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Introductiori 

This work continues the previous papers /l,a/ devoted to the· 
calcuiati~n of Higgs-Higgs interaction in the fram~work of the 
standard sU(2)6'U(I) model with only one d~ublet, of Higgs particles. 

There exist a rather large nuniber of different variants of the 
Staridard Mociei (SM).extension • .Among them there is the left-right 
symmetrical modei/J; 4/; vector-like theories based ori ~other type of 
gauge groups (see; fo; example, 15 , 61 ) and the model with the hori

,zonthai iriteraotion 17/~ Most of these modeis are characterized by 
enl~rg~g of th~ Higgs_ s~ctci:ionameiy by intrciii.uction of two and. even 
more.Higgs boson doubiets /a I. The supersyn1metric extension of the 
SM /ll;l2/ reqUires aisb ari 1htroductiori of at ieast two dotlbiets 
of the scalars: 
. . ThJ interest in these mbdeis has grown lip iri corii:i.ect:l.on with the· 

problem of suppression of. CP.:.vio1a.d.on in sh.orig :l.ht erac-l:ioris /lJ/ . 
and the problem of 13° e/ -mixing ~141' because they give the alter
na.Hire theoretical solution to the problem of electroweak violation· 

of CP-:i.iivariance /'!,O;l5/ • Let us mention in this connection that the· 
. measurem~nts of the B-mesori i:ife.:...t1me /l6/, the ratio' . . R, = .. = r (8 _;.. e j) ~). / /1(8 ~ C e )I ) . . . /l7/ and_ of 
E'IE /lS/ indicate also'poss:i.ble difficulties:in the Standard Model 
( the descriptiotl of cP-v:i.oia.Hon). The theoreticai value of. the .. 
ratio e 1 / c is large:r.: than that measur_ed in these ,experiment/19/ 

E/6 = (.:. 0.4 ± 1. 't ± o. 6)"do-: 
The paper is organized as' foliows. lh sect.2, the simplest extension 
of the Glashoif - Weinberg - Salam mcidei by introdiicirig two doubiets of 
so~lar parHbies is oohsidered. The rei:i.orniaUzat:l.on scheme is discus-

. sed also here. In table 1 w; present the values of. the coupling 
· const~ts: ( {I-IIN;· j H~v; / 3 ~ .. e .. t. c.},d~riv~~ within the- Minimal 
(:l.~e; two.:.dotlblet) Stlpersymmetric extension of the Standard Model 

. (MSSM)~ .But in our ca.icihat:ioris we try to avoid the dori~reHzaHon of 
the valtieil of vertex· cohstiiritsl In sect. J, one.:.loop integrals that 
c6r;espond to self-ehe:rgy diagrams as weil as H± w±.;. 

· mixing Ert-e 6ii.iciii;ted; in Sect~4 the vertex diagrams are coni:i;niteci 
:l.n a .silid.iiir way.. 1

· . . 
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The obtained results will be used as in /l, 2/, for calculating 

the HrH- interaction amplitude with one-loop corrections 
included (see, in this context, the papers [20-22]) 

2. 'Iwo Higgs doublet model 

The simplest extension of the Standard Model consists in the 

introduction of the second doublet of Higgs bosons 

¢ = ¢/ <p = 
¢ +- \ (2. 1) 
2 

- 1. 
ll_,_ + 1/-1. + 1/.1. 

) - 2. v;_+ 12,a-t-i.f.2 

(2' V2' 

The Higgs sector of the Lagrangian has the following form 1231 

iH = Lt:H + LPH - V ( cj>i, cpz) (2. 2) 

It contains: 

1) the terms that define the interaction of gauge fields with 

the Higgs bosons 

i 6'11 :; / P;, if{ /2+ ID/A_ J2. (2.J)· 

where 

DI' = at 4 --6'~ _if Bf' 
(2.4) 

is the covariant derivative for the $17 {2)1., ® V ( 1.) g)oup; 
2) The terms that describe the fermion-Higgs interaction x 

x)The variant when the fermions get their masses due to too 

interaction with the only one Higgs doublet is often used. In this 

case ~j.f is taken to be zero (see for details 
124

-
261 
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iPH = -?,tjtfl cJfi + { cf;l} -Lil{<ff, 
- ] p tJ I c2.5) 

+ where -tJ.. and f R are left-handed IL <11. l ' fermion doublets and right-handec1 singlets; 

J) Self-interaction potential 

V( ~ , 4!2) = J112 P/~ -r: <J{<t + )i1 (<f{pJ\ )2 (~+~)-;
• A3(t•ct)(<J{<t) + 11. (cj/P_,)(t•t)+-gs[(<J{~f • WP,}]. 

(2.6) 
·Eight Higgses are used to attach masses to gauge fields 

through the mechanism of spontaneous symmetry breaking. Three Gold

stone fields 

Gt r1i± (1)+ .. ,P., 
'(:i CO:J f' + 1~- 5 n1) . (2.7) 

G, o == tf2' [/4 CtJi f t-fa s:nf] 

are absorbed to produce the longitudinal components and masses for 

\.,\/± and ~ o bozons. 
The remaining 5 Higgses 

+ ·r OJ~t. 31 H- = - rl,- J'i'r1 A + ,1-,:t CUii} . 1-1 = r2 -y1 s,,,~ + ~coJA 'd. F ,;;.. 1 ~ /'J. r /e. _r_c , ) 
2.8 

H,° = ff lz1caJri. +7-1..>IYl1; ~a= vzf-71 S1ne(-t-f:i.COJ,j 

also get their masses. 
The potential of the self-interaction (2.6) has the most general 

form of the reno:rmalizable scalar potential that is consistent with 
the requirement of the discrete symmetry under the replacement ~ _.,,:,:. . . '1'J. ~ 
and g,2. -,,.- p

