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I. 'Introduction 

The Higgs sector of the electroweak theor;r attracts much 
attention of theorists because of. its connection with the corner­
stones of the theory. The search for Higgs scalars is included in 
most of the experimental programs of the newcoming and acting 

Ill accelerators • 
The Higgs particles are suggested to be found in the deca;rs 

of different particles ( i? 0 -bosons, heav;r qUarkoniums, etc.) _as 
well as in photon-photon interactions and gluon-gluon fusion. In 
this connection, let us mention not so long ago attempts to explain. 
anomalous events seen at SpS as the manifestation of the bound 
state of t~o ·Higgs boso,~, ·i.e. of higgsonium 12, 31 or of the boJnd/ 
state· of vector bosons 4/ in accordance .with the Veltman paper 5 .• 
Howada;rs, even after clarifying the experimental situation with 
these anomalous events, the interest in Higgsonium still has the. 
right-for existence at least from the viewpoint of prepredness to 
new une~pected news from the experiment. This is ·the reaso~ why we 
start a more complete stud;r of this prob~em. 

Let us mention that the previous investigation of the problem 
of existence of a two-Higgs .bound state was. based on the Born. 
approximation of their interaction amplit~de/2 , 31. In the present 
paper we shall present the results of our calculation of the amplitu­
de of Higgs-Higgs interaction up to fourth order of perturbation 
theor;r in the framework of the Standard Model (SM) of Weinberg-Balam­
- Glashow. We are going to consider the same problem in the frallle­
work of the extended variants of the SM. To this end, we shall use 
the notation that would allow us to perform easil;r the generaliza­
tion of the obtained_.results to other models. 

T.he results, presented here, have rather technical (but origi­
nal) nature. So to reduce the volume of the articles we shall use 

i /6/ the standard notation used in and the renormalization scheme 
analo-gous to that ruggested b;r Sirlin /7/. We choose also the unitary 
gauge and the parameters, recommended b;r the.Trieste conferenc/81• 

The paper is organized as follows. In sect. 2, we present .the 
main notation - the Lagrangian corresponding to the Higgs sector 
of the theor;r and the Table containing the values of the coupling 
constants that correspond to the variant of the SM. The results of . / . . . 
the calculation of the corresponding. self-energy diagrams will be 
presented in Sect.3,· while those. for the vertex diagrams in Sect.4. 
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T.he Appendix contains the definition of some integrals met in 
calculations, and their connection with the integrals calculated in 
19 IOI .. 

' is given. The results obtained in this paper will be us~d in 
the following paper for calculation of t~e matrix elements of the 
amplitude._ of Higgs-Higgs interaction. 

2. T.he Lagrangian and the coupling constants fo~ the Higgs sector 
of .the -Standard M'odel 

- . 1111 
T.hi.s Lagrangian has the following form 

i = -J Or;Y- i M;t- r:~rd2 ~·~~- (I) 

2 
- Zrf e · /r; ~m(/fJ-

2 - 2 2 f 2. AA2 e w..t 2 e ·. . z2 2 eM 3 e /"I -4 

c 4(1-R.) rWJ-8R~-R) r:'f- 4(1-~12 flx -32(1-~x · 
is the electron charge , J1.,;t. is the Higgs mass J J1W. 

are masses of the vector bosons, m~ are the fermion 
masses , R = frt~/ M; • , 

We, as it was mentioned in the Introduction, are going to use 
the results obtained here for calculations in the framework of the 
models that generalize the SM to the case of the models with two 

where e 
and ,k1.l 

. . . I~ 

H~ggs doublets. Thus, we shall leave some room, as the authors of , 
for the notation of the vertex coupling constants. The exact form 

·of the constants .r\ jV~ 
1 

f¥, f"X. ~to. (for the case of the 
SM) is given in Table.I. 

Here {) :;- ejSitt 8w ( !9}V is the Weinberg angle,. 1T is the 

vacuum expectation value, / Gf /." is the modulus of the fermion 
(quark) electric charge, ;Vf is_ the number of fe:rmions 

( Tr I a11 = i/2 A1') , l<y.. is,in a general case, a non-
diagonal matrix that coincides in the quark sector with the Koba,ashi­
- Maskawa matrix. 

2 

Table I. Coupling constants for the case of the SM 

IJ41 1 
- 21/I q- Jwvu. 

i 92 tR. (i-RJ' 

~~ -1 u0 -:zr g ~ 'l-lv lw.x .,...ic;N. . . /(/ 

.fA e·Q· . t 
lij - i Q ~-~~;)/ w 

IWPI.t - f/ Mw/14~ I)W.Z.X - ~ i{'- ) 

IWJI/A e· 11i:lJ(. -{ . 2)(~ 
-2. l~ ~ 71~ 

12;/ll - zr:l.J1:/u; !;X· - -~ ig ~i/J.tw 
lit II/ "'~2 13,X -J i~ 11/j),fk/ 
I).IJIJA - i.e2 l)f.X -.-J lf;. )/~: 
Vertices except 4~, ~and ffx have the index content, of course 
( 1101 ) see e.g. · 

. I . 
T.he form of the propagators is chosen as in 61. Each loop integr 

is multiplied by the factor ~ K ( 27TJ" where k is the number that 
corresponds to the perturbation theory order. The value· of ·p is 
defined by the following formula 

. 1 0 .f1 2 

2P = -- t V + c,n ~ e o 11rr2 ' 
(2.2) 

where 0 is the ·Euler constant and 2£::: ~ -rJ, , where d · is the 
space dimension. 

The renormalization constants are fixed in a way analogous to 
that used in QED. The condition of the nonrenormalizability of the 
external.lines (i.e. the liiles. that correspond to the particles on 

2 2 . 
the mass. shell p~ = trl;, ) as well as the condition of the electric 
olarge e ~ no'nrenormalizability (as defined from re -scatlering 
in.the limit of the zero energy) allow us to define-Cas in I ,7,lll) 
all the renormalization constants. 
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J. Self-energy diagrams for scalar bosons 

1. 0 q .~ • q 

~, x2 

+ r) + ~ (:!+~ :,)mimz}. 
5. p 2 Q 

· .x . x2 
1 v 

(J.4) 

: ~Ltf [ 102] fl = _u_ .M 2 2.P- 1 -r fn --2.. 
16: 712 X ..J . M 2 • 

2. ·oV ~"~W 
. p . 

