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CP violation in the inclusive b\sg decay in the framework of multi-Higgs-doublet models

A. Goksu,* E. O. Iltan,† and L. Solmaz‡

Physics Department, Middle East Technical University, Ankara, Turkey
~Received 3 April 2001; published 6 August 2001!

We study the decay width andCP asymmetry of the inclusive processb→sg (g denotes gluon! in the
multi-Higgs-doublet models with complex Yukawa couplings, including next to leading QCD corrections. We
analyze the dependences of the decay width andCP asymmetry on the scalem andCP-violating parameteru.
We observe that there exists an enhancement in the decay width andCP asymmetry is at the order of 1022.
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I. INTRODUCTION

RareB decays are induced by flavor-changing neutral c
rents~FCNC! at the loop level. Therefore, they are pheno
enologically rich and provide a comprehensive informat
about the theoretical models and the existing free parame
The forthcoming experiments at SLAC, KEKB factories,
DESY HERA-B, and possible future accelerators will stim
late the study of such decays since the large numbe
events can take place and various branching rat
CP-violating asymmetries, polarization effects, etc., can
measured@1,2#.

Among B decay modes, inclusiveb→sg is interesting
since it is theoretically clean and sensitive to new phys
beyond the standard model~SM!, like the two Higgs-doublet
model ~2HDM! @3#, the minimal supersymmetric standa
model ~MSSM! @4,5#, etc.

There are various studies on this process in the literat
The branching ratio~Br! of b→sg decay in the SM is
Br(b→sg);0.2% for on-shell gluon@6#. This ratio can be
enhanced with the addition of QCD corrections or by tak
into account the extensions of the SM. The enhanced Bb
→sg) is among the possible explanations for the semil
tonic branching ratioBSL and the average charm multiplicity
The theoretical predictions ofBSL @7# are slightly different
from the experimental measurements obtained at theY(4S)
andZ0 resonance@8#. Furthermore, the measured charm m
tiplicity hc is smaller than the theoretical result. The e
hancement of the Br(B→Xno charm) and therefore the br(b
→sg) rate would explain the missing charm and theBSL
problem@9#. Furthermore, Br(B→h8Xs) reported by CLEO
@10# stimulates study on the enhancement of Br(b→sg).

In @11,12#, the enhancement of Br(b→sg) was obtained
less than one order compared to the SM case in the fra
work of the 2HDM ~models I and II! for mH6;200 GeV
and tanb;5. The possibility of large Br in the supersym
metric models was studied in@13#. In @14#, Br was calculated
in model III and the prediction of the enhancement, at le
one order larger compared to the SM one, makes it poss
to describe the results coming from experiments@9#. In the
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case of a timelike gluon, namelyb→sg* decay, Br should
be consistent with the CLEO data@15#,

Br~b→sg* !,6.8%, ~1!

and in@14# it was shown that the model III enhancement d
not contradict these data for the lightlike gluon case. T
calculation of Br(b→sg) with the addition of next to leading
logarithmic~NLL ! QCD corrections was done in@16# and it
was observed that this ratio was enhanced by more tha
factor of 2.

CP-violating asymmetry (ACP) is another physical pa
rameter that can give strong clues for the physics beyond
SM. The source ofCP-violating effects in the SM is the
complex Cabibbo-Cobayashi-Maskawa~CKM! matrix ele-
ments.ACP for the inclusiveb→sg decay vanishes in the
SM and this forces one to go beyond the SM to check i
measurableACP is obtained.

In this work, we study the decay widthG and ACP of b
→sg decay in the 3HDM and model III version of 2HDM
In these models, it is possible to enhanceG and to get a
measurableACP . Since the Yukawa couplings for new phy
ics can be a chosen complex and the addition of NLL c
rections @16# brings additional complex quantities into th
amplitude, theoretically it is possible to get a considera
ACP at the order of magnitude 2%. This effect is due to n
physics beyond the SM, 3HDM, and model III in our cas

The paper is organized as follows. In Sec. II, we give
brief summary of model III and 3HDM(O2) and we present
the expressions appearing in the calculation of the de
width of the inclusiveb→sg decay. Furthermore, we calcu
late theCP asymmetryACP of the process. Section III is
devoted to a discussion and our conclusions.

II. THE INCLUSIVE PROCESS b\sg IN THE
FRAMEWORK OF THE MULTI-HIGGS-DOUBLET

MODELS

In this section, we study the NLL correctedb→sg decay
width and theCP-violating effects in the framework of the
multi-Higgs-doublet models~model III version of 2HDM
and 3HDM!.