2 
( '!.'his requirement is imposed usually to suppress the 

flavour changing neutral currents, that are automatically suppressed 

in the SM). 
The disadvantage of the model consists in the increase of the 

number of free parameters: the masses of 5 Higgs bosons, the angle 
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c,(,, of mixing in the sector of neutral scalars and the angle j3 
that is connected with the ratio of two vacuum expectation values 

t'1 and ~ as follows: iq. J3 =: ~/VJ. , 
In contrast to th is the minimal two-doublet supersymmetric 

model has only two additional free parameters ( ti fo and MHr, 
for example) /ll,l 2/. Table 1 contains the vertex constants that 
follows from the supersyrnmetry model and are used in our paper to 
concretize the values of /HHI/, / '3rl and other constants, 

Table I 

jHtilH; 
+ 

M ~- {i ~ ~c.tlr,c:os('>t«i 
- ~ CO.\,-~ -. w cP<.·os.J.iJ,v ,) 

fHrw~ --J s;n(~-J) 
fWHrHJ 

. . 
/t- r Cl)J 1t~ iin0taJ -? ¼r ':,',·t, (r -~t A r/ J , 2co~" ... ,v' 

/wwrHJ 
- ..±cos (d-P->) 2 J 

t3iiJ 3 JI , . fH~ltH/ . -f--r tS: C&S Jti (J;I~ (p-t~ - l . 
2u.-!:. o,✓ .c;;.. 

!2HJHl 9"-'i- (cs~·,,~'\ ccs>s-(J_~«J, 
l!.cosllw +f,n(~t-.X)toJ;.2J) 

IHCH!~ _ 9.cos2._0w 
2cos. t!ro1 

iH/dHJ _ ~/.,I~ (2(,t12c< f,'n(r,t~-

2c.o~lt,, -cos(r,r~)cos 2~) 
_,HrHr:A - e 

t3i1J - -~~ fofi- C<l's 2x ll n {yTaj 
2cc1s@,v 

/H/Hit _ ii- ::,·,n,..Cx-_P..1 
2.c..os. U•v 

H"dH ... 
. gfoti c.1~ 2f aJ.{ft--~ IH/lf;"i _ ilj,,.C'C~{x.-fo) I' 3 
f2cos f)111 2CCIS v l'V 

fH 0dH'-. - ~/vi,- coJ 2p, sin (f,+1 fi/Jtr2H; 2 . 
&? a f ( r 9 CO~c2~co~?fo - cos «--P, -

2,os8w 2c.os-l&;.v 

J",C2w l~!H!fel(: 
,, 

- gMw cos (p-C() ft "0. .. '1 2 r 2 - 1 Hl.!l,t1c...O(.Cl11 f 

;~cdW - i,,t,tw SiY1(J-oc.) 
:/Ji!IJ':2H~ f~· ~ ) cos~,,,~2c) - .S,n 'o(-f>_ + 

· dcosi&>w 

!Hfd.i: - g-;1,t;2 cos(~-~) 
Co5;0w 

t"'Ht _ ~~cos~2f, 
'cos.:>..0w 

IH/d~ - i ti,/~ Sin { {3-«) tHtH1
dH~ q;tco5 i2{3 

+ y 
cos&w , ~·cor;.2.0w 
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jH1H~,.; _ >1½ fWflt~A _ eg co.s 29w 
1 ccs th, 

- ..a..,._. _ _.... I J Q 'J IHtur).}: c)3-cos~t't, /HPH~J.w 0· 
· ~co~/'-9w - (] ?.. 

jHrHr21t _ 2 2 ffHE-1:~ ~ 1.. 

t e , -2 .l.v, 
C',9S iv 

I f(; uu_ - ~ml( s ;ti tx. lll,'1clcl - ~ m d cos IX 
· Mw sin /3 fo1wCOS 13 

ylf/uu _ §/irl1,; COf;pi.. p#;.0dd ~ llJJ Sit'J IX 

1- ft/tfw Si11 B f 2/,,lit/ C,tJ!. fl, 

IH,tuu igmu ctf J y; jH{dcl i$_fYld ijf V,~ 
d2t1-lw vs- r '2J.fw O :'.> 

ruJ. 2,~;;J( rr1Jf3 J + tnll d-9 f ):t ( mJ f1 f -mlli j) 05] 
In 127 >281 the general approach to the renormalization in the 

unitary gauge was developed. We shall apply this scheme (with the 
use of the standard parameters, reco·mmmded by the Trieste Confer en"'." 
ce 1291 to the case of the two-doublet model of electroweak interac~ 

tions 

Va= v~;w 
2a= fZZ 
flo_=R; A+tl?; Z 

H~ =V4: Ht 

H O = ,,7 H0 
+ I-, H0 

to r H; 1 \ 2~11 2 

e0 ~ (/Z;)-1
e 

AA 2. 7 -:z-i. 2 
r 1ow ::: ~Mw,cW ,A1 w 
AA 2 -iA,1~ 

rlo-;. = ~ l~ /Vf~ 
~ 

AJ:?. 7-i AA2 
I VJOHt = ~MH./--Hr.. t"l1-1t 

(2. 9) 

Ho - ,z1 Ho+ tz Ho 
20 V L:~2. :i V ~X 2 . 

The renormalization of other parameters follows from these relations. 
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J. Self-energy diagrams 

1. 

q + .D 
H- Ht q 

~H [. f12'] n = ; 6712 11: 2p-1 T & 
11
1 . (J.1) 

2, Q H! • 0 • H! Q 

. f2H2V [ }12 
fl := i. . EM2 6 p - j + 3 ~ l V 1 (J. 2) 

j6~ V M2 
/"IW ' 

E = { i , if V is a heavy vector boson. 

Q , if V is a photon . 

