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CP violation in the inclusive b—sgdecay in the framework of multi-Higgs-doublet models
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We study the decay width an@P asymmetry of the inclusive process—sg (g denotes gluonin the
multi-Higgs-doublet models with complex Yukawa couplings, including next to leading QCD corrections. We
analyze the dependences of the decay width@Rcasymmetry on the scaje andC P-violating parametep.

We observe that there exists an enhancement in the decay widtB Rrasymmetry is at the order of 16.
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I. INTRODUCTION case of a timelike gluon, namely—sg* decay, Br should
be consistent with the CLEO dafa5],
RareB decays are induced by flavor-changing neutral cur-
rents(FCNC) at the loop level. Therefore, they are phenom- Br(b—sg*)<6.8%, 1)
enologically rich and provide a comprehensive information
?—E‘Zu;;?tﬁézfnoi:g'Zilprggsnﬂigngtthse&)g“&%gizgi:?erz,eteras‘hd in[14] it was shown that the model Ill enhancement did

. o not contradict these data for the lightlike gluon case. The
DESY HERA-B, and possible future accelerators will stimu- alculation of Brp— sg) with the addition of next to leading

late the study of such decays since the large .number q garithmic(NLL) QCD corrections was done [16] and it

events can take place and various branching ratiogyas opserved that this ratio was enhanced by more than a

CP-violating asymmetries, polarization effects, etc., can b&actor of 2.

measured1,2]. CP-violating asymmetry Acp) is another physical pa-
Among B decay modes, inclusive—sg is interesting  rameter that can give strong clues for the physics beyond the

since it is theoretically clean and sensitive to new physic&M. The source ofCP-violating effects in the SM is the

beyond the standard mode&M), like the two Higgs-doublet complex Cabibbo-Cobayashi-Maskaw@KM) matrix ele-

model (2HDM) [3], the minimal supersymmetric standard ments.Acp for the inclusiveb—sg decay vanishes in the

model (MSSM) [4,5], etc. SM and this forces one to go beyond the SM to check if a
There are various studies on this process in the literatureneasurabléqp is obtained.

The branching ratio(Br) of b—sg decay in the SM is In this work, we study the decay width and Aqp of b

Br(b—sg)~0.2% for on-shell gluoi6]. This ratio can be —sg decay in the 3HDM and model Il version of 2HDM.

enhanced with the addition of QCD corrections or by takingln these models, it is possible to enhariceand to get a

into account the extensions of the SM. The enhanceth Br( measurablé\cp . Since the Yukawa couplings for new phys-

—sg) is among the possible explanations for the semilepics can be a chosen complex and the addition of NLL cor-

tonic branching rati®s, and the average charm multiplicity. rections[16] brings additional complex quantities into the

The theoretical predictions dds, [7] are slightly different amplitude, theoretically it is possible to get a considerable

from the experimenta| measurements obtained amtyes) ACP at the order of magnitude 2%. This effect is due to new

andZ° resonancg8]. Furthermore, the measured charm mul-Physics beyond the SM, 3HDM, and model Il in our case.

tiplicity 7. is smaller than the theoretical result. The en- The paper is organized as follows. In Sec. II, we give a

hancement Of the BHHXI’IO charn) and therefore the bu brief Summa-ry Of model I” and 3HDM(9 al’ld we present

—sg) rate would explain the missing charm and tBe_ th_e expressions appearing in the calculation of the decay

problem[9]. Furthermore, Bi8— 7' X) reported by CLEO width of the inclusiveb— sg decay. Furthermore, we calcu-

[10] stimulates study on the enhancement oftB«sg). late theCP asymmetryAcp of the process. Section Il is
In [11,17], the enhancement of Br(-+sg) was obtained devoted to a discussion and our conclusions.

