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Based on the low-energy effective Hamiltonian with generalized factorization, we calculate the new physics
contributions to branching ratios a@P-violating asymmetries of the charmless hadronic de&ysh,h, in
the standard model and the general two-Higgs-doublet madedslels I, I, and II). Within the considered
parameter space, we find the followir{ig) In models | and I, the new physics corrections are always small in
size and will be masked by other larger known theoretical uncertairibgdn model I, the new physics
corrections to the branching ratios of those QCD penguin-dominated dggayKOn('),K*K’*, etc., are
large in size and insensitive to the variationshof;+ and Nﬁ”. For tree- or electroweak penguin-dominated
decay modes, however, the new physics corrections are very small inics)iE@rESHK*K’* and the other
seven decay modes, the branching ratios are at the level of (14®)° and will be measurable at future
hadron colliders with large production.(d) Among the studied 38, meson decay modes, seven of them can
have aC P-violating asymmetryA.p larger than 20% in magnitude. The new physics corrections are small or
moderate in magnitudée) Because of its large ar1ts1§ff stable branching ratio an@dP-violating asymmetry,
the deca}ESHK*K’* seems to be the “best” channel to fir@iP violation of B system through studies of
two-body charmless decays of tBg meson.
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I. INTRODUCTION tion hypothesis, some authagf$7,10,1] introduced a phe-

In B experiments, new physics beyond the standard modelomenological parameteMﬁff (i.e., the effective number of
(SM) may manifest itself, for example, in the following two color to model the nonfactorizable contribution to the had-
ways[1,2]: (a) decays which are expected to be rare in theronic matrix element, which is commonly called the gener-
SM are found to have large branching ratiogh) alized factorization. Very recently, Cherg al. [18] studied
CP-violating asymmetries which are expected to vanish orand resolved the controversies on the gauge dependence and
be very small in the SM are found to be significantly large orinfrared singularity of the effective Wilson coefficier@$ "
with a very different pattern than what is predicted in the[19] by using the perturbative QCD factorization theorem.
SM. These potential deviations may be induced by the vir- Unlike the B, ¢ meson, the heavieB; meson cannot be
tual effects of new physics through loop diagrams. produced by the Cornell Electron Storage RIfQESR),

The observation of many two-body charmless hadroniKekB, and PEP-II SLACe e~ storage ring. Only upper
By,a meson decays by CLEO, BaBar, and BelB-7], the |imits on the decay rates of several charmless hadrBgic
successful start of the asymmetBcfactories at SLAC and  decays are currently available from the CERNe™ collider
KEK, and the expectation for a large number of events of gp collaborationg 20,21, such asB—K*K™, K7™,

By ¢ meson decays to be accumulatedBatactories and 707, andBs— 77, while most of them are far beyond the

other hadron colliders stimulated intensive investigations Oiheoretical predictions. However, it is expected that magy

variousB decay channels. The two-body charmless hadroni ecays can be seen at future hadron colliders with large

decaysB, g—hyh, [whereh, andh; are the light p§eudo- production. Recent theoretical studies and experimental mea-
scalar P) and/or vector ) meson$ have been studied, for . - .
surements about the mixing Bf— BY can be found in Refs.

example, in Refs[8—13]. : )
It is well known that the low-energy effective Hamil- [22,23. Early studies of two-body charmless hadronic de-
gﬂays ofBs mesons can be found in Ref24,25. Based on

tonian is the basic tool to calculate the branching ratios an ; e
Acp of B meson decays. The short-distance QCD correcte{e framework of generalized factorization, Ts¢@g] ana-

Lagrangian at next leading ordéNLO) level is available lyzed the exclusive charmles8, decays involving ‘",
now [14,15, but we do not know how to calculate the had- While Chen, Cheng, and Tsef#?] calculated the branching
ronic matrix element from first principles. One convention-ratios of 39 charmless two-body decaysByf mesons. It is
ally can resort to the factorization approximatid®]. How-  found that the branching ratios ofr;(') and several other
ever, we also know that the nonfactorizable contributiondecay modes can be as large as 2l@nd measurable at
really exists and cannot be neglected numerically for mosfuture experiments.
hadronicB decay channels. To remedy the naive factoriza- In a recent work27], we made a systematic study of the
new physics contributions to the branching ratios of 76
B, g—h;h, decay channels in the framework of general
*Email address: zxiao@ibm320h.phy.pku.edu.cn two-Higgs-doublet model$2HDMs). In this paper we ex-
TEmail address: csli@ibm320h.phy.pku.edu.cn tend the work to the case & mesons. In addition to the
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branching ratios, we here also calculate the new physics cowhoose a suitable basiHf,H!,H2H") to express two

tributions to theC P-violating asymmetried\cp of charmless  Higgs doublets. Thél* are the physical charged Higgs bo-

hadronic decay8,— h;h, induced by the new gluonic and son,H® andh® are the physicaC P-even neutral Higgs bo-

electroweak charged-Higgs-boson penguin diagrams in thgon, andA° is the physicalCP-odd neutral Higgs boson.

general 2HDMs(models 1, 1I, and Il). Using the effective  After rotation of the quark fields, the Yukawa Lagrangian of

Hamiltonian with improved generalized factorizatipi8], guarks are of the forn29],

we evaluate analytically all new strong and electroweak pen-

guin diggrams induced by exchanges of_ charged Higgs ,\'= niLjJQi'j,lUj,RjL nﬁQi,L¢1Dj,R+ giLjJQi,L?SzUj,R

bosons in the quark level processes qV* with qe{d,s} o

and Ve {gluon, y,Z}, and then combine the new physics +§i?Qi,L¢2Dj,R+ H.c., 2

contributions with their SM counterparts and finally calculate

the branching ratios an@d P-violating asymmetries for all 39 where n}f'D correspond to the diagonal mass matrices of up-

exclusiveBs—h1h, decay modes. and down-type quarks, while the neutral and charged flavor
This paper is organized as follows. In Sec. Il, we describechanging couplings will b¢29]. We make the same ansatz

the basic structures of the 2HDMs and examine the allowedn the&;*® couplings as Ref.29]:

parameter space of the general 2HDMs from currently avail-

able data. In Sec. lll, we evaluate analytically the new pen- \/ij R
. . . . . .. f _ B u,D _ ¢UD

guin diagrams and find the effective Wilson coefficie@fs i T, M Snéurra= &

with the inclusion of new physics contributions, and present

the formulas needed to calculate the branching rafiti ~U U ~D _ b

—h;h,). In Secs. IV and V, we calculate and show numeri- Scharged™ & Vekmy  Echarged™ VekmE )

cal results of branching ratios a@P-violating asymmetries

for 39 By decay modes, respectively. We focus on thos

decay modes with large branching ratios and larg

CP-violating asymmetries. The conclusions and discussion%

are included in the final section.

é/vhere Vcekm IS the Cabibbo-Kobayashi-Maskawa mixing
dnatrix [31], andi,j=(1,2,3) are the generation index. The
oupling constants;; are free parameters to be determined
y experiments, and they may also be complex.

In model Il and setting £tanB=v,/v,<50 favored by
experimental measuremenf®0], the constraint on the mass
of charged Higgs boson due to the CLEO datadbefsy is
My+=200 GeV at the NLO level32]. For model I, how-

The simplest extension of the SM is the so-called two-€ver, the limit can be much weaker due to the possible de-
Higgs-doublet modelf28]. In such models, tree level flavor structive interference with the SM amplitude. For model Ill,
changing neutral currefECNCS is absent if one introduces the situation is not as clear as model Il because there are
a discrete symmetry to constrain the 2HDM scalar potentiamore free parameters hef29,33. In a recent papef34],
and Yukawa Lagrangian. Let us consider a Yukawa La-Chaoet al. studied the decap— sy by assuming that only

Il. GENERAL 2HDMs AND EXPERIMENTAL
CONSTRAINTS

grangian of the fornj29] the couplingsh = |\y|€' % and \pp=|\pp|€'% are nonzero.
They found that the constraint oWl ,+ imposed by the
Ly= ﬂH@,ﬁUj,RﬁL nﬁ@’L%Dj]RjL gH@’@Uj’R CLEO data ofb—sy can be greatly relaxed by considering
o the phase effects of;; and \y,,. From the studies of Refs.
+§ﬁQi,L¢>sz,R+ H.c., (1)  [34,35, we know that for model Il the parameter space
where ¢; (i=1,2) are the two Higgs doublets of a two- \jj=0, for ij#tt or bb,
Higgs-doublet model,g; =i %, Qi (Ujr) with i
=(1,2,3) are the left-handed isodoublet quaright-handed INi|=0.3, [App/=35, 6=(0°—30°),
up-type quarkg and D; g are the right-handed isosinglet
down-type quarks, whiley;° and&’;° (i,j=1,2,3 are fam- My+=(200+100) GeV, (4

ily index) are generally the nondiagonal matrices of the
Yukawa coupling. By imposing the discrete symmety  are allowed by the available data, whefte 6,,— 6;; .
—— ¢, ¢p—¢p,, Dj——D;, andU;— FU;, one obtains From the CERNe*e™ collider (LEP) and the Fermilab
the so-called model | and model II. Tevatron searches for charged Higgs bosi@6, the new
During recent years, models | and Il have been studie¢ombined constraint in theMy+—tans) plane has been
extensively in the literature and tested experimentally, angiven, for example, in Ref[20]: the direct lower limit is
model Il has been very popular since it is the building blockMy+>77 GeV, while 0.5<tan8<60 for a relatively light
of the minimal supersymmetric standard model. In this pacharged Higgs boson withW+~100 GeV. Combining the
per, we focus on the third type of the two-Higgs-doubletdirect and indirect limits together, we here conservatively
model[30], usually known as model 11]29,30. In model consider the range of 100 Ge¥M,+<300 GeV, while
[, no discrete symmetry is imposed and both up- and downtake M, +=200 GeV as the typical value for models I, Il,
type quarks then may have diagonal and/or flavor changingnd Ill. For models | and Il we consider the range of 1
couplings with ¢; and ¢,. As described inM29], one can <tanB<50, while take ta=2 as the typical value.