Q .. ~ • Q 

(J.l) 

.x, .x2 

., v,x pl!.x{· 4 2 J •( i I1(12)·-. ll tz [-£-3L-6 P- X.+ 
{ C.rr 2 211~ . AJ:t . 1M~ 

. c v '"'v v 

i!. ) _ 2 A 2 . 2. ~ +·£ +- / 2 2 . 2 _. . · p(v . . 
11' 3 -l'?,fiv,fiv) :tf. en w +{R-2 

V -v tv v 

I 
J 

. (J.5) 
· In the framework of the SM with only one Higgs doublet 

!1 (oz) = l, l}x !237[- 2P- T(o_2 /vf 2 M 2)\1 
V . i 6 Tt:l - o fl ' X' r'A, ~ . 

4. Q 1 p . 2 . Q q l I 

~~ +&m~· :X2 

lJ ( ~~ = it£![ { [ (1- 4Cz}(tp-'+2tnf+2mfNJ •48,)-

, 2m/"~ p + [; (1- 4~)( ~2+h1/ •ml)+(f ·~8J~rnJ. 

J1 = 'f 2

v
27
J12 [6P ~ i + 3 fn.M~ ] (J. 2 ) 

16rr2 v M2 . 

J. LD "' ) p 
~1~2. Q Q ,. . v .x, . ~. """2 

(J,J) 

X T (a_2. mz m2) -1- (1- g g) ~m: f~ mf -r m: en· mi 
-0 f I i.J 2. :1 2 2 Jvl2. 2 AA~ + . . . w 'v'w 

we get 

, 2 = is-
2 

2 {[ _ }_ _i_ _ L 3 1 .2-

fl ( ~) fhr' 1'1.1 i WW 3 /'1 2 ·:z R~/ 
. . . w ' r . ) 

L
2 

. 9 1 . r77 2 -1 -i 
+ .]r m. - 3r - 3 r - -- r + 
f1~11; ' . · w · w 2 R ~ 

. 4 

6 1. r 4} p t 3 . CL. ( 5 
+ M2M.21r mi -r +T~2+ T+ 

.l:lw 1-· . w 7 
Q 

+' _§_ _j_)·~. + 21 r.. +..It__ r:-1 + -.9 j_ V--i 
4 R fL12. '8 w 2 W·.q ~i 

. ~· . . 

3 .. e (-d _1_ 3 1 !L 9 1J 
- 2. r-w . n rw + "0 £t + TI:J. 2. -rliR2 

.· o f1w . ., 'l- f1w . , 

_1 . f i 2 

1 3 M 2 
) 1 Jr 

X ~'w en R - s~ + 2 + y a~ M2 
,~lw ~ . ·~ . 

4 
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( 2 . 2 /112) _ r 1 !£· . 1 3 t!{)_i 1 K. X e In~ f 1 1. -1 3 -21 1. · L.· ( 
11

2 ;tt.2. 
112

) ...... . 
L Cfr- ,)1", 11 \-16 10; + 1 • ·T CJ-

2 I{ 11; 11)1~ + \8 - ~ ~""w +zvw) M~ · - :x' IV• "' + 

L ( 2 ;11=t f1
2

) _ _2_ _i_ L (0
2 f1

2 
fi1

2
) _ . ·( 1 _ 1 '-1 3 -2) d L. (- z AA2 fo12)· 

Cf ' 1 
' 

1 1 6 rw Cf 
2 J ' 7 · ;: ().6) + 16 Lf Yit + Tr1- / fif -Jlt 'r ~ ' :< r 

. 2 2. ' . . w '· 
~ _$_ . Tr ~. + j_ £ Tr ~ f~ !!2. - t · 9 . 1 (..:.. 2 M.z M2) i_ 1 I""J7 2 L {-fit 1 AA:z./12 .. r ml . 2 f(l-;112 r ml /'1Q . ·J + -16 AA2 L frl.x' 'f' 'l + 1 ft3.M2. .L Y' m; 7' 

nw ";: . w...,·:x 2 w . rJw . w ;,x 
_ f j Tr 4 3 Tt . 4-{; ~ j_ _j_,. . ~ 2.) j T 4 /(- AJZ :1. 2.». (J.

7
) 2 AA'f12 "" tn; + A" /<I' r m; n f1' +4 /1/)f In, ,m, - AA> AJ1 J rm; L, -'''f ,rn; ,m; 

rtw 7 w :x w w J . rtw I''J . . ·. . 
Tt ·2 L~ ..1. :1. ) 1 1 T 4L ( i 2. ~ . x. r m. fL. m. m. +- - JY m . . q_,mim 

. l · fl J l 1 L 11~f( Q_'J. . l /) I • 

w 1 ,, 

and 

Z. i . iq?.. {[' :z 3 1 3 . . i 'I' .1' ', 

The corresponding counter-terms are 

o:; == 211,-~.·= jt~ { [3 +i-t-- if rw-
- 9 r. -1. - 2. _:!:__ r -1. - L 2 · 6 . 17 · 
. w 2 R :< 11 2 Tr m, + J-fM2 Tv m~ 

. 'w w :X 
)t p + t - 5_ - 2.. _j_ + 21 r: 9 r:-1 . 

2 1R· 3 w+2w+ 

t: k fi1 
- ~ rw en Yw + (frw- f ~ + 

g 1 -1) p tJ . 3 1· 7' 2. 1. 1 
+ - - r;- tn fl + Lf /vf 2 .L r mi. - 2 M 2 " 

4 R w . w 
" .,. . 2 o m~ 1 1 .rr:_ m4 ._ 3 Tr m~ ~ 

J r mz {-tt !vf 2 . -:- 2 ft'i1.'" 1 r i f1;M:L L . / w w:x, '): 
6 

- =--4-- .;_u --- +-r.. +-1rm." ! . ·j67f~ . 2 R . 2 w . 11:. L . . 

