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Budc dau thuc nghiém nghién ciu ti sé tan xa Rayleigh-Compton
doi véi cac nguyén t6 tai nang luong 59,5 keV st dung dau do Si(Li)
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TOM TAT

Cacthong sé ddc trung clia vat liéu lién quan dén tuong tac clia bic xa photon nhu: hé sé suy giam
khdi, s6 nguyén tir hiéu dung, mat dé electron la nhing di liéu can thiét dugc yéu cau trong nhiéu
cong viéc nhu chdn doan va xa tri ung thu, chiéu xa cong nghiép, tinh liéu luang bic xa, che chén
phéng xa, phéan tich ham lugng nguyén té va déng vi phdng xa. Trong bai bao nay, cdc mé hinh
ly thuyét nhu tham s6 dang phi tuong déi tinh (NRFF), tham sé dang tuong déi tinh (RFF), tham sé
dang hiéu chinh (MFF) dugc st dung dé tinh toan ti s6 Rayleigh-Compton ddi véi cadc nguyén té co
6 < Z < 82 tai nang luong 59,5 keV. K&t qua chi ra rang cé su khac biét I6n gita cac mé hinh tinh
toan déi vai bia cd sé nguyén tl Ién. Gid tri trung binh cla ti s6 Rayleigh-Compton theo s6 nguyén
tr Z duoc lam khdp ham bac hai mo ta kha t6t quy luat phu thudc nay véi hé s6 tuong quan R? =
0,996. Bén canh do, hé do thuc nghiém cling dugc thiét ké va thuc nghiém do dac déi véi mot sé
bia nhu nhém, déng va chi tai géc tan xa 1509 st dung ngudn 24! Am bing dau do Si(Li) dé kiém
chiing vai két qua tinh todn ly thuyét. Két qua thuc nghiém ban dau da chira rang cé su pht hop
tot gitta cadc mo hinh ly thuyét vai cac bia nhom, déng va chi véi do sai biét dusi 20%. Trong tuong
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lai, chung t6i sé tién hanh thuc nghiém vai nhiéu dang bia khac nhau dé danh gia chi tiét hon.
Tu khoa: NRFF, RFF, MFF, Ti s6 Rayleigh-Compton, dau do Si(Li)

MG AU

Tan xa Rayleigh va tan xa Compton clia gamma nang
lugng thip c6 Ging dung thuc tién trong nhiéu linh vuc
nhu: nghién ctu sy &n mon thanh éng, do muc chit
long, mat do chét long, danh gid thanh phan nguyén
t6 thong qua viéc tinh toan s6 bac nguyén td hiéu
dung!'=>. Cac mo hinh ly thuyét nhu phuong phap
tham s6 dang phi tuong d6i tinh®, tham s6 dang st
dung ham Hartree-Fock tuong d6i tinh”, hiéu chinh
tham s6 dang v6i ham Hartree-Fock-Slater tuong doi
tinh® va phuong trinh ma tran (SM)° dugc stt dung
dé tinh todn tiét dién tdn xa d6i véi cdc kim loai. Bén
canh d6, cic phuong phap thuc nghiém cing da dugc
phét trién dé tinh todn ti s6 tin xa Rayleigh-Compton
nhu Duvauchelle va cong su'? da trinh bay mot s6
phuong phap kiém tra mau khong pha hay. Trong
cong trinh ctia Duvauchelle va céc cdng sy da chira
rdng viéc lya chon chinh xdc goc tén xa va ning lugng
gamma cho phép thu dugc két qua gan nhu doc lap
v6i sy suy giam btic xa photon trong miu'°. Trong
diéu kién do, ti s6 R/C chi phu thudc vao vat liéu mau
va c6 thé sti dung dé xac dinh s6 bac nguyén ti hiéu
dung 13 mot dic trung quan trong véi vat liéu hgp chét
va ¢6 nhiéu ting dung. D4t hiém, hgp kim, tinh thé,
polymer, hoa thach, dat da... la mét s6 vat liéu hop

chét dugc Gng dung rong rai trong cdc nganh cdng
nghiép, mdi trudng, nong nghiép, dia chdt, sinh hoc, y
khoa...??. Singh va cong su!! da cong b thi nghiém
vé phép do ti s6 R/C d6i véi nhitng nguyén t6 c6 s6
nguyén ti Z tit 6 dén 82 stt dung biic xa gamma c6
ning lugng 59,5 keV tii nguén phéng xa ' Am tai
g6c 90°.

