Vat ly phong xa Truong Thi Hong Loan

Chwong 3

3.1. Dai cwong

DICH CHUYEN GAMMA

3.1.1. Lich sit phat hién — tinh chit va nguén gbe tia Y
Nam 1903, céc tia y dugce tich ra khéi tia o trong chim tia phéng xa nho tac
dung cia mdt tir trudmg cudng do 16n.
- Tiayla séng dién tir c6 budc séng rat ngin khodng tir 10 A° — 1A° tuong (g
v6i nang lugng tir 0,5 MeV — 100 MeV. Tia y khong bj léch trong dién truong va tir
trudng, ¢6 kha ning ddm xuyén rét 16n, gy nguy hiém cho con ngudi.

e

© %

Hinh 3.1.a. M6 hinh quy dao c4c tia blic xaa, p va y trong tir trudng.

- Su btic.xa hay hip thu y c6 ngudn gdc tir hat nhén. Dich chuyén y cta hat nhan
14 hién tuong hat nhan chuyén tir trang thai kich thich cao vé trang thai kich thich thép
hon hodc vé trang thai co ban kém theo viéc phét ra birc xa y (lugng tir y) hay 1am bat
dién tlr tir céc 16p vo dién tir trong cling mdt nguyén tir.

Dich chuyén y chi xdy ra trong hat nhén kich thich, sau khi dich chuyén hat
nhén khéng thay déi khdi sé A va s nguyén tr Z. Vi vdy, qu4 trinh phét tia y khong lam
thay dbi thanh phén cAu tao coa hat nhdn ma chi 1am thay dbi trang thai ning luong cia
no.

C6 nhidu céch tao nén cac trang thai kich thich ctia hat nhan. Phuong phap don

gidn va théng dung nhat 1a dua vao su phén rd tu nhién cia céc hat nhan phéng xa.
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Ngoai ra c6 thé bin pha hat nhan bai cic hat tich dién, neutron hay photon dé chuyén hat
nhén 1én trang thai kich thich.

Pa sb cdc hat nhidn méi tao thanh sau cic phan ra B*,p-,o déu & trang thai bi
kich thich. Vi vy sau cac qua trinh phén ra nay thudng co6 phat tia y kém theo. Do d6 khi
¢6 hién tugng phéng xa xay ra & mot hat nhan thi hat nhan d6 c6 thé bi bién ddi nhiéu

14n va phat kém theo nhiéu tia y.
& ¥

e
\x 27Co (5.2 rm)

B (0.31 MeV)

100%
. — 2,5 MeV
N ¥ )
VN 1
= e 1,33 MeV
o
— 0
60
i

Hinh 3.1.b. So d6 phan ra y cia ®Co,
3.1.2. Cac phwong phap do ning lwgng y

Ngudi ta thuc hién nhiéu phuong phap do ning luong tia y:

” ., > e N
1. Pho ké chuan truc —=5 Hhu» >LU* ,

Phd ké nay chi c6 thé ding d do ning luong tia y khéng 16n hon .
13MeV  (A>107A°). N6 dung mdt ban tinh thé cong loai Cauchois Du Mond (1947)
nhu hinh v& (hinh 3.2) va x4c dinh d dai séng cla tia y nhiéu xa trén tinh thé nay.

Tinh thé khuéch tan Q 13 mot ban cong, ¢6 ban kinh bing duodng kinh cda vong tron
qui tiéu (khoang 2 m).

May do G dugc dit sau Q ghi sb dém A. S6 dém A 1a mot ham theo 6 tirc theo/.'x‘fi tr |
ctia ngudn phéng xa S

Néu mit cong Q co tam tai C, nguén phéng xa c6 ning luong E, dit tai S. S& dém
cuc dai khi théa diéu kién nhidu xa Bragg:

nh = 2dsin®
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Hinh 3.2. Phd ké nhiéu xa do tia gamma.
Chum tia khuéch tan vao may do G c6 thé xem nhu phat xuét tir ngudn 40 S’ sao cho
SC=S’C. Biét dugc khoang cach d ctia mang tinh thé, vi du véi NaCl, d = 2,52x10%cm
va do léch 0, ta c6 thé xdc dinh dugc nang luong E, .Nhu vdy, véi ngudn phéng xa
Au'®, cudng do 1Curie, ning luong E, do duoc la:
E, =411,770£0,036keV (A =3,011x10""cm)

2. Trong trudng hop tia v c6 d dai séng rit ngin, ngudi ta ding phuong phép gién tiép
bang cach truyén nang lugng Ey cho electron trong nguyén tir méi trudong cta dau do rdi
xac dinh nang lugng cia electron ndy. Sy truyén ning lugng ndy c6 thé xay ra theo céc
hiéu tng sau:

+ Bién ddi noi tai

+ Hiéu g Compton, hiéu ing quang dién

+ Hiéu Ung tao cip (B*,p").

