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Bai Nghién ciiu

n dé phan giai phé gamma néi tang bac hai
Phan Bdo Quéc Hiéu', Ho Hitu Thédng', Triuong Van Minh?

TOM TAT

Bai bao trinh bay mot thuat toan cai thien do phan gidi nang lugng clia phé phan ré gamma ndi
tang. D6 phan gidi nang luong cé vai trd rat quan trong trong phan tich phd gamma. D6 phan
giai nang lugng cang nho (t6t), kha nang phat hién dinh va xac dinh chinh xac dién tich dinh céng
cao. Thuat toan dua ra dugc xdy dung dua trén ca sa cac phan tich vé dé phan giai nang luong ctia
phé ké cong bién do cac xung trung phung st dung ky thuat tuong tu. Thuat todn da dugc thur
nghiém vai mot s6 pho phan ra gamma néi tang clia hat nhan 164Dy thu dugc tu thi ngh|em do
phan rd gamma ndi tang st dung hé phd ké trung phung gamma ghi su kién — su kién cta Vién
nghién ctu hat nhan. Cac phé phan ra gamma néi tang bac hai tuong Ung véi chuyén doi néi tang
tU trang théi hgp phan vé cac trang thai cudi cé ndng lugng 0, 74 va 242 keV da dugc danh gia. Két
qua cho thay d6 phan gidi ndng lugng clia phé dugc céi thién tir 1,05 dén 2,04 lan trong dai nang
luong tir 586 dén 6830 keV. Bong thai tinh déi xting clia cac phd phan ra gamma ndi tang cing
dugc cdi thién dang ké. Thuat toan cé thé dugc 4p dung réng rai trong phan tich phé gamma néi
tang, gilp tang kha nang phan tich cac dinh chéng chap, cai thién do chinh xac va do tin cay. Nho
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d6, kha nang phan tich céc dinh chap trong phd cé do chinh xac va tin cay cao han.
Turkhoa: phé phan ra gamma ndi tang, dé phan gidi nang lugng, cai thién do phan giai

MG PAU
Phd ké gamma la mét cong cu hiéu qua trong nghién
ctiu s6 liéu va cu triac hat nhan, cing nhu cac tng
dung nhu quan trdc méi trudng, phan tich ham lugng,
.. Phd ké gamma cho phép thu nhan céc tia gamma
phét ra tit d6i tugng nghién ctiu va hién thi duéi dang
cac dinh trong ph6 gamma. Nhén dién dinh (ndi cach
khéc la xdc dinh cac ning lugng gamma xuét hién
trong phd) 1a nhiém vu quan trong nhat trong phén
tich phd gamma. Kha ning nhén dién céc dinh sé phu
thudc vao nén phong Compton va d6 phan gidi ning
lugng ctia phd gamma. Do d6 nhiéu ky thuét do cling
nhu phuong phdp xt ly s6 liéu da dugc dua ra dé1am
giam nén phong Compton va cai thién d6 phan giai
nang lugng ctia ph6 ké gamma.
Do phin gidi nang lugng ctia phd ké gamma sé phu
thuc vao loai ddu do dugc st dung. Trong cac loai
phé ké gamma hién nay, phd ké gamma sti dung dau
do HPGe cho d¢ phén giai nidng lugng t6t nhat (chi
vai keV so v6i hang tram keV & nang lugng 1332 keV
ctia cac dau do nhdp nhdy). Trong khi d6, viéc giam
phong Compton chu yéu dua trén co s¢ cta cac ky
thuat triing phting > va d6i triing >*
Phuong phép do trung phung gamma ndi tdng bac
hai st dung ddu do ban din HPGe? cho phép loai
b6 gin nhu hoan toan nén phong Compton khoi phé
gamma thu dugc. Céc thong tin thu nhan dugc trong
phuong phép do trung phiing gamma néi ting bac hai

dugc thé hién thong qua cic phé gamma n6i ting béc
hai. Phd néi tdng béc hai dugc cdu thanh tu cc cip
gamma chuyén doi ndi tAng c6 cudng do manh c6 thé
phén gidi dugc (la cac dinh c¢6 dang phéan bd Gauss),
nén lién tuc tao bdi cdc gamma ndi tdng c6 cudng do
yéu ma phd ké khong thé phan giai dugc, va mot nén
nhiéu c6 trung binh béng khong®.

