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NGHIEN CUU PUONG CONG HIEU SUAT DINH
NANG LUQNG TOAN PHAN SU DUNG CHUONG TRINH DETEFF
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TOM TAT

Trong cong trinh nay, chwong trinh DETEFF dwoc ding dé xdc dinh hiéu sudt dinh
néng lirong toan phan ciia nguon ?Eu tai vi tri cach dau do 15,3cm (dé bo qua hiéu chinh
tring phiing téng cia cdc tia gamma). Két qua cho thdy cé sw phi hop tot giita hiéu sudt
dinh ning leong todn phan thuc nghiém va mé phong véi sai biét dwedi 4% cho cdc dinh
néng heong chii yéu ciia ’Eu. Piéu dé cho thdy chwong trinh mé phéng ma chiing téi xdy
dung dwoc trén chirong trinh DETEFF la déng tin cdy cho viéc nghién civu tiép tuc trén hé
phé ké gamma nay bang phwong phdp mé phong.

Tir khoa: Monte Carlo, DETEFF, gamma.

ABSTRACT
Investigating full energy peak efficiency curve by using DETEFF code

In this paper, DETEFF code is used to determine the efficiency of the full energy
peak of P?Eu source at position 15.3cm from the end cap of the detector (to neglect the
sum of coincidence correction of gamma rays). The results show an good agreement
between the measured values and simulated one of FEPE with difference less than 4% for
main gamma energies of “°Eu. It shows that our simulation program based on DETEFF code is
reliable enough for later studies on our HPGe spectrometer by using Monte Carlo Method.

Keywords: Monte Carlo, DETEFF, gamma.

1.  Giéi thi¢u:

Hé phé ké gamma la thiét bi ding
trong phép do va phan tich phé gamma
dé khao sat dic trung cua cac dong vi
phéng xa co trong cac mau mdi truong
dua trén viéc xac dinh nang lugng cua
cac tia gamma nay nham nhéan dién va
xac dinh hoat dg cua ching. Khi sir dung
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hé pho ké gamma c6 hai yéu té can dugc
quan tdm 1a hiéu suat cia dau do va do
nhay cta hé phd ké.Véan dé do nhay cua
hé phd ké da duoc t6i wu boi cac dic
trung ctia budng chi va cac yéu td khac
trong qué trinh thiét ké. Van dé con lai 1a
viéc xéc dinh hiéu sudt cia dau do tai
thoi diém do mau. Vi vay, xac dinh lai
hiéu suat tai thoi diém do 1a viéc rat can
thiét.

Phuong phap thuc nghiém dugc su
dung trong qué trinh xac dinh hiéu suat
dinh ning luong toan phan theo ning
luong 1a ding mot s6 ngudn phat gamma
don nang da biét trudc hoat do. Tuy
nhién cac nguén nay thuong cé chu ki
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ban rd ngin nén sau mot thoi gian st
dung can duge trang bi lai. Mot cach
khac 1a sir dung nhimg ddng vi c6 chu ki
ban ra dai nhu 152Eu 2°Ra dé tinh toan
hiéu suét nay, kh1 ay anh hudng cua h1en
tU:O'ng gamma nbi tang gay ra su mat sd
dém tai dinh ning luong toan phan khi
tién hanh thi nghiém & khoang cach gan
dau do (hiéu tmg trung phing tong) can
duoc hiéu chinh. Bén canh do6, cac nguén
nay khong du cac dinh nang lugng cho
toan bo ving quan tim tir 50keV dén
2000keV.

Nhimng kho khin trén c6 thé duoc
giai quyét bang phuong phap mo phong,
vi phuong phap nay thé hién nhimg wu
diém nhu: khi da kiém tra do chinh xéc
clia cac thong sd ban dau dugc cung cap
bdi nha san xuat bang cach so sanh két
qua ctia phuong phap moé phong véi két
qua do duoc tir thue nghiém, néu két qua
so sanh cho d¢ sai bi¢t nho, nguoi ta cé
thé dung phuong phap mé phong dé tinh
todn cac gia tri cia dir li¢u cho viéc lam
khép duong cong hiéu suit ma thuc
nghiém khong c6 duogc. Cac gia tri nay
rat hitu dung vi n6 s& cung cdp thém sd
liéu thuc nghiém cho qua trinh lam khép
va lam cho duong cong hiéu suat theo
nang lugng tréd nén hoan chinh hon véi
ving nang luong tir 50keV dén 2000keV.
2. Xac dinh hiéu suidt bing thuc
nghiém

