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TOM TAT

Bai bdo nay trinh bay két qua nghién ciu iing dung phuong phép mé phong Monte Carlo dé khao
sat su phu thudc clia hiéu suat ghi va kha ndng phan biét xung notron/gamma vao kich thudc ctia
dau do strdung chat nhdp nhay EJ-301, phuc vu thiét ké ché tao dau do ghi do notron. Ching toi
da xay dung va khao sat 08 mé hinh dau do hinh tru cé chiéu dai va dudng kinh khac nhau bang
c6ng cu Geant4. Cac mo hinh dau do dugc mé phong bao gom khéi nhdp nhay ghép véi dng dan
sang va éng nhan quang (PMT). Cac tin hiéu xung mé phong thu dugc ti méi méd hinh dau do
da dugc phan tich dé danh gia kha nang phan biét notron/gamma bang phuang phép tich phan
dién tich (DCl), dong thai hiéu suat ghi notron cling dugc xac dinh tai tiing ngudng nang lugng
khac nhau. Cac két qua phan biét xung natron/gamma dugc danh gia dua trén chi s6 pham chat
hinh anh (FoM). Két qua nghién ctiu cho thdy kha néng phén biét notron/gamma va hiéu suét ghi
notron déu phu thudc rd rét vao kich thudc clia dau do, cu thé la su thay déi chiéu dai va dudng
kinh. Két qua nay c6 y nghia quan trong, hd trg nghién ctiu téi uu thiét ké dau do notron st dung
chat nhdp nhay hiru co EJ-301 hodc cac chat nhap nhay tuong tu, nhdm nang cao hiéu qua phan

biét xung notron/gamma va hiéu suat ghi nhan natron.
Tur khoa: nhap nhéy EJ-301, phan biét notron/gamma, mé phong Geant4, tich phan dién tich

, GIGI THIEU

EJ-301 (hay BC501A) 'lamot trong nhiing chit nhép
3 nhdy httu co dugc st dung phé bién trong cic ddu

~

4 do ghi do notron nhanh, do c6 hiéu suit ghi nhan
cao va dic trung clia xung anh sang cho phép nhan

w

6 dang btic xa notron v6i gamma trén mét dau do. Tuy
7 nhién, nhugc diém chinh ctia EJ-301 la cing rdt nhay
s VGi buic xa gamma va kha ndng nhén dang kém & cac
o xung bién d6 thp2. Do d6, cac hé do notron st dung
o d4u do nhdp nhdy EJ-301 cin c6 sy hd trg cta cic
1 phuong phdp phan biét xung notron/gamma nham
2 tang cuong do chinh xac trong ghi nhan notron. Hiéu
3 qud nhan dang xung notron/gamma cho cac déu do

14 nhép nhay da dugc nghién ctiu theo cic huéng chinh
15 1a phét trién cic phuong phdp phan biét dang xung

s (Pulse Shape Discrimination, PSD), nghién ctiu phat
7 trién vat liéu nhdp nhdy va dau do trong d6 c6 danh

18 gid khd nang phén biét dya trén kich thudc dau do

s tuong tng vGi cac chdt nhip nhdy. Céc nghién ctu
o phuong phip PSD da cho thdy hiéu qua phan biét
1 notron/gamma tuong do6i tét & viing nang lugng cao,
> nhung kém trong viing nang lugng dudi 200 keVee
)2-4, Mot s6