014014-2



BRANCHING RATIOS AND CP-VIOLATING . ..

Ill. EFFECTIVE HAMILTONIAN
IN THE SM AND 2HDMs
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Xe| Yt Yi

The standard theoretical frame to calculate the inclusive

three-body decaylex—>saq1 is based on the effective Hamil-
tonian[15,11,13

2
Ge
Herf(AB=1)= E{ le Ci(VupViQj + VepVeQ))

10

— ViV ]23 C;Q;+CyQql - (5)

Here the first ten operatoi®@,;—-Q,o can be found, for ex-
ample, in Refs[11,13,27, while the chromomagnetic opera-
tor reads

g _
Qg=8—;2mbsaow1+ ¥5) TaghpGa, (6)

where @« and B are theSU(3) color indices, andl'";B (a
=1,...,8) are th&ell-Mann matrices. Following Ref12],

we do not consider the effect of weak annihilation and ex-

change diagrams.

The coefficient<C; in Eq. (5) are the well-known Wilson
coefficient. Within the SM and at scald,,, the Wilson
coefficientsC1(Myy), . . . ,C1o(My) andCy(Myy) have been
given, for example, in Ref414,15. By using QCD renor-
malization group equations, it is straightforward to run Wil-
son coefficient<;(M,y) from the scaleu=0(M,,) down to
the lower scaleu=0(my). Working consistently to NLO
precision, the Wilson coefficient€; for i=1,...,10 are

m_ _ "t 5
Co =716 |1y, (1_yt)2|n[yt] I\etl?, @)
1
DIO“:_§H(Yt)|7\tt|2, (8)
el =~ 3100l 9
0 2 Yo Al
1 .
Eélll = E‘J(yt)|)\tt|2_ K(y1)|)\n)\bb|e'0, (10)
with
H(y)= iy
T T TV
11
16y — 292+ 7y  2y—3y?
'¥)= In[y], 12
=y ey (12
2y+5y2—y3 3y2
)= In[y], 13
Y iy Ty (13
—3y+ 2
K(y)= = SIny], (14)

S A(1-y)? 2(1-y)

wherex,;=mZ/M32,, y;=mZ/M? . , and the small terms pro-
portional tomZ/m? have been neglected. In models | and I,

needed in NLO precision, while it is sufficient to use the©one can find the corresponding functioBg, Do, Eo, and

leading logarithmic value foCg.

A. New strong and electroweak penguins

For the charmless hadronic decays Bfmesons under

consideration, the new physics will manifest itself by modi-

fying the corresponding Inami-Lim functions
Co(x),Do(x),Ep(x), andE{(x) which determine the coeffi-
cientsC3(My), . .. ,C1o(My) andCgy(My). These modifi-
cations, in turn, will change the SM predictions of the
branching ratios andC P-violating asymmetries for the de-
caysBs—h;h, under study.

The new strong and electroweak penguin diagrams can be

E; by evaluating the new strong and electroweak penguin
diagrams in the same way as that in model lIl:

obtained from the corresponding penguin diagrams in the

SM by replacing the internaWW= lines with the charged-
Higgs-bosonH™* lines. In Ref.[27], we calculated analyti-
cally the newz®-, y- and gluon-penguin diagrams induced
by the exchanges of charged Higgs bosbh, and found the
new Cy,Dg,Eq, and E; functions which describe the new

physics contributions to the Wilson coefficients through the

new penguin diagrams

For b—»daq decays, one simply makes the replacensentd.

| 1 X Yt Yi
=cl= I 1
CO CO 8 tar?ﬂ 1_yt + (1_yt)2 n[y’[] ’ ( 5)
0 0 3tar?ﬁ t/)
Eo=Ep=———1I 1
0=Eo war? B (o), (17
T [I(yr) —6K(yy)] (18
073 tart Yi Yol
0 = ! Iy +2K(yy), (19
3tarf B

wherey,=mZ/M?. , tanB=v,/v4, and wherey; andu, are
the vacuum expectation values of the Higgs douletand
¢, as defined before.
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Combining the SM part and the new physics part togetheffined in Ref.[14], 7= as(My)/as(x), and the constants;

the NLO Wilson coefficient<;(M,y) andC4(My,) can be
written as

anda; can also be found in Ref14].
In the naive dimensional reductigNDR) scheme and for
SU(3)c, the effective Wilson coefficiertsan be written as

. 11layMy) 35aen [13]
CiMw) =1-=—"—— 157 (20
ff Xs [~7, Ty b
11 as(Mw) Cil'=]1+—=|ry+ yvlog—” of
CoMw) =5 —7— (21) 4m I
(Mw) 5 + S AI(C+Cpt Cy) + 22¥BIC,,  (32)
o Dy e t o Pi ’
CalMw) =~ =5, [Eo<xt>+E§P— —} 24m TR T gw
2417 3
where
Fem [2Bo(x)+Co(x)+CNPL, (22 r
67 sir? oy, O oW R0 A/=(0,0-1,3-13,00,00",
as(My) 2 B/=(0,0,0,0,0,0,1,0,1)8
Ca(My) = S877_ [Eo(XtHEB'P— 5}’ (23
the matrices, andy, contain the process-independent con-
ag(My) np 2 tributions from the vertex diagrams. The matny andFV
Cs(Mw)=— 24 Eo(x)+Eg — 30 (24 have been given explicitly, for example, in Eq2.17) and
(2.18 of Ref.[13]. Note that the correct value of the element
as(My) np 2 (rnoRr)es and (npr)ss Should be 17 instead of 1 as pointed
Ce(Mw)= v[Eo(XtH Eo — 3| 29 out in Ref.[39].
The functionsC;, C,, andC, describe the contributions
Aem NP wp 4 arising from the penguin diagrams of the current-cur@n
Co(Mw) =51 4Co(X) +4Co" +Do(x)+ Do~ 5, and the QCD operatoi®;—Qg and the tree-level diagram of
(26) the magnetic dipole operatdDgg, respectively. We here
also follow the procedure of Ref10Q] to include the contri-
Cg(My)=C1o(My)=0, (27)  bution of magnetic gluon penguin. The functio@s, C,,
andC, are given in the NDR scheme 191,13
Fem NP np_ 4
Co(My) = =1 4Co(%,) +4CNP+Dy(x,) +DNP— = 2 A\ A
(M) =g | 4G TACOTH D TR0 g Ci= §+A—“G<mu>+x—°e<mc)}c1. (33
t t
+ — [10Bo(x,) —4Cq(x) +4C5P1(, (28 4
it 6y O o 0 Cp=| 5~ G(mg) ~ G(my) |C;
Co( M) = — = (Ep(x)+E'NP) (29) 10
gtMw) =75 (EolX) =0 ), 13- 2 G(m)|(CatCo), (34)
wherex,=mZ/M%,, and the function8o(x), Co(X), Do(X), N N
Eo(x), andE{ are the familiar Ina_ml—L|m funct|on§37] in Co==| =+ —2G(my) + —CG(mC)}(CﬁSCZ), (35)
the SM and can be found easily, for example, in Refs. 913 M\ A
[14,38.
Since the heavy new particles appearing in the 2HDMs 2my .
have been integrated out at the sdsllg,, the QCD running 9=~ MCS : (36)

of the Wilson coefficientsC;(My,) down to the scalew
=0(m,) after including the new physics contributions will
be the same as in the SM:
C(u)=U(u,My)C(My),
8
Colp)=7***Cg(Mw) + 2, hin,

(30

(31)

where C(My)=[C1(My), . .. ,C1o(Mw) 1", U(x,My) is
the five-flavor 1< 10 evolution matrix at NLO level as de-

with \q=VqpV5,, and C§M'=Cgy(u)+Cs. The function
G(m) can be found, for example, in Refdl3,27. For the
two-body exclusivéB meson decays any information kfis
lost in the factorization assumption; one usually uses the

2In the improved generalized factorization appro4&B], these
effective coefficients are renormalization scale and scheme inde-
pendent, gauge invariant, and infrared safe.
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TABLE I. Numerical values of; for the transitiond—d [EHE]. The first, second and third entries for
as, . ..,ajgrefer to the values od; in the SM and models Il and Ill, respectively. All entries &y, . . . ,a;o
should be multiplied by 10%.

NEf=2 NEf=3 NEf= oo
a, 0.985 [0.985] 1.046 [1.046 1.169[1.169
a, 0.216 [0.216 0.021 [0.021] —0.369 [—0.369
as ~10.4-19.1[ —11.5-25.1] 66.1 [66.1] 219+38.1i[221+51.4]
—33.0-19.1[ —34.1-25.71] 66.2 [66.2] 265+38.1[267+51.4]
a, —349-95.3[ - 354- 129 ] —386-1024[ —392-137]  —459-114[ —466— 154
—463-95.3[ — 469129 ] —507-102[—-513-137]  —596-114[ —602— 154
as —163-19.1 [—164—25.7] —~61.5[—61.5] 142+ 38.1i[ 144+ 51.4]
—186-19.1 [—187-25.1] —-61.4[—61.4] 187+ 38.1i[ 189+ 51i .4]
ag —538-95.3[ — 544129 ] —562—102[ —568-137]  —609-114[—616— 154
—652—95.3[ — 657129 ] —683-102[—689-137]  —746-114[—752—154]
a; 5.2-2.6[5.1-3.1i] 4.1-2.5[4.0-3.1] 2.1-2.56[2.0-3.1]
5.4-2.6[5.3-3.1] 4.3-2.5[4.2-3.1i] 2.2-2.6[2.1-3.1]
ag 7.2-1.3[7.2-1.6] 6.9-0.8 [6.8-1.0] 6.2 [6.2]
7.4-1.3[7.3-1.6] 7.0-0.8 [7.0-1.0] 6.3 [6.3]
ag —85.8-2.5[—85.9-3.1i] —-91.7-2.5[-91.8-3.1i] —103-2.5[ —104-3.1i]
—86.4-2.5[—86.5-3.1i] —-92.3-2.5[-92.4-3.1]  —104.1-2.5[—104-3.1i]
ayo ~16.5-1.3[—16.6-1.6] 0.7-0.8[0.7-1.0]] 35.2 [35.2]
~16.6-1.3[—16.7-1.6] 0.7-0.8[0.7-1.0]] 35.4 [35.4]

“physical” range fork? [11-13: m§/4s k’< m§/2. Follow-  role for some decay modes. The new physics effects oBthe
ing Refs.[11-13 we takek2=m§/2 in the numerical calcu- decays under study will be included by using the modified

lation. effective coefficient®; (i=3,...,10) as given in the second
entries of Table | and Table Il for model Ill. The effective
B. Decay amplitudes in the BSW model coefficientsa; in models | and Il are not shown explicitly in

Table | and Table Il. In the numerical calculations the input
parameters as given in the Appendix and &y will be used
l!'mplicitly.

