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TOM TAT: H¢ thong phé ké gamma tring phing ding dau do bdn dan siéu tinh khiét HPGe

dige sir dung trong nghién ciru méi truong, nghién ciru phdn iing hat nhan (n, %), (n, 2%) vi nén phong

Compton trong phé gamma thu dwoc ciia loai phé ké nay rdt thap. Trong cong trinh ndy, nhitng hé phé

ké gamma tring phing nhu: sir dung khéi tring phing thong thiong, sir dung khéi bién doi thoi gian-

bién d¢, tring phing téng duoc tong quan va nhiing két qua thuc nghiém thu dwoc trén cdc hé thong

phé ké gamma tring phing sir dung dau do bdn dan HPGe dwgc trinh bay. Pdc biét, khi loi dung nhitng

wu diém cia phan cimg va phdan mém ciia phé ké gamma tring phing téng cho nghién cieu phan iing

hat nhan (n, 9, (n, 2),chiing téi da tao nén phé ké gamma véi phéng rdt thap.

Tir khéa: phé ké gamma siv dung dau do bdn dan siéu tinh khiét HPGe, phé ké gamma tring

phiing sir dung ddu do HPGe, phé ké tring phiing tong.

MO PAU

Phd ké gamma st dung dau do bdn din siéu
tinh khiét Germani (HPGe) dugc sir dung phé
bién trong nhiéu linh vuc (g dung k¥ thuat hat
nhan vi kha ndng phin gidi 1,8 keV tai dinh
1332,5 keV cua ngudn phéng xa Co-60, hiéu
sudt ghi cao. Pic diém ding luu ¥ trong céc
phé gamma thu dugc bao gdm céc dinh quang
va mot nén Compton kém theo cho nén dinh
quang cang nhiéu thi nén Compton cang cao.

Vé mit cong nghé, cdc hing ché tao dau do
ban din nhu Canberra, ORTEC da phat trién
cdc loai dau do bén dan Germani siéu tinh khiét
v6i kha ning phan giai cao, hiéu suit ghi cao
va ting ty s dinh trén Compton (peak-

Compton ratio, P/C) nhdm nang cao dic trung

ctia phd ké gamma. Nhimg phdn mém cho thu
nhan va xtr 1y phd gamma nhu Gernie-2000 da
dat t6i trinh d§ chuyén nghiép cao va than thi¢n
v6i ngudi sir dung [1].

Nhiéu cb ging dé ting ty s6 P/C cua hé
théng phd k& gamma sir dung ddu do ban dan
HPGe (hay giam nén phéng Compton) da duoc
thuc hién vé mit phuong phip bao gdm: 1)
phuong phap dbi tring nghia la tin higu
Compton dugc st dung dé cdm thu phd; 2)
phuong phép tring phting nghia 1a tin hi¢u dinh
quang duge st dung dé cho phép thu phd [2,
3].

Phuong phdp tring phing tong duoc
Hoogenboom dé xuét lan dau tién vao nim

1958 sir dung hai ddu do nhip nhay Nal(TI) [4]
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cho phép do phd gamma ndi ting. Hé théng
cong bién d¢ xung dugc thuc hién béng mach
cong tuong ty. Xung tong 16i ra duoc dan téi
bd phan biét mot kénh va tin hidu 16i ra duoc
chon ciia bd phan biét mé cong mdy phan tich
bién do nhiéu kénh cho phép ghi phd tring
phing. Sau ndy, nguoi ta phét trién phuong
phédp tring phing tong cho nghién ciru phan
ung hat nhan (n, ) [5] va (n. 27y) cho hé théng
phé ké tring phiing téng sir dung diu do bdn
dan [6, 7].

