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I. INTRODUCTION 
Interest to gauge models of particle interactions is still 

increasing / i / . The parent version of such models, SU(2) x U(l) 
model by Weinberg and Salam/'2/ , has received recently several 
important experimental confirmations / s / and now pretends to be 
a theory unifying weak and electromagnetic interactions of 
leptons and photons. Further development of gauge theories is 
connected essentially with constructing grand symmetries con
taining the SU(2) x U(l) symmetry as a subgroup. 

The most important feature of gauge models is their renor-
malizability which permits us to calculate unambiguously 
higher order effects. So far, however, a decisive test was not 
performed to check the higher order predictions of gauge theo
ries, like gg-2 test showing with the excellent accuracy the 
validity of QED. 

It is obvious that any calculation of radiative corrections 
(RC) within gauge theories aimed at studying experimental pos
sibilities to check theoretical predictions for higher order 
effects seems to be an urgent problem. From this point of view 
RC to /i -decay were considered thoroughly /* /. But the result 
turned out to be negative - higher order effects cannot be ob
served through f-decay, as their contribution to measured 
distributions is negligible. Other calculations of the radia
tive corrections, available in the literature, were carried 
out in general with methodical purposes, e.g., to W-- and 
Z°-decays / 5 /, to elastic vv - (ref. / e / ),"^e - (ref.'7/ ), 
and W- (ref/ 8 / ) - scatterings. 

Scattering processes are probably more promising for measu
ring higher order effects than decay processes. In the near 
future those transfer momenta will be reached where weak and 
electromagnetic interactions are of the equal strength and one 
may hope that higher order effects due to both interactions 
will also be approximately of the same magnitude, at least, in 
some parts of the phase space of a reaction and/or in some 
special experimental conditions. The calculations / e - 8 / were 
earlier performed in the approximation with the invariants of 
an amplitude » , t , u much smaller than vector boson masses 
squared, i.e., they are inapplicable in the high energy region 
of interest. 
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In this paper we present the total set of formulae for all 
diagrams involved in calculating the one-loop corrections to 
scattering of any two fermions with spin 1/2 not restricted by 

r the above-mentioned approximation. The calculations are per
formed by the dimensional regularization method / 9 / . The pole 
terms, i.e., the coefficients of l/(n-4) (where n is the 
space-time dimensionality) are found without any approximati
ons, finite parts are derived under the only restriction 

s, t,u,Mv ,M^ » m f , (1.1) 

where ffij is any fermion mass, My is any heavy vector boson 
mass, and My is any scalar boson mass. Inequality (1.1) simp
lifies finite parts essentially but does not restrict the 
range of applicability of resulting expressions at high ener
gies. 

All calculations are carried out in the unitary gauge, 
therefore we deal only with physical particles - spin 1/2 fer
mions Ф , charged W- and neutral Z° heavy vector bosons, 
у-quanta, and neutral scalar fields ,Y . The Lagrangian of in
teraction of fermion fields with vector and scalar fields is 
chosen in the form 

L=-if v.^ x .y M(a+y 5)^ 2.V p-irWy^fr.A^f*£i(l+by5W2x . (i.2) 

with V„= W„ or Z° . Representation (1.2) of the part of the 
Lagrangian allows us not to specify the type of fermion (£ , 
v , . . . ) and of heavy vector boson ( W-, Z° , . . . ) . Weak fermion 
currents in (1.2) are arbitrary linear combinations of V and 
A (S and P ) currents. To calculate the one-loop approxima
tion for the fermion scattering it is necessary to specify 
also the three-linear vector (3V), bilinear vector - scalar 
(2VS), and three-linear scalar (3S) parts of the Lagrangian. 
The first part is chosen in the form 

3V + _ _ + + 
L 3 v = -if [V°Vu(dltVl/-dl/Vll)+VflVt(dllVv-dvV(l) + 

(1.3) 

(with the neutral vector field VjJ » A^ or Z^ ) typical for 
gauge models / 1 0 /, and other parts in the simplest form 
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bx=-l X - \ V \ 2 - X - t a \ i . X s ' X z . (1.4) 

The one-loop approximation of the amplitude is contributed 
also by the diagrams generated by 4V-, 2V2S- and 4S-interac-
tions (bubbles) and by self-interaction of scalar fields 
(tadpoles). However, the latter diagrams give only constant 
contributions to the corresponding self-energy operators which 
do hot change physical (renormalized) values of these opera
tor's. For this reason the bubbles and tadpoles are not consi
dered here. 

