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Abstract: In field theory, there exist two types of divergence: The first is ultraviolet divergence that occurs
in the momentum region of large virtual particles in the inner line of the Feynman diagram. The second is
infrared divergence that occurs in the momentum region of small real and virtual particles. To eliminate
ultraviolet divergence, there are 3 methods: Pauli-Vallars method, dimension adjustment method, large
momentum cutting method. To eliminate infrared divergence, the Imin method is used. In this article, we
study the application of correction methods of ultraviolet divergence to infrared divergence and discuss
the relationship between the two above methods. Calculate the scattering amplitude and its correction for
the problem of electron scattering in the external field.
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1. Pit van dé

Trong 1y thuyét truong ton tai hai loai phéan ky:
Thér nhat 1a phan ky tir ngoai xay ra & ving xung
luong cua cac hat 4o 16n thugc duong trong ctia gian
d6 Feynman. Thir hai 1 phan ky hong ngoai xay ra
0 vung xung lugng cua cac hat thuc va hat a0 nhd.
Dé khir phan ky tir ngoai c6 3 phuong phap Phuong
phap Pauli-Vallars, phuong phap diéu chinh thu
nguyén, phuorng phap cit xung luong 16n. Bé khir
phan ky hdng ngoai ngudi ta sir dung phuong phép
A, Trong bai bao nay chung to1 nghién cuu viée ap
dung cac phuong phap diéu chinh cua phan ky tur
ngoai cho phan ky hong ngoai va thao luan mbi lién
hé gitra hai phuong phap trén. Tinh toan bién d¢ tan
xa va bd chinh ctia nd cho bai toan tan xa electron &
truong ngoai.

2. N§i dung nghién ctru
2.1. S — ma trdn va gidn do Feynman cho bai todn
tan xa electron ¢ truwong ngoai

Bién do sac xuit cua cac qua trinh tan xa duoc
xac dinh bé“mg cac yéu tb cia S- ma tran.
§=801+85V4 .= 1+1TjL (x)d*x +

int

%T [ L)Ly () x4, (1)

Yéu t6 ma tran cua cac qua trinh vat 1y ¢ thé biéu
dién dudi dang:

<f|S|i>=8,+i(2x) &*(P, -

Thay (1) vao (2) ta co:

P)M,;, (2)

2
<f|S\i>=<f\1|i>+iT<f|J.le(x)d4x|i>+%T

<fl J-Lint(x)Lim (d*xd*y|i>+..(3)

Xét qua trinh tan xa dan tinh cia electron ¢ truong
dién tir ngoai trong gan dung bac 1.
S Texp(J.Lmt ( )d4x) ; Lint (x) = ieN(l/?y,ul//AZXt) 9
Sy =158, =T(J Ly (x)d*x) =T (ie] N (7, ) A" (x)d*x);
“4)

Qua trinh tan xa nay c6 thé mé ta boi cac gian do
Feynman [2 - 4] theo Iy thuyet nhiéu loan hiép bién.
Gian d6 Feynman trong gan ding bac thap nhit (a)
theo dién tich e va cac gian 46 Feynman tiép theo mo
ta cac bac cao (bd chinh) cho qué trinh tan xa nay.
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Hinh 2.1: Gidn dé Feynman dién td qud trinh tdn xq
cua electron trong truong dién tir ngodi.
Yéu t6 ma tran trong bac thap nhat cua 1y thuyét
nhidu loan, trong tmg véi gian do (1a) theo quy tic
Feynman c6 thé viét nhu sau:

1/2
(p'r'lSllpr)=—e(ﬁ) 7" (p")yu

6)) |
Cht y ¢6 thé viét yéu to ma trén (5) dudi dang:
(p'r|S|pr)=8(p's= PR, (6)

Jong,do R g duoc goi 1a.bién do tan xa cua electron

"(p)47 (p'-p)
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trong trudong dién tir ngoai tinh:
1/2
m —r' [} r ext 1
R, =—27ra-{ ] u (py,u (p)A" (p'-p), (7)
PoPo

Taco:R, = 5(P P,) M. Trong truong hop tan xa
trén thé Coulomb th1 M co dang:

M :_gﬁ’ (p );/#u (p)Am(P D). (8)