less than one order compared to the SM case in the frame-

work of the 2HDM (models | and 1) for my=~200 GeV Il. THE INCLUSIVE PROCESS b—sg IN THE

and _tar]8~5. The poss!blhty of large Br in the supersym- FRAMEWORK OF THE MULTI-HIGGS-DOUBLET

metric models was studied Ja3]. In[14], Br was calculated MODELS

in model Il and the prediction of the enhancement, at least

one order larger compared to the SM one, makes it possible In this section, we study the NLL correctbd-sg decay

to describe the results coming from experimei®k In the  width and theC P-violating effects in the framework of the

multi-Higgs-doublet modelgmodel Il version of 2HDM

and 3HDM.
*Email address: agoksu@metu.edu.tr In the SM and models | and Il 2HDM, the flavor-changing
"Email address: eiltan@heraklit.physics.metu.edu.tr neutral current at tree level is forbidden. However, it is per-
*Email address: Isolmaz@photon.physics.metu.edu.tr mitted in the general 2HDM, so-called model Ill, with new
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parameters, i.e., Yukawa couplings. The Yukawa interaction 1 J2H* 1 J2F+
in this general case reads =— =—
g 2 J2 | HI+iH?) & V2 \H3+iH4)”
Ly=717]Qi  $1U g+ 7QiL $1Djr+ & Qi h2U 1k 9
+§ﬁ§iL¢2DjR+ H.c.. 2 with the vacuum expectation values,
. I 1/0
where L and R denote chiral projections L(R) _ _( ) -0 =0 10
=1/2(1F vs); ¢y, for k=1,2, are the two scalar doublets; (¢ NI (2=0. (¢3)=0, (19

Q;. are quark doubletd];z andDr are quark singlets; and

WH’D and giUD are the matrices of the Yukawa couplings. ¢an be done and the information about new physics is carried

The flavor-changingFC) part of the interaction is given by beyond the SM in the last two doublets; and ¢3. Further-
more, we takeH,, H,, H;, andH, as the mass eigenstates
ﬁY,Fc=§HTQiLZﬁ2UjR+ §ﬁQiL¢2DjR+ H.c.. (3)  ho, Ag, hg, andAg, wherehj,Aj are new neutral Higgs
bosons due to the additional Higgs doublet in the 3HZEE

The choice of¢, and ¢, [18]).
The Yukawa interaction for the flavor-changitigC) part
. 1 0 N . 1 ( J2H" is
1= = + -0 , 2T = . ,
2| \v+H i 2\H,;+iH — ~ — — ~
V2 0 X V21 HitiH, 4) Ly rc= & QiU g+ £1QiL 2D jr+ pi) Qi h3Ujr
o=
and the vacuum expectation values, +pijQiL¢sDjrtH.C., (1)
1/0 where the charged couplings.® andp4:° are
<¢1>:_( ) (¢2)=0, )
V2\v £en=EnVerm
allows us to carry the information about new physics in the E3=Vermén
doublet¢,. Furthermore, we take;, H, as the mass eigen-
stateshg, Ao, respectively. Note that, at tree level, there is no pa=pnVerm
mixing amongCP even neutral Higgs particles, namely the
SM one,Ho, and beyondho. . p2=Vekmen (12
In Eq. (3), the couplingst P for the FC-charged interac-
tions are and
U(D) _ /\/U(D)y — ) u(D
Eeh= EneutraV cim » N )_(VR((L))) teY (D)VL((R))v
u(D) _ U(D)y—1 _U,(D)\,U(D
€en=Vckméneutral (6) P )_(VR((L))) pU )VL((R))' (13
where gL is defined by the expression Since there exist addit’iona}l charged Higgs partidies, and
o . o neutral Higgs bosonk 2 A %in the 3HDM, we introduce a
NP = (VR e OVER). (7)  new globalO(2) symmetry in the Higgs sector, considering

three Higgs scalars as orthogonal vectors in a new space,
where&nsh o is denoted agy'® . Here the charged couplings which we call Higgs flavor space, and we denote the Higgs
are the linear combinations of neutral couplings multipliedflavor index by ‘m,” where m=1,2,3. The transformation
by Vckm matrix elementgsee[17] for detail9. In the case of  reads

the general 3HDM, there is an additional Higgs doubjgt,

and the Yukawa interaction can be written as h1= 1,
Ly= 77iLjJ6iLEslUjR+ nﬁam $1Djr+ fiLJ'JTaiLE/’zUjR ¢,= CoSap,+ sinads, (14
+E0QiLd2Djr+pil Qi haUjr+ pi Qi #3Djr+ H.C., p4=— sinag,+ cosads,

8) where« is the global parameter, which represents a rotation
of the vectorsp, and ¢ 3 along the axis on whicl®, lies, in

the Higgs flavor space. This symmetry ensures that the new
particles are mass degenerate with their counterparts existing

