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We explain the 2.3¢ deviation in the recent measurements of the neutral B meson decays into muon pairs
from the standard model prediction in the framework of supersymmetric grand unified models using
antisymmetric coupling as a new source of flavor violation. We show a correlation between the B, — u™p~
decay and the CP phase in the B, — J/wK decay and that their deviations from the standard model
predictions can be explained after satisfying constraints arising from various hadronic and leptonic rare
decay processes, B-B, K-K oscillation data, and electric dipole moments of electron and neutron. The
allowed parameter space is typically represented by pseudoscalar Higgs mass my <1 TeV and
tan Sy (=v,/v,4) < 20 for squark and gluino masses around 2 TeV.
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I. INTRODUCTION

The recent measurements of the branching fractions of
the rare B meson decays BY — u"u~ and BY — ptyu~
showcase impressive achievements of the LHC experi-
ments [1]. The ratios of the experimental measurements and
the standard model (SM) predictions [2] are

Br(BS - ﬂ+ﬂ_)exp/SM = 0761—(())122?’ (1)

Br(Bd - /’FL/"_)exp/SM = 37i1146 (2)

Both measurements are consistent with the SM predictions
within the errors, though Br(B,; — p ™) seems to be a bit
larger than the SM prediction.

The ratio of the fractions,

Br(B; = ptu7)

R 9’
Br(B, = ptu")

3)

has fewer theoretical errors in the SM compared to each
fraction because the ratio of the decay constants has less
ambiguity compared to each decay constant in the lattice
calculation. The prediction for the SM (and for the models
with minimal flavor violation [3]) is

2
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where 7z, Mg, and fp are the lifetime, mass, and decay
constant of the respective mesons, and [1,2]

Ry = 0.02957 50028, (5)

The ratio using the experimental measurements is
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PACS numbers: 12.60.Jv, 12.10.Dm, 12.15.Ff, 13.20.He

Rexp = 0.147008. (6)

and the experimental result shows deviation from the SM
prediction at 2.36.

These rare decays are induced radiatively in the SM,
and thus, they are sensitive to the new physics, and their
measurements provide us a direction in which the SM can
be extended to the models beyond the SM [4]. The
deviation from the SM prediction is not very significant
statistically at present, however, it is meaningful to inves-
tigate the models which can enhance the ratio R since the
usual source of flavor changing neutral currents (FCNCs)
does not produce any enhancement naturally. In this paper,
we suggest a possible source to explain the enhancement of
the ratio naturally in the supersymmetric (SUSY) standard
model, and investigate the implications of the models in the
possible unified frameworks, such as the SU(5) and SO(10)
grand unified models.

In order to modify the ratio R compared to the SM
prediction, one needs a new type of FCNC source which is
different from Cabibbo-Kobayashi-Maskawa (CKM) flavor
mixings. The main concerns regarding the enhancement of
R are the following:

(1) How natural is it to have a larger b — d transition

compared to the b — s transition in the presence of a
new FCNC source to enhance R? In fact, the B,-B,
mixings and the B; — J/w¢ decay are consistent
with the SM predictions [5] and it seems that there is
not a large source of FCNCs in the b — s transition.
(2) The mass difference of B, and the CP violation in
the B,-B, mixings from the experimental measure-
ments of the B;-B, oscillations and the B, — J/wK
decay are consistent with the SM prediction. How
can large modifications of them be avoided if the

© 2015 American Physical Society


http://dx.doi.org/10.1103/PhysRevD.91.095011
http://dx.doi.org/10.1103/PhysRevD.91.095011
http://dx.doi.org/10.1103/PhysRevD.91.095011
http://dx.doi.org/10.1103/PhysRevD.91.095011

BHASKAR DUTTA AND YUKIHIRO MIMURA

Br(B; — pu"u~) is enhanced by a new FCNC
source?

The SM prediction of sin 2/ has a slight difference
from the experimental measurements' from the
B, - J/wK decay [7]:

sin2f = 0.69270 070 (BABAR & Belle exp.),  (8)
sin 24 = 0.7747 3017 (SM prediction).  (9)

Can the slight difference be consistent with a
modification of R?

(3) The experimental results of the b — sy and b — dy
decays are consistent with the SM prediction. The
ratio of Br(b — dy)/Br(b — sy) in SM is also
related to |V,;/V,|> up to hadronic uncertainty
[8]. The ratio, by using the experimental measure-
ments [9,10], is Br(b — dy)/Br(b - sy) =
0.040 +0.009 £ 0.010. How natural can the en-
hancement of B; — u"u~ be without enhancing
b — dy?