Trudng hop ly tudng, phd phin ra gamma néi ting
¢6 dang d6i xting qua tdm nhung do dic trung vé do
phén giai ning lugng ctia hai dau do ban dan khong
bao gi¢ hoan toan giéng nhau, do d6 phd phén ra
gamma ndi ting thudng c6 dang bat d6i xting nhu
trong Hinh 1 (a). Su bat ddi xting nay cling dugc nhic
t6i trong phé ctia '72Yb trong tai liéu®. Ngoai ra, cac
muic kich thich 6 viing nang lugng trung gian day dic,
nang lugng phén ra tii mot s6 muic kich thich khac
nhau khong nhiéu dan dén xuat hién cic dinh chdng
chép trong phé ndi ting, dic biét trong phd do ctia cac
hat nhan c¢6 cdu tric mtc phtic tap. Su chong chap
sé& dugc giam bét néu do phéan gidi ning lugng cia
phé dugc cai thién. Néi cach khéc, do phan giai ning
lugng cang tot, s6 liéu co ich trich xudt ti phé phan
ra gamma ndi tang sé cang nhiéu.

Trong nghién ctu ndy, ching toi phat trién mot thuét
todn giup cdi thién d¢ phin gidi cia phd phan ra
gamma ndi tdng, nhd d6 tinh ddi xding cta phd cing
dugc ci thién. Sy cai thién d6 phan gidi ning lugng
va tinh d6i xting ctia d6 cao dinh nang lugng cho phép

Trich dan bai bao nay: Hai N X, Anh N N, Hiéu P B Q, Thdng H H, Minh T V. Thuat toan cai thién dé phan
giai phé gamma néi tang bac hai. Sci. Tech. Dev. J. - Nat. Sci,; 4(4):818-826.
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Hinh 1: (a) Phé phan ra gamma néi tAng (vling tir 500 dén 7000 keV) tuang tng véi dinh téng 7416 keV ctia '%4Dy.
(a) Mot phan phé téng clia 14Dy, cac dinh téng cé ning lugng 7416, 7585, va 7658 keV dugc danh dau; Phé do
bang hé phé ké tring phing gamma va kénh natron nhiét ctia 16 phan ting hat nhan Pa Lat.

xdc dinh nang lugng clia cac mic kich thich cta hat
nhén trong viing ning lugng trung gian mot cach hiéu
qua hon. Hiéu qua ctia thuit toan sé dugc danh gia
thoéng qua tht nghiém trén phd phan rd gamma néi
tang tuong ting véi dinh téng 7416, 7585, va 7658 keV
clia hat nhan '%*Dy. Trong d6, phé 7416 keV dugc lua
chon d€ phan tich va ddnh gid dinh lugng hiéu qua ctia
thuét toan.

PHUONG PHAP

Thuét toan cai thién d6 phan giai cia phé
phan rd gamma néi tang

Co sG cta thuat todn dya trén phan tich vé d6 phin
giai ning luogng ctia phé ké cong bién do cic xung
trung phiing trong tai liéu!. Trong nghién cdu nay,
ching t6i phat trién cdc két qua phén tich d6 phan
gidi ctia phd cong bién do cac xung trung phung dé
ung dung vao cai thién do phan giai ctia phé trung
phung gamma - gamma ghi su kién - sy kién.

