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TOM TAT

Trong cong trinh ndy, chdng t6i sir dung chwong trinh md phong Geant4 dé khao sat dap (ng cua dau do
ban dan siéu tinh khiét HPGe cho mot s6 dong vi phong xa U-238, Th-232, K-40 va btic xa vii tru muon. Buong
chi va du do HPGe dugc md phong véi kich thuge tham khao tir nha san xuat. Nguon phdng xa c6 dang nguon
khéi hinh hop chir nhat, phan bé déu, ngudn phat birc xa 1a dang huéng c6 phan bd goc 4, dat cach bé mat dau
dd 59,76 mm. Riéng bt xa vii tru muon dang tia, c6 ning luong 450 MeV, huéng ban vudng goc bé mat dau
do. Phd ning lugng cua timg ddng vi phong xa dé lai trong dau do dwoc khao sat riéng biét. Két qua thu dugc
phtl hop véi ly thuyét trong tac ctia birc xa gamma véi dau do HPGe. Ngoai ra, anh huong coa sy tu hap thu cua

mdi trudng ciing duge dé cap trong bai bao.

Tw khéa: Geant4, HPGe GC2018, muon-450 MeV.

THE RESPONSE OF THE HPGE DETECTOR FOR A NUMBER OF RADIOACTIVE ISOTOPES OF
U-238, TH-232, K-40 AND COSMIC-RAY MUONS BY GEANT4 SIMULATION

ABSTRACT

In this work, we study the response of the HPGe detector for a number of radioactive isotopes of U-238,
Th-232, K-40 and cosmic-ray muons by Geant4 simulation toolkit. The size of detector HPGe and of lead
chamber are referenced from Canberra Industries. Sources U-238, Th-232, K-40 which emitted gamma radiation
with angular distributions of 4x, are parallelepiped sources, and they positioned inside a lead chamber, at a
distance of 59,76 mm from detector. This cosmic-ray muons which have the beam with energy of 450 MeV,
shooting direction is perpendicular to detector’s surface. Energy spectrum of each radioisotope is studied
separate survey and the results is correct with theory of interacting of gamma with detector HPGe. Beside, the
effect of self-absorption of the matter is also mentioned in the results of this article.

Keywords: Geant4, HPGe GC2018, muon-450 MeV.
1. MO PAU

Trong nghién ctru hat nhan hién nay c6 nhiéu qua trinh twong tac khong thé lam thi
nghiém dé khao sat hay tinh toan trudc, dién hinh nhu trong phan tng 16 hat nhan. Dé nghién
clru cac s cd xay ra trong 10 thi khong thé xay dung thi nghiém thuc té dé khao sat, khi do
phuong phap mé phong véi cac phan mém mo phong sé tré thanh cong cu dic luc duge sir
dung dé tién hanh nghién ciru.

Phuong phap Monte Carlo (MC) [13] duogc st dung phd bién trong md phong véi cac
phan mém mo phong c6 do tin ciy cao nhu GEANT4 [5,6], MCNP [3], ... trong nghién ciru
vé cac dau do. Trong cong trinh [1] tac gia sir dung phuwong phap MC va thuat toan di truyén
nghién ciru higu suat ghi ciia dau do ban dan HPGe. Trong cong trinh [12] tac gia R.
Casanovas Va cac cong su ciing da nghién ciru phd ning luong va do phan giai bang phuong
phap MC va dd dua ra duoc phuong trinh d6 phan giai d6i voi vat liéu ban dan c6 dang:
FWHM =a + b * VE, trong d6 E 1a nang lugng dé lai trong dau do trong qua trinh twong téc,
FWHM la bé rong & mot nira gia tri cuc dai, a va b 1a cac hé s ti 1é thu duoc tir thuc nghiém.
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Geant4 (Geometry And Tracking) 1a mét goi ¢ong cu phan mém, dugc nghién ciu va
phét trién boi trung tdm nghién cau hat nhan Chau Au (CERN). Phan mém nay dugc dung dé
mod phong twong tac cia hat vat chat voi méi trudng ma né di qua. Vi vu diém ndi troi 1a
chuong trinh mé phong str dung ma ngudn ma, do tin cay cao, Geant4 cung cap tap hop cac
qua trinh vat 1y da dang dé mo phong twong tac cua hat véi méi truong trén dai ning lwong
rong, do dé duogc sir dung trong nhiéu linh vuc khac nhau. O Viét Nam, phan mém Geant4
dugc mot sb truong dai hoc sir dung, song méi chi & mirc 6 1am quen véi cach sir dung
chuong trinh. Viéc nghién ctru phd ning luong cua cac dong vi phong xa cling nhu kha ning
ghi nhan cua detector, phan tich phd cho phép chiing ta xac dinh hoat d6 ctia déng vi phong
xa. Hoat d¢ trong cac mau moi trudng phu thudc vao cac tham sd nhu hiéu suét ghi cua dau
do, d phan giai nang luong va dic biét 1a phong nén phong xa.