Trong cong trinh nay nhitng hé théng phd ké
gamma trung phiing st dung dau do ban din
siéu tinh khiét Germani nhu: tring phing
thuong; tring phiing st dung b bién ddi thoi
gian thanh bién d6 (TAC); tring phiing tong
duogc tong quan va nhitng két qua thyc nghiém
thu dugc tir nhitng hé théng ké trén duoc mo ta.
Muc dich chinh ma ching t6i hudng tdi trong
cOng trinh nay Ia st dung k¥ thudt tring phung
tong ding dau do ban dan HPGe hién dai véi
kha ning phén giai cao, higu suét ghi cao, dé
giam nén phong Compton cia phd ké gamma.
Két qua do thuc nghiém st dung k§ thuat triing
phiing tong dé giam phong la rét hi¢u qua so
v6i phuong phdp trung phung thong thudng va
ddi trung.

VAT LIEU VA PHUONG PHAP

Trudc khi khio sit cic hé thong gamma
tring phung, st dung TAC va trung phing
téng, ta tdng quan ngin gon vé hé théng phd ké
gamma st dyng dau do HPGe.

H¢ thong phd ké gamma sir dung diu do ban

din Ge siéu tinh khiét

Phd ké gamma ding déu dd ban din HPGe
duogc str dung rong rai trong nghién ciru vt ly
hat nhan thuc nghiém, nghién ctru moéi truong,
trong phan tich kich hoat neutron ... vi cé kha
nang phén giai cao, hiéu suit ghi cao (hién nay
c6 thé dat t6i 100% hodc 1én hon) [3]. So dd
khéi cua hé thdng phd ké gamma duoc trinh
bay trén Hinh 1. Phd ké bao gom dau do ban
din HPGe, cao thé nudi dau do (high voltage,
HV), khuéch dai phd ké (Amp), by bién ddi
trong tu thanh sé (ADC), mdy phén tich da
kénh ghép mdy tinh (MCA-PC). Buc xa
gamma tir nguon phéng xa tuong tic voi dau
ddo HPGe theo ba co ché twong tic co ban:
Compton, quang dién va tao cdp. Céc hiéu Ung
ké trén 12 manh hay yéu véi vt chét cta diu do
ty vao ndng lugng cua birc xa gamma (E,). vé
co ban, két qua tuong tic ciia birc xa gamma
v6i dau do ban dan cho ta phd ning luong
gamma bao gém cdc dinh quang, nén Compton,
dinh thoét don, dinh thoat kép (néu E,> 1,022
MeV, hiéu ung tao cdp). Tin hiu tr 16i ra cua
dau do bén din duoc hinh thanh va khuéch dai
nhd bd khuéeh dai phé ké (Amp), duogc bién
dbi thanh ma s6 nho b bién dbi trong ty thanh
sb (ADC) va dugc Iuu vao bo nhé ciia mdy tinh
nho bd giao dién (Interface). Két qua ta nhan
duoc phd gamma biéu dién phan bd cuong do
cua birc xa gamma theo nang luong. Hinh 2
trinh bay phd gamma ciia nguon phéng xa Co-
60 nhan dugc tir phd ké gamma ban dan HPGe.
Pho bao gdbm hai dinh quang (E, = 11732
keV), (B, = 1332,5 keV) va nén Compton. Ty
s dinh trén Compton (P/C) nhén dugc béng
céch chia s dém d¢ cao dinh 1332,5 keV (Co-
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60) cho sé dém trung binh cua nén Compton 1096 keV.
trong khoang ning lugng tir 1040 keV dén
60Co
e HPGe P ADC .
Detector <—| A 7072 INTERFACE *| PC
HV
660

Hinh 1. So d6 khdi don gian ctia phd ké gamma st dung ddu do ban din HPGe.

Véi su phat trién cia cong nghé ban dan,
nhitng ddu dd HPGe c6 kha ning phan giai dat
dugce 1a 1,8 keV tai 1332,5 keV, tuy vao hiéu
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sudt ctia ddu do tr 10 dén 100% ma ty s P/C
¢6 thé nhan duge tir 40 dén 80 [3].
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Hinh 2. Phd gamma nhén dugc sit dung diu do ban din HPGe v6i ngudn phéng xa chuin Co-60.

