


I. Introduction

The present paper continues the work /1/ where the self-energy
and vertex blocks necessary for finding the amplitude of Higgs-Higgs -
(H*H‘) interaction up to the next-to-leading order were oalculated.

The paper is organized as follows. In Sect.2 the Lagrangian
that corresponds to the model with two doublets of Higgs particles
is presented in the unitary gauge. No approximations (like vy >>Lf
/2 ) are used. In Sect.3 the dlagrams that define the amplitude of
g* H™ interaction are calculated. We have left (as in l/) the vertex
coupling constants not to be fixed in the diagrams that contain the .
exchange of two Higgses or two vector bosons. Appendix A contains
the vertex constants that define the magnitude of Higgs-Higgs self-
-interaction (interaction between H¥, fﬁo’/é; and ffyf ) in an
arbitrary two-doublet model. In Appendix B the Lagrangian of
self-interaction 2£4H 1s presented for the case of the model with
the minimal supersymmetrical extension of the Standard Model (MSSM)
without the singlet of Higgs fields (compare with 7324/ ).

2. The Lagrangian

As it has been shown. in /1,2/

considered by us has the form?

.Z = Z_ * - V(f ) ) (2.1)

After the spontaneous breaking of the vacuum symmetry and eliminating ~
of nonphysical fields we have (see also 5,6/ )
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arks with the Higgs bosons one must

(2.5)
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where 55 ?{ , ?

- In the first model the quarks with the charge +2/3 acquire
their mass due to the interaction with the doublet @1 and quarks
with the charge _1/3 due to the interaction with the doublet 35
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The starting potential of self-interaction has the form:
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Due to the relations
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With the help of the above formulae the potential V(@ (.b )
can be represented after the spontaneous symmetry brea.king 1n the
following form that contains the masses of Higgs particles:
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where é?i are the constants expressed through the Higgs masses
and the trigonometric functions of the angles & and ﬂ . they
are given in Appendix A (compare with 5/ ).
The Lagrangian for the MSSM (that we use to concretize the
vertex constants in the diagrams for the amplitude of H'H interac-
tion) can be found in 3,4 . &5 1t follows from these papers, the
Lagrangian of interaction of Higgs particles with the gauge bosons
is identical with the Lagrangian of the ordinary two-doublet model.
The expression for the potentlial of the self-interactlon due to the
presence in SUSY of definite sum rules for the masses in the Higgs
sector becomes much more simple. The part of the supersymmetric
Lagrangian responsible for self-interaction 7 , and not written
in 3,4 is given in Appendix B (compare with 5/ )-Still,in
the two-doublet SUSY model & number of useful relations exist:
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3. One-loop amplitudes
Let us present the diagrams with two-particle exchange.
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the opposite lepton current
direction -
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define the strength of the Higgs—fermion

x/(%l ztm2m1m2/_1/:3(1 2 2 2
- 2.,/2 43,7y 5 1 1My +/77)( * - The constants §;
1 /0 AT 2 25 /b 7 %l pseudoscalar 1nterlaction (see formula (1.2) in [7&]).

2 2 2 2 2 P 2 2) 5 The expressions for the amplitude corresponding to the
*my +m3) # (/2+m5+m,,)(% +m,+m2) - (S+m, +m;“)(f+ & diagram
2, 2
T 2, 2 2 2
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: v
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40 "% 4’(5"'/”1 *”73)"" s 75 % (%17‘/’71*”?2}*2@2 :
. ’ . : e : - are described by the above expression (3.3) but with the
substitution ID2 <:-_;> -ﬁ_e . .
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. o 5. 1 H, 2 q,
. 1

P’I H* ( H*
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opposite lepton clrrent direotion
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The diagram
6. fi—g ma
P q
2 H- H- 2
1s obtained from the (3.5) but with the substitution g,

Besides these diagrams the diagrams shown in Fig.l. contribut
to the A7/ -amplitude (up to the 4-th order of perturbation
theory). (3.7)
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Fig.1l. The dlagrams desoribing the interaction of twc Higgs
particle (s —channel); a solid line corresponds to the renormali-
zed propagator and a black circle corresponds to the renormalized
vertex.
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The counter~term for the renormalization of H H amplitude is

read
(3.30)

. g, ct 2 '2 . S
=T Er R S S

4. Summary

The Higgs part of the Lagrangian for a two—doublet model and
for a SUSY extension of the 9tandard Model is presented here without
any approximation., On the basis of the above Lagrangian the H+H—

. amplitude up to the fourth order of perturbation theory has been

calculated. The one-loop expressions presented in this paper and in
/1 would be used for a calculation of the other electroweak processes
with a part of the Higgs bosons(see the phenomenological review /4/),

The authors express their gratitude to V.G,Kadyshevsky, Yu.N,
Tyukhtyaev, V.I.Kikot and S,V.Knhudyakov- for valuable discussions.

Appendix 4.

The constants entering in the self-interactlon potential are read
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~can be found in
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The Lagrangian of self-interaction 14” in the supersymmetrio
model without singlet Higgs fields has the fomm X
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X)rbe Lagrangians that correspond to other forms of interaction in . -
the models that 7re supersymmetric extensions of the Standard Model
_. The general receipt for constructing such

Appendix B

Lagrangians can:-be” folnd there.
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/Harpanmnan n onnoneTneBue amnnurynu/

L OnHoneTneEaﬂ aMnnuTyna H H —BsauMoneucTBHH B quBeph'
;TOM nopﬂnxe TeOpHH ‘BO3MYIEHHH: quucnena B paMkax Monenu'
e -BBYMA xurrcoscxumu nyGHeTaMH c NPOH3BOJIBHBIM yHcloM
“¢epMHOHOB.‘HCHOHBSOBaHHHH HaMH narpanmuaﬂ HE conepmuT
‘ Kaxnx-nuﬁo npu6numenuu Hnﬂ KouxpeTusauuu KOHCTaHT CBH—}
“3H { H fH fHHV_u aop. HCHOHBsOBaHHCb 3Haqeuuﬂ cnenym— :
“mue: U3 Monenn c MHHHM&HBHHM cynepcnmmeTpuqHuM pacmupe— :

‘HueM cTaHnapTHou Monenu.ii;;i, ~

'1Pa60ra anonHeHaijﬂaGODaTobnu TeopeTHUeCKOH GH3IUKH
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|- with Two Higgs Doublets :
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- HtHT Interactlon up to H1gher Orders : Ly
-of. Perturbatlon Theory 1n the Model

: (Lagranglan and One Loop Amplltudes)

“The one- loop amplltude of the nggs H1ggs 1nteract10n
z_1s calculated in the fourth order of perturbatlon theo-
-ty -inthe framework of the model with two Higgs doublets
- and an arbitrary number of fermlons.;The Lagranglan of-
"this interaction is taken without - any approx1matlons.;

The vertex coupllng constants 11ke f H f}”{x,etc.; are\

taken ‘as given by the m1n1mal SUSY extens1on of the‘ '
\UStandard Model ST e S

: The 1nvest1gat10n has been performed at the Labora-
1‘tory of Theoret1ca1 Phy51cs, JINR,k‘A;u7~ S g
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