P 3 3 1 . .3 -j 3 1... -i ( 3 i . 
·.+2+TR+ rw+27ir;+LtR-
. i r:) Jl h - 1 1. '-r. '2 . 1 r' r ~ /) tn7 
- 1 w 1J1 rL 7f M~ 1 r m; + 2" ;11; 1 nn, ozl.ir 

2 y; . 4 · ( :1 _ 1 r; _ 3 · · ·) 1 L (:... ;11.;, 
-Mi~ r rn, + Lf Lf ltf rw(rw-4) 11J . :x' · 
)1 ~ }.1. :1.) /_i _ 1 _ 3 -. . ) d. 1 I ( /11~ 

• Jv I Jd +(2; 8 "".. . 2~(?-4)/7[ ftJ f., - · 7> 

;t1.:l. M2)· + ~ . .!-_ 1(- M:J. /11P. /1~) _ _j_. i c:.s> 
~' ~ · S Jf~ w · · 7 ' ~ ' :x J 1 fif~M) 

. 1 ~ . . 1 -Tr !2. L ( AA2- :J. :l) L , rp 4 I (- Al . 
x r mi . -r'J 'mi ,rni} - 2 fi.JZ.Jt, I r tn.i L! ·. fV'7, 

, ~ . 'W X ~ a . 
fn; ,m;) . . . . .· < _ . • __ .. :. _ . 

·. . . 7 , . . ,,: . ~· .... ·~·· 
...... 



Consequenti;r, 

It'~( cr•) flx( f)- 'SM)- (~- i) (cf+J1,~ = 
- 1ft_ 2 [[ . 3 ~4 . 3 . . 3 £]p 

. -Jb7f fl,r -4 1<1;11,' -1rw - 2 11W + ~ 
3 ~ 1 s_ p . R L( . . 2 -J -r4 A'/1.~ ~ S /tl.~/11!- .-ut + M2. · .1 -r h - 3rw-

w :.r w · ~ ~"'x rL 
3 ·f -1\ . . :i a. 2 o R . 1 o tJ i 

-~ R ~) +- 2f ~ tn + T rw. tn rL + + 

j . 3 3 -1 3 1 ·-t I~ I) 1. 
+2R -Trw.- rw - 2R~ - \-;~ +1; 2JvC: 

~ w 

'Trm~ +(Jf:+i) ~ 2 Trmi- /i ~·+i_+ 
. ~ · 7 fift¥/1x . ~ 8 Mw Z · 
+~ Mw) i ·L f ~ .AJ2 M2) ~ 1 !£_ j_ 3 P1~_ 

. 2 r f1) ( CJI'hnl'lw - Cl 6 AJ T ·:r 4 q,J; 
1. 1. I ( !I. lP Lfl) 9 1 L ( a. M2 M2...) I 

;t /?, ~ L ~/Vf~/Yf; - :i6 -zrr-w f) ~"17' l .+ . 
,. . 

• t /: ff.~N' Tr 1mf l(cp-~tn[,tn~ + j,_ M' ···~.·'j; ;;['. .. ·. 
I W 7 · W '7 f . 

( ( 
Cl! ~· 3·~ J 

" ~ m?- m ~ - --P- + ~ ,... · :L · L 1;· 'I .) + 111; 1/tf~ + 11j{(r;, -1fl' 4 t 

1 3 -1 3 ) 1_ L' (- ,Al' M a. M :t ) ... 

t ,8 l"'w -2 rw + rw(rw-1) f1} - 71 /VI WJ + 
/ 

8 

i 

( 

~ f). ' !1. • . 
t - . + + 3 ,_, . . . . 1 . 1 . 3 . -1 

lh~ 8~c ~w~(r- -1' *8 +·16 tr: - 7:f'7c + :X 'd: ~ ;t ~ J . 7 

+ _3 . ·)j_ _j_L {-112 12 fi12) .. ( _}_ff_ ts ) 
R f1J :~ ,;t ~~ x; - \-s;11~ + !b ~ 

x-4: L(~ )f.:l. /t1,J.. ;l{z} + tffl. 'T' Q / (- :l. :l 1. 

/L1_x )' 1 ~ 1 :x J f'JC·/t-~LJ I r m; L· -f~ ,~·;!Tl,J + 
i ~ . . It/ '.X 

+jj j - $_) { T 1r I (- A J.. 2 1; 2\ /vi!)_ )1.~ Af.4 J r mi '-' r&, m,., mi/ . CJ.9) 
. · f. w1~ x 

. 2 
In th~s Se~tion and in what follows rlv' == 1'1..x I L'1w ' r .i: = . 
= f'!j/ f'!2 , {)1 ,2. are constants defined by the strength of the 
Biggs-fermion pseudoscalar interaction. The form of the integral 
T ( o 2 , ;i( 1'1'~) is given in Appendix: A. 

- 0 7F / .1 ' ·-

4. Vertex: diagrams 

The technique of the calculation of the dia3rams sho\'ln below 
is very much alike to. that suggested in paper /I I. 
1. p .l ~ ] q 

:x2 .x, 

3 

q-p 3J 3}' 3 . . 

r.( 2 1 ( )l\ ~ il_ h ~~~-. '( 2( ·0)2 .2 . ! , r-, tP- cr J - 1 G "ff 2 -1 t · ~r-r , ! , 
AA2 .AA 2 AA 2 ) . (4.1) 
r~ ,;~~, ,rl" . 
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2. p 1 2 . q and a similar diagram with the 

x, 

Q-p 

~opposite. lepton current 
direction, 

.... 