It is obvious that the formulae derived here are not relat
ed directly with a given gauge model. The set of presented 
formulae is exhaustive in the sense that any diagram, involved 
in the one-loop approximation for spin 1/2 fermion scattering 
in any theory dealing with Ф , v , A and X fields interac
ting through eqs. (1.2)-(1.4), enters into this set. For the 
physical treating of the lowest order RC it should be supple
mented only by photon bremsstrahlung diagrams. Their contribu
tion to RC depends on concrete experimental conditions. The 
contribution of bremsstrahlung diagrams to RC for specific ex
periments is calculated exactly in our paper / 1 1 / . 

Some of the results presented here have been published ear
lier in refyte/ . Since then, one-loop formulae were already 
used in two investigations < f RC to deep inelastic neutrino 
scattering / 1 3 / and RC to P-odd asymmetries in deep inelastic 
scattering of charged polarized leptons on nucleons / 1 4 / . 
During two-year work with these formulae they were checked 
many times and the form of their representation got simpler 
and more convenient for applications. Furthermore, here we ge
neralize the formulae of ref. / 1 2 / to the time-like transfer mo
menta region,what permits us to apply this one-loop diagrammar 
both to the scattering reactions and to annihilation processes. 

This paper is organized as follows. In the next section all 
possible self-energy diagrams are 'given and in Sec. 3 some ver
tices are presented. Other vertices and all two-particle ex
change diagrams will be given in the next part of this paper. 

As we deal with a very large amount of formulae we are for-
sed to use as minimum words as possible. We shall keep the fol
lowing scheme of exposition of results: give a picture of a 
diagram which is also the tittle of the corresponding item, 
then give the initial integral corresponding to the diagram 
and finally present the result of calculation of this diagram 
followed by the explanation of a new notation. 
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We use the Pauli metric. Feynman rules for propagators are 
as follows: 

о 
8аР + Ъа*р№тТ к - i 8afi V 

— 1 
(2n)*' V + M 2 A < 2 ^ ) 4 * 

-1 _ t k + im £ -i 
* X.2n)4 kS + m* X (2ff)4 k^M^ 

The Feynman rules for vertices are derived straightforwardly 
from Lagrangian (1.2)—(1.4). Each initial integral is multi
plied by a factor i (2я)_ , where к is the corresponding per
turbation order. Factors due to external lines are not inclu
ded into the initial integral. 

II. SELF-ENERGY DIAGRAMS 
Self-Energy Fermion Diagrams 

Restricting ourselves to the one-loop approximation for the 
amplitude of spin 1/2 fermion scattering we need self-energy 
fermion operator S(k) only for fixing some renormalization 
constants''7''. For this reason only the first three coeffici
ents S (dm) , В and A in the Taylor expansion of S(k) are 
required 
2(k) = 2(im) + B(k-im)+C.(k-im)8+...+A.y5 +Dy5(k8+m^+... (2.1) 

m m m 
I 
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S v ( i m ) = i m i£VC|l« (i-3^L.P_ 3 , + t a l . ^ [ ( 6 - 4 ) . P . 
16^2 

• l + 3 l n - i ] , 

(2.3) 

£iL2J£_( 1 p - -£.).k. B v= u J ^a^32(3 ' / -P-4)-
16n-' M 2 16*2 2 

(2.4) 

1 1 М ш 

П - 4 " П-2-Х'" 
(2.5) 

where P i s a t yp i ca l pole term represen ta t ing the u l t r a v i o l e t 
divergences a t n = 4, r) i s an a r b i t r a r y parameter with the 
mass dimensional i ty , у i s the Euler cons tan t . 

