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PHU THUQC VAO NANG LUQONG
TU 1 MeV + 8,5 MeV CUA DETECTOR HPGe
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TOM TAT

Do han ché vé dai nang lwong ciia cdc nguon phong xa chudn (théng thuong < 3
MeV), viéc thiét Idp cac ham hiéu sudt tuyét doi ciia cdc hé do khi ding cac nguon phéng
Xa chudn sé Iam han ché dén cdc vmg dung thuec té ciing nhuw cdc nghién ciru bike xa ¢ ving
nang lwong lon twong ung véi ndang lwong lién Két cua nucleon trong hat nhdn (~ 8 MeV).
Bai b&o nay trinh bay két qud xdy dung ham hiéu sudt tuyét doi ciia hé phé ké gamma sir
dung detector HPGe trong ddi nang heong tir IMeV dén 8,5 MeV bang phwong phdp kich
hoat CI*° va do birc xa gamma tirc thoi bang phdn img **Cl(n, 7)CI*®.

Tir khéa: hiéu suat tuyét doi, hiéu suat tuong ddi, hat nhan hop phan, phan tmg
%Cl(n, y)CPe.

ABSTRACT
Determining the absolute efficiency function depending on energy
in the range 1 MeV = 8,5 MeV of HPGe detector
Because of the restriction of energy ranges of usual standards of gamma source,
normally smaller than 3 MeV, the determination of absolute efficiency functions of nuclear
measurement system by using gamma sources will limit some applications and researches
on high energy corresponding to nucleon binding energy (~ 8 MeV). This paper presents
the procedure and result of the determination of absolute efficiency function of a gamma
spectrometer using HPGe detector in energy range from 1 MeV to 8,5 MeV by activating
%>Cl and prompt gamma measurement of **CI(n, »)CI*® reaction.
Keywords: Absolute efficiency; Relative efficiency; Compound nucleus; *CI(n,
v)CI*® reaction.

1. Tong quan

Trong thyc nghiém vat li hat nhan cling nhu cac tng dung do dac thuc nghiém
phan ra phong xa, viéc xac dinh hiéu suat tuyét d6i theo ning luong cua hé phd ké 1a
thiét thyc va 1a didu kién can dé khang dinh tinh chinh xac ctia két qua do dac vé mat
dinh luong ctia hé phd ké. Tuy nhién, Vlec xac dinh ham hiéu suat trén dal nang luong
rong gap rat nhidu kho khan do han ché vé ning lugng phat ciia cic nguon chuan.

" TS, Trwong Pai hoc Pa Lat
“ThS, Vién Nghién ctru Hat nhan
“ThS, Trwdng Cao dang nghé Da Lat
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O cac cong trinh @& cong bd, ham hiéu suat tuyét dbi chi gioi han trong ving
ning lugng < 3 MeV, bing viéc sir dung ning luong cia cac dong vi phong xa [4, 5].
Thyc té, cac ngubn dong vi phong xa co nang luong tir 1,5 MeV hay dugc sir dung, vi
nhitng ngudn dong vi ndy c6 thoi gian ban ra 16n, do vay hiéu qua su dung s€ cao, day
12 Ii do chinh ma cac phong thi nghiém chon lwya dé trang bi cac nguoén gamma.

pé xay dung ham hiéu suét trén dai nang lugng 16n hon, viéc ngoai suy hoac su
dung md phong bang phan mém MCNP duoc tién hanh [3]. Piéu ndy dan dén han ché
ciing nhu mirc d¢ thiéu tin cay khi ap dung do véi cac niang lugng.

Va thuc té, cho dén nay & Viét Nam van chua cé nhimng cong bd vé s liéu thuc
nghiém ciia ham hiéu sut trén dai ning lwong 16n bang do dac thuc nghiém. Cac cong
bé vé ham hiéu suét tuyét ddi chu yéu duoc thuc hién ciing twong tu nhu trén thé gioi,
tire 14 cac cong bd ham hiéu suat ¢ nang luong thap [6]. Cong trinh ciia nhom tac gia
[2] d& x4y dung ham twong dbi cho hé tring phung tir 500 keV dén 8000 keV. Tuy
nhién, nghién ctru ndy ciing khong xac dinh ham hiéu sut tuyét dbi trén dai nang luong
nay.

Trong nghién ctru nay, hé do thuc nghiém 1a hé pho ké gamma 16 k, sir dung
detector loai Ge siéu tinh khlet Phuong phap tao ngudén gamma trén dai ning luong
I6n bang cach kich hoat bia mau *Cl trén kénh sé 3 ciia LO phan tng hat nhan Pa Lat,
do gamma tre thoi dya vao phan tng *ClI(n, y)CI*®. Két qua da xay dung dugc duong
cong hleu suét tuong d6i trong dai niang lwong 1 MeV dén 8,5 MeV, va xac dinh dugc
hiéu suét tuyét d6i & dai nang lugng néu trén.