Trong trudng hop sau, nang luong cua cip (B*,B") cé thé duge do bing tir phd ké

nhu hinh vé& (hinh 3.3). Péi véi E, >>1 MeV, téng sb ban kinh cia (B*,p™) gin nhu

khong dbi.
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(3.1)

(3.2)

6] day: m_ la khéi lugng tuong déi, R_1a ban kinh cong, v_vén tbc cua electron va
positron turong Ung; 4 1a tir truong.

3. Ngay nay h¢ phd ké gamma ddu do ban din siéu tinh khiét HPGe duoc st dung rong
rdi trong cac phong thi nghiém nghién ciru vé mat dd mirc kich thich hat nhan thong qua
viéc do ning lugng tia gamma phat ra tir ngudn, ciing nhu Umg dung trong phén tich dinh
tinh va dinh lugng cdc nguyén té va dong vi phong xa vi lugng dua trén phan tich phd
nang lugng gamma clia cac hat nhan khong bén va phéat photon gamma.

Mot vi du vé& hé phd ké gamma phéng thip bao gém ddu do HPGe dat trong
budng chi giam phéng va duoc két ndi véi céc thiét bi dién tr di kém dugc trinh bay
trong hinh 3.4. Pau do sé& thu nhdn céc birc xa gamma phéat ra tir mau vat rdi chuyén
chiing thanh céc tin hiéu dién dé c6 thé xir ly bing cac thibt bi dién tir. Cac tin hidu tir

dau do duoc khuéch dai qua bd tién khuéch dai va bd khuéch dai tuyén tinh. Sau khi tin
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hiéu duoc khuéch dai, chung dugc dua qua bd bién dbi twong tr sang sé (ADC), khéi
phén tich da kénh (MCA) va cudi cing duge thé hién trén man hinh mdy tinh & dang phé
ning luong gamma.

Nguyén tic hoat dong cta cac ddu do tinh thd HPGe 1a khi c6 mot birc Xa ion héa
di vao ddu do, né sé& tao nén céc electron tur do thong qua ba hiéu tmg chii yéu véi tinh
thé ban din. Céc electron tu do di chuyén véi déng ning 16n s& lam kich thich céc
electron chuyén 1én ving dan, déng thoi dé lai 18 tréng mang dién tich duong trong ving
héa tri. Céc cip 16 tréng — electron dugc tao ra trong ving ngheo doc theo quy dao cla
btrc xa t6i. Chling dugc kéo vé hai dién cuc béi dién trudng do hiéu dién thé ngugc dugc
ap vao ddu do, cac electron s& di chuyén dén ban cuc duong con céc 15 tréng s& di
chuyén dén ban cuc 4m két qua ctia qua trinh nay s€ cho ta mdt xung dong dién & ngd ra.
Khi d6 & mach dién ngoai diu do s& xuat hién mot tin hiéu dién 4p. Xung dién 4p nay

dugc ghi nhin va xit Iy & cac mach dién tir phia sau ciia hé do.

e

Hinh 3.4. H¢ phd ké gamma dAu do ban din siéu tinh khiét HPGe GC3520.
3.1.3. Ning lugng phéng xa 'y
Trong phéng xa vy, ning lugng phéng xa Q duge xem x4p xi bing ning lugng
photon E,
Q=E,
vi néng luong giat i E; cia nhan con lai duge xem nhu khong dang ké. That vay, theo

dinh luat bao toan ddng lugng ta co:

0= P +P, &
/i\
67 f
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v6i P 1a dong lugng ctia nhan giat 1ui, f’y la dong lugng cua tia y.

Chiéu Ién phuong chuyén déng ctia hai hat san phim ta c6:

E
Pr::Pyr.:-]—l—V—:—)-’-
c ¢
2
ma E = e
2m,
myv’ P’ 1 ES
suy ra E =—tl =—L_= ! 3.4
Y ! 2 2m, 2m, ¢’ S
. E E
Lap ty sé: Lol & Lem, & g (3.5)
E, 45 me” 2 m mg

O day mo 1a khéi luong electron, my 12 khéi lugng hat nhan giét lui.
P: 1a dong luong hat nhan giat Iui.
E,, T: 1a ndng luong tia gamma va dong ning cuia hat nhan giat Iui.

Vay c6 thé bé qua ning luong ciia hat nhan giét 1ai trong truomg hop gin ding.
3.2. Ly thuyét phong xa gamma
Nghién ctru qua trinh dich chuyén phat tia y giit vai trd quan trong trong vat ly hat
nhén vi n6 cho biét:

- Ning luong kich thich ctia hat nhén.

- Céacsb lugng tir I, tinh chan 1é & théng qua dinh luit bao toan momen g6c
va chin 18.

- Sy vitng chic cta cic miu hat nhén tir su so sanh thoi gian séng trung

binh, do dugc clia cac mirc kich thich so véi thdi gian tinh tir Iy thuyét mu hat nhan.

