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H, ; gp decay in the two-Higgs-doublet model
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The rare B, —+ pp decay has been investigated in the framework of the two-Higgs-doublet model.
It is shown that the branching ratio has a great enhancement in comparison to the standard model
(SM) prediction. We have found that the ratio of the square of the CP=1 to CP = —1 amplitudes,
~A+~ /~A ~, which is always less than one in the SM, becomes greater than one for some values
of mme/mq. We have also calculated the direct CP-violating parameter e'

&
&. It is found that for

K ~ pp decay its value is greater than the one which follows from the SM, while for B, ~ pp decay
both models have the same predictions. Finally, we compare our results on B, ~ pj decay with the
results of B, ~ p+p and B, ~ p+p decays which are of the same order of the coupling constant.
PACS number(s): 13.40.Hq, 11.30.Er, 12.15.Cc, 14.40.Jz

I. INTRODUCTION

The theoretical and experimental investigations of the
rare decays are one of the main research fields of the
particle physics. In the standard model (SM), rare decays
take place at the one-loop level. Thus they may provide
a precise test for the higher-order structure of the SM.
Since rare decays are also sensitive to the presence of the
new physics, they are one of the promising objects for
establishing the physics beyond the SM.

This paper is devoted to the study of B, —+ pp decay
in two-Higgs-doublet model. The reason of choosing the
B, ~ pp decay may be summarized as follows. First, in
this decay short-distance efFects likely dominate so that
theoretical calculations are more reliable. Second, since
as is well known, a two-photon system can be in a CP-
even or in a CP-odd state, the B, ~ pp decay allows
one for the study of CP violation.

There are many theoretical reasons why we need two-
Higgs-doublet models. First of all, these models are dic-
tated. by the supersymmetry which requires at least two
scalar doublets [I] and also by the solution of the strong
CP problem (Peccei-Quinn mechanism) [2]. Another rea-
son is to provide a mechanism for the mass difI'erences be-
tween up- and down-type quarks through the Yuakawa
coupling, where one of the doublets generates masses of
the up quarks and the other one generates masses of the
down quarks. (For more about two-Higgs-doublet mod-
els, see, for example, [3].)

We note that this decay has been previously investi-
gated in the framework of the SM [4, 5]. In this work, we
will consider the minimal extension of the SM, namely,
by adding one complex Higgs doublet to avoid the large
number of new undetermined parameters of the theory.

The plan of the paper is as follows. In Sec. II, we

II. DECAY B —+ Spy

At quark level the decay B, ~ pp takes place via a
6 ~ 8 pp transition, which is described by the Feynman
diagrams shown in Fig. 1. The transition amplitude for
b ~ 8 pp decay can be written as

M = e„(ki) e (k2) u(p') T„u(p),
where e„(kq) and e„(k2) are the four vector polarizations
of the photons. At the lowest order of perturbation the-
ory, T„receives contributions from Bavor-changing re-
ducible and irreducible diagrams, which are presented in
Fig. 1, and it can be written as

T„„= ) Veb Vea Tel v,
E=u, c,t

(2)

where Vgq is the corresponding Kobayashi-Maskawa
(KM) matrix element. Using the unitarity condition for

&Ig &i) ~ vIx;k)

J~
q (P) q(p)

(o) (b) (c)

present the one-loop calculations for the B, ~ pp decay
in the quark level. Here we have used the Feynman-
't Hooft gauge and the on-shell renormalization scheme.
The numerical results and discussion are given in Sec.
III.

'Permanent address: Institute of Physics, Azerbaijanian
Academy of Sciences, Baku, Azerbaijan.

(e)

FIG. 1. Feynman diagrams responsible for the q ~ q'pp
decay. Here solid lines denote fermions, wavy ones photons.
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KM matrix we can decompose the contributions to T„
into the CP-conserving and CP-violating parts:

+~v = +ub I ~8 (+v,gsv +c~v) I tb Itq (Tc~v Ttpv) ,
~ (3) (a)

(b)

The CP-violating quantity e
( )

(for its definition, see,
for example, [5]) requires calculation of the reducible and
irreducible diagrams. So we should first calculate Tg„ to
find the transition amplitude of the q; -+ q~ pp. Before
doing this we would like to make some remarks. Since in
the two-Higgs-doublet model which we apply in this work
physical charged Higgs fields are present, one should also
consider the interaction between charged Higgs fields and
quarks. Note that in these models large flavor-changing
neutral currents (FCNC's) are present due to the neutral
boson exchanges. There are two ways to avoid them,
each involving some discrete symmetry. In the first way,
all the quarks couple only to one of the Higgs doublets
(model I), while in the second way down quark couples
to one of the Higgs doublets and up quarks couples to
the other one (model II) [6, 7]. In terms of the mass
eigenstates the interaction Lagrangian between physical
charged Higgs bosons and the fermions has the form