Thay (8) vao cong thirc tiét dién tan xa vi phan va
lay gidi han phi twong doi tinh ta c6:

2
( ]0
dQ

Cong thire (9) khac cong thirc Rutherford bai bd

2

Ze® )

167E sin’ 0
2

2
chinh p—zcos2 g, la sy dong gbp spin cua e.
m

2.2. B6 chinh cho bién d tdn xa 6 truong ngodi
2.2.1.B6 chinh photon do cho bién dj tin xa gan
diing bdc nhdt

Gian d6 Feynman cho b chinh photon 4o dugc
dua ra trong hinh 2. Trong ving hong ngoai ching ta
chi can tinh d6i vé6i gian d6 (2b) boi vi tit ca cac gian
dd con lai déu hoi tu [3].
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S

Hinh vé 2.2: Gian do Feynman cho bé chinh cho tin
xa dan tinh cua electron trong truong dién tir ngoai

Theo quy tic Feynman ta c6 bd chinh cho gian
dd dinh (2b):

' ) d*k }/v(p'—kﬂ'm)
Aﬂ(p ,p)=—l€2I

(27)

}/ﬂ(p—k+im)}/v
I (k> =2p'k) (k> —2pk)

(10)
Lay tich phan n chiu va cong thirc ma tran Dirac
7, cong thirc tham s0 hoa Feynman ta co6:

1
Idxdyy{}/y ;(2 n)F(Z—%nJCZn

3

A, (p.p)=

(M J'o
1 1 %n—S
J’;;EF 3—5}1 C ><|:m2(4+2y—12xy—4xy2
H(d=m)207 )+’ (<2429 =207 42207+ (4-n) (7 - )?) |

1
+2im0'Wq“l"(3 —%njCEH [Zy— 2xy—2xy° +(4- n)xsz}
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= A(qz)yy +iB(q2)mO'mq“ (11)

Trong do:
jdxd l(Z—n)F(2—lnjC;“
13 5

Ale)= ()t

—12xy —4x)” -l-(4—n)2xyz)—|-q2 (—2—1—2y—2xy2 +2

1
_%F(3—%nJCEH ><[m2 (4+2y —12xy—4xy’ +(4-n)2x)%)
+q’ (-2+2y =207 +2x° + (4= n)(” —xzyz))}

B(q')=

32 ! 1 L3
- jdxdyy{Zl"@ffnjCZ [2y72xy72xy2 +(47n)xyq}
(2«/7[) 0 2

Ta tha”iy B hdi tu trong vung héng ngoai khin=4.
Lay tich phan theo dy cua A(¢?):

(2]
[[m —¢x(1- x)}“-mﬂj

O [y e

8, =A(q*)- A4(0) =

(12)

Tir cong thie (12) ta nhan thay, phan ky hong
ngoai xuat hién khi n = 4 va n = 3. Gia tri thang du
cua d duoc tinh nhu sau:

‘ 1-2x(1-x)
m* — qzx(l - x)
2.2.2. B6 chinh photon thuc cho bién d¢ tan xa trong
gan diing bdc nhat

Phuong phdp diéu chinh thir nguyén

S

Hinh 2.3: Gidan do Feynman cho tan xq trong truong
dién tir ngoai burc xa photon thiec “mém”
Theo cong thure tinh tiét dién tan xa vi phan ta co:

do® =(27r)4 Sf§,.5(p'+k—p—q)|<p'k|M|p>|2 (14)

Theo quy tic Feynman ta tinh dugc cac yéu to

ma tran:
e Id3k 2p.p' m’ B m’
20) ) 26 | kpkr' (kp) (kp)

(13)

21
Resé‘vzaq _[dx
T2y

R R b
(15)

191

Journal homepage: www.tapchithietbigiaoduc.vn

jd{ (2—711];(2—11) m ogxl x



thay (15) vao (14) ta thu dugc:
ﬂ:(fﬁf Y LN . (dg] 5
dQ \dQ )i 2k, (22) | kPkD' (kp) (kp'V | \ Qs

0
7j 14 gi4 tr nh6 nhét cta tiét dién
dantinh

tan xa dan tinh da thu duoc tir gian d0 Feynman (1a)
va dugc xéac dinh boi cong thic (9). Trong do thua
s60,;

B

2 d"k 2 2p.p' m’ m?
5, =2 5(k*)6(k,)0(AE -k, L .