Hinh 3.5. So d6 chuyén doi phét y ning luong e = E,-E;

(bd qua nang lugng giat lui cta hat nhan bia).
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2

fi
3 Q«L

Khéo sat sy phan rd y khong tach roi viéc khao sat hién tuong Tudn duoc kém 1a
hién twong bién dbi noi tai, cling c6 ban chit dién tir va canh tranh véi phan ra y.

Dé mé ta ddy dit v& phéng thich hay hip thu photon ctia hat nhin nguyén ttr doi hoi
dén ly thuyét luong tir cia sy phat bic xa. Ly thuyét btrc xa luong tir vay muon mot sd
biéu dién cb dién bang cach xem ngudn birc xa nhu 1a mét dao dong momen dién hoic
tir v6i s phén bd dién tich va dong thay i theo thoi gian.

Chiing ta s& dua trén quy tic ciia Fermi dé tinh x4c suét chuyén bién trong don vi

thoi gian Ag tir trang thai du i dén trang thai cubi f. N
| e N
- A‘ﬁ = P Vﬁl f(é;f =§i) (3.6)

O day, V; la ma trén dich chuyén, p, 12 mat d6 trang thai cubi.
Do bao toan ning luong nén &, =&, v6i £,&, 13 ning lugng toan phan cia hé &
trang thdi diu i va trang thai cudi f. ‘
3.2.1. Phin tir ma trin dich chuyén (v ,_??)
Vén dé khé khan 13 tim ra todn tir tuong tac, trang thai ddu, cudi ma ching cé lién
quan dén cAu tric hat nhan. Ta nhan thiy:
- Trang thai d4u i bao gdm chi trang thai kich thich.
- Trang thai cudi f bao gdm trang thai kich thich hofc trang thai co ban.
Diing biéu thirc ¢b dién ctia thé ndng tuong tac giita trudng blc xa dién tir va céc
hat nhur sau: ‘
Goi gj la dién tich cia hat thit j, rj 1a vi tri cta hat tha J» v;1a vén tbe cta hat tht j,

va A(i’j,t) 13 thé vecto ciia truong buc xa tai vi tri cta hat thr j. Khi d6 theo cb dién, thé
) -

X

néng tuong tac c6 dang:
' g&g}‘g«ﬂ mx

A —
V=->"qAF, )V, (3.7
N
£ < . fagarees
Thé vecto A(r,,t) thoa:
2 -
(A\-— "‘li‘”stTJA =0 BENEE)
Véi VA =divA =0 (3.9)

(Hiéu chuin Coulomb - truong trong mién khong c6 dong va dién tich).

" Do d6 ta ¢é:
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Vat ly phong xa
» 43
ﬂ\ﬁ v

A _ f/"‘
Vi =G [ A P AT )P} (U o AV L, (1oAY (3.10)
=1 my
/
A*(fj) 1a phén khoéng gian clia nghi¢ém phitc trong (3.9). D6 12 ham séng cuia photon

y dugc phéng thich ra; ®@,, ®,1a ham séng diu va cudi; % p; = —ih%j lan Iuot 13 todn

tir van tdc va toan tir xung luong.
Néu dic trung trang thai photon bing nang lugng hova dong lugng 7k cia né, ta

co:
. U
f= ’ﬁ/"L N

// Suy rae =ck . Ham séng ciia photon - nghiém cua phuong trinh (3.9) — khi d6 1a

s6ng phing don séc: \‘(ﬁ / N
' ALY A () o0t /’ \; - &o“
C;}/QZ@'/K A(Tt)=A(T)e | X (3.12)
Ma phén khéng gian trong (3.12) la: = he SN ‘
<2 =7 ) Y ; Dy f(vw Gl
g ° b (3.13)

s NeeDog AV — [AD - AgT

/ Véi A, la hang so chuln héa; & 1a véc to don vi xac dinh huéng phin cuc cla

¥

“
L 2&}@;‘\ ‘\?%photon Y.
TR L :
o / Di€u kién (3.9) cho thay tinh séng ngang cua buc xa y. That viy:
n -
N ,L% C\ﬁb« gk, +8yky +g,k, =0 hay €k =0
@S /@1‘) 5 Viay vecto phén cyc & vudng géc phuong truyén cia y. Do d6 trong mét séng
phing chi ¢6 2 phuong doc 1ap tuyén tinh ma ta chon vudng goc nhaue€, &, (hinh 3.6).

§8,=0,8 =82 =1 (3.14)

Hing s6 Ao duoc chuin hoa trong khong gian 1a thé tich ctia nhén.

That vy tir A(E,t) suy ra = -%? va B=VxA

Nang luong cua dién tir trudong: -

ho = j »;-(aofé? +-1-1§2]dv va A(L,t) = Ao(m)é{e“"‘f‘m) +con j}
v Ko

Néu ta chuin héa ham séng photon sao cho ning lugng dién tir chita trong thé tich

chuin V dung bing ning luong hwthi ta tim dugec:
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V Ia thé tich chuin héa (bang thé tich ciia nhén).