Trong bai bao nay, ti s6 Rayleigh-Compton dugc tinh
todn trén co s¢ mo hinh tham s6 dang phi tuong déi
tinh, tham s6 dang tuong déi tinh va tham s6 dang
hiéu chinh déi v6i cac nguyén t6. Song song d6, hé
thyc nghiém st dung nguén 2*! Am véi ning lugng
59,5 keV tai goc tan xa 150° st dung déu do Si(Li)
cing dugc thiét ké va tién hanh do dac d€ kiém chiing
két qua tinh toan ly thuyét. Puong cong hiéu suit
dinh cho phép do thuc nghiém dugc xac dinh trong
vung ndng lugng tii 12-60 keV. Két qua thuc nghiém
ban ddu da chi ra rang ti s6 Rayleigh-Compton theo
ly thuyét va thuc nghiém dugc danh gid v6i do sai biét
dudi 20%.

VAT LIEU VA PHUONG PHAP
Co s ly thuyét

Tan xa két hop giy boi cac electron lién két trong
nguyén tii va khong lam dnh hudng trang thai nguyén

Trich dan bai bao nay: Thanh T T, Phat V T, Minh L H, Chuang H D, Nguyén V H, Phic N T T, Vuang L
Q, Théng N D, Tao C V. Budc dau thuc nghiém nghién citu ti s6 tan xa Rayleigh-Compton ddi véi cac
nguyén té tai nang luong 59,5 keV st dung dau do Si(Li). Sci. Tech. Dev. J. - Nat. Sci.; 4(2):496-503.
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tt (khong gay ion hoa hay kich thich nguyén ti). Tiét
dién tan xa Rayleigh dugc tinh bdi tiét dién tdn xa
Thomson dugc hiéu chinh véi thong s6 c6 lién quan
dén tham s6 dang F(x,Z)°. Tiét dién tan xa vi phan
theo géc khoi ctia tdn xa Rayleigh dugc xac dinh béi
cong thic:

dog i dGTh 2
(52) = () 1p) w

Trong do: (‘(11%) la ti€t dién tan xa Rayleigh trén goc

khoi, (45 )

la tiét dién tdn xa Thomson trén goc
khéi va la tham s6 dang lién quan dén cdu tric nguyén
ta.

Tiét dién tan xa Compton dugc tinh bdi cong thiic
Klein-Nishina cho tan xa Compton ¢6 hiéu chinh véi
ham tan xa khong két hop S(x,Z) nhu sau:

dO'C . dGKN

Trong do <d36"’ >

la tiét dién tdn xa Klein-Nishina
trén electron d6i v6i gamma t6i khéng phan cuc. Céc
hiéu ting lién két dugc dua vao thong qua viéc sti dung
ham tdn xa khong két hop S(x,Z).

Két hop phuong trinh (1) va (2) thi ti s6 Rayleigh-
Compton dugc tinh theo cong thic sau:

(%) (%)irw P
) s

Ti s6 R/C c6 méi lién hé phu thudc vao bac s6 nguyén

ti Z trong vung nguyén t6 quan tdm va su phu
thudc dya trén ti 56%2. Dé tinh todn ti s6 Rayleigh-
Compton thi cac tham s6 dang nguyén tt F va gid tri
ham tan xa khong két hop S dugc tinh tit cac ly thuyét
nhu NRFE®, RFF7 va MFF®. T d6, thong qua tiét
dién tan xa Rayleigh va tiét dién tan xa Compton, thu
dugc ti s6 R/C tuong ting véi cac bién vé ning lugng
E, goc tdn xa 0 va bac s6 nguyén ti Z theo cong thic

(3).

Thuc nghiém

Thuc nghiém xdc dinh ti s6 R/C dugc tién hanh véi
bic xa gamma 59,5 keV dugc phat ra tif ngudn 24! Am.
DéE tao ra chum gamma t6i c6 cudng do du 16n, thi
nghiém st dung bo ba nguoén diém c6 téng hoat do
50 mCi dugc bé tri trén gid d6. Trong d6 cac ngudn
diém dugc dit cach déu nhau 1207 trén mot vong tron
¢6 thm thdng gdc véi truc 6ng chudn tryc. Ciu tao
cta 6ng chuén tryc 1a mot ong try rong voéi duong
kinh 13 5 mm va chiéu cao la 50 mm. Diu do ban
dan Si(Li) loai SL80180 vdi ctia s6 Beri day 0,125 mm,
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duodng kinh d4u do 0,5 cm cho phép thu nhén tin hiéu
gamma tan xa ti mau cé nang lugng thdp dudi 60
keV. Bau do dugc b6 tri & cudi 6ng chuin tryc, lam
bang chi va dugc lam lanh bang binh nito 16ng. Thuc
nghiém tan xa Rayleigh va tdan xa Compton dugc thuc
hién trén ba miu khao sat la cac kim loai nguyén chit:
nhom, dong, chi. Bé day cianh6m1a 0,315 cm, bé day
ctia dong va chila 0,3175 cm. Goc ctia tia téila 30° va
goc cua tia tan xa la 0°.

