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The mixing induced time depende@P asymmetry, directCP asymmetry, and branching ratio iB
— ¢Kgin a model Il two Higgs doublet model are calculated, in particular, neutral Higgs boson contributions
are included. It is shown that satisfying all the relevant experimental constraints, for time dep@mrdent
asymmetryS, model lll can agree with the present dag,= —0.39+ 0.41, within a Ir error, and the direct
CP asymmetry which is zero in the SM can be abeu8% to —20% in the reasonable regions of the
parameters.
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I. INTRODUCTION improve roughly by a factor of three with an increase of
integrated luminosity from Odb™ ! to 1ab™?! [11] and it

The recently reported measurements of time dependentill take some time before we know the deviation with suf-
CP asymmetries irB— ¢K g decays by BaBar[3] ficient precision to draw final conclusions.

However, the possibility of a would-be measurement of

siN2B(¢Ks) gapar= —0.19°5:25+0.09 D sim28(KI]=—0.39 or a similar value which departs dras-
and Belle[4] tically from the SM expectation of E44) has attracted much
interest to search for new physics, in particular, supersym-
SiN 28(#K <) Jgene= — 0.73+ 0.64+ 0.18 2) _metry, two Higgs doublet mode(2HDM), gnd model-
independent waj12,13. In the paper we consider the decay
result in the error weighted average B— ¢Kg in a model Il 2HDM. It is well known that in the
model Il 2HDM the couplings involving Higgs bosons and
si2B(¢pKs) Jaye= —0.390.41 (3  fermions can have complex phases, which can indDBe

violation effects, even in the simplest case in which all tree-

with errors added in quadrature. The value in E).corre- level flavor charging neutral currefECNC) couplings are

sponds to the coefficient of the sine term in time depende - .
CP asymmetry[6]; see Sec. IV. Belle also quotes a value for egligible. The effect of the _color d'pfle OBerator_ on the
the directCP asymmetryAcp=—C 4, i.e., the cosine term, phase from the decay amplitudes®=arg(A/A), in b
Cyk=—0.19+0.30[4,5]. Although there are at present large —Sss in the model Ill 2HDM has been studied in the second
theoretical uncertainties in calculating strong phases, we stitbaper of Ref[12] by Hiller and the result ia ®=<0.2 which
examine direcCP asymmetry in the paper in order to obtain is far from explaining the deviation. We would like to see if

qualitatively feeling for the effects of new physics @P
violation.

In the SM the above asymmetry is related to thatBin
—JIYyKg [7-10] by

sin2B8(4K)]=sin28(3/ yK)]+O(\?), (4)

where A=0.2 appears in Wolfenstein’s parametrization of

the Cabibbo-Kobayashi-Maskawg CKM) matrix and
sin 28I yKs ) lworidae= +0.734+ 0.054. Therefore, Eq(3)
violates the SM at the 2.4 deviation. The impact of these
experimental results on the validity of CKM and SM is cur-
rently statistics limited. Future prospects at tBdactories
are that the statistical err0r¢KS(stat) can be expected to
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it is possible to explain the deviation in the model IIl 2HDM
under all known experimental constraints by extending to
include the neutral Higgs bosofNHB) contributions and
calculate hadronic matrix elements to thg order. Some
relevant Wilson coefficients at the leading orde®) in the
model 1ll 2HDM have been givefl4]. Because the hadronic
matrix elements of relevant operators have been calculated to
the ag order[15], we can obtain the amplitude of the process
to the ag order if we know the relevant Wilson coefficients at
the next to leading ordefNLO). In the paper we calculate
them at NLO in the model Il 2HDM. Furthermore, as
pointed out in Ref[13] the NHB penguin induced operators
contribute sizably to both the branching rati®r) and time
dependenCP asymmetryS,, in supersymmetrical models.
In the paper we calculate the Wilson coefficients of NHB
penguin induced operators in the model IIl 2HDM. Our re-
sults show that in the model Ill 2HDM, th€P asymmetry
Sgk can agree with the present datg,=—0.39+0.41,
within the 1o error. Even if theS, is measured to a level of

©2003 The American Physical Society


https://core.ac.uk/display/217630979?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

CHAO-SHANG HUANG AND SHOU-HUA ZHU PHYSICAL REVIEW D68, 114020 (2003

—0.4=0.1 in the future, the model Ill can still agree with the B— ¢Kg in Sec. IV. Section V is devoted to numerical re-
data at the & level. And the direcCP asymmetry can reach sults. In Sec. VI we draw our conclusions and present some
about—20%. discussions.