Following Ref.[12], the possible effects of final state in-
teractions(FSIg and contributions from annihilation chan-
nels will be neglected although they may play a significan

TABLE II. Same as Table | but fob—s [b—s ] transitions.

NET=2 NET=3 NEM= oo
a; 0.985[0.985 1.046 [1.046 1.169[1.169
a, 0.216 [0.216] 0.021[0.021] —0.369 [ —0.369
ag —10.9-21.4[—9.8-22.1] 66.1 [66.1] 220+43.3[218+44.3]
—33.6-22.1[—32.5-22.4] 66.2 [66.2] 266+43.3[264+44.3]
a, —352—108[ —346— 111 ] —389-116[ —383-118] —462—130[ —455-133]
—467—108[ —460- 111 ] —510-116[ —504— 118 ] —599-13G[ —592— 133 ]
as —164-22. 4] — 162—22.4] —61.5[—61.5] 143+43.3[140+44.3]
—186-21.7[ —185-22.4] —61.4 [—61.4] 188+43.3[186+44.3]
ag —541-108[ —535— 111 ] —565-116[ —559-118] —612—130[ —606-133]
—654—108[ —649- 111 ] —686-116[ —680—118] —749-130[ —742-133]
ay 5.1-2.8 [5.2-2.48] 4.1-2.8[4.2-2.8] 2.0-2.8[2.1-248]
53-2.8 [5.4-28] 4.3-2.8[4.4-2.8] 2.2-2.8[2.3-248]
ag 7.2-1.4 [7.2-1.4] 6.9-0.9 [6.9-0.9] 6.2 [6.2]
7.4-1.4 [7.4-1.4] 7.0-0.9 [7.0-0.9] 6.3 [6.3]
ag —85.9-2.8[—85.8-2.4] -91.7-2.8[-91.6-2.8] —104-2.8[—103-2.8]
—86.5-2.8 [—86.4-24] —92.4-2.8[—92.3-2.8] —104-2.8[—104-2.8]
a0 —16.6-1.4[—16.5-1.4] 0.7-0.9 [0.7-0.9] 35.2 [35.27
—16.7-1.4[—16.6-1.4] 0.7-0.9 [0.7-0.49] 35.4 [35.4]

014014-5



DONG ZHANG, ZHENJUN XIAO, AND CHONG SHENG LI PHYSICAL REVIEW D64 014014

With the factorization ansaf4.6], the three-hadron matrix For individual decay modes, the coefficieats b, andc can
elements or the decay amplitud¥Y|H.¢;|Bs) can be fac- be determined by comparing the helicity amplituéi
torized into a sum of products of two current matrix elements=(V,(\)V,(\)|Hc¢Bs) with expression4l).

(X]3£]0) and (Y[J,,IBs) (or (Y[J{]0) and(X|J,,|Bs)). In the generalized factorization approach, the effective
The explicit expressions of matrix elements can be found, fokVilson coefﬁcients(:{Eff will appear in the decay amplitudes
example, in Refs[16,40. in the combinations

In the B rest frame, the branching ratios of two-boBy
meson decays can be written as
eff eff

_ eff 2i _ eff 2i—1 .
B(BS—>XY)=TBS—|p| ~IM(Bs—XY)[2 (37 Pai-1=Caia e B =Cat Ne" (=9
87M B, (44)
for Bc— PP decays and
where the effective number of colorsl", is treated as a
Ip|® free parameter varying in the range oﬁmﬁﬁsoo, in order
B(BS_)XY):TBSSWM\2,|M(BS_>XY)/(E'pB)|2 (38) o model the nonfactorizable contribution to the hadronic

matrix elements. AlthougﬂNgff can in principle vary from
o\ _ . channel to channel, in the energetic two-body hadrdhic
for B;—PV decays. Herer(B;)=1.493 ps[20], ps is the meson decays, it is expected to be process insensitive as

four-momentum of thé& mesonM,, ande are the mass and ; eff
polarization vector of the produced light vector meson, re_supported by the dafd2]. As argued in Ref17], N¢ (LL)

spectively, andp| is the magnitude of momentum of particle induced by the Y—A)(V—A) operators can be rather dif-
) eff —
X andY in the B rest frame: ferent fromN;"(LR) generated by\{—A)(V+ A) operators.

Since we here focus on the calculation of new physics effects
1 on the studied3 meson decays induced by the new penguin
Ip|= s~ VIMZ— (My+My)2][M2— (My—My)?]. diagrams in the two-Higgs-doublet models, we will simply
2M assume thatNS"(LL)=NE(LR)=NE" and consider the
B9 variation ofN"in the range of ZN&<. For more details
about the cases ME"(LL) =NET(LR), one can see, for ex-
ample, Ref.[12]. We here will not consider the possible
effects of FSls and the contributions from annihilation chan-
nels although they may play a significant role for some decay

For Bs— VYV decays, the situation is more involved. One
needs to evaluate the helicity matrix elememt,
=(V1(N\)V2(\)|Hes|B) with A =0,=1. The branching ratio
of the decayB—V,V,, is given in terms oH, by

modes.
o Using the input parameters as given in the Appendix and
p assumingk?=m2/2, M+ =200 GeV, the theoretical predic-
B(Bg—V1V,) =15 —— (|Ho|2+|H . 1|+ |H _4|?), _ M/, Vit ' P
(B=VaV2) TBSSTrMé(' ol FIH "+ [H -1 tions of effective coefficients; are calculated and displayed

(40)  in Table | and Table Il for the transitiorts—d (b—d) and
) _ ) b—s (b—s), respectively. For coefficientss, . . . ,a;q, the
where|p| has been given in Eq39). The three independent first and second entries in Tables | and 11 refer to the values
helicity amplitudesHy, H. 1, andH_; can be expressed by qf a; in the SM and model I, respectively.
t_hree invariant amplitudes,b,c defined by the decomposi- Compared with Ref[12], the effective coefficients,
tion given here have two new features.
(i) The effective Wilson coefficienté:ieff here are not
ag,,+ 0.p only renormalization scale and scheme independent, but also
“YE MM, TR gauge invariant and infrared safe.
(i) The contribution due to the chromomagnetic dipole
(41) operatorQq has been included here through the funct@n
' as given in EQ.(36). For the penguin-diagram-dominated
decay channels, the operatdyg will play an important role.
wherep; , and M , are the four-momentum and masses of (ii) The coefficientsa; and a, remain unchanged in
V, ,, respectivelyp=p;+p, is the four-momentum of the 2HDMSs since the new physics considered here does not con-
B meson, and tribute through tree diagrams.
(iv) The new physics contributions are significant to the
H.,=a+cyx?—1, He=—ax—b(x?2—1), (42) coefficientsa, andas, but negligibly small to the coeffi-
cientsag s anday_jo.
All branching ratios here are the averages of the branch-
_ (43)  ing ratios ofB and antiB decays. The ratié5 describes the
2M1M; new physics correction on the decay ratio and is defined as

Hy=i€e*(N) 7" ()

ic ap B
+ MM, €uvapP1P

 M-Mi-w3
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B(Bs— XY)NP— B(B—XY)SM dominated decay modes, however, the new physics correc-
SB(Bs—XY)= . (45  tions are very small in size33<5%.
B(Bs—XY)SV (i) In models I and 11, the new physics corrections to all
Bs—h1h, decay modes are always small in size within the
IV. BRANCHING RATIOS OF B4 MESON DECAYS considered parameter space: less than 10% and 20% in mod-

) ) ) ] els | and I, respectively, as shown in Tables V and VI. So
Using the formulas and input parameters as given in th@ma)| corrections will be masked by other larger known the-
last section and in the Appendix, it is straightforward to find y etical uncertainties. Variation of tAnin the range of 2
the branching ratios for the ®;— PP,PV,VV decay chan- <tanB<50 cannot change this feature.

nels. In the numerical calculations, we use the decay ampli- (iii ) In model 111, the new gluonic penguins will contrib-

tudes as given in Appendixes A, B, and C of Reff§2] e effectively through the mixing of chromomagnetic opera-
directly without further discussions about details. tor Q,, with QCD penguin operato®;—Qg, as shown in Eq.
Following Refs.[16,12, the hadronic charmle€s meson 32). ql'he Cgff will strongly dominate the new physics con-

decays can be classified into six classes: the first and la ibutions toB, meson decays. The branching ratios for all
three classes correspond to the tree-dominated and penguigy decay moées have a very-weak dependence onthe
dominated amplitudes, respectively.