In the SM and models I and II 2HDM, the flavor-changin
neutral current at tree level is forbidden. However, it is p
mitted in the general 2HDM, so-called model III, with ne
©2001 The American Physical Society06-1
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parameters, i.e., Yukawa couplings. The Yukawa interac
in this general case reads

LY5h i j
UQ̄iLf̃1U jR1h i j

DQ̄iLf1D jR1j i j
U†Q̄iLf̃2U jR

1j i j
DQ̄iLf2D jR1H.c., ~2!

where L and R denote chiral projections L(R)
51/2(17g5); fk , for k51,2, are the two scalar doublet
QiL are quark doublets;U jR andD jR are quark singlets; and
h i j

U,D and j i j
U,D are the matrices of the Yukawa coupling

The flavor-changing~FC! part of the interaction is given by

LY,FC5j i j
U†Q̄iLf̃2U jR1j i j

DQ̄iLf2D jR1H.c.. ~3!

The choice off1 andf2,

f15
1

A2
F S 0

v1H0
D 1S A2x1

ix0 D G , f25
1

A2
S A2H1

H11 iH 2
D ,

~4!

and the vacuum expectation values,

^f1&5
1

A2
S 0

v D , ^f2&50, ~5!

allows us to carry the information about new physics in
doubletf2. Furthermore, we takeH1 , H2 as the mass eigen
statesh0 , A0, respectively. Note that, at tree level, there is
mixing amongCP even neutral Higgs particles, namely th
SM one,H0, and beyond,h0.

In Eq. ~3!, the couplingsjU,D for the FC-charged interac
tions are

jch
U 5jneutralVCKM ,

jch
D 5VCKMjneutral, ~6!

wherejneutral
U,D is defined by the expression

jN
U(D)5~VR(L)

U(D)!21jU,(D)VL(R)
U(D). ~7!

wherejneutral
U,D is denoted asjN

U,D . Here the charged coupling
are the linear combinations of neutral couplings multipli
by VCKM matrix elements~see@17# for details!. In the case of
the general 3HDM, there is an additional Higgs doublet,f3,
and the Yukawa interaction can be written as

LY5h i j
UQ̄iLf̃1U jR1h i j

DQ̄iLf1D jR1j i j
U†Q̄iLf̃2U jR

1j i j
DQ̄iLf2D jR1r i j

U†Q̄iLf̃3U jR1r i j
DQ̄iLf3D jR1H.c.,

~8!

wherer i j
U,D is the new Yukawa matrix having complex e

tries, in general. The similar choice of Higgs doublets,

f15
1

A2
F S 0

v1H0D 1S A2x1

ix0 D G ,
05400
n

e

f25
1

A2
S A2H1

H11 iH 2D , f35
1

A2
S A2F1

H31 iH 4D ,

~9!

with the vacuum expectation values,

^f1&5
1

A2
S 0

v D , ^f2&50, ^f3&50, ~10!

can be done and the information about new physics is car
beyond the SM in the last two doublets,f2 andf3. Further-
more, we takeH1 , H2 , H3, andH4 as the mass eigenstate
h0 , A0 , h08 , and A08 , whereh08 ,A08 are new neutral Higgs
bosons due to the additional Higgs doublet in the 3HDM~see
@18#!.

The Yukawa interaction for the flavor-changing~FC! part
is

LY,FC5j i j
U†Q̄iLf̃2U jR1j i j

DQ̄iLf2D jR1r i j
U†Q̄iLf̃3U jR

1r i j
DQ̄iLf3D jR1H.c., ~11!

where the charged couplingsjch
U,D andrch

U,D are

jch
U 5jNVCKM ,

jch
D 5VCKMjN ,

rch
U 5rNVCKM ,

rch
D 5VCKMrN , ~12!

and

jN
U(D)5~VR(L)

U(D)!21jU,(D)VL(R)
U(D),

rN
U(D)5~VR(L)

U(D)!21rU,(D)VL(R)
U(D). ~13!