The paper is organized as follows. In Sec. Il we describe
the model 11l 2HDM briefly. In Sec. Il we give the effective
Hamiltonian responsible foB— ¢Kg in the model. In par-
ticular, we give the Wilson coefficients at NLO for the op-  In model Ill 2HDM, both the doublets can couple to the
erators which exist in SM and at LO for the new operatorsup-type and down-type quarks; the details of the model can
which are induced by NHB penguins, respectively. Webe found in Ref[16]. The Yukawa Lagrangian relevant to
present the decay amplitude and @B asymmetrySy in our discussion in this paper is

II. MODEL Ill TWO-HIGGS-DOUBLET MODEL  (2HDM)

g

— =~ (H%osa—h%ina)(UM U+DMgD)
My

EY:

HOsi ho 1 1 .1 ansd
_ T Sinathcosa U(§U§(1+75)+§UT§(1—7’5))U+D §D§(1+y5)+§DT§(1—75)>D}

72

inO
' %{G( %U%(” 75)_?”%(1— 75)) U—E( %D%(H ys)—%m%(l—yf’)) D}

u,

~nl A 1 - 1 1
_H+U[VCKM§D§(1+ Y) = & NVemz (1- 75>}D—H-ﬁ§mvzm5<1— )~ Vet 5 (1+9%)

whereU represents the mass eigenstates,oft quarks and

G
D represents the mass eigenstatesl ,gfb quarks,Vcky is Heﬁ:—F 2 vpbv;;s( C,Q7+CQ5+ 2 [CiQ;
the Cabibbo-Kobayashi-Maskawa matrix and the FCNC cou- V2 Pl 1=3,...,16
plings are contained in the matricés:°. The Cheng-Sher o o o
ansatz forgV P is [16] +Ci Qi ]+ C7,Q7,+ CggQsq+ C7,Q7,+ CggQsq
ZUD_ ) gvmm; ® +H.c. (7)
i TN T
2Mw Here Q; are quark and gluon operators and are given by
by which the quark-mass hierarchy ensures that the FCNC _ _
within the first two generations are naturally suppressed by QY= (SaPg)v-a(Psba)v-a,
the small quark masses, while a larger freedom is allowed for
the FCNC involving the third generatioRsn the ansatz the Qb= (gapa)va(Eﬁbﬁ)va,

residual degree of arbitrariness of the FC couplings is ex-

pressed through thg;; parameters which are of order one _ _

and need to be constrained by the available experiments. In Q3(5)=(saba)V,A2 (Agdg)v—(+)A:
the paper we choos#’:P to be diagonal and set theandd a

guark masses to be zero for the sake of simplicity so that
besides Higgs boson masses only,i =s,c,bt, are the new
parameters and will enter into the Wilson coefficients rel-
evant to the process.

Q4(6)=(§abﬁ)V7A§q: (aﬁqa)vf(ﬂA,

3 _
lll. EFFECTIVE HAMILTONIAN Q7(9)=§(Saba)va§ €q(dpdp)v+(—)A>

The effective Hamiltonian for charmled decays with
AB=1 is given by[13,2( 3 _ _
Q8(10):§(Sabﬁ)v—A§ €q(Aga)v+(-)A>

2Model 1Il 2HDM has a remarkably stable FCNC suppression MAE (A gq)
when one evolves the FCNC Yukawa coupling parameters by the @ =(sb)gip, M(aq) 3 ,
RGE's to higher energidd 7]. 1(13) stP q My s-(H)P
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(7\ ) —
Quz014= (Sib; swE Mataaheo) (4j9i)s—(+)p> g(Mw)— 4CO(Xt)+DO(Xt)
1
Qus=s W<1+ys>b2 e 901+ y5)d, +——[10Bo(x) —4Co(x)1|,  (17)
sirf 6y,
Q16—S|
A(X) A(Y)
C7,(My)=— 2t —— N+ By) N ehpee'?,
€ S MY (19
Q7'y:ﬁmbsao F,uv(1+ 75) bﬂ '
D(x;) D(y) i
9. — )\gﬁ Cec(My)=— 2t __|)\tt|2+E(y))\tt)\bbe|0-
stﬁmbSaU“VGi,,T(l*' ¥s)bg, (8) (20)