). ~ 
q .. 1~2 "+ q 

H:!: H2 H-

. l3Hl3H[ . . 
11 ( {l) = ~ (3-1 -2P _ T 1,i2 /v/2 ;112)J (J.J) 

fJ II - 0 ( S J ff1 , H2 ·• 
V : 

4. ~ 
1 - 2 q -~ •• q· 

Ht H H- . 

I1 ( a,2) ~,L{HJ/"ft{[-2Q_2(2+E.) T 2}1: (i ~ c)-~Ac,. 
f j67j2 fl , i'lv 

·( f +f'1!)2]F + cr;-u1: +/11:U +c) +c (f1~ -
7 



- ct -f1H2) en- E_fi: - f1A2 & }i: -(2 Q_2 + Ef1v2 -2M~ 
/J M2 1·1H _M2 tr . II 

w w 

+ ~: (cf+11!)1 I Jfitcl1:5j. 
1 5. 

Q- 1 
H! 

m2 

2 
+ -Q 

H-

(J.4) 

fl{f) = it;:f {[ ~-~t)(ff2mJr2mJ)r~1-~CJ 

'2m1 m:} p t {J ( 1-81g2 ) (f +m;0 

r mj) + (] 1-0 l)m,;;J, 
.:.,- .( . n - [,l_ ) . (-l )( :1.. - 1- . :2. , :;!_ 

" / A m. mJ.. + . - b, tnt m., . ml-. ml-. 
-0 1 I i' J 4 2 7 f;z, M~ + 7 & W; /-

~) 1 W h 
+ f / t 2. (J +0L;)m1m2}. (J.5l 

6. 
+ + H-w- -mixing 

~ 
1 

Q
H! 

H 

fl (a:) = i f:HVl:W a. f[·- 3 _ j_(q}r/l-f.2)] p _ 
t1 t1 i 6TJ 2 

{) f1 li ;vi~ f HJ 

_ J_ ~ f +1-1: -f1~ 1,u2 (.i + ei M:)- f12 (i + fn ft1;]-
0 t11 L a}· r, H u 2 v /vi ,_ ) 
~ V p 1•1w W . 

0 i <i~-rt11:-Mi)
2 2)-, lrt,111!,2 A1 2))1 (J.6) 

-\2 Mi q/ + _ 0 Vp , H , r. v J . 
8 
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Let us still present the result of a calculation of the diagrams nee
ded for finding of the counter terms and arnpli tude H+H- - fr'H: 

q {p)H 
~Q 

V 

7. 

= ___:__f_; \'- 2. I - f- r, H 
; y2H2V [ ,1/ZJ 

fl"} ibtl! o"'-f'}1H c..P i f;z, fl: . (J.7) 

s. H1 

Q ~-- - - Q V ~ - -·- -V-

H2 

·?· ~ J!HHV fHHVi· [ 2 2 
,._ _ ti 2 . _ -P ~ _ fl .. /r;;)- ifr.2 i~ir 3 9 

l; 
-·~ 
.3 

, (!1H~ -;[1~ )2 + }1"~ l,. MH~ (2 r. 4 ;t/H~ -fo1H~)· + 

. · 7/ f J.t;; 3 3 · f 
Af 2.. 12. f, 2 , 2-) ( 1 2 /Lt2 t/1,/ ., + ~ 0 ,A i-12 2_ + j_ )1H2.-ft/Hi __ +- Hi 1-1; 

er [ti, ;111~ 3 3 r 3 3 f 
+ j_ ;t:-/4'u~)

2

) T (ri2. },/ 2 111. 2 )\l - a:i.J_ [2 (_i + 
j 11, ) -o f I H1 I H2 j f °'l3 \ 3 

+. /.f;,.,. /41"~ 1 p + 2 + ;t~~ r MH: _ }_ (f ¼~ ~;t(H~)'2+-

cp ) g f 3 f 
I) 



A J 2 ~f 2. ( .I. -i_~ if ;2.. . J... { ·t !:!J!J. fu_l!!_ _j_ + i /,fHt-f/H). f ~ (J1_ J1H). _ i_ t 
f J_ ffj J 3 19- r;-9- ;£11: 3 

I ~J 14H~ -M:1). - ( i + 2 ;i~~ +)vff(~ +- i (!1~-liH~)2- L 
.3f 33f 3f/ 
• )< T ( )., a. 2 ))1} (J.S) 

•· - 0 f I ,,t,fHi J ff H2 J . . 
9. H 

Q~Q 

V V' V 

., 

.,. 

-i µ; _ _!___ - te1:1:-11v'-)'-) TI ,_ ~ '- M,~l~ (J.g) 

6 f 12 12 tit I -o l f I VI 11/) . 
10. H1 H0

/- mixing 

q 

Ho 
~Q 

j]f ( 11 = 1::::~{ ft Mu~ r ;:~t;j -;:~, 
~ t1 UH~ + _;,;H:- 4 ~ T (CL J_ J-{]_ J,I H ~ } } 

j,,{: t:J.. -o f I ff/1 l.)_ . 
(3.IO) 

11. H07- mixing 

;, 

fl (a..lJ..)==- if/vv/:vj{. {L {/ [- 2 fJ t_j_ t- ;11;-;< -
°"P f i6"ri2 -~ /1 ~ rt, 3 18 2c,2 

_ i c10e-MJJl _ 11,1: & 10; (1 + M:-Jf) +- /VI: &!i 
3 f ~2 M0 3 Zif f M~· 

x (_g_ t M:-)v1:) _ ( i -t g ;1,1H:1. - M: /2 + i_ (;tf:-tvl~~ 
. \ 3 Jf \-3 j f 5 f '-/ 
" -; ( ).._ },1 !2. M 2) l - J. J [ (- i - j_ ft: + _Q /11:t 
-0 f) VI H - f dfo 6 2 J,2 2. fl 

P . j 1 ;if}· 1 1-1._:- I Ii(--}f ~ l ).1 ;L /} M2 
t-+-- +-- __ t --~h V ~U V 

18 4 {j:J. 1 r;-)_ I 2 JI/ -9-)_ i, N! x 

"(j_ + M:-Ji1:) + M: & ;{fH~-(--· i- t1:-M:1 +(5/{_ 
12 1. 2 r 1 j_ Jll; 12 12 r -,; 6cf 

'\" 

... 