L = [m„f(u, Ld, —mg, . ('u, Rd, ]V;~ H+.
2 Mgr

+H.c. , (4)
where I = (1 —ps)/2, R = (1+ps)/2, g is the weak cou-
pling, ( and (' are the ratios of the two vacuum expec-
tation values (VEV's) vi and v2, and m„, (mg, ) are the
masses of the up (down) quarks. In the above-mentioned
models,

(e)

(g)

FIG. 2. Flavor-changing irreducible and reducible dia-
grams. Here dashed lines denote the W boson and Higgs
boson (physical and unphysical).

Now we say a few words about the CP-violating vertex.
It is well known that two-Higgs-doublet models in gen-
eral have additional flavor-diagonal CP-violating vertices
due to the interaction between neutral Higgs bosons and
quarks (see, for example, [9]). But in the flavor-changing
decays, CP violation via neutral Higgs-boson exchanges
appears in the higher orders and for this reason it is sup-
pressed in comparison to the CP violation via the KM
phase. Therefore, we shall not take into account this
possibility.

Let us now calculate the contributions to T~ coming
from the irreducible and reducible diagrams.

I 1
(model I), A. Irreducible diagrams

(model II) .

Note that the interaction Lagrangian between unphysical
charged Higgs bosons and fermions is the same as the one
in the standard model case. From Fig. 2 we see that the
new interaction (4) will receive contributions from the
diagrams of Figs. 2(a)—2(g). Note that model I can be
realized in supersymmetric theories (see, for example, [8])
or in a Peccei-Quinn-type symmetry.

Here we refer to the diagrams of Fig. 2. Note that in
the internal quark lines we only consider the top quark
because in the charged Higgs exchange diagrams contri-
butions from the light quarks are suppressed by a factor
of mz/Miv. Since the mass of the top quark is much
larger than all the external masses and momenta, terms
such as m /Miv and m /mt can be neglected. Calcula-
tions for the irreducible diagrams leads to the result

g2 g2 Q2 m2
Tt„„—— ' ( ( I(2;1)[p„I (2p —ki —k2)16~2 2M~2

+&„L(2p—ki —k2)„+ g „(2P —ki —k2) L] —2t,'$'I(1; l)(m;R+ m I))

+,' '2 (('I(2 1)[p„(P—g)~ L+~- (P—g)~„L

+ 2g„v (m, R+ m, L) ] + ( I(1;2)[p„(ki —k2)pv —pv(ki —k2)p„]L

—2(('g~„I(1;1) (m;R+ m~L) }

+ "
~ ~ I(2;1)[~„(2~—~ —~) ~„+~

+4gl v(2 1~ "i —k2)]+ 2 I(1i1)h'p(ki —k2)&v —&v(II( —&) rp] )L ~
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where

I(o.;P) = d
m, (1 —x) + m„x

B. Reducible diagrams

Reducible diagrams are of two types: the self-energy and the vertex diagrams as shown in Fig. 2. One can write
the contributions of these diagrams as

Tt p
———e eq [p„S(p' + k2, m~. ) I'„(p,p —kj, kq) + I'" (p' + k2, p', k2) S(p —kq, m, ,) p„]

+ (eel) [p„S(p' + k2, m~) p~ S(p, m~. ) Z(p) + Z(p') S(p', m;) p~ S(p —kq, m;)p„
+ p„S(p' + k2, m, ) Z(p —kg) S(p —kg, m;) p„]

+ (ky ++ k2, p ++ v)

where S(p, m) = (p —m) and Z and l are the self-energy and vertex operators. In the on-shell renormalization
scheme, the renormalized self-energy and vertex operators in Eq. (7) have the forms

Z (p) = (gP —m, ) Z(P —m, ),

I'~(p, p', k) = [Fq(k 7~ —k~ lt) L —iF2 o'„„k (m, R+ m~L) + (P' —m~) Oq„(p, p', k) + 02„(p,p', k) (P —m, )] . (9)

Here Ez and E2 correspond to the charge-radius and dipole momentum terms, respectively. After some calculations
we get, for Z and I'„,