Gia st dinh t6ng do hai gamma tia gamma tic thoi 7
va 1 ¢6 do phan gidi tuong ting & cac ddu do la o] va
5. Khi d6, d6 phan gidi ctia y; trong phd t3ng o]
dugc xac dinh theo cong thiic (1) 1

0)1\/(022+0)52
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Trong d6 @l 1a d6 rong ctia céng thiét lap cho dinh
téng E0s. Néu @ dugc thiét lap di nhé so véi o
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Tu cong thiic (2), dé nhin thdy d¢ phan giai a)IDS clia
dinh tong bé nhét khi o[ bing @}, khi dé cac dinh
trong phé ndi tdng béac hai sé d6i xiing qua mot tm
déi xting. Do d6, thuat todn sé tip trung vao viéc lam
can xting cac dinh trong phé noi tang bac hai.

Trong phuong phédp tring phiing gamma ndi ting,
nang lugng ctia dinh t6ng dugc biét trude do cic ning
lugng lién két notron va nang lugng kich thich ctia cac
trang thai cudi la cac dai lugng da dugc biét rd. Chinh
vi thé ta c6 thé tién hanh b mot lugng thich hgp cho
cdc cdp su kién trong dinh téng d€ dua gid tri téng vé
gid tri da biét va qua d6 cai thién d¢ phén giai ctia phd
ndi tdng bac hai.

Chi tiét thuat toan dugc trinh bay trong Hinh 2. E1 va
E2 14 14n lugt bién d¢ xung ty 1 v6i nang lugng hédp
thu b&i ddu do mot va dau do hai. E1* va E2* 14n lugt
la gid tri hiéu chinh ctia E1 va E2. Datafile 1a tap tin
chita code E1 va E2. S1(E) va S2(E) lan lugt1a do phan
giai nang lugng tai ning lugng E cta cdc ddu do mot
va hai. Thuat todn tao phd phén rad gamma ndi ting
béc hai tit code va y nghia cta cac dai lugng P1, P2,
BL1, BL2, BR1, BR2, Pc dugc trinh bay trong tai liéu”.
Dé danh gid kha nang cai thién do phan giai ning
lugng trong phd phan rd gamma néi ting cta thuit
toan, ching t6i tién hanh 4p dung thuét todn cho phé
phén ra gamma ndi tdng tuong ting véi cac dinh téng
7416, 7585, v 7658 keV clia hat nhan '%*Dy. Phé
phén rd gamma ndi ting tuong ng véi dinh téng noi
trén dugc cfu thanh bdi céc cdp chuyén doi gamma
ndi tang tli trang thdi hop phan (B, = 7658 keV) thong
qua cdc mic trung gian vé trang thdi cudi c6 ning
lugng 242, 74, va 0 keV 8. Thong tin chi tét vé so d6
miic ctia "% Dy dugc dua ra trong tai liéu tham khao®
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(thu vién s liéu hat nhan Evaluated Nuclear Struc-
ture Data File (ENSDF)). Minh hoa so d6 phéin ra ctia
mot s6 cdp chuyén doi ndi ting manh trong cac phé
phén ra gamma n6i tAng dugc dua ra trong Hinh 3.

Thi nghiém do phén rd gamma néi ting ctia 'Dy

dugc tién hanh tai Vién nghién ctu hat nhén st dung 7658
hé phd ké tring phing gamma néi ting’ va kénh - - s
notron nhiét'?. Bai bdo nay chi st dung mot s6 phé N R S
phén ra n6i ting d€ kiém tra tinh kha dung ctia thuét '
toan, chi tiét vé thi nghiém va cac két qua phé hoc thu S . - - 2250
dugc sé dugc trinh bay trong cic cong bo tiép theo.
= - 76182