Q 1 ,.,-.,.._,.,-.,...Q 
Ho Vo 

. ;wv tJ3V i . ?-. ~ :z fol 7- 3 ;1,11-] 
J.. - l-11. -f:1. -L + _:J ~ -- ___kt_ " 

flt (Cf) - Jen'- ft fli! 2M~ 2 1,,1:, 2. µ:;_ 
p + /,Iv~ ( i Al v~ _ J) [ 3 + _{ $;.(fl~ -;t( v~ + j_ x 

{I/- JJ'- Lt f/2-JJ~ ,I, fl /"I W Vf , .. ,Vl 7 

x (f'fv~-A,(~)~l + ~(o 5:...J~[-3 .,_i 12.(µ~-M!) 
.u2M2 a.a. [n io.. J, ;1,1 :i..M:,... 

iv1v1 11.2 - f riw -, ""' v.2 

t _j_ (!t v~ - J4 /-z J 1 [_!_ f ( Jf/-tfi) j_ 11a11 _ A/ 
/, l.. + L; :2. ,2.. +2 -- + 
1 fi1vrMv~ J1d. tf1 tf µv~ 

_,.J_ ;4-~2._ ftlv: + j_ ;lty;-;ltv~J- / ((l,9.. ;f,f ~ H, ~)1 C _ (J.11) 

.Lf . 9)- Lf t(/' Uv~ f~ - 0 /1 J v1 I V;L J 

JO 1l 



Obviously, when the-misses of the virttial pkticles are equated 
the /1°;!tJ-mixing di~gr~s don )t coritribute. 
Since 

~· . ••,.:, .:-

n ;n ( t2) = JJH, ( r;2J - b,¾! -( ;lH, -1 )( 'f"+ 11/,)' (J. l2) 

it is necessary to find the counter terms SJ.iH2;; and ~r -1 . 

d.H.H~ - fl111:(-f1H~) _j£_{[ ·· . 1 ( 3 2 1n) 
/v/H~ - ff11f'. . = ib7i2 , g -6R -, R 2 t-cos1;-

;:- -{ f -1(3 1
) i? !Ja) / -1(3 f 21,.) - ~'1: -1(, 1± - c:cos '2fJ + R2 0: . 2 -2 

Co5c/3J-

- (.r:i. 5',-n ;.(o{;,r) + ~ ce-J2.(ci-f-) - Y-3) - i rr1 (Y.i, ~s j__( o<-:f>) f-

~. ·. 2 ' .. 
.,.. r.,J<n 1 (,,,-('D + J s_-1. ( l•-/s, .y., -p) + 'J.'c,,s'(.,.-/V- r~ + . 

.. 2"!2.,0 i -i . . '·, . .. . . . ~ 
+ - 1± cos213 (r.,__ coik ~-t; __ co·r.2ri. + fs'cos..2p \ - ' 4R. . . . ; r . . . . / 

' .' .. . ·i . 
(_ 2 l. - .1.. '2 · , 'J 
\ m,, 1;~ r m{-tfp: ~ 2m; "V1'p, +<i1'7': + i l -

~ IV.2. ., 1 ).,/~ Jv/H! (J.lJ) 
-2 m; ct'l: r-, 1- mi t; f np +': finite part } 

Mi,; M~, . I J . ' ' ' ' . 
and ( Y'± :; ,41~/ /vi! , V'; = ~ii/ f'/;) 
::z j 1Q:t{[ 3 1. ( ., 2/ .. ,z_ - = ~ -1 + 1R. +- 0 n t .t;J_S.,n ld-p)i-

Ht J 6 Ti , c:: I\., 

Z'f ;!_ 
· m

7
7-e-t 2.. + mj -b · f-, 

+ rJ.. ei.yJ..(c1--f,)- t-3 ) + . . iJ:;i.. ·. i J f +-

SJ w 
-+/·(1-R.)h } (3.14) -, ½R. + finite part . 

12 
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4. Vertex diagrams 

1. 1 H1 
P

H! 
2 

H! Q 

Q-p 

I'(;i~t(f-c;,f) '=' i!if#f:\(f,~-,J~;')fu~, 
/4( ~) !t-(?) . . (4.1) 

2. 
1 m1 2 

p .. : - q H:!: '\. l JI H:!: and a similar diagram with the 

3 

Q-p 

opposite lepton current 
direction. 

f (/f;(tJJ) = if f ;t {-[ 2mA + 2m2B2 + 

+ 2m BJ P - m.1 B,I f-m.2132 +rri3/33 rn:t.B 1-m B 33 J.. • -- 'j_ :,t2 . ~ 2 2 ~ 

-i(i~. V mB+ B ·-u x a m~ m_?- - 1 1 m3 :3 / h 2 2 2) - (4. 2) 
-0 /I I 'J.1 2 -0 r ,mf,n13/ 

- m2~+m3B3 I o((f-~~m~,mv- j [ m1B/(f-~f,-

+ ;n~ 1- m~) + m2 B2 ( f 1
-1- m-71-m:) + m_~83 ( 12

1- mJ +m~)+ 
1:1 
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i 
I 

, I 

+ 2mp2m/t] Ii ( lf,(p-tf.l, m:,mf,mJ), 
where 

Bj ~ i t- §1 ~ - ~ 83 -~ ~3 , 

I 

! 82 == j - 0 ~ -4 ~3 + & ~ ' 
B = j - ~ g2 + l ~3 - l g5 ' 

(4.J) ,f 
3 

B1 = i + l l + ~ ~ t ~. g3 · 
4 
" ! 

