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THE PRIMARY IONIZATION DISTRIBUTION
IN THE FISSION CHAMBER

PHAN BO ION HOA SO CAP TRONG BUONG PHAN HACH

Lé Thi Diéu Hién
Truong Pai hoc Quang Binh

ABSTRACT: In this article, the question of the distribution of electron - ion pairs in the
sensitive volume of the fission chamber has been studied. The distribution formula of ion-electron
pairs created by ionization of the gas filled by fission fragments in the working volume of the fission
chamber has been proposed for the cylindrical fission chamber with a layer of fissile material
coated on the inner surface of the outer electrode plate. The formula of the distribution of electron -
ion pairs in cylindrical fission chambers, in which the fissile material layer is coated on the internal
side of the external electrode is derived. It is calculated in two ways: counting the number of
electron - ion pairs created in the infinitesimal volume inside the active volume of the fission
chamber by all the trajectories, which emanate from the fissile layer. In the first case, the
infinitesimal volume is a sphere. In the second case it is an arbitrary shape. The dependence of the
primary density of electron - ion pairs on the radial distance to the fissile layer, created a typical
fission fragment - ion Sr in the center of the chamber and the spatial distribution of the initial
density of ion pairs along the chamber have been studied.
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TOM TAT: Trong bai bdo nay, cong thike phén bé ciia cdc cdp ion-electron degre hinh thanh
do qud trinh ion héa chat khi lam day béi cic phdan manh phan hach trong phan khéng gian lam viéc
cia buong phén hach da dwoc dé xudt cho triong hop buong phan hach hinh tru c¢é 16p phii vt liéu
phdn hach dwoc phii 6 mdt trong cua ban dién cuc ngoai. Cong thirc phan bé da dwoc suy ra theo
hai cdch: cdch thir nhat: dém sé cdp ion-electron dwoc tao ra boi 16t ca cde vét phdt xa ra tir dién
cue, ¢o trong mot thé tich vo cimg nhé cé dang hinh cau bén trong khéng gian lam viéc ciia buong
phdn hach, cdch thi hai: tinh todn déi véi thé tich vé cing nhé cé hinh dang tiry y. S phu thudc ciia
mdt do ion hoa so cd}), duoc tao ra boi ion Sr - phan manh phan hach dién hinh, vao khoang cach
xuyén tam dén 16p phii vit liéu phdn hach va sw phén bé ciia mét dé ion héa so cdp doc theo buong
da duoc xem xét.

Trr khoa: Buéng phdn hach, l6p phu vt lieu phan hach, mdt dé cua cdc cdp electron-ion.

1.MODAU

Budng phéan hach duoc str dung dé do
thong lugng neutron trong cac 10 phan tng
hat nhan [1]. Budng phan hach c6 nhimg uu
diém noi bat: do nhay ctia né co thé dugce tdi
uu hoa béng cach chon vat li€u phan hach

phu hop, cé kich thude nhé va ti 1€ tin hicu -
nhiéu t6t, c6 kha nang lam viéc trong ba ché
d6: xung, dong va Campbell tiiy vao didu
kién 1am viéc, diéu nay cho phép sir dung
budng dé do thong luong neutron trong mot
dai rong [2, 3]. Theo cau tric, budng phan
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hach c6 nhiéu dang khac nhau nhu: buéng
phan hach phéng, hinh tru, hinh cau, ban
song song... voi kich thuée cé thé 1én dén
vai em. Trong thiét ké don gian nhit cua
budng phan hach, buéng phan hach gém hai
ban dién cuc ghép song song. Mot ban dién
cuc dong vai tro la anode, ban con lai la
cathode. Trén mot trong hai ban di¢n cuc
(thuong 1a cathode) dugc phu mot 16p vat
liéu phan hach méng, thuong 1a **U (hoic
®%U, *Th, *’Pu [2]). Phan khong gian giita
cac dién cuc duogc lam d?ly boi khi hiém
(Ar, hoic Ar ¢6 bd sung khi N,, CH,, C,H,).
Khi 16p phi vét lidu phan hach ctia budng bi
chiéu xa neutron, tai day s& xay ra cac phan
ung phan hach hat nhan. Cac phan manh
phan hach dugc tao thanh la cac hat mang
dién nang véi dién tich xap xi +20e va dong
nang trung binh khoang 60-100 MeV [3].
Do hai phan manh phat ra theo hai huéng
nguoc chidu nhau nén mot manh bj giir lai
trong 16p phu dién cuc, manh con lai bay
vao phan khong gian gitra hai dién cuc va
lam ion hoa chit khi lam déy, tao ra mot s6
luong cip electron-ion (Ar+, e-) nhét dinh.
Khi c6 dién 4p dugc dat vao cac dién cuc,
cac ion va electron nay troi vé cac dién cuc
tuong tng va két qua 1a tao ra dong dién &
mach ngoai.