(3.15)

Céac ham séng hat nhan dugc ding tir cdc mau hat nhan (miu tAng suy rong).

+ iy

Hinh 3.6. Biéu dién tinh _ch?it séng ngang ctia song dién tir.

3.2.2. Mat d¢ cac trang thai cubi C.‘&ﬁ{>

Trang thai d4u dugc tao boi hat nhan hién hitu & mot trong nhiing trang thai kich

thich niang lueng Ei va khong c¢6 photon. Nang lugng toan phan khong nhiéu loan ctia hé

1a:

¢, = E,trong trang thai dau.

Trong trang thai cudi ta c¢6 hat nhan & trang thai kich thich hodc co ban, & mirc

ning luong Er va mot photon ¢6 ning lugng ho, vecto séng k. Nang hrong thanh phin

khéng nhiéu loan ctia hé 1a:
& =E; + ho (b qua nang lugng giat 1ui).
Su bao toan ndng luong cho &, =&,

Suy ra o =E, -E;

(3.16)
(3.17)

Do ning lugng 7o cia photon ta s& biét duoc nang luong kich thich cua hat nhan.

S6 trang théi cuodi nr 1a sO trang thai cda photon.

Néu gia str photon ¢é su phin cuc x4c dinh, theo vecto séng ta co:

3
dn, =%}’-V ma p =7k

Suy ra:
s &’k K2dkdQ
e Tl e <3 dng = V= A%
8 gy [0 o Ty ()
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w o W

dé; =hdw va o =ck

do =cdk
(3.19)

d, = hedk

Vi

Mt do trang thai cuéi:\_/ﬁ» S /
? \\\ o

_dn, V1 ( J 40 | }/// 520

c/vw | ~

{

PredE, T @n) he

(3.21)

E,~E, —

Dé tinh p, chi cin dung difih Tudt bao toan niang h;(mg (3.16) va (3.17)
o=
h

3.2.3. Gén dung dbi véi photon bwéc song dai
Do tinh chit phan b6 mat d6 ctia hat trong nhin, phin chinh yéu dong gbp vao
thanh phan (3.10) 1a nhitng gia tri cia r; <R (R la ban kinh hat nhin nguyén tir) va néu
photon dugc phéong thich ra ¢6 budce séng A
L_fe 197 (fm) (3.22)

o = A3 2 1
27: k hm hro(MeV)
dit 16n sao cho o kR —_-% «l1 (3.23)
/' \ N _
NP —~ kT, +... (3.24)

I VRV

X f LA ihe AN
thi ta c6 thé viét W \}@
Vi du ddi v6i hat nhan c6 khbi s A = 125, photon dugc phoéng thich ¢

Ao =100keV; R =1,1.A"3 fm. Suy ra: kR =2,7x107
Su gin diing cang t6t khi hat nhan cang nho va néng lugng photon ciang nho

°)

1. S gin dung cap 1
, /7 \\,\ e ~
Lay A(Q Y =1 suyra A(F) =AE
\7‘“ & VO = A [ A D j,...,A)Zii O, 5 A)
1
r ’ Z D .
Viét tht lai 1a VO = A Gl ® Z i (3.25)
-1 m
, I%J ,._9_},_;_... '“i AN
Ta co oo d ——'%{r nhan]
N Y
VP =-A Fel @, Z"E(Di (3.26)
1
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f Lo n boe P K /% , »:Qﬁ\,/‘ o LL
i Ty i e

. T
MLk =] g o0
A
. Z sclhay
VO = .;;Aoz;‘e<d>f Z[erm 1®i> (3.27)
Ma (o, S E.a,. ]cpi> = (o, S (0, -, %)cpi> (3.28)

Trong d6 H,,,, 12 Hamilton ciia hat nhén, ®,va®, 14 trang thai riéng. Hay néi cach khéc:

. | Y
(/)‘{than@i*Ei@i Eg;\(f&) )N (29

I:Inhan(pf =E;D; —>

Vi H,,,, 14 hermitic, <(p]f{cp> = <ﬁ(p’(p> nén tir (3.28) suy ra: A n
<(Df 2 [—fp H pan ]‘Di> = (B, -E, )<(Dfiz (—r;,J(Di> (3.30)

z . -

Vi ze.fj =D la momen ludng cuc dién cia hat nhan (xdy ra khi ¢, = ¢,). Do d6 (3.30)

" (i o yech A /kﬁg phécs ced ¢ 1 e 57y
suy ra . T

- | x

Aoy dhd vt VO =iAgo(® D) cp)j (3.31)

IS

Dé tinh (3.31) ta phai biét'g, va ¢, duavao cdc mu hat nhan.