2. Cosé li thuyét

Ham hiéu suat theo ning luong trén dai rong thuong dwoc khuyén cao 12 mot
trong nhing dang logarit hoac ham ma [9]. P€ c6 dai nang lugng 16n khi xay dung
hiéu suat cua hé, thyc nghiém sir dung véi phan (mg bat neutron va tré thanh hat nhéan
hop phan, sau d6 phan rd gamma tirc thoi. Trong co ché phan tmg hat nhan hop phan,
cac hat tham gia tuong tac a va A tao nén hat nhan hop phan C, sau d6 hat C phan ra
thanh céc hat thir cdp b va B theo phuong trinh phén ré sau:

atA—>C—->b+B 1)

Thoi gian dic trung cho phan rd ciia phan tmg hat nhan hgp phan vao ¢& 10™s

Gia str c6 dong hat a di vao voi cuong d6 N, (hat/s) twong tac v6i hat nhén bia A
(hinh 1). Bia A c6 nong do n (hat/cm®). Gia thiét bia do mong va cac hat trong bia
khong bi che chin 1dn nhau. Dién tich cua bia 1a S (cm?), bé day bia la d (cm). Sé hat
nhéan A trong bia la n.S.d (hat).
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Hinh 1. So dé tinh tiét dién ciia phan img
Gia str hat t6i a c6 kha nang phan ing véi mdi hat nhan A véi tiét dién 1a o (cm?)
thi dién tich tdng cong cia n hat nhan trong dién tich S véi bé day d 12 S, = @.n.S.d.
Cuong d6 phén ra cua hat nhan hop phan & kénh ra N, (hat/s) sé ti 1& véi dién tich
Sa [1]:
N, S, o.nSd

A - =o.nd 2
N. S s ¢ )

Dai lugng w= %goi 14 suat ra cia phan inga+ A — b + B.
Khi céc bia mau dit cing mot vi tri hinh hoc thi hiéu suét ghi tuyét d6i cua hé
pho ké theo nang lugng cua birc xa gamma duogc xac dinh bdi:
— N - NP

un(B) = ©

trong d6: e, (E) |4 hi¢u sudt tuyét di tai nang luong E;

N va N, 12 s6 dém tong va s6 dém phong clia dinh quang dién;
A 12 hoat d6 ngudn tinh theo sb phan ré trén giay (Bq);

I, lah¢ s6 r& nhanh cua dinh quang dién;

t 1a thoi gian do (s).

Sai s6 hiéu suat duge xéc dinh boi:

2 O-ZN_N ; 1/2
O e (E) :|:(%+Wj($abs(E)) } (4)

trong d6: o2 la sai s ctia hoat do cuia ngudn; G(ZN_NP) la sai s6 thong ké cua s dém.
Hiéu suat tuyét d6i lién hé véi hiéu sudt trong ddi theo biéu thuc sau [6]:
€ (E) =a(E)e, (E) (®)
Véi ¢, (E)laham hiéu sudt trong di, a(E)tham sé chuyén doi nang luong cia
detector. Trong thyc nghiém nay, viéc xac dinh «(E)dugc thuc hién béng cach xac
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dinh ham hiéu suét twong dbi va tuyét dbi cua hé trén toan dai nang lugng can quan
tam, sau d6 sir dung cong thire (5) dé xac dinh tham sé chuyén doi nang luong.
3. Thuc nghiém, két qua va tinh toan
3.1. Bé tri thie nghi¢m

Thuc nghiém duoc tién hanh tai kénh ngang s6 3 ciia Lo phan wng hat nhan Pa
Lat. Thong lugng neutron nhiét tai vi tri dat bia mau 1a 9,25x10* n/cm?/s, ti s6 Cadmi
S0 Vi vang la 218 (do véi hop Cadmi day 1 mm), duong kinh chum neutron 1,3 cm.
Bia mau 1a NH,CI c6 dang hinh hoc nhu hinh 2. Pudng kinh cta bia mau 1a 2,0 cm, bé
day 0,04 mm. Chum neutron di vudng goc v6i bia miu. Khoang cach tir bia mau dén
detector 1a Scm, detector duge bd tri goc 90° so V6i bia miu nham giam tic dong cua
chim neutron, xung quanh detector dugc boc chi dé bao vé va giam phong gamma tir
10 phan mg phat ra. Hé do thyc nghiém 1a hé phd ké gamma, st dung ADC 16 k,
detector cia hé do 1a loai ban din Ge siéu tinh khiét, GMX35, duong kinh 58 mm, hiéu
suat ghi twong dbi tai 1332 keV 1a 35%. Hinh 3 md ta cach bd tri thi nghiém.