Trong cong trinh nay, goc tdn xa 150° dugc thiétlap dé
dinh tan xa Rayleigh va dinh tan xa Compton khdng
bi chéng chép lén nhau. Nhu vay, véi ning lugng 59,5
keV phét ra tii nguén >*! Am ctia b6 tri hé do thi dinh
tan xa Compton dugc xdc dinh & vi tri ning lugng
48,9 keV theo cong thiic nang lugng tan xa Compton
(Hinh 1). Phé tdn xa dugc luu lai va hién thi trén
man hinh mdy tinh thong qua phan mém Genie 2K 2.
Céc phd ghi nhan sau khi trit phong nén dugc dinh
dang lai, sau d6 chuyén qua phidn mém phan tich phé
ROOT nhim néing cao d¢ chinh xdc trong viéc xac
dinh s6 dém cua dinh tan xa Rayleigh va dinh tan xa
Compton.

Céc ngudn dong vi phong xa chudn phat gamma va
tia X gdm 13384, 137Cs, 152Ey, 154Ey, 241 Am duogc st
dung dé xay dung duong cong hiéu suit trong khoang
12 - 60 keV '3, C4c nguén nay cé dang dia v6i dudng
kinh ngoai 25,4 mm va bé day 6,35 mm. L&p vé nguén
dugclam bang vétliéu plastic c6 d¢ cting cao. Cac hgp
chét chia dong vi phéng xa duge pht 1én bé mit clia
hé & gitia vo ngudn c6 dudng kinh 5 mm, nam cach
bé mit 2,77 mm va dugc ddy kin bing nut epoxy %
Dé thuc hién céc phép do thyc nghiém, nguén phong
xa dugc dit trén mot gid do lam bang vét liéu mica,
sao cho vi tri ciia nguén ndm trén truc d6i xiing cta
dau do va khodng cach tii ngudn dén ctia s§ dau do 1a
7,75 cm. Cong thic tinh hiéu suét va sai s6 dugc trinh
bay theo phuong trinh (4) va (5):

N (E)
E(E) = 4
® =5 o (4)
Me(g) = “1%(5)*”%*”%7“ (5)

Trong d6: €(E) 1a hiéu sudt dinh tai nang lugng E;
N(E) la dién tich dinh tai ning lugng E; A (Bq) 1a
hoat d¢ ctia nguén phong xa; Iy /X (E) 1a x4c sudt phat
gamma hodc tia X tai nang lugng E; t (gidy) 1a thoi
gian thyc hién phép do; u; 14n lugt 1a sai s6 cua hiéu
sudt dinh, hoat d9, dién tich dinh va xdc sudt phat.
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Hinh 1: B tri thuc nghiém.

Tinh toan ti s6 Rayleigh-Compton
Biéu thtic tinh todn thuc nghiém ti s6 R/C dugc cho
bai phuong trinh 1.

RjC= % _ NRBcYacEc ©)

oc  NcBrYarer

V6i Ng, N¢ lan lugt 1a cudng do dinh tan xa Rayleigh
va Compton; PBr, Bc la hé s6 hiéu chinh sy ty hip
thu trong bia tuong ting véi dinh ndng lugng tdn
xa Rayleigh va dinh néing lugng tdn xa Compton;
YaRs Yac 12 hé s6 hiéu chinh sy hép thu trong khong
khi gitta bia tdn xa va ddu do tuong ting véi ning
lugng tan xa Rayleigh va ning lugng tian xa Comp-
ton; €g, €c 1a hiéu sudt ghi dau do tuong ing véi nang
lugng tan xa Rayleigh va nang lugng tan xa Compton.
Hé s6 hiéu chinh sy tu hdp thu trong bia dugc xac dinh
béi phuong trinh !':

,Xp
1,{(‘”” )cosa
B=———%— 7)
('u+'u ) cos X

i va 1’ 12 hé s6 suy gidm khéi ctia mau ting véi ning
lugng gamma téi va gamma tan xa; o la goc gidia tia
gamma tGi bia tdn xa va phép tuyén tai diém t6i.