) . range of 0= #<30°.
(i) Class-I and class-Il decays are dominated by the exter- As pointed in Refs[12,41], the decays

nal and internalV-emission tree diagrams, respectively. Ex-
amples arB,—K "7~ ,K°#°, ... . By, 5’ m,mp, 7’ p, b7, bp (46)

(ii) Class-Ill decays: the decays involving both external
and internaMW emissions. But this class does not exist for thedo not receive any QCD penguin contributions, and are pre-
B decays. dominately governed by and hence ardl®" insensitive. In

(iii) Class-1V and class-V decay modes are governed b2HDMSs, this remains true because the new physics correc-
effective coefficientsa,ggip0andassz g respectively. Ex-  tions to the coefficienta;_joare negligibly small as shown

amples ar§SHK+K‘,w77(/), o in Tables | and Il, and therefore, the new physics contribu-
(iv) Class-VI decays involve the interference of class-IVtions to these decay modes are also very smaR%. As
and class-V decays. suggested in Refl12], a measurement of these six decay

In Tables 111-VI, we present the numerical results of themodes can be utilized to fix the paramedgr It is clear that
branching ratios for the 38,—PP,PV,VV decays in the the inclusion of new physics contributions in the 2HDMs
framework of the SM and models I, II, and IIl. Theoretical does not change this picture.
predictions are made by using the central values of input For the decays
parameters as given in E@l) and the Appendix, and assum- _ ,
ing A=0.804,A=0.22, p=0.16, 7=0.34, M4+ = 200 GeV, Bs—wn,0n’,¢n) Ko K* ¢, ¢, (47)
6=0°,30°, tapB=2, andNE"=2,3 in the generalized fac-
torization approach. Thk? dependence of the branching ra-
tios is small in the range di?=m3/2+2 Ge\? and hence
the numerical results are given by fixirkézmﬁ/z.

The SM predictions for alBg decay modes as listed in

the SM electroweak penguin corrections are in general as
important as QCD penguin effects and very sensitivﬂﬁ%.
The new physics corrections to these decay modes in model
Il also have a strong deper:fdence on the variatiormgf'f:
e . -

Tables Il and IV agree well with those given in R¢12]. oB=—20%-110% for E.NC == As illustrated in Fig. 1,

oA ) , s for example, the branching ratio &;— ¢» decay has a
The effect of changingy, and including the new contribution moderateM ;- dependence, but a stror@ﬁ dependence.

from the chromomagnetic operatQy in the SM is not sig- For Figs. 1a) and 1b), we setNS=3 andM - =200 GeV
nificant. ' ’ c H :

For decay modes involvind3;—K* or Bs— ¢ transi-
tions, we use two different set of form factors: the Bauer-
Stech-WirbelBSW) form factor[16] and the light-cone sum
rule (LCSR) form factor as given explicitly in the Appendix.
For the decay modeB— 7°¢,¢7  ,p°h,w¢p and B
— ¢ ¢, the variation of the branching ratios induced by using
different set of form factors is about a factor of 2, but small

respectively. The four curves correspond to the theoretical
predictions in the SMdotted curvg model 1l (dot-dashed
curve, model 1l with 6=0° (solid curvg, and 6=30°
(short-dashed curyerespectively.

Among the 39 charmless two-body hadrofig decays,
we find that only sevefeight) of them have branching ratios
at the level of 10° in the SM(model 11l):

or moderate for all other decay modes. oY +e— KOO 1) K KR
. . Bs—K K™ ,K°K® 57, K" p,K b, (48
From numerical results, we see the following general fea- s K P p ¢4 (49
tures of new p:’]ySICShCOI‘rECtIOI:]S. . . Among these eight decay modes, the new physics correction
() I_n mod_e [ll, the new physics corrections too 8CD— to the class-I decay modg.—K*p~ andK**p~ are very
pe,ngu/m-donlnated decay modes, such Bs—K"7'’,  gmall, from —2% to 1%. For the remaining six decay
7070, KK, etc., are large in size and insensitive to modes, the new physics enhancement is significant—from
variations of the mas#1y+ and N&™: from 30% to 130% ~50% to ~130%—and insensitive to variation afef,

with respect to the SM predictions for both cases @f These decay modes will be measurable at the future hadron
=0°,30°. For tree-dominated or electroweak penguin-colliders with largeb production[12]. In Figs. 2 and 3, we
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TABLE lll. B(Bs—hy,hy) (in units of 10 %) in the SM and model Ill by using the BSW form factors,
and assuming®=m2/2, p=0.16, 7=0.34, M,,+ =200 GeV,#=0°, andN"=2, 3, =,

SM: B Model llI: B and 8B [%]
Channel Class 2 3 o 2 3 0 2 3 o
B oKt [ 633 714 889 652 735 916 3.1 3.1 3.0
B— Ko7° I 0.19 0.08 056 0.24 0.14 0.64 2338 67.1 14.4
B—K% VI 0.34 0.31 0.79 047 0.46 1.00 383 49.9 26.8
BS*)KO”’ VI 0.57 0.51 0.77 0.88 0.84 1.17 53.0 65.6 52.3
B—K'K™ 1\ 10.7 11.7 14.0 16.7 18.5 22.3 56.5 57.6 59.4
Bs—>7TO77 \ 0.04 0.06 0.11 0.04 0.06 0.11 1.9 1.8 1.3
B— 7y’ Y, 0.04 0.06 0.10 0.04 0.06 0.11 1.9 1.8 1.3
B— 77’ VI 13.8 15.9 205 225 25.9 33.4 63.8 63.3 62.6
B-—7' 7' VI 6.79 7.51 9.08 11.6 12.9 15.7 70.6 71.7 73.4
Bs— 77 VI 6.97 8.37 11.6 10.9 13.0 17.7 56.9 55.3 52.8
BS*)KOKO 1\ 11.4 13.2 17.3 17.6 20.4 26.4 66.2 65.6 64.5
§S—>K*+7T_ | 4.04 4.56 570 4.04 4.56 5.70 0.0 0.0 0.0
ES_,K+p— | 14.8 16.7 20.8 14.9 16.8 21.0 0.9 0.9 0.9
B — K 70 I 0.10 0.003 0.29 0.10 0.002 0.29-1.7 -36.3 0.1
B, K%° I 035 004 111 037 007 117 6.8 938 5.3
BSHKOw 1LVI 1.14 0.16 1.81 1.42 0.26 1.83 24.7 56.7 1.2
B—K% 5 VI 0.16 0.13 0.44 0.22 0.21 055 384 58.2 24.9
BS—>K°* 7' 1LVI 0.08 0.02 0.16 0.10 0.05 0.20 336 131 21.7
B—K' K™ * 1\ 3.05 3.39 4.12 5.03 5.61 6.86 64.7 65.3 66.4
B— K™ K™ v 0.89 0.97 1.15 0.90 0.99 1.18 2.2 2.3 2.5
§S_,p77 \% 0.08 0.11 0.25 0.08 0.12 0.25 1.0 1.0 0.8
B—p7' \ 0.08 0.11 0.24 0.08 0.11 0.24 1.0 1.0 0.8
Bi— w7 \ 0.85 0.01 2.60 1.29 0.01 4.15 515 -14 59.9
B— w7’ Vv 0.84 0.01 256 1.28 0.01 409 515-14 59.9
Bsﬂﬁotﬁ \Y 0.13 0.17 0.32 0.13 0.17 0.32 1.9 1.8 1.3
B— o7 VI 1.85 0.76 0.07 3.78 1.69 0.03 104 122 —-535
B— o7’ VI 0.70 0.20 1.49 1.82 0.40 1.14 161 107 —-235
§s_,K0R0* v 3.24 4.11 6.17 5.52 6.85 9.93 70.6 66.7 61.0
B—K* KO \Y, 0.39 0.31 0.18 0.40 0.32 0.19 0.8 0.9 1.0
B— K% VI 0.001 0.03 0.30 0.004 0.03 0.40 118 1.1 38.4
ESHKHP* | 12.5 14.1 17.5 12.6 14.2 17.7 0.9 0.9 0.9
BS—>KO*pO 1] 0.29 0.03 094 031 0.06 0.99 6.8 93.8 5.3
Bs—>K0*w 1LVI 0.24 0.03 0.38 0.30 0.05 0.39 24.7 56.7 1.2
§S—>K+* K—* 1\ 2.72 3.02 3.68 4.48 5.00 6.12 64.7 65.3 66.4
§S_,p0¢ \Y 0.15 0.21 0.45 0.15 0.21 0.46 1.0 0.99 0.8
Bs—wd \Y 0.79 0.01 241 1.20 0.01 3.85 51.3 —1.35 59.9
B KO* KO Iv 214 271 407 365 453 656 70.7 66.8 61.1
B— K% ¢ VI 0.03 0.12 0.48 0.05 0.19 0.74 685 58.9 54.1
B— ¢ VI 17.5 8.99 0.42 299 15.8 0.98 71.1 75.8 134
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TABLE IV. B(Bs—PV,VV) (in units of 10 °) in the SM and model Il by using the LCSR form factors
for B.—K* or Bs— ¢ transition, and assuminkf= m§/2, p=0.16, »=0.34,M+=200 GeV,6=0°, and

