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Abstract

With the development of science and technology, neutron detection plays an
increasingly important role in many fields, such as national defense security,
medical imaging and aerospace. Gas detector is a commonly used neutron
detector. It takes gas as the working medium and produces electrical signal by
ionization effect of incident particles. In recent years, as the expensive price of
*He gas detector, and environmental hazard of BF; gas detector, the bo-
ron-lined ionization chamber, which is developed to replace BF; gas detector,
has been widely used. The structure size, thickness of boron lining and the
composition of working gas greatly influence the sensitivity of the bo-
ron-lined ionization chamber, while the sensitivity is one of the important
indicators to evaluate its application site and decide the choice of subsequent
electronic analysis equipment. In this paper, Monte Carlo simulation soft-
ware, Geant4, is used to study the variation of thermal neutron sensitivity of
boron-lined ionization chamber under different technical parameters (detec-
tor structure size, boron lining thickness, composition of working gas), which
provides reference for the structure design of boron-lined ionization cham-
ber.
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YBin— "Li+a+2.792 MeV
YB+n— Li" +a+2.310 MeV (1.1)
Li" = "Li+ y +0.478 MeV

Hodr, 1B 2Bk 7L BN & 6.1%, AR RO A LI O (5 93.9%, KA Lit
AraE, BN L, ISt

3. RISEERN S RBUE R RFETHH

%] GEANT4 Bl IRl e = B T rp Pk R EE N 13, YRt
N QGSP_BERT_HP, H1-7HEE N 0.0253 V. 7 MRS Hh 2 1f % ) [7) 1
Kb, FRRENPRF TN 1x 1050, B EFFERE ¢ N
¢=N/2HR (2-1)
Arb, NEANRTTEL HI9IR(EREAR) B R, R ONRIERIEAR . H
RIS ERREDR, KU RERE RSP B R b e &, nRER
T 0 R B

3.1. FTRIEHRTSHBEEZEREUE

Ziegler F5 N [STEM A TR I, X1 RN 0.47~0.88 mg/cm? IR
B, ALAREE AR . IRIEE 1 PR EARSEORE, S R
WIS 0.4, 0.5, 0.62 0.7, 0.8+ 0.9. 1.0 mg/cm?® N7 REBE, BEEDL
MUH)BE & X Ay 0~1800 keV (H Az rp 7 & & T #0 & 0 1F %
cps/n-em2s7Y) o AR R AR 2 PR

* 1. RMEBEESHFN

IE sk f55H% L% REX Ah5e 5
R~F/mm  R~FH/mm ok K¥E/mm R~/mm Bl

P43x1  ®37x1 6061 HiH4 450 ®50 % 1 TA2 4 atm He +

RAES

D43x1  D37x1 6061344 450  D50x 1 304 AEEHY 0-2atmN:
D63 %25 DP50x%x2.5 606l FHE4 450 80 x 1.5 TA2 2 atm He +

D63 x2.5 D50x2.5 6061444 450 D80 x 1.5 304 A4EHY 0-1atm No

2, BEARKRONIRTEE S, BN mg/em?s ARFR AN R G544 R ST 1)
RIMZE RGPS, AR A/(nem2s™)o BN T 2 RIS
JF @80 x 1.5 mm # K} TA2, REFIXAKSE 450 mm; 476 /~) ©80 x 1.5 mm,
L 304 ANEN, REFIXKSF 450mm; #FFER ) @50 x 1 mm, #kf TA2,
REIXKE 450 mm: A7 RSF ©50 x 1 mm, #EF 304 RBH, RBXKE
450 mm PRI ES o TR0 00 2 B AE 0.4 mg/em? I ) R AR e k. /] — RS
TRIMES, SR 304 NG R BUE LLAN T2 RN TA2 BRBIUE K.

TS Refwoly, #5200 EE R RDIR, w18 RBUE IR .

TE LA R BERUMATR 2 G DU T 5 AR5 R5F 50 x 1 mm, #1K} TA2

DOI: 10.4236/0alib.1109303

3 Open Access Library Journal


https://doi.org/10.4236/oalib.1109303

H. Li, R. Yang

AEHEMN, REIXKE 450 mm, S4E 4 atm He + 0.2 atm N,o 25 R 10K 3 fis.
5.50E-014

—— S5 ©80x1 Smmibt F TA2
—@— 4h55 15 ®80x1.5mmibt 304 4~ 5 44

5.00E-014 — A AR OB0x M HITA2 '\\‘

—¥— S E R T ®50x 1 mmibt K1 304 4° 66 1

4.50E-014 4 Q\:\
‘\v\

4.00E-014 S
3.50E-014 S \'§

3.00E-014 -
2.50E-014 -
2.00E-014 -
1.50E-014 4
1.00E-014 -
5.00E-015 -

0.00E+000 ¢4ttt
00 01 02 03 04 05 06 07 08 09 1.0

%90 )5 BF (mg/em?)
2. IWNBZ R ERERTEE T

BE (A/(n-ecm™-s™))