Detector MCA

N —_—e 5 . x
Chum Bia mau
notron

Hinh 3. So do bé tri thi nghiém

Hinh 2. M6 ta hinh hoc
cua bia mau NH4Cl

Theo [8], Clo trong tw nhién ton tai hai dong vi 1a CI*® va CI¥”. CI*® ¢6 d6 phd
bién 75,76%, va tiét dién bat neutron nhiét 1a 43,6 barn. CI¥” c6 d6 phd bién 14 24,24%,
va tiét dién bét neutron nhiét 1 0,43 barn. Khi bét neutron nhiét, CI** tro thanh CI*® va
phat gamma tirc thoi dé vé CI1*® & trang thai co ban. Qua trinh khir kich thich cua CI%
dugc minh hoa boi phan (g nhu phuong trinh (6):

17C|35 +N— 17C|36 + Y (6)

Thyc nghiém dugc tién hanh theo trinh ty hai budc do. DAu tién, tién hanh khao
sat phong, sau do do voi bia mau CI®. Thoi gian cho mbi phép do 12 4200 gidy. Hinh 4
trinh bay phd phong va phd gamma tirc thoi ciia CI*°.
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Hinh 4. Phé gamma tirc thoi ciia CI*° do béi phan iing CI(n,y)CI®
3.2. M@t so két qud va tinh toan
Hat nhan CI*® khi bét neutron nhiét tao thanh hat nhan CI*®, sau d6 gﬁn nhu phan

rd gamma tirc thoi dé vé hat nhan C1* ¢ trang thai bén. Nhu vay, $b hat nhan Cr*® duoc
xac dinh qua phuong trinh N, = N_.o.n.d

V&1 N, 1a thong lugng cia chum neutron véi duong kinh hi¢u dung 1,3 cm, N, =

(1,3)x3,1415 x9,25x10* =~ 491095 neutron/gidy; o = 43,6x10%* cm?; d = 0,04 cm; n la
A A 35 NAm 35 23 1h A 3 . N <A

s6 hat nhan CI®, n =A—\;3'= 0,19944 x10%hat / cm®, trong do: N la s6 Avogadro,

Na= 6,022x10% mol'; m_.1a khoi lwong CI* trong bia mau, m _,. = 0,3248 g x
0,7576 = 0,2460 g; A la s6 khdi, A = 35; V 1a thé tich hiéu dung, V =
(1,3)?x3,1415x0,04 = 0,212365 cm®. Sai s6 cua s6 hat nhan CI*® duoc tinh trén sai s6
cta khéi lugng can mau CI% (sai s6 dung cu bang 1/2 gia tri gidi han ciia can), bang
0,5x10"g. Nhu vay, sai s6 cta s6 hat nhan CI1* 1a:

0,5.10*x0,19944 x10%hat / cm® = 0,9972x10" hat / cm®.
Két qua tinh i thuyét ta duoc:
N, = N,.o.n.d = 491095x 43,6.10* x 0,19944.10% x 0,04 = 17081 hat/giay.

Vi thoi gian xay ra phan tng hat nhan rat nho (<10%%s) va thoi gian phan rd
gamma ttrc thoi vo cling bé (<10™*s) so véi thoi gian thuc hién phép do, nén xem hoat
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136 136

d6 cua CI*® khong thay d6i trong qua trinh chiéu, va chinh bang s6 hat nhan CI* ¢

trang thai kich thich, tirc ngudn c6 hoat @ A = 17081 Bq.

Tién hanh chuan ning lugng trén dai tir 1 MeV dén 8,5 MeV cta phd gamma tirc
thoi CI*®, sau d6 chon lua nhirng dinh quang dién c6 hé so r&€ nhanh cao va khoang cach
nang luong giira cac dinh quang dién twong doi déu trén toan dai. Hiéu suat va sai SO
cua n6 dugc trinh bay ¢ bang 1.

Bing 1. Cdc dinh quang dién ciia CI*° ding dé xdy dung ham hiéu sudt tuyét doi

tr IMeV + 8,5 MeV

Hé s6 . . .| Hiéu | Saisb

< ~ Dién Sai so % < .z

Nang ré e D suat hi¢u D X Sai so

. tich dién % Hiéu suat . X
Stt | lwong | nhan | _, . . tuwong suat ¥ . <% | Ni€u suat
. dinh trr | tich £ tuyét doi n 3As
phaty | h(l,) hon dinh doi tuwong tuyét doi

[ | PO (%) | 4éi (%)