·. ((~~tf,{r-7-l) _ ifj;~l; {[-2mA -2m.B.-2mA} 
··'·P _ m,B~ +m2 B;+m3B3 _ m,B, +m282 / ~'m'rrA 

_ _ . -_ 2 _ _ 2 _ -o l p' 1, J) 

. - m.J B.t. -t-m3B3 T (b')..ml.. m2). - m~B2. +tn3~ /- /( -a)2 

2. -o I ' 1' 3 . 2 - -o llf p' 
l.. !2..)- - 1 [( (- ),., ~- J.). B --( :J.. m~ ,tn3 - 2 f>jl p-~ t-m,m~ + m_,h13 • 'j + m;_f ,_ 

9_ ;l.YB r 2 !2. - yB + m:;_ m.i -~-m:/'Yl.-3 + m3 {[ +ln.;; mt +: m3 rnl 3 + 
. . 2 p .-· (4. 2) 

+ 2m, rn:, tn3 B4) ~ ( f, (f-c;J~ jl, mj, m; ,m;) , 
where 

Bj = i + ~~ ~ ~~- 41., 
82 ~ 1- ~ t~ -~ t3 t 4 g3 ' 

B3==J-~g2 r~£3-~g3'-
/ B· ·= j + g1g2 + gf g3 r $;._ga,. 

- ~ 10 

(4.J) 

J . ' P Q and a similar diagram with the 
Jr ~ opposite loop current direction-

3 

Q-p 

-~ .pVx,Vx;VX[ - :t 2 1 )2 
F(lf·(r1f)= 1;6/2 

13 [- ~ f_+'f+!e_-1,-

- j_ (p~+1/r{p-~}'-] P + j_ f"+f.'"+{p-j)'" (1-
8 JAG . Lf fr/4 

fYIV V 

0 /11:2.) [. 1 (?~c/·-G- ):t. ~ h
2 

U'L- ---..k'. - - ITf ~ + b ,.,_ Q_~ + ..L_ Jt 

M:l. LJf1 4 2 r IT fS/'1 6 
~" 1 w v v 

~ fA+ f + 0-V-:l.J r (b:l. /l-1:1. M ~) -·[L (-P~+cr~- (p-j-f +-
2 - 0 I I v' \1 1 t\1~ 2 

+ q_.?-_ bp_) ·t-_£_ jl·-~-~~+{f-yd'"j ,- (CLl M~ M:J.) 1- f_j_x 
, P r / 8M6 2 :.. o v • v' v / 1/vl" ' v . v 

t fp'+( re-'1)'- (f-ll.fl- fLJ)_?. ;l+ f~r(!-ff)JI rrn-q_)2 
. ~ \ 2 P' ) 8Jt-f6 2. -ol y~ f'' 

;11; 7 M:) t [3 + e'·c;-';0-# +N-P'N·w·-J>te-V'tlf'-11 
/ . 211v • 'r/VIf -

-li-Ye-~ljJI( f.(;-rr)'f, 1>1: ,M:,M~). (4.4) 

The form of . T is g1 ven in Appendix A, 
; -.1.. 
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The di_agrams _. As a result, we get 

.x' ((p~ . ' G - l) = ~E. { [J- rlt/• p'(f-rl, 1):_~-f)~ . 
5. 4. . _, 

,(P: I cr J f 1 lt7iJ_ ;11 4 /~ ftF fi{i r I r 
p Q 

r tl ,Q • • 1 l~' tv '7 
p 

• .x; .x2 . 
I 

x2 

- -<rr: -3 _,- .2__ i_,_.-1 6 j_ Tr 2jP t 
X, 1 .X ~2 

8 It· f'w 2 R J ~ + 11.;).. A r mi t -: 
I q-p t JvM~ . . q-p 

- lr(+(!'-'1-l- t~rt'+(f_-rlL(i r tnR}-. .; 
~ 1!~ 8!1) R 

p 1 q -3 -1 l__i_y;-J + 3 j_ 'E 4 [-l.r:-1-rw - 2 R i?: 2 ;i~~ft9 r mi -f- 2 h' • :/r;X • 
6. .x1 x2 

- cp:' +(r-~'-f + flcf +(f-;H'i J T (lftf~ !if)+ 
q-p 1 fi1x . 8;t1t~f1; - c , It'' tv 

T [- ~ r;i - p' +(t_-v- f + 'lr' (f'+~-1-JV J I ( rf, and 7. 

4' }~. 8 /v/,-'-jv(2 0 
p 1 q 

I ;·\ • 

A J [ 3 " lv;x 
.)(1 .)(2 

:J. ~ -i r 2- - 2 2 ~~~A, + -2 r,., -I! 1 /tV,_ 0-V~~~·~· 
. ~ 1 /L~ 8/V/~ fl;l 7 2 

- [ lv ;x J( • 2 2. :z 3 1 -1 ;. ;1. ~ 
Q-P L ((f-1) ,/vfwif) + -1 l[fi - ~ +{j:-c;) -!' i_, ... 

8Jf 12 
e. 9. 

i 

l-p 

q 
t Lt(t+0-WJ T ~·~<t~<t) + [- 3 ir:-1 _ ~--~2·. q p 

' .. 
• 2 .x2 tb/tf:f/; -0 I ~~ x- 1 R, ~ .)(2 J(1 

q-p -r· 0-v- '/ _j_ r. cp-{p'~-(t:-v_LJ T (t;/ I.J~ H)r q-p I _ 811j /?_, f6;1ft;;.tf ' -0 I ~I ~ 

t [-2 i v:-1 
_ Ft-(fj)'_j_ + (e-V'(J>'+'f~. can be derived from the self-energy diagrams easily (see Seot.J). 