Trén thuc t& phd gamma 1a kha phirc tap khi
s0 dinh quang trong phé ting, nén Compton s&
tang theo hiéu ung cong va do d6 nhiing dinh
quang nam trén nén Compton nay s€ bi méo,

nhiéu dinh quang c6 cudng d6 thip cé thé bi

che khudt (Hinh 3). Dé giai quyét van dé nay
ngudi ta phat trién cic phan mém chuyén dung
dé thu nhan va xur 1y pho cho hé thong nay nhu
Gernie 2000 [1], song vAn dé nén Compton thi

van chwa dwoc giai quyét mot cach cin ban.
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Hinh 3. Phé gamma nhén dugc su dung déau do ban

H¢ théng phé ké tring phing gamma théng
thuong

o s 7 W0 W B0 F W
dan HPGe véi ngudn phéng xa chuin Eu-152

Dé giam phong Compton ngudi ta st dung

hé thong phd ké tring phing dugc trinh bay
trén Hinh 4.
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Hinh 4. So 6 khdi ctia hé théng phd ké tring phiing gamma str dung dau do bén dan HPGe

Hé théng bao gdm: hai dau do ban din HPGe
thuong 1a loai ndm ngang duoc dat ddi dién
nhau, nguén nudi cao thé (HV 660), hai kénh
phd bién d6 hoan toan gidng nhau (khuéch dai

phé k& AMP 572, ADC 7072), hai kénh khuéch

dai, hinh thanh xung va phan biét nhanh (TFA-
474, CFD-584), lam cham ns, khéi trung phuing
(COINC- 414A), mach giao dién nbi voi PC.
Mach khuéch dai pho ké s& khuéch dai xung ra

tir tién khuéch dai nhay dién tich cua déu do
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HPGe, hinh thanh xung dé nang cao ty sb tin
hiéu trén tap am (S/N). Mach khuéch dai va
phan biét nhanh hinh thanh cdc xung ddnh déu
chinh xéc sy kién vé& thoi gian trong dai ns [3].

Tin hiéu tir 16i ra cua tién khuéch dai nhay
dién tich néi v6i hai ddu do ban din duoc
khuéch dai va hinh thanh, dugc bién déi thanh
s6 nho ADC va dugc luu vao bd nhd cia giao
dién. Tir 16i ra thoi gian cua tién khuéch dai, tin
hiéu duoc ndi véi bd khuéch dai nhanh, hinh
thanh bing bd phan biét nhanh CFD, dua t6i 16i
vao tring phiing nhanh 414A. Tin hiéu 16i ra
tring phiing nhanh s& diéu khién giao dién cho
phép ADC bién dbi tin hiéu va chi c¢6 tin hiéu
nay duoc ghi vao bo nhé.

Pé kiém tra ty sé dinh trén Compton (P/C)
hay kha nang giam phong ciia hé théng phd ké
gamma nay chiing toi diing quy trinh kiém tra
chuan ma nhiéu phong thi nghiém trén thé gigi
st dung [3], d6 la dung ngudn chuén Co-60,
tién hanh thu phé gamma khéng tring phung
va c6 trung phung trong khodng thoi gian xdc
dinh. Ty sé P/C 1a ty s cua s dém tai dinh
quang (1332,5 keV) va s6 dém trung binh ciia
nén Compton trong khodng ning lugng tir 1040
keV dén 1096 keV. Két thic qué trinh do ta thu
dugc phd gamma triing phiing nhu Hinh 5. Nén
Compton ciia phd gamma trong Hinh 5 bj giam

dang ké va phing hon nhiéu so véi Hinh 2. Ty

s6 P/C duoc lam tot 1én c& tir 3 dén 4 lan. Ta
nhén thiy trong ciing thoi gian do v6i phd trén
Hinh 2, s6 dém tai dinh quang trong Hinh 5 la
khd thap.