2 (k) - i ( f q f e g f ̂ ±- • Jg^ft-gJLtiSSL. 
A 1 J (2„)" p ^ C p - k ) 2 ^ 2 ! (2.6) 

2 д (im) - im 
f f V e 8 m 8 

tf ' * (6P-4 +31niV), A - 0 , 
16 f f 8 M 8 , A 

(2.7) 



tt"h2e8 2 

w 16 It 
( 2 . 8 ) 

where Рщ =Р and s u b s c r i p t IR denotes the in frared o r i g i n 
o f t h i s p o l e term. 

/ 
\ 

к _ 1 k - p , V _ к 
» I fi. 1 « i — 

m m . m 

2 . . 
v t^ . , Д ^ r d P ( k - P ) O - b ) + i m i d + b +2bv 5 ) 
^ ( k ) = - l ( f ) . / _ . ( р . + м . ) 1 ( р . к ) в + и . , - ' ( 2 . 9 ) 

l y ( l , ) - f ? ^ ( - p 4 - i 4 ^ «*%8>(-2Р+1-1п4>-
* 16* 2 4 M w ! 1 6 * 2 M ; 

(2ЛО) 

* 16fr2 M 2 * 1 6 я 2 4 2 M 2 
w w 

(2 .11) 

Self-Energy Vector Boson Diagrams 

q i nmms 



v v A\ p + im 1 p-q+imp 
H («O p +m\ ^ (p-q) +m 

f v f v 

= 4 i Tr t l l 3 ( 1 + a l a 2 ) ( 4 S a / 3 - 4 Q V + ( m f + m 2 ) ( 1 + a l a 2 > S a ^ + ( 2 . 1 2 ) 16 n 

+ 2m 1m 2(l-a 1a 2)S a / 3l.P+2(l + a 1a 2)(q 2S a / 3- q ^ ) . Ij ( q*m?,m|)| 

Here and in the following 
1 0 2 m 2 a 

I 1 ( q 2 m 1

2

> m | ) = / x a - x ) l n [ x ( l - x ) - 4 - + x - 4 + ( l - x ) - | ] d x = 
0 M w К M w 
2 2 2 _2 Л 2 4 4 

5 i mi+m 2 l (mj-mg) i nijiDg « m r . . e 

i8 3 q 2 3 q 4 T M 2 4 q 4 ( 2 Л З ) 

2 . m 2 -2_„2ч2 1 ( т? -ш | ) 3 < _ , 1 1 "'!+'" 1 ( m r m g ) i 2 8 о 
+ F br~ ) l n " ^ + ( I S " 1 2 ' - Ъ г ^ - Т ^i )T-L(q .m 1 . B $. m | '12 12 q 2 6 q 4 q > 

L(q 2 ,m2 ,m | )=X(q 2 , - r a2 , -m | ) . J ( q 8 , m f . m | ), (2.14) 

A ( q 2 , - m 2 , - n , 2

2 ) = ( q 2

+ m f + m 8

g ) 2 - 4 n . f m 2

2 , (2.15) 

, 2 „ 2 „2 dx 
1 d о x( l -x)q 2 +xm 2 , +(l-x)mg 

2 2 2 /vTT 5" Ж 
l n q +т^ro e-fVX(q , -m, , -m£ , for 

(2.16) 
/ -.2 2 

-(mj-rag)^ q ' < ~ 

V/A(q2 -n^-m2) «"+"M-^<*-'4-»l> - < q 2 i - ^ l * " * ? 
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V-A(q , -m 1 , -m g ) 2. „2ч . „2„ • — arctg ь a 3 f o r " <m i + m »>•* Q -̂  - (m , - m J 
V-A(q,2-mfrm3 4 + f f l i + m

3 

^^(qp-m^m 

V-A(q^-m^-n) | z о . о P l 

-larctg—- s :r~-+n\ for - ( m 1 + m 2 ) < q < -(m\+mg). 
q a + m ^ + m | 

,2 „ 2 Having i n mind ineq . (1 .1) we take for I t ( q ,m^ ,m|j) i t s 
approximate va lue 

T / - 2 2 2 \ 5 1 | 1 ч 1 

w 
(2.17) 

П аГпЛ f 3 V f 3 V f d"P V + f r f r / M ' l У + '<Р-«»>рй>-«4г/"8 
(an) p й + М f ( p - q ) + « M g 

