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Abstract [Background] BaF, scintillation detector is commonly used in low intensity y-ray detection experiments,
and it is easy to pileup during high intensity y -ray detection. [Purpose] This study aims to investigate the
performance of Yttrium doped BaF, (Yttrium doped with 1 at%, atomic percentage) scintillation detector with main
concern of pileup and time resolution for high intensity y-ray detection. [Methods] The energy resolution and time
properties of Yttrium doped BaF, (Yttrium doped with 1 at%) scintillation detector were experimentally tested by
using 0.511 MeV y-ray generated after positron annihilation from *Na source. As a comparison, the normal BaF,
detector was also tested. [Results] The experimental results show that the ratio of fast and slow components of

Yttrium doped BaF, crystal (1:1.1) is much higher than that of BaF, crystal (1:5), but the energy resolution of Yttrium
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doped BaF, detector (38%) is worse than that of BaF, detector (19%). For high intensity y-ray detection, the Yttrium

doped BaF, detector have better time resolution than the BaF, detector. [Conclusions] The decrease of the slow

component in Yttrium doped BaF, crystal can shorten the time width of the detector output signal, hence reduce the

signals' pileup and improve the time resolution of the detector in high count rate environment.
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Table 1 The main parameters of anode output signal of two detectors

R 2= FEIEAE GRZED b A GRED T B A (R 2D 5B R ZED)
Detectors Mean (error) / mV Rise time (error) / ns Fall time (error) / ns Width (error) / ns
BaF,:Y -613.8 (6.25) 1.429 0 (0.05) 5.100 (0.05) 2.598 0 (0.05)
BaF, -612.6 (6.25) 1.422 6 (0.05) 5.460 (0.05) 2.682 2 (0.05)

KRR 32 805, BT B BUROE — BRI A FE H e
IR o BT N ] i HA 16 7 H ol i e 6 ik e
(T ZETEARD  RIR DGR BN «

19— L) e 1)
T 2y, 6T B 7 R AR ZE RIS 8] o X A PR 19
TR G 73 1 BaF, oL b AR, 7T e B ik b
AL HE - 2R AR A Y S A PH A A S [l
A E R KN IO=I(O+L (), Hed . L(O R L,
(O 53 ARG RGBS 77 A2 1 FRURK e 5 't FL A
B B BH AR S kR B T UO=U(O+U,(0) , /& it

ik i TG (£ HLAE 1S 1) RC Ji Hh [ 6B BRI, U
(O R U, (o 53 530 PR R B2y 77 A 1A FE TS Jk v
HH T-454 BaF, i {41 BaF, i 4 1 PR A 73— 20, BH K
f& =5 PRI kP BOE U —#F, X AT i
18 o B o X6 T BHAR AR 518 1l 0 i At ik i
T LCo) 7T LU H LS Jik b

Rgsf - (e’ VRC _ o ’/Ts) )

A - RC i H [0 it i 8] %5 405 O, 918 1l 7 15 R A
7 A R R 0 5 7 A RS i Ik e S R TR
Xt B AR A5 5, A R 2 RCIZ /N T 2

U, =

030401-3



% AR

2020, 43: 030401

W) Afa Ly«

R -/t
Us(t):&e VAL

s

G)

N BaF, fi PR 18 573 5 A S 518 B o) 72 FH AR 77
AT B O IE HE - Q=kS, k> 0, k A EL 4] R %L,
RO ARRA:

kR
t=r1, ln( U S) 4)

4yt Kkl D U I A8 B 5 5 ikt 98 L o
AN Sy 9 S IR RN 4 s . AEI 4RI,
BaF, i {4 15l 7 560 5 80 /0 5 18 18 73 K 1 i 1
TEPE e M/ o IX VL] - 1T 5 4C BaF, i 14 18
53 W% /D 5 50 BaF, PRI &5 (K FRAR A5 5 98 B/ T
BaF, #R I 45 (K AR5 5 58 L o DAL, FE R v 2R A
LIRME BL T, 1550 BaF, #R I A 1 45 FH T AAT 20k
MG S HERRREE o