2 m2
Z(p) =

2 ( ( (PR+ m~L + m, R)I(2; 1) —Q'(m~R+ m;L)I(1; 1)) (10)

I'„=— " ( i '
o~ k —(m, R+ m~ L) —(/k~ —k p„) I —

[ (2I(0; 2) + I(l; 2)]

—(p —k —m~)([(p —k)R + m~R+ m, L]p„I(2;1) + (k~ —p~ g) L 2I(1;2) f
—(P —m, ) [p„(PR+ m~R+ m, L)I(2; 1) —(k„—gp„)R 2 I(1;2)~

g —m, )p R(yt —m;)I[2;1).
)

16'2 2M~2
Q'( —i I(0; 2)o„k (m; R + m~. L)

+ I(1;1)[ (yf re
—m~—)p„(m;R + m~ L) + p„(m; L + m~ R) (P —m, )])

( (P—g —m~)( (' {—I(2; 1)[(P—g)R+ m~R+ m;L]p„

+ k„L 2I(2; 0) —&I(3;0)] ——I(2; 1) gp„L1+ (('p~(m~L + m, R)I(1;1))

+ (P —m; ) ((' ( —I(2; 1)p„(PR + m; L + m~ R) —— gp~ R I(2; 1)

+ k„R[I(2;1) ——I(2; 0) + & I(3; 0)]) + Q'(m~ I + m; R)p„I(1;1))

+ (' [
—I(3;0) (k„gL —k p„L) —I(2; 1) (yt g —m )—p„R(P —m;)

—2I(2; 1)io„k (m, R+ m~L) + (('I(1; l)io~ k (m, R+ m~L)]) .

Taking into account the explicit forms of Eqs. (8)—(11) we find that the sum of Eqs. (5) and (7) for on-shell quarks
and photons can be written in terms of the dipole moment form factor E2.

2 2 2

16 2 2M2 2
— I12 +2 'I02 +e~eg I21 —2 'I11 (12)
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where the nonlocal operator W is defined by

w=( .~+,.)( ( p'„

(p' ki
p„b f p'„p. i

I ~w k2-+ I," —
k I ~~pkippki)

i f 1 1 f 1+— ~,„—„~ o„p k2p o„ki
2 (p' k2 pki) p'k,

1
tTI ~1 T gkmp )pk, ) (13)

It is interesting to note that contributions from Z and a part of I' cancel completely with contributions from the
irreducible diagrams. In other words, the decay amplitude is totally defined by the vertex operators. This happens
in the standard model also [4, 5].

Equation (12) is the final result of the quark-level calculations. We note that our calculations do not include @CD
corrections. This requires a complete analysis because of the following reasons. First, the operators appearing in the
b ~ spy decay, unlike the b ~ 8p case, are highly nonlocal. Second, the complete set of the operators are rather
large. However, we expect that these corrections will not change our results significantly.

We now use Eq. (12) to find the matrix element of the M ~ pp decay (M = B,K. . .). The appearance of the
nonlocal operators in (12) makes the decay process very sensitive to the model used for the meson wave function. As
it seems, for a heavy-meson decay short-distance efFects are dominant and we use the static quark approximation to
estimate them [4, 5, 10]. (This means that we use the constituent masses of the quarks. ) In this approximation, we
have, for the nonlocal operator W defined in Eq. (13),

2i f' 1 1
W =

~

+
~ ( —g„kik2+ k', k2„

mM m, m, -

Using the standard definition

—ie„pki k2pps) . (14)

(0
~

q~p„psq; ~
M) = i fM pM— ,

we get the following final result for the decay amplitude:

(i5)

A = — fM [A+F„„F„+iA F„F„].
27r

(i6)

Here F~ is the electromagnetic-field tensor, F~ = ze„p F p, fM is the M-meson decay constant, and

6 (m, mz) (m +m~)
(i7)

v„, v„; -4(.„)—
i

+
I [F,'"( „)+F,"(&„)]

9 6 qm; m)
'l 7

which correspond to CP = 1 and CP = —1 amplitudes, respectively. Here n = m /Mi22, , P = m /m~, and
z = m2/MM2. The quantities hs and E2 are given in Ref. [4] as

2
8s(z„) = 1+ —G(z„),

zn

where

(18)

2—2 arctan
G(z„) = q

2
——+ 2ln

4—z~

2
I

~l

~~
n n/z +Qz„—4 ~ gz +Qz —4—2Z7l ln

ZA zn

if z„(4,
ifz„) 4,

and

E2sM (x) = [
—46 + 205x —312x2 + 175x —22x + 18x (2 —3x) ln x]