" *т-*?*а- Sapn(q2)+ Ч а Ч / 3 . в ( Ч

8 ) . (2 .18) 

V - ( 2 D - Q ) 8 - ( p - 2 q ) S - ( p + q ) 8 app ч v 4,a pp V F 4 / /* op V J , T 4 V a/* • (2.19) 
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3V f 3V 

2 1 2 1 

£ ..2 f / M i м 2 л r f я 4 ч 2 4 s с 
8 2 4 M 2 M 2 2 M fM| M 2 M 2 (2.20) 

S I 1 л 1 л 

+ 

+ M

s

+ * M 9

2 - f . ( * 4 + 4 ) b i 0 ( q 2 . M 1

2 , , M 2 ) i , 
1 S M| MS ° 1 2 

„ , p , . f, f „ r e q 4 ,5 i s q 2 7 q 2 25 
в ( а 2 ) = i—*—•*— •[ • — + ( s.— s-J-^hr + — e • - V + + 

4 16„ 2 6 M2M| 3 2 M 2 6 M 2 3 

7 rM? ML 
3 M | M 2 и . л ) 

*The contribution of the second term in (2.18) to the 
amplitude i s proportionaL to m^ , because of Ч аЧя factor, so 
according to (1 .1) , the f in i t e part of (2.21) may be neglec
ted. 

9 



I 0 ( q ? M 2

1 , , M | ) = / l n t x ( l - x ) 4 + x i ? | + ( l - x ) l i l l d x : 0 x •= « >*2 M 2 M 2 0 M* M* Mf 
w w 

(2.22) 

- 2 + I n • • • „ d + 4 r ' — — I n — - + - — • L ( q \ M f . f M > ) , 
M 2

f f 2 q S M 2 2 q 2 

1 2 M^ 
I „ ( q 2 M 2 « M 8 ) = ; [ x ( l - x ) q S

 + x M 2

1 + ( l - x ) f M g ! l n [ x ( l - x ) - i - + x-i + 
2 ! 2 0 * M W " w 

2 2 2 2 
м ч e M 2 , 5 2 2 „ 2 2 . .2 1 (Mj-rMg) , q 2 1 „ 2 

.4 „ 4 
£ „ 2 , , MjOMo) . M r < M g (M?- ( M 2 f . , <rM2

 ( 2 - 2 3 ) 

+ — M „ ) l n — 1 - ~ + ( " ^ — ~ — + L - T A - ) l n о + 
2 2 M 2 4 q 2 l 2 q 4 Mf 

A(q2,-M?rfMl) . . 2 „ 2 , , 2 , 
12 q 4 J 2 

Here f= l i f V 2 i s a heavy v e c t o r boson and f=0 i f V 2 i s 
t h e p h o t o n . In t h e l a t t e r c a s e t h e d e r i v a t i v e of I l ( q 2 ) w i th 
r e s p e c t t o q2 on t h e mass s h e l l r e a d s 

^ 2 > . 2 . - i - ^ i ! ( - 4 . P . 4 . P ) . (2 .24) 
<9q2 ' q = - M . 16* IR 

/ \ 

V V V 

а ^ Ч ; " , J ( 2 , ) n ' ( p 2

+ M 2 ) [ ( p - q ) 2

+ M 2 i 
(2.25) 
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ТКо а 1 i ^ l r 1 4 S 1 M * 3 , 1 q S 1 M^ i 

(2.26) 

1 1 2 M 2 M 2 

+ Т " 1 , У Л " х , " у ) " 1 ^ ' " г " т ) | 

««•>-'££'(-T"B!» (2 .27 ) 

Self-Energy Diagrams of a Scalar Boson 

n 2 > _ rX , V f d p p - q + i m 2 

1 2 ( 2 * ) n 2 5 p8 + mf X 5 (p-q)2 + m2 

(2 .28) 

u M 2 2 o_2 0 _ 2 , 4 i - i — l - U d - b j b g X q +2mi+2m2)+2m 1 iP 2 ( l+b l b 2 ) ]P + 
16,7 

.2, 
+ ( l - b l b 2 X - l + | - l n l ^ ) q 8 l . 
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П( Ч 

2 ) = N . f V X t V X Г i ~ L . 8 f l l 3 + P ° P / 3 / M V 5 a ^ + ( P ~ q ) a ( p ~ ( l ) i 8 / M V 
(2>r)n p2+M2 ( p - q ) 2 + Mj 

'XfVx; 
1 с _ 2 2 »»* № о» 1 6 * 2 2 M 

q 3 My 
In -

w 
2M 2 2M 2 M 

(2.29) 
( ^ + -1- 2 + з)1 0 (^.м 2

у ,м 2

у )1. 