J. p + 

H- H:!: 
2 q 

,. 

q-p 

r (p~ ct; (f Jf) =± i ;;:rVt:H f2[i-[ -i: (p2+cp-2+ 

+)1~ + 11:))1p- E +-E fn Ef1: + ;' 1JJ-cil2 )12 /1 2 ) +- ·< 
. ·• ] /l,12 -o(Y ,11 H11 H2/ · 

+ Io ( f, div~ ;.4j) [-J + k (i+;./,;;_j • ~ v~ d{ 11:), ~ 
f i + ~: (f +ff/;)} - /i {/J ~ {tJJ~ f ~? l1v~ 11;,; 

;.r.~ [-l Jt + 2 <i -JI-cf!:+ ff:; , l¼J -t: ~2. 11,:J. 
· (j1•,¼~)J} , (4.4) 

14 

H 2 
1 • • q 

4. p H! ~ \_ I / H!: 

3 

Q-p 

r1 2 (i.2/_G)2) =+'l,fj ·f2, 1) -[3i(· _ ,)2+, 1 ;. 
. pHHVyft/lV yHVV{ . 

~f '1 1 (! ! I - J6n2 · ,w~ f c,-;. w,:, 
. . /V~ fV(v , 

tr-rNt 1' + <t JJ2+ 2Mff) ;2 (l•MH2)( ~zf !IH2~p' 
t ~ f~TfT(p-~

2
+2M~ fJ--·.· p ·!f) -['- !- +i.lH.f 

;1;tL:· . 2 · ·, \ ·:_&i/1 2 2 2 M~ 
. V ., · W · 

+ i {f2r/1y2)(ffe¼Ntf))··. ·T/b2 /v/,2µ2_) _[- i 1-i µ2r 
· ') AA4 . -0\1-., H,. v/ · 2 2. AAZ · 

.L.. fV/v ' . .., , /Vtv 

+ i (J~+ff;)(i
2fu:JJ T (a.2 11i 2 /vf. 2·)~·[1 +j_ L.(.-,l-2 . ft14 . . -o f I HJ vj 2 jvf.2 I 

V V · 

..:. {L2.· + 21h-e)2 -·2 fl,1-12) + i i/;J-·CLJ2 f(r-{t'+ (,b-v~.2;11/ l 
r 't f, J 1 lf p, r ;,(f' r 

. -; // )Q ,u2 /vt.2) [ :l 2 1/ 2 2 ·21,U2 
J(-:: o llf~i, J iviv, vJ + . , f tf ,'-2 lf-1) + )v/v - r111 + 

-t k( l+ f-lf -j rp•~t1{f ,j)' f Jf (;,<+f-~-;JJ f l!it}-
v . 

-j i: ~-f)~'r,¼){f r#f)} 11 (f (p-ff/~ ~21 

)-1?-- N2 )\l _ ' (4.5~ 

VI V ~ 
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1 m1 2 
5. p + • ~ : 7/ . + q 

H- l H- and a similar diagrpm with the 
opposite lepton current 
direction 

I; ( f, f, 0-,t) = ~€J" t: { t, r<11 
f 1, r<j, 

2 (4. 6) 

r (J.)/ 1 1 In , }2) - 8'P +- j_ B' - J.. m,2 /3/,., 
tf , 'f, ,r'f; r '1. 7f 1. 2 <t-'J-l 1 

( o m,~ 1) 1 >n~ B' ( I) m~ 1) -1 B' 
r vi M~ - 1 +2 (p-if 1 tft /11~ - + 2 ~ JC 

-, ( 2 2 2) 1 m; -m~ B ,. -/ fiG )2 2 2.). 
"_o f ,m;1.,m3 + 2 (p-tJ,)2 J. -o\lP-<p-1,m2.,my+ 

+ j [{f+m,'+m:)~' + 2m1m2 /3;J /
1 

(f,{;i-j-)~ 
. " ~ f 2 2GP r22. . 2 "-). 2 + • - -f-m J I b, m1 /1't,2 , m,o + P f i 1 8 t m m a t r . o 2 I "1 :2Lj 

+ m,rn3 B; + m, m-3 B;J p+ t/ +ff ~'f/-2/J°f 2p'(;,-,f-2Ji,.j 

, [ 2f L(i~n<,m~ +(~1)"-l-t)Tilm:,m:) ~4,7) 

+ ( r-r-(;-1l) Io( (f-; )~ m~,mv +(t2+rf-~-~-( "¢

-mJ-11-2f {n,:-m; JJJt (f, ~-7-f f,n?,, mf✓m31 

)6 

and 
. ;2. 

")_JI " . . 11-) , 1 , l 1n)._ .

8
, 

/ I {/f,(!}-/; = 0_ p t·z;-fJ • 2 ~D-y;-)11 ' _ 
, fJ m. 

1 J) I rn,( , ( /} m f jl ) { [3 1 

( u, N$ - -2 <t-c;-YDi Ui, 11] -/ '2 1 • 

/ 2_ l. -~(?.. ;_ ,_~ 1 tr7 1 -n1)<.B1J·-i· ·{)1 2 ). 
• rY) . m + - - . .. ~ c JJ7 /} 7. f L i 1 11 A • 2_ (;o-5-J' ;--.;_ {' (-/' '/, , ~, , 

;f{(o",m; +m;) lf + 2m1ny~;] J At(tilp>m:, 

V [ ;,/.. }.. ,'- ))_ " 1 
Z . +o -/ -(, f'..J,.)}7 I ' I 

n1; n1~ + · . /!.. r \f t .1 B + m ))J, f3. + 
;<.J· :, . I '! I , 1 _.;.. ;;z 

. .::::::::. ..1. (4.s) 

B l . B 1 7 _j_ -
+n11n13 . 1-m;_n73 _ 1 } . , . . .· 7-

3 . /''t·(!:1l-2/y1-2/fJj)~2f'p-jJJ' 
-~/ lo ~>,//1!;) + (0-Jl/J/ IC <r )}}/~ "J,i)-t- . 