36(i —*)'

We have found that

F2 (x) = 1( [7 —12x —3x + 8x + 6x(2 —3x) lnx] + 6(('(1 —x) [3 —8x+ 5x + 2(2 —3x) lnx])
36(1 —x) 4

(20)



T. M. ALIEV AND G. TURAN

which follows from Eq. (12).
Using Eq. (16), we obtain, for the partial decay width,

I'(M-+~~) =
I

f~ I (I A+ I'+ A I') .
16vr

0.9

0.7

m, =90
m(=200
m, =90
m, =90
m, =90
m, =200

GeV, ( =0
GeV, (=0
GeV, (=8
GeV, (=8
GeV, GM)
GeV, SM)

From Eq. (18) we have, for B~ —
& p. p decay, +

0.5

A- = —V„V,*,
9

S.(z.) — [F, (~.) —F, (~~)
4 MB SM SM

6m.

—F2 (A)]

0.3
L
L

02 I-

I ! ! I ! I ! ! I ! I I I I ! ! ! ! I ! ! ! I I ! ! ! ! I ! !

+ V„b V„*,. —[bs(z„) —bs(z, )],tc ~g 9
(22)

C 1 2 3 4 5 6 7 8 9 10

mH m,

where m~ are the constituent masses of the correspond-
ing quarks. Deriving the above expression we have
used the unitarity of Cabibbo-KM (CKM) matrix, ne-
glecting the bs(cr&) contribution, which is numerically
small in comparison with 8s(o.,). In addition, we take
the F2 (a.„) —F2 M (cr, ) = 0 that follows from the
the Glashow-Iliopoulos-Maiani (GIM) mechanism. Since
V„g V„*, (( Vqg V~» the second part of the A can be ne-
glected in the B, ~ pp decay. But in the Bd ~ pp case,
the above-mentioned matrix elements are of the same or-
der of magnitude so that both of the terms in A should
be taken into account. From Eq. (21) it follows that

@(&~~ ~~) I
V« I' (f~d)' I

v« I',
&(&. -+»)

I
&~. I' (f~.)'

FIG. 3. Dependence of the square of the ratio of the CP =
1 to CP = —1 amplitudes, IA+I /IA I, on mH/mq in model
I. Here SM denotes the standard model prediction.

width is the same as the total decay width of the B me-
son, and we use the experimental value of I'B —3 x 10
eV [14].

The free parameters of the two-Higgs-doublet model
which we have used are (, (', and m~+. However, there
are some constraints on them by the existing experimen-
tal data. Recent analysis of the data from B and K
physics and CP violation [15], as well as the unitarity
and perturbative considerations [16], lead to the restric-
tions

where h is an SU(3)-breaking parameter. Using the
present bound IV«I /Ivz, 2 & 0.16 one expects that
Bg —+ pp decay is suppressed in comparison to B, ~ pp
decay at least by a factor of 0.16.

In addition to measuring the width of the B ~ pp
decay, another way of exploring the inHuence of mq and
m~ on it would be to measure the photon spin polar-
ization. In the rest frame of the meson the CP = —1
amplitude A is proportional to the perpendicular-spin
polarization eq x e2, while the CP = 1 amplitude A+ is
proportional to the parallel-spin polarization eq. e2 of the
photons. It is well known that at mq & m~ both ampli-
tudes are important and potentially this would lead to a
CP violation.

We conclude this section by writing out the values
of parameters we have used in the numerical analysis:

I
VqbV~*,

I
5 x 10, f~ = 140 MeV obtained from the

@CD sum rules~ [11]. We assume that the decay rate

I

+
&C

1.2

m, =9O
m, =90
m, = 200
m, =200
m, =90
m, =200

0.8

1 . ( 0.9
0.1 & — & min 150 GeV, GeV

mQ+

mH & —mz.1

GeV,
GeV,
GeV,

GeV, S
GeV, S

(23)

=2
=8
=2
=8
MI

If we choose a larger value for fn. (for example, fn.
190 MeV or fn. 300 MeV, which follow from the eff'ective
heavy-quark theory [12] and lattice QCD calculations [13],
respectively), then B increases by a factor of (fn. /140 MeV)

0 0 I I

0
I I I ! f I I I I I I ! I ! !

2 3 4 5 5 7 8 9 '10

rn, /m,

FIG. 4. Same as Fig. 3, but in model II.
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1 . 2
m, =9O
mt —-90
m, =200
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m, =90
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GeV, m„= 70 GeV
GeV, m„=150 GeV
GeV, m„=70 GeV
GeV, m„=150 GeV
GeV, SM)
GeV, SM)