WherepiLj”D is the new Yukawa matrix having complex en-
tries, in general. The similar choice of Higgs doublets,

1 0 J2x* in model Il (see[18] for detailg. Furthermore, the Yukawa
b= — o X ' LagrangianEq. (8)] is invariant under this transformation if
V2| \v+H ix° the Yukawa matrices satisfy the expressions
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PO =g cosa+pl P sina,

pitP ==/ ®sina+pi® cosa, (15
and we get
(5 U(D))+E'U(D)+ (FU(D))Jr_'U(D)
= (£ O (pUE) VO (16)

Therefore, it is possible to parametrize the Yukawa matrlces

£90) and pUD) as
?J(D) :?U(D)COSB,

pU=¢€Ysing, 17)

pP=ieP sing,

wheree¥(®) are real matrices that satisfy the equation

(E’U(D)) 3 U(D)_I_(;'U(D))+_'U(D)_(€U(D))T?J(D)
(19

and the angled is the source ofCP violation. HereXV(®

= V(4G /2)XYP) with X=¢,p,e, and T denotes the
transpose operation. In E@17), we takep® complex to
carry all CP-violating effects in the third Higgs scalar.

Now, we would like to continue the study of the inclusive
proces—sg. Our starting point is the recent calculation of
the NLL-corrected decay widtfl6],

I'(b—sg)=TP+rbrems (19
where
I'°=c¢,|D|? (20)
with
D=Cye"+ .= Che- 36cg'eff+cg’ Illn%+rl
+C9 Izln%+r2 +Coe (I8+8+Bo)ln%+r8

(21)

andI'P™®Msis the result for the finite part of bremsstrahlung

corrections,

b e S S
[orems CZJ AEGAE (711+ Topt Topt Tiot+ Tigt Togt Tog),
(22

where

71=48C| Al ?m(m3 — 2EE,),

56, —
735~ 5 Col Al *mi(mp— 2EE,),
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T57= 24C3| A 17|°my,(16m,E5— 16E7E,
—8ME,+6m,ELE, +mp),

= 32&1&2|Kiz3|2m§(mg_2EqEr), (23

Tig=256C; Re C§ ™ Al 55 m2EE, ,

56
=16X—

3 C, R CI*™ A sl mZEE, ,

To5= — 96C,Re C3™ Ai 7] mﬁ( my(Eq+E))
E.E,(Eq+E,)
—2(E§+Er2+EqEr)+4%)/(EqEr).

Here C,;=21C? and C,=C%-ic? and ¢,

— (@247 GV and 0= (|GeVi Ve Pad))
9664:°) (see[16] for detaily. In Egs. (21) and (23), the
Wilson coeff|C|entsCOe and C) 1(2) [EQ. (34)] include LL
corrections and new physics effects enter into the expres-
sions through the coefficien@3*" and C3*" [see Eq/(30)].

The symbol » is defined asn= as(mw)/as(,u) and B
=23/3. The vectors; ,h{ ,e/ ,f{ ki I/ ,a/, appearing dur-
ing QCD corrections, the Wilson coe1‘f|C|enG‘11 eﬁ(mw),
ctef(my), andC*f(my,), the functionsAi; and Ai 5 in
Egs.(23),rq,r5,rg, and the numbers,1,,lg in Eq. (21) are
given in[16].

Now, we would like to start with the calculation &P
asymmetry for the inclusive decay under consideration. The
possible sources dE P violation in model Il (3HDM) are
the complex Yukawa couplings. Our procedure is to neglect
all Yukawa couplings excegly , andéy p, (en ¢ andey pp)

[see Egs.(17) and (18 and Sec. ll] in model Il

[BHDM(O,)]. Therefore, in model I 3HDM(O,)], only

the combinationéy w&npp (€n wenps) IS responsible for
Acp. Using the definition ofAcp,

I'(b—sg)—I'(b—sg)

- ity 24
" I(b—sg)+T(b—sg) @9
we get
QP+
_ “«D
ACP—|m[§N,bb]—AD+Abr (25

in model 111, whereQP®) and AP®) are the contributions
coming from theD part (bremsstrahlung parand they read
as

(2%
QDZ ?SC]_A7 |m[A5],

Qb= 2c2f dE,dE;(Bs IM[A 5]+ Bg IM[Ai17]),
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AP=2¢,{|Ag|2+[ €N pol?|A7|12+2A; RE &R pp]RE A} 8
26

