


. I, Introduction

The Higgs sector of the eleotroweak theory attracts much
attention of theorists because of its connectlon with the corner-:
stones of the theory. The search for Higgs soalars is inoluded in
most of the experimental programs of the newcoming and. acting
accelerators 1 .

The Higgs particles are suggested to be found- in the decays
of different particles. ( j?a ~bosons, heavy quarkoniums, etc. ) as
well as in photon-photon interactions and gluon-gluon fusion. In
this connection, let us mention not s0 long ago attempts to explain
anomalous events seen at SpS as the manifestation of the bound
state of two Higgs boso?s, i.e. of hilggsonium /2,3/ or of the boynd
state of vector bosons in aocordance .with the Veltman paper > .
Howadays,.even after clarifying the experimental situation with
‘these anomalous events, the interest in Higgsonlum still has the
right - for existenoe at least from the viewpoint of prepredness to
new unexpeoted news from the experiment. This is -the reason why we
start a more complete study of this problem. X B

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 thelr interaction amplitude/2 ;/. In the present
paper we shall present the results of our calculation of the amplitu-
de of Higgs-Higgs interaotion up to fourth order of perturbation -
theory in the framework of the Standard Model (sM) ot Woinberg-salam-
- Glashow. We are going to consider the same problem in the frame—
work of the extended variants of the SM, To this end, ‘we shall use
the notation that would allow us to perform easily the generaliza—
tion of the obtained‘results to other models.

The results, presented here, have rather technical (but origi-
nal) nature,'So to reduce the yolumesof the articles we shall use.

. the standard notation used in and the renormalization scheme
analogous to that muggested by Sirlin /7/.~We choose also the unitary
gauge and the parameters, recommended by the Trieste conference’ 2,

The paper is organized as follows. In sect.2, we present the
main notation -~ the Lagranglan corresponding to the Higgs sector B
of the theory and the Table containing the values of . the\coupling‘_
constants, that oorrespond to the vartant of the SM. The results of
the oalculation of the corresponding. self-energy diagrams wlll be
presented in_Seot 3, while those for the vertex diagrams in Seot.4.
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The Appendix contains the definition of some integrals met in

) ca.lculations, and their connection with the integrals ca.lculated‘in
79,10/ - is given. The results obtained in this paper will be used in
" the following paper for calculation of the matrix elements of the
amplitude . of Higgs-Higgs interaction.

2. The Lagz-angian and the coupling constants for the Higgs sector
-of the Standard Model

This Lagrangian has the following form /11/
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where. € - is the electron oharge , _M;_
- and M . are masses of the vector bosons)
jmasses L R=M2 /M

S We, as it was mentioned in the Introduction- re 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
Higgs doublets. Thus, we shall leave some room, as the authors of 6
for the. notation of the vertex coupling constants. The exact form
~of the constants f)‘ £V}' f3/'¢ z,x etc. (for the case of the
S5M) is given in Ta.ble I,

Here . g e/Sm GW ( 9h’ 1s the’ Weinberg a.ngle, v is the \

vacuum expectation value, Ia'ﬂ[ is the modulus of the fermion
(quark) electrio charge, /\/{ is the number of femions
(‘I"y-la | =1/2 //) s Kiz 1s ,in a general case, a non-
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is the Higgs iile.ssJ Mw ‘
H’l{ are the fermion '
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diagonal matrix that coincides in the qua.rk sector with the Koba_yashi-'

- Maskawa matrix.

" in the limit of the zero energy) allow us to define-(as in /6

Table I. Coupling constants for the case of the SM
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(see e.g./2% ).
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The form of the propagators is chosen as in/f’/. Each loop integr
1s multiplied by the factor [ '(2m)¥ where k 15 the mumber tmt
corresponds. to the perturbation theory order. The value of P is
defined by the following formula ‘

2 P - — + X En
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where K is the Euler oonstant ‘and 28 4 d. where d, is- the
space dimension. ) : : - .

' The renormalization oonstants are fixed in a wa.y analogous to”
that used in QED. The condition of .the nonrenormalizability of the
'externa.l lines (i e. the lines that correspond to the particles on
the mass shell ,b‘ = 2 ) as well as the condition of the slectric
olarge e_ nonrenormalizability (as defined from ye - scatte.:;iff/)

all the renormalization constants.



3. .Self-enérgy dlagrems for scalar bosons . - . . - oo
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In this Section and in what follows ‘ﬂ\v ,Aﬂ /(/blh/ , Fa=
/V] /CA4? R 51 are. constants defined by the strength of the

Higgs-’ermion pseudoscalar interaction. The form of the integral
/ (9_ ’/11)/\1 ) is given in Appendix A. . '

4. Vertex diagrams

The technique of the calculation of the’ diagra.ms shovn below

is very much. a.like to. that suggested 1n paper /1
1. p 1 X 29




L q end a similar diagrém‘with the
opposite.lepton current ’
2 direction. T :
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. q and a similar diagram with the
X opposite loop current direction.
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. The dtagrams ... AR - hsaesult, we get
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where [’1/-( j) and Zf\ /I)a;-e finite parts of the countert erms
SME, //V\ and S/Vl //\4‘ respectively. .

Then
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)Some differ enc of the renormalization constants from thos given
in Ls]appears firstly due to the approximation S t . u /\/12

M >7mpdone there (and not used in our conside ration) and -secondly
due to the different definition of the £(cd) ~function (used in

- the trace calculatio ons, see Appeneix A), that,as it is known [12]

-does not influe ence the phy 1ca1 quantities.
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: 5.'Summary .

The expressions obtained here for the self-energy and vertex
diagrams would allow us to derive (1n a subsequent paper) renorma-—
lized expressions for the Higgs—Higgs interaotion amplitudee in the
next-to-leading order of perturbation theory E W

Let us mention that the obtained formulae contain the matrix
elements of the Kobayashi-MAskawa matrix f(b They appeared }
due to the renormalization after account was taken of vertex oounter-
terms. ‘ ) :

The authors express their sinoere gratitude to V. G Kadyshevsky,
Yu.N. Tyuxhtayev, D.Yu. Bardin, Yu.S,Gangnus, N.E.Nyunko for '
valueable disouseions
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(which 1s not crucial).
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