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10° 10% 107 10° 10° 10* 103 102 10" 1
Neutron Energy / MeV

1 ASFERSF () CLAL AT 4902503 % b
Fig.1 Contrast of detection efficiency of °Lil/™Lil of
different sizes.

R 1 gy 7B T T R A b AR AR
O IRCR B, 4 T TR SRR LAl AR R
SR LAl S B4 TLAL A R BRI L, AT RA
A RN LAl SR 0 3 b TR R AT AR R

#1 MCNP5 & GEANT4 #EHEYIR M BE 352 (%)
Table 1 Simulation of the detector efficiency by MCNP5

0.2

m]
Vol e

10t 10?

and GEANT4 (%).
R J5H Crystal type SLil S 51 51 |
SLi &8 96 7.6 0.01
Content of °Li
Li & 4 924  99.99
Content of "Li
AT RR ndec MCNP5 9892 69.99 141

Efficiency of thermal
neutron 7ec

GEANT4 98 65 1.44

B2t A MCNP5 055  0.05  0.00
PES Mdec
Efficiency of 22Cf GEANT4 048  0.04  0.00

fission neutron 7dec

2 RNHERPTFHERZE

FIREAS AU B F IR BOR gee, SLFR b
H PRI B8 ORI B TR SR B i e LA
B R CRAE, DR LRI 38 ) S PR AR B 1%
N e emr s B IR O HL A% 3 B (Photo
Multiplier Tube, PMT) ) 4% #3031 HL 27 R B3R
ST ASE AR, PMT FH 2, G0 X AR
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ZIEILT . T IRINASTE SN HE R FLIE H 1Ak
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HFERINES o I AR A LR 2(b).
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300
(a) === Lil 5 cm Brick 5 mm Hole
250 e S il 5 cm Brick No Hole
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N \_. ~ 2 1501
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B2 BRI E A R () Al & R #oh -7 il% (b)

Fig.2 Detector layout (a) and thermal neutron spectrum (b).

R2 APTFEIBENMRIBENFEREYUER
Table 2 Results of efficiency simulation after thermal neutrons penetration through lead bricks and polyethylene.

BLAPL 264 Simulated conditions P S Es
Thermal neutron penetration rate
50 mm £ CH L) +40 mm K 2J6 0.004 3
Lead brick with thickness of 50 mm (with hole) and polyethylene with thickness of 40 mm
50 mm #f (AL +40 mm K 206 0.004 3
Lead brick with thickness of 50 mm (without hole) and polyethylene with thickness of 40 mm
40 mm 5 Z.#% Polyethylene with thickness of 40 mm 0.018
50 mm #% (JfL) Lead brick with thickness of 50 mm (no hole) 0.16
50 mm &% (45 L) Lead brick with thickness of 50 mm (with hole) 0.16
¥ N U AL YL UEAS: 9] 0.0189

Contribution from background neutron (considering surrounding environment)

£3 LMLl AR TSR R LI A
Table 3 Efficiency calibration values of ®Lil/™Lil thermal neutron detectors.

DA W) CLiD W& LIl e b iR AC L BRI LI SR

Measurement Measuring T 4% TR b B Py

conditions time /s Measured  Measured  Neutron Detection Detection
countrate  countrate  countrate  efficiency efficiency
of SLil of ™Lil /ns! of SLil / %  of ™Lil
/s /ns! /%

50 mm % 5 mm fL 206 4209x10°  — 4.265x10°  98.7 —

Lead brick with thickness of 50 mm, with

a diameter of 5 mm center hole

50 mm % 5 mm fL 100 421x10°  3.30x10°  4.265x<10°  98.8 77.4
Lead brick with thickness of 50 mm, with

a diameter of 5 mm center hole

50 mm RS/ L 200 377100 — 4260x10°  88.5 —
Lead brick with thickness of 50 mm, no hole

50 mm #7% TE /L 100 3.75x10°  2.98x10°  4.260x10°  88.2 70.0
Lead brick with thickness of 50 mm, no hole

