the stable operation, the recycled device is designed to have the purification function for the working gases. It
could purify the working gas at a flow rate of 2 L/min to remove the oxygen, the water vapor and the organic impurity
gases. The detector gain increases about 27% with the purification function. Finally, the n/y resolution and 2D imaging
ability of the detector are tested with the ?2Cf neutron source in Institute of High Energy Physics, Chinese Academy
of Sciences, the peak ratio of neutron to gamma is obtained to be above 5 from the energy spectra and the detecor has
good 2D imaging ability. The performance of the high-pressure MWPC neutron detector could meet the requirements

for the multipurpose reflectometer, and the detector will be mounted in the CSNS in this year.

Keywords: multi-wire proportional chamber, detection efficiency, position resolution, n/y resolution
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