I. it R ~ !l1'- !?.. .. f6;ii'i;.t~ '! 

X tv ~ . 
12' 13 



-- -- --------

"/- (!. )l f1!l.. M.l) .9 [ -; G ~ !2. !l_) ;- f :). ~ 
-o \ lf-~ ' :t' ~) - 16 Y'w -o f /'-~i~ J + _o~1 ,ff;n . . . _·· .: ' 

;11;) rJJ(p~1)~H,:)i,)] + 1 • Trm!{. T ! 1m2 . ~. ~-Y~(i- ;~Ryfi_ j ~ i[lfl- ~c:z- -J)i 
. , _ _ fV~ -ol/'' , , I . _

1 
. . 1 R \ •. !,1, 

m;) + Jl~~m~m0 + L(CP-qJ~m~~mf)L 21 r.l)1 2
• · I bR = :Zu/w _ 1_ ~ ~H: ~/1-12 

t r- ;J s ~ ;x . f R l t-1 z - ~~ (4.8) 

- ,., - Q -~ . z 2 2 . H:;; ~ fvfw 1vf 
K 1/ f, (f-~)~ r It J !vi, ,/111) - [ Gr~1;ff: + .· and 1 :t 

r (f'"f+ (p-~/'}Y"~1 + l+f+~-11~/Y-/f'-Jl-fti. !. M~ =]. -l =£ [[-.Ji _lJ_ j_- 1 Aln· r- . .J ;il,x . . 11w Mw t-v 1Gn;J. 3 2 R T I 
"Ye Y ._; - .P lf -t;: ] T (a} l 12 2 ;lJ2 Af2 1v12) + £ r;. m'l_)P jO 14 2 3 1 1 . 

-1 fl '(/' -'/rl 1 f'' li' , J' lv'' 1'1w - ffw i ~ J + 0 +-- +-_j_ -lr: + . 
1 

· · .J 12 R 12 R2 · 2 w . 
-[3 i_y:-1}1~ t jl+c;:,_+(;·-c;J"-_Lr-_-1 +- p1rrt_J;+~-# +i2r: + (- 27 +_z _j_ +~ j_)_i en. R T ( 3 
_ !{ ~ z- 2 R ;; r 4~/-('- >( • 1 2 R . 21 R 

2 
R · . -]j + 

f 1 ~ 1~ • ~ . 7 1 i ~) p y 
. R - /' i + fJ ~ J) rt -J)'L - f1Yt-iJ]- +Lf ~v - 21 r., J 'W 1A1, rw +_r Nl -_j_ ~ 7: mf 

·. · 1 ;If, R 8H"ff2 ?: 3 6 12 ;11w - · . w J · 
0 

_j_ _!_ . 4 - 1 mirn~ . 1 m:- +m~ 
x 1(~2 (?. _ cp:)~ p2 ~12 102 /vf2) + p 2+ 1 ~-r {f _ ~y- 1. 6 AA4 Tr m i ~ [-3 f1'q J - f3 -

1 

:t J1· 
i ' U · J 2 ' z , 2: ~ . , " · ~" 1w · · ,., 2M .. . 2 t '.( . . w . uti 

\ n Jn·m· !. !2. l.)3 ' )( 1 .y- ')- z ·J ~ }{C. l. J \m.i-m·_ In~ 1 m2 -rm} · 
)1'-).f'- Tr mi 11 (a.~, (p-IL} 1 b -, m2 m 2 m} \ 4 ! iL N + 12Mi fn_-T + {__ - i d -

)tl if f/ f1 / t J 1 J /. !Px . ·. W lV fn· \6 . 1.2/12 
. w~ (mt-m~)~) .i . . u_ ·. w . 

,. G- 2 ' 2 2 2 2 .., .. . · - j - - 2 
·-2 2 -t, 1. V: Tr m, J

1 
(a,} (r~) , f, mi ,m,, m[ ) t. , ... ) . t~w . Jvt~ L(-itw ,;n;,,Vj I(J Kq 1-(-2 - 6 + 

,. appropri··· •• unt•r-'•"" , . . I . . r .. ) ~ L (- 2 2 ) ( 11 2 1 

rc.t. 3 · M'- [.3_ (:z_J·) ·+ ~ct + ~H;·- .i. ~fof:]. + 21. f12 . -f1wJf1w;,A1: . + -~ -6 . - 2R ·+ 3 n + _ = -2~~ 2 AJ . ·7 ;0; 2 110 . ·-. w . /". . - . . rv 
. w (4.6) 

. . . 14 

As seen from /6/ 
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+2~ k2)~~ L,(-)1:,}(!1;)} ' (4.9) 

6M
2 

if[ ? 11 1 11 
;. =o ZH;.-l:~ ~ -3 +14R - 6 R -f(2 -![/ 

. ~ 8 (i -RY 2 1 7' ]P 3S 31 ~M_ -- fZ.!J.+-;-;-r1rm~ +---R-1 3 12 · 1 ;- lit Mw · l iS . 3 
. Q b2 3 g 1 1_ _, 1_ . s 1 '/} h 

- o rL + 1. 8 !?_ - 2 rw + 12 Yi r;., r6 R U'l- rG + 

+ (-~ + ~ ~ - 2~ r;) rw !n ~ r ~ filt - ~'t • 

~ 11
2)(2 i _) JL; h r-r 2 · :1 rJ7 [.( J 

x 1 r l:Ui -7[) +- g rc 1 r C2; + jt.f~ 1 r -12 -
-_8_/Q / + i·6Q.2 )m~ + (~/Q·} -BQ~)R 2 3 L .3 LJ I. 3 L . 3 l In; + 

+ j_§_J0 :- R2 m~ 7 + _i_ rrz. [i_m2 - .i_ f1; ( 1 -2/Q.f+ 3 ~L . L J ;11~ j f 2. l 3 ;. 2 · i . 

;, 2) i ~r- ;· 2-) 4f1~ 27 D m~ 
+ ,Q, - .3!11v 2 Qi /- 8Q;l -J""M!Q.'J tft

14
; + 

+ (_j_ + _g_R - i iZ 122 
- 2 R 3 )j_ L (- ;Lt~ /11. 2. At')+ 

21 3 6 ) ;11; ~' tv, IV/ 

+- (_i -j_ r: + i_ rj_i_ L (-;ti'J. f!:l A'1 ) + 77{(~i. -
2 6 ~ 24 J: 2 ')-' ~, /) 1 r · 2 ~w - . 

