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Simulation of the implantation of slow positron beams
into metallic materials based on Geant4

MENG Fei, PAN Ziwen, YE Bangjiao

(Department of Modern Physics » University of Science and Technology of China » Hefei 230026 China)
Abstract: The processes of slow positron beam implantation into metals were studied by employing the
Geant4 software. The backscattering coefficients of two patterns (i. e. normal incidence and oblique
incidence) were calculated, and the distribution curves of positron implantation depth at oblique incidence
and the relations between the backscattering coefficient and the incident angle were obtained. Further
analysis of lateral diffusions of positrons at different angles was conducted. Simulations indicate that the
lateral diffusions of slow positrons become more significant obliquely implanting into metals with smaller
atomic numbers. The simulation can provide some useful referential data for the research of metals using
slow positron beam technology.

Key words: backscattering coefficient; Geant4; oblique incidence; lateral diffusions

0 B|= WLZHARD AR N EEEN TR —. N THEHE
= FL T SO 5 A R R P 0 L R RO
Bt 25 12 TF FL T 5 R (0 B ZEBE R AT RE R4 I E TEAE S R B8 Al i AR

W B 2017-03-30; fEE HHE: 2017-05-24

EE€UWH: HEKARPHEE 1475165 ¥ 1.

EEE N = € H,1992 4848 W4 FF5E 07 1) - IE H T3 2%, E-mail: m{1992@mail. ustc. edu. cn
BIRESE . I8 .1/ 2. E-mail: bjye@ustc. edu. cn



% 2H

AT Geantd W 1% E & F R EN & B A 09 BEIUATF 5 237

CAAIRZXTIER TSR 5B, B
N B ALHE T BN R AV AR TE AR B
3 AT A Z T DA s A KOG T Se v i (A 5, & A
% IE H TR AR B R A 1 AR Y R O
I HE % FH T T 5 i 23 B H OE o 335 24 15 21 19 Bl B 43
A i BB AR TR AR A Y DR
3, AN 206 TR 22 385 2 1 R B9 5508 ) 132
AHEZERY. JIEBRTFEABRESD, ESEILAN K
s AL B e X S IE R o S FEHERAE
TR B H T B — PR N T R A R iR R
H5C b AR B IE H A IS 23 57 ZIEE L T R 4 7 A
AN HEATY HL B L B b g BB A AR a5 R
WAEAEMEEH; ERFSRFEESAEREILH
M ZIE.

Valkealahti 5 Nieminen ™™ & % 52 45 K 1§ 1%
AT Ty ik R T2 o PR AR Y OE B A $R R 43
A XA 534 RE 8 5 8 0 ek B R BT B R AR 4 K
IIFRIX A 4345 2 Makhovian 73 4. A8 58 T AN [A)
4 )& I IE L TR AR R 40 A L ] 1Y & Makhovian
A3 AT IF A E S E— A A B IE B fig i DA S A AR
1Y PRE AR SCHT A ) Geantd 3442 FH 52 4% R %
BRI RY. Seliger S WF5E T 270 ST ARSI TR B T4k
TEAN TR S5 75 B50Ob R v (9 55 R R0 A (] i 4 2 Y
A5 B 5. Valkealahti 5 Nieminen'™®™ , Bentabet #il
Fenineche* , Massoumit'""?, Baker 2£1%, Aydint"™7,
Ritley S5 "l T S0 RISHIBESE T IEH 735
g4 Z R M i, Chaoui 1 Bouarissa™" M H HLiE
e SR 7 H s A 9 T ST TR TR 1 HL RO R R
i E(1~10 ke V) MU A A B (0~80°) A1 (AD |
Bl (Cu) VB (Ag) A4 CAw 1935 BUST R 8. AL fn
Rogers"""'™ DL L 7% 51 5¢ A 1% B 400 45 1 o0 3 o
55 S0 I R R 09 T ST R BOR R 1 E AT X
L. Dryzek %178 ] Geantd BT IE HLF A9 1 A
R o A LT WO R B L) KCF 3 A IR FE. Ning
EUH Geantd B T IE ML TR % A A 0 0 IR &
iE. Bentabet S5 7 — % fi 7 5 12 1F 1 T 7E
B A R b B as 0 X B S8R, Glazov Al
Pazsit™ iz ;T —Fp 8 9 07 2, U AR 28 & 5] A5 IE
HL F A AA ) 2 18T 1 75 #C9 BF 9% P Massoumi 850
FLERIN TP WO IE B A SRR A XU 4
fii. Coleman 45 [ F 5% & B KL 14 35 BT 2R B0 TR
TR 213 3] 82), AtfiEE E(1~50 keV) FIA
S AAEECO° ~ 65°) Y BRI K A SCRT RS A B A 1 02
10°~80° WFFE N D1 v T AN [ fig 42 i 16 A9 1E L+

LT T 0.5~50 keV X —REX 277

ARIEHE T RNz, 0 B E A%
B AR 3 R AT O TR A G S R i BT R
B 5T A SO T Geantd R T 1F B F 1A
ElEM LSBT, HAE TN Geantd T HAY
X 1F H PR A S DA SN TR A £ R e B RO
AT 5 A . 45 R R B 5 S 30 B
GRS R J5 S o SR T S5 HdE.