Here N i s a c o m b i n a t o r i a l f a c t o r e q u a l t o 1 fo r cha rged vec
t o r bosons i n t h e loop and t o 2 fo r n e u t r a l v e c t o r b o s o n s . 

/ q-p 
/ 

X2 
\ 

I 

JL- i l . p 

X, 

. ( A - - . , " » . * . ; ^ . , , , 
(2*) n ( p ^ + l l j ^ K p - q f + M ^ 8 ] 

f 3 x f 3X 
- I N * 8 . [ - 2 P ~ I 0 ( q 2 , M 2 , M 2 ) 1 . 

16n- 2 *1 * S 

Here N is also some combinatorial factor. 

(2.30) 

III. VERTEX DIAGRAMS 
At first we shall present a set of one-loop vertices with 

internal boson lines coupled to the fermion line. These dia
grams are characterized by q 2 -independent pole terms. 

1. 
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k 2 - p + i m 4 

Ъ " ' «* ~ 3 ' ' 5 ' ,._ _ , 8 . _ 8 Ур U 2 + У 5 ^ ^ S . I ? (k 2 -p) + mj 
-У„< ао+У*> 

kj-p+img 

xy 
J3 

(kj-p) +m 3 

(a + Y ). 8 ^ + P a P ^ l =

f ' f ^ f « ,[ 2 m 3 + 2 m 4 - " W ( A 1 + B v J -
1 5 p 2

+ M 2 16* 2 M 2 p 1 1 5 

v v v 

<3.1) 

ii j in 2 Ш2П1з m ,m У р ( А 1 - В 1 У 5 ) + - ^ - у р ( А 2 + В 2 у 5 ) - _ ^ - у ( А 2 - В 2 У 8 ) . 
M 

v 

m 1 пъ 

M< P 

m„m 

" v v v 

4 - 5 + 2 5 1 v + ( 3 _ 2 ^ ) l n ] 4 I _ 2 ( 1 _ V ) 2 ( ф ( 1 ) _ ф ( 1 q } ) ] M > 

q 2 q2 M 2 q 2 " 2 p M- " 

. - 1 , where Ф ( х ) = - / t l n | l - t | 4t . i s t h e Spence f u n c t i o n , and 
c o e f f i c i e n t s A ; and B 4 a r e d e f i n e d a s 

'A 
A 8 

Д fa tagag + a j + ag + a^ 

I a l a 2 a 3 + а 1 - а 8 ~ а з ] 
I a t a 2 a 3 - a i - a 2 + a 3 

4 / \ a г а г а з - а х + а з - а з / 

В = в 8 

в 4 / 

^ а 2 а З + а 1 а 2 + а 1 а З + 1 \ 
а 2 а з - а 1 а г _ а 1 а з + 1 ! 

a 2 a 3 _ a l a 2 + a l a 3 - 1 j 
i a 8 a 3 + a 1 a 2 - a 1 a 3 - l i 

(3.2) 
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о а а V 2 d n D к „ - р + "П 2 

• 4 , q , v 
k t - p +1Ш1 1 f i fgГ f g 2 r O D . . 2 2 2. 

x — t-y . - _ = —i—2_£-e .[-2P-2(q +m +npx ( 3 3 ) 

( k r p ) 2 +m2 a P 2 16* 2 1 s U - J ) 

2 2 
x J ( q 2 , m 2 , m 2 ) P , R - l n l 5 5 i + 4 1 n - ! i - i - q 2 K ^ 2 m f . m 2

s ) ] y p ( a 2 + } ' 5 ) . 
1 R "' M2

W m i m 2 

-k' 
K(q 2 m 2 .m|) = / - ^ - 1 1 1 1 - ^ - 1 , k x = x k 1 + d - x ) k 2 , 

0 -K % 

1 .[ln8-4-l^^|--iln24-2*(1)1 f o r rc2.m2«q2<~ ( 3 4 ) q* M 2 2 M^ 2 M^ J 2 ( 3 * 4 ) 

J_.[ i„2il!L _Ll„2 4 -4- ln 2 4- *•<« ~" 2 ! f o r 

q 2 4 2 M w M w 
' <q 2 «-(m +m).' 