AP'= Zczf dE.dE{Bs+ ngﬁ,bb](BS R Ai o]

+BgRe Ai 7))}

The functionsAs g ; andB, 5 ¢ are defined as

My
1+ Inj—

A5={C‘1’(u> +rg

+CH(w) +1,

m
2

as(w)

16
ype Ayt YA — 5 72 + Ag

_(7714/23A +A )+

+(7MPA+Ag) +rg|+As

(27)

my,
(|8+8+B0)In( “

A7: ’)714/23A2 1+

as(p)| 16
S [,’7 14/23X

4 3

+(I8+8+,80)In<r2 ) +rg
and
B4=B1+Bay(7'? A+ Ay)Re Al ]
+B( ™% A, + A)Rg Ai17],
Bs=B, 71423, , (28)
Bs=Bs 742, .
B, » 3 appearing in Eq(28) read

v -+
Bi=[ 711+ 7ot Toot 715l

. 28,
B,=32mEE, 8C1+§C2), (29)

B.— Tog
3— e —
R Cg™ A;y7]
Here we use the parametrizations
c2(my) :A1+E[N),bbA21
Cg’eﬁ(,u)= 7]fl.él/Zi’(:g,eff( mW) +A3, (30)
CLeM( 1) = Ayt X (A + &R ppA2),

with
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A=CMmy) +CEP(my),

A=CHP(my),
5

A=2 7% CY(my), (31)

8
Ag= 7"y (mw) + 2, [e nC3*(my)

+(f +k{ 7)CI(my) + 1] nCT*N(my) 1 7%,

and the Wilson coefficients

- 3x? —x34+5x2+ 2x
Cgl(my)=— 2 Inx+ 3
4(x—1) 8(x—1)
1
CEM(my) = FIEH,HIZGM, (32)

t

1
CH@(my,) = m(ﬁN G2y,

with

yt(_yt2+5yt+2)+ _Ytz

Giy0= 24(y,—1)3 4(y,—1)*

Iny,,

(33
Yi(Yi—3) N Yi

4yi—1)?% 2(y~1)°

The LL-corrected Wilson coefficien8$ andC9 are

CoUw) =(7""= 7

Gu(y)= Iny;.

T2 Co(Mw),
(34
()= (5 7%+ 577 ) Ch(mw).

and

CCZ)( mW) = 1!
(39
Cl(my)=0.
In Eq. (27), the parametey is given by

X= 67441 7]37/23_ 7]14/23). (36)

; W) 7D
In our'calculatlons we take onl¥y ,, complex, &y pp
=|&R pol€'?, where ¢ is the CP-violating parameter, which

is restricted by the experimental upper limit of the neutron

electric-dipole moment Eq41). For 3HDM(G,), it is nec-
essary to make the following replacements:

EH,tt_’;ﬁ,tt (37)

IM[£R pp]— €x.pp SIMP6,
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TABLE I. The values of the input parameters used in the nu- 0.9 T T T T T T T T T
merical calculations.
Parameter Value 08" ]
me 1.4 (GeV) —~
My 4.8 (GeV) = 0T i
|thvfs| 0.04 9/
my 175 (GeV) 506 -
My 80.26(GeV) w
m, 91.19(GeV) T 05
Agcp 0.214(GeV) o
04 -
X
D D <t
RE[£R bb] — €N,pb COS 6, S osf -
~D ~D
| €R bbl°— (€ pp) -
0.2
[1l. DISCUSSION
1 1 1 1 1 1 1 1 1

. 0.1
The general 3HDM model contains a large number of free 02 025 03 035 04 045 05 035 06 06 07

parameters, such as masses of charged and neutral Higys sinf

H D U,D ;i
bos‘_)nS, an_d co_m.plex Yukawa matrlc{é# , pij’ with quar!< FIG. 1. T as a function of sim for |ry|=|£N o/ £R bl <1,
family indicesi,j. First, a new globalO(2) symmetry is —p — 40m due Here T i icted i th .
introduced in the Higgs flavor space to connect the Yukawg\:bp", # Mo 8NC 1=Mp. HETe 1 1S restricted in the region
INtro in th d and third doubl d K h ounded by soliddashedllines for C$">0 (C$"<0), in the model
matrices In the second and t Ird dou .et an to eep t fil. Dotted line represents the SM contribution.
masses of new chargddeutra) Higgs particles in the third

doublet degenerate to the ones in the second do{ib&t CP asymmetry of.p for the inclusive decap—sg, in the