_ j_/Q ;· -2 n2) (1. 1 2) · 2 /12t::J2 
3 i + 3 '~9 + j/Qij- 3(},;;/2 + 3 '-10;"-'+ 

z . ) ~~ 1 4 8 2 m, 1 16 2 5.. 
+ (12 -3/Qij +-:rQ014J t ( 3/Q,j- 3 Q, R ffi + 

16 

-r ~ Q.2 R2 rrz.t·]-::L L (-1-f:_ ~ 111~ .). ) ~ ·_ , 
3 L ),(~ flw ~ J 1 I mi/ J -

and, finally, 

(4. IO) 

-:z j - ie
2 f[ jl~ 8 r 1/l 2 fj- . -2) L.A- · -16n2 Ll- ] -+-31 r 4!i.J P t- Jl ~ + lr-Qi) 1 

-it :z!)·m~l(*), 
+ 3 Tr Qi [}1,11J J ' (4.11) 

thus 

t = 1~{fij- ~AJ}P --/;(1-R)(i+TrQ"~ 
+ 2Tr Q: &~) + j /:R{W(- 1) -Z (- i)j}, 

(4.12) 

where I1/(- J) and Z ( -1) are finite parts of the counterterms 
Sfv1~, / /V\ 2 and .)jv\:/ jV\2 , respectively • 

. 1\ vi . •. 1 . 

Then 

. 2 2. l - l ~ . -1 f (p,'J-.0-~) = -Jk-2Mw [~ 2Y1v- Brw -
C t . . ~ . 3 3 AA2 { 3 

x)Some difference of the renormalization constants from those given - J 2 in L 6, appears firstly due to the approximation S, t . U. , fi1v , 
Mj ~') m~ done there (and not used in our consideration) and seconily 
due to the different definifion of the f (d) -function (used in 
the trace calculations, see. Appeneix A), that.as it is known [12], 
·does not influence the physical quantities. · 
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2
9 ~ r;1

·+ 612M2 Tr~;Jp + ~ ( R ·- 1)W(- i)-
"' . w ~- IG 1-R . 

-i fR Z(-i) +j(-1)+ ~fF(-1)-£ (1-R} 

x (i+TrQ/ +2TrQ/fn;:;J} =i£2 J ~ {f} 
r; -9 -J. }}_ j_r-1 + 6 j_ rr 47p 19 
w rw - 2 R :t: ;t1:M} ;r mij f b-

_28R -i;R2- 2S j_ _j_ i _ (10 _tOR\ 
3 · 24 R 24 fF g 9 I 

·· ·T . Q2 2 9 1 2 1 g -i g i -J 
X 1 r i + 2: rw - 2f rw + 4 Yiv~ + ~I -1- -2 .R r~ + 

. + (-2 j_ I/ _ i i 2 1 .· j_ 2t 
8 + 8 '~ 8 rw + L; 8 ~v - 4 8 r:vr; -l; 8 ~) 
f ( 

41 . 7L 1_ - j__ i_ _i_ 1_1-_Q.~ )( r. Ill r: + - - -r -. . ·- II R2 /,8 R3 8 W , ~; ~v j_ 2 3 R ~ . ~ . 1:-

x. 12 i 3) 1 oR (1 3i Yi .- -r~ + /;8~ . in + --. rw -r- -r 8 I j-R Lt . 8 R 
91. -11 p R 1 rr[:.:s- 2 (1/Qj· 

+.if R. ~) tn ·. + Jvf:~ I r 12 hlz + 3 i -

- 8 Q~lR 2 8 Q2 n2 2] _L_r [ 1 4 3 . L/ - m i + 3 . i rG .nti t 11; I r. ~ 12 n1i -

_ 1 /:{_ ~r. i 3 -1 1} rr··[: 1 mt (1·- L) ~ 
12 "j~R mi ~ Trw mi + r Lr M~ . .. 1-f?, + 
~·/. . . . . . . . 
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. 4 ·. . ... ' . . ' 

+ T 1 _ .iJQ·/ -r 3 tni J P mf + R ·· (· i 
J2 i-R . 3. L '/1~f1if2 fJL lvf~ j -R -18-

- j_R -1- 17 R2 f R3)_i_L(-Jvt.2· Jj2 "'2) . R .. 
9 12 . )M,2 ~JrtJv,~"''w -r . x 

·· w ·1--R 
t( i 1 _ f 2 } I ( JtJ2 Ll2 )1.2 ) j . . · 

)C.. -Lf +12 f'k 1 g 17: J '-' ~n;:,t"~l-, '7 / + j-R x 

X ( j_ 1 h l V. f. V' .. f //" I/" . 1 r:.2) j_ " 
-Ji +2''- +j2'w·.- 6'~ t-24'w'~ -18 w )M~ x 

)( I (- 2 .. ~ . 2) +. :1. . (25 - 11 R - 2R2 - L j_-
l-1 11w,#w ,fJx . ·1 -R- i2 6 · · · 21; R 

~ 1 · _j_ ) j I(- L12 M2 AJ2) ( j_ _ l_r;-i + 3_Y:-2._ 
2f8 R2j /1: l.J rtw/·'w, tV?.) + . L; g w 2 w 

g 1. ·) d 1 ( 11,2 112 ;11,2 ) ( I 1 r-r 
. - 2 'r:2 ( y; -1) 7i! LJ. - J J w I w / + -I -i 6 l . + 

• lvl 1 W w. 
3 -2 g j_ . ') d L ( /t12 'M2 ;Lf 2) ... 9 1. . 

+If r, - T r:c~-1) 11W . - 'JI "1:, l- + 8 M:· 
)(L {-1-1.2 }(,2 f/.2 \ d E·-1 R' . (_ 11/IJ I I !)2)R ~," :x; :x; - !vi2 Tr L22i f-1( - \ 6 Lti ---yxiJ 

w . ' ' . 