KET QUA VA THAO LUAN e S 57

Hinh 4 so sanh gitta phd n6i tAng bac hai tuong tng (@) Ef = 0keV (tdng ning luong 7658 keV)
v6i dinh tong 7416 keV ctia 194Dy khi 4p dung (mau
do diit nét) va khong ap dung (mau den) thuat toan

cai thién d¢ phén giai. Ta c6 thé dé dang nhan thay B
ring tinh déi xting ctia phé da dugc cii thién dang ké B Po i

sau khi 4p dung thuat todn. Trong phé chua dp dung mmpmmmm | ————— - - 17974
thuét todn cai thién do phén gidi, d cao ctia cdc cdp
dinh tuong ting vé6i cac ndi ting (vi du nhu 6830 va I e
586 keV) 1éch nhau rt ro rang. Sau khi 4p dung thuét B D _
toan hiéu chinh d¢ phan giai, d6 cao ctia hai dinh la 5t o ad

tuong duong nhau (xem Hinh 4). Diéu nay la do dién .

tich dinh khong thay d6i, nhung d6 phan gidi da dugc (b) Ey = 74 keV (long ning lugng 7585 keV)

cai thién, do d6 dinh c6 phan bd gauss hep hon va bién

74

do6 dinh do d6 cao 1én tuong ting. Hién tugng nay c6

thé dé dang quan sét thdy véi cic cdp néi ting khéc e
nhu 5861 - 1556 keV, 5725 - 1691 keV, 5504 — 1912 M e [Be |5
keV, va keV -3361 keV. el ] R EEEE RS Bt
Dbé danh gia muc do cai thién do phén gidi ctia thuét i et e e I
toan, do phéan giai ctia cdc dinh c6 cudng do cao trong : : : : : : : : : : : : : : : : : : :12:4
phd khong va phd ¢ dp dung thuat toan dugc xdc - b - -lng - Jag -y - fare
dinh va so sanh. Viéc chi so sinh d¢ phan giai cta w2

cdc dinh c6 cudng do cao la d€ tranh cic sai s6 trong (©) E; = 242 keV (t3ng ning | 7416 keV)
) . O F = eV (tong niing luon €

xac dinh d¢ phén giai ctia dinh gy boi s6 dém thong 4 S
ké thdp. D¢ phan gidi dugc xdc dinh bang cach lam
khép dinh véi ham phan b gauss va nén phong tuyén Hinh 3: So d6 phan ra clla mét sé cap ndi ting cé
tinh b4c nhat. cudng do cao tir trang thai hgp phan vé trang thai
Hinh 5(a) so sanh dinh 586 keV khi c6 va khong 4p ~ kich thich 0, 74, va 242 keV ctia '*Dy. Céc dutng
nam ngang dai dién cho cac muc kich thich hat
nhan, nang lugng kich thich dugc dua ra & bén canh
phai clia muc tuong Ung. Dudng ngang lién nét
cta dinh 1a 4,05 keV, trong khi d¢ khi 4p dung thuat dai dién cho trang thai hop phan va trang thai cudi.

dung thuat toan cai thién d¢ phan giai. Khi khong ap
dung thuit toan cai thién d6 phan giai, d6 phan giai

todn cai thién do phan giai, d6 phan gidi cta dinh C4c trang théi trung gian dugc biéu dién bang cac
dugc cai thién con 3,85 keV (~1,05 lan). Hinh 5(b) ~ 9dudng dut nét Clac el el duyfj ky h'el:] bgng
so sanh dinh 6830 keV khi c6 va khong ap dung thuét mdi ten vai nang lugng tufong Ung ¢ ben canh. Bon

T T e vi nang lugng trong hinh la keV. S6 liéu vé cac muc
toan cai thién d6 phén giai, két qua cho thdy do phan kich thich duoc 18y turtai lieu tham khao®.

giai dugc cai thién 2,04 14n (ti 5,3 keV gidm xudng 2,6
keV). Do dic trung ctia phd phén rad gamma ndi tang,
& nang lugng thép thuét toan chi cai thién d6 phan
gidi & muc rdt nhd, con & ning lugng cao do phan giai
dugc cai thién dang ké. Nhin chung, trong viing ning
lugng tu 586 keV dén 6830 keV, d6 phan giai dugc
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Pc
P1
= i

Read BL1, BL2,
P1,P2,BR1, BR2,
Pc

Open data file

P2 BRL  BR2

delta= pe-E1-E2;
id = delta *

S1EL)'SLEL/(SLEL)'SI(EL)+s2(E2)*s2(E2)