Pau do HPGe dugc dung dé xac
dinh gia tri hi¢u suit theo nang luong cho
hinh hoc gia diém '**Eu tai khoang cach
15,3cm tir nguodn téi dau do dé bo qua
anh hudng cua sy tring phung tong. Céc
thi nghiém duwoc do trén hé phd ké

gamma str dung dau do HPGe — GC2018
loai p ciia hing Canberra c6 hiéu suat
tuong ddi 22,4% véi dinh ning luong
1332,5keV tai B mon Vat li hat nhan,
Truong Pai hoc Khoa hoc Tu nhién
TPHCM. Ph gamma duoc ghi nhan va
xur li trén phén mém Genie-2K [5], hiéu
suit thuc nghiém dugc xac dinh béng
cong thirc sau:
p
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Véi ¢"(E)1a hiéu suat dinh ning

(1)

lugng toan phan twong Ung v&i nang
luong E, NP(E)la dién tich dinh nang
lugng toan ph?m, A 1a hoat d0 cua déng
vi phéng xa, I (E) la xac sudt phat
gamma, t l1a thoi gian do (s).
3. Xac dinh hiéu sudt bang md
phéng

Phuong phap Monte Carlo dugc su
dung kha pho bién dé mo phong cac thiét
bi, hé do, dac bi¢t 1a cac qua trinh vat 1i
hat nhan. Trong cong trinh nay, chuong
trinh DETEFF [1] dugc dugc sir dung dé
tinh hiéu suit dinh ning luong toan phan
ciia dau do. Bang viéc cung cép diy du
va chinh x4c cac dir liéu vé thong sb ki
thuat ciia dau do dugc cung cip boi nha
san xudt duoc trinh bay trong bang 1.
Nguon chuan gia diém '*Eu co duong
kinh 3mm, chiéu cao 0,76mm cé duong
kinh ngoai 25,4mm, chiéu cao 3,18mm.
Céc thong sb khac cua ngudn nhu chu ki
ban ra, nang luong, xac suét phat gamma
duoc 1y tir co so dir lidu [6].

Chuong trinh DETEFF sé cho ra
gla tri hiéu suat theo cong thuc (2) Va sai
sO twong d6i kém theo, dé sai s6 mo
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phong dudi 0,5% sb hat phét ra tir nguon

duoc mo phong 1a 10° lich st hat. Hiéu
suit dinh mo phéng duogc xéac dinh béng
cong thirc sau:

Trong do €’ (E), NP(E), N""",

p
SP(E)=% @)
Bing 1. Théng so ki thudt cia dau do HPGe-GC2018
dige cung cdp béi nha san xudt
Mo ta Kich thwde Vat chit
(mm) i

Puong kinh tinh thé Germanium 52 Germanium
Chiéu cao tinh thé Germanium 49,5 Germanium
Puong kinh héc 7
Chiéu cao hoc 35
Khoang cach tur ctra s6 dén tinh thé 5
Bé day cira s6 1,5 Nhoém
Puong kinh ngoai cuia dau do 76,2
Lop tiép xuc bén ngoai 0,86 L1
L6p tiép xuc bén trong 0,0003 Bo
Lop bao vé bén ngoai 1,5 Nhom

Bing 2. Gid tri hiéu sudt dinh nang lwong toan phan giita mé phong
va thuc nghiém tqi khoang cach 15,3cm tu bé mat dau do

Ning Hiéu suét dinh niang luong toan phan .15)@ Sfli biét’
luong Thuc Lam khép giua Lam %hop
(keV) | nghiém | thucnghiem | DO TELE thye nghicm

: : : va DETEFF (%)
121,78 | 0,00406(29) 0,00407 0,00423 3.9
244,70 | 0,00293(21) 0,00293 0,00301 2,6
344,28 | 0,00211(15) 0,00213 0,00219 2,7
367,80 | 0,00202(15) 0,00200 0,00205 2,5
411,12 | 0,00178(15) 0,00179 0,00184 2,5
44397 | 0,00164(13) 0,00167 0,00171 2.,6
688,67 | 0,00114(12) 0,00112 0,00115 2,7
778,90 | 0,001008) | 0,00101 0.00104 3.0
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1an luot 13 hiéu suit dinh nang luong toan
phan twong ung v&i ning luong E, sd
dém dinh va so hat phat ra tir nguon.
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867,38 | 0,00091(7) 0,00092 0,00095 2,8