1000
m, =90
m, =200
m, =90
m, =200
m, =90
m, =200

GeV, ( =0
GeV, g =0
GeV, ( =8
GeV, $ =8
GeV, BM)
GeV, SM)

0.8

0.7
100

0.4
'I 0

0.3

0.2

0 1
I I t I I I 1 I I I I I ! I I I I I I I I I I I I I I I f I I I l f I I I I I I | I I I I I I I

0 1 2 3 4 5 6 7 8 9 10

FIG. 5. Dependence of the lA+l /lA
l

on ( in model I.

I t I I I I I I I I I I I I I I I I I I I l I I I I I I I I I I I I I I I I I I I I I I I I I

0 'l 2 3 4 5 6 7 8 9 'l 0

mH ITl t

FIG. 7. Dependence of the R(B, ~ pp) on en'/mq in
model I.

III. RESULTS AND DISCUSSION

We have chosen to present a number of representative
results in a series of graphs. (Figs. 3—12). In Figs. 3 and
4, we plot the dependence of the square of the ratio of
the CP = 1 to the CP = —1 amplitudes, lA+l /lA
on the mH/mi at some fixed values of the ( and mq.
The interesting result which follows from this figure is
that there are same values of m~/mi where the ratio
lA+l /lA l

) 1. This result contradicts the SM predic-
tions where the above-mentioned ratio is always less than
1, and it may open a "window" for investigating the CP
violation in B, ~ pp decay. From Figs. 3 and 4 we also
see that for m~/mz )) 1, the ratio lA+ l'/lA l' tends «
SM predictions in bath models. (Note that in model II, (
gets only large values, while in model I it is possible large

as well as small values of ( [15].) We have also plotted
the ratio lA+l /lA l

as a function of the parameter ( in
Figs. 5 and 6. It is seen from these figures that the two-
Higgs-doublet model predictions about this ratio mainly
exceed the SM ones. Referring to Fig. 6, we note that the
behavior of being greater than 1 can be clearly observed
for the ( dependence of the lA+l /lA l

too in model II.
Figures 7 and 8 show the dependence of the B on

m~/mq in models I and II, respectively. From these fig-
ures it follows that for m~ mq the B gets large en-
hancement. It is interesting to note that in model II there
are some mH/mz and ( regions where the predictions of
the two-Higgs-doublet model are strongly suppressed in
comparison to the SM predictions. This is because the
I"2 terms dominate I"2 ones for large ( and, in model
II, ((' = (, and the sign of P2 is opposite ta that af

1.4
mi=90
m, =90
m, =200
m, =200

GeV,
GeV,
GeV,
GeV,

m„=70 GeV
mH=150 GeV
m„=70 GeV
m„=150 GeV

10000 m, =90
m, =90
m, = 200
m, = 200
m, =90
m, = 200

GeV, ( =2
GeV, P =8
GeV, ( =2
GeV, ( =8
GeV, SM)
GeV, SM)

1.0

0.8 c)
100

0.6

10

0.2

0.0
I

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

2 3 4 5 6 7 8 9 IO

FIG. 6. Same as Fig. 5, but in model II.

0 1 2 3 4 5 6 7 8 9 10

ITIH m&

FIG. 8. Same as Fig. 7, but in model II.
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0 1 2 3 4 5 6 7 8 9 10

FIG. 9. Dependence of the B(B, m pp) on ( in model I.

H ITlt

FIG. 11. Graph of the e'
( l /7/ vs mH/m~ at m~ ——150

GeV in model I.
10

F2 in Eqs. (19) and (20). In other words, in model II
at some values of ( and mH/m&, F2 gives destructive in-
terference to E2 . We see from Fig. 8 that, for mq ——200
GeV and ( = 2, 8, B has the order of 10 —10 in the
region of 2 & m~/mq ( 5. This value is two to three
orders of magnitude greater than the SM predictions so
that B for B —+ pp is quite detectable in the future B-
meson factories. (Remember that at mq ——200 GeV,
BsM ]0—7 ]0—s

)
We present the dependence of the B on ( for different

values of the mq and mH in Figs. 9 and 10. It follows
from Fig. 9 that, in model I, B & 10 usually, while in
model II (Fig. 10) it is strongly suppressed in comparison
to the SM case at some ( regions.