Vi ddy khong phai 1a gia tri trung binh cta momen ludng cuc dién cta hat nhan
¢, # ¢, nén phan tir ma trin ndy D, khong nhit thiét phai triét tiéu.

Vay khi (3.31) khéc zero, ﬁﬁ 12 yéu t& quan trong thuc déy cho dich chuyén cta
photon tir trang thai d4u i sang trang thai cudi f .

2. Gin ding cip 2

Khi V" =0, ta phai xét dén sb hang gin ding cép 2, d6 1a —ikiAE .

Gan ding cip 2 cta phan tir ma tran dich chuyén c6 thé dugc viét tir (3.10) khi khai

trién cac thanh phén. Véi:

kx rja 8x
k ky 4 ?J kJB ’ £ ‘C"y ’ Zﬁj
i
k, k, £,

Z
VD =iA, Y kg [ d3q..d3rj...d3rA.~rZ-¢; (Lo A) D E Dty (Los s A) (3.32)
a.B j=1
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, z . .
Toan t ten-xo hang hai [Z 1,p JBJC(’) thé phan tich thanh ten-xo phan xtrng va doi

J=

xing.
o _ 1y
O == 2 (5 Pip =T Pa) (3.33a)
=l
o 1y
O =22 (5 Py +Tip- P) (3.33b)
=1

, . P A , v (@) A \ B
Xét sy tham gia cla s6 hang tuong tmg v6i O ta thdy r,p, ~1;P;, 1a thanh

phén cia (xp;). Pay chinh Ia momen géc quy dao /; cta hat thtr j. Do d6 ta c6 thé

viét:
e

z z
o = 2.1 3.34
2m 4 Z( l)‘lﬁ JZ:‘:(”J or‘o)aB ( )

J=1

Z e

(r, P TP )z —_—
Jotk B Bk ja

" 2m

Véi fi,, 1a momen ludng cuc tir quf dao ciia hat nhan.

Néu ta dé y ) (ﬁj orb )Ba~ = w(ﬁj orb )aB
s gme. o k o=x AN A -
Vadat: i=—; thi £; nam trén phuong z
k' B=y
. - S © . .
Ta’ CO: Zkugﬁ(p“jorb)aﬁ :k.(uXS)Hj orb ::(uxs)ujorb (335)
oB
Khi d6 thanh phan anh huéng cia ludng cuc tir:
(3.36)

R R .

Vtng)(M) = 1/3‘() : (u x 8) <(Dfl”orbiq)i>

Trong d6: (®@|fi,,/®;) 1a phin tr ma tran ludng cyc tir quy dao chi phéi chuyén
bién ciia hat nhén gifta hai trang thai diu va cudi.

Céc dich chuyén twong tmg vé&i phdn tir ma tran nay g0i 14 chuyén bién ludng cuc

tir. Va birc xa v dugc phong thich ra 1a birc xa ludng cuc tir.

Mot cach téng quat, momen tir cia hat nhéan 1a:

A ~
f= Z( Pyl +PyS)) Hy
=

Véi p,, 1a magneton hat nhén.

Ta thiy p, =1 dbi véi proton, va p, =0 dbi véi neutron.
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Phén tir ma trdn tuong tmg (3.36) 1a(®,|ji|®;) (3.37)

Ciing v6i c4ch tinh trong tu, sy Wg@@g\mﬁng O cho ta:

e 2
1 0 A
/ Vo® =ng“g‘Z“aSB <(Df!Qaﬁ fcp!.> (3.38)
op >

\

ESN
Véi <(Df}fzaﬁ lCI)i> 14 phan tir ma trin ctia to4n tir momen tt’huc dién giita trang thai

dau va cudi. N6 1a mot ten-xo doi xng hang hai.

n Z
Qu =D (Brjarjﬁm
=1

e

Y ST S e S S A1,
Céc chuyén bién lién ket véi toan tir nay goi 1a chuyén bién tr cuc dién va birc xa y
dugc phong thich dugce goi 14 bire xa tir cuc dién.
Néu céc phin tir ma tran chuyén bién trong ng v6i 2 gin dang dau tién triét tiéu,
ta s& xét s6 hang gin diing bac 3 ké tiép...
3.2.4. Xac suit bién chuyén
. £, v A L -  yen (“ Sy 5%7( téffb\ /\7
1. X4c suit bién chuyén cia lwdng cwc dién 3{ 2 3) .

Tir (3.6), (3.15), (3.20) va (3.31) ta cé:

A =—2£-|Vﬁ!2 pr (& =5&) (3.39)
Ao=,/ h (3.40)
2g,0v
\% Il (o ’ ‘
Ps = 2y %(z) dQ (3.41)

VO =iA g0 (o, pﬁmée (3.42)

vdﬁ :<¢f : ¢i><

Z —
2
J=1

r0 L
. . . o
Suy ra xéc suat cua bién chuyen ludng cyc dién: /. - - ZO o

1

2 3
}‘(ﬁEl) = > 'C“O?“ l—édﬁ
4neyhic |
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PR

Véi[ ° Jlé hing hang s6 céu triic thanh.