II. FCNCs INDUCED BY ANTISYMMETRIC
COUPLINGS

In SUSY models, too many FCNCs are generated in
general, and thus, the flavor universality of the SUSY
breaking mass parameters are often assumed. In such a
framework, the renormalization group evolution can gen-
erate off-diagonal elements in the sfermion mass matrices
and FCNCs are induced. If the CKM quark mixing is the
only source to generate the off-diagonal elements, R is not
modified even though the individual branching fractions
can be modified. In unified models, new particles can
propagate in the loops and this can generate a new type of
flavor violation source [11-13]. In simple models, this new
FCNC source can induce b-s transitions, and thus, the ratio
R is rather reduced. In this paper, we suggest a model to
provide a possible explanation for enhancing R.

In general, the Yukawa coupling Y;; to the quarks
can induce off-diagonal elements in the squark mass
matrices by renormalization group equation (RGE) in
the form of

C M
M2?).,. = —— Y. Y (3m2 + A2)In—=, 10
( q)l#.] 87f2 ik Jk( mO + 0) nMX ( )

lRecently, LHCDb released their new analysis of the CP
violation in the B, — J/ywK decay [6]:

sin 2 = 0.746 + 0.030. (7)

The world average of the CP phase becomes larger by the new
LHCb result, and the deviation from the SM prediction becomes
smaller. However, the new world average is still smaller than the
SM prediction.
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where my is a universal scalar mass, A is a universal scalar
trilinear coupling, M, is a cutoff scale, My is the mass of a
heavy field which propagates in the loop, and C is a group
weight factor. It is important to note that the gluino and
squark masses should be heavy due to the LHC results, and
thus, the amount of the induced FCNC becomes less. The
discovery of the 125 GeV Higgs boson also pushes up the
squark masses. If the mass of the squarks and gluino are
O(10) TeV, it is hard to extract the off-diagonal elements
from the flavor data. However, if the squark and gluino
masses are about 2 TeV, the scalar trilinear coupling A, has
to be large (~5 TeV) to obtain the Higgs mass to be
125 GeV, and then the off-diagonal elements are generated
(even if mg is small) and the FCNCs are induced slightly.
Therefore, the SUSY contribution can be consistent with
the experimental results of many of the FCNC processes,
but a slight excess can be observed in a process whose
amplitude can have an enhancement factor. We remark that
the circumstances are changed from the literature a few
years ago.

The RGE-induced off-diagonal elements are character-
ized by YY", and YY' can be parametrized as

YY' « Udiag.(k; ., ko, 1)U, (11)

where U is a diagonalizing unitary matrix of Y, and k|, k,
are the ratios of eigenvalues of YY'. Using usual mixing
parametrization in U, the off-diagonal elements can be
expressed as

1
M%3 X —Esin2923, (12)

1 .
M3, _Ekz sin 26, sin 0,3 + e sin O3 cos O3,  (13)

1 .
M%2 X —Ekz sin 2912 COS 923 - 615 sin 913 sin 623, (14)

where the hierarchy of eigenvalues k; <k, <1 is
assumed. The popular source of the flavor violation is
the Dirac neutrino Yukawa coupling matrix Y,, which can
contain the large mixing angles realigning to neutrino
mixings. In SU(S) grand unified theory models, Y, can
also induce the off-diagonal elements in the right-handed
down-type squark mass matrix via a colored Higgs loop
diagram. Thus, in the popular scenario, the b-s FCNC is
induced relating to the large atmospheric neutrino mixing.
However, it turns out that via the measurements of B,-B,
oscillations the new FCNC contribution in the mixing
amplitude should be small [5]. In addition to that, the 12
and 13 elements are naively the same order if the mixing
angles in U are related to the neutrino mixings, and thus the
large b-d FCNC needs a cancellation between two terms in
M, due to the experimental results of K-K mixing. Surely,
the mixing angles in Y, are not directly the same as the
neutrino mixing since the neutrino mass matrix is
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proportional to YUMEIYI, where My is the right-handed
neutrino mass matrix. Therefore, there can be a solution to
enlarge the ratio R for the B, — u"pu~ decays, but one
should admit that it is not a natural solution in this popular
source of the Dirac neutrino coupling. We thus suggest a
new source of flavor violation to enlarge R.