wherex,=m?/M3,, andy= mt/MH+ Here the Wilson co-
efficientsC7, and Cgq at LO which are given in Ref.14]
have also been written. The Wilson coefficie@its, andCg,q

a 19 at NLO in SM have been given but they at NLO in model Il

a and B are color indices, ané ,, [G,,] are the photon  2HpDM have not been calculated yet. Because we calculate
[gluon] field strengths. The operato@¥ s are obtained from pe decay amplitude only to the order it is enough to
the unprimed operatoi®;s by exchangind. —R. In Eq.(7) know them at LO. Here

operatorsQ;, i=11,...,16, are induced by neutral Higgs

where (V=A)(VEA)=y*(1%75)7,(1%ys), (dita)s:p
=01(1*y5)d,, gq=u,d,s,c,b, e, is the electric charge
number ofq quark,\ , is the color SW3) Gell-Mann matrix,

boson mediation§13]. [8x2+5x—7 (3x2—2x)Inx
The Wilson coefficient€;, i=1,...,10, have been cal- A(X)=x T 7| (22
culated at LJ 20,14. We calculate them at NLO in the NDR | 12x—1) 2(x—1)
scheme and results are as follows:
By)—y 5y-3 (3y—2)|ny] .
Ci(My)= 121“(4 W, © 12y-1)2  6(y-1)°3
a
—5x—2  3xl
11 a(My) 35 «a D(x)=x . st . nx4 (23
ColMw)=1- = ——— g7 (10) L 4(x—1)°  2(x—1)
[ y—3 Iny
Qs E(y)= , 24
C3(My)= ( W){Eo( x0)+Eg' (y)} ¥) y_4(y—1)2Jr 2(y—1)3] (29
1) X X¢n X,
ton sinZGW[ZBO(Xt)+CO(Xt)]' (13) Bo(X) =7 T-x (xt——l)z : (29
_ S( W) 11 . Xt Xt 6 3Xt+2
Ca(Mw) = {Eo(x0+Eg' (1)}, (12) Co(x0)=g |3 =1 2™ (26)
__as(Mw) 1 4 — 193+ 25¢2
Cs(Mw) =~ — {Eo(x) +Eg' ()}, (13 Do(X)=— = Inx+—"
36(x;—1)3
as(My) " X2(5xZ—2x;— 6)
Co(Mw) = —g ——{Eo(x) +Eg' (9)}, (14 T P, (27
18(x,—1)*
— @ D I~ 4
Co(Mw) =5 [4Co(Xt) +Do(x0)], (15 Do(x0)=Do(x)~ g (28)
Cs(My) =0, (16)  and
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2 x(18— 11Xt*Xt2) IV. THE DECAY AMPLITUODE AND CPASYMMETRY
Eo(X)=—zInXy+ ————F— IN Bg— ¢pKg
3 12(1-x,)° .
We use the BBNS approa¢h8] to calculate the hadronic
xf-(15— 16X1+4Xt) matrix elements of operators. In the approach the hadronic
a1 nXy, (29 matrix element of a operator in the heavy quark limit can be
6(1—x) written as
-~ 2
Eo(X)) =Eo(X) — 3 (30)
(4KIQIB)=(4KIQIB)| 1+ rall, (30
2 3 2
N (y) = nf 2] e I BV » | o
36(1—vy)3 6(1—y)* where (#K|Q|B)¢ indicates the naive factorization result.
(31)  The second term in the square bracket indicates higher order
a corrections to the matrix elemenjts8]. We calculate had-
The Wilson coefficient<; , i=11,...,16, at the leading  ronic matrix elements to the; order in the paper. In order to
order can be obtained froo; andCq, in Ref.[19]. The  see explicitly the effects of new operators in the model Il
nonvanishing coefficients ayy are 2HDM we divide the decay amplitude into two parts. One
has the same form as that in SM, the other is new. That is, we
CoitMuy= Mo~ can write the decay amplitude, to thg order, forB— ¢K in
1(Mw) 47 ma* (Ca1=Co2), the heavy quark limit af15,21,13
Cia(My) = (CQl+ Cq2)- (32

G _ _

. A(B— ¢K)= 7;A<¢lsms|0><l<lswb|8>,
We shall omit the contributions of the primed operators in
numerical calculations for they are suppressedriym,, in
model 1l 2HDM.