3. , ' P 

J k!-P 2

 k2~P \ *- 4 ' - ] 3 * 2 _ 
HI* I I ) 0 

Q 3 V 

r/*'«4-"^fe'"v4'» 
2 

X V Y 
kl-P+im 3 „ . . J f i f g f s , p 1 +

 M Y 
0 ? ^ ? ^ a + V » ) ? ^ - - l e 7 ^ - , - p + T + l T - - { 3 . 5 , 
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1 | q 2 | My | q 8 | M v Q 2 
2 M* q 2 М£ q 4 м£ р Ь 

Неге 

А = 3 2 - b j + b g - a g b i b g , В = а 3 Ь 1 - а 8 Ь 3 + Ь 1 Ь 3 - 1 . ( 3 > 6 ) 

Г( Ч 

2ч_ _ # V , x . V f _ d p » » v .. u ko-p+inb k . - p + im, 
1 2 Э (2nf a S 5 ( k g _ p ) 8 + i n y 2 5 ( ^ ) 2 ^ 2 

,2 ,VV V 

¥ 1 + У 5 ; р8 + М* ^ б Т 5 М2 

x ( A 1 + B 1 y 5 ) - - J L 1 ! S . ( A 1 - B 1 y | . ) + — l J L < A g + B g y 5 ) + (3.7) 

т . m a - . т<>пь . . . 2т«т*, 

2т от М Y 
_ ^ р 1 ( А 4 + В 4 у 5 ) ] . Р + [-1+31п-|-+2(ф(1)-ф(1-^Т))](А1 + В 1 у 6 ) } . 
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Here 
a„b„-a,b„-l\ l \ / a i a 3 + a 3 b 2 - a l D 2 " 1 

s \ a l a 3 - a 3 b S - a l b 2 + 1 

* l a

8 + « 8 b 8 + a l b 8 ' 1 

а З - а Г Ь 2 + а

1

а З Ь 2 \ 

а З + а 1 - Ь 2 - а 1 а з Ь 2 
а з + а1 + b g + a i a 3 b

 2 

\ a 3 _ a i + b 2- a i a 3 b 2 / 

*i i( Jki"P 2 ^ - р ">3 ka 
m, * i "* 

Ш 1 | m 2 

q T xr 
m 2 

(3.8) 

Г(Ч ) - f x f 3 f2 J ( & ) „ У я ( k s _ p ) 2 + m i e V ^ - p ) ^ » * Уа P2 

: i l l l 3 i L - e

8 [ 8 P + 2 ( q 2

+ m ? + m s

2 ) . T ( q 2 . m f , m 2 0 P I B -6+ ( 3 . 9 ) 
16 ir 8 

+ 41» ^ L * QS. K(q 2.mf . n J ) l . ( U b ^ ) . 
Mnt 

m. 

/ ^ P 
/ \ 

*'_ l / k ^ P 2 к ^ Р \ . k * 
D3 I H i 

•]*' 

IS 



№ ) ( k 2 - p ) + m 2

4 ( k 1 - p ) 2 + m 3

8 

.у v v 

x ^ W - r a r - i f | t ! g ' l->p+*-to±4L ( 3 1 0 ) 

P 2+M?, 16^ г M?T U-Ш) 

M 2 г 
- _ 2 а Ф ( 1 ) _ ф ( 1 _ -3_)]КА+Ву.). 

q 2 м* 5 

Here 

A - 1 ,

1

b 3 - b l b

2 - b 8 b 3 + 1 ' B = b l - V b S - b l b 8 b 3 - " . l l ) 
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