nghién ctiu hiéu suédt ghi va hiéu qua phan biét xung

(kilo electron Volt electron equivalent

@

X

s notron/gamma da dugc thuc nghiém trén cac dau do

nhdp nhdy cé kich thudc khic nhau. Trong nghién
ctiu ctia P. Christopher va cac dong nghiép, bén tinh
thé EJ-299-34 c6 kich thudc khac nhau ghép néi véi
PMT di dugc dénh gia®. Bén canh d6, mot s6 mo
hinh d4u do st dung chét nhdp nhdy hiiu co cing
da dugc x4y dung va mé phong trong phin mém
Geant4°. Trong nghién ctiu ctia N. Patronis va cic
dong nghiép, mo6 hinh dau do BC501A da dugc x4y
dyng trong Geant4 d€ danh gid ham dép tng bién do
véi cic nguén notron khac nhau®. Nghién ciiu clia
Z.S. Hartwig va cac dong nghiép da x4y dung hai mo
hinh d4u do EJ-301 d€ danh gia hiéu suit ghi va hiéu
qua nhén dang notron/gamma’. C4c nghién ctiu nay
da cho thdy, c6 sy phu thudc ctia hiéu suét ghi va hiéu
qua phan biét notron/gamma vao kich thudc ctia dau
do. Tuy nhién, s6 lugng cdc moé hinh dugc khao sat
con rédt han ché, kich thuéc chit nhdp nhdy mdi chi
dugc khao sat theo chiéu dai. Hon niia, cac nghién
ctiu ndy déu st dung mo hinh dénh gid truc tiép tu
cac xung nhdp nhdy ma chua tinh dén cac anh hudng
clia qud trinh chuyén d6i quang - dién va mach dién
tt dung khuéch dai tin hiéu - nhiing b6 phén khong
thé thiéu trong thiét bi ghi nhin notron.

Do véy, d€ ho trg cho thiét ké ddu do notron gan véi
thuc t€, 08 md hinh dau do véi kich thudc khéi nhap

Trich dan bai bdo nay: Hai N X, Hi€u P B Q, Quy V T T, Chuan P V, H3i N N, Tung L V, Hung N Q, Anh N
N, Hung D T, Khang P D. Nghién cttu su phu thudc kha nang phan biét xung notron/gamma vao kich
thuéc ctia dau do nhap nhay EJ-301. Sci. Tech. Dev. J. - Nat. Sci. 2025; ():1-9.
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nhay EJ-301 khac nhau dugc xay dung va mo6 phdong
v6i sy hd trg ctia Geant4. Tin hiéu xung tii mé hinh
mo phong duge phan biét bing phuong phap DCI, hé
s6 FoM dugc st dung lam tiéu chi danh gia su phu
thudc ctia khd nang phin biét dang xung vao kich
thudc cta chit nhdp nhdy. Két qua thu dugc khong
chi phuc vu nghién ctiu t6i vu thiét ké kich thuéc nhip
nhdy ctia ddu do EJ-301 ma con cung cip cac md hinh
md phong ting dung cho thiét ké t6i uu cac dau do
nhédp nhay do notron khac.

PHUONG PHAP VA VAT LIEU

M$ hinh dau dé

Mo hinh dau do dugc x4y dung bao gom dau nhip
nhdy, 6ng dan sang, PMT, va tién khuéch dai (TKD)
dya theo mé hinh thuc t& dugc thiét 1ap2. Cac ciu
hinh ddu nhdp nhdy, 6ng dan sang, PMT va cac tham
s6lién quan dén hinh thanh xung dugc thiét lap trong
cac 16p cta chuong trinh Geant4. Pau nhip nhdy EJ-
301 c4u tao gdom lGp vo, khéi nhép nhay, va ctia s6 dan
sang. L6p vo hinh tru réng lam bang nhom, day 1,5
mm. Khéi nhép nhdy chiia chit nhip nhdy long EJ-
301 v6i thé tich khac nhau theo kich thudc trén Bang 1
vaminh hoa trén Hinh 1. Ctia s6 dan sang lam tii thry
tinh hiiu co, phtt hgp d€ ghép véi 6ng dan sang hodc
PMT.