+ (/-/"-(/J~,f)Jo (0Jimf,mV-1-((;\,'-(/>'1)J· __ 
· ( rJJ/-m/-/)-4y;,/-m,'-/}jJ (f,0-fp>,,f,•/,?~, 
with 

B I _ . / ;/ I} ) jl /} /} l 

1 - f{3 li-e71~)..j - c1r3 tf)_f3 ) 

B; == a3(J +f;()-i;G -6~(1) _ 

/3' = Cf3 (i -t ~ l) f 6; ~ f I{ l ) 
-~ 

8; = q)(i-6:;~)+0~-~~-
17 
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6• p 1 V 

~ -. u 

q-p 

V 

2 

Q 

jHHV JlfllV jHIIV ( ") I r; {;>/,{pJ)o/ = i)6;; T3 1?t·r(11+i/(J tro1 
rftJ{J:f~(;,j}j = 2 [-J +l + ft: (fr~;j p +-C• 

. ff;-11:, f In EU; -1') -I- f µ:; - ~;.,. .£ µ;; r;it-i!;,~JL 
12 I 1 /1/~ / l~-~:i Jt 11: 11. J 

" (& M~ _ J) _ /.111~ (!JH )&1 _ j) ~ [Etl:-~; _ _£_ )( 
. Mt 0-,/· /,f J ) _ pi ;11: 

{p"1-U~ )(ff:-µ:;) 7 T /.f:i. t)t· )1,:i.} -[J -Lit1,_"+N/-)'7 ~ 
1( jJ 2. -_;- 0 (f I VJ ~11 11; l ', W.l J 
" J.. E /.1.7.. /vf/· - /"I /(1 -1"1 H.J. - .2. .2 :;_ 2. . 

- LI:;.. .11
1 

[ 

J)f I V; Yi) 0~,Y Jl~J},4,11,:;} + 2 -p-

-f r2{;,-f/ t-#i,1"+J1//;_ -d-fv'-N {j2+4;){f'4;_g. 
1 . [va+fl., 'J._6- '-)2) TI a. /'+f +~-7}"-2/{J-j-l-'i'{Jf)-2;,'f P '/' % 1-o if, 

ci-fv~11/i)- 2fL{ftlly~/4t)-(;)·-(;,1)/~((nf 
lv/,,~1 lf;,v + ( {j/' +f-(;}'}j ff'+ II~ -c/.1/) + 2 f ( E 1-1:-11;-

rn 

-/)-J (l, t, (;-,-/-2//-2/0-,f-2/fl-,J· 
I I b2 I. - ',i :;, t J,{1.. ,/4/ 2 )1,;2 ) 7 (4.11) 

-1 ~/ 1 (f fl, 7' 1 - //< Hf 1 /-12,/j J 

and 

r(2)rlt0-yJ;J = 2[-1 ,g, ~:~•,µH~J]P + • 

+E _fol: ~/4-t: (~ tfoft _ j \_ Mµ: ,(tn MH~ _ J) +-(f:'112.; 
c; fa/ w. J <p-r,> Mw lcr-1> 

- M~ . ~ ttu~ (. 2

+fi~)) (' f} /vii/~ j') -[i- £1~2 ~lJ. 
Cl.'- + 111: a. .'l. / iirv ,M .1. - J f1;IY .,. 111~ 

f f[ .2. .:2. W . I! "T lb:.. E.fa(" ;tf'·) - £ 14v-;l¼z _ !_ ( 1"+fl~~)(/vf;-1'1u~)l 
-olr 1 ~, H1 o" ;1,,1:i. ~ J r v CL . 

a 2 I f 
It T I Cli £N.:i. 1,(1.) _ folH2. - fll1 ;- llp-e ,1..t/1.. Ai :i..) + !J _ h: a\ 
-o ~, 1 v, Hi! Ct-;l -ol'i r1, ~ll/1H2 ~ r F . 

+ 2(f -'fl+ )1,:; + /t1~ -E 11:-:;rt +J&~X r~H!J 
, l'' 1-~ lf-1-t-2/f-2/{t-rf 21-ft-P' {-2/lo Cl 
E/,1;,fati,!) + {jhrj!-ft-1-JV lo{f~df:,~J((l-
-(r-rfl) 1i (p-r;-t,)f,,;, ~~) + ((l+t-{f-,J/0"+/f,,~ -E~• 

+2/{Ell:-J,l;-r/)- j(j/'+f +(r-,-/-2/l-2/(f-l 
-2f~-'j)~ ~ ~~ {t-ft 'f~Cl1y~Jl,,;,u,,~)J c4.12J 
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1 7. p-
H:!: 

H 2 -q 
H:!: 

~ r,z, r/l1-q,J/ = ± i//°''l/(Hf/lib ruJ+Q_ r(2.)l 
, _167r2. rr ,rr J, 

(4.lJ) 

rct?~r;,~(p-1J/ = [ o + ;1,~ (~
1 f- f t2,. 

8 f )~ ' 2) i (p-o_)2~ flp 
•3lf-} + 3J-1H / - G ~· ~ (p-1-J~f'•r/)J + 

+ 2 [. 1 j_ + j_ (' 1 - M H
2 

- g_ 1t-f -) + j_ ..£ l J-_ 

4i- 2 p2 ;v,: 6 2p2 3 <t-1-ll c µ;~P 

-12-0-,JJ1c1n::f-1J+14:rj ;2 +J x;;J 
' ,2 • .?. :2.. ' 

x (/} /vfH -1·) + [~ + f 1
1-1 _ _j_ fatv + j_ (: :J. _j_:2 

lh, fol: 2 r 2 r 11; tf + 2 , 

+ JI: -; ;;)-; ;: (f +MH}( <(rMJi)] l (f,Mk~J4:)+ 

+ [- j .+ j ii (f-p~ + j_ i~¼t1>1~(f+l-f,,Y_J I o(1, 
9.. -i) [' :l_ 2_)t:r 3' -f ·cl a_ f. )2). 