4nthe

Biéu thirc (3.39) cho biét xac sudt bién chuyén tir trang thai ddu i sang trang thai
cudi f cia hat nhan va mot trang thai cia photon (dugc xac dinh béi vecto k va huéng
phén cuc §). '

Néu ta khong biét huéng phan cuc thi phai l4y téng x4c suit (3.39) theo hai phuong
phén cuc doc 14p tuyén tinh. Vi su chon £ trong mit phing séng 12 ty ¥, ta co6 thé ldy
g trong mit phing qua tm khéi lwong ciia hat nhan va duge xéc dinh qua hai phuong
d, vak.

Khi d6 gaﬁ =0 va chi ¢6 su phén cyc theo phuong €, tham gia vao x4c suit (3.39).

Néu ta chon E{ﬁ nhu 14 phuong quy chidu va goi 0 1a goc hop béi (&; ,E) ta co:

gd; =§.d, = !aﬁ]cos[§-~6) =d, sin6 (3.44)

Hinh 3.7. Cich 14y véc to phan cuc.

Néu ta khong phat hién ca phuong truyén ctia photon va néu ta liy téng x4c sudt
theo moi phuong truyén ta s& duoc xac suit toan phén A, x4c sudt chuyén tir trang thai
dau qua trang thai cudi ciia hat nhan do birc xa ludng cuc dién.

A=y jngl’dgz , dQ = 27.5in0.d0

phan cuc

A®) = a-“—’;{df i ]Esinzé)sine do
¢ l 0

4 o
A =§a—c—2—]dﬁ{2 (3.45.2)
h x; (Y [ledf 2x038x 10" gidy™! | (3.45.b)
a ‘ V=l — Py E s . .
Y IMeV ) | 1fm ey
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/ AL (3.46)

on ta ¢6 duge xac suat bién chuyén

Véi

Ciing v6i céch tinh turong tir, nh

Iuong cuc tir va tr cuc dién. R T ‘\
2 ac dlnh ham séng trang thai \fa tinh toan Lliac suit bién chuyén da cwe dién )

Vé phuong dién hat nhan, cdc xdc suit ctia bién chuyén ludng cuc dién, Iudng cuc

tir va tir cue dién lan luot dugc xac dinh béi cac phén tr ma trén hat nhan.
By = {0,110, ) (3.47)
Qup = (01 Qult:)

Céc phan tir ma trdn c6 thé dugc tinh tr cdc ham séng cho boi cdc miu hat nhan.

Pic biét d6i voi mau hat doc lap:

¢(1’2’.”A):¢nx (1)'¢nz (2)""(1)11A (A) ‘n =
Véi \/@;;;(%Tsat) = Z<Jm l, mlc> Y i, (F) %o ()0, () |
2 -

i — [ W

m.o
P P

a. Cic bién chuyen luéng cwe dién E;: : dé t tlnh xdc suét bién chuyén cin phai xéac
dinh d6 16n ctia phén tir ma tran bién chuyén dg rdi du’a\vao cdng thure (3.46).

Twong tu ta c6 thé thuc hién phép tinh momen jﬁ’r cuc dién voi nhan A 1é trong
khuon khé mAu ting. Khi d6 trang thai dau va trang théi cubi cia nhan chi khac nhau do
trang thai ciia chi c6 mot nucleon 1é d6i chiu sy bién chuyén. Cé nghia 14 phan t¢ ma
tran hat nhan quy vé phn ttr ma tran lién quan dén chi mét nucleon véi cac ham song
¢6 dang: Vs

¥oem, (F) = Y7 (8,0)R1 (1)
¢ncjm (isat) = Z<jm}€é~mp> kPnlmt (f)Xc (8)6.(1)

o day
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T, = -—-1—(x +iy)= —-—Esine.(cosq)nt ising) = -——\/1—5—sin6e"“’ =, /%EYI‘ (= 4 A)
r(x,y,z)—> \/_ —=(x-iy)= \/_ —=sinB(cose —ising) = smG e =, /43T[Y T tw— )

N
4TC e G )
r0=z=c039="—3—~Y,° (

Céc thanh phan cta T ti 1€ v6i ham lién hop ciu Y;", phan gdc ciia phan tir ma trin

d, cho ta gia tri cta hé so.

(emy Y2 1e,m,) = [Y2" (0,0) Y, (0,9) Y (0,9)d02

2¢, +1)(2¢, +1
<ﬂ1m1]Yt':’2]€3m3>= J( 2 (22(_’_1)3 )<£2£3m2m3{£1m1).<£2€3OOMIO)
1

‘
(eqv:ee) = _\/% 20+3

Ta gia st cac hé sO nay vao khodng don vi, thi d6 16n cia cic phan tir ma tran cho

baoi tich phén:
(RE @RS (1))
Véi gia thiét don gian hoa, trong d6 cac ham song Rf,fr va Rf;*i khong khac nhau
16n, mot cach gin ding duge xem nhu 1a khong dbi & trong nhan va triét tiéu & ngoai

nhén.