Khi tinh toan cac thong s6 cua budng
phan hach (dong dién ra, d0 nhay, v.v.), can
biét mat do ion hoéa so cép hay néi cach
khéc 1a mat dg cua cac cap ion-electron do
cac phan manh phan hach tao ra bdi qua
trinh ion hoa so cép trong khong gian lam
viéc ctia budng phan hach.

VAn dé xac dinh sy phan bd mat do ion
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hoéa so cép trong khong gian lam viéc cua
buéng phan hach hinh tru c¢é 16p phu vat
liéu phan hach duoc phu Ién dién cuc bén
trong da dugc nghién ctru trong cac tai licu
[4, 5]. Tuy nhién, truong hop lop phu vat
liéu phan hach dugc phu Ién trén ban dién
cuc bén ngoai chua dugc nghién ctru.

Trong bai bao nay, sy phan bd mat do
ion héa so cép trong khong gian lam viéc
cua buéng phan hach hinh tru c6 16p phu vat
liéu phan hach dugc phu trén ban di¢n cuc
bén ngoai da dugc nghién ctru.

2. MAT PQ ION HOA SO CAPTRONG
BUONG PHAN HACH HiNH TRU

Mot trong s6 nhitng budng phan hach
c6 dang hinh try véi 16p phu vat liéu phan
hach dugc phu trén ban dién cuc bén ngoai
1a dang budng Photonis (Phap) duogc sir
dung dé kiém soat thong lwong neutron
trong 10 phan tmg hat nhan. So d6 cua dang
budng nay dugc biéu dién trén Hinh 1.

Dé tim cong thirc phan bd clia cac cap
ion-electron trong khong gian lam viéc cua
budng, trudc tién ta tim cong thirc tinh mat
d6 ion héa so cép tai diém P tiry y bén trong
khong gian 1am viéc ciia budng, cach tryuc
cua anode mot khoang ». Trong hé toa do tru
c6 tam dit tai tim cta phan khong gian lam
viéc cua buéng va c6 tryc z hudng doc theo
truc ctia budng, diém P co toa do (1,6,z).



Cathode  d5% By

Khi lim ddy

Hinh 1. So db buéng phén hach hinh tru cé
16p vat liéu phan hach dugc phu 1én ban dién
cuc bénngoai.

Hinh 2. So d6 mat cit ngang ctia budng phan
hach hinh try c¢6 16p vat liéu phan hach dugc
phu lén ban dién cuc bén ngoai

Do tinh déi xung cua hinh try, mat
d6 ion hoa so cép tai diém P khong phu
thudc vao goc 0 va bang tong mat do ion
héa duoc tao thanh tir cac phan tir dién
tich dS=Rd0'dz' cua bé mat 16p phu vat
liéu phan hach, trong d6 R 1a ban kinh
cta cathode (hinh 2). Khi d6, mdi phan
to dién tich dS buc xa ra N; phan manh
phan hach:

N, =N,Rd0'd:" (1)

trong do N, 1a mat do bé mit cuia cac phan
manh phan hach (s6 phan manh phan hach
phat xa ra tir mét don vi dién tich bé mit
cualép phu vatli¢u phan hach).
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Goi dV 1a thé tich cua mot hinh cau véo
cung nho ban kinh 9, co6 tam tai diém P.
Ta tinh s6 cap ion dugc tao ra boi tat ca
cac vét duge phat xa ra tir phﬁn tr dién
tich dS c6 trong thé tich d¥. Chon hé toa
dd ciu voi tam dat tai tam cua dién tich
dS. Mbi vét dugc dic trung boi toa do
(0s,05) va do dai ctia vét rs nam bén trong
thé tich dV (doan AB trén hinh 1). Biét
mat do ion hoa tuyén tinh X(s) doc vét
(sb cap ion-electron trung binh duoc tao
thanh boi cadc phan manh phan hach trén
mot don vi chiéu dai duong chay cua
chung trong chit khi 1am day), ta chi can
tinh tong cac dai luong nay voi trong sd
dr. Can luu y rang s vét khong ty 18 voi
toan bd dién tich dS, ma chi voi nhiing
ving bé mit ¢ kha ning blc xa phan
manh phan hach dén diém dang xét.
Tinh todn gan dung rang: duong ndi tir
dV dén dS 1a dudng ndi tir tim cua dV (p,
On, @n) va tdm cua dS. Tinh toan v6i luu
y nay, ta nhan dugc cong thirc tinh tong
s6 cap electron-ion cé trong thé tich dV:

X (p) cos(0,) ()

s——dV.
2n p

dV=N,

Véi p — khoang cach tir diém biic xa dén
diém quan sat.

Ta ciing c6 thé thu dugc biéu thic
trén theo cach khac: sé cap ion-electron
duoc tao thanh trong thé tich dV (dV ¢6
hinh dang tuy y, khong nhat thiét phai 1
hinh Cau) do qua trinh ion hoa chat khi
lam day boi tit ca cac vét ctia cac phan
manh phan hach bic xa ra tr dién tich
ds dugc xac dinh boi biéu thirc:

dQ

dN' =N ,cos0, X (r")dr'— 3)
2n

trong do ' 1a do dai Vét, 0, 1a goc gitra
phap tuyén cua dS va vét.
dQ =sin0d0do 4)

Khi dé mat do cua céac cdp electron-ion
dugc tao ra trong thé tich dV dugc xac
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dinh theo biéu thic:
dN. cosO X(r")
dN =25 =N n , 5
| )

Vi dV =r?dr'dQ.

Nhu vay, biéu thic (5) ¢6 dang
gidng voi biéu thuc (2). Thc 1a ta da thu
dugc cong thuc tinh mat do cac cap
electron-ion tai diém P bat ky trong
khong gian 1am viéc ciia budng phan
hach theo hai cach khac nhau. Ngoai ra,
tir cac tinh toan hinh hoc, ta nhan duoc:
R—rcos(6-6"

cosO, =
r

F'=\r? + R =2rRcos(0-0)+ (2 - ')’ (6)
Suy ra dai lugng dNs c6 thé duoc viét &
dang:

dN NstRX( )
’ 2n

R—rcos(@—@')

2, p2 | 2
[r +R 2chos(9 9)+(z z) } )
Tich phan biéu thic (7) theo
phan dién tich bé mit co kha ning buc
xa phan manh phan hach dén diém dang
xét va tién hanh cac phép bién doi, ta thu
duoc biéu thuc tinh mat do ion hoa so
cép duogc tao ra boi cac phan manh phan
hach & dang sau:
NoR o

Nirz)=[ v, === IO j X(r')H(l—r‘)[

T

r.}

r':\/rz+R2—2chos(9‘)+(z—z‘)2, @®)

Tich phan dugc tinh trén toan bd
dd dai cua phan khong gian lam vi¢c cua
buong phan hach #=z,-z;.

(r) = arccos R + arccos R
max R M : (9)
Ta viét lai biéu thtc (8) & dang:

N, RX,
N(r,z)= ﬁén CF(r,z) (10)

Trong d6 ham F(r,z) c6 dang:
R—rcos(@‘)}dz'd@'

Flra) = [ [ - polret o
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0.