/1,/11 ,J,fv; ' - 3 '3 Cp-lj-t : 2 11~ 1 -/J+t.f-f) / ' 

20 

+ 1t ;; (f-j-J'{l-f'-(i-;JV} Io ((p-9-J>11v~fal;) + 

+ [ M~-2M; +-Jr/-;h-J (p-c;-l+ /4{(t+tlf:f + · 

1-( 7/+/vf;)(p;_+Jvf;) - (fJ-+flH);_ + i (f-fj-)~(fJ.+Cj-fl+ 

+2µ; )) +- j k (p-9-l(/+11H'J{tf +,l/:) JL ( t~ 
( ) 7- :i_ J1). i ~) 2 [. pl+~/- 2. p-~ , p , /VJH ,Mv, fol v + r -3p1- + 21·{, -

' 2. 
"' ff~ + ~· (p;, y· cp< r +·211:J -7& ep2+ µ;J( r +,l/: J-
--1- Cp-9--Y't ¼11~) 1 ~fut)) 7 1 · ~ · 
j} /,(: l/' H !Cf H l_j/+!'•0-r/-2ft-2/V'f·2{{p~ 

. [-2r lo(r,11:,11:) T 2p;-Jo (1711:,u:) +2{9-1
-

-jJf))o«/lltf~,lf:) + ,2ff~-pf)(ll,:-1-1v'J•{(P1-/} 
,.. ·- ( i ~ :i. :t ,,U:i_ )1 -t q/··-p ~+ (p-f}~ L } , (f-r,-), f, µIt, Uv, v!.} (p-fY 

< (- 2 + .i (t-1)2. -I- j_ (j?-1)4 ) 
3 _q ft/- 18 ;l/J ) ' 

(4.14) 

and 

r (J.J / 2. :i. f... ) ~) . [ . i (-1-'t ,._ _ 6" o_P.. + 
(f I 1 I yrf j = .3 + f1} 3'f 3 /1 
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+ 1 (p-1)'- ,-JUH} c-k(f-1-JY11-1Z(;N;/)]P + 

+ 1i1~[_!_ .i.. + .!_ (.!.. - j_ J4H2. _ 2_ c;; ~-p2.) +2 j_" 
V d f l-1v'- 6 d r .3 ·er-~)'- 6 ;ff(: 

x r rl--JJ~- 1 )'.i )7( I) /vt'i_ 1) a.[ 1 1 1 1 
~ 

1

r I lf-1 '..JJ Vv1~ -1; 1-/vlH -2 0 1 + 2 ;1,1t 
~W . r V 

CJ_)..+J-lip_J (/} µ,2· ~ [ 1 1 -1 
" H C11 _!:!_ - J +- - - + - - (f· i_ Q.,2 _ l ·r 

tf 1 ff; 2 c? ft; r J 

+i ..!_. rl-1+u.~11 a:+11: J 7 T r n;l_ J.t· µ!J., +[3 + '411). _ :2 µJ( ,r Hll't '-] -o '-t) ~, v) 2 a.t 
V ' T 

- j_ µ: j_ (· ).. h ~ fl.. - )1H4J 1 { Cr J..v 
I) 2. 7 LI~ Q:_ + L- +/vfH - . - - m J..+t/, ;, 

c::: a.. r,, f /!. d tl ~ d /vi . H 
, V . I V 

~ ( a:ft1: l 7 T (a_,,)..11.~ 11 a.) + [- 2. + 2. ti -f-

' JJ -o f I ~I vJ . 3 3 (f-1,.):J. 
. 3' f G ~ :i. (r )~ ) . 1 I I. , J ~( f).. fl.. +- ,:;-r f - {L + · ·-Cl .J f-_ ·-rrt1 (jJ-fp {L -h -
2 fi4v f /f • 12. Mv I' r 

-{p-9-Y)j I 
0
((p-1-/},J:

1
f1:) + [;vt-2uM'-+3/-f, 

r J ~-1)' + J,_ (~1+u:J'+~•+u:)('f+11:)- (t(+11;,J' 
V 

+ f ~ "ff ~'-rl' +242} +;;; {p-tj}"0 1
+J4H~~

2•i.J 
, I if {p-r,J~p~ J.IH

1/1:,J.1/) + 2 [-1:;µ:2- 3,P<J-•2~-
22 

- fr+ 2 -k-V·r/0~+ /r~/,f:J-;/:~1+},l:)(CJ,'.t()· 
-.i. [f:j)2z J.+/1/) / JJ.-1-)l/ )1 1 ~ 
2 JI/ (/ If J l 1 If .J_jl•(+~j/-2/rf-2/(p,f-J/fl-i 

'[-2/ 100:µH~11:) +211-Z(9-~11H~11:) + 2(/

-n-) <J~-9)~}1:,)1:) + 2(!~-17-){u:-µ:) +p'-. 

· (n-1-J t At~{p-rJ~f~ µH~M:,H:) + ( l + 

t- _j_ (IJ-t[J2 -t-_!_ 0-v~) f(l-fj;_+(e-&2. (4.15) 

!J M 1i A/' / (f-f-)~ 
In the diagrams (J.4),(4.J),(4.4) and (4.7) the sign "+" cor-
responds to the case when V is a gauge ;( 0 boson or a photon 
and the sign"-" to the oase when °V- is a gauge wr boson. 