=

—— SR RST 050X ImmAA B TAZ CIE HBR A+ v BT + U = g U AD ‘
—@— SR RTO50x 1mmA BITA2 CRARZE RERTED

5.00E-013 /./L/L

4.50E-013

4.00E-013

3.50E-013 ] -/-/./
3.00E-013 ]

2.50E-013 ] '/

2.00E-013

1.50E-013

REE (A/(n-cm?-s"))

1.00E-013

5.00E-014

0.00E+000 +—— ; — : . .
03 04 05 06 07 08 09 10
%0 2 ¥ (mg/em?®)

3. BFNE RBE(N LR ENIN)MEAMERE T thsk

Bl 3 o, BEARKR O IRBIE BE, BAA74 mg/em?; AR PRI EE 1) R BB,
AN A/(neem s EI7 RO AN TEERRERDIIL L TR 2
BRI RE RIS OT ALt i o B AL SR I RE R D IRS BI M R . AR
LR Be B VTR, e RO BE R 05 B 1 KT 44

FE LA AU 2 BE VIR BEAT THEL: AhFe ) @80 x 1.5 mm, #4K}
TA2, REFIXKSE 450 mm, 4k 2 atm He + 0.1 atm N, 2501 4 Fior.

el 4 o, BEABKR A IRBIEBE, 074 mg/em?; AR PRI EE 1) R BB,
BAA Al(neem s, BT BEMAR A ERGEETR, L T IRIMEEZ
B REEDIAR . U7 40t il 2 B ALK SR I BE B D IRS BI M R . AR

DOI: 10.4236/0alib.1109303

4 Open Access Library Journal


https://doi.org/10.4236/oalib.1109303

H. Li, R. Yang

R R RIUBUR , b HEA R BRKTT . o F eh
BT R SE  NILEE ), T, LR S B R X 1], Tk
b i R

—— HhE R 080x1.5mmAF R TA2 (I e A0+ 22 it A+ e = i B TARD
—@— Sh5e T 080X 1.5mm A BITA2 (A EBEEYIFD

4.00E-013

3.50E-013

3.00E-013 -
2.50E-013 ./
2.00E-013

1.50E-013

1.00E-013

5.00E-014 - '\"\*ﬁ\ﬁ‘
— ; : ; :

0.00E+000 . I
03 04 05 06 07 08 09 1.0

%0 )5 (mg/em?®)
4. FNBERYE (N LR 2 MINMERTEETHihsk
3.2. AEITESER S REDTHRUFHREE

B ROT AR R LN AN AR U R 07, aR IS REUZ T
SRR . BB AR SRS IR 2 R

REBUE (A/(n-cm™-s™))

2. R EENSEERT

=

R:Y E5H& " REX Vi .
R~f/mm  R~H#/mm AR KE/mm R~/mm SRR

D43 x 1 D37 x 1 6061 HHE 4 450 D50 x 1 TA2

THRAE 3 Uk AR T, RIS A7 REE.

1% GEANT4 BRI B = & T i E R E 2 1, Vg
N QGSP_BERT_HP, Hi-fRER N 0.0253 eV. #RMZ SR @50 x 1 mm,
RN TA2, REIXKSE 450 mm. W MRS SR 1 & 7] [F) 14 R 5, BRTE
A AFHON 1 x 10° no BAUAF BIA RS AR RO T IIBERDTR, K
DURBEERR DI s e A iR &, AT BRI SR I RO, WA 5 s

5 1, BEARKR N SRR U s AR AN B SR Aoy SR AR
MZS 0 RESE, B Al(nem™2s7) o B B 4 50 5¢ RT @50 x 1 mm,
MR TA2, REIXKLEE 450 mm: WRIEEH 0.5 mg/cm? FIERII S R % bl
SRR AR e LB 25 RS @50 x 1 mm, A4k} TA2, R
X K E 450 mm; SRR A 0.8 mg/em? FIFR I % R B0 BE <A % 4 <R AR
e th &z . WRIIEEELE 0.5 mg/cm? B 1) R A5 LLIR AN R B2 0.8 mg/em? i) R