A

tls

0
U S/ %
kR

4 120> kR 98 2 « B 9L S A2 4k
Fig.4 Variation of output pulse waveform width 7 and
the intensity S of slow component

2.2 {23 BaF,INMRMZRREE ST RE

TR 38 1) 6 B 23 PR (o) F2 I LR 00 28 4% 0
REM SRS Bz — , ] I R T WA A7 Ak 4 B 0 1) 2
AR W

AE
=5 (5)
X AE 4 e W 1 2 = 4 98 (Full Width Half
Maximum, FWHM) ; E A UEA7 8 & , it 5 5 4 BaF,
PRI AR 0.511 MeV y 526 e G I A5 5
Jt HLIE AT (Peak) I LB /S B RE & 0 FFR . 3@ I

H2Na JRCST UE RS RO BOIE W R ARy B 4R
(0.511 MeV) fE 1 S B IA SRR I 35 BE & 7 9% 2 1l
TE , PRI B 1815 5 220 /T B HOK 28 A1 32 UK 880K
R 5 22 08 AT WA PR PRI 25 00 B2 1) oy S 4%
(0.511 MeV)REFEUNEL S i~ . 45 KW : 540 BaF,
PRI Z2I A5 B 1 0.511 MeV y it B I Ry i 7 7] A2
W%, 456 B3 Fiw, T 1540 BaF, i i g il o 2
A FEURAIE BB, IR 3 S SRS
fn VA PR B E B, TR R 4562 BaF, £ 28 14 % 45
SRR

10 000

1000

Counts

100 ¢

Y Doped BaF,

10 1500 3000 4500
Pulse Height / ch

6000 7500

5 PRI ) RE VI B A 2R
Fig.5 Measurement results of energy spectrum of two
detectors

A B 5 IS y 5 28 (0.511 MeV) RE1E: , 45 5
THE T MR ZE M RE R PR . K2 NITHEAS R
(B2 S Ly 28 (0.511 MeV) )it Ha I 2} 1 o Al
PRI BERT 1], T 5 G 15 18 B8 38 i I 5 2 Na Y50 i
BV R AL ) 0.511 MeV y S 28 A1 'Cs 5 B i
0.662 MeV y 5 & BET s 72 , e PRI 0] 2 fg 1
W E B Ortec-Maestro U4 2 7 I AEES [0 s . 25 51
B 455 BaF, IR 45 A1 BaF, IR 2851 0.511 MeV y
S 2% 1) BE 2 W 2 99 N 38.29% 1 19.14%; 550
BaF, ¥R #% & 4t i S0 o] &2 25 PR AR . 25 & I3 Fr
N T34 BaF, i i 118 il 73 5 2 I (K T BaF,
fn A 48 4y DR A5 42 BaF, f A 11 02 6 77 4
BIRAK . MRS T, BRI 28 1K BE B 40 HE R 5 N R
PR ) R PR AL L AT 5 350544 BaF, 2R3 25 1)
Rem AR 22 . (H A&, B4 BaF, R 12 5 43 1 Uk
AT R R I B AR R (S S R S

2 0.511 MeV y BEE SR HERFAFRMN R G HITLET 8]

Table 2 Calculation results of 0.511 MeV vy energy resolution and dead time of two detection systems

R s ot LI v B e 7 Fig RER R BEIS (8]
Detectors FWHM / MeV Peak / MeV Energy resolution / % Dead time / %
BaF,'Y 0.196 0.511 38.29 29.0

BaF, 0.098 0.511 19.14 39.5
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Table 3 The light yield of Y doped BaF, crystal and the ratio of the fast component to the slow component

REES Ot R U e HOE N e 18 1 73 e = i P LLE
Crystals Peak / ch Total light yield Fast component light yield Slow component light yield Fast/Slow
/ MeV™ / MeV™ /MeV™!
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Table 4 Effect of y-ray intensity on time resolution of detector

v SRR B T GRS D FJ 1] 43 %% % Time resolution / ps

y-ray intensity (source activity) / MBq B4 BaF, K %% Y doped BaF, detector ~ BaF, ¥l %% BaF, detector
0.38 (0.21) 234.63 234.50

0.56 (0.31) 234.72 238.50

0.79 (0.44) 237.78 246.84
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