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Abstract; Linear-attenuation coefficient of body source is an important parameter for the
calculation of the self-absorption correction factor. In this work, the non-collimated

point source transmission method was introduced for the determination of the linear-
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attenuation coefficient of unknown body source. The point source was directly placed
atop, or at certain distance above the source container. By the comparison of the simula-
ted transmission ratio with the experimental results, the linear-attenuation coefficient of
this body source was deduced. The principle and calculation process were presented in
detail in the text. To test this method, five different substances with different densities
were chosen as test subjects, and non-collimated transmission experiments were conduc-
ted using three different point sources. It shows that the experimental results of this
method agree well with the theoretical values given by the XCOM platform, and this
method can provide the linear-attenuation coefficients of body sources conveniently.
This method avoids the need for collimator, and limitations posed by size and shape of
detector and sample. It is simple and easy to be used in laboratories.

Key words: y-spectrometry; linear-attenuation coefficient; body source; non-collimated

point source; transmission method
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Fig. 1 Schematic design of non-collimated

point source transmission experiment

MR v S 2 28 2k Wy o I 17 2 il B AR L i T
S I U 16 PRI 4 b K 7 1) i — BE AL B A
HEIE i e T AR R Z R B (f
TERE Al BB RE B A B PR N 2 R b
LR R TE 2 55 TE R g & 1A A A3 D) 31 174 A8
AL gy
e = exp(— L[ 1 —exp(— pcW)la, (1)
Horbee, HIZOG T MRS Lo F0 W, 43500

T AEFE A0 TR R D A o A PP 28 0 1 B A
o F e 23 B AR A SR 8 & R 12
oy SRR B e oy SRR EA
sty P T2 o AL 00 5 SRR i AR L e B
BHFE R . exp(—un LOARER v ST AE i
IR 1 —exp(— ue WO SR v GTEK
TEAR I 25 A r 0 180 B B3R 7 o AR B A ot
THFRMBR . M4 N AT N AR
A 27 3o B A AL i R 0 A AT A R
I F - R 8 CRIERIM R3O g

N
ey = %Zexp(*/zMLz)[l —exp(— pucWo) ]
i=1

(2)

X OH o BEFLBOFH o« OF. BA,
HRAE v B2 PR AR 9 AN T A B 5 AR
R & IR A0 5 P B AR AN R (R T
AR RE T H— B B B R AN 2R 20 AR
D AE AL B R A AR R R D5 R i
P A B R R R AR EE AR D . S R AR S
e (BBOE T 78 X L84 2 1R Y i AR 2 T
HAHSFI K o BAEFEL

TIBN i SR B S s R T IE A R E O A/
TG DN A J5 I 4 00 48 00 6 30 114 1 5 (R RO
F14 AL 328 00 LA L U A B — 2
TR AR A SR BB AT 1 T
DRI 1b SC v i 48 30 19 £ 00 2503 4 A B R AR
6T BRI L AN 206 T R B dne SR
i LB RN AR

BRI 2 S SR BN A (o 7 0) M
G = 0 25 @D FFIN A Iy R0 2t P00 1) 119
YOLT IR LRI D v S 4R 2 i i o i) s
LA

N
>lexp(— L)1 — exp(— pucW) ]
—— (3)

D1 —exp(—pu W) ]

B s 7 LA 25 R i TR AR
Frafad g B AR LA W, 5 I8 5 S
JoE ) R PR TR i 2R R s PRAE B AT 5C (3D 5
U 2R AF R A RE R y SRR E S
o A AT S B 0 S B R T i




5564 BT AN B 1] « - b /R 45 < AR Vi T R IS S T ) AR AR ) 2 P T TR R 1143

it e BB ACSR AR, FT A AR D i LA R B £
PRI R o

A 7 Bt A R DR B g (2D BR
/(I

1) FEAR R0 2 25 0T 5 4 ) ) e e I8 St
M —FEE R v PRAE T S & (e = 0)
FIE AT B A BTAE & (e 7 0O 1 115K 315
ZRE R Y PRI ) B SR Ty