NET=2, 3,00,

SM: B Model IlIl: B anddB [%]
Channel Class 2 3 o 2 3 o 2 3 o
ES*)K*+777 I 4.68 529 6.61 4.69 529 6.61 0.0 0.0 0.0
B—K*p~ I 15.4 174 217 155 175 219 0.9 0.9 0.9
B— K% 70 Il 0.12 0.003 0.33 0.11 0.002 033 —-1.7 -36.3 0.1
§s_,|<0p0 Il 0.36 0.04 116 0.39 0.07 1.22 6.8 93.8 5.3
Bs—>K0w ILVI 1.19 0.17 1.89 1.49 0.27 1.91 24.7 56.7 1.2
B.—K% 7 ILVI 0.18 0.14 050 0.24 0.22 0.62 36.7 57.8 23.6
B.— K% 7' ILVI 0.09 0.02 019 0.11 0.05 0.23 28.7 137 17.5
B K K™* \Y 3.22 358 435 531 592 7.22 64.7 65.3 66.4
B K™ *K~ \ 1.04 114 135 1.06 116 1.38 2.2 2.3 2.8
B—pn \Y, 0.09 0.12 0.26 0.09 0.12 0.26 1.0 1.0 0.8
§s_,p,7' V 0.09 0.12 0.25 0.09 0.12 0.25 1.0 1.0 0.8
B w7 \Y, 0.89 001 271 135 0.01 4.33 515 —-14 59.9
B w7y’ \Y, 0.88 0.01 267 133 0.01 4.27 515 —-14 59.9
B 70 \% 0.26 0.33 0.63 0.26 0.34 0.64 1.9 1.8 1.3
B b7 VI 1.36 049 0.18 3.04 1.23 0.09 124 151 -50.3
B— b7’ VI 0.38 053 343 0.87 021 2091 127 -60.3 —15.3
B.— KOKO* \ 3.42 434 652 583 7.23 105 70.6 66.7 61.0
§S_,K0*E0 \Y 0.46 0.37 0.22 046 0.37 0.22 0.8 0.9 1.0
B.— K% VI 0.004 0.05 0.36 0.002 0.05 0.50-56.3 11 36.0
B—K™*p~ I 13.2 149 18,6 133 15.0 1838 0.9 0.9 0.9
B— K% p® Il 0.31 0.03 099 0.33 0.06 1.05 6.8 93.8 5.3
B~ K% w ILVI 0.26 0.04 040 0.32 0.06 041 24.7 56.7 1.2
B K *K™* \ 2.82 3.13 379 464 5.17 6.33 64.7 65.3 66.4
B—p°¢d \Y, 0.27 0.38 0.82 0.28 0.38 0.82 1.0 1.0 0.8
§s_,w¢ \% 1.43 0.01 433 216 0.01 6.93 515 —-14 59.9
Bo— KO*KO* \Y 2.20 280 420 3.76 467 6.77 70.7 66.8 61.1
B.— K% ¢ VI 0.07 0.20 0.66 0.12 0.32 1.03 68.9 60.5 55.1
B o VI 29.9 154 072 511 270 1.68 71.1 75.8 134

plot the mass antl®™ dependence of the branching ratios of is B(BJ— K%)= (89" 18+9)x 107, which is larger than
§5—>K+K_ and 7’ decay modes. the branching ratios oB— K7 decays by a factor of 3-5.

After inclusion of new physics contributions in models |, For Bg decays, the decay modE@,—nm’ andgsr;’ n' are
I, and Ill, the patterns observed in Rgfl2] remain un- the analogue oBy;—K®7;’ decay and are expected to have

changed: large branching ratios. From Table IIl, one can see that the
o o SM predictions of the branching ratio§(Bs— n#»') and
[(B— K K™)>T(B—K"K* ™) B(Bs— 1’ n") are indeed large, but comparable in size with
_ _ the other six decay modes listed in E48). The new physics
= (Bs—K* TK* 7)>T(Bg— K™ K"), enhancement to these two decay modes is significant in size,
~70% in model Ill, as illustrated in Fig. 3. After the inclu-
['(Be—KK%)>T(B—KK*?) sion of new physics contributions, we find numerically that
=I'(B—K*K*%)>T'(B,—~K*°K%. (49 N
B(Bs—nn')~(23-33 %10, (50)
Recently, large decay rates fBf —K* 7' andBy—K%%’
decays have been reported by the CLEO and BaBar Collabo- .
rations[4,5]. The CLEO measurement & —K°%»' decay B(B— 7' 7' )~(12-16x 1076, (51)
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TABLE V. B(Bs—h;h,) (in units of 10°®) in model I, with k>=m2/2, p=0.16, »=0.34, M+
=200 GeV, tag=2, andN®"=2, 3, .

SM: B Model I: B and 6B [%]

Channel Class 2 3 e 2 3 e 2 3 o
B—Kitm™ | 6.33 7.13 8.88 6.34 7.14 8.90 0.1 0.1 0.1
B—K7® I 0.19 0.08 0.56 0.19 0.08 0.56 —0.1 0.0 0.1
B.—K% VI 0.34 0.31 0.78 0.34 0.31 0.79 0.4 0.7 0.4
B.— K%’ VI 0.57 0.51 0.76  0.58 0.52 0.77 1.2 15 1.3
B K K™ IV 10.6 11.7 140 10.8 11.9 14.1 1.4 1.3 1.3
B.— 7’7 Vv 0.04 0.06 0.11  0.05 0.06 0.11 105 10.0 7.3
B— w7’ Vv 0.04 0.05 0.10 0.05 0.06 0.11 105 10.0 7.3
B— 77’ VI 13.7 15.8 20.5 13.9 16.1 20.8 1.1 1.2 1.3
B—7'7 \ 6.77 7.48 9.05 6.89 7.63 9.22 15 15 1.6
B— 77 VI 6.95 835 115 7.03 8.44 117 0.8 0.9 1.0
BSHKOKO \Y 11.4 13.2 17.2 11.6 13.4 17.5 1.8 1.9 2.0
B—K* I 4.04 4.56 570 4.04 4.56 5.70 0.0 0.0 0.0
B—K*p~ I 14.7 16.6 20.8 14.8 16.7 20.8 0.0 0.0 0.0
B— K% 70 I 0.10 0.003 0.29 0.10 0.003 0.29 0.3 5.1 0.0
B—K%?° I 0.35 0.04 111  0.35 0.04 1.11 0.0 0.5 0.0
B.—K%w ILVI 1.14 0.16 181 1.15 0.17 181 0.6 1.3 0.0
B—K% 5 ILVI 0.16 0.13 0.44 0.16 0.13 0.45 0.4 0.8 0.5
B.— K% 7' ILVI 0.08 0.02 0.16  0.08 0.02 0.17 0.6 2.8 0.5
B K"K~ * \% 3.04 3.38 411 312 3.45 4.18 2.1 1.9 15
B K *K~ \% 0.89 0.97 1.15 0.87 0.96 1.14-15 -10 -0.2
B—p7n Y, 0.08 0.11 0.25 0.09 0.12 0.26 5.4 5.6 4.6
B—pn' Vv 0.08 0.11 0.24 0.09 0.12 0.25 5.4 5.6 4.6
B—w7y \Y 0.85 0.01 259 0.86 0.01 2.65 0.8-7.4 2.0
B w7’ Y, 0.84 0.01 255 0.85 0.01 2.61 0.8-7.4 2.0
B 70 Vv 0.13 0.17 0.32 0.14 0.18 0.34 105 10.0 7.3
B b7y VI 1.84 0.75 0.07 1.86 0.76 0.07 0.4 0.2 2.6
B 7' VI 0.69 0.20 149 071 0.20 151 1.0 0.0 1.2
B.— KOKO* \% 3.22 4.09 6.15 3.30 4.19 6.31 2.0 2.1 2.3
B.— K% KO \% 0.39 0.31 0.18 0.39 0.31 0.18-04 -1.0 -29
B.—K% \ 0.001 0.03 0.30 0.002 0.03 0.30 0.3 2.1 1.7
§s_>|<+*p* | 12.4 14.1 17.5 12.5 14.1 17.5 0.0 0.0 0.0
B— K% p® I 0.29 0.03 094 0.29 0.03 0.94 0.0 0.5 0.0
B~ K% w ILVI 0.24 0.03 0.38 0.24 0.04 0.38 0.6 1.3 0.0
B K *K™* \% 2.71 3.02 3.66 2.78 3.08 3.73 2.1 1.9 15
B—p%¢d Y, 0.15 0.21 0.45 0.16 0.22 0.47 5.4 5.6 4.6
B—wd Vv 0.79 0.01 240 0.80 0.01 2.46 0.7-7.4 2.0
Bo— KO* KO* \Y, 2.13 2.70 406 217 2.77 4.17 2.0 2.1 2.3
B— K% ¢ \ 0.03 0.12 0.48 0.03 0.12 0.49 3.8 2.9 2.4
B do VI 17.4 8.95 042 17.7 9.08 0.42 1.1 11 0.5

These theoretical predictions will be tested by future experidence. In Figs. 4 and 5, we plot the mass Nﬁﬁ depen-

mental measurements. - dence of the branching ratios3(Bc—K*K™*) and
For the decayB—K"K™* andB—K*™*K™*, they have B(K"*K *). It is easy to see that the new physics contri-
relatively large decay rates and wekllk,;+ and Nﬁﬁ depen-  butions in the model Il to these two class-IV decays are
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TABLE VI. B(Bs—h;h,) (in units of 10°°) in model II, with k>=m2/2, p=0.16, 7=0.34, M+
=200 GeV, ta=2, andN=2, 3,

SM: B Model II: B and 6B [%]