For the process we are interested in for this paper, the
Wilson coefficients should run to the scale ©{m,). C;
—C4o are expanded t®(«s) and NLO RGEs should be A=V, Vi
used. However for th€g, andC;,,, LO results should be

A=A%+A", (37)

1
u u u u u u u
aztaztag— §(a7+ agtajg tajn

sufficient. The details of the running of these Wilson coeffi- 1
cients can be found in Ref20]. The one loop anomalous +VpVid as+ag+ac—s(aS+ag+aly +ajel,

. . - . 2
dimension matrices of the NHB induced operators can be
divided into two distangled grougf3] (39

| On On omf 1
yRO= o, | -16 © A= -V Vi ag®+ — my| _)\ss(a12+ ajy
O, 1 -6 2 (33
4mg ,

and + )\ssm_b (a1t ase) (39

For the hadronic matrix elements of the vector current, we

0 -16 0 173 -1 Syt
14 (g )(pB+pK)+[F (99— F (9%) 1(mg—my)
05 16 —48 16/3 0 q”/q Here, the coefficienta™ in Eq. (38) are given by
O —-24 =56 6 —383
(34)
C g CF
For Q/ operators we have a3=as=cyt N 47 N N C4Fe
PR = (R ang (L) = (R (35)
] o y o 3The explicit expressions of the coefficiers$® have been given
Because at present no NLO Wilson coeff|C|emI$ | in Ref.[21]. Because there are minor errors in the expressions in the
=11, ...,16, are available we use the LO running of them inpaper and in order to make this paper self-contained we reproduce
the paper. them here, correcting the minor errors.
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c; ag Cg _ M I, gl
ay=Cyt+ — s c3[F¢+G (ss)+G¢(sb)] F¢——12Ina—18+f¢+f¢,
N 4 N b
b 1
+CZG¢(Sp)+(C4+C6)ZU Gy(st) +CggGy gl fld): J'o dxg(x) ¢ (X),
—2X
Cs  as Cr (x)=3 Inx—3i,
Cg s fg_‘“T fkfs J dz #g(2)
a7=a7=cr+t - Ncg( F,—12), N FB~K(0)m3 z
1 X 1
XJ' dX¢K( )J dy¢¢(y), 1)
u c Cio g C;: 0 X 0 y
a9:a9209+W+4 N ClOF(f)!
where ¢;(x) are meson wave functions,
Co ag Cg max?
810~ 10~ 1ot ¥ 77 N CoF ¢B(x>=NBx2(1—x>2exp[‘Lz},
2wg
o b, o(X) =6X(1-X), (42)

as C 3
aﬁ%:ﬁﬁ (Cg+C10)5 > eGy(sp)
= with normalization factoNg satisfyingfdx¢g(x)=1. Fit-

3 R ting variousB decay datawg is determined to be 0.4 GeV
+cgi[eSG¢,(ss)+ebG¢,(sb)] , (400  [22]. In Eq. (42 the asymptotic limit of the leading-twist
distribution amplitudes fogp and K has been assumed.
The coefficients; in Eq. (39) are

wherep takes the values andc, N=3, Ce=(N?—1)/2N,

C o Pneu
ands;=m?/m?, neu_ ZFs
= Mg/ My, A A7 N; '
(=2 + 2™ (9),
¢ S)= n__ ¢ S C o
3'3 a1,=Ciot Y+ =F S( V- ')},
1 1
G¢(s)=—4f dxd>¢(x)J duu(l—u)
0 0 C15
a16: Clﬁ+ N_, (43)
XIn[s—u(1—u)(1—x)], ¢
where
vi=-121n 6+ f dxgX)by(x), (44
1 dx b °
Gygq=—2GY, Gozf —d4(x),
89 " Jo X #(X) and
S)\:S

Phe= (Cll+cll)[ (flnﬂ—GQS(O))+)\§b(iln%—G¢(1) +(C13+C13))\bb[—2In%G?ﬁ—GFqs(l)
2 3 um 3 n 7

m

, 1 my| o
—4(C15tCis)hpp —§—2In7 G¢—GF¢(1)

+Nee (45)

2
me m 0 )
— ] | =2In—G;—GF,(s .
mb) ( wo ¢ o(S)

’ my 0
—8(C16tCip)| Aob —2|n76¢—GF¢(1)
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In Eq. (45

GF(,)(S):joldx(bi_(X)

GF(s—ie,X),

GF(s,x)= fldt In[s—xtT], (46)
0

with x=1—x. In calculations we have seb, =0 and ne-
glected the terms which are proportional tg/mg in Eq.