DOI: 10.4236/0alib.1109303

5 Open Access Library Journal


https://doi.org/10.4236/oalib.1109303

H. Li, R. Yang

BUE K. 3HAT 2 atm Ar BRI 25 1K) R B0 5K .
F#3. 8. SHERBEH

W SRS

4 atm He + 0.2 atm N>

4.2 atm He
, 3.5atm He + 0.7 atm N,
0.5mg/cm » atm N
2 atm Ar

2 atm Ar + 0.2 atm N>

4 atm He + 0.2 atm N>
4.2 atm He
, 3.5atm He + 0.7 atm N2
0.8mg/cm 2wt N
2 atm Ar

2 atm Ar + 0.2 atm N>

7.00E-014 o _m 415 R+ @50 imm#H K1 TAZ 0.5mglcm? ‘
i —@— 4P p50x 1 mmit KL TA2 0.8mg/cm? /\-

6.00E-014

5.00E-014

4.00E-014

3.00E-014

REE (A(nem?s™)

2.00E-014

1.00E-014

0.00E+000 T T T T T T T |

4atmHe+0.2atm N2 4.2atmHe 3.SatmHe+0.7atmN2 2atm N2 2atm Ar  2atm Ar+0.2atm N2
SR RRE CRARD
5. MR RPERES AR R SEMNE L

4, &g

ARSI EH Geantd FRAT XA [F) 2 £ S5 A (iR B i 29 = A A b R A
JEBATRAUIH G . SR aE RAERW], B R AR R RE R DI, R
AR WEM EMEREEVIRG, SR B BRI R G g . [F—
FOFHRIM G, AhFestkl oy 304 ANSENR R B LLAN AR TA2 1) R B
K, WRWNEEELE 0.4 mg/cm? N H) R B B K RIS EAE 0.5 mg/em? I f) R
BB LRI R B0 0.8 mg/em?® B R BUEE K. JHFE 2 atm Ar IR ES ) R R
IR ARSCEIS A GEANTA B0 IR L & AT R, ik 78 7 AN

DOI: 10.4236/0alib.1109303 6 Open Access Library Journal


https://doi.org/10.4236/oalib.1109303

H. Li, R. Yang

WM RE . R R AR AR xRN s RBUZ RS, A
R B =B HEHSE

Conflicts of Interest

The authors declare no conflicts of interest.

References
(11 BRI, 2. Z5Estyss S 4 M), RV MR TR RS AR, 2011.

2] BEZ=, #8EH, F5, & lEEEP FRNAERMREE ], H TR
HiR, 2011, 45(2): 244-249.

[3] BRKE, W—X, BRocH, & BT8RN IE LB W EETF AL )). B F2¥
S¥RME A, 2007(2): 367-371.

4] BEE=Z. 7 RBUEMA R A SR & n/y 3FEHIHEENR[D]: (L2000
X]. MR RN RTR KRS, 2011,

[5] James, F.Z. (2004) SRIM-2003. Nuclear Instruments and Methods in Physics Re-
search Section B: Beam Interactions with Materials and Atoms, 219-220, 1027-1036.

https://doi.org/10.1016/j.nimb.2004.01.208

Appendix 1. Abstract and Keywords in Chinese

W B = R T REERT A

WE: WEERBUKTPIRE, e Ep 24, BITRE. SRS
IR 2 U A R R T o AR 8% 2 — A R b TR0 2%,
EUVRAN TARAN B, B ANSERE 78 L ™ 242 [ 1 B RN 51 ke it HLAR 5 10
HEs . JEEk, T He AR SGE U &9, SEAERLR, T BF, Uk
PRS2 A=A A, N EAR BFs AUMRER NS T 7F 6] (R SR P 28 = i
BN — R PRI TR IR = RIS A RS IR R R
& AR AR X T I RBUZ A BRI, RN LN A7 & M
YUE JE ST T i A PR ERAR 2 — o AT S RIS LR A
Geant4 BFFL 1 IR0 B EAEAFRBR S ERM A A RS IR0 )R
TARAM) ToxT b 7 RBPERI AR, AR S5 BT e 55K
P

REEE: IRWEREE, REE, HehT

DOI: 10.4236/0alib.1109303

7 Open Access Library Journal


https://doi.org/10.4236/oalib.1109303
https://doi.org/10.1016/j.nimb.2004.01.208

	Study on Thermal Neutron Sensitivity of Boron-Lined Ionization Chamber
	Abstract
	Subject Areas
	Keywords
	1. 引言
	2. 涂硼电离室结构与原理
	3. 涂硼气体探测器灵敏度及燃耗计算
	3.1. 不同结构尺寸涂硼电离室灵敏度
	3.2. 不同工作气体成分及压力下探测器的灵敏度

	4. 结论
	Conflicts of Interest
	References
	Appendix 1. Abstract and Keywords in Chinese