Hé s6 hiéu chinh sy hip thu trong khong khi dugc xac
dinh béng biéu thiic sau:

Yo= e Ha-Pa-d (8)
Pq la khoi lugng riéng ctia khong khi, d6i véi khong
khi kh6 p,= 0,001205 g/cm3, Hq 1a hé s6 suy giam
khéi cta khong khi déi véi biic xa; d la bé day 16p

khong khi gitia tim mau va dau do. St dung hé s6 suy

giam khoi, khai lugng riéng ctia kim loai va khong khi

dugc tinh bing chuong trinh XCOM '°.

KET QUA VA THAO LUAN

Tinh toan ly thuyét

Trong cong trinh nay, két qua tinh todn véi cac nguyén

t6 C, Al Fe, Cu, Zn, Mo, Ag, Sn, Ta, W, Au, Pb v6i ba

mod hinh ly thuyét NRFFE, RFF va MFE Bang 1 trinh

bay két qua ly thuyét thu dugc tii ba mé hinh. Két qua

cho théy c6 su khac biét 16n gitta cic mo hinh tinh

todn doi véi cac vat liéu cé s6 Z 16n do sai biét 1én tGi

30%. Céc gid tri x;, Xj+1, Fi, Fit1, Si» Siy1 duogc 1y ti

céc tai lieu®®, gid tri ctia F(x,Z) va S(x,Z) dugc tinh

toan theo cong thiic ndi suy ham mi c6 dang nhu sau:
In(x)—In(x;)) (In(Fis )~ In(F;

In(F) = In(F;) + (el —n(f) 9)
1 —In(x;)) (In(Siy1)—In(S;

In($) = In(s;) + (=le)CaBa )= (9

Chung t6i ldy trung binh gid tri ti s6 Rayleigh-

Compton va lam khép gid tri nay theo ham s6 béc hai
phu thuc theo s6 Z. Két qua dugc trinh bay trong
Hinh 2 cho thdy ham bac hai m6 ta kha tdt quy luat
phu thudc nay vé6i hé s6 tuong quan R? = 0,996.

K&t qua thuc nghiém

Chuan hiéu suat Ey/x dua vao céc s6 liéu vé hoat do
A nguén chuén 6 thoi diém do, thoi gian tién hanh
do phd t(s), xdc suit phat gamma I va dién tich dinh
N. D6 thi hiéu suit ghi ddu do Si(Li) theo nang lugng
tng véi b tri hé do dugc trinh bay trong Hinh 3.
Trong d6 dinh Compton dugc lam khép biang ham
Lorentz, phong dugc khép theo da thic bac 2 va dinh
Rayleigh dugc khép bing ham Gauss. Két qua lam
khép dugc trinh bay trong Hinh 4. Tu két qua lam
khép nay thi dién tich dinh Rayleigh va Compton
dugc tinh, ap dung cong thtic (6), (7) va (8) thu dugc
két qua tinh ti s6 R/C va sai s6 tuong ting. Két qua tinh
toan cho cac bia thuc nghiém dugc trinh bay trong
Béng 2.

Hinh 5 so sdnh gitta gid tri trung binh ctia cdc mo6 hinh
1y thuyét va gia tri thuc nghiém cta ti s6 Rayleigh-
Compton. Két qua chi ra rang ddi vi bia nhom va
bia d6ng c6 su phtt hgp t6t gitia mo hinh ly thuyét va
gid tri thuc nghiém véi d¢ sai biét dudi 10%. Cé su sai
biét 16n d6i véi bia chila do s6 nguyén tii ctia chi la 82
nén xac sudt clia tan xa Rayleigh ting va canh tranh
v6i xdc sudt tin xa Compton. Bén canh d6, ddy méi la
cac danh gid ban dau so sanh véi cac két qua ly thuyét
vi vay trong cac nghién ctiu tiép theo ching toi sé tién
hanh do dac thyc nghiém véi cac nguyén t6 gin chi
dé€ rut ra két luan t6t hon.
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Hinh 2: Dé thi mé ta ti sé Rayleigh-Compton theo s6 Z ctia cdc mé hinh ly thuyét.

Bang 1: K&t qua tinh toan ti sé Rayleigh-Compton ddi véi cac nguyén té

S6 Z NRFF RFF MFF Trung binh Do léch chudn  Tis6 Ti s6
(x1072) (x1072) (x1072)  (x1072%) (x1072) RFF/NRFF  RFF/MFF
6 0,02 0,02 0,02 0,02 0,00 1,04 1,06
13 1,34 1,35 1,28 1,32 0,03 1,01 1,05
26 6,44 6,55 6,11 6,37 0,19 1,02 1,07
29 7,23 7,22 6,67 7,04 0,26 1,00 1,08
30 7,52 7,48 6,87 7,29 0,30 0,99 1,09
42 13,78 14,56 12,92 13,75 0,67 1,06 1,13
47 18,50 20,69 18,23 19,14 1,10 1,12 1,13
50 21,81 25,09 22,01 22,97 1,50 1,15 1,14
73 46,00 53,06 43,18 47,41 3,18 1,15 1,23
74 46,96 54,14 43,89 48,33 4,15 1,15 1,23
79 52,05 60,46 48,14 53,55 4,30 1,16 1,26
82 55,45 65,47 51,65 57,52 5,14 1,18 1,27
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Hinh 4: Phé tan xa Rayleigh-Compton trén bia déng.
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Bang 2: Ti s Rayleigh-Compton giifa cdc mé hinh ly thuyét va thuc nghiém