Ong dan séang béng vét liéu thay tinh hitu co (acrylic)
dugc md phong gom hai loai hinh tru va hinh nén
cut c6 chiéu dai 50 mm, duong kinh phtt hgp véi kich
thudc ctia s6 PMT va kich thudc ctia s6 dan séng cta
cac khéi nhdp nhdy nhu trén Bang 1 va Hinh 1.
EJ-301 1a chit nhép nhday long (xylen) c6 cong thtc
héa hoc (CgHg), cdc dic trung vat Iy dugc trinh bay
trong Bang 2. Hiéu suit phit quang t6t (12000 pho-
ton/1 MeVee) va anh sang nhép nhdy dugc tao ti 3
thanh phén phén ra véi ti 16 khac nhau tiry thudc vao
loai btic xa. Dic tinh nay ctia chit nhdp nhdy EJ-301
cho phép tao ra cac xung anh sang nhép nhay (xung
nhdp nhdy) c6 hinh dang dudi xung khéc nhau d6i véi
btic xa notron va gamma lam co s& cho cac phuong
phdp phén biét biic xa dua trén hinh dang xung. Khi
btic xa tuong tic v6i khéi nhap nhay EJ-301, phan
néng lugng dé lai trong khdi nhdp nhdy dugc chuyén
d6i thanh xung dnh sdng vé6i 3 thanh phén phan ra
dugc mo ta nhu phuong trinh (1).

Vs (t) = Ae /% 4 Be™!/™ 4 Ce ™t/ (1)

Trong d6: A,B,C tuong tng la cudng do ban dau clia
3 thanh phan phén ra; T, Tjy, Ty, tuong tng la 3 thoi
héng phan ra (g6m: nhanh, trung binh, va cham) cta
chét nhép nhay EJ-301.

Xung nhdp nhdy dugc chuyén d6i thanh xung dién
thong qua bo PMT. Viéc chuyén d6i dugec mo ta thong
qua ham dap tng déc trung cia PMT. M6 hinh dap
ung ctia PMT déi v6i 1 photon don 1é da dugc trinh
bay trong nghién ctiu® ¢ dang nhu phuong trinh (2).

e*l / TPMT

2

Gpur (1) ~ T

Trong d6 tpyr la thai gian dap tGing ctia PMT. Trong
nghién ctiu nay, st dung PMT R9420 cia Hamamatsu
c6 thai gian dép ting Tpy7 = 0,55 ns, hé s6 nhan quang
5,5x10°° dugc lua chon d€ xay dyng mé hinh. D6
d6, ham dap Ging cia mo6 hinh PMT R9420 dugc md
ta nhu phuong trinh (3).

L _t)0,55

Gpur (t) = Gpur ~—<¢

0,55 ®)

Trong d6: Gpyr 1a hé s6 chuyén d6i quang - dién.
Gia st anode cia PMT R9420 két n6i véi dién trg tai
Ry =50 ©; hé s6 chuyén d6i quang - dién dugc tinh
1a Gpyr = 5,5%10° X 1,6 X 10719 x50 x 10° = 0,0044.
Tin hiéu sau PMT R9420 cin dugc khuéch dai va loc
nhiéu dé€ c6 dugc dang xung phu hgp cho cic qud
trinh xt Iy xung tiép theo. Mot TKD thuong bao gém
bd khuéch dai bién d¢ (A 14n) két hop véibd loc thong
thdp va mot tang phdi hop trd khang. Trong nghién
ctiu nay, mot mo6 hinh TKD gom bo loc Sallen-key
thong thdp c6 hé s6 khuéch dai bién do A, két hop
v6i tang phoi hgp tré khang RC. Ham dép ting cua
TKD dang nay dugc moé ta bang ham anh trong mién
Laplace nhu phuong trinh (4) °.

A 1
Grkp (s) =

B 2527 (3—A)s+1 Ts+1 )

Trong d6: 71 la hdng s6 thoi gian ciia mach loc Sallen-
key, 75 13 hang s6 thoi gian ctia mach phéi hgp trd
khéng va s la bién phtc trong bién d6i Laplace.

St dung cac tham s trong nghién ciu '%: A = 1,59, 7;
= 7,05 ns, 7 = 10 ns, ham dap ting ctia mé hinh TKD
c6 dang nhu (5).