(45). We have included only the leading twist contributions

in Eq.(43). In Eq.(39) a; is obtained froma; by substituting

the Wilson coefficients’:j’s for C;s. In numerical calcula-

tionsa/ is set to be zero because we have negleCtel We

see from Eq.(45) that the new contributions to the decay
amplitude can be large if the coupling,, is large due to the
large contributions to the hadronic elements of the NHB in-
duced operators at theg order arising from penguin con-

tractions with b quark in the loop.
The decay rate can be obtaingi]

2

G
[(B— oK)= 5o |APFGFT () maPRG,  (47)

whereP; = (1—m{/mg—m’/m3)?—4m’m?/mg .
The time-depender€P-asymmetryS is given by

a¢K(t)=—C¢KCOS(AMBgt)+S¢KSIn(AMBgt), (48)
where

C1-gl?

PKT T N 12°

1+ gl
Here\ 4 is defined as

_(9) ABZoRs
Mo ( p) L AB— K9’ 0

The ratio @/p)g is nearly a pure phase. In SM¢k=ei25

+0O(N\?). As pointed out in Introduction, the model IIl can
give a phase to the decay which we call'. Then we have

, Al
)\:e|(2ﬁ+¢”')%:>3¢,<=sin(2ﬁ+ o) (51

if the ratio|.4]/| A|=1. In general the ratio in the model IlI
is not equal to one and consequently it has an effect on the
value of S , as can be seen from E@9). Thus the pres-

PHYSICAL REVIEW D68, 114020 (2003

V. NUMERICAL ANALYSIS

A. Parameters input

In our numerical calculations we will use the following
values for the relevant parameters,=4.8 GeV, m,
=15 GeV, m=175GeV, A(®)=225MeVv, 2x10*
<Br(B—Xgy)<4.5x10 4, d,<10 ®®ecm, fg
=0.233 GeV, fx=0.158 GeV, fg=0.18 GeV, and
F?7%(m4)=0.3. The parameters for CKM ares,
:0.2229,31320.0036,323: 00412, and§13= 1.02.

B. Constraints from B—Xgy and neutron electric dipole
moment (NEDM)

It is shown in Ref.[14] that the most strict constraints
come fromB— Xy and neutron electric dipole moment
(NEDM). For completeness, we write the formulas as fol-
lows [24]:

Br(B—Xsy) |Vrsvtb|2 Baem
Br(B—Xceve) |Vep/2 mf(Me/mp)

(52)
wheref(z) = 1—82z2+82°— 28— 24zIn z and Brp—ce v)

=10.45%.
The NEDM can be expressed as

2
m;

2
M7

1/2
d9=10"2ecm |m(>\n7\bb)(%n;n))) (%) "

(53

with

0.3
0.2

0.1

A\
0
.
.
.
.
e
.
.

02

P S B R B B B
0'30.6 0.7 0.8 0.9 1 1.1 1.2 1.3

kS

FIG. 1. Sy« as a function off= 6y, + 6;; with u=2m, (solid),

ence of the phases in the Yukawa couplings of the chargegh, (dashed and m,/2 (dotted, where m-=200 GeV, |\

and neutral Higgs bosons can alter the valuggf from the
standard model prediction &gk = sin 28y,x~0.7.

=0.03, |\ pp| =100, Ags= A= 1002"""2. The parametef, in neu-
tron EDM expression is 0.0814,25.
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Ny 0.2 |
0.05 018 [
.l 0.16 -
7% 2 TR SR, o1 b
0.15 + 01 -
02 i
0.08 -
025 i
0.06 -
s e PRI RS R RS S R R
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 0.6 07 08 0.9 ! M 2 v

q
B v

FIG. 3. C,k as a function off. Other parameters and conven-

FIG. 2. AS (defined as the difference betwe&yy with and tions are the same as in Fig. 1.

without NHB contributiony as a function of with w=2m,
(solid), m,, (dashedl and m,/2 (dotted. Other parameters are the

b 1€ Ci3(my). Now the NHB contributions are as important as
same as in Fig. 1.

those of the charged Higgs boson &gk can reach about
—0.6, as expected.