Here we would like to make some comments about the
direct CP-violating parameter e'

~
~. First, we want to

10—

40—

—70—

90—

00
0

/

/

/

/

/

/

/

(=2
(=4
(=8

mH ITlt

FIG. 12. Same as Fig. 11, but in model II.
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10

0. 1

I

0.0
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( =3)
( =5)
( Sf1)

I l I I I I I «» I I I I LJ~L~ I I I I I I I » I I I I I I I I I I

0. 1 0.2 0.3 0.4 0.5 0.6 0.7 0,8 0.9 1.0

8 9 10

FIG. 10. Same as Fig. 9, but in model II.

vn&, (Te v)

FIG. 13. Dependence of the B(B, -+ pp) on m~ at
m, ~ ——150 GeV in model I in the case that the amplitude
gets contribution only from the charged Higgs bosons.
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discuss this parameter in K + pp decay. In this case the
term Vq, V,& is small in comparison to V„,V„*&, and so it
is likely that a light u-quark contribution becomes domi-
nant. Therefore long-distance eKects are very essential to
calculate the decay amplitude. For this reason we shall
use the emprical value A~hz, ——3.6 in Eq. (3) instead of

the T„—T contribution. Another point to mention is
that the appearance of the nonlocal operator W makes
it very diKcult to give reliable estimates about e'

Therefore, we can calculate its order of magnitude in K-
meson decay. Taking the constituent quark masses as
mg ——300 MeV and m, = 500 MeV we get

I (V.V*.) (-: Ib.(")—b. (z )] —0 8[+' ( .) —+: ( ) —+."(P )]j
Re (V V*~) Aphid

(24)

Calculations show that the b~ terms are small in compar-
ison to the F2's, so that they can be neglected. . In the
numerical calculations we have used the following values
for the CKM parameters A, A, p, and rj (Wolfenstein
parametrization [17] has been used)

A =
i
V„,

i

= 0.2205 + 0.0018,
A = 0.90 6 0.12,

0.2 & g & 0.5 .

(These numerical values are taken from Ref. [18].) In
Figs. 11 and 12 we present the graph of e'

( )/rj versus

mH/mt for some different values of the parameter ( at
mq ——150 GeV. We see from Fig. 11 that, in model I,

/rl is 2—15 times greater than the SM prediction
vw( —)

for 0 & ( ( 8 and m~ mt. We observe a similar
enhancement for this quantity also in mod. el II. For ex-
ample, e'

( )/rI is two orders of magnitude greater than
the SM result for ( = 8 and m~ mt. We also see from
these graphs that as the ratio rn~/mt goes to infinity
the direct CP-violating parameter e'

~ ~
tends to SM

predictions in both models.
For the B-meson decay e'

~ ~
is defined analogously

to the K-meson case. Since the parameter A is small in
B decay one finds

ImAg
'»~-~ ReA,

AA4g
—AA2

—A g = —48x10 g.
(25)

Note that this expression is the same as the one in SM,
and with 0.2 & g & 0.5, it is quite measurable at the
future B-meson factories.

In the end we would like to mention some related de-
cays, namely, B, +p,+p [19] a-nd B, ~ 7'+r [20],

which are of the same order of o. as B, ~ pp decay. In or-
der to compare our results with those given by Refs. [19]
and [20] we present in Fig. 13 the rn~ dependence of
the branching ratio for B, ~ pp decay in the case that
the amplitude gets a contribution only from the charged
Higgs bosons. We see that at ( = 3 and mIt = 200 GeV
we have

B(B, +pp) =-10 s .

At the same values of parameters,

B(B, ~ p+p ) 4x10

(26)

(27)

It is well known that between B, ~ p+p and B,
w+w decays the following relation holds true:

B(B. +~+r )=-~ -[ B(B.~ p+p )-fm )'
(m~)

=3x10 B(B, —+ p+p, ) 10

So we see that branching ratios of the B, ~ pp and B, ~
w+~ decays have the same order of magnitude and they
are larger than the branching ratio of B, ~ p+p by
two orders of magnitude in the considered region.

In conclusion, we note that the extended Higgs sec-
tor is one of the possible sources of the enhancement of
the Havor-changing transitions. The other source may
be the fourth generation. But it does not lead to any
strong enhancement for the considered decay because it
is determined by the magnetic-dipole-type operator E2,
which decreases for o. )& 1. This means that great en-
hancement of the B for B, —+ pp decay indicates the
existence of the extended Higgs sector. Therefore, the
radiative rare decays of the B mesons may be eKcient
tools for establishing the extended Higgs sector.
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