964,08 | 0,00083(7) 0,00085 0,00087 2,6

1085,84 | 0,00076(6) 0,00077 0,00078 1,5

1089,74 | 0,00077(6) 0,00077 0,00078 1,8

1112,08 | 0,00076(5) 0,00075 0,00077 2,2

1212,95 | 0,00069(5) 0,00070 0,00072 2,9

1299,14 | 0,00065(5) 0,00066 0,00068 3,2

1408,01 | 0,00061(4) 0,00061 0,00063 2.9

Gia tri 0,00061(4) c6 nghia la  trj trong ving ning lwong nay din dén sai
(0,00061+0,00004). sO 16n nhu hi¢u suat cua 59,54keV

Chung toi nhan thdy, cic gia tri
nhan dugc khi ndi suy trong vung nang
lugng thuc nghiém la 121,78keV dén
1408,01keV la kha phu hgp. Tuy nhién,
vung nang lugng trén 1408,01keV va
dudi 121,78keV duong cong hi¢u suit bi
gay dot ngdt, lam cho viéc ngoai suy gia

(C"Am),  88,04keV  ('Cd) va
1836,05keV (*Y), do sai biét gitta gia tri
ndi suy tr ham lam khép véi s liu mo
phong c6 do sai biét lan luot 1a 37%,
14% va 10%. Hién tuong nay la do gia tri
thuc nghiém khong du dé khép ham cho
vung nang luong nay.
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Hinh 1. So sanh hiéu sudt giita mé phéng va thuwc nghiém
tai khoang cach 15,3cm tir nguon toi dau do

Chuong trinh mé phong ¢6 uu diém
1a sau khi kiém tra d9 tin ciy cua chuong
trinh ching ta c6 thé tiép tuc md phong
cac dinh nang lugng ma trong thuc
nghiém con thiéu. Trong cong trinh nay,
ching t61 m6 phong thém cac dinh nang

lugng  59,54keV  (**'Am), 88,04keV
('Cd) va 1836,05keV (*Y), két qua
trong hinh 2 biéu dién duong cong hiéu
suat theo niang luong tinh dugc tir mo
phong két hop thuc nghiém so voi dudng
thuc nghiém.

91



Tap chi KHOA HOC BHSP TPHCM

S6 33 niam 2012

Thue nghiém két hop mo phong (A J
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Hinh 2. So sanh hiéu sudt mé phong két hop thuc nghiém

va hiéu sudt thuc nghiém tai khoang cach 15,3cm tw nguo”‘n 16i dau do

Két qua cho thay khi gia tri thuc
nghiém nhén thém gid tri m6 phdng thi
dang ham luc nay da tro nén lién tuc va
khong con bi gay khuc tai hai vung nang
lugng dudi  121,78keV  va  trén
1408,01keV va do sai bi¢t trong vung
nang lugng quan tdm to 50keV —
2000keV co gia tri cuc dai 1a 3%.

4. Kétluan

Trong cong trinh nay, chuong trinh
DETEFF duoc dung dé tinh toan gia tri
hiéu suit dinh cia ngudn "“’Eu véi 16
dinh nang luong quan tam cho két qua sai

s6 10n nhét 1a 4%, cho thiy chuong trinh
mo hinh héa hé ph6 ké gamma dung dau
do HPGe va ngudn chuan "*?Eu duoc xay
dung 1a déng tin cdy. Nhirng 4p dung lién
quan dén dau do HPGe nay véi hinh hoc
khéac c6 thé duoc trién khai dua trén co
s0 nay. Nhu vady phuong phap Monte
Carlo vé6i chuong trinh DETEFF ¢6 thé
hd tro ngudi lam thyc nghiém xay dung
duong cong hiéu sudt theo ning luwong
mot cach diy du hon trong diéu kién
ngudn chuan khong nhiéu ciing nhu voi
cac cau hinh ngudn khéac nhau.

Ghi chii: Nhém tdc gia chan thanh cam on TS Nguyén Vin Hung di cho ching téi duwoc sir

dung cdc nguon chuan. TS Néstor Cornejo Diaz & Trung tdm an toan birc xa, Cuba va TS
Miguel Jurado Vargas ¢ khoa Vit li, Spain dd cung cdp cho ching t6i chuwong trinh

DETEFF.
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