_ 0,0032
" $340,352+0,04s+0,002

Grkp (s) ©)
Ham dép ting ctia TKD trong mién thai gian thu duge
tit bién ddi Laplace ngugc cta (5), két qua thu dugc
phuong trinh (6).

0,0032
\% H=L"1 )
TI(D() {s3+0,352+0,04s+07002}
~0,32e 01— 0,166~ 01 (e= 011 — (OLT)

Xung ddu ra ctia m6 hinh diu do 1a tich chép gitia
xung nhép nhdy véi cac ham dép tng ctia PMT va
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Bang 1: Kich thuéc khéi nhap nhay EJ-301 va 6ng dan sang.

M0 hinh dau do Kich thudc nhép nhay Kich thuéc 6ng dan sing (LxNxD)
(PKxD) (mm) (mm)
Det 1 34x25 34x34x50
Det 2 34x50 34x34x50
Det 3 50%50 50x50x50
Det 4 50x100 50%x50x50
Det 5 75%50 75%50%50
Det 6 75%x100 75%x50x50
Det 7 100x 50 100x50x 50
Det 8 100x100 100x50x 50
Ghi chii: DK- dudng kinh, D-dai, L-ddy 16n, N-ddy nhé
D D
D D 4
i t
+ ] |
Ong | Ong
218 | EJ-301 din sing PMT BK EJ-301 L din sing PMT

a)

b)

Hinh 1: Minh hoa hai cau hinh mé phéng dau do EJ-301. a) cdu hinh dan sang hinh try; b) cau hinh dan sang hinh

noén cut.

Bang 2: Cac dic trung ctia chat nhap nhay EJ-301"

Thudc tinh

Hiéu sudt nhdp nhdy (s6 photon/ 1 MeVee)

Budc song phat quang cuic dai (nm)

Céc héng s thoi gian phén ra (ns)

Khéi lugng riéng (g/cm3)

Chiét suat

Tis6 H/C

Gia tri
12000

425

3,16; 32; 270
0,874

1,505

1,21

135 TKD, dugc mo ta nhu phuong trinh (7).

36

137

138

39

40

Vou (t) = (e’/TF + Be~t/™ —Q—Ce’/TL)

*Gpyr

f T *

0,55
0,55¢

(0,32¢7°

—0,16¢ 0.1t (efo,ljt _ eO,ljr)

Mé phéng xung notron va gammatirdau do

EJ-301

Bién d¢ xung phu thudc s6 photon phat ra trong
chét nhép nhdy, va ti 1é v6i nang lugng ma biic xa
dé lai trong chdt nhdp nhdy. Hinh dang xung nhép

1t

nhdy phu thudc ti 1é cac thanh phin phéan rd doi
véi buc xa dén. Cac dic trung phan ra nay cua
chét nhdp nhdy dugc khai bao trong 16p cdu truc vét
liéu “DetectorConstruction()” va khai bdo tuong tac
vat ly “PhysicsList()” ctia ddu do. Thoi gian phén ra
photon ctia chit nhdp nhdy EJ-301 gém hai thanh
phén chinh: thanh phén phan ra nhanh ~ 3,2 ns va
thanh phan phén ra chdm ~ 32,4 ns'. Bién d6 clia
xung mod phong phu thudc vao s6 photon sinh ra
khi nang lugng dién ti bi hdp thu trong chit nhip
nhdy. Tit cd cic thong s6 trén déu dugc thiét lap

trong 16p “PhysicsList()” va “DetectorConstruction()”.
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Cac tuong tac chinh cia gamma véi nhdp nhay EJ-
301 gém hiéu ting quang dién, tin xa Compton va
tao cap dugc khai bao trong 16p “PhysicsList()”. Do
thanh phan nguyén t ctia chit nhdp nhdy EJ-301
gdm hydro va carbon, nén céc phé thu dugc tit mé
phong ctng thé hién cha yéu 1a cic phan b Comp-
ton. Céc tuong tic ctia notron véi chit nhdp nhéy EJ-
301 gém tan xa dan hoi va tdn xa khong dan hoi duge
khai bdo thong qua 16p “G4HadronElasticProcess()”
va 16p “G4NeutronlnelasticProcess()”. Bén canh do,
phén ting bat notron dugc khai bdo thong qua 16p
“G4HadronCaptureProcess()”; va phan ting phan hach
trong qud trinh hép thu notron dugc khai béo thong
qua 16p “G4HadronFissionProcess()”.