We now consider the following antisymmetric coupling
matrix &’ under the flavor indices for the left-handed quark
doublet ¢:

1 - 1
h;‘jQi‘Ij<3’3’_§>’ or hﬁ‘jqiqf<6’1’_§>' 13

Here, (3,3,—1%) and (6.1, —1) are new fields whose
representations are denoted under the SM gauge group,
SU(3), x SU(2), x U(1)y. They can arise in grand uni-
fied models, SU(5), SO(10), and so on, as we will study

later. Denoting

0 a -b
W=|-a 0 ¢ |, (16)
b - 0
one obtains
la|? + |b|? —bc* —ac*
Wh't = —b*c lal*> +|c|>  —ab* . (17)
—a*c —a*b 6> + |c|?

We then find some interesting features in the off-diagonal
elements arising from the antisymmetric coupling:

(1) In the case of a naive hierarchy |b| < |c¢| in the
K coupling, one obtains an inverted hierarchy in
the off-diagonal elements using the RGEs since
|(W"W'T) 3] > |(WR'T),5], and thus it can be expected
that the b-d FCNC is larger than the b-s FCNC.

(2) The magnitudes of two out of three off-diagonal
elements (12, 13, and 23) in #’h'" are correlated. For
example, if the 12 element is zero, either the 13 or
the 23 element of A'h'" is zero. One can easily
enhance the b — d transition (but not b — s) after
satisfying the K-K data.

These two features nicely explain how R is enhanced
naturally using the RGE-induced FCNC. In order to
illustrate these features, we plot By — u"u~ vs By —
uty~ by imposing the antisymmetric coupling A’
(Fig. 1). We use universal scalar masses for squark and
slepton fields, my = 2 TeV and the unified gaugino mass,
my;, = 1 TeV. The universal scalar trilinear coupling Ay is
chosen to make the Higgs mass 125 GeV (A, =5 TeV).
However, we use nonuniversal SUSY breaking Higgs
masses, and we choose the Higgsino mass u =3 TeV
and the CP odd Higgs mass m, = 1 TeV. The values of a,
b, and c are < 1. The ratio of the Higgs vacuum expectation

PHYSICAL REVIEW D 91, 095011 (2015)
6.x107"0 ———mMm ——————————————————————

5.x1070F :
4.x1070F

3.x1070F

Br( By—uu7)

2.x10710F

1.x10710 F

1

4.x107

1

6.x107°

8.x107°
Br( By—utp)

FIG. 1 (color online). B, — up~ and B; — u*pu~ induced by
the antisymmetric FCNC source are shown. The setup is detailed
in the text. The blue points correspond to the case of a randomly
generated a, b, ¢ (with phases) using the antisymmetric coupling,
and the green points satisfy K-K mixing data (AMg and eg). The
red point shows the SM prediction.

values, tan 3y, is chosen not to be very large (here we use
tan f; = 20) to make it consistent with the experimental
measurement. We will explain the reason for these choices
later. In this plot, the naive hierarchies among a, b, and ¢
(such as |al,|b| < |c|) are not assumed to illustrate the
second feature. As is expected, the green points (which
correspond to the choice of the small 12 off-diagonal
element) appear as a cross or 7 symbol. We note that
even in the case where there is no new 23 FCNC source,
B, — u"pu~ is enhanced due to the chargino contribution.

A. B;-B,; mixings

The B,-B, mixing amplitude is given as
M = M MY, (13

and the mass difference of the B; meson and a CP phase
of By — J/yK decay are obtained as AM = 2|M$T| and
2p = arg M. We show a geometrical illustration in the
complex plane of the mixing amplitude M, in Fig. 2. The
magnitude of M$YSY can be calculated when the SUSY

SUSY
M7,

FIG. 2 (color online). The illustration of the SM and SUSY
contribution of the mixing amplitude of B-B mixing in the
complex plane. The detail is explained in the text.
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particle spectrum is fixed, while the phase of M$Y5Y is free

depending on the phase parameter of the new source for
FCNC. Therefore, the arrowhead of MS tracks the circle
shown in the figure. We comment that arg M3YSY =
arg M) is satisfied in the case of minimal flavor violation,
and thus the CP phase of the mixing amplitude is not
changed from the SM prediction.

