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Abstract [Background] The accurate acquisition and correlation coincidence of positron annihilation signal form
the basis of the lifetime spectrum sensitive characterization of microscopic defects in materials. The complex

radiation background interferes with the acquisition of positron annihilation signals, particularly in the study of
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neutron radiation damage of nuclear structural materials. The y ray background generated by radionuclides induced

by neutron activation affects the measurement results of positron lifetime spectrometer. [Purpose] This study aims to

investigate the effect of y background on positron annihilation lifetime measurement. [Methods] First of all, the

positron lifetime measurement system is built in a "fast-fast coincidence" manner, and radiation background

simulation experiments are designed by selecting two typical nuclides, “Co and "’Cs sources, with nearby feature y

photon energy for measuring positron annihilation lifetime. Then, the spectra under two typical activity ratios are

compared with the activated neutron-irradiated samples. [Results] The simulation results indicate that the double

high energy y rays generated by “Co sources are the primary factors affecting the spectrum shape and lifetime

components. When the “Co/*Na activity ratio is relatively low, 1.9, the peak-to-valley ratio of the spectrum

significantly degrades, with the increase of random coincidence probability caused by radiation background. Further,

at high activity ratio of 3.3, besides random coincidence, the false coincidence probability increases sharply, and the

spectral shape is evidently distorted. For neutron-irradiated RPV steel, the lifetime value is reduced by 17% and 46%

at low and high activity, respectively, compared with the non-irradiated samples. [Conclusions] Using the simulation

method of radiation background sources and the influence rules of interference y in this study, new techniques for

eliminating y background could be further explored in positron annihilation lifetime measurement.

Key words Lifetime spectrum, Peak-to-valley ratio, Random coincidence, Error coincidence, Activity ratio
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spectrometer
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Table 1 Resolved results of positron-lifetime spectrum

2R Type 7,/ ns L/ % 7,/ ns L% x I 18] 43 #¥ Time resolution / ps
FrUERE{Y Standard spectrometer 0.110 98.8 1.588 1.2 1.08 213
J&#14% Experimental spectrometer  0.110 97.8 1.805 22 0.97 198
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Fig.2 Positron-lifetime spectrum of pure iron(Fe) in “Co/**Na
with activity radio of 3.3 (color online)
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Table 2 Resolved results of pure iron(Fe) positron-lifetime spectrum

2

ZFR Type 7,/ ns 1,/ % 7,/ ns L% 7,/ ns L% X PVR/PVR,,
Fe 0.110 72.8 0.382 25.6 1.805 1.6 0.97 1

Cs/Na2.2 0.109 74.1 0.382 249 1.746 1.0 0.92 0.60

Co/Na 1.9 0.103 78.3 0.369 20.0 1.563 1.7 1.08 0.19

Co/Na 3.3 0.089 82.5 0.343 16.0 1.570 1.5 1.03 0.13
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Table 3 Resolved results of RPV steel positron-lifetime spectrum
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FE i 4K Sample 7,/ns I,/%  t,/ns L/%  t,/ns L% X PVR/PVR,, A,/ MBq
KRR RPV 4N 0.145 97.4 - — 1.955 2.6 1.04 1 0
Non-irradiated RPV

4R HE J5 RPV(0.5 mm)4d 0.120 59.6 0.263 39.0 0.880 1.4 1.01 0.31 1.5
Irradiated RPV (0.5 mm)

4 J5 RPV(1 mm)4X 0.078 47.1 0.216 49.7 0.704 32 1.08 0.18 2.8
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3 g

AR5 IE HL T HE 75 R 5 A
IEH) “Co O YR B TR A TR 5640 75 Cs
TRROR T 15 RO IR £ BT A M H
% 6 “Co UM T A S A TURE (AT 0 36

KRN & G A R AL . eAh, B T
BT ARG L Co WIS LR FEM , 25 SRR W - I
JE EE R 75 i 1 A R 4 — 2 1 B “Co P ARy
555 Na ARy 5 S WA ATk, &, %
B & AR R KCPE B LR A 74 RS RPV AN
B MRS S5 R R A i P U VR A, IR A

060402-5



% AR

2023, 46: 060402

BB 22 , A 1 5 SR B S P (LK . R ER B 2%
S SR By ST A SCHE ST y AR T i
R R ] B AT 10 S 6 T Ry SR AR, )
I A /N PRI 25 RE T, U8 R e R R IR AR 4R i y
TR BE S 45 T35 SEBL AR i v O A D00 B TR B30T 4y
F L y PN, HE LI AR, 7 ZL AT
BEA AL R ST A I RV B BOR ) 2 IR DN 445 & (05
T2 Y TR ) A y S R i B DL R AR AR R TS R
T

Bt RAMTERTHRAFFARIREEEF KW
P for 2 V58 BEUE A & A SRR 7
EETTERARR T2 A ER RN, TR ¢
B R A A DR KA R AT REAE; TH
FRFATE XF KB AT EZRET HER. AL
I g SRR, & R Ik £ F XA AR,
TH L EXRARAXERRE S, TE L H
BHEATIE R X ERE AR R, XEF N
BB

S0k

1 FDB, BRER, Fi. R IE R 71 22 M]. i3 W E
BHEBOR HiR A, 2008.

WANG Shaojie, CHEN Zhiquan, WANG Bo. Applied
positron spectroscopy[M]. Wuhan: Hubei Science &
Technology Press, 2008.

2 HEfTR . IR B R LN AT IM. AE s RS R,
2002.

YU Weizhong. Positron physics and its application|M].
Beijing: Science Press, 2002.