3y 2 logy In order to demonstrate the NHB contributions, in Figs.
Hiy)=5 (1-y)? y—3- 1-y | G4 911, we showS, as functions of the phases &f,, and
Nss, Opp @ndéss, and the correlation betwedy andC i ,
respectively. It is clear th&, is sensitive to the phases. At
C. Numerical results for B—Ks¢ the same time, in the rande- 7, 7] of 6y, and 655 C 4
We have scanned the parameter space in model IlI; in theh@nges only several percents. There is a strong correlation
following we will show the results for several specific pa- PetWeenS, andC x andC is always positive regardless
rameters. of the sign ofSy , which is opposite to that of the central

Figures 1-4 are devoted to the case in which neutral
Higgs boson masses are set to bgo=115 GeV, muo
=120 GeV,myo=160 GeV, which are the same with Ref. i
[19], and consequentlg,,(my)>C;5(m,). Figuresland 2  0.025 -
show theS,x and AS, defined as theS, difference with i

and without NHB contributions, as a function @t 6, 0.02
+ 6 with my==200 GeV. Note that there is another al- i
lowed region off, about—1.2 to —0.7, in whichSy is 0015 L
about 1. Therefore, we do not present the results in the fig- -
ures. From the figures we can see that in model Ill, the 001 L

charged and neutral Higgs boson contributions can decreas
the value ofSyx down to —0.2, in the allowed parameter
space. It should be emphasized that the NHB contributions 7
are sizable. In Figs. 3 and 4, we show the dii@Btviolation ; e
variableC ,x andAC i, defined a< 4 difference with and 0r
without NHB contributions, as a function & It is obvious 5
thatC 4« can be 8—-20%, i.e., it can be in agreement with the -0.005 -
data within 1o~ deviation, while it is zero in the SM. At the
lseasr:(ihtgneé(;:e NHB contributions can only charigg by N e ‘é‘j
Figures 5—8(and also in Figs. 9—211are plotted for the
case in which the masses of NHBs have large splitting, FIG. 4. AC (defined as the difference betwe€n, with and
mao=myo=1 TeV>m=115 GeV, and consequently without NHB contributions as a function ofg. Other parameters
Ci1(my) is the same order of magnitude, compared toand conventions are the same as in Fig. 3.

0.005 +
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05 f 05 .
04 | —
02:_ ....... 02 /
e 01 [
b T r
L 0 (—
o b PO
[ -0.1
02 F C
[ 02
03 E s
; 03 F e,
04 F E T,
: 04 F e,
) S A R I I I I I B B B E
05 06 07 08 09 1 11 12 13 14 L5 Y T R P N I T W R
2 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

FIG. 5. Sy as a function ofé with u=2m, (solid), m, ) ) ]
(dashedl and m,/2 (dotted, where my-=200 GeV, |\|=0.03, FIG. 6. AS as a function ofj with x=2m, (solid), m;, (dashed
N = 100, Ngs=Nee= 1002~ "2, Note that the masses of NHB andm,/2 (dotted. Other parameters are the same as in Fig. 5.
1 f¥ss cc .
Figs. 5—11] are different than those in Figs. 1-4. . ] o
quark in the loop, both the Br arfsl,« are sizable or signifi-
cantly different from those in SM.

value of measurements. Therefore, if the midyg is con- Putting all the contributions together, we conclude that the
firmed in coming experiments the model 11l 2HDM could be M0del 1l can agree with the present da@,,=—0.39
excluded. +0.41, within the Ir error. Even if theSy, is measured to a
level of —0.4+0.1 in the future, the model Il can still agree
VI. CONCLUSIONS AND DISCUSSIONS with the data at the @ level in quite a large regions of

parameters and at thesllevel in some regions of param-

In summary we have calculated the Wilson coefficients akters. As forC 4, our result is that it is positive, which is
NLO for the operators in the SNexcept forQ;, andQgg), opposite to that of the measured central value. Considering
and at LO for the new operators which are induced by NHB
penguins in the model Ill 2HDM. Using the Wilson coeffi- ¢,
cients obtained, we have calculated the mixing induced time-
dependentCP asymmetryS,, branching ratio and direct
CP asymmetryC 4« for the decayB— ¢K. It is shown that
in the reasonable region of parameters where the constraint i
from B-B mixing, I'(b—sy), I'(b—c7v,), po,Ry.B 016 -
—utu”, and electric dipole moment&EDMs) of the elec- -
tron and neutron are satisfied, the branching ratio of the de ;4 [
cay can reach 1010 6, C,k can reach 18% an8,, can be i
negative in quite a large region of parameters and as low a:
—0.6 in some regions of parameters. eL