2) HI MatLab 4 4 5 09 #8552 48 2%
WA v WM GEELE A N AL
A28 I BAL L0 O AR AR A S5 A i S o ) B R

3) W& ot WA A (A0 =0 45 e AR A
KOO HEBERE T,

O BT Ty 5 E—51H58 WM T.452%
SEAR K W38 4 2l 2% e FORTIT AR T

5 \E PR EIAEN T M Ty 78
O ER R 25 B D ko AS B S AR D B A R
ZEQU 2| T— Ty |<<0.000 1,

T8 % 7 A5 B 0 S50 2 Pk R B e
BEAR R T SO0 {8 S Bl 1 5% 52 B 1Y 33 G it
o SN B T O B R A i R AR 2 1Y
SR EAT DU S, DAOs0/N o 0RE o 0 18 B T P
AISZ I . B A O BE T PRGSO S
FE il BE TSR A1 B S bR . 2 T
D5 AR 1Y O AR B pec s WU AR B R BT
XCOM -5 it5 . H5L B Y B A U & F
[ J5 . 0 TR E e 1Y v STk B SR H 53
55 JoT A % o T 5 R0 245 AR TG O L B A
FEUAN R I 3 B R A AN . bR pe HR
e Xof T 2 38 - A AR B R e L RSOk
RPN L NN UEUN S v S A - 1D
15 3ok % AR KL 5 JS 1 A0 R (R Y
FEARANAE o Rt 0 6 JLART [ 58 S5 8 e BEAIL
TR S AR B 25 AN A f e, TR UL A
S5 RA RN s pe 7E 0. 001~1 000 £ 1 22 fb 5 [
W ORI o RZ W, B A E
WA TERI 25 AR BE BT A DL AR SO
WSS v SR LT R ) A e
1.2 EHFFEMLFEHF IR

FH MatLab #5245 < B BEROE & 5t
P B RFRT .

1) 0 IR & I 5 ) HEAT SRR RO T
SR, BT ARBEES v TR R LT

4 S ) A o8 A B ALY . MR AR O R AR TR
TSP R AR i & 1A 1) A S5 5 () P B L7 A
NI S asy s ) H Cley seyse) s HIME T
PR SRR RN O T B AR AR R S
13X P R R TE & A BN g B R AR
R FAEIZA BN R

Lon T IR RS 106 7 2 3 A i 1)k
mn A 1R L A AT BB 1Y % A2 O R SBE I8 S 1 1 52
Ao T MR K S G A i IR e & kA
mn A S R b, AT BE 2 g O 2 A1 T CRE L A
PRANVE 48 1 bR e, B 1 LR ) i 2k 3R
R FR A PLP2.P3.P4.P5, 5 xy V- Ifi F47) 8
52 A T ARt 000 T o % 000 T 92 i 00 e 1
LGN ] HE 2k R, = Bl X AR B . SR E LK
HE O AR Y A A 2 3 - T (B R T A 28
SRR L TR R 45 5 1 LA RO 40 7 552 B 1 52
SISO FAE A A BN R BR AR

SCs,05,5s )M Cle,ye,c) BN TFHRE B
PR D B A R T RN

(x—c.)/C,—c.) = (y—c,)/
(s, —¢,) = (g —c)/(s. —c) 4)

B P(pospys po) AET BEAR 5 M 1T CF
T B B A ) B8 32 A, O - i T R A2
AR R AL TR 1. EIFRE T 5
AR NN L A TN I AWAN/A= i £ NI
A FE T30 7 5 55 18 A ARG 58 0 6 i
BIAE TR R AAALKXBENAT . i E6 T
R T R e N < I WG B N TS R S s
22 R

WE 1R, — W e TR 1R 4 2 IR
HEA S MO B SRR IO 7 AR 48 22 Hi A B
TR Z e B BE R Z .t T A SCH 600
TR BRE L X ROt TR 1R N Y 3
AR T R IR . FESE BRI &, O FAE
IR NHURRE R IOG A S HOC R AE 2 RE T
B, T 375 55 F WA BTmk . 55 A0 BT
) R RS TR o - RIS IR O TR
RGO BB 10 A A TR YL
TROR A K, FX T 545 R 1 5w Ak E D
BAHR O F RS S S SRR NG A C
AR IR A = R S% 55 SR unee » 5 = Hoouree s
A o <Rl — Ho<<ee SO CH e WAL
R NALAR . He iR K .



1144

BT RERIEHAR 5k

2) BEHL™ A N AT 1 N A BEHLAY J7
T R A & S P 32 R0 HE 3 DA 00 2 3
@2»,

*1 HEAAFBERZSITEALAR
Table 1 Surface equation and formula

for calculating intersection point
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Table 2 Matrix data of measured samples
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Fe,O; 159. 35 0.636 3 Syt 2l >=99.0
Al O4 253. 06 1.010 5 b4l >99.0
Si0; 322. 28 1.287 0 Ay b4l =99.0
CaCO; 316. 95 1. 2657 3 Mt 4k >99.0
NaCl 308. 61 1.232 4 L 4l >99.8
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Table 3 Linear-attenuation coefficient of measured matrix for different y energy given by XCOM software