To satisfy the experimental results of the B,-B, oscil-
lation, |M$YSY| has to be sufficiently small, but a contri-
bution of small size can be expected due to a slight
discrepancy of the sin2f measurement in Egs. (8) and
(9). We remark that the modification of the magnitude of
M (ie., the mass difference of the B-B mesons) is
expected to be rather small in the direction of the phase
modification by M$YSY as illustrated in Fig. 2. On the other
hand, to enhance the ratio R, a sizable SUSY contribution
to the B; — ptu~ decay amplitude is needed. We need to
explain how such a situation is reproduced by the left-
handed quark FCNC source. We note that the SUSY
contribution of the box diagram for the B-B mixing
amplitude is now suppressed (roughly 10% of the SM
contribution) due to the LHC constraint of gluino and
squarks. The key is thus how the SUSY contribution of
the B — u"p~ decay is enhanced even when the SUSY
particles are heavy ~2 TeV. The SUSY contributions to the
B — pu~ amplitudes are dominated by the Higgs-penguin
diagram [14]. The Higgs FCNC coupling via the non-
holomorphic finite correction terms due to SUSY breaking
are enhanced for a large tan 5 since the mass eigenstates of
the down-type quarks are modified by the nonholomorphic
correction terms. As a result, the Higgs-penguin contribu-
tion can be the same order of the SM contribution even with
the heavy gluino and squark masses.

The Higgs FCNC coupling can also contribute to the
B-B mixing amplitude via the double Higgs-penguin
mediated diagram [15]. In fact, the SUSY contribution
M3YSY is enhanced if there are FCNC sources in both left-
and right-handed quarks. However, if it is in only the left-
or the right-handed sector, the mixing amplitude is not
enhanced and the box contribution becomes dominant. On
the other hand, the amplitudes of the B — u*u~ decay can
be enhanced (compared to the SM amplitude) even if there
are only left-handed quark FCNCs arising due to the off-
diagonal elements in the squark mass matrices. Since there
are FCNCs originated from CKM mixings in the left-
handed squarks sector, the off-diagonal elements in the
right-handed down-type squarks should not be there in
order to naturally satisfy the experimental results for the
B,-B, mixings and the phase in the B; — J/wK decay if
there is a sizable b-d transition to enhance the amplitude of
B, — ptu~. If this is the case, the SUSY contribution to
the B,-B; mixing amplitude is dominated by a box
diagram, and [M3YSY|/|M$] is roughly 10% for squark
and gluino masses around 2 TeV, which can explain
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the slight modification of the CP phase of the B, —
J/wK decay.

The flavor violating mass (i.e., the off-diagonal element
of squark mass matrix) is inserted twice in the B-B mixing
amplitude from the box diagram, while it is inserted once in
the Higgs-penguin diagram for the B — u*u~. Therefore,
the phases of the SUSY contributions to those two
amplitudes are different but related. The experimental
result of the B, — upu~ branching fraction is consistent
with the SM prediction. Therefore, we choose the SUSY
parameters to make the SUSY contribution to By — u*u~
less if the new FCNC source is absent (namely, at the center
of the cross in Fig. 1). More concretely, for example, we
choose tan iy to be a value for benchmark SUSY mass
parameters (my = 1 TeV, my =2 TeV, m;, = 1 TeV) in
order to make B, — utu~ consistent with the experiment.
Then, the SUSY contribution to the B; — pu~ amplitude
in the case of no new FCNC source is also small because
the ratio of the branching fraction is fixed for the minimal
flavor violation. In that case, the enlarged SUSY contri-
bution of the B, — p"u~ amplitude from the flavor
violation is almost directly related to the phase in the
FCNC source. For making one round of the circle in the
M<H plane in Fig. 2, the phase of the SUSY contribution of
B, — ptu~ is changed a half round. As a result, a typical
correlation between B; — putu~ and the sin2f modifica-
tions is obtained as shown in Fig. 3. The Fig. 3 is drawn by
using the same SUSY parameters as before. Interestingly,
for smaller values of the effective sin2f (which is con-
sistent with the measured value), two distinctive regions of
B, — uu~ appear, and we find that sin 2/ is decreased for
the most enhanced values of Br(B; — u" ™). We note that
such qualitative behavior (namely, the “shape” of the plots

6.x10710 ————
5.x1070F
4x100f

3.x1070F

Bi( Byop' i)