2l ool o ){k_pk_p. o }

(17

Pé tinh tich phan (17) ta can chuyén tich phan
theo k va & thanh tich phan theo |k va w.

d’k d"k d’k d"*k
J‘ 3 _>.[ n _)J. 2'[ n—-4

2k, (27) 20(27) (27)"" 20(27)

Trong biéu thirc (17) thi k, chinh 1a gia tri c, viét
lai biéu thuc 0, dang

O, = ezj.74 [k

20(27) ¢

(18)

{” Ik,, kp) JM
(19)

Tich phan (19) trong hé toa dd cuc, ta tim dugc
thira so lién quan ctia burc xa ham nhu sau:

5, :L(£] : 1 [ZE[I,lan;l("*I);*sz]
\/; 2\5 (}’l—4)r(%(l’l—4)) 2 2 m
(20)
Phuwong phap 7. .

Trong dién dong luc hoc lugng tir (QED) ta hay
gip phan ky hong ngoai. Mudn céc tich phan hoi tu
ta phal cho photon mot khéi lugng A, nao do, trong
biéu thire dudi dau tich phén ta s& thay ham truyén
photon 1/k* bang ham tmyen Uk + 22, trong d6
A2 =m’va trong két qua cudi cing ta cho A= 0.

“Tar (16) ta dan lai cong thirc tinh tiét dlen tan Xa.
Tich phén nay chira phan ky hong ngoai.

3 [ 2 2

6B:eZJ- d’k : 2p.p . m

2k, (272)' | k-pk.p' (k.p)’ (k )

Thay thep—>p1,p —p, vai . — A Chuy0<[k<e,
& day ¢ 1 giéi han dé (21) 1a phan ky hong ngoai. Khi
d6 ta duoc:

& 2¢ 1
5y =4ﬂ2{2(2yth2y—1){1n/1_2}4)’“}’2)’[1_}‘(2)’)]}

(22)
bat2y =

} 21)

th B VA cth2y = %. Tir (22) ta ¢6:

5,-C {ln%+1ng}+c(ﬂ) , bidu thirc ndy phan ky 2 — 0.
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2.3. Tiét dién tin xa
Gia tri théng du cua (20) khi n = 1 ta nhan dugc:
(1 2x+2x7)

—-q x(l x)
Tir (13) va (22) tiét dién tan xa vi phéan trong ving
hong ngoai dugce cho boi:

do do ’
(55) (58] ea va1<(55] o
Ta thay rang khi n = 4 thi (23) 6 gia tri:
g :2gijdx 1-2x(1-x) _gjdxqz(l—Zx(l—x))_
" 72y ) V4

m*—q*x(1-x a
R
= (d—o-) =0
dQ

m* —g*x(1-x)

Két qua (24) chimg t6 rang cac phan ky hong
ngoai ctia cac bd chinh cho bai toan tan xa & gan
ding bac nhét cta ly thuyet nhiéu loan bj triét tiéu
14n nhau.

Tém lgi: Tiét dién tan xa vi phéan cua electron
trong truong dién tir ngoai & gin dung bc nhat theo
1y thuyét nhidu loan c6 thé biéu dién duéi dang:

dival]y,diantinh+d£R,di
dQ dQ dQ dQ) ),

3. Két qua dat dwoc

Trén co s¢ bai todn tan xa cua electron trong
truong dién tir ngoai & bac thap nhét cia 1y thuyét
nhiéu loan, chiing t6i di chi ra rang:

1. Cac phan ky hong ngoai trong dién dong luc
hoc lugng tir co thé bi loai bé duge nhd st dung
phuong phap diéu chinh thir nguyén — phuong phép
cua khur phan ky tr ngoai.

2. Tiét dién tan xa vi phan vat 1y bang tiét dién tan
xa dan tinh, phan ky hong ngoai bi triét tiéu 1an nhau,
& bac thip nhat cua 1y thuyét nhidu loan cho dong
gop khong dang ké.

Viéc md rong phuong phap khir phan ky bang
diéu chinh thtr nguyén c6 y nghia quan trong trong
vat 1y hién dai vi kha nang khir ca hai loai phan ky
bang cing mot phuong phép.
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