Thoi gian phén giai tring phiing tdi wu ciing
duoc khao sét trong thi nghiém nay. Ty s6 P/C
t6i wu khi thoi gian phan giai 12 60 ns va thoi
gian lam chdm trong kénh nhanh la 40 ns.
Nguyén nhan ¢6 sy phu thudc cua ty sé P/C
vao thoi gian phan giai tring phing 1a do s
dém tring phiing ngau nhién tang khi ting thoi
gian phin giai tring phiing. Néu ta goi Ny 1a
s6 dém tring phiing ngau nhién, N, va N, 1a s6
dém trong hai kénh nhanh twong tng, thi quan
h¢ gitra s6 dém tring phiing ngau nhién véi N,
N, va thoi gian phén giai truing phung T dugc
cho bang: N =2 N; N, T (1)

Theo cong thuc (1), thoi gian phan giai trung
phiing T cang nho thi sé dém tring phiing ngau
nhién cang nho va phd trung phiing cang ly
tuong, song trong thyuc té sir dung dau do ban
din HPGe hiéu suét cao (dung tich du dd 16n)
tdn tai hiéu ung thoi gian tu dién tich cho nén
mit ting xung la rat khic nhau dan toi phai
chon 7 t&i wu dé dam bao higu suét trung phiing
cho ting hé théng. Trong trudng hop cia thi
nghiém nay, ching t6i sir dung dau do ban dan
HPGe c6 hiéu suat ghi 15% va thoi gian phan

giai tdi uu 1a 60 ns.
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Hinh 5. So sanh phd gamma thong thudng (duong mau xanh) va phd gamma tring phiing (dwdng mau do) su

dung dAu do ban din HPGe véi ngudn Co-60

So sinh truc tiép kha ning giam nén
Compton cua phé ké gamma trung phuing va
phd ké gamma thong thwong duoc trinh bay
trén Hinh 5.

H¢ théng phd ké gamma tring phing sir
dung bién ddi thoi gian bién d (TAC)

Pé giam phong Compton ngudi ta sir dung
hé théng pho ké gamma triing phing st dung
TAC hién dai hon duogc trinh bay trén Hinh 6.

HV

660 I\
AMP

Hé théng bao gém: hai ddu do ban din HPGe
thuong 1a loai nim ngang dugc dat déi dién
nhau, ngu@)n nudi cao thé (HV 660), hai kénh
phd bién d6 hoan toan gidng nhau (khuéch dai
phd ké AMP 572, ADC 7072), hai kénh khuéch
dai va hinh thanh xung nhanh (TFA-474, CFD-
584), lam cham ns, khéi bién d6i thoi gian
thanh bién d6 (TAC, 566), mach giao dién ndi
véi PC.
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Hinh 6. So d6 khdi ctia hé théng phd ké tring phiing gamma str dung dau dd ban dan HPGe véi TAC
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Tin hiéu tir 16i ra cua tién khuéch dai nhay
dién tich néi v6i hai ddu do ban din duoc
khuéch dai va hinh thanh, bién doi thanh sé
nho ADC va luu vao bd nhé cua giao dién. Tu
16i ra thoi gian cua tién khuéch dai, tin hiéu
duoc ndi véi hai bd khuéch dai nhanh, hinh
thanh béng hai by phan biét nhanh CFD, mot
16i ra cua CFD dugc dua tdi 161 vao “start” va
16i ra khdc qua lam cham dugc dua téi 16i vao

“stop” ctia TAC 566. Tin hiéu 16i ra SCA cua
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TAC diéu khién giao dién cho phép ADC bién
dbi tin hiéu va chi c6 tin hiéu nay duoc ghi vao
bd nhé. Két thic qua trinh do ta thu duge phd
gamma trung phung nhu Hinh 7 (duong mau
xanh 2). Nén Compton cua phé gamma trong
Hinh 7 bi giam déng ké va phing hon nhiéu.
Ty s6 P/C duoc lam tét 1én ¢& tir 3 dén 5 lan.
Ta nhén thiy ciing thoi gian do voi phd trén
Hinh 2, s6 dém tai dinh quang trong Hinh 7 la
kha thap.
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Hinh 7. So sdnh phd gamma thong thudng (dwong mau do) va phd tring phiing gamma st dung TAC (dudng mau

xanh) st dung dau dd ban din HPGe véi ngudn Co-60: 1) phd gamma binh thudng, 2) phd gamma tring phiing

H¢ thong phd ké gamma tring phiing tong

Phuong phdp tring phing tong duoc
Hoogenboom dé xudt vao nim 1958 sir dung
hai dau do nhip nhdy Nal(T1) [4]. Hé cong bién
d6 xung dugc thuc hién bang mach cong tuong
tu. Dya vao xung 16i ra ciia mach cong tuong
tw va phan tich bién do dé chon xung tring
phung.