1 Geant4 £l

Geantd J&— M HEH A MK T HA, B LIk
BRI h AR R R B S T R E R
fiE AL R 38 25 DL K TUART 25 44 |y RS 750 SR A 4
115 B . Geantd A] F TR 4004 POk F (AL 46 1E FL 1
5o EERY PTG R S
R S L OE LT TR A A R e A

ST IE B Hb AL IE B AR AR AT O, B A
MBS TR IERFHEARY T ES
HIEFA% kB ES, S 7 kARG 2
WHCA M R R h REEMW IS Z —. &
Geantd T.HA, GRZ H T £ WS A, 75
N P Bk A AR A AR Sk T 4 AR
el FH o A5 AR,

AWM T BB MUY Geantd T.HAL R H
AR FR LT P T R K A & T8 AR CAD R4
(Aw. HMT X Form K 100 ecm, WY 55 ) 58
100 cm, ¥y Z #7810 em, E ML F U Z FlLA S,
ARy RS AEAE S XY ST D, B AR
10 em I8 R T AW, BT LLIE B F A 68 28 1)+
B B RELIE R 1X10° N IEH T, % BEASFE
H A AR BN TR SR AR T A B R AR
B KA 1 RO B AR AR B B R — N IE L E
L. T B YR L FE A 00 AR RS A5 A B A AR 2 R AR
N CUN &) TE RO IF AT HE A B Geantd Hr,

2 #REHRE

2.1 ERHEH

HHON RBOEIER TR P REZEN SR Z
—. A R T RN 2 R0E SOR i BB T A 3
To BRAC A ity b A R b7 2 BRSO
HEARAE AN Lai 55 B 2] 1 3 B S IY IE#L T
U R B A IER TRERAYSC R, Bl 1 4l T A
AR BB ABLZE 2R 5 RN SCHR P B S 50 Kod 5 B R
P AT L. M AT AR T AR YR 45 2R 5 Coleman



238 TEAFHRRAXFEFIR

% 50 %

ZE0] B S BG BE LA B2 Chaoui F1 Bouarissa®" () B 18 %1
PERF AR YAHIEHE FREEM T 10 keV, 5L
HARBBEREERERE K, MYEEFT T 10 keV, T HL

I A KB e K R R 2 e LT IR AR
PR B0 R <6 ) IS AR B80T A AR RS TE W T fE
BT T A R T,

040 (b) Au A
5035} e
2030F s
L‘g 0251 .fA’ A cxp. data™!
; - S e ourdata
o,
é 0.20 'y v theor. datal"!
3]
£ 0.15F°
Q A
~< 0.10F
g o
© 0.05F
0.00 - : . - '
0 10 20 30 40 50

incident energy/keV

Bl SMEEHHNREENFERFHEXRE

0.16 @ Al
a A A
= 0.14F “ A . a
5 o . . o o e o
'S 0.12F At
S 0.10F+
Q L]
éﬂ 0.08 N A exp. datal®¥
'E ' A. e ourdata
§ 0.06F theor. data®"!
2 004}
] .
= 0.02f
000 L L 1 1 L
0 10 20 30 40 50
incident energy/keV
Tab. 1

2.2 RIANG

5 2.1 i Geantd #HL T A W] BE & 1E B F 76
BSR4 FSE AR T RN 2R B, AL S SR RN S
KSR AF G AT, Bk T Geantd F FHRIHLIE
HL T A A RE T IO B R AT M AR TR AR DL SRR
i — 25 BRI 5% IE fL - DL — 2 00 A A 59 4 )8 4 Rt
BN OL. B2 ST AN RS R R R Y O
A 2 KB BRI 5 SCHER[23 09 52 50 4L
PILT 52 EmA. B 2(h) Fl (o) 2, 25 A5 M &/

Relations between energies of incident positrons and backscattering coefficients of Al and Au

BRI AU 5 S I AR AT A 1R H A A A
S AAE 30°~40° B R UL R 5 S 0 R dle 22 BE AR
ORI 22 1 AT 9 S 280 R L A S A AN
R VRSB RN I AN S Sl W35 5 BT AR 52 36 445 SR 52 i)
B/INEE ZE AT L2 T4 RORE - (B0RE A G 2 A A
Fe I HA G 5 1] 45 30T e — A b B 32 A T 9 T
RO AL 3 BN S B RS A ROU R0 5 AR T
BREADL TR JE 1 51 AV I RN, PRI 5 S B 4 SR A AR B
KA 22.

0.65
0.60
0.55
0.50
0.45
0.40

[ () AL35keV
035k

= cxp. data'®!

e ourdata

0.30
0.25
0.20
0.15
0.10
0.05

backscattering coefficient

0.00

0 10 20 30 40 50 60 70

80 90

angle of incidence/deg

0.70

0.65F (b) Au, 5keV °
0.60F N

0.55F = exp. data*” .
0.50F e ourdata ¢

045 .
0.40F
035F .
0.30F .
025F ® .
0.201
0.15¢
0.10p
0.05F
0.00

backscattering coefficient

backscattering coefficient

angle of incidence/deg

0 10 20 30 40 50 60 70 80 90

0.75F

0.70F (©) Au,35keV °
0.65F .
0.60 : ]

0.55¢ o

0.50F ..

045 .

040F s & = "

035

8%(5): = exp. data®

8%(5) F e our data

0.10F

0.05F

0.00 . L ,

0 10 20 30 40 S50 60 70 80 90
angle of incidence/deg

B2 SAMEERHRBSEANHTAXEE

Fig.2 Relations between the incident angles and backscattering coefficients of Al and Au
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Fig.3 X depth distributions of positrons in Al and Au
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Fig.5 Z depth distributions of positrons in Al and Au
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