py/em!
T E/keV BRI/
Fe; O Al; O3 SiO; CaCOs NaCl
241 Am 59. 54 35.78 0.540 2 0.2155 0.292 0 0.437 6 0.393 8
133 Ba 80. 89 35.55 0.264 1 0.171 6 0.227 3 0.281 2 0.2555
302. 85 18. 34 0. 066 8 0.105 1 0.136 3 0.1351 0.125 8
356. 01 62.05 0.062 0 0.098 8 0.128 2 0.126 7 0.118 1
52Eu 121.78 28. 41 0.132 4 0.143 8 0.187 6 0.200 5 0.184 6
244.70 7.55 0.074 4 0.113 5 0.147 2 0.146 7 0.136 4
344. 28 26. 85 0. 063 0 0.100 1 0.129 9 0.128 3 0.119 7
778.90 12.96 0.043 6 0.071 0 0.092 1 0. 090 7 0.084 6
964. 07 14.62 0.039 4 0.064 2 0. 083 3 0.082 0 0.076 5
1112.08 13.40 0.036 7 0. 059 8 0.077 6 0.076 4 0.071 3
1 408. 01 20. 85 0.032 6 0.053 1 0. 068 9 0. 067 8 0.063 3
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Table 4 MC calculation result of uy and its relative error toward px with sample-holder

fy/ cm A
W% E,/keV
Fe, O Al, O Si0, CaCOs NaCl Fey Oy Al O Si0;  CaCO; NaCl
241 Am 59. 54 0.546 2 0.2170 0.302 6 0.452 7 0.415 2 1.1 0.7 3.6 3.5 5.4
135 Ba 80. 89 0.270 6 0.174 1 0.234 2 0.294 9 0.2670 2.5 1.5 3.0 4.9 4.5
302. 85 0.064 3 0.104 4 0.138 8 0.138 3 0.128 4 —3.7 —0.7 1.8 2.4 2.1
356. 01 0.062 5 0.099 6 0.129 3 0.130 8 0.122 1 0.8 0.8 0.9 3.2 3.4
152y 121.78 0.1355 0.142 4 0.189 2 0.204 8 0.189 2 2.3 —1.0 0.9 2.1 2.5
244.70 0.077 3 0.114 0 0.147 4 0.155 6 0.140 4 3.9 0.4 0.1 6.1 2.9
344. 28 0.0619 0.102 9 0.129 7 0.129 9 0.12114 —1.7 2.8 —0.2 1.2 1.4
778.90 0.047 8 0.073 8 0.092 2 0.093 6 0.089 2 9.6 3.9 0.1 3.2 5.4
964. 07 0.0399 0.068 9 0.087 1 0.088 0 0.079 6 1.3 7.3 4.6 7.3 4.1
1112.08 0.034 9 0.062 9 0.073 6 0.079 2 0.071 1 —4.9 5.2 —5.2 3.7 —0.3
1 408. 01 0.029 3 0.049 2 0.067 8 0.069 8 0.059 5 —10.1 —-7.3 =16 2.9 —6.0
x5 TBEXFEBEETHp EFFFTHELERREX px BHEIIRE
Table 5 MC calculation result of uy and its relative error toward px without sample-holder
try [em”! A
B E,/keV
Fe; O Al; O3 SiO; CaCO; NaCl Fe; O3 Al O: Si0;  CaCOs NaCl
241 Am 59. 54 0.551 1 0.222 2 0.302 2 0.459 4 0.409 8 2.0 3.1 3.5 5.0 4.1
135 Ba 80. 89 0.269 9 0.176 6 0.2321 0.2916 0.270 0 2.2 2.9 2.1 3.7 5.7
302. 85 0.062 3 0.103 8 0.134 3 0.134 9 0.1255 —6.7 —1L.2 =15 —0.1 —0.2
356. 01 0.057 3 0.098 3 0.127 0 0.126 7 0.117 6 —7.6 —0.5 —0.9 0.0 —0.4
2 Ey 121.78 0.133 1 0.144 9 0.188 5 0.204 8 0.190 5 0.5 0.8 0.5 2.1 3.2
244.70 0.063 2 0.107 8 0.1379 0.139 5 0.129 3 —15.1 —5.0 —6.3 —4.9 —5.2
344. 28 0.064 3 0.104 2 0.1328 0.134 0 0.1256 2.1 4.1 2.2 4.4 4.9
778. 90 0.042 6 0.074 4 0.093 0 0.093 4 0.086 3 —2.3 4.8 1.0 3.0 2.0
964. 07 0.037 1 0.061 1 0.079 0 0.079 3 0.0755 —5.8 —4.8 —5.2 —3.3 —1.3
1112.08 0.030 8 0.059 0 0.074 0 0.0717 0.068 7 —16.1 —1.3 —4.6 —6.2 —3.6
1 408.01 0.028 6 0.049 3 0.064 3 0.064 1 0.062 7 —12.3 —7.2 —6.7 —5.5 —0.9
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