Channel Class 2 3 e 2 3 o 2 3 o
B—K*a™ | 6.33 7.13 8.88 6.29 7.09 8.84 -06 —-06 —0.6
B—K7® Il 0.19 0.08 0.56 0.18 0.07 055 —4.7 —-134 -29
B—K% VI 0.34 0.31 0.78 0.31 0.28 0.74 -75 —-98 —-5.2
B.— K%’ VI 0.57 0.51 0.76  0.52 0.45 0.70 —95 -116 -—9.1
B K K™ Iv  10.6 11.7 14.0 9.58 105 125 -10.2 -104 -10.8
B— 7’7 \Y, 0.04 0.06 0.11 0.05 0.06 0.11 10.5 10.0 7.3
B— w7’ Y, 0.04 0.05 0.10 0.05 0.06 0.11 10.5 10.0 7.3
B— 77’ VI 137 15.8 205 121 14.0 182 —-11.7 -116 -114
B—7'7 VI 6.77 7.48 9.05 5.94 6.56 7.91-125 -127 -129
B— 77 VI 6.95 8.35 115 6.21 749 104 —-109 -106 —9.9
BSHKOKO v 11.4 13.2 17.2 10.3 11.9 156 —-11.9 -11.7 -11.4
B—K* | 4.04 4.56 570 4.04 4.56 5.70 0.0 0.0 0.0
B—K*p~ | 14.7 16.6 208 147 16.6 208 -02 -02 -02
B— K% 70 Il 0.10 0.003 0.29 0.10 0.003 0.29 0.8 16.5 0.0
B—K%®° Il 0.35 0.04 1.11  0.35 0.03 110 -1.1 -16.7 -10
B—K% ILVI 1.14 0.16 1.81 1.09 0.15 1.80 —45 -103 -0.2
Bs—>K0*77 IL,VI 0.16 0.13 0.44 0.15 0.12 042 —-73 -—-111 —-47
B.— K% 7' ILvVI 0.08 0.02 0.16 0.07 0.02 0.16 —47 -179 -29
B K K™* v 3.04 3.38 411 274 3.03 3.66—-10.3 —-10.7 -—11.2
B K *K~ v 0.89 0.97 1.15 0.87 0.95 114 -20 -16 -038
B—p7 \Y, 0.08 0.11 0.25 0.09 0.12 0.26 5.4 5.6 4.6
B—pn' Y, 0.08 0.11 0.24 0.09 0.12 0.25 5.4 5.6 4.6
B—w7y \Y, 0.85 0.01 259 0.77 0.01 233 -99 —-74 -103
B w7’ Y, 0.84 0.01 255 0.76 0.01 230 -99 —-74 -103
B 70 \Y, 0.13 0.17 032 0.14 0.18 0.34 10.5 10.0 7.3
B b7y VI 1.84 0.75 0.07 151 0.60 0.09-18.3 —20.5 26.8
B 7' VI 0.69 0.20 149 055 0.21 1.60—-21.3 7.5 7.6
B.— KOKO* v 3.22 4.09 6.15 2.85 3.64 554-12.0 -11.3 -10.1
B.— K% KO v 0.39 0.31 0.18 0.39 0.31 0.18 -0.6 —-13 -—-3.2
B.—K% VI 0.001 0.03 0.30 0.002 0.03 0.28 6.6 2.0-6.6
§3—>K+*p7 | 12.4 14.1 17.5 12.4 14.0 175 —-0.2 -0.2 -0.2
B— K% p° Il 0.29 0.03 094 0.29 0.03 093 -11 -16.7 -—-1.0
B~ K% w LVl 0.24 0.03 0.38 0.23 0.03 038 -45 -103 -0.2
B K *K™* v 2.71 3.02 3.66 2.43 2.70 3.27-10.3 -10.7 -—-11.2
B—p%¢d Y, 0.15 0.21 0.45 0.16 0.22 0.47 5.4 5.6 4.6
B—wd Y, 0.79 0.01 240 071 0.01 2.16-100 —-7.4 -103
Bo— KO* KO* v 2.13 2.70 406 1.88 2.41 3.66—-12.1 -11.3 -10.2
B— K% ¢ VI 0.03 0.12 0.48 0.03 0.11 0.44-100 —-9.2 -—-8.8
B do Vi 174 8.95 0.42 152 7.75 0.33-13.0 —-138 -—-214
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FIG. 1. Branching ratio#(Bs— ¢ ) versusM,+ and 1N in FIG. 2. Same as Fig. 1 but for the deday—K"K".

the SM and models Il and Il by using the BSW form factors. For

(@) and (b), we setNg"=3 andM =200 GeV, respectively. The In models | and 11, one does not expect sizable changes in
four curves correspond to the theoretical predict_ions in the(dh\_ﬂ Acp of Bg decays since there is no any new phase introduced
ted line, model Il (dot-dashed curye model 11l vylth 6=0° (solid when compared with the SM. In model Iil, although the
curve, and ¢=30° (short-dashed curyerespectively. introducing of a new phasé played an important role in

significant (~70%) in size and insensitive to the variations relaxing the constraint on the parameter space of model IlI

of My+ and Ng‘ff_ due to the CLEO measurement®f- X,y decay as studied
in Ref.[34], we still do not expect dramatic changes for the
V. CP-VIOLATING ASYMMETRIES OF B¢ MESON pattern of theC P-violating asymmetries oBs decays under
DECAYS consideration because this phase may alter the theoretical

) _ _ prediction of Acp through loop diagrams only.

In 'Ref.. [25], Du et aI.. studied the branching rayos+and Analogous to theBy meson decays, the time-dependent
CP-violating asymmetries for decay mod&—K™ 7",  cp asymmetry for the decays of states that were tagged as
K'K™, K% ¢ ¢, andK’¢. Recently, Aliet al.[42] esti- e BY or BY at production is defined as
mated theC P-violating asymmetries in 76 charmless had-
ronic decays oBB, and By mesons. The calculation of the
CP-violating asymmetry4d.p for B meson decays is theo- 0 =) =
retically very similar to that of thd8; meson decays. For Acp(t)= F(Bs(t)qf)_F(Bs(t)Hf_)_ (52)
more details about the theoretical aspectsCd-violating F(Bg(t)ﬂf)+l“(§2(t)%f)
asymmetries irB, y—h;h, decays, one should see Rgf2]
and reference therein. In this section, we calculate the

CP-violating asymmetries dBs—h, h, decays in the frame-  pq)1owing Ref.[42], the neutraB? (BY) decays can be clas-
work of the SM and the general two-Higgs-doublet modelsgjsieq into three classes according to the properties of the
We focus on evaluating the new physics effects Ay for . —

; ; final states andf.
39 B, decay channels induced by charged-Higgs-boson pen- 0 - = .
guin diagrams appearing in the general two-Higgs-doublet (i) Class-1 decayss;—f, B;—f, and the final statefsor
models. f is not a common final state &2 and B, for example,
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FIG. 3. Same as Fig. 1 but for the ded@y— 77’ .
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0 - - iy
B;— K" 7. The CP-violating asymmetry for class-1 de- [25] for the case oB2-BC mixing.2 Contrary to theB; meson

cays will be independent of time,

'(BY—f)-I'(BY—f)
T(B2-f)+I(BY—T)’

cP (53)

in terms of partial decay widths.
=)

(i) Class-2 and 3 decay®8%—(f=f) with fCP=+f
(class 2 or f€P+# = f (class 3, the time-integrate@ P asym-
metries are of the form

1 1 X Im(\cp)

Acp= - , (54
P12 1+ hepl2 14X 14 |hepl?
with
ViiVis (f[He | BY)
cp : = (59

thviks <f|Heff| Bg> ,

decay wherex~0.73, it is easy to see that the parametfar

Bg decays is very large. The first and second terms in Eq.
(54) are strongly suppressed byx3/and 1k, respectively.
We therefore do not expect largeP-violating asymmetries
Acp for the class-2 and classEiﬁ decays. This expectation
is confirmed by the numerical results given below.

In Tables VII and VIII, we present numerical results of
CP-violating asymmetries4cp for 39 Bs—h,h, decay
channels in the SM and 2HDMs, using the input parameters
as given in the Appendix and assuming that= m§/2, p
=0.16, =0.34, My;+ =200 GeV,#=0°,30°, andNS"=2,

3, . We show the numerical results for the case of using
BSW form factors only since the differences induced by us-
ing the BSW or LCSR form factors are small for almost all
B decay modes.

Among 39Bg decay modes studied, we find that seven of
them haveC P-violating asymmetries larger than 20% in the
SM and model IlI:

§5_> KO* WO,KOPO,EO* 77(/),K+K7*,KO*pO,K0*w.
(56)

3From Ref.[20], the upper limit isx:AMBg/FBg> 15.7 at 95%

Wherex=AMBg/FBg~20 is the preferred value in the SM C.L.
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and Nﬁﬁ stable coefficients, anda, [12]:

M(Bs—K K™ *) = [V pVia; — VipVi(as+as ) ].
(57)

The imaginary parts oM for b—s andb—s transitions are
very different, which in turn leads to a larg&-p. The nu-
merical result indeed shows that this decay has a large and
NE™ stableC P-violating asymmetry,

) _
Acp(Be—KTK™*)~ —30% (58)

0 ‘ - ‘ ] for 2= N§ﬁ$oo. Another advantage of this decay mode is the
100 150 200 250 300 large (~70%) new physics enhancement to its branching

ratio B(§S—>K+K**) in model 1ll, as illustrated in Fig. 7.

W] Taking into account the above facts, this decay méde
() ] —K*TK™* seems to be the “best” channel to fir@P vio-

sl ] lation of theBg system through studies of two-body charm-
] less decays oBg meson.

Since the tree-dominate8l,— K" 77~ decay mode has a
moderateC P-violating asymmetry {-10%), a large branch-
ing ratio (~7x10 °), negligible new physics correction,
large detection efficiencyand a very weakxlg‘ff dependence,
we therefore classify this decay mode as one of the promis-
ing decay channels for discovering tkeP violation in Bg
system.

‘ ‘ , ‘ For the decay.— K% 7', although the SM prediction of
0.0 041 0.2 0.3 0.4 0.5 its Acp can be large, it is varying in the range 6f60% to
1/N*’ff 60% due to the strong dependencel‘dﬁﬂf, as illustrated in
o Fig. 8. Another disadvantage of this decay is its small
FIG. 5. Same as Fig. 1 but for the dedBy—K™*K™*. branching ratio (0.02-0.1610 %, almost two orders

+ .- K —*
All these seven decay modes belong to @ie-class-1 decay smaller than that 0B, —K" 7~ andK "K~* decays.

modes. On the other hand, all 24 class-2 and -3 decay mod%ﬁ::l; tEetrr]img?;n%ffl\:ﬁe?acay égcr)]d(;?sgs g;vzg 'Ta(;Eﬁg’ as
have small CP-violating asymmetries only|Acp|=<5%, 9 cP g

0% —300 “ ”
mainly due to the strong suppression af?l4s shown in Eq. 20 /°. 30/0’. but these _decays_can hot be “good™ channels
(54) for discovering theC P violation in theB4 system because of
. eﬁ . .