Secqnd, the Yukawa couplln_gs, which are gntrles of YleaWE%ramework of model 11l and 3HDM(Q). In our analysis, we
matrices, are restricted using the experimental measure-

ments, namelyAF =2 mixing, thep parametef19], and the
CLEO measuremen0],

restrict the parameterd &y ., andény, (en.« and enpy) in
model Il [3HDM(O,)], using the constraint fofCE"|,
0.257<|C"<0.439, coming from the CLEO data E(9)

Br(B—X.y)=(3.15-0.35-0.32x 104 (38

0.9
The constraints for the FC couplings fralvk =2 processes ' ' ' ' ' ' ' ' '

and thep parameter for model Il were investigated without
QCD corrections[19] and the following predictions are 08 7
reached:

)\Uj:)\dj<l! i,j:1,2,3,

whereu (d) is the up(down) quark and,j are the generation
numbers, and furthermore

)\bb, )\Sb>l and )\[tv )\Ct<1- (39)

In the analysis, the ansatz proposed by Cheng and Sher,

m;m;
€90\,
[

is used. Respecting these constraints and using the measur

(40

ment by the CLEO[20] Collaboration, we neglect all 0.2

Yukawa couplings excepty ., &np, in model Il In

3HDM(O,), the same restrictions are done by taking into | ! . . . . . . . !
account only the COUplinga,n and;EN),bb' 02 025 03 035 04 045 05 055 06 065 0.7

This section is devoted to the study of tGd> parameter sinf

sind and the scalex. dependences of the decay widthand FIG. 2. The same as Fig. 1 but for 3HDM{D
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1.8 T T T T T T T T T 0.01 T T T T T T T T T
16 1 0.005
~~ 1.4 h

-0.005

a,
O -0.01

I' b—sg) (GeV

-0.015

-0.02

= -0.025

~0.03 1 1 1 1 1 1 1 1 1
70 80 90 100 02 025 03 035 04 045 05 055 06 065 0.7
sinf
FIG. 3. The same as Fig. 1 blit as a function ofu for sing FIG. 5. The same as Fig. 1 bAt.p as a function of sirm.
=0.5.
d,<10 %e cm, (41)
(see[17]). Here CS" is the effective magnetic-dipole-type

Wilson coefficient for theo—sy vertex. The above restric- Which  places
tion allows us to define a constraint region for the parametewith the expression in  model Il [3HDM(O,)]:

&, (Y in terms of €3, (eX,,) and 6 in model Il UMMy(&R ¢ éxp)Sin O<L.0 Limimy( ey ey 2p)SI6<1.0]
[3HDM(O,)]. Furthermore, in our numerical calculations for my=~200 GeV[21].

we respect the constraint for the angledue to the experi- Throughout these calculations, we take the charged Higgs
mental upper limit of the neutron electric-dipole moment, massmy+==400 GeV, and we use the input values given in

an upper bound on the couplings

namely

Table 1.
1.6 T T T T T T T T T 0.01 T T T T T T T T T
Lan b 0.005
N
> 12 i
L 0
)
~~ L ] -
> 1
@w -0.005
T Q,
0.8 E O
= "k <
1
- 1 001
1
06} i ]
X \
‘\
= Y 0,015
S 04 H\ N .
— \ S
B S
) ———
v T .l
v T e e
RN - 4 -0.02 .
0 1 1 1 1 1 1 1 1 1 ¥ L L L | | ) L L i
0 10 20 30 40 50 60 70 80 90 100 0.028

02 025 03 035 04 045 05 055 06

0.65 0.7
stnd

FIG. 4. The same as Fig. 3 but for 3HDM{O FIG. 6. The same as Fig. 2 bAt.p as a function of sim.
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0.005 T T T T T T T T T 0.005 T T T T T T T T T

-0.005 [~ ]

-0.005 [~ =

S S
-0.015
<
-0.015 H .
-0.02
0.02 H J
-0.025
-0.03 H . -0.025 " ]
-0.035 1 ! 1 1 1 1 (] 1 (] -0.03 1 1 1 1 1 1 (] 1 (]
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
p (GeV) p (GeV)
FIG. 7. The same as Fig. 3 bAtp as a function ofu. FIG. 8. The same as Fig. 4 bAtp as a function ofu.