1 | 1131,25 | 1,911 4961 360 | 100,00 | 1,90 3,62E-03 | 1,91E-05
2 | 1164,87 | 27,2 68493 438 | 97,00 0,02 3,51E-03 | 1,44E-07
3 | 132742 | 1,27 2783 273 | 84,40 2,63 3,05E-03 | 2,94E-05
4 | 1601,08 | 3,484 7604 318 | 84,07 0,56 3,04E-03 | 5,32E-06
5 | 1951,14 | 19,39 | 37509 287 | 74,52 0,02 2,70E-03 | 1,58E-07
6 | 1959,36 | 12,56 | 24231 197 | 74,32 0,01 2,69E-03 | 1,78E-07
7 | 2676,30 | 1,572 2526 204 | 61,90 1,33 2,24E-03 | 1,46E-05
8 | 2863,82 | 5,77 8252 239 | 55,09 0,20 1,99E-03 | 1,67E-06
9 | 3061,86 | 3,521 4574 184 | 50,05 0,30 1,81E-03 | 2,93E-06
10 | 3981,06 | 1,028 1121 120 | 42,01 1,38 1,52E-03 | 1,74E-05
11 | 4979,71 | 3,616 2339 128 | 24,92 0,38 9,02E-04 | 2,70E-06
12 | 5517,20 | 1,689 1230 110 | 28,05 0,88 1,02E-03 | 8,12E-06
13 | 5715,19 | 5,31 3092 122 | 22,43 0,19 8,12E-04 | 1,26E-06
14 | 6110,85 | 20,58 | 12710 204 | 23,79 0,05 8,61E-04 | 2,22E-07
15 | 6619,64 | 7,83 4045 131 19,90 0,14 7,20E-04 | 7,55E-07
16 | 6627,75 | 4,69 2488 80 20,44 0,08 7,40E-04 | 7,64E-07
17 | 6977,85 | 2,29 1090 102 18,33 0,89 6,63E-04 | 5,81E-06
18 | 7413,95 | 10,52 4077 93 14,93 0,05 5,40E-04 | 2,81E-07
19 | 7790,32 | 8,31 2970 71 13,77 0,04 4,98E-04 | 2,85E-07
20 | 8578,59 | 2,739 913 39 12,84 0,07 4,65E-04 | 8,48E-07
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St dung cac ham logarit va ham mii dé khop dai s6 liéu thuc nghiém & bang 1,
khép theo phwong phap binh phuong ti thiéu. Qua trinh khop duoc thuc hién trén
phan mém Origin 8.0, lip theo phuwong phép Levenberg Marquardt cho dén khi hoi tu.
Bang 2 va cac Hinh 5, 6, 7, 8 trinh bay két qua khép.

Béng 2. Tham s6 ciia cdc ham hiéu sudt thu dwoc tir qud trinh khdp s6 liéu

Ham Tham sb
£, (E) =a.In(-b.In(E)) Tham s6 ham hi¢u suit twong ddi.
, a Aa b Ab
R*=0,99903
-350,02298 3,87629 -0,1069 2,55348E-4
X Tham s6 ham hiéu suét tuyét doi.
R*=0,99863
-0,01274 1,08485E-4 | -0,10718 1,84789E-4

CRGIOY
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Hinh 7. D6 thi biéu dién thang giing cdc
gid tri thuc nghiém khi khép ham hiéu
suat twong doi trén ddi nang lwong 1 MeV

+ 8,5 MeV
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Hinh 6. Puong cong hiéu sudt tuyét doi
trén dai nang luong 1 MeV + 8,5 MeV
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Hinh 8. D6 thi biéu dién thang gidng cdc gid
tri thuwc nghiém khi khop ham hiéu suat tuyét
doi trén dai nang luwong 1 MeV + 8,5 MeV
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Két qua khép cho thay ham hiéu suat trén dai ning lugng tir 1 MeV dén 8,5 MeV
phU hop hon véi ham dang &(E) = a.In(=b.In(E)), cac tham sé a, b dugc cho ¢ bang 2.
Tham s chuyén d6i nang lwong «(E) cua detector (trong cong thic 5) duoc xac dinh
bang thyc nghiém 12 «(E) = 3,618654E-5.
4.  Kétluan

Bing thuc nghiém do dac trén kénh sb 3 ciia Lo phan ung hat nhan Pa Lat, ching
t6i d4 xay dyng ham hiéu suét trong d6i va ham hiéu suét tuyét d6i trén dai ning lwong
tir 1 MeV dén 8,5 MeV, dong thoi ciing xac dinh duoc tham s6 chuyén doi nang lwong
giira hiéu suat ghi thuc va hiéu suét twong ddi ciia detector. Két qua nghién ctru dong
g6p vao viéc xtr Ii phd thyc nghiém, lam ting kha ning xac dinh chinh xac vé mit dinh
luong trén dai nang luong rong; dong thoi két qua ciing 1a bude dau dé nghién ciu tiét
dién phan (g hat nhan ¢ trang thai hop phan trén dai ning lugng ~ 8 MeV.
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