JCHBAES, P O0mm  No brick pos 0 mm 100 1.49x10*  1256x10"°  1.789x10"  83.6 70.2
TCASPHAY, PH 50 mm  No brick pos 50 mm 100 1.48x10*  1.118x10*  1.789x10* 833 62.5
TCASPHY, B 150 mm No brick pos 150 mm 100 1.48x10* — 1.789x10*  83.3 —
SEH3FAE Average efficiency — — — — 89.2 70.0

E: HAEEE 0mm. 50 mm FT 150 mm BRI 25 BT 2R 02 B A FLE i 10 B S

Note: Distances of 0 mm, 50 mm and 150 mm, are the distances from the front surface of the detector to the outlet of plume channel.

040201-3



o R

2014, 37(4): 040201

MBI T4 K S 20 P 45 BB 3 4548 Ll
s B B A PRI R, Hrh e 4 CLi
Lil §54A AT LLIE B2 90% KRR, T RARFFE Lil
g A R BRI Ik B 20 70%; iR
ROREME O FE IR BT AR S P 7 ik 5 ) LA
BB 2

AP FEEIE 50 mm HYERL FIE R LN 16.5%,
M5 E 40 mm =% FE R ZIR I FERN 1.79%, H
R ER CIFERB RSO SR L S T — N RS
FeAT, BRI B4 B B, YRS 461 T 1 LT
S R ER I AR E L PR T, MR ER LG
181k 5 R FRCR ER T T A

PRI E A 50 mm JEEEA FLAI AL
() 283 R — 8, T S PR A I B HeR B (B 2 A
£ 2), EHME RS 10% 25, XKRHE
TR 5 mm NFLA XS P FLIE AR 3.5 em I EL
E/NTFSEBRI RS B, B 3 225, e
SRR 38 58RI 8%—10% 118D

OLi %18 P A IR TR A, S S =i e iy
KT o 5 t, nt’Lioot+t+4.786 MeV, 1
5 9.40x10 2 em?, T "Li #rb 17 3K T £ b Rt
KPR R . RARMAL AR SR BA 0% 1 5
REIk BRI AR PR IR

FARFFE LAT i B B AT 2 s () 04 o 1400 2
F, WMRLIRRERE Ll AR AR5
FoR BB E 4 Ll SRS TLi sk, 25 1R
KHIARZE, R SR A 0 A 0 74 2 1),
K RARFEFE LT SR AN R Puist B A 2 A
ISR FH TR A P (1 AT A

3 5iE

FIF] MCNP5 [ GEANT4 &7 HE 5 7
SLA/™LAT FRI2% f ik R~ SR~ R Fg
BUSE IRER: AH B etEi e PMT HUREHKM
s OLATL SR P R AR L1 98%, ™'Lil 414
65% ‘HEEM OLAT HR I 3 AT B 98 1R I it B v
FHEIR R, B R EART PRI 2o sz s AH R
IERENS N =Y A E Ay e 5i by N = e 1 ==
KR EE Li MRRFER LI SR N
40 mmx10mm, ZiF A FRIEE, PRI R
REIE BB RCRIE, ZREY . 54 Ll
TR SZBREFN 90%LL E, ™Lil ZERZ) 70%LA
e, SEEGI R e N HE B E R R, mRCRAR
aITHECREE S, T BRI SRR ], 3R
TIASA KR 7RISR OImigth, Boss
o, BHERARR R ER, (HAX SRR AL

RZNEAEBRIATENS, SO HERAHE 2%
5ok B T A U -

RPN

1 Lee H Y, Taddeucci T N, Haight R C, et al. Li-glass
detector response study with a >>*Cf source for low-energy
prompt fission neutrons[J]. Nuclear Instruments and
Methods in Physics Research A, 2013, 703: 213-219

2 Smith F P, Lewin D J. Dark matter detection[J]. Physics
Reports, 2002, 187(5): 203—-280

3 Ryzhikov V, Nagornaya L, Volkov V, et al. Thermal
neutron detectors based on complex oxide crystals[J].
Nuclear Instruments and Methods in Physics Research A,
2002, 486: 156—159