2.x1010F

1.x1010F

sin2f3

FIG. 3 (color online). We show the correlation between B; —
utu~ and B,-B, mixing for the choice of SUSY parameters
described in the text. The blue plots are for the randomly
generated a, b, ¢ in the antisymmetric coupling, and the green
points satisfy all the experimental data, such as K-K mixing,
B,-B, mixing, and b — dy, b — sy. The red point shows the SM
prediction. The dashed lines show the 20 region of the exper-
imental measurement of sin 2.
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in Fig. 3) is not sensitive to the SUSY mass parameters
under the above setup to make Br(B, — u*u~) consistent
with the experiment (though the shape can be collapsed
depending on the size of the antisymmetric FCNC source)
as long as the size of M3YSY /MM is up to 10% to satisfy
the mass differences of the B-B mesons. This can be easily
understood by the simple geometrical explanation above
and there is only one phase in the new left-handed
b-d FCNC.

B. Constraints from b — dy/b — sy

The b — dy and b — sy processes are also important for
constraining the flavor violations beyond the standard
model. Even in the minimal flavor violation, each branch-
ing fraction can be modified compared to the SM pre-
diction, but the ratio of the fractions is the same as the SM.
If the ratio of the branching fractions of B; — u*u~ and
B, — ptu~ is modified, the ratio of the branching fractions
of b — dy and b — sy is also modified in principle. The
experimental measurements of those branching fractions
are consistent with the SM prediction within the exper-
imental errors. Since the CP phases of the flavor violating
decays are not yet observed, we can have solutions for the
partial decay widths to satisfy the experimental results,
even though there are sizable contributions to the ampli-
tudes from new physics. However, if the experimental
results are naturally satisfied, the new physics contribution
should be small. The amplitude for the b — gy (¢ = d, s)
process is roughly proportional to tan /3. Therefore, if
tan ff is not as large as 30-50, the SUSY contribution can
be small even if the squark masses are then at the edge of
the current LHC bounds in the minimal supergravity
scenario. The amplitudes for the B, — u*u~ process are
proportional to tan® B /m?3, and thus, the SUSY contribu-
tion can be comparable to the SM prediction for the smaller
CP odd Higgs mass my <1 TeV even for a small
tan f; < 20. The search prospect for a CP odd Higgs
boson is given in [16,17].

We note that for the minimal supergravity SUSY break-
ing boundary conditions, where the SUSY breaking Higgs
masses are the same as the other SUSY breaking scalar
masses at the grand unified scale, m, is roughly the same
as the squark masses (except for a large tanfy ~ 50).
Therefore, in order to obtain a large R with natural fits for
b — dy/b — sy, we need the nonuniversal Higgs scalar
mass scenario for the SUSY breaking.

III. UNIFIED MODELS AND IMPLICATIONS

The fields (3,3,-1), (6,1,—1) which provide the
antisymmetric couplings to the left-handed quark doublets
can be unified with the Higgs representations in unified
theories, such as SU(5) and SO(10). In SU(5),

10 x 10 = 5, + 45, + 50,, (19)
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and in SO(10),

16 x 16 = 10, + 120, + 126, (20)

where s and a stand for symmetric and antisymmetric,
respectively. Therefore, the Yukawa couplings with 45 in
SU(5) and 120 in SO(10) can provide the antisymmetric
sources for the FCNCs.

In Table I, we list five possible bifermion couplings to
the Higgs representations for the antisymmetric couplings
to generate the off-diagonal elements in the left-handed
squarks in SU(S), flipped SU(5) [whose gauge symmetry is
SU(5) x U(1)yl, and SO(10). If the Higgs representation
is not 45 [for example, 10 for (3,2,—%)], the Yukawa
coupling is not antisymmetric, and one should choose
another gauge symmetry from the same row of the list.

As described, the right-handed FCNC should be small
due to the constraints arising from the B,-B, mixing
amplitudes. Since each Higgs representation has a con-
jugate representation which can also have bifermion
coupling, we list the corresponding conjugate bifermion
couplings. The conjugate bifermion couplings include the
right-handed down-type quark d¢, barring (3,3, —1) and
(3.2, —%) In the SU(5) or flipped-SU(5) model, the
conjugate bifermion couplings are 10-5-45 and they
are not necessarily unified to the antisymmetric coupling,
and the right-handed FCNC can be free in principle. In
SO(10), the conjugate coupling matrices are unified to the
120 Higgs coupling, and thus, the antisymmetric couplings
are naively given by the (3,3,—1) and (3.2, —1) repre-
sentations in the SO(10) model. However, since the same
representations are included in 126 and 126 (45 C 126,
45 C 126, and 45 + 45 C 120) and they can mix, the linear
combination of the light fields to generate the FCNC can be
different between the conjugate and unconjugate represen-
tations by adjusting the 4120 - 126 - 210 and 4120 - 126 -
210 couplings using A > A. Therefore, in general, all the
five cases are possible in SO(10).