Trong céc cdng trinh [1,2,3,11], c4c tAc gia cling da thyuc hién khao sat dp ung cia dau
do HPGe cho mot sd dé)ng vi phéng xa va buc xa vil tru muon béng phén mém md phong
Geant4 dé nghién ctru dap tng phoé gamma ctia dau do phong thip HPGe cho mot sé dong vi
phong xa c6 trong méi truong nhu U-238, Th-232, K-40 va da thu duoc két qua kha quan.
Tuy nhién, tinh toan hoat d¢ khi tién hanh do dac do phong nén phong xa lam nhiéu phé, gay
sai 1&ch rat 10n cho két qua do. Vi vay, viéc khir phong nén 1a doi hoi cap thiét dé cac két qua
thyc nghiém chinh x4c. Phong nén phéng xa bi anh huéng rat nhiu do cic nguyén té phong
xa trong mdi trudng va buc xa vii try gay ra. Viéc khir phong khong phai don gian dé thyc
hién trong thuc nghiém va chi ¢ thé phan tich anh hudng cia timg dong vi trong phong xa
mdi truong bang phuong phap moé phong, tir d6 co thé danh gia chinh xac anh hudng ciia
phong nén. Van dé nay s& dugc dé cip trong bai bao.
2. PHUONG PHAP TiNH TOAN

DPéi tugng md phdng dugc thuc hién

trén hé phd ké HPGe GC2018 thudc Phong

thi nghiém chuyén dé 2, bd6 mén Vat 1y Hat | Chi
nhan, truong Pai hoc Khoa hoc Ty Nhién Thide
Tp. HCM [2,4,11]. Khi md phong hé phé v —=—1 TH._| DA

ké ching ti chi quan tim dén cau hinh dau P

do, ngudn va budng chi che chén. Bai vi A T~ German

trong qua trinh md phéng cac b phan d6 1a Hoc
nh&ng d6i twong chinh anh husng tru‘c tiép Hinh 1. Mét cat doc hé ddu do HPGe.
den ket qua tuong tac cua birc xa véi dau do.

Phan chinh cua dau do GC2018 Ia tinh
thé Ge siéu tinh khiét (d6 tap chit vao khoang 10™ nguyén ta/cm®) gdm tinh thé Ge duong
kinh ngoai 52 mm, chiéu cao 49,5 mm. Bén trong tinh thé c6 mot hbc hinh tru dwong kinh 7
mm, d sau cua hdc 1a 35 mm. Hop kin bang nhom c6 d6 day 2,7 mm (chd day nhat) va 0,76
mm (chd moéng nhét) dé dam bao tranh dugc su hap thu cac photon niang luong thap. Khoang
chan khéng ¢ gitra mat trén cua tinh thé Ge véi mat dudi cia vo nhém 13 5 mm dé tranh va
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cham véi bé mat tinh thé Ge khi lap rap dau do. Pau do GC2018 dugc dit trong budng chi
giam phdng tir moi trudng. Chi 12 loai vat liéu ¢6 Z cao, chinh diéu nay da gitp né hap thy
tia gamma trong moi truong va lam giam phong cho dau do. Tuy nhién, twong tac cia tia
gamma Véi chi cling tao ra tia X c¢6 nang luong trong khoang 75 — 85 keV, céc tia X nay cé
thé duoc ghi nhan boi dau do va 1am cho phd gamma bi nhiu. Dé han ché diéu nay, nguoi ta
d3 16t bén trong budng chi cac 16p dong va thiéc c6 bé day twong tng 1a 1,5 mm va 1,0 mm.