Hiéu luc héa mé hinh

M6 hinh m6 phong dugc so sdnh véi thyc nghiém dé
hiéu chinh céc tham s6. Hinh 2 1a két qua so sanh
xung gamma gitia thuc nghiém va mo phong véi mo
hinh Det 2 sau khi hiéu chinh. Thdi gian ting ctia
xung mé phong khoang 14,8 ns so véi gid tri trung
binh ctia xung thuc nghiém la 14,3 ns va thoi gian
gidm cta xung mo phong dat 37,5 ns so véi gia tri
trung binh ctia xung thuc nghiém la 38,5 ns.

12 T T T T T

Xung thuc nghiém
Xung mé phéng

Thoi gian tang: 14.8 ns
0.8 - Thoi gian giam: 37.5ns |

o

>
'
1

Bién d6 xung (a.u.)
o
=

=)
)
L

=)
=)
L

0 50

100 150
Théi gian (ns)

200 250 300

Hinh 2: So sanh xung gamma mo phong cua Det 2
va thuc nghiém sau khi hiéu chinh mé hinh.

Hinh 3 so sanh gitta ph6 m6 phong va thuc nghiém
v6i nguén 232Cf hoat do 429 MBq (19/05/2011),
ngudng > 50 keVee. Céu hinh ghi phé thuc nghiém
dugc thiét lap gobm déu do co kich thude nhép nhdy
F24 x 50 mm két hop v6i PMT R9420 va mach TKD.
Céc xung ddu ra dugc s6 hoa va phan tich bién do
bang bo ldy mau DRS4. Pau do dugc dit cach ngudn
252Cfkhoang 100 cm va 1.000.000 xung da dugc phian
tich. Phé thuc nghiém c6 thing gidng 16n hon do
déng gop ctia nhiéu dién tt trén mach do, phan nay
da dugc don gian héa trong m6 hinh '+12 nhung hinh
dang phd van cho thdy sy phu hgp gitta moé hinh véi
thuc nghiém.

T T T T T T

Phé Cf-252 Det 2

Phé do

1044 Phd mé phéng |

_ S6dém _
3
2
!

=)
s
L

10" 4

B il

T T T T
500 1000 1500 2000 2500 3000 3500 4000 4500
Nang lugng (keVee)

0

Hinh 3: So sanh phé 232Cf mé phéng clia Det 2 va
thuc nghiém sau khi hiéu chinh mé hinh.

Xi ly sé liéu

Hiéu sudt ghi va duéng chudn ndng luong
Hiéu suét ghi ndi cia ddu do, &; dugc xac dinh bai ti
s6 gitia cac su kién dugc ghi nhan va téng s6 su kién di
vao thé tich ghi nh4n ctia dau do theo biéu thiic (8) 2,
& =756 su kién ghi dugc”/”S6 su kién di vao dau do”
®)

Dbudng chuin ning lugng dugc xdc dinh theo canh
Compton tuong tng véi ning lugng clia cac ngudn
gamma dung dé€ chudn. Trong nghién ctiu nay, cac
ngudn chuin 22Na hoat d6 333 kBg (12/2000), 137¢s
hoat d¢ 407 kBg (05/2011), va 60Co hoat d¢ 407 kBq
(12/2000) phat gamma ning lugng tuong tingla 511,0
keV, 661,66 keV, va 1332,49 keV da dugc st dung
dé chudn nang lugng cho cdc mé hinh dau do. Méi
lién hé gitia nang lugng canh Compton va ning lugng
nguén gamma xac dinh theo biéu thic (9) 2.