In models | and II, the new physics corrections dap the str(_)nch dependence and very small branching ratios.
for almost all B, decay modes studied here are negligibly N Figs. 6 and 7, we show the mass anff depenc.jence
small as can be seen from Table VIII and Figs. 6-8. Inof Acp for Bs—K"K™ andK"K™* decays. In these figures,
model I, the new physics correction is varying from chan-the dotted and dot-dashed curves refer to the theoretical pre-
nel to channel, as illustrated in Table VIl and Figs. 648: diction in the SM and model II, while the solid and short-
For§s—>K*K* decay, the new physics correction to.itgp dashed curves correspond to the prediction in the model Il
is very small in size and insensitive to the variations\gf ~ for =07 and 30%, respectively. As can _bf seen from Fig. 7,
and ¢; (ii) for B,—K*K* decay, the new physics correc- h€ CP-violating asymmetry oBs—K"K"* decay is large
tion to its Acp is moderate in size, from-20% to —40% [N Size and has weak or moderate dependendd gn, N,
with 0°< #=<30°, and insensitive to variations 6f"; (iii ) and 6.
for Bs—K% %’ and three remaining decays given in Eq.

(56), the size and the sign of the new physics corrections
strongly depend on bothlgJff and 6; (iv) for Be—n7n', ¢ In this paper, we calculated the branching ratios and
and several othe€ P class-2 and -3 decays, the new physicsC P-violating asymmetries of two-body charmless hadronic
corrections can be as large as a factor of 30, but have a vedecays ofB; mesons in the standard model and the general
strong dependence oNﬁﬁ and 6. Despite the large new

physics correction to these decay modes, thkip are still

smaller than 5% because of strong suppressionxdt. 1/ “4In general, the detection efficiency for the two-boBymeson

For the QCD penguin-dominaté®L— K"K ~* decay, its  decays with charged final states is larger than that with neutral final
decay amplitude is proportional to the combination of largestates by a factor of 2 or 3.

B(Bs—> K* K™ )(10-6)

VI. SUMMARY AND DISCUSSIONS
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TABLE VII. CP-violating asymmetriesdcp(Bs—h;h,) (in percent in the SM and model I, withk?=m2/2, p=0.16, 7=0.34,
My+=200 GeV,6=0°,30°, andN§ﬁ=2, 3, .

SM Model Ill: 6=0° Model Ill: 6=30°
Channel CP class 2 3 o 2 3 % 2 3 o
§S_,K+7T— 1 10.2 10.2 10.3 9.95 9.96 9.97 10.2 10.2 10.3
§s_,|<g770 2 —-1.99 —3.98 4.50 —-3.18 —-3.87 4.48 —2.60 —4.51 4.36
§5—>K(5)77 2 —-4.73 —-3.62 2.93 —4.94 —-3.59 2.17 —4.76 —-4.19 1.67
ESHK(s)ﬂ' 2 0.31 —2.86 —4.74 —0.50 —2.99 —4.96 —1.44 —3.84 —4.77
§SHK+K* 2 -1.71 —1.74 —-1.77 —-1.40 —1.41 —-1.43 —2.38 —-2.40 —2.45
BSHWOW 2 —2.72 —-0.24 2.93 —2.69 —-0.24 2.92 —2.69 —0.24 2.92
Bs—”TOT]' 2 —2.72 —-0.24 2.93 —2.69 —-0.24 2.92 —2.69 —-0.24 2.92
ES—WM' 2 0.07 0.05 0.01 0.05 0.03 0.01 -1.08 —1.09 -1.11
§s_, 7'y 2 —0.16 0.03 0.36 -0.13 0.02 0.27 —-1.34 —-1.21 —0.98
Es—>7777 2 0.30 0.06 -0.31 0.24 0.05 -0.25 -0.81 -0.97 —-1.24
B.—KK° 2 0.05 0.04 0.04 0.03 0.03 003 —-1.19 -118 —1.17
B K* o 1 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34
B—K'p~ 1 5.56 5.56 5.55 5.52 551 551 5.60 5.60 5.59
BS—>K°* 0 1 —-845 —26.6 6.17 —-859 —41.2 6.17 —-8.40 —40.1 6.27
ES_,KgPO 1 —22.6 —16.3 15.5 —21.1 —7.99 14.8 —20.3 —16.6 154
§s_,|<fs’w 2 3.88 —1.60 4.53 3.15 —-2.01 4.65 2.78 —2.90 4.64
§5_>E0* 7 1 —-27.3 —-0.36 23.1 —19.5 —-0.01 18.6 —-21.6 —4.60 18.7
ESHKO* 7' 1 52.8 30.8 —45.0 39.9 141  —36.7 42.5 —2.09 —-357
B, KK ™* 1 -305 —-309 —-31.7 -188 —19.0 —194 -239 -242 246
B—K ™ K~ 1 1.40 1.45 1.53 1.37 1.42 1.49 1.37 1.41 1.49
B—p7 2 —3.03 —0.26 3.02 —3.02 —0.26 3.01 —3.02 —0.26 3.01
Es—w??' 2 —3.03 —0.26 3.02 —3.02 —0.26 3.01 —3.02 —0.26 3.01
§s_,w,7 2 —-0.87 —-1.01 —-0.84 -0.71 —1.02 —0.68 —-1.67 —1.02 —-1.74
Es_”*’n, 2 -0.87 —-1.01 —-0.84 -0.71 —-1.02 —0.68 —-1.67 —-1.02 —-1.74
ESHW%b 2 —2.72 —0.24 2.93 —2.69 —0.24 2.92 —2.69 —0.24 2.92
Bs— 7 2 0.49 0.17 287 —-0.71 —1.02 —0.68 —-1.67 —1.02 —-1.74
B— ¢ 7’ 2 —-0.31 0.25 —-0.74 —-0.71 —1.02 —0.68 —1.67 —1.02 —-1.74
gs_,KgKO* 1 —-1.25 —-1.21 —-1.13 —-1.02 —0.98 —0.93 —6.98 —6.46 —-5.72
ES_,KO* Kg 1 —0.02 —0.03 —0.04 —0.02 —0.03 —-0.04 —0.02 —0.03 —-0.04
§s_,|<fs’¢ 2 —-3.38 —3.45 —-3.27 —2.88 —3.45 -3.30 —4.42 —3.47 —3.84
§3_>K+*p* 1 5.56 5.56 5.55 5.52 551 551 5.60 5.60 5.59
Bs— K% p° 1 —22.6 —16.3 155 —-211 —7.99 14.8 —20.3 —16.6 154
B.—K%w 1 25.5 13.1 5.43 20.6 8.57 5.37 20.9 4.39 5.46
B— K *K™* 3 —3.86 —3.87 —3.90 —3.25 —3.27 —3.29 —4.05 —4.07 —4.10
Bs—>PO¢ 3 —3.03 —0.26 3.02 —3.02 —0.26 3.01 —3.02 —0.26 3.01
ES_,qu 3 —-0.87 —-1.01 —-0.84 —-0.71 —1.02 —0.68 —-1.67 —1.02 —-1.74
§s_,K0*E0* 3 0.05 0.05 0.04 0.04 0.03 0.03 —1.18 —-1.13 —1.06
§5_>K0*¢ 1 4.41 3.46 3.01 2.90 2.40 215 —-3.03 —2.27 -1.91
§5H¢¢ 3 0.05 0.06 0.12 0.04 0.04 0.06 —1.19 —1.24 —-1.79
two-Higgs-doublet modelémodels |, 1l, and 1l) by employ-  and presented the formulas needed to calculate the branching
ing the NLO effective Hamiltonian with generalized factor- ratios B(Bs—h1h,).
ization. In Sec. lll, we defined the effective Wilson coeffi- In Sec. IV, we calculated the branching ratios for B9

cientsC®'" with the inclusion of new physics contributions, —h;h, decays in the SM and models I, Il, and IlI, presented
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TABLE VIIl. Acp(Bs—h;h,) (in percent in models | and II, withk?=m2/2, p=0.16, 7=0.34, M,;+ =200 GeV, ta=2, andN°"

=2, 3,%.