Nguon str dung c6 dang hinh khéi hinh hop chir nhét dic v6i chiéu dai 100 mm, chidu
rong 100 mm va chiéu cao 20 mm, duoc phan bd déu, gdbm ngudn don ning (K-40 — 1,4602
MeV) va ngudn da ning véi nhiéu muc ning luong (U-238, Th-232) [9,10]. Nang luong t6i
duogc phat ra dén dau do dudi goc 4. Cac mirc nang lugng & mdi dong vi cua K-40, U-238
va Th-232 dugc tham khao tir dir liéu cia phong thi ngiém qudc gia Henry Becquerel cta
Phap.

Ngudn duoc khao sat 1an luot trong hai trudng hop c6 mdi truong 1a dat va khong co
dat. Moi trudng dit duoc mod phong cé khéi luong riéng 1,6 g/em® gdm cac thanh phin véi ti
1¢ theo % khoi lugng: 2,2%H +57,5%0+8,5%A1+26,2%Si+5,6%Fe [2]. Riéng buc xa vii try
muon [8] dugc khao sat voi nang luong don 450 MeV va ning luong dén dau do co dang tia.

Ning luong dau do ghi nhan duoc tic dong do phan giai theo quy lut [12]:

FWHM =a+b*VE

Bing viéc khao sat thue nghiém tuong tac clia birc xa gamma phat ra tir nguén Cs véi
dau do HPGe & phong thi nghiém B6 mén Vat 1y hat nhan — Truong Pai Hoc Khoa Hoc Ty
nhién Tp. HCM, céc h¢ s a va b dugc xac dinh véi cac gia tri tuong ung: a =
0,6982239678.10° va b = 0,902784899.10°°.

3. THUC NGHIEM

Ttr nhitng s6 liéu cau tao ddu do HPGe ctia nha san xuat, toi tién hanh xay dung dau do
bang chuong trinh mé phong Geant4 véi cau tao giéng nhu ddu do hién c6 & phong thi
nghiém Bd mon Vit ly hat nhan — Truong Pai Hoc Khoa Hoc Tu nhién Tp. HCM. D@)ng
thoi, trén Geant4 tién hanh khai béo cic twong tac vat 1y giita blrc xa gamma v&i vat chat, cac
thong sb vé kich thude, cac muc nang luong cia ngudn phét birc xa va cac thong sd vé thanh
phan ciu tao cia méi trudng dat chira nguon.

Sau khi hoan thanh viéc xay dung hé do, nguén va thiét 1ap cac diéu kién tuong tac,
tiép tuc tién hanh cho chay chwong trinh 1an luot véi timg ngudn phat buc xa U-238, Th-232,
K-40 va muon. Ting ngudn phong xa duoc khao sat riéng cho truong hop ngudn khong co
moi truong dat va ngudn khi c6 méi trudng dat. Nang lugng twong tac dé lai trong dau do
duogc xuit ra & giai doan nay 1a két qua ban dau khi chua tac dong do phéan giai ciia dau do.

Tur cac gia tri nang luong thu thdp dugc ban dau, tiép tuc st dung chuong trinh ho tro
ciia Geant4 dé tac dong do phan giai 1én cac két qua trén. Nang luong duoc xuét ra sau khi
tac dong do phan giai chinh 13 két qua dé sir dung cho viéc phan tich va v& phd ning luong

bang phan mém hd trg v& phd ctia Geant4.