E1* = El+id

= E1+i
E2*E2+(deltarid)

S
¢

Yes. BL2>=E1+E2>=BL1

@ Y554@7
No

dell= BLLP1
jd1 = E1 * delL/(EL+E2)
jd2 = dell-jd1
ps = pe + dell

delR = BRL-P1
jd1 = E1 * delR/(EL+E2)
jd2 = delRjd1
ps =pc +delR

BR2>=E1+E2>=BR1 or
BL1<=E1+E2<=BL2

No
Yes

delta= ps-EL-E2;

SUED*SUELY(SHED SLED+2(E2)'S2(ED) |a—1)
E1* = El+id

E2*=E2+(delta-id)

l

Hinh 2: Thuat toan cai thién do phan giai phd phan rd gamma néi tang

cai thién trong khoang tit 1,05 dén 2,04 14n. Hiéu ting
cai thién d¢ phan gidi cia mot s6 dinh khéc trong phé
dugc dua ra trong Hinh 6.

Thuét toan dua ra c6 thé dp dung cho tét ca cac phé
phén rd gamma ndi tdng thu dugc trong phuong phap
trung phung gamma - gamma ghi su kién - su kién,
do d6 chung t6i da tién hanh thi nghiém thém d6i véi
cdc phé néi tdng cé ning lugng tdng bang 7658 keV va
7585 keV tuong ting v6i cac phd cuong do chuyén doi
ndi tAng ti trang thai hgp phan vé trang thai co ban va
trang thdi 74 keV ctia 164Dy. Hinh 7 (tuong ty Hinh 4)
so sanh trudng hop c6 ap dung thuit todn cai thién
do phan giai va khong dp dung thuit todn cai thién
d¢ phan giai ctia hai trudng hop ké trén. Két qua cho
th&y d¢ rong dinh sau khi 4p dung thuat todn cai thién
d6 phan giai gidm di ddng k€ (thé€ hién thong qua sy
tang d¢ cao ctia cac dinh trong phé c6 4p dung thuét
toan). Su bat déi xiing clia cac cap dinh tuong ting véi
cac ndi tang cd cudng do cao (6830 - 754 keV, 5943
- 1642 keV, va 5861 - 1724 keV trong Hinh 7(a); va
6896 — 762 keV, 5408 - 2250 keV, va 5127 - 2531 keV
trong Hinh 7(b)) c6 thé théy rét 16 trong phd khong
ap dung thuit toan, nhung da dugc xtt Iy hdu nhu triét
dé trong cac phd c6 ap dung thuit todn. Cac két qua

821

nay cung véi cic két qua phan tich chi tiét cho phd
ndi tdng co téng ning lugng bang 7416 keV da trinh
bay truéc d6 la minh ching cho khd ning cai thién
d0 phan gidi nang lugng ctia phd phéin rd gamma ndi
tang cta thudt todn d€ ra trong nghién ctiu nay.