SM Model | Model 11
Channel CP class 2 3 e 2 3 o 2 3 o
B.K* 7™ 1 10.2 10.2 10.3 10.2 10.3 10.3 10.3 10.3 10.3
§SHKgT,0 2 -1.99 -3.98 4.50 -1.98 -3.98 4.79 -1.63 -4.01 4.84
ESHKg,, 2 -4.73 -3.62 2.93 —-4.74 -3.62 2.92 —4.65 —3.63 3.11
EsﬂKgn’ 2 0.31 —2.86 —4.74 0.28 —2.86 —4.75 0.52 —2.82 —4.64
B—K'K™ 2 —-1.71 —-1.74 —=1.77 —-1.70 —1.72 —-1.76 —1.80 —-1.82 —1.86
Bs—>7TO77 2 —2.72 —-0.24 2.93 —2.59 —-0.23 2.84 —2.59 —-0.23 2.84
§s_,770,7/ 2 —2.72 —-0.24 2.93 —2.59 —-0.23 2.84 —2.59 —-0.23 2.84
B— 77’ 2 0.07 0.05 0.01 0.07 0.05 0.01 0.07 0.05 0.01
B 7' 7' 2 -0.16 0.03 0.36 —0.16 0.03 0.36 —0.16 0.04 0.39
B— 77 2 0.30 0.06 —-0.31 0.30 0.06 -0.31 0.31 0.06 —-0.32
BS*)KOKO 2 0.05 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
§S_,K*+7T— 1 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34
B—K*p~ 1 5.56 5.56 5.55 5.57 5.57 5.56 5.58 5.57 5.57
§s_,|<0* 0 1 —845 —26.6 6.17 —-844 —-253 6.18 -840 —229 6.18
§3—>Kgp° 1 —22.6 —-16.3 15.5 —22.6 —16.2 15.5 —-229 —-19.8 15.7
§SHng 2 3.88 —1.60 4.53 3.87 —1.62 4.53 403 —1.49 4.50
B—K% 5 1 -27.3 -0.36 23.1 —-27.2 -0.36 23.1 —-29.5 -0.50 24.3
BS—>K0* 7' 1 52.8 30.8 —45.0 52.6 30.0 —44.8 554 37.1 —46.5
B— K K™ * 1 —30.5 —30.9 —-31.7 —29.9 —-30.4 —-31.3 —33.9 —34.5 —35.6
B— K™ K™ 1 1.40 1.45 1.53 1.43 1.47 1.53 1.44 1.47 1.54
B—p7n 2 -3.03 -0.26 3.02 —2.96 -0.25 2.96 —2.96 -0.25 2.96
Be—p7' 2 -3.03 -0.26 3.02 —2.96 -0.25 2.96 —2.96 -0.25 2.96
B w7 2 -0.87 -1.01 -0.84 -0.87 -1.05 -0.84 -0.91 —1.05 -0.89
B— w7’ 2 -0.87 -1.01 -0.84 -0.87 —1.05 -0.84 -0.91 —1.05 -0.89
Bsﬂwoqs 2 —2.72 —-0.24 2.93 —2.59 —-0.23 2.84 —2.59 —0.23 2.84
B— o7 2 0.49 0.17 2.87 —-0.87 —1.05 —-0.84 —-0.91 —1.05 —-0.89
B— 7' 2 —-0.31 0.25 —-0.74 —-0.87 —1.05 —-0.84 —-0.91 —1.05 —-0.89
§s_,KgR0* 1 —-1.25 —-1.21 —-1.13 —-1.24 —-1.20 —-1.12 —-1.31 —-1.26 —-1.18
B K K2 1 -0.02 -0.03 -0.04 -0.02 -0.03 -0.04 -0.02 —-0.03 -0.04
§SHKg¢> 2 -3.38 —3.45 -3.27 -3.39 —3.45 -3.27 -3.67 —3.45 -3.26
ESHKHP* 1 5.56 5.56 5.55 5.57 5.57 5.56 5.58 5.57 5.57
BS—>KO*pO 1 —22.6 —16.3 15.5 —22.6 —16.2 15.5 —22.9 —19.8 15.7
BS—>KO*w 1 255 13.1 5.43 254 12.9 5.44 26.7 14.5 5.45
B K**K™* 3 —3.86 -3.87 -3.90 -3.83 -3.85 -3.89 -3.97 -3.99 -4.02
B—p%¢p 3 -3.03 -0.26 3.02 —2.96 -0.25 2.96 —2.96 -0.25 2.96
B wd 3 -0.87 -1.01 -0.84 -0.87 -1.05 -0.84 -0.91 —1.05 -0.89
Bo— K% KO* 3 0.05 0.05 0.04 0.05 0.05 0.04 0.06 0.05 0.05
B— K% ¢ 1 4.41 3.46 3.01 4.28 3.38 2.96 4.81 3.74 3.25
B— ¢ 3 0.05 0.06 0.12 0.05 0.05 0.12 0.06 0.06 0.14

the numerical results in Tables IlI-VI, and displayed the (i) In models | and Il, the new physics corrections to the
M+ andN§ff dependence of several interesting decay modedecay rates of alB;— h;h, decay modes are small and will

in Figs. 1-5. From the numerical results, one can see thbe masked by other larger known theoretical uncertainties.
following. (i) In model lll, the new physics corrections to QCD
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FIG. 6. CP-violating asymmetriesAcp of Bs—K K~ decay FIG. 7. Same as Fig. 6 but for dec@y—K " K™*.

versusM+ and 1N§'“f in the SM and models Il and Ill. Fag) and

(b), we setNg"=3 and M+=200 GeV, respectively. The four measurable at the future hadron colliders with labggro-
curves correspond to the theoretical predictions in the 8Mted  gyction.
line), model 1l (dot-dashed curye model IlI wjth 0=0° (solid In Sec. V, we calculated th€ P-violating asymmetries
curve), and = 30° (short-dashed curyerespectively. Acp for 39 B—h;h, decays in the SM and 2HDMs, pre-

) sented the numerical results in Tables VII and VIII, and dis-
penguin-dominated decayg—K°7!), K*K™*, ¢¢, etc., played theM,+ and NE™ dependence ofdcp for several
are large in size, from 30% to 130% with respect to the SMiypical decay modes in Figs. 6-8. From those tables and
predictions, and insensitive to the variations of the massigures, the following conclusions can be drawn.
My+ and Nﬁﬁ. For the tree- or electroweak penguin- (i) For almost allB; decay modes, the new physics cor-
dominated decay modes as listed in E4p), however, the rections onAcp are negligibly small in models | and II. In
new physics corrections are very small in sia8<5%. model Ill, the new physics correction is varying from chan-

(i) For the decayB.— n»' and B 7' 75’, the ana- Nel to channel, and has a strong dependence on the parameter

logue ofB4— K7’ decay, the branching ratios are large butNE" and the new phase for most decay modes.
in comparable size with the other six decay modes listed in (i) For 24 CP-class-2 and -3 meson decay modes,
Eq. (48). The new physics enhancements B6B.— 77') their C P-violating asymmetries are smalldcp|<5%, due

— ., o L : to the strong 2 suppression.
~ 0
ﬁ|nd B(Bs— n'7'") are significant in size;-70% in model (i) Among the studied 385 meson decay modes, seven

(iv) For decay mode®,— b, b7’ ,p°h v and B, of them can have €P-violating asymmetry larger than 20%

— ¢ ¢, the variation of the branching ratios induced by using'n magnltudi. . off
the BSW or LCSR form factors is about a factor of 2, but (V) The Bs—K"K™* decay has a large ani;"- and
small or moderate for all other decay modes. This featurd-stable CP-violating asymmetry,~—30%, and a large

remains basically unchanged after the inclusion of new physPranching ratio. This mode seems to be the “best” channel
ics contributions. to find CP violation of Bg system through studies of two-

(v) For B.—~K*K~ and other decay modes as listed in body charmless decays & meson. The tree-dominated

Eq. (49, the branching ratios are at the level of (1-3) Bc—K™ 7~ decay is also a promising decay channel for dis-
% 107° in the SM and model lll. These decay modes will be covering theCP violation in B¢ system.
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R M,=91.188, M,=80.42, mgo=>5.369,
o | @ | :
25 1
g : 1 m,-=0.140,
T 20§
5? 7 m,o=0.135, m,=0.547, m,,=0.958,
I 15 [
/I\ i m,=0.770, m,=0.782,
w 10 [
‘o my=1.019, my-=0.494, myo=0.498,
o f
i 1 My ==0.892,
%.0 0.1 0.2 0.3 0.4 0.5
1 /Nett Myx0=0.896, 7(B)=1.493 ps. (A1)
/\ O ] (i) For the elements of CKM matrix, we use Wolfenstein
Y eof ® PRI parametrization and fix the parametés\,p, » to their cen-
o i P ] tral values:

- A=0.804, \=0.22, p=0.16, 7=0.34. (A2)
1S (ii ) Following Refs[26,13, the current quark masses evalu-
I ated at the scalg=m, will be used in the numerical calcu-

s lations:
-t
< mp(my) =4.34 GeV, m(m,)=0.95 GeV,

mg(m,)=0.105 GeV,

o myg(my)=6.4 MeV, my(my)=3.2 MeV. (A3)

FIG. 8. Branching ratios an@ P-violating asymmetries oBg
—K% 5" decay versus N2" in the SM and models Il and Ill, For the mass of the heavy top quark we also use
assumingM+=200 GeV and ta@=2. The four curves corre- :E(mt):mg GeV.
spond to the theoretical predictions in the $dibtted curvg, model (iv) For the decay constants of light mesons, the following
Il (short-dashed curyemodel I1l with §=0° (long-dashed curve  yaiyes are used in the numerical calculatidits units of
and 6= 30° (solid curve, respectively. MeV):
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(v) In the calculation we use the following BSW form
factorsF(0) (in the units of GeV [25,16,12:

In this appendix we present relevant input parameters.

APPENDIX: INPUT PARAMETERS AND FORM FACTORS

The input parameters are similar to those used in ReH. F6~7(0)=0.33, Fg (0)=0.274,

(i) The coupling constant® meson masses, light meson
masses, etc., are as followall masses in units of GeV Fg*”(0)=—0.212, FS*”'(O)=0.218,
[12,20:

B— ¢ _ B—K* _
aem=1/128, ay(M;)=0.118, siR 6,,=0.23, Ap12(0)=0.273, A " (0)=0.236,

Gr=1.1663%10"° (GeV) 2, A%, % (0)=0.232,
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VB=¢(0)=0.319, VB~K"(0)=0.2817. (A5)  {m(07),m(17),m(1"),m(0")}={5.3693,5.41,5.82,5.89
A8
We use the monopolk? dependence for form factors, . A8)
for sb currents.
fi(0) (vi) For the decays involvin@;— K* andBg— ¢ transi-
fi(k¥)=——— (AB) i ; ;
[ 1—KYm2’ tions, we also consider the case of using LCSR form factors
* with the k? dependence as defined in Rpf4]:
wherem, is the pole mass given if6]: {0)
- - + + f(k?) = : A9
{m(o ),m(l ),m(l )am(o )} ( ) 1_a(k2/Més)+b(k2/Més)2 ( )
={5.2789,5.3248,5.37,5.73 (A7)

. . where the values of(0) and coefficients andb have been
for ub anddb currents and given in Ref.[44].
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