Since there exist additional charged Higgs particles,F6, and
neutral Higgs bosonsh80, A80in the 3HDM, we introduce a
new globalO(2) symmetry in the Higgs sector, considerin
three Higgs scalars as orthogonal vectors in a new sp
which we call Higgs flavor space, and we denote the Hig
flavor index by ‘‘m,’’ where m51,2,3. The transformation
reads

f185f1 ,

f285 cosaf21 sinaf3 , ~14!

f3852 sinaf21 cosaf3 ,

wherea is the global parameter, which represents a rotat
of the vectorsf2 andf3 along the axis on whichf1 lies, in
the Higgs flavor space. This symmetry ensures that the
particles are mass degenerate with their counterparts exis
in model III ~see@18# for details!. Furthermore, the Yukawa
Lagrangian@Eq. ~8!# is invariant under this transformation
the Yukawa matrices satisfy the expressions
6-2
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j̄ i j8
U(D)5 j̄ i j

U(D) cosa1 r̄ i j
U(D) sina,

r̄ i j8
U(D)52 j̄ i j

U(D) sina1 r̄ i j
U(D) cosa, ~15!

and we get

~ j̄8U(D)!1j̄8U(D)1~ r̄8U(D)!1r̄8U(D)

5~ j̄U(D)!1j̄U(D)1~ r̄U(D)!1r̄U(D). ~16!

Therefore, it is possible to parametrize the Yukawa matri
j̄U(D) and r̄U(D) as

j̄U(D)5 ēU(D)cosu,

r̄U5 ēU sinu, ~17!

r̄D5 i ēD sinu,

whereēU(D) are real matrices that satisfy the equation

~ j̄8U(D)!1j̄8U(D)1~ r̄8U(D)!1r̄8U(D)5~ ēU(D)!TēU(D)

~18!

and the angleu is the source ofCP violation. HereXU(D)

5A(4GF /A2)X̄U(D) with X5j,r,e, and T denotes the
transpose operation. In Eq.~17!, we take r̄D complex to
carry all CP-violating effects in the third Higgs scalar.

Now, we would like to continue the study of the inclusiv
processb→sg. Our starting point is the recent calculation
the NLL-corrected decay width@16#,

G~b→sg!5GD1Gbrems, ~19!

where

GD5c1uDu2, ~20!

with

D5C8
0,eff1

as

4p H C8
1,eff2

16

3
C8

0,eff1C1
0S l 1ln

mb

m
1r 1D

1C2
0S l 2ln

mb

m
1r 2D1C8

0,effS ~ l 8181b0!ln
mb

m
1r 8D J ,

~21!

and Gbrems is the result for the finite part of bremsstrahlun
corrections,

Gbrems5c2E dEqdEr~t11
1 1t22

1 1t22
2 1t12

1 1t18
1 1t28

1 1t28
2 !,

~22!

where

t11
1 548Ĉ1

2uD̄ i 23u2mb
2~mb

222EqEr !,

t22
1 5

56

3
Ĉ2

2uD̄ i 23u2mb
2~mb

222EqEr !,
05400
s

t22
2 524Ĉ2

2uD̄ i 17u2mb~16mbEq
2216Eq

2Er

28mb
2Eq16mbEqEr1mb

3!,

t12
1 532Ĉ1Ĉ2uD̄ i 23u2mb

2~mb
222EqEr !, ~23!

t18
1 5256Ĉ1Re@C8

0,eff* D̄ i 23#mb
2EqEr ,

t28
1 5 163

56

3
Ĉ2 Re@C8

0,eff* D̄ i 23#mb
2EqEr ,

t28
2 5296Ĉ2Re@C8

0,eff* D̄ i 17#mb
4S mb~Eq1Er !

22~Eq
21Er

21EqEr !14
EqEr~Eq1Er !

mb
D Y ~EqEr !.

Here Ĉ15 1
2 C1

0 and Ĉ25C2
02 1

6 C1
0, and c1

5(asmb
5/24p4)uGFVtbVts* u2 and c25(uGFVtbVts* u2as

2)/
9664,p2) ~see@16# for details!. In Eqs. ~21! and ~23!, the
Wilson coefficientsC8

0,eff and C1(2)
0 @Eq. ~34!# include LL

corrections and new physics effects enter into the exp
sions through the coefficientsC8

0,eff andC8
1,eff @see Eq.~30!#.

The symbol h is defined ash5as(mW)/as(m) and b0

523/3. The vectorsai ,hi8 ,ei8 , f i8 ,ki8 ,l i8 ,ai8 , appearing dur-
ing QCD corrections, the Wilson coefficientsC4

1, eff(mW),

C1
1, eff(mW), andC8

1,eff(mW), the functionsD̄ i 17 and D̄ i 23 in
Eqs.~23!, r 1 ,r 2 ,r 8, and the numbersl 1 ,l 2 ,l 8 in Eq. ~21! are
given in @16#.