(R @IRG @) =R (3.48)
v6i R =1,A" : ban kinh hat nhan.
Vi nhu vy [d =R (3.49)
] ;
Tacd —= —“g —%, % la budc séng ciia photon y. Suy ra
c
4. (RY & )K
A =@ | 2 o (AW 3.50
W v o

Thi du: Hat nhan c6 khéi s& A trung binh vao khoang 100 thi ban kinh hat nhén 1a
R = 5 fm, niing lugng bién chuyén phat gamma Ao =100 keV. Dung (3.22) dé tlnh Ata

duge A® =105 hay thoi gian séng trung binh 1 =107
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Ta cfing thiy ring bién thién ctia x4c suit bién chuyén A theo ning lugng hocia
photon v ti 1& thudn véi (hco)3 .

A i 1 thuan (o). = T

RN

\

N N

Nhu vay trong pham vi mau tang A®”ti 18 thudn v6iA®?. [} M;, iij >

b. Cic bién chuyén lwdng cue tir:

8o sdnh (3.31) va (3.36) ta thiy véi sai biét mét thira s nhan, gia sir ¢& don vi, ta

c6 thé 1y d6 16n cta x4c suét bién chuyén M; nihu sau:
3
3 s
c) e

Trong pham vi mu ting ta chdp nhan do 16n ciia w, Ia:

eh

¢ .
t»\mmg“ lfig|= 5 (= Ky), 11 la khoi lugng ciia nucleon.

e r\dﬂﬂ
Vadods: Ve
v 7(.‘ 2 \\
A =gl Lo 2 3.52
(%) 652)
L SERST T T g ke e
o MRS ] rehe e
A — Me . ;Xm nw
N
| e =—=~2,1.10"fm 5 goi 1a bude séng Compton ctia photon y.

Néu ning lrgng bién chuyén 7o =100 keV ta co:
AM) =10 gifly Thay ™ =10 gidy.
Ciing giéng nhu déi véi phong thich bure xa ludng cuc dién, ta c6
AM) ty 18 thudn (ho)’.

Nhu vay trong khuén khé cia mau tAng x4c suit bién chuyén M; khoéng phu thudc
vao khéi sb A. _ ’

c. Cic bién chuyén tir cye dién ( M ¢ [ Lty )

Dé danh gi4 sy tham gia quan trong cla t& cuc dién ta cin phai co ¥ niém vé do lén
cia phan ti ma tran (Q,), - ( % _ ZQ >

Gia st ta cling diing mau ting va cling giéng truong hop phan ¢ ma trin f]aﬁ' ta dé

nhitng hing s6 qua mét bén, khi d6 ngudi ta tim duge
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1 3 :
—(Qu)s ==R?>=R?
C( aﬁ)ﬁ 5

Do d6 x4c suit lién quan dén bién chuyén tir cuc dién 1a

xg;>=a§;R«=a(_§.)‘-§=a(%f§.Am 653
V6i R =35 fin, Ao =100 keV ta cb:
AED =10° gidy!
) =107 gidy.
Nguoi ta cling co thé tinh x4c suét bién chuyén tir cuc dién dua trén khai niém ctia

mau quay. Tuy nhién két qua nay khéc véi (3.53) bdi mot thira s6 F ty 18 véi 222,

U IR

R‘ COS 12 (DS 4 2 \
1 )bl(,f‘z) 2?(1%‘-:(1?1{4(-5—:/_;28) ) (354)

F= 0,36 Z2%2 ducjc/goi 1a thira sb tang téc cua bién ;ﬁuyén t cuc dién E. Hé s F
c6 gia tri 16n hon 100 ddi v6i nhan c6 Z kha 16n (Z = 72, 'JHf ) va bién dang nhidu so
v6i nhan dang hinh ciu € = 0,4. Két qua cho thdy sy phu thudc cia A(E2) vao ning luong
chuyén bién theo miu hat nhén la céc hat doc 14p c6 dang A(E,) = (hco)s. Hinh 3.8 trinh -
bay x4c suét bién chuyén da cuc dién va tir ¢6 duoc trong khuén khé miu ting véi hat

nhén dic trung A = 100 theo ning luong chuyén bién Aw.