Figures 1 arEIDZ are devoteEDto the 8idependence df >2 GeV and almost no dependence is observed for the large
for_U'“:_g‘b’ gN,bb:_A'Um'LD (EN,bb:40’_mb)' and [ryl  yalues of thew scale for both modelésee Figs. 3 and)4
=[énu/énpnl <1 (enu/enppl<1) in model Il In Figs. 5 and 6, we present the ginlependence oA¢p
[.3HDM (ng)f]. Hereeflf“ is restricted bereep soliglashed ¢, p=my, Eﬁ .5 = 40m;, (;B L5=40m,), and |ryp|<1 in
lines for C77>0 (C7°<0). As shown in Fig. 1, the decay 1,y |1 [3HDM(O,)]. HereAcp is restricted in the region

. 714 . .
width I' can reach (0.780.06)X<10 ** in the region 0.2 bounded by soliddashed lines for C$ﬁ>0 (C$ﬁ<o)_ As

<sin¢=<0.7 forC">0 and the possible enhancement, a fac'shown in the figuresAcp| reaches 2.5% for sié=0.7 and

all possible values oA-p are negative. However, fdr??ﬁ
<0, the allowed region becomes broader #@@g¢ can take
both signs. It can even vanish. For this cd#e;p| reaches
almost 1% as an upper limit in both models. Furthermore,
Acp is more sensitive to sid in the 3HDM (O,) compared

to model IlI.

tor of 4.2 compared to the SM one (0.186.037)
X 10 1* GeV[16], can be reached. For SHDM{R the up-
per range for the decay width is (0.79+0.07)x 10" * in
the region 0.Zsin#<0.7 for C5™>0 and this leads to an
enhancement a factor of 4.3 compared to the SM dhe.
decreases with increasing girfor C$ﬁ>0 and it can get
larger values compared to tt(é?“<0 case in both models. .
The sing dependence of is weak forCS"<0, and for this Figures 7 and 8 represent the scalelependence ohcp

case it takes slightly smaller values in the 3HDMj@om-  for sin#=0.5, €N bl (eR,pp) =40my, and|ry,|<1 in both
pared to the ones in model IlI. In our numerical calculations,models under consideration. The scale dependenée pis
we observe that the contribution of bremsstrahlung correcalso weak for the valuep>2 GeV similar to that off".
tions is almost one order of magnitude smaller as comparetdlere the increasing values of sircause the size of the re-
to the rest. Furthermore, the restriction regions @jf>0  striction region to increase. _

and C"<0 become more separated with increasing values At this stage, we give the numerical valuesloBndAcp
of the scaleu and this behavior is strong in the 3HDMgD  for [& ppl =40m, (ey pp=40m;,) and u=m, in the range
The scale dependence df is weak for the valuesu 0.2<sin6=<0.7, for model IlII[3HDM(O,)]:

0.720.72X 10 * GeV<I'<0.840.86 X 10 ** GeV (upper boundary for C&">0,

0.280.28 10" ** GeV<I'=0.400.42x 10 * GeV (lower boundary for C$"™>0,
(42)

I'=0.5000.49 X 10 ** GeV (upper boundary for CS"<0,
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I'=0.2000.20 X 10 ** GeV (lower boundary for C&"<0,

and
0.008@0.0015<|Acp|<0.025@0.0250 (upper boundany for CS™>0,
0.005@0.0010<|Acp|=<0.017G0.0165 (lower boundary for C&">0,
(43
0.002@0.0010=<A;p=<0.00600.0060 (upper boundary for C$“<O,
—0.010@ —0.0100<Acp=<—0.002@ — 0.001Q (lower boundary for C$ﬁ< 0.
|
Now we would like to present our conclusions. coupling EB bb [;B oo (see Sec. ) in model I
I' can reach 0_-84(0-8&)10714 in- model Il 134DM(0,)]. |Acp| can be obtained at an order of magni-
[3HDM(O,)] and this is an enhancement of a factor of 4 ,4e of 2.5%. This physical parameter comes from the new
compared to the SM one. _ _ » physics effects and it can give strong clues about the physics
A measurable€C P asymmetryA.p exists with the addition beyond the SM
of NLL QCD corrections and the choice of complex Yukawa '
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