Now, we would like to start with the calculation ofCP
asymmetry for the inclusive decay under consideration. T
possible sources ofCP violation in model III ~3HDM! are
the complex Yukawa couplings. Our procedure is to negl
all Yukawa couplings exceptj̄N,tt

U andj̄N,bb
D ( ēN,tt

U andēN,bb
D )

@see Eqs. ~17! and ~18! and Sec. III# in model III
@3HDM(O2)#. Therefore, in model III@3HDM(O2)#, only
the combinationj̄N,tt

U j̄N,bb
D ( ēN,tt

U ēN,bb
D ) is responsible for

ACP . Using the definition ofACP ,

ACP5
G~b→sg!2G~ b̄→ s̄g!

G~b→sg!1G~ b̄→ s̄g!
, ~24!

we get

ACP5Im@ j̄N,bb
D #

VD1Vbr

LD1Lbr
~25!

in model III, whereVD(br) and LD(br) are the contributions
coming from theD part ~bremsstrahlung part! and they read
as

VD5
as

p
c1A7 Im@A5#,

Vbr52c2E dEqdEr~B5 Im@D̄23#1B6 Im@D̄ i 17# !,
6-3
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LD52c1$uA6u21u j̄N,bb
D u2uA7u212A7 Re@jN,bb

D #Re@A6#%
~26!

Lbr52c2E dEqdEr$B41Re@ j̄N,bb
D #~B5 Re@D̄ i 23#

1B6Re@D̄ i 17# !%.

The functionsA5,6,7 andB4,5,6 are defined as

A55H C1
0~m!F l 11 lnS mb

m D1r 1G
1C2

0~m!F l 21 lnS mb

m D1r 2G J ,

A65~h14/23A11A3!1
as~m!

4p H A41xA12
16

3
h14/23A11A3

1~h14/23A11A3!F ~ l 8181b0!lnS mb

m D1r 8G1A5J ,

~27!

A75h14/23A2H 11
as~m!

4p Fh214/23x2
16

3

1~ l 8181b0!lnS mb

m D1r 8G J ,

and

B45B11B2~h14/23A11A3!Re@D̄ i 23#

1B3~h14/23A11A3!Re@D̄ i 17#,

B55B2h14/23A2 , ~28!

B65B3h14/23A2 .

B1,2,3 appearing in Eq.~28! read

B15@t11
1 1t22

1 1t22
2 1t12

1 #,

B2532mb
2EqEr S 8Ĉ11

28

3
Ĉ2D , ~29!

B35
t28

2

Re@C8
0,eff * D̄ i17#

.

Here we use the parametrizations

C8
0,eff~mW!5A11 j̄N,bb

D A2 ,

C8
0,eff~m!5h14/23C8

0,eff~mW!1A3, ~30!

C1,eff8~m!5A41x~A11 j̄N,bb
D A2!,

with
05400
A15C8
SM~mW!1C8

H(1)~mW!,

A25C8
H(2)~mW!,

A35(
i 51

5

hi8h
ai8C2

0~mW!, ~31!

A45h37/23C8
1,eff~mW!1(

i 51

8

@ei8hC4
1,eff~mW!

1~ f i81ki8h!C2
0~mW!1 l i8hC1

1,eff~mW!#hai,

and the Wilson coefficients

C8
SM~mW!52

3x2

4~x21!4
ln x1

2x315x212x

8~x21!3
,

C8
H(1)~mW!5

1

mt
2

u j̄N,tt
U u2G1~yt!, ~32!

C8
H(2)~mW!5

1

mtmb
~ j̄N,tt* U !G2~yt!,

with

G1~yt!5
yt~2yt

215yt12!

24~yt21!3
1

2yt
2

4~yt21!4
ln yt ,

~33!

G2~yt!5
yt~yt23!

4~yt21!2
1

yt

2~yt21!3
ln yt .

The LL-corrected Wilson coefficientsC1
0 andC2

0 are

C1
0~m!5~h6/232h212/23!C2

0~mW!,
~34!

C2
0~m!5~ 2

3 h6/231 1
3 h212/23!C2

0~mW!.

and

C2
0~mW!51,

~35!
C1

0~mW!50.

In Eq. ~27!, the parameterx is given by

x56.7441~h37/232h14/23!. ~36!

In our calculations we take onlyj̄N,bb
D complex, j̄N,bb

D

5u j̄N,bb
D ueiu, whereu is the CP-violating parameter, which

is restricted by the experimental upper limit of the neutr
electric-dipole moment Eq.~41!. For 3HDM(O2), it is nec-
essary to make the following replacements:

j̄N,tt
U → ēN,tt

U ~37!