J— W

’
E SRR NS S 20 2. S ) F IS Vo "0 100 TS

20 30 50 160 200 300 300 1000

> J10) (keV)

Hinh 3.8. X4c suit bién chuyén tinh tir mau ting véi A =100 [2].
80
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Phén tich c4c két qua c6 duoce & trén cho phép suy ra cic tinh chit:
R
- Toén tir bién chuyén @ cép 2% 1a O(E,) bién déi nhu ham séng
r L - 2 ’ 5 . L N L <HKD
L, c6&inh chan 1¢ dugc tinh boi (-1)". g Uwﬂ‘\ o~ (A )= .
- Toan tir bién chuyén {a cuc ) cp 2L 1a (”)(ML) bién dbi nhur ham séng

momen dong Iugng L va c6 tinh chén 1& dtr&&tt’nh b&i (-1 @9 g
| dir 6 2 gy et )

Céc blen chuyén nay dua dén phat céc birc xa tuong tmg goi 1a bic xa Cap 25 cuc

dién hodc tir.

Nhitng két qua (3.52), (3. 57) dugc suy rong tong quat dé tinh A®)va A™) nhyr sau:

v6i Ié =10A!? 13 ban kinh hat nhan; S 1a trorg sb thong k& gidm nhanh khi L ting, duoc
cho béi

/ A /ZL/v ] 2
,/ B @Qgg s:.-=2 (L+1).(L—-1).( 3 ),ﬁ (3.56)
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AT @L+DIF  \L+3
/ " [ ]
Tir phuong trinh (3.56) ta ¢6 mot sd gid tri S Ung v6i nhiing gfé tri cia L.
Bang 3.1. Céc gla tri clia trong sb thong ké S theo L /
[ - i o / l ‘
:
L l | 2 3 4 5 J
S l 0,5 10'2 1,2x 10 107 0,6 x 10°® /
\ e S )
\ Ta thay 1/ S tang Ien 102 kh1 tang L len mot d(m Vi. N /I
f
Mic khac budc séng ctia birc xa c6 thé bidu dlen theg nang lugng AE=E . /
,(;»-/- (h/ moc) 1240x10 ™ cm S
= = (3.57) y\ N
v AE ) (AE /mye?)  AE(MeV) <
N S— A //‘/ //
Phuong trinh (3.5§) c6 the dugc dua vé dang twong duong: e AR
{b‘\ T A 2L 2L i "
\ N | 1 137 I, 7 /
TN N T = = 3.58
C vft l ) \ E SJ(AE/mOCZJ {ROAM] m,c” \ ( )
T T
[ 7 "L“{ 2 TL 1.29x107" (3.50)
AE(MeV) A S sy '
O day ban kinh electron cb dién: L et ) o w1 . by ’ (&)
. ( s 7 | & Lo Tl
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I =( 6‘2J=2,82x10_]3cm (3.60)
m,c

Ty s6 ban kinh electron c0 dién doi v6i ban kinh don vi hat nhin Ro duoc xdp xi

(ro/Ro)~ 2 va th2 ~1,29x10™ gidy.
0

Birc xa da cyc dién xuat phét tir sy thay doi mat d¢ dién tich trong hat nhan. Con
burc xa da cuc tir bat ngudn tir sy thay doi tuan hoan mat dé dong, ma & do suat ctia nd c6
cap do (v/c)p, v6i v 1a vén tdc cta dién tich. Do d6 v6i cung mot bac da cuc L thi xac

suét phat birc xa da cyc tir nho hon nhi€u so véi xac suat phat birc xa da cuc dién.

2
Mo | ~44A 3.61
Tg 10[(h/Mc)} (3-61)

O day R ~ 1,4.10"3 cm, /Mc = 0,211.1013 ¢m.
Ty sb trong phuong trinh (3.61) doc 14p vé6i ca ning luong dich chuyén 13n chi s6
dacuclL. '
Trong khuén khd ctia miu téng v6i nucleon 18 ddi, sy phu thudc ciia x4c suét bién
chuyén vao ban kinh hat nhan duoc tdng quat héa thanh:
(EL) _p2L _ A2L73
;};ML) j;z(L—l)li A2L-D3 (3.62)
Két qua nay dbi véi miu tng cho gi tri x4c suét bién chuyén ding dé tham khao.
3.2.5. Cic quy tic loc Ira Xs b ¢ ‘3&?
Céc x4c sudt bién chuyén A%, W™ ty 1¢ v&i binh phuong mé dun cac phin tir ma
trdn ;

[ B <@, |OE,)| D, >

M ?ﬁﬂ\ (/;,,7\\ <P | @(ML) | @; >

Goi Ji”i va Jif la spin Vé\‘qhﬁn 1& cua trang thai hat nhan dau @, va cudi @;. Cic

4 \ . Ap 12 s er Sy c .
quy tdc cong momen dong luong va cic dinh ludt bao toan tinh chan 1& cho phép xic
dinh céc di€u kién vé sy khong triét tiéu clia cac phan tir ma trin nay.

Ta c6 quy tdc nhu sau: | ‘ o

,m»»,(\\ ‘ . IJ] —Jf lg L g‘ Ji +Jf ’ \

- \\‘\ i
4

—
‘e L Lo  req ek 2 Pl
Véi mm, =(-1)" doi voi bién chuyén Er.”
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