TAP CHi KHOA HOC CONG NGHE & THUC PHAM SO 08/2016 28



KHOA HOC CONG NGHE

Tir phd ning luong v duoc, tién hanh phén tich va tong hop cac két qua thu dugc dé
dé xuat hudng phat trién cta cac nghién ctru tiép theo.
4. KET QUA VA THAO LUAN
4.1. Dang phé ning lweng cia dong vi K-40
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1
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Hinh 2. Phé néing lwong ciia dong vi K-40.
Puong mau nhat: phé nang heong K-40 khi ¢6 méi trwong dt.
Puwong mau ddm: phé ning lwong K-40 khi khéng c¢6 méi triong dat.
Hinh 2 biéu dién hai ph6 ning luong cua dong vi K-40 tng voi ngudn don ning 1,4602

MeV. C6 thé thdy hai phd nay déu thé hién rd sy anh hudng cta cac hidu ing quang dién,
hiéu ing tan xa Compton va hiéu Ung tao cap & cac dinh nang lugng: Dinh nang lugng toan
phﬁn 1,4602 MeV, dinh thoat don 0,949 MeV, thoat d6i 0,438 MeV, dinh 0,511 MeV va
dinh tan xa nguoc. Mién Compton chiém wu thé ching t6 v6i nang luong 1,4602 MeV tan xa
Compton anh huéng manh 1én phd gamma. Pong thoi, ta thdy nén Compton cia phd khi co
mdi trudng dat cao hon nén Compton ctia phd khi khéng c6 méi truong dat ¢ mién ning
luong nhé hon 0,600 MeV. Nguyén nhan 1a do birc xa gamma bj tan xa trong moi truong dat,
dan dén phong nén cao hon khi xét toi co sy anh hudng ciia méi trudng dat trong mau.

Tai dinh nang lugng toan ph'?ln 1,4602 MeV thi su chénh léch vé phong nén Compton
rat it. Piéu nay chung to khi khao sat dong vi K-40, su ty hap thy cta méi truong dat anh
huong khong déang ké. Vi vay, moi truong dat anh huong khong dang ké dén viée xac dinh
hoat d0 cua déng vi K-40.

4.2. Dang phd ning lweng cia dong vi U -238
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Hinh 3. Phé nang luwgng ciia dong vi U-238 ,
Duong mau nhat: pho nang lwong U-238 khi ¢6 moi truong dat.
DPuwong mau dam: pho nang lwong U-238 khi khong co moi truong
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Phé ning luong cia déng vi U-238 duoc biéu dién trén hinh 3, so v6i phd ning luong
ctia dong vi K-40 c6 dang phtc tap hon véi nhiéu dinh ning lugng va nén Compton rong,
béng quan sat va tinh todn co thé chon ra nhitng dinh dac trung: 0,0633 MeV; 0,25819 MeV;
0,76637 MeV; 1,001 MeV va 1,7654 MeV. Nhitng dinh ning luong nay chu yéu 1a ning
lwong toan phan trong dai ning luong rong cua ngudn da ning U-238. Cac dinh ning luong
tao boi cac hi€u ung tao cap nhu dinh thoat don, thoat doi, hay dinh tan xa nguoc khong con
d& dang phat hién nhu d6i v6i phd niang lwong ctia ngudén don nang K-40.

O mién ning luong thap hon 0,500 MeV su ty hap thu cua dat anh huong dang ké 1én
phd ning luong; bang chimg 1a nén Compton cua phd ning luong tmg voi trudng hop co6 moi
truong dat cao hon nén Compton ctia phd khi chua c6 mdi truong dat va dan dén nhiéu dinh
ning lugng bi che 1ap trong nén Compton khi xét dén sy anh huong ciia méi truong. Piéu
nay c6 thé thiy rd ¢ phd nang luong trén hinh 3 ¢6 cac dinh ning lugng 0,0633 MeV va dinh
0,25819 MeV la céc dinh bi 4nh hudng manh cua su tu hép thu.