Sau nay, ngudi ta phét trién phwong phdp
tring phiing téng cho hé théng phd ké trung

phiing bin dan bang sir dung phan mém dé

chon cédc xung tring phing tng trong nghién
cuu phan tng chiém bic xa (n, v) [5] va (n, 27)
[6, 7]. Nguyén tic hoat déng cua k¥ thudt nay
¢6 thé duoc trinh bay nhu sau. Néu c6 hai su
kién trung phiing, thi du trong truong hop
nguon phéng xa Co-60 voi ning lugng E, =
1173,2 keV va E,, = 1332,5 keV thi dinh téng
s€ 1a E, = 2505,7 keV, giao dién s& cung cép tin
hiéu cho phép ADC bién ddi, két thiic bién doi

dir liéu s0 dugc ghi vao 0 cling.
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Hinh 8. Phd gamma st dung dau do ban ddn HPGe véi ngudn phong xa Co-60 sau khi sir dung phuong phép

tring phiing téng

Piu tién ta sir dung hé théng dugc trinh bay
trong hinh 7 dé thu phd ning luong gamma va
ghi vio mot tap tin nhét dinh. St dung chuong
trinh xir Iy phé chuyén dung nhv OriginPro 7.5
nap phd nhan dugc phd gamma gdc, tim dinh
téng va xdc lap cua 50 nang luong cuia dinh
tong. Cudi ciing loc sy kién tring phing c6
téng ndm trong cira s6 ké trén va trén co s¢ d6
v& phd ning lwong gamma tring phiing. Két
qua phd gamma tring phiing téng sau khi xir 1y
dugc trinh bay trong Hinh 8.

Ta nhan thiy phd gamma ciia ngudn Co-60
sau khi sir dung phwong phdp tring phiing téng
chi con hai dinh ndng lugng 1173,2 keV va

1332,5 keV, nén phong Compton hoan toan
bién mét. Ty s6 P/C dat dwoc trong thi nghiém
nay 1a 850. Ty sé P/C cta phd gamma tring
phing thyc té 1a hiru han vi dinh tdng cua
nguén Co-60 ciling nam trén nén Compton cua
céc ddong vi phéng xa c6 nang lugng 16n hon
2505,7 keV va do d6 ty sé P/C cu thé 1a bao
nhiéu tuy thudc khd nhiéu vao cdch chon cua
s0 clia nha thuc nghiém khi xir 1y pho.

Hinh 9 so sdanh phd gamma théng thuong va
phé gamma sir dung phuwong phép tring phiing
téng. Nén Compton cua phé tring phung téng
giam hang trim lan so v6i phd gamma théng

thuong.

Trang 22



TAP CHi PHAT TRIEN KH&CN, TAP 15, SO T1- 2012

___ _Trlng phungrthudng

1100 \ —— Triang phiing ¢dng bién 45

h
Il .

1173 ke Vi 1332 keV
4 \
800 1173 keV o
e 1332 keV

1000 4

86 dém

900

700 «
6500 ~

500 o

400
300+
200

] e,
.‘Iﬂ.}“n.hr_-.,s...-wl\- S .

100

L "
RTN |

LS A |

0

T T T T U 1
800 900 1000 1100 1200 1300 1400 1500
Nang lvong (keV)

Hinh 9. Phé gamma sir dyng ddu do bén din HPGe v6i ngudn phéng xa Co-60: thong thuong (dudng khong lién

nét mau d6), sau khi sir dung phuong phap triing phiing tong (duong lién nét mau xanh).