Im@ j̄N,bb
D #→ ēN,bb

D sin2u,
6-4
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Re@ j̄N,bb
D #→ ēN,bb

D cos2u,

u j̄N,bb
D u2→~ ēN,bb

D !2.

III. DISCUSSION

The general 3HDM model contains a large number of f
parameters, such as masses of charged and neutral H
bosons and complex Yukawa matricesj i j

U,D , r i j
U,D with quark

family indices i , j . First, a new globalO(2) symmetry is
introduced in the Higgs flavor space to connect the Yuka
matrices in the second and third doublet and to keep
masses of new charged~neutral! Higgs particles in the third
doublet degenerate to the ones in the second doublet@18#.
Second, the Yukawa couplings, which are entries of Yuka
matrices, are restricted using the experimental meas
ments, namely,DF52 mixing, ther parameter@19#, and the
CLEO measurement@20#,

Br~B→Xsg!5~3.1560.3560.32!31024. ~38!

The constraints for the FC couplings fromDF52 processes
and ther parameter for model III were investigated witho
QCD corrections@19# and the following predictions are
reached:

lu j5ld j!1, i , j 51,2,3,

whereu ~d! is the up~down! quark andi , j are the generation
numbers, and furthermore

lbb , lsb@1 and l tt , lct!1. ~39!

In the analysis, the ansatz proposed by Cheng and Sher

j i j
UD5l i jAmimj

v
, ~40!

is used. Respecting these constraints and using the mea
ment by the CLEO @20# Collaboration, we neglect al
Yukawa couplings exceptj̄N,tt

U , j̄N,bb
D in model III. In

3HDM(O2), the same restrictions are done by taking in
account only the couplingsēN,tt

U and ēN,bb
D .

This section is devoted to the study of theCP parameter
sinu and the scalem dependences of the decay widthG and

TABLE I. The values of the input parameters used in the n
merical calculations.

Parameter Value

mc 1.4 ~GeV!

mb 4.8 ~GeV!

uVtbVts* u 0.04
mt 175 ~GeV!

mW 80.26~GeV!

mZ 91.19~GeV!

LQCD 0.214~GeV!

as(mZ) 0.117
05400
e
ggs

a
e

a
e-

re-

CP asymmetry ofACP for the inclusive decayb→sg, in the
framework of model III and 3HDM(O2). In our analysis, we
restrict the parametersu, j̄N,tt

U , andj̄Nbb
D ( ēN,tt

U and ēNbb
D ) in

model III @3HDM(O2)#, using the constraint foruC7
effu,

0.257<uC7
effu<0.439, coming from the CLEO data Eq.~38!

-

FIG. 1. G as a function of sinu for ur tbu5u j̄N,tt
U / j̄N,bb

D u,1,

j̄N,bb
D 540mb , and m5mb . Here G is restricted in the region

bounded by solid~dashed! lines forC7
eff.0 (C7

eff,0), in the model
III. Dotted line represents the SM contribution.

FIG. 2. The same as Fig. 1 but for 3HDM(O2).
6-5
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~see @17#!. Here C7
eff is the effective magnetic-dipole-typ

Wilson coefficient for theb→sg vertex. The above restric
tion allows us to define a constraint region for the parame
j̄N,tt

U ( ēN,tt
U ) in terms of j̄N,bb

D ( ēN,bb
D ) and u in model III

@3HDM(O2)#. Furthermore, in our numerical calculation
we respect the constraint for the angleu, due to the experi-
mental upper limit of the neutron electric-dipole mome
namely

FIG. 3. The same as Fig. 1 butG as a function ofm for sinu
50.5.

FIG. 4. The same as Fig. 3 but for 3HDM(O2).
05400
r

,

dn,10225e cm, ~41!

which places an upper bound on the couplin
with the expression in model III @3HDM(O2)#:
1/mtmb( j̄N,tt

U j̄N,bb* D )sinu,1.0@1/mtmb( ēN,tt
U ēN,bb* D )sin2u,1.0#

for mH6'200 GeV@21#.
Throughout these calculations, we take the charged Hi

massmH65400 GeV, and we use the input values given
Table I.

FIG. 5. The same as Fig. 1 butACP as a function of sinu.