-i QfR
2 +,2~ f:t. ;;;• " (-j /Qi)- ~ af) ;J R'-

- 4 n2 n2 mf] L /_/12 z 2) _ i rr1 [mi 7 m~] 3 ~i t~.v 71I ·t. l ,mi ,mij . !vf.2. 1 r . 
8 2 

+0 --;;-" · 
. . l- . . .. ~ ~ M, ' 0 ;.1 X 

L ( JA
2
. · 2 ~ . i. ( /Z i)L [·"'· tn?-tn~ · I( -r,, m.rn. +- - - ~-· x' ~., 1

. · 2 1 ;_R · . . · · 3 Mw . 
''f 
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-(-i- h1;2.+mt) eh h1;d r (m'j-wt)"5 fVI- mt + (;_!__j_rJ~:J 
3 0 AA2 M2 i2 lf r; tn· ' / 12 }12 -c:. l"lw IV . r tv J tJ w 

1 frn?- m~'} 1 . --'\ z I _ _ 2 2 2 · r} 12 M4 d /112 L ( ;lfw1 m1, ~~ 7 k;.-1(. 
tv ttl (/ J if 'J • 

As a result, the renormalized vertex is 

(4.13) 

F"en,rb 2 CL4- 1 _ )12) = ~ ~ {[ 3_ &~-eY;-?rJl+j{fj)~ 
lj 1 I '~ 1 / J6n). f1w it 

g 9 -1 9 1 · -J 3 d. TT1 4JP - 8 rw + 2 rw + 1 R- ~ - l'f,~ftj H m; . -

- _i fJ.+j:'"+(f-CJ-)'"(1 +_l j_) _lt/*2""Pl'i/t-f(;.-rj)' 
Lf f12 I 2 R 1 ;f1.2. ~ X 

. ~ W X 

x(3 + .i.fn R1 - 19 -r i4 R -r 6R 2 -t 25 _i_ + 
2 . / 1 . 16 R . 

j_ 1 3 3 1 s -1. 1 !i 1 -1 3 2 
-f-16 --;tf - j 6 rw -2 rw -T R ~ ;- srw 
- 3 5/"_o) rJ' Q2 

- :L 7' r:) 2_14 . . 8 rw ~ + 3 \ ~ ";u'" ' ;ttt .lY" n 2mi \3 I a;/-

- 8 Q2. \ R 2 8 Q2R2 2 7 . d. rr [. 1 it 3 i) mi + 3 i. miJ i- fi1w _LY" i2mi-

_ i_ R . ~ _ 3 -1 :1 . ~ 3 9 i · g i R ml 8 r;., tnl + - r. -- - - - ·" 
. j 2 - rv 8 W i 6 R. 8 
. i . -1) 0 tJ :/_ ( 11 ?! 1 - ~ i -
. )( R Yi) t~ ~ - i-R - 8 + 2 R 8 R! .. 
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i 1 · g 1/' 3 v-2 . 1 V'~ ) /} R !_ 3 r.: _ · ·· 
-32 ·R3 +I5 '~ -JG'~ -t-32 ';;;-/ t:.n . +. t 16 w · . 

:3 1 2 . l . 1 2) 0 .· 
-j6 fi.- 3/lv + 32 rwr; t-32 'l J fW [}1. rw.-

T { 1 lj __:_ R ) mf 1 1 _ j_/Q-j r 3 ~· 
-j_y- :fl~ 1-RI;:r:; ti2l-R 3 L 2 

X -~~ ~_l 0 !!!l 1 j_L lb2 fl2 J.{!)r· ~ l_y-1- . J en f12 + 2 b2 . v- I .JV J /y / 2 W 
. W I . 

- ~·+rr~'!r)'-e' ;- P'(tf'~-~-r;l)] T_j_ _!_ L rtl~;if~ fi!). )K 
1 /vf

2 
, 8!4:;. ;.e 2 Q_l { f I U1 ! tv'/ 

)" IV '/ p . 

.... [-
3 r:.-1 

- PVe-'J-)'-c;: z . r;YtV!-VLJ j_ 1 2 IV // JJ~ . f ;.. . _ ~ ~ f 

2 
• · • 

)( L (/, .J~ Jtf.2.. A_f:Z )[ 3 -J t-21:-~-(/:_c']j~ ~ ~ ~· ( (/>.,. CL; I r1,; /~1u') - 2 ttv - -t- ~ r T -,) JV . 
jll 1 ;11~ 8 Jj'2/tl.i 

?' 1'lv if 

+ j_ i_ L 1;· . 2.tiL:lli 2 )[~. 3. j_t:,-1 - fj'r{f-'IJ'-£.2
.· f 

2 f2 (;I ~, "'1[4' R z . ·.lNJ '!f.: 
tPY~'t0-~1] +j rfl~~t~~~~;p~~r-Y~k-
, t+ &-u'-t/ + cr

20'.,.0-vYJ·. J. ·· 1 L 0 -.J1t!lt)_ 
. 1'6Jt Jl( t 2 G· _

0
.)2 ({f ~ 1 x- 1 

. . /11 7 f lfJ . 1 

JJij[_l i_yJ _ P24 Cf
2-(t-v:l. _i_ r_{f-q)~(//'+rp:~~-

1"/}:j .4. R ;! ' 81lj ' R :JCi-fWJ~' J 
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9 [ 1 I I !. 2 2 .2) 1 1 I I 2Ji2 }i).) j_ j_ " 
-JG YW 2l0(/'/j,)~/ 2 fu{f, 71 7/ -r 2 {f-tj/ 

·L{~-i)~fi),M))j + ~~ Tr{t~ fR -({JG!d-jri)R-
1 2 2 1 R tn} (! · _ 2 Q/) mf · 

-2 aiR rib J ~ R N} + . Qd YI-Jj R -
2 ~ 1 Q2. Q. m·]L ( ux ~ rr'l ~ . -2 · R _t -rt: m~ rn~ r - 1 f/ ~ fnl + 