Hinh 10 trinh bay anh cta hé thong phd ké Téng hop két qua do thuc nghiém trén cac hé
gamma st dung hai diu do ban din HPGe véi théng phd ké gamma khdc nhau, nhitng dic
budng chi bao vé va hé thong dién tir kem theo trung chinh ctia h¢ thong dugc trinh bay trong
ding cho ba thi nghiém tring phiing ké trén tai Bang 1.

kénh s6 3 10 phan tng hat nhan, Vién nghién
cuu Hat nhan Pa lat.

Bang 1. Ty s6 P/C cia cdc hé théng phé ké st dung dau do HPGe.

Tén h¢ thong Phuong phép FWHM Ty s6 Hésolam  Tai ligu tham
(keV) P/C tht khio
Pho ké gamma Khoéng trung phung 1,8 44 1 [1]
Phé ké gamma tring phing Tring phing 1,8 132 3 Cong  trinh
thuong nay
Phé ké gamma tring phing Tring phing 1.8 132 3 Cong  trinh
(TAC) nay
Phé ké gamma tring phiing tong ~ Trung phing tong 1,8 850 19 Coéng  trinh
nay
Phé ké triét Compton Déi triing 1,8 264 6 2]
Phé ké triét Compton Déi tring 1,8 396 9 [8]
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Hinh 10. Anh toan canh h¢ théng phd ké gamma str dung hai ddu do ban ddn HPGe véi budng chi bao vé va hé

théng dién tir dugc sir dung cho nhitng thi nghiém triing phiing tai kénh sb 3 15 phan tmg hat nhan, Vién nghién

cuu Hat nhan Da lat.

KET LUAN

Téc gia da trinh bay mot s két qua thuc
nghiém thu dugc trén cac thi nghiém vé phé ké
gamma tring phing st dung dau do HPGe va
céc khdi dién tir chudn, déc biét 1a hé théng phd
ké gamma tring phiing téng c6 ty sé P/C rét
cao tai Vién Nghién ctu Hat nhan Da lat.
Nhitng két qua thyc nghiém ké trén cho ta thiy
rang néu st dung mot cach hop 1y phin cing
va phan mém ctia hé thong phé ké tring phiing
téng cho nghién ctru phan g chiém birc xa (n,
v, (n, 2y) c6 thé tao nén phé ké gamma phong

Compton rit thip. So voi két qua thyc nghiém

vé hé théng phong thip triét Compton sir dung
dau do HPGe va NaI(Tl) c6 hé sé P/C dugc
lam tét 1a 6 [2] hodc 9 [8] thi ty s6 P/C dugc
lam t6t bang 19 thu dugc trén hé théng phd ké
gamma tring phiing tdng 12 rat hip dan dbi véi
céc nha thiét ké phé ké gamma phong tha”ip.
Rao can 16n nhét tng dung rong rdi cic hé
thong phd ké nay c6 1& 1a chi phi cho mot hé
thdng con khd cao khoang 100000 db la. Tac
gid chan thanh cam on Vién Nghién ctru Hat
nhan Pa lat di tao diéu kién dé thiét 1ap va tién
hanh cdc thi nghiém phd ké tring phiing

gamma ke trén.
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EXPERIMENTAL STUDY ON THE POSSIBILITY OF REDUCING BACKGROUND
FOR THE GAMMA COINCIDENCE SPECTROMETER WITH HIGH PURE
GERMANIUM DETECTORS

Dinh Sy Hien
University of Science, VNU-HCM

ABSTRACT: Gamma coincidence spectrometers with HPGe detectors are used for
environmental research, nuclear reactions (n, ), (n, 2}) due to Compton backgrounds of their gamma
spectra are very low. In this work, three types of coincidence spectrometers such as gamma coincidence
spectrometer, gamma coincidence spectrometers with TAC and sum coincidence spectrometer using
HPGe are described. Some experimental results obtained by using gamma coincidence spectrometers
are presented. Especially, taking advantages of the software and hardware of the sum coincidence
spectrometer used for research of nuclear reactions (n, ), (n, 27, we have converted the spectrometer
to one with very low background level.

Key words: gamma spectrometer using HPGe detector, gamma coincidence spectrometer,

gamma sum coincidence spectrometer.
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