FIG. 6. The same as Fig. 2 butACP as a function of sinu.
6-6
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Figures 1 and 2 are devoted to the sinu dependence ofG
for m5mb , j̄N,bb

D 540mb ( ēN,bb
D 540,mb), and ur tbu

5u j̄N,tt
U / j̄N,bb

D u,1 (u ēN,tt
U / ēN,bb

D u,1) in model III
@3HDM (O2)#. HereG is restricted between solid~dashed!
lines for C7

eff.0 (C7
eff,0). As shown in Fig. 1, the deca

width G can reach (0.7860.06)310214 in the region 0.2
<sinu<0.7 forC7

eff.0 and the possible enhancement, a fa
tor of 4.2 compared to the SM one (0.18560.037)
310214 GeV @16#, can be reached. For 3HDM(O2), the up-
per range for the decay widthG is (0.7960.07)310214 in
the region 0.2<sinu<0.7 for C7

eff.0 and this leads to an
enhancement a factor of 4.3 compared to the SM oneG
decreases with increasing sinu for C7

eff.0 and it can get
larger values compared to theC7

eff,0 case in both models
The sinu dependence ofG is weak forC7

eff,0, and for this
case it takes slightly smaller values in the 3HDM(O2) com-
pared to the ones in model III. In our numerical calculatio
we observe that the contribution of bremsstrahlung corr
tions is almost one order of magnitude smaller as compa
to the rest. Furthermore, the restriction regions forC7

eff.0
and C7

eff,0 become more separated with increasing val
of the scalem and this behavior is strong in the 3HDM(O2).
The scale dependence ofG is weak for the valuesm

FIG. 7. The same as Fig. 3 butACP as a function ofm.
05400
-

,
c-
d

s

.2 GeV and almost no dependence is observed for the la
values of them scale for both models~see Figs. 3 and 4!.

In Figs. 5 and 6, we present the sinu dependence ofACP

for m5mb , j̄N,bb
D 540mb ( ēN,bb

D 540mb), and ur tbu,1 in
model III @3HDM(O2)#. HereACP is restricted in the region
bounded by solid~dashed! lines for C7

eff.0 (C7
eff,0). As

shown in the figures,uACPu reaches 2.5% for sinu50.7 and
all possible values ofACP are negative. However, forC7

eff

,0, the allowed region becomes broader andACP can take
both signs. It can even vanish. For this case,uACPu reaches
almost 1% as an upper limit in both models. Furthermo
ACP is more sensitive to sinu in the 3HDM (O2) compared
to model III.

Figures 7 and 8 represent the scalem dependence ofACP

for sinu50.5, u j̄N,bb
D u( ēN,bb

D )540mb , and ur tbu,1 in both
models under consideration. The scale dependence ofACP is
also weak for the valuesm.2 GeV similar to that ofG.
Here the increasing values of sinu cause the size of the re
striction region to increase.

At this stage, we give the numerical values ofG andACP

for u j̄N,bb
D u540mb ( ēN,bb

D 540mb) and m5mb in the range
0.2<sinu<0.7, for model III @3HDM(O2)#:

FIG. 8. The same as Fig. 4 butACP as a function ofm.
0.72~0.72!310214 GeV<G<0.84~0.86!310214 GeV ~upper boundary! for C7
eff.0,

0.28~0.28!310214 GeV<G<0.40~0.42!310214 GeV ~ lower boundary! for C7
eff.0,

~42!

G50.50~0.48!310214 GeV ~upper boundary! for C7
eff,0,
6-7
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G50.20~0.20!310214 GeV ~ lower boundary! for C7
eff,0,

and

0.0080~0.0015!<uACPu<0.0250~0.0250! ~upper boundary! for C7
eff.0,

0.0050~0.0010!<uACPu<0.0170~0.0165! ~ lower boundary! for C7
eff.0,

~43!
0.0020~0.0010!<ACP<0.0060~0.0060! ~upper boundary! for C7

eff,0,

20.0100~20.0100!<ACP<20.0020~20.0010! ~ lower boundary! for C7
eff,0.
4

a

i-
ew
sics
Now we would like to present our conclusions.
G can reach 0.84(0.86)310214 in model III

@3HDM(O2)# and this is an enhancement of a factor of
compared to the SM one.

A measurableCP asymmetryACP exists with the addition
of NLL QCD corrections and the choice of complex Yukaw
A
s

s
,

s.

-

ys
s-

es

05400
coupling j̄N,bb
D @ r̄N,bb

D ~see Sec. II!# in model III
@3HDM(O2)#. uACPu can be obtained at an order of magn
tude of 2.5%. This physical parameter comes from the n
physics effects and it can give strong clues about the phy
beyond the SM.
5–
CP

. B

.
.

ys.

ce
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