Let us separately discuss the two cas€d: only the [
charged Higgs contributions ari@) only the NHB contribu- 0.1
tions, in addition to the SM ones. Without NHB contribu- i
tions, i.e., in the first case, the charged Higgs contributions
can only decreas8, to around 0. That is, the model Ill can
agree with the present datd,,= —0.39+0.41, within 1o

error. 0.06 -
o b b b b b b by
For the second case, our resu_lts show that.the. .effects o 8% —BF 25 ©F 7o 7 75 5 ra
NHB induced operators can be sizable even significant, de: o

pending on the characteristic scaleof the process. Due to
the large contributions to the hadronic elements of the opera- FIG. 7. C . as a function ofg. Other parameters and conven-
tors at theag order arising from penguin contractions with  tions are the same as in Fig. 5.
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FIG. 10. Correlation betwee€ 4« and Sy ; other parameters
are the same as in Fig. 9. The outmost two curves correspond to
pn=my/2, the curve in kernel is for = m, and the other two curves
are foru=2m,.
the large uncertainties both theoretically and experimentally

FIG. 8. AC as a function off. Other parameters and conven-
tions are the same as in Fig. 7.

at present, we should not take it seriously. Wilson coefficientsC; , i=8g,11, . . .,16. However, despite
Our results show that both the Br ai®}, (as well as  there is the scale dependence, the conclusion that the model
Cyk) of B—¢Kg are sensitive to the characteristic scale ||| can agree with the present dat&,= —0.39+0.41,

of the process, as can be seen from E4p) and the SM  ithin the 1o error can still be drawn definitely.

amplitude. The significant scale dependence comes mainly Note addedWe noticed Ref[26] while completing this
from the O(as) corrections of hadronic matrix elements of \york. In Ref.[26] the mixing inducedCP asymmetnSyy in
the operator®;, i=11, ...,16 andlso from leading order the model IIl 2HDM is investigated. Comparing with the

0.6 - 0.4
03 F
02 F
01 L e
0 T i
0.1 |
02
04 ;
0.3 F
" 1.‘..1....1.‘..|..‘""1‘$.|‘...|..‘.l _ :I.‘|‘I‘.“J|.|‘J‘.‘|I|“‘llllll
0.6 -3 -2 -1 0 1 2 3 04 -3 -2 -1 0 1 2 3
B D
FIG. 9. S,k as a function off, with w=2m, (solid), m, FIG. 11. S,k as a function off with u=2m, (solid), m,
(dashedl and m,,/2 (dotted, where my+=200 GeV, |\,=0.03,  (dashedl and my/2 (dotted, where m~=200 GeV, |\y|=0.03,
[Npp| =100, 6=1.15 and\ .= A s=100e' ™4, [Nsd =100, §=1.15, \pp="1002"""* and \ .= 100e' ™,
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paper, our results on the Wilson coefficients of the operatorsixing of Qy; ;,0nNt0Q3 . sandQg are given and those for
which exist in SM at NLO are in agreement. We differ sig- the mixing of Q3 150nto Q7, g4 given in Ref.[28] are
nificantly from the paper in the neutral Higgs boson contri-confirmed. In this paper these mixings are not taken into
butions included. Furthermore, we calculate hadronic matrixaccount. If we included them, the numerical results would
elements of operators to thes order by BBNS's approach change but the qualitative features of the results would be the
while the paper uses the naive factorization, i.e., at the tregame. We shall include them in a forthcoming papeiGéh

level. Therefore, our numerical results and consequently corgsymmetries iB — 5’Ks and ¢Ky in @ model 11l 2HDM.
clusions are significantly different from those in the paper.

Even without including the NHB contributions our results
are also different from theirs due to the different precisions
of calculating hadronic matrix elements, to whi&y, is
sensitive. This work was supported in part by the National Nature

During the publication processing we became aware ofScience Foundation of China and the Nature Sciences and
Ref. [27] in which the LO anomalous dimensions for the Engineering Research Council of Canada.
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