KET LUAN

Trong bai viét nay, chung toi da trinh bay mot thuat
todn gidp cai thién d) phén giai nang lugng cta phd
phéin rd gamma néi tdng. Thuat todn da dugc thu
nghiém véi phd phéin ra gamma ndi ting béc hai vé
céc trang thai 0, 74, va 242 keV cta hat nhan 164Dy
(tuong ting véi téng ning luong ndi ting bang 7658,
7585, va 7416 keV). Két qua thu dugc cho thdy thuat
todn giup cai thién d¢ phéan giai nang lugng tii 1,05
dén 2,04 1an trong ving ning lugng ti 586 dén 6830
keV. Song song véi cai thién do phén giai nang lugng,
thuat todn cling giup cai thién tinh déi xting cua do
cao dinh ning lugng trong phd phén rd gamma néi
tdng. Két qua tht nghiém trén nhiéu phd ndi tang
khac nhau ctia hat nhan '®*Dy cho thdy thuét toan
6 thé dugc dp dung d6i véi tit cd cac phd phan ra
gamma ndi tdng do dugc bang phuong phap trung
phung gamma - gamma ghi su kién - sy kién, qua
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Hinh 4: D6 can xding clia phé dugc cai thién sau khi 4p dung thuat toan cai thién d6 phan giéi cho phé phan ra
gamma néi tdng. Phé trong trudng hgp cé ap dung thuat toan cai thién dé phan giai dugc dich 150 theo trucy.
Nang lugng ctia mét s6 chuyén dai manh dugc ky hiéu (don vi keV) trén cac dinh tuang ting
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Hinh 5: So sanh dinh 586 keV (a) va dinh 6830 keV (b) trong hai trudng hgp c6 va khéng ap dung thuat toan cai
thién d6 phan giai. D6 phan gidi ciia phé phan ra gamma néi tang dugc cai thién tur 1,05 dén 2,04 1an trong khoang
tlr 586 dén 6830 keV
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Hinh 6: Hiéu Ung cai thién do phan giai tuong tu nhu trong Hinh 5 d&i v6i mét s6 dinh nang lugng khac trong
phd phan ra gamma néi tdng c6 nang lugng tdng bang 7416 keV cta '%Dy.
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Hinh 7: Hiéu (ing cai thién dé phan giai tuong tu nhu trong Hinh 4 déi véi cac phé néi tang cé nang luong cta
164Dy c6 nang lugng tdng bang 7585 keV (a) va 7658 keV (b). Cac phd da hiéu chinh lan lugt dugc dich 500 va 150
kénh theo truc y. Cac cdp ndi tang c6 cudng dé cao dugc danh dau trén phé theo don vj keV.

d6 gép phan ning cao tinh chinh xdc va hiéu qua ctia
phuong phdp trung phiing gamma - gamma ghi sy
kién - sy kién.

LO1 CAM ON

Nghién ctiu nay dugc tai trg béi Quy Phat trién khoa
hoc va cong nghé Quéc gia (NAFOSTED) trong dé tai
ma s6 103.04-2017.323.

XUNG POT LO1iCH

Nhém téc gia xin cam doan rang khong co bt ky xung
dot lgi ich nao trong cong bé bai bao.

PONG GOP CUA CAC TAC GIA

Nguyén Ngoc Anh va Nguyén Xuan Hai cuing tham
gia xt ly s6 liéu, phén tich két qua.

Toan bd nhom tac gia tham gia thao ludn két qua, viét,
va chinh stia ban thdo.
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An algorithms to improve the energy resolution of two-step
cascade spectrum

Nguyen Xuan Hai', Nguyen Ngoc Anh'"*, Phan Bao Quoc Hieu', Ho Huu Thang', Truong Van Minh?

e

¥ ABSTRACT
The present paper proposes an algorithm to improve the energy resolution of two-step cascade

: spectrum. The energy resolution plays an important role in the domain of gamma spectrum anal-
Use your smartphone to scan this ysis. The better the energy resolution is, the better the ability of peak resolving is. The algorithm is
QR code and download this article constructed based on an analyze of energy resolution of the summation amplitude of coincident
pulses spectrometer using the analogue technique. The algorithm proposed has been tested on
some two-step cascade spectra of 14Dy nucleus obtained from the (n, ) reaction experiment using
the gamma — gamma coincidence spectrometer at Dalat Nuclear Research Institute. Two-step cas-
cade spectra corresponding to the cascade decays from the compound state to final states whose
energies are 0, 74, and 242 keV have been evaluated. The results obtained show that the energy
resolution of the two-step cascade spectrum has been reduced by 1.05 to 2.04 times within the
energy range of 586 to 6830 keV. Our algorithm can therefore be applied to improve the ability of
peak deconvolution, the accuracy, and the realibility in analyzing two-step cascade spectra.
Key words: two-step gamma spectrum, energy resolution, improving resolution
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