S6Z NRFF RFF MFF Trung binh  DP¢léch chuén  Thuc nghiém Sai s6 thuc Ti s6
(x1072) (x1072) (x1072) (TB) (x1072)  (x1072) (TN) (x1072) nghiém (x1072)  TB/TN
13 1,34 1,35 1,28 1,32 0,03 1,23 0,07 1,07
29 7,23 7,22 6,67 7,04 0,26 7,63 0,41 0,92
82 55,45 65,47 51,65 57,52 5,83 69,18 3,76 0,83
0.75 T ! T L ! T ’ T T T T
0.7- © Trung binh clia cdc mo hinh ly thuyét I |
*  Thuc nghiém dle !
0.6 - Lam khép N

e
(4]
1

Rayleigh-Compton
© o
w =~

o
N
!

2

1S0

T
=)

— . .
5 10 20 30 40

50 60 70 80 85

So Z

Hinh 5: So sanh ti s6 Rayleigh-Compton giira thuc nghiém va gia tri trung binh ctia cdic mé hinh ly thuyét.

KET LUAN

Trong bai bao nay, cic mo hinh ly thuyét nhu NRFF,
RFF va MFF di dugc st dung d€ tinh todn cho cac
nguyén t6 ¢6 6 < Z < 82. Két qua tinh todn cho thdy
do sai biét gitia cic md hinh ly thuyét 1én t6i 30%
d6i v6i cac nguyén t8 c6 Z 16n. Song song dé, thuc
nghiém ciing dugc tién hanh d€ danh gia két qua véi
mo hinh ly thuyét v6i cac bia nhom, déng va chivéi do
sai biét dudi 20%. Day méi 1a nhiing két qua ban dau
dugc thuyc hién ctia nhom nghién ctiu. Trong tuong
lai, chiing t6i sé tién hanh thuc nghiém véi nhiéu dang
bia khac nhau va céc bia c6 thanh phan hgp chat dé
danh gid chi tiét hon.

DANH MUC CAC TU VIET TAT

NRFF: Tham s6 dang phi tuong d6i tinh
RFF: Tham s6 dang tuong ddi tinh
MFF: Tham s6 dang hiéu chinh

SM: Ly thuyét ma tran S
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Preliminary Empirical study of the Rayleigh to Compton scattering
ratio for elements at gamma energy 59.5 keV using Si(Li) detector

Tran Thien Thanh2*, Van Tan Phat', Le Hoang Minh', Huynh Dinh Chuong?, Vo Hoang Nguyen',
Nguyen Tri Toan Phuc', Le Quang Vuong3, Nguyen Duy Thong', Chau Van Tao'-2

ABSTRACT

The characteristic parameters of a material relation to photon interactions such as: mass attenua-
tion coefficient, effective atomic number, effective electron density are required to provide essential
Use your smartphone to scan this data in diverse works such as nuclear diagnostic and cancer radiotherapy, industrial irradiation, ra-
QR code and download this article diation dosimetry, radiation protection and shielding, analyzing of the concentration of elements
and radioactive isotopes. In this paper, the theoretical models such as non-relativistic form factor
(NRFF), relativistic form factor (RFF), and modified form factor (MFF) were used to calculate the ra-
tio Rayleigh-Compton for elements with at gamma energy 59.5 keV. The results showed that there
was a discrepancy between the theoretical modes at a high atomic number. The mean value of
the Rayleigh-Compton ratio depends on the atomic number, which shows the quadratic function
of the correlation coefficient R? = 0.996 as well. Besides, the experimental system was set-up and
measured for some targets such as aluminum, copper, and lead at a scattering angle 150° using
241 Am source by Si(Li) detector to confirm the theoretical values. The preliminary result showed
that there was a good agreement with experimental and theoretical results is lower than 20%. Fur-
ther investigation will be measured by the samples for more detailed evaluation.

Key words: NRFF, RFF, MFF, Rayleigh-Compton ratio, Si(Li) detector
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