4 Booth T E, Goorley J T, Sood A, et al. MCNPS5 users
guide[R]. http://www.lanl.gov/index.php, 2003

5 Agostinelli S, Allision J, Amako K, et al. Geantd4-a
simulation toolkit[J]. Nuclear Instruments and Methods in
Physics Research A, 2003, 506: 250—-303

6 JRHl, MhEST, IR, S yIRICRER IR B TR
MUY Geantd B[], BT RERLFEHAR, 2009,
43(10): 946-950
SU Ming, ZHONG Qiping, ZHENG Yulai, et al. Geant4
simulation of neutron beam monitor in gamma-ray total
absorption facility[J]. Atomic Energy Science and
Technology, 2009, 43(10): 946—950

7 SKAEVEE, BUEER, B, S BRI TR
MRMZIET). RS, 2013, 30(2): 156-160
ZHANG Qiwei, HE Guozhu, RUAN Xichao, et al.
Calibration of neutron detection efficiency of Li-glass
detector[J]. Nuclear Physics Review, 2013, 30(2):
156—160

8 XINHE, FKER, FZfh, %5 He IEHTHEEHRIIZCE
R RBUEZI B[], B4R, 2012, 35(3): 175178
LIU Yingdu, ZHANG Guogiang, WANG Hongwei, et al.
Simulation of detection efficiency for a *He proportional
counter and its sensitivity calibration[J]. Nuclear
Techniques, 2012, 35(3): 175178

9  Mares V, Schraube H. Evaluation of the response matrix
of a Bonner sphere spectrometer with Lil detector from
thermal energy to 100 MeV[J]. Nuclear Instruments and
Methods in Physics Research A, 1994, 337: 461-473

10 Pelch, SR, SR °Li A1 LIl ORI N BRI v b
AN R h TR )] R T IRIEOR, 1998,
18(3): 182—186
JI Changsong, ZHANG Shulan, ZHANG Shuheng.

040201-4



FE JRAE LA™ LAT DR A R0 28 20 (AL 5 2 ST 360 )
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Detection efficiency simulation and measurement of °Lil/"™Lil scintillation detector

DU Long'? CHANG Le'” WANG Yuting'? ZHANG Song'* CAO Xiguang'* WANG Hongwei'**
ZHANG Guogiang"* ZHONG Chen"* LI Chen'*
1(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus, Shanghai 201800, China)
2(University of Chinese Academy of Sciences, Beijing 100049, China)
3(Henan Normal University, Academy of Physics and Electronic Engineering, Xinxiang 453007, China)

4(Key Laboratory of Nuclear Radiation and Nuclear Energy Technology, Chinese Academy of Sciences, Shanghai 201800, China)

Abstracts Background: Being of very high detection efficiency and small size, Lithium iodide (Lil) scintillator
detector is used extensively in neutron measurement and environmental monitoring. Purpose: Using thermal reactor,
neutron detectors will be tested and calibrated. And a new neutron detector device will be designed and studied.
Methods: The relationship between the size and detection efficiency of the thermal neutron detector *Lil/™Lil was
studied using Monte Carlo code GEANT4 and MCNPS5 package, and the thermal neutron efficiency of detector was
calibrated by reactor neutrons. Results: The theoretical simulation shows that the thermal neutron detection efficiency
of detector of 10-mm thickness is relatively high, the enriched °Lil is up to 98% and the nature "Lil 65%. The
thermal neutron efficiency of detector is calibrated by reactor thermal neutrons. Considering the neutron scattering by
the lead brick, high density polythene and environment neutron contribution, the detection efficiency of °Lil detector
is about 90% and "™Lil detector 70%. Conclusion: The detector efficiency can reach the efficiency value of
theoretical calculations.

Key words Monte Carlo, Scintillation detector, Thermal reactor, Efficiency
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