2
2E]

=—— 9)
2E5 +m,

-
Trong d6: Ey 1a ndng lugng clia nguén gamma, m,
la khéi lugng cua electron, E¢ la nang lugng tai canh
Compton tuong tng. Céac canh Compton sé phu
thudc vao thé tich ddu do nén dudng chuin sé dugc
xdc dinh cho tling c4u hinh cu thé.

Tinh tham sé phén biét

Khi tuong tdc voi chat nhdp nhdy, cac xung notron c6
suon sau gidm cham hon so véi xung gamma c6 cling
bién d¢, nén dién tich phan dudi cac xung notron sé
16n hon so v6i xung gamma. So sanh dién tich duoi
xung la mét trong cac phuong phép phan biét xung
notron/gamma hiéu qua, va dugc ting dung trong
nhiéu nghién ctiu'>~!*. Trong nghién ctiu nay, tham
s6 phan biét dugc tinh la ti s6 gitta dién tich dudi xung
Stail vOi bién dd xung A,y theo cong thiic (10).
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Is = Syait/ Amax (10)

Trong d6: Sy = ):“ZZZT1 v(k).T, Ty 1a thoi diém bat
dau tinh dién tich dudi xung va T, 14 thoi diém két
thuc tinh dién tich du6i xung.

Gia tri ry cho cac tdp xung tii mo hinh ddu do dugc ky
vong sé phan bé thanh hai nhém, phén cach nhau bai
mot ngudng, r. Cac xung c6 ry nho hon ngudng ry,e
dugc x€p loai la gamma, con cic xung c6 ry 16n hon
Ing dugc x€p loai la notron.

Ddnh gid hiéu quad phdn biét

Kha ning phén gidi gitia notron/gamma dugc danh
gid theo chi s6 phdm chét hinh anh FoM tinh theo
cong thiic (11)>!° st dung s6 liéu théng ké PSD tinh
tit cong thiic (10) nhu mo6 ta & Hinh 4.

FWHM,

s6 dém

Hinh 4: Phan bd tham s6 PSD notron/gamma

|Chy — Chy|
FWHM, + FWHM,

FoM =

(11)

Trong d6: Ch,,Chy 14n lugt la vi tri dinh phan b6
tham s6 phén biét dang xung clia notron va gamma;
FWHM_n, FWHM, lan lugt la d¢ rong ntia chiéu
cao cua phin b6 tham s6 phin biét dang xung cua
notron va gamma. Khi gid tri FoM > 1,0, hai phan
b6 trd nén tach biét o rang, nhiing phan b c6 FoM
trén gid tri nay dugc xem la tot; ngugc lai FoM < 1 va
cang tién gan dén 0 thi hiéu qua phan biét cang toi.

KET QUA VA THAO LUAN

Su phu thuéc ctia duéng chuan ning lugng
va hiéu suat

Két qua khao sat sy tuyén tinh theo nang lugng va
hiéu sudt ghi ctia 08 mo hinh dau do dugc trinh bay
trong Hinh 5.

Trong d6, Hinh 5a thé hién su phu thudc cta bién
d6 xung theo nang lugng cua tiing md hinh dau do
sti dung cac canh Compton cé ning lugng lan lugt

la 341 keV, 1060 keV, va 1120 keV tuong ting véi
ning lugng gamma ctia cac ngudn 2?Na (511,0 keV),
137Cs (661,66 keV) va 9 Co (1332,49 keV), trong khi
Hinh 5b cho thdy sy thay d6i ctia hiéu suét ghi theo
ngudng nang lugng notron cla tiing mo hinh dau do.
Két qua khéo sat chi ra rdng hiéu suét ghi ty 1é thuan
v6i dudng kinh ddu do va cé thé chia thanh ba nhém
co ban: (i) Nhém 1: Det 1 va Det 2 c6 hiéu sudt nho
nhdt va tuong dong, méc du Det 2 ¢6 chiéu dai 16n
hon Det 1; (ii) Nhom 2: gém Det 3 va Det 4 (dudng
kinh 50 mm), va Det 6 (dudng kinh 75 mm), c¢6 hiéu
sudtlén hon nhém 1; (iii) Nhém 3: gobm Det 5 (dudng
kinh 75 mm), Det 7 va Det 8 (duong kinh 100 mm),
¢6 hiéu sudt ghi cao nhét.