The (3,3,—1) + c.c. can give rise to the proton decay
operator ggq¢, and it may not be a good choice to make this
representation light to generate FCNC. In flipped SU(S),

TABLE 1. Five candidates for the antisymmetric bifermion
coupling to enhance the ratio R in unified models. The Higgs
representation and the bifermion of its conjugate representation
are also listed.

c.c. SUB) SU(5)xU(1)y SO(10)
(99). (3.3.-1H) q¢ 45 (45,-2) 120
(99). (6,1,—1) wac 45 (45,-2) 120
qu® (8.2.1)  qd° 45 (5.2) 120
g (3.2,-Y ¢ 10 (45,-2) 120
get  (3,2,-1) cut 45 (10, -6) 120
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(3.2, —é) + c.c. have the same quantum numbers as the
would-be-Goldstone modes to be eaten by the SU(5) gauge
bosons. Therefore, in the flipped-SU(5)-like vacua in
SO(10), this representation can be a good candidate to
generate the FCNC. We point out that the (6,1, —1) and
(8,2, %) representations are good candidates to increase the
unification scale and relax the bound due to the proton
lifetime [13].

We note that the 45 representation in SU(5) and the 120
representation in SO(10) contain the MSSM Higgs dou-
blets and the antisymmetric coupling is a part of the linear
combination of the Yukawa couplings to generate the quark
and lepton masses. Since the mixings of the doublets are
multiplied in the linear combination of the Yukawa cou-
plings, the original antisymmetric couplings can be O(1)
and can provide large off-diagonal elements via RGE.

A. Neutron and electron EDM

The enhancement of the ratio R can impact the t — uy(g)
and 7 — ey decays rather than the 1 — cy(g) and 7 — py
decay processes. However, both the ¢t — cy(g) and the
t = uy(g) branching fraction are tiny due to the current
bound on gluino and squark masses, and it will be hard to
observe them. The 7 — ey process can be generated for the
(3.3,—-1) and (3,2,-1) couplings. If the 13 off-diagonal
element in the left-handed slepton mass matrix is turned on,
the chargino loop contribution can generate the branching
fraction of 7 — ey to be several times 10~°, by using the
parameters from Figs. 1 and 2.

The other impact of the 13 generation mixings is that
they can generate neutron and electron electric dipole
moments (EDMs). The up and down quark EDM can be
induced from the chargino diagrams due to the 13 off-
diagonal elements in the left-handed squark mass matrix.
Since V,, or V,,; is multiplied by the amplitude, the SUSY
contribution is not very large (~1072% e.cm), but it is much
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larger than the SM predictions. If there are 13 off-diagonal
elements in both the left- and the right-handed squark mass
matrix due to the (8,2, %) FCNC source, the amplitude can
be much enhanced by a gluino diagram, and it can make the
neutron EDM comparable to the current bound, |d,| <
2.9x 10726 ¢.cm [18]. The electron EDM can also be
enhanced by a neutralino diagram (for bino components), if
FCNC contributions arise from both left- and right-handed
charged-slepton mass matrices induced by (3,2, —7) + c.c.
couplings, and it can be comparable to the current exper-
imental bound |d,| < 8.7 x 107% e.cm [19].

IV. CONCLUSION

In conclusion, the antisymmetric Yukawa interaction as a
new source of FCNC can explain the enhancement for the
ratio of the branching fractions Br(B; — u*pu~)/Br(B, —
utu~) and the deviation of the experimental result from the
SM prediction of the CP phase in the B; — J/wK decay.
The new interactions can be described by grand unified
models, e.g., SO(10), SU(S), flipped SU(S), etc. The
enhancement of the ratio and the natural realization of
the b — dy and b — sy data force the choice of the CP odd
Higgs mass to be less than 1 TeV and the tan fy < 20 for
the squark and gluino masses to be around 2 TeV. The
allowed parameter space satisfies constraints arising from
various hadronic and leptonic rare decay processes, B-B,
K-K oscillation data, and electric dipole moments of
electron and neutron.
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