Hién tuong trén co6 thé duoc giai thich 13: tai moét dinh ning luong, trong trudng hop
chua c6 méi trudng dat, nén Compton — do chinh tan xa Compton cua céc niang luong cao
hon twong tac vai vat chit tao ra. Con khi c6 mdi truong dat thi ngoai sy dong gop do tan xa
Compton cila cac nang lwong cao hon con c6 dong gop cua sy ty hdp thy ctia moi truong, do
d6 nén Compton sé& cao hon va cao hon dang ké & mién nang lugng duéi 0,500 MeV khi co
moi trudng dat. Khi ning lugng cang cao thi s6 dinh ning luong cao hon né cang it, dan dén
su anh hudng cua tdn xa Compton do ning luogng cao hon giy ra it hon so v&i mirc nang
lugng nhd, déng thoi & cac muc nang luong cao hon 0,500 MeV su tu hép thu ctia moi
truong dat anh huong khong dang ké 1én phd ning luong. Vi vy, su dong gop cua tan xa
Compton ctia cac mirc nang luong cao hon 1én nén Compton 1a chu yéu.

4.3. Dang phé ning lwong cia dong vi Th-232
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Hinh 4. Phé nang luwgng ciia dong vi Th-232. ’
DBuong mau nhat: pho nang lugng Th-232 khi ¢6 moi truong dat.
DBuong mau ddm: pho nang luong Th-232 khi khong c6 moi
V61 pho nang lugng cia nguon da nang Th-232 dugc bi€u dieén trén hinh 4 c6 dang

phirc tap véi rat nhiéu dinh ning lwong, ¢6 nhiing dinh ning lugng toan phan nho rét cao trén
nén Compton nhu: 0,1706 MeV; 0,4592 MeV; 0,6699 MeV; 0,8901 MeV; 0,9848 MeV;
1,201 MeV.
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Trong mién ning luong nhé hon 0,500 MeV nén Compton khi c¢6 méi truong dit cao
hon nén Compton khi khong c6 moi truong dét, khi d6 mot s6 dinh nang lugng bi sy tu hép
thy ctia moi truong dat anh hudng rit manh, gan nhu khong con thiy nhé 1én trén phd ning
luong, trong s6 d6 ¢ cac dinh 0,1706 MeV va 0,4592 MeV.

4.4. Dang phé ning lweng cia muon

So dem/keV
=
=
Z
=
=
—=
=
=

E [MeV]
Hinh 5. Phé ning lwong ciia bikc xa vii tru muon

Hinh 5 cho thay phd ning lwong birc xa vii try muon v&i nang lugng t6i 450 MeV dé
lai trong dau do, dugc xét trong ving (0-2) MeV. Dang phd phong nén do muon giy ra la
lién tuc, c6 phong nén cao & ving ning luong thap, va giam theo nang luong. Trén phd ning
luong dé lai trong dau do cua buc xa vil tru muon ¢ dinh 0,511 MeV trdi 1én rét 1o, day la
dinh huy cua céc positron (sinh ra do su tu phan huy cuia hat muon am) véi céc electron.

5. KET LUAN

Bang phuong phap md phong trén phan mém Geant4 di phan tich dugc phd ning
luong cua timg dong vi phong xa U-238, Th-232, K-40 c6 trong moi truong va birc xa vii try
muon, dong thoi 1am rd anh huong ciia sy ty hap thy ciia méi truong dat 1én phong nén
phong xa, day 1a diéu ma cac cong trinh trudc d6 chua lam duoc.

Uu diém no6i trdi cua phuong phap da sir dung 13 viéc nghién ctru duoc timg dong vi
ma khong bi anh huong boi cac dong vi khac co mit trong phong xa moi truong, diéu nay
dbi véi thue nghiém thuan tuy hoan toan khong thé thuc hién dugc.

Nhimng két qua kha quan thu duoc trén timg ddng vi phong xa lam nén tang cho viéc
phan tich anh hudng ctia phong nén phong xa moi trudng 1én phd ning luong cua cac dong
vi phong xa khac khi do dac trong thyc nghi¢m.

Két qua dat duoc trong cong trinh dang duge Gmg dung cho nghién citu tiép theo vé
mat thuc nghiém, xay dung hé do tri¢t phong nén vil tru va phong nén Compton khi c6 su két
hop cac detector nhap nhay va thiét bi tring phung.
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