Két qua thu dugc trén cic dudng chuén ning lugng,
thé hién trén Hinh 5a cho thdy cdc ddu do c6 kich
thudc nho, dudng chuin nang lugng c6 do doc 16n
hon. Trong khi cdc ddu do c6 kich thudc 16n, do doc
ctia dudng chuén ning lugng nho hon. Diéu nay la
do trong cdc ddu do nho, s6 photon bi tan xa thodt ra
khoi dau do nhiéu hon so véi cac dau do thé tich I6n.
Hinh 5b thé€ hién su phu thudc ctia hiéu suét ghi theo
nédng lugng biic xa notron bi hp thu d6i véi cac dau
do c¢6 kich thude khac nhau tii Det 1 dén Det 8. Két
qua cho thdy hiéu sudt ghi ctia tit ca cac dau do déu co
xu huéng gidm ¢ ving ngudng ning lugng thip dusi
500 keVee do kha nidng phéan biét kém. Hiéu sudt ciing
phu thudc kich thude, cac dau do c6 dudng kinh nho
nhu Det 1 va Det 2, hiéu suft ghi thdp hon dang ké
s0 v6i cac ddu do c6 dudng kinh 16n hon do dau do
nhan dugc nhiéu bic xa hon. Déi véi cac dau do co
cung duong kinh, hiéu suét ghi khong thuén tuy tang
ti 1¢ v6i chiéu dai chdt nhdp nhdy (hiéu sudt ghi ti 1¢
v6i 1-e~P/* v6i D 1a chiéu dai nhdp nhéy, A 1a quing
chay tu do trung binh ctia notron hodc gamma), do
khi chiéu dai ctia khoi nhip nhdy ting 1én, xac xuat
cac photon nhép nhdy bi hip thu hodc thodt ra ngoai
khdi trén dudng dén dugc cuc am ctia PMT ciing ting
theo. K&t qua la bién d xung nhap nhdy bi gidm, ndm
bén dudi ngudng ghi nhén ctia hé do, do d6 hiéu suit
ctia cac dau do c6 chiéu dai 16n cling bi suy giam.

Kha nang phan biét notron/gamma trén cac
dau do EJ-301

Phan b6 tham s6 phén biét dang xung tuong ting véi
cac cdu hinh mo phong véi 232Cf dugc trinh bay trén
Hinh 6.

Gia tri FoM trong dai ning lugng 50-3000 keVee
tuong ting véi cac cdu hinh d4u do dugc trinh bay trén
Bang 3, d6 thi biéu dién sy phu thudc ctia FoM theo
nang lugng tuong ting véi tling dau do dugc trinh bay
trén Hinh 7. Bang 3 cho thdy gid tri FoM cta tét ca
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cac ddu do déu tang dan khi nang lugng ting do tin

304 hiéu c6 ning lugng cao thudng dé phén biét hon. O
ngudng nang lugng thap (50 keVee), FoM dao dong
ti 0,26 dén 0,85, & cac ngudng ning lugng cao (>200
keVee), FoM c6 thé dat cdc gia tri 16n hon 1,0 (1,14
308 dén 2,38). Trong s6 cac ddu do dugc nghién ctiu, Det
300 1 ¢6 kich thudc nho nhét, dat gia tri FoM cao nhat tai
s10 hdu hét cdc muic ning lugng, trong khi Det 8, c6 kich
sn thudce 16n nhét lai ¢6 gid tri FoM thip nhit.
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KET LUAN
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316