R=reos(0')|dz'db"

Trén hinh 3 biéu dién ham phan b
F(rz)= F(r,0) duoc tinh todn dbi voi
truong hop qua trinh ion hoa so cap gy
ra boi ion Sr tai tAim cua budng phan
hach (z=0) c6 cac tham sb [6]: R
=0,8595 cm, ban kinh cathode R=2,5695
cm, h=15,24 cm trong hai truong hop:

1) Truong hop 1: Xem mat d6 ion
héa tuyén tinh doc vét 1a hing sb
X(r") = X(0)=Xo.

2) Truong hop 2: Mét do ion hda
tuyén tinh doc vét phu thudc vao

dX(r);tO

toa do doc theo vét  dr'

4.5

] = = axim _
404 ——b) Xir) ==

J '___,.-"
354 -

-
-
04 #

1

2.5

2.0+

Fir/0), cm?

0.5

a0

10 12 14 16 18 20 22 24 28
Khaing cich tir trye el budng r, cm

Hinh 3. Sy phu thudc cua mat d6 ion hoa so ca”ip
dugc tao ra boi ion Sr' vao khoang cach tr truc
cua buong phan hach: X(r'=0) = X(0) - mat do
ion hoa tuyén tinh doc vét bing hing sé (a),
X(1") - ¢6 tinh dén su phu thudc ctia mét dg ion
hoéa tuyén tinh vao toa do doc vét (b).

Két qua thu duoc trén Hinh 3 cho
thdy ham F(r,0) duoc tinh cho truong
hop 2, ¢6 tinh dén sy phu thudc cua ham
X(r') doc theo vét, s& nho hon gia tri ham
F(r,0) dugc tinh trong truong hop gan
dung X(r') = Xy, diéu nay 1a do trén thyc
té ham X(r’) c¢6 pham vi tac dong ngan.

Su phéan bd cia mat do ion hda so
cap (chi xét ham F(r,z)) doc theo budng



dugc biéu dién trén Hinh 4. Két qua cho
thdy mat do ion hoa so cdp phu thudc
yéu vao toa dd doc theo buéng, ngoai trur
cac diém cudi.

o

B B & 4 2 @ a8
Toa ik dioc theo chidn dad cia bubng z, cm

Hinh 4. Sy phan bd mat do ion héa so cép doc
theo budng phan hach

Trén Hinh 5 biéu dién su phan b
mat d6 ion hoa so cap phu thudc vio
khoang cach r tir truc ctia budng tai céc
diém khéc nhau —4/2 < z < h/2 doc theo
chiéu dai buong. Két qua cho thay ring,
tir z=0 c¢m dén z=4 cm su phan bd thuc
té khong khac biét. Luu y ring, bién bén
phai ciia d thi 13 bé mat cta 16p vat liéu
phan hach phu lén ban dién cuc bén
ngoai.

2 r=0ew, 2 em, 4 oM
= E=6HeMm
25 ~=g=Tem

F {r,z), cm?
n

BB 10 12 14 16 1.312}} 22 24 28
Khoing ciich tir trge coa budng phiin hach, ¢m

Hinh 5. Phan bd ctia mat do ion hoa so cép theo
khoang cach tir truc cuia buong phan hach
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4. KET LUAN

Cong thie tinh phan bd ion hoa
so cip trong khong gian lam viéc cia
budng phan hach hinh try ¢ 16p phu vat
liéu phan hach dugc phu 1én ban dién
cuc bén ngoai da dugc dé xuét. Cong
thirc cho phép tinh toan su phan bd mat
do ion héa so cap khong chi cua céc
budng phéan hach c6 kich thudc nhé ma
con dbi v6i cac budng phan hach co kich
thudc thong thuong.

Gan bé mit cia 16p phu vat liéu
phén hach cua buéng, mat do ion hoa so
cap c6 xu hudng tang, didu nay xuat phat
tir nguyén nhan hinh hoc ctia budng: 16p
vat li€u phan hach dugc phu 1én ban di¢n
cuc bén ngoai.
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