3 Bes R, Vancraeyenest A. PALSRaM: a three-detector
positron annihilation lifetime spectrometer for y-emitting
radioactive  materials[J]. Nuclear Instruments and
Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment,
2023, 1052: 168265. DOI: 10.1016/j.nima.2023.168265.

4 Hoorebeke L V, Fabry A, Walle E V, et al. A three-
detector positron lifetime setup suited for measurements
on irradiated steels[J]. Nuclear Instruments and Methods
in Physics Research A, 1996, 371: 566 - 571.

5  Krsjak V, Grafutin V, Ilyukhina O, et al. Study of
PRIMAVERA steel samples by positron annihilation
spectroscopy technique II - Lifetime measurements[J].

Journal of Nuclear Materials, 2012, 421(1 - 3): 97 - 103.
DOI: 10.1016/j.jnucmat.2011.11.067.

10

11

12

13

060402-6

FLLEE, XIARME, £, & . B4 BaF, NIRRT S e
WEFE[I]. B+ AR, 2020, 43(3): 030401. DOI: 10.11889/j.
0253-3219.2020.hjs.43.030401.

WANG Hongfeng, LIU Fuyan, WANG Yingjie, et al.
Study on performance of Yttrium doped BaF, scintillation
detector[J]. Nuclear Techniques, 2020, 43(3): 030401.
DOI: 10.11889/1.0253-3219.2020.hjs.43.030401.

SRR, XUARE, TRME, 55 . = TR 4R 15 5 il A H) 1 1 IE
LT R A i DR T VA (D). &2 HR 2018, 41(6):
060402. DOI: 10.11889/j.0253-3219.2018.hjs.41.060402.
HAN Zhenjie, LIU Fuyan, ZHANG Peng, et al. Method
of positron annihilation lifetime measurement triggered
by start-signal[J]. Nuclear Techniques, 2018, 41(6):
060402. DOI: 10.11889/j.0253-3219.2018.hjs.41.060402.
Kansy J. Microcomputer program for analysis of positron
annihilation lifetime spectra[J]. Nuclear Instruments and
Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment,
1996, 374(2): 235 - 244. DOIL: 10.1016/0168-9002(96)
00075-7.

Djourelov N, Misheva M. Source correction in positron
annihilation lifetime spectroscopy[J]. Journal of Physics:
Condensed Matter, 1996, 8(12): 2081 - 2087. DOI: 10.
1088/0953-8984/8/12/020.

Zeman A, Debarberis L, Kupla L, et al. Study of
radiation-induced degradation of RPV steels and model
alloys by positron annihilation and Mdossbauer
spectroscopy[J]. Journal of Nuclear Materials, 2007, 360
(3):272 - 281. DOI: 10.1016/j.jnucmat.2006.10.011.
Heikinheimo J, Bes R, Tuomisto F. Development of a
triple-coincidence positron lifetime spectrometer for
nuclear materials research[C]. Helsinki, Finland, Nuclear
Science and Technology Symposium, 2016.

Dubov L Y, Grafutin V I, Funtikov Y V, et al
Optimization of BaF, positron-lifetime spectrometer
geometry based on the Geant4 simulations[J]. Nuclear
Instruments and Methods in Physics Research Section B:
Beam Interactions with Materials and Atoms, 2014, 334:
81 - 87. DOI: 10.1016/j.nimb.2014.05.006.

Slugenn V. Defects investigation in neutron irradiated
reactor steels by positron annihilation[J]. Nuclear
Engineering and Design, 2005, 235(17 - 19): 1961 -

1967. DOI: 10.1016/j.nucengdes.2005.04.008.


http://dx.doi.org/10.1016/j.nima.2023.168265
http://dx.doi.org/10.1016/j.jnucmat.2011.11.067
http://dx.doi.org/10.11889/j.0253-3219.2020.hjs.43.030401
http://dx.doi.org/10.11889/j.0253-3219.2020.hjs.43.030401
http://dx.doi.org/10.11889/j.0253-3219.2020.hjs.43.030401
http://dx.doi.org/10.11889/j.0253-3219.2018.hjs.41.060402
http://dx.doi.org/10.11889/j.0253-3219.2018.hjs.41.060402
http://dx.doi.org/10.1016/0168-9002(96)00075-7
http://dx.doi.org/10.1016/0168-9002(96)00075-7
http://dx.doi.org/10.1088/0953-8984/8/12/020
http://dx.doi.org/10.1088/0953-8984/8/12/020
http://dx.doi.org/10.1016/j.jnucmat.2006.10.011
http://dx.doi.org/10.1016/j.nimb.2014.05.006
http://dx.doi.org/10.1016/j.nucengdes.2005.04.008

T 25 IR TR R T UE S e ORI S SR A R

14

15

Shi J J, Yang W, Zhu Z J, et al. Slow positron beam study neutron flux on irradiation-induced hardening and defects
of highly irradiated RPV steel under proton and ion impact in RPV steels studied by positron annihilation
[J]. Radiation Physics and Chemistry, 2019, 156: 199 - spectroscopy[J]. Journal of Nuclear Materials, 2020, 532:
204. DOI: 10.1016/j.radphyschem.2018.11.011. 152041. DOI: 10.1016/j.jnucmat.2020.152041.

Toyama T, Yamamoto T, Ebisawa K, et al. Effects of

060402-7


http://dx.doi.org/10.1016/j.radphyschem.2018.11.011
http://dx.doi.org/10.1016/j.jnucmat.2020.152041

	2.1　 辐射本底模拟测量
	2.2　 放射性样品测量