. t ·f11; 7:, 11 L ;it: r :! r; II) 

+ .EJ m(J I (-Ji2. m~ mr:)!l. _i r 1l:L _j_ .. 
. j_ 6 ;if-" /..; :X, 1, 1 + ;t/, ~ "L l 1 r 1111 2 b ,_ 

~ · w~~ r 
>( L !d- L ~ } 1 j L ( 1. :z. ") . .f . 1 L /;;,.A f tr I mi ,m~) -r 2 9-? ( 1; mi Jn;; f 2 {;~"Y-1);1. (I( jijJ 

tn?,m;)J _ 3 ( R - i)}: [~ m;~i _ (j_-
'/j L; i-R t,J . ~ ~vt"/ / 3 

- rnf <-(Y)n tn rn; h1j ( rn t- mJ l g in t ( 1 - m,'+ rnJ-
2M~/ AA2. j- .i2tt,S vz., h1·2 + l b 12 J.,/,~ · r'w w d w 

_ (mt-mjY)_i__L{--Il2 ~· ~)7 v v+ . 21- 2 

. j_ 2 J(~ ) )1~ ht 1 ml 1 1/j f\ y 1\ ~ - --g-rw l1,x X 

·L_(f.{p-f)~t~f9, f~. M/ ) - [ 6r~1fl; + 

+ (P"+f+(r-cp-J')r-;! + j l+t+ft-j!;-t''/-tf!1l¢if·~-
' ' ;r . 
~ ).~ P. . . . ) _i P p- ) - 1 . 2 . 2 2 2 E _ 

4/· tJ~/'-]11 (1, Cr1J, f' flw ~;ifwi1w 
22 

_ [:z_l:_y.-1A.J 2 ._ !h(.+{f-r;/ i_;--,-1 +j__;/'+{'+f·7f'J... 
d R. JJI" '. 2 I R ;t.. 1 ;tt;• ./{ 

- .i tr:' '"~'0-V~ tlft-:il ..i -.i ~~ Yl~r/11 ( rp-~ 
4 . . !17 . !?.. 3 Mvi-J-. J 1 .. 

(t~Y,f", ff;,N: ,M:) ~ li~l' 7:- m/'f1m;"+ 
W l ( ~~u) 

P;l_+Cj/+ (t-v_ 2
) -~·· ( ~ 1 )~ Q . Q ~ 2 )'~ 

+' -- /-1 {r~ lf-cp-, 'f' mi,m;,m; 1 

5. Summary 

The expressions obtained here for the self-energy and vertex 
diagrams would allo\'l us to derive .. (in a subsequent paper) renorma-. . ' 

lized expressions for the Higgs-Higgs. interaction amp~itudes in the 
next-to-leading order of perturbation theory. ' 

Let us mention that the- obtained ~ormulae contain the· matrix 
elements of the Kobayashi...Maskawa matrix 1'\;,.}. • They appeared . 
due to the renormalization after account was taken of vertex counter­
terms. 

The authors express their sincere·· gratitude to V.G.Kadyshevsky, 
Yu.N.Tyukhtayev, D.Y~.~ardin, Yu.S.Gangnus, N.E.Nyunko for 
valueable discussions. 

Appendix A. Integrals and Traces 

The i~tegrals / o , I j 1 and ] 2 are taken from. the 
t'Hooft•Veltman paper 19 -

;[ . . 2 2 

-/ ( ::t 2 2) _ Jclx ~ tfx(i.-x)+M1x+lvf2 (1-x) 
_ 0 .~, U1 ,M2 

- . . . ;112 . (A.l) 
0 w . 

= _ 2 + tv M1 M 2 _ }_ 11:-M f &z, _11/ 1 r 1. t~R2fof:\ 
M~ 2 Cf' M2' t 2fut~, 1, <1, 
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L I FLM2 M2}- [({/_l-ttt/2-rfol~)-it112M~J ~ 
t_~' 1 I 2 - Llf; . i 2 '1 2_1 Jrx(1-x)+f.112xf11;a-~· 

. 1 1: 0 . (A. 2) -J 

/ /f. (p-})~ f ~ M,~ 1{,M:) ~ ['Ax J d~ [ax'•~'·cxytd:u eq •.f ], 
th . . (A.J) 

a.=- Cp-crJ2 cl: Ml'- fiji t {p-9-f (A,4) 

.g = - t'" ~ e = /vlt-11; t-2t'f -cpf!. 
c =- 2(pCJ--cr2J , .f ~ ;vt;- i£ . ·. . 

T (a_;.. q_:J. b2 n').. s t M;. )13. }-12. 142.\ = J
1 

J)d}d:.; [ax..J..+-
-2 ff'(~if~,,t,, I'' 2., 3, 'f) . fa)c 

. 0 0 . 0 (A, 5) · 

;- c~~+ 9:¥-+ c xy + hx"' + d if" +dx +ef "ki + fJ 2
, 

a == - f;." , / = til: -; c 
~ z 2 
D :::. -1;_ , • ~ = - CJrt 

c = 2jJ.i~J. , h :: 2 f;.1i 
cJ =foi_;-14~+/I j J = -2a.tlfz. 
e-M"-M:J.. :z.:..2 · ;._I'AJl 1 fJ 

- .;t 3 +-~J.. i2fJ..' k = filf -1v12. +~I -r2~f1:J. -c.~tf2 

" (A,6) 

The traces of Q ..matrices in a.n d-dimensiona.l space are 

rr r"" == rr fs- = ·rr r.xt, rs- == o , (A.7) 

·rr r.~-or = Icc~ J 2u.p t (A. a) 

Tr fdf Oy0:T = f{ d) do<p.j>T (A,9) 

rr O.'(or- o.rt ~os = /(ol JE"'P.rf) (A,IO) 

24 

-l~~~~~~~~~ 

yihere 

d "'If" • s"" ~, ~ ~ ,~, .. + t- ~J' (A.n) 

In the present work we use /(d) = 2w = 4-2 €. 
(which is not crucial)• . · 
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