The counter tenns need for the renormalization of the vertex 
function in the .framework of the supersymmetric (SUSY) model are 

H:!: H:!: H:!: H-

r1c.:t (' 2. 2.t) -- . ( -::z. i) 
1. IMA f , If i - te oe1-1t - -, (4.16) 

r ::J/' ~ 7-2, t) = - ;#}fir i) [< 3r11r - j) t i ( ]i( -i). 
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+ !J-_ + 21<-t-i ~ R] 
1 2(2.1<-1) R - ie [(111,- j) + j (~ -j)-

-J (i,.-1)] 
.And next, 

H! 

0 
H1,2 

H! 

(4.1 7) 

J.~.t fb2q_2 t) =:;-iq/vf [{cmCf-'9} - j e,,.'-f ,2 " 
· HtH!H~~lr , r i ef w s;n(f-ol.) + 2R. '/3 

"'{~ <t+~JJ t] .'( [ (i ! -1.)· + i (~ . -1) ,.11 + 
S,1t(f+<1-.)_j_ H (! H

112 
J ff 

+i SM: J 
2 /41j 

lC +-Ce-1.<. J ,c . /v1 [. f I) f (_fr{(rs +o<Jfj 
~ W - ,?/( f ~;n(f-,"-J 

x tR_ -iq;if [·1·s,r1(f.-c<) l ~ -.-1 cos2A[s;'n{f+-tt:)~4.18) 
R.., 1 IV cos (p-cl.) J 2 R r lcos(~+cc:))r 

· [(;;u,-i) + ~ (~M2,Mi-i) + 1 + i ~~]- i~'1w· 

x r + _j__CO) 213 f Sin(f+o<) }] SR 
... 2 R cos [J+o<J R 

5. Summary 

The self-energy and vertex diagrams calculated here will be 

used in subsequent papers to find out a renormalized expression for 

the H+Ir amplitude up to the fourth order of perturbation theory, 

We have not here written the final general expressions for flReN 

2-1 

IU:lv' 
and r because they would take too much space, But they can be 

quite easily obtained in the framewo:rk of the ::;u::;y model by summing 

up the expressions (J,l)-(3,5) and (4,1)-(4.15) with the concrete 

values of the coupling consta.'lts / 5 H, _frlrlv, / 11 etc. 
'rhe authors ex:press theiT p;rati tude to V, G.Kadyshevsky, Yu. N, 

'l'yukhtyaev and V. I.Kikot' for valuable discussions. 
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ll~o~rna30B aj_; C:K34KOil ~-6-.. . . . . ' 
H H -s3a~MOAeHCTB~e· C yYeTOM B~CWHX nopRAKOB TeopHH 
B03MYUleHHH B Molien~ i: ABYMR x1frh:ciecKi,-ir-i111 i(y6ne-i-aM111 
(Cci!!c-i-seflHo-aHepret~yecKlie III seplulllHHbl~ Al-iarpaMi.ibi) 

E2-91-114 

' 
B paMK3X Moiierilll anekTpocria66ro BJalllMOAe~ct~IIIR: COAep~a111e~ Aaa Ay6ne+a 

xlllrri:cisc,llli 6oiotide Ill npcilll3Bdribticii ijllli:no ¢epMko~oi; B~YHcneH~ co6cideHH0-
3HepreT111YeCK~e i,-i ·seplul/lHH~e 6hoklll; exoiiRUlllle a aMnnlllTYAY xi,-irrc~xlllrtc B3a~Mo

-lieHCTBlliR B y~fee~TOM noP~AKe +eop111i,-i B03MYUleH~~- nepeHopMHpOBKIII di:yuiei:tsriR-
~TCR Ha MactbBO~ nosepXHOCTIII ¢i,-i3i,-i4ecKIIIX noneH riocrie cnbHT3HHOrd tiapyWeHIIIR 
clllMMeTpHIII, 3Ha4eti111R KOHCTaHt; kak ripaelllrio;a· pa6ore He_koHKpeTlli3111P~TCR. 
OAHako e· i:ny4ae Ta.KOH Heo6xciAIIIMOCTH Hcnonb1ciean~cb 3HaYeH~R, honyYeHH~e Aflff 
kl/IX s paMKax MOAen~; RBf1~iouieHCR M~H~Mari6H~M cyriept~MkeTp~YHblM pacW~peHHeM 
CTaHAapTHb~ Moiien~. . 

Pa6ora B~nonHeHa e-n~6opaiop~II reoper~~ecko~ ¢~3~klll OHRH. 

,· 

. Coo6uie1111e 06-i.e.it11iieii11oro ihk-i-u-i-y-i-a R.11epil~i:t ilccn~.ttoeaiilill . .ri,,6mi 1991 

tivoegiiio~ U.v., tka~hk6v ~.i. . · . · _ 
H+M~_ tht~~actioh Up td

1
MiUhe~ ,?rders ot Pptturbation 

Theory in the Model with Two Higgs Doub1ets 
(Self~Energy and Vertex Diagrams) 

E2-91-114 

self-energy ~rid vettex,bjocks_ that·enter into the a~plitude of -Higgs~ 
Higgs~inter~ctioh are caltUlated Up to;the foUrth ordet of perturbatibh 
t~eory i_n t~e framework ~fl the model <>f e1e~tr~weak ihtera~~ion with;~~d 
Higgs doublets and_ an arbitrary nu~ber_ of fermions. _The.renormalization 
is performed dn the mass shell bf the physical fields_after a spontaneous 
symmetry breaki i,g. The va l!Jes of the coupl Hig constants are, as a rill e: 
riot ~ohcritiied ih the paper. Iri the. cise• where.we Heed tb Ll~e thein; 
we take their vailles obtai_hed ih the model with the miriinial sLipersymmet
ric extension of. the standard model (MSSM). 

the ihvestigatiori has been performed at the Laboratory of Theor~Hcal 
Physics; JINR. 
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