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Based on the low-energy effective Hamiltonian with generalized factorization, we calculate the new physics
contributions to the branching ratios of the two-body charmless hadronic decBysaofiB4 mesons induced
by the new gluonic and electroweak charged-Higgs penguin diagrams in the general two-Higgs doublet models
(models I, 11, and Il). Within the considered parameter space, we find the followiagThe new physics
effects from new gluonic penguin diagrams strongly dominate over those from theynand Z°- penguin
diagrams(b) In models | and Il, new physics contributions to most studadeson decay channels are rather
small in size, from—15% to 20%.(c) In model Ill, however, the new physics enhancements to the penguin-
dominated decay modes can be significan{30—200%, and therefore are measurable in forthcoming high
precisionB experiments(d) The new physics enhancements to raff§8— K »') are significant in model IlI,
~(35-70%, and hence provide a simple and plausible new physics interpretation for the observed unexpect-
edly largeB—K 7’ decay rates(e) The theoretical predictions fd8(B—K* ) and B(B— K%z ™) in model
Il are still consistent with the data within® errors.(f) The significant new physics enhancements to the
branching ratios o0B—K%7%, K* 5, K* T~ K ¢, K*%w, K* T ¢, andK* °¢ decays are helpful to improve
the agreement between the data and the theoretical predictigndhe theoretical predictions oB(B
—PP,PV,VV) in the 2HDM’s are generally consistent with experimental measurements and upper limits

(90% C.L)
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I. INTRODUCTION decaysB— h;h, [whereh; andh, are the light pseudoscalar

(P) and/or vector(V) meson$ play a very important role in
The main objective oB experiments is to explore in de- studying CP violation and the heavy flavor physi¢g,5].
tail the physics ofCP violation, to determine many of the Several group§6—9] recently presented their systematic cal-
flavor parameters of the standard mo¢@@M) at high preci- culations for thes® decay channels in the SM by using the
sion, and to probe for possible effects of new physics beyontbw-energy effective Hamiltoniafl0—12 with the general-
the SM[1-3]. Precision measurements of tBemeson sys- ized factorization approadv,13—15.
tem can provide insight into very high energy scales via the Theoretically, the effective Hamiltonian is our basic tool
indirect loop effects of new physics. Tlgesystem therefore to calculate the branching ratios a@dP-violating asymme-
offers a complementary probe to the searches for new physry A-p of B meson decays. The short and long distance
ics at the Fermilab Tevatron, CERN Large Hadron Colliderquantum chromodynamicdlQCD) effects in the hadronic
(LHC), and Next Linear CollidefNLC) [1]. decays are separated by means of the operator product ex-
In B experiments, new physics beyond the SM may manipansion[16]. The short-distance QCD corrected Lagrangian
fest itself, for example, in the following two way4,3]: (a) at next-to-leading ordeiNLO) is available now, but we still
decays which are expected to be rare in the SM are found tdo not know how to calculate hadronic matrix element from
have large branching ratios arid) CP-violating asymme-  the first principles. One conventionally resorts to the factor-
tries which are expected to vanish or be very small in the SMzation ansatz13]. However, we also know that the nonfac-
are found to be significantly large or with a very different torizable contribution really exists and cannot be neglected
pattern with what predicted in the SM. These potential denumerically for most hadroniB decay channels. To remedy
viations may be induced by the virtual effects of new physicsfactorization hypothesis, some authfrsl4,13 introduced a
through loop diagrams. phenomenological parametd®™ (i.e., the effective number
It is well known that the two-body charmless hadronic of color) to model the nonfactorizable contribution to had-
ronic matrix element, which is commonly called the gener-
alized factorization. On the other hand, as pointed out by
*Email address: zxiao@ibm320h.phy.pku.edu.cn Buras and Silvestrifil7], such generalization suffered from
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the problems of gauge and infrared dependence since thdiggs-doublet model§models I, Il, and I1).} We try to

constant matrix, appearing in the expressions of effective check the size and pattern of new physics effects on the
Wilson coefficientsCE" depends on both the gauge chosenEXClusive two-body charmleds meson decays and to see if
and the external momenta. Very recently, Chetgl. [18] the new phyS|c_s contrlbuthns in model 1Il can be large
studied and resolved above controversies on the gauge dgljough to pravide the required enhanceme_ntstequ

. : . ﬁ . ecay modes. We will present our systematic calculation of
pendence and infrared singularity f" by using the pertur-