Nghién ctiu da khéo sat hiéu sudt ghi notron va kha
ndng phan biét notron/gamma ctia 08 mé hinh ddu
do EJ-301 véi kich thudc khac nhau ghép véi PMT
Hamamatsu R9420. Véi cdu hinh bé tri ddu do vudng

do vuodng goc v6i chum buic xa, chiéu dai chit nhép
nhdy lam gidm hiéu sudt cia d4u do do kha nang
phén biét notron/gamma gidm khi kich thuéc chiéu
dai khoi nhép nhay tang. Mot kich thudc dau do phu
hop 14 sy hai hoa gitta kha nidng phan biét va hiéu
sudt ghi. Trong nghién ctu nay kich thuéc dau do
®50x50 mm la sy lya chon t6t nhat. Nghién ctiu
ciing da xay dung dugc moé hinh mé phong dau do
nhdp nhdy hoan chinh trén Geant4, mo6 hinh khéng
chi dugc ting dung trong lya chon thiét ké t6i uu dau
do nhap nhdy EJ-301 ghép PMT R9420 do notron ma
con ¢6 thé md rong ting dung trong thiét ké cac dau
do do buic xa khéc st dung cac chat nhép nhdy.

DONG GOP CUA TAC GIA

Nguyén Xuan Hai xt ly s6 liéu va viét ban thao.

Phan Bdo Qudc Hiéu, Phan Van Chuan va Nguyén
Ngoc Anh ho trg xt ly 6 liéu va chinh stia ban thao.
Vit Thi Thanh Quy, Nguyén Nang Hai, Lé Van Tung,
binh Tién Hung thuc hién thi nghiém, tinh todn moé
phong va chinh stia ban thao.

Nguyén Quang Hung, Pham Dinh Khang dinh huéng
nghién ctiu, chinh stia ban thao.
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Nghién ctiu nay dugc tai trg béi Quy Phat trién khoa
hoc va cong nghé Qudc gia (NAFOSTED) trong dé tai
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1. EJ-301, EJ-309 - Neutron/Gamma PSD Liquid Scintillators -
Eljen Technology [Internet]. [cited 2024 Jul 14];Available from:

317 goc v6i chum buic xa, hiéu suét ghi notron ting theo
318 ban kinh dau do, it phu thudc vao chiéu dai déi véi
319 d4u do nho, nhung gidam dédng ké véi dau do c6 thé
320 tich 16n. Trong cdc cdu hinh thyc nghiém bé tri dau

https://eljentechnology.com/products/liquid- scintillators/e;-
301-¢j-309.

Chuan PV, Hoa ND, Hai NX, Anh NN, Dien NN, Khang PD. A
scintillation detector configuration for pulse shape analysis.
Nuclear Engineering and Technology 2018;50:1426-32;.
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ABSTRACT

This paper presents the results of research on the application of the Monte Carlo simulation method
to investigate the dependence of neutron detection efficiency and neutron/gamma pulse discrim-
ination capabilities on the size of a detector using the EJ-301 scintillator, supporting the design
and development of neutron detectors. We constructed and evaluated eight cylindrical detec-
tor models with varying lengths and diameters using the Geant4 toolkit. The simulated detector
models consist of a scintillator coupled with a light guide and a photomultiplier tube (PMT). The
simulated pulse signals obtained from each model were analyzed to assess neutron/gamma dis-
crimination using the digital charge integration (DCl) method, and neutron detection efficiency
was determined at various energy thresholds. The neutron/gamma discrimination results were
evaluated based on the Figure of Merit (FoM). The results showed that both neutron/gamma dis-
crimination and neutron detection efficiency are significantly dependent on the detector size, par-
ticularly the variations in length and diameter. These findings are crucial for optimizing the design
of neutron detectors using organic scintillators like EJ-301 or similar materials, aiming to enhance
neutron/gamma discrimination and neutron detection efficiency.

Key words: EJ-301 scintillator, neutron/gamma discrimination, Geant4 simulation, charge inte-
gration
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