. o . branching ratios for seventy s&8—h;h, decay modes by
bative QCD factorization theorem. In addition to the genergmnloying the effective Hamiltonian with the generalized

alized factorization approach, a new approach, called thg,ciorization[7,9]. We evaluate analytically all new strong
QCD factorization{19], appeared recentfy9,20, in which 54 electroweak penguin diagrams induced by exchanges of
the decay amplitude is described by a kernel containing thgnarged Higgs bosons in the quark level processes|V*
“hard” interaction given by a perturbatively evaluated effec- with qe{d,s} andV e{gluon,y,Z}, and then combine the
tive Hamiltonian folded with form factors, decay ConStantSneW physics contributions with their SM Counterparts and
and light-cone distributions of mesons into which the longfinally calculate the branching ratios for all seventy six ex-
distance effects are lumped. And some two-body hadrBnic clusive B—h;h, decay modes.
meson decays, such &— w7 and K7 modes, have been This paper is organized as follows. In Sec. Il, we describe
calculated in this approadi9-21. the basic structures of the 2HDM'’s and examine the allowed
On the experimental side, CLEO Collaboration reportedparameter space of the general 2HDM’s from currently avail-
the observations of thirteeB— PP,PV decay channels and able data. In Sec. Ill, we evaluate analytically the new pen-
set new upper limits for many other decay mofi22-25. guin diagrams, combine the new physics contributions with
The BaBar and Belle Collaboration at SLAC and KEK alsotheir SM counterparts and find the effective Wilson coeffi-
presented their first observation for soBie: PP,PV decays ~ CientsCf". In Sec. IV, we present the formulas needed to
at the ICHEP 2000 conferen¢26,27]. Except for the decay calculate the branching ratid¥(B—h;h,). In the following
channelsB—K 7', the measured branching ratios far  three ;ection;, we calculate and show numerical results of
—h1h, decays are generally in good agreement with the SNPranching ratios fo8— PP, PV, and VV decay modes,
theoretical predictions based on the effective Hamiltoniarf€SPectively. We concentrate on those decay modes with
with factorization. Unexpectedly largB—K ' rate was weIITmeasured_branchmg ratios and S|z_able y|_elds. Thg con-
firstly reported by CLEO in 199728], and confirmed very clusions and discussions are included in the final section.
recently by CLEO and BaBar Collaboratiof23,29,2§. Al-
though many possible mechanisms such as gluon and/or !l- THE GENERAL 2HDM AND EXPERIMENTAL
charm content inp’ and the hairpin diagram have been con- CONSTRAINTS
sidered in order to increase the theoretical predictions of The simplest extension of the SM is the so-called two-
B(B—7'), it is now still difficult to explain the observed Higgs-doublet model$37]. In such models, the tree level
large rate foB—K 7' decaydq23,26,29. This fact strongly  flavor changing neutral currentSCNC's) are absent if one
suggests the requirement for additional contributions uniquéntroduces anad hoc discrete symmetry to constrain the
to the ' meson in the framework of the SM, or large en- 2HDM scalar potential and Yukawa Lagrangian. Let us con-

hancements from new physics beyond the SM. sider a Yukawa Lagrangian of the forf88]
According to the studies in Refs30—33, we know that o . L
(a) an enhanced— sg can lead to a larg8(B— 7' X,), and Ly=n1Qi $1Uj g+ 77Qi 11D r+&Qi L b2V &
(b) the possible contributions to the ratie—sg in both type b=
| and Il two-Higgs-doublet model$2HDM) are not large +&jQiLgaDjrtH.C., @

enough to meet the requiremdi®0,31. Very recently, we
calculated[34,35 the new physics enhancements to the
branching ratios B(b—sg) and B(b—q'qq) with g’
e{d,s} andge{u,d,s} induced by charged-Higgs gluonic
penguin diagrams in model lifthe third type of 2HDM rks. whilenV:L and£Y:® (i i=12.3 are familv in-
with inclusion of NLO QCD correction36], and found that ;yfg g:]eag:ﬁerallsnéﬁe ﬁorc:cfilé\]gogéjl ma’tri,(::)’efsjl gf ?he \);ukawa
the rate ofb—sgin model Il can be enhanced significantly. coupling. By imposing the discrete symmetry

The predicted charm multiplicityn, consequently become

where ¢; (i=1,2) are the two Higgs doublets of a two-
Higgs-doublet model,¢; =i 7%, Qi (Ujr) with i
=(1,2,3) are the left-handed isodoublet quaright-handed
up-type quarks D; r are the right-handed isosinglet down-

consistent with the measuredq,, while the agreement be- p1—— b1, Pr— ¢y, Di—-D;, Ui—=FU; (2
tween the theoretical predictions and the dat#gf is also
improved by inclusion of the new physics effects. one obtains the so-called models | and Il. In model | the third

In this paper we calculate the new physics contributiongand fourth terms in Eq(1) will be dropped by the discrete
to the branching ratios of exclusive two-body charmless had-
ronic decaysB—PP,PV,VV from new gluonic and elec-

troweak charged-Higgs penguin diagrams in the general two-1in the following, B always mean®, or By mesons. We do not
consider the decays & meson here.
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symmetry, therefore, both the up- and down-type quarks get In model Il and setting taB=v,/v,=1 (v, andv, are

mass from Yukawa couplings to the same Higgs doublgt  the vacuum expectation values of the Higgs doulfletand

while the ¢, has no Yukawa couplings to the quarks. For ¢,), the constraint on the masd,+ due to CLEO data of

model Il, on the other hand, the first and fourth term in Eq.b—sy [41] is M+=200 GeV for the charged Higgs boson

(1) will be dropped by imposing the discrete symmetry.in the 2HDM at the NLO leve[42]. For model I, however,

Model II has, consequently the up- and down-type quarkshe limit can be much weaker due to the possible destructive

getting mass from Yukawa couplings to two different scalarinterference with the SM amplitude.

doublets¢, and ¢». For model lll, the situation is not as clear as model I
During recent years, models | and Il have been studiedbecause there are more free parameters here. As pointed out

extensively in literature and tested experimentally, andn Rref. [38], the data oK %-K° and Bg-gg mixing processes
model Il has been very popular since it is the building blockpyt severe constraints on the FC couplings involving the first
of the minimal supersymmetric standard model. In this Payeneration of quarks. Imposing the limi;;=0 for j

per, we focus on the third type of the two-Higgs-doublet_ 1 > 3) and assuming all othay; parameters are of order
model [39], usually known as model 11[38,39. In model 7 " Atwood et al. [43] found a very strong constraint of
[, no discrete symmetry is imposed and both up- and dOW”MH+>600 GeV by using the CLEO data tf—sy decay
type quarks then may have diagonal and/or flavor changingyajjable in 1995. But this constraint can be lowered to
couplings with¢; and¢,. As described in Ref38], one can M,+=400 GeV by using the new CLEO data bf-sy

choose a suitable basisHf,H',H?%H") to express Wo gecay([35]. In Ref.[44], Aliev et al. studied theb— sy de-

Higgs doubletd 38] cay in model Ill by extending the NLO results of model II
" n [42] to the case of model Ill, and found the constraint on the
1 V2x 1 [ V2H FC couplings.
d’l:E( v+HO+iXO)’ ¢2:E( Hi+iH2 | O In a recent papef45], Chaoet al. studied the decayp

— sy by assuming that only the couplings,=|\/€' and

and take their vacuum expectation values as the form App= |)‘b_b|ei * are nonzero. They found that the constraint
onMy+ imposed by the CLEO data df— sy can be greatly

0 relaxed by considering the phase effects\gf and Ayp.
(p1)= wINZ | ($2)=0, (4) ;rgm the studies of Ref§35,45|, we know that for model Il
parameter space
wherev = (\/2Gg) ~Y2=246 GeV. The transformation rela- Njj=0 for ij#tt, or bb,

tion between KH°H! H?) and the mass eigenstates
(H® h° A% can be found in Ref.38]. TheH™* are the physi-
cal charged Higgs bosorH® and h® are the physical
CP-even neutral Higgs boson and t#€ is the physical
CP-odd neutral Higgs boson. After the rotation of quark

[\t =0.3, [\pp|=35, 6#=(0°—30°),
My+=(200= 100 GeV, @

are allowed by the available data, whete 6,— 6, .

fields, the Yukawa Lagrangian of quarks are of the fQ&8| From the CERNe®e collider (LEP) and Tevatron
m_ U~ ~ D~ U= ~ searches for charged Higgs bosdd$,47), the new com-
Ly =njQiLé1Ujrt 7jQiL#1Dj rT §jQiL b2 R bined constraint in theM +,tanB) plane has been given,
DA for example, in Ref[48]: the direct lower limit isM
+E0Qi1 42D, pHH.c, ©) P 48] GN

>77 GeV, while 0.5xtang=<60 for a relatively light
where7;/*® correspond to the diagonal mass matrices of upEharged Higgs boson with,+~100 GeV. Combining the

and down-type quarks, while the neutral and charged ﬂavoqirect and indirect limits together, we here conservatively
changing couplings will b&38]2 consider the range of 100 Ge¥My+=<300 GeV, while

take My+=200 GeV as the typical value for models I, I,
/mimj and lll. For models | and Il we consider the range of 1

&10= g gD =E9P <tanB<50, while take tafB=2 as the typical value. In the
following sections, we calculate the new physics contribu-
NPT 0 b tions to the exclusive two-body charmless decayB ofeson
Scharged™ & VekMy  charged™ VeKkME ©®) in the Chao-Cheung-Keun@CCK) scenario of model Il
where Vv is the Cabibbo-Kobayashi-Maskawa mixing glisrilia';]ﬂggel lll'in the CCK scenario has the following ad-

matrix [40], i,j=(1,2,3) are the generation index. The cou-
pling constants\;; are free parameters to be determined by,[h
experiments, and they may also be complex.

(1) Since we keep only the couplings;, and\ ,, nonzero,
e neutral Higgs bosons do not contribute at tree level or
one-loop level. The new contributions therefore come only
from the charged Higgs penguin diagrams with the heavy
internal top quark.

We make the same ansatz on #ie” couplings as the Ref38]. (2) The new operator®s ;o and all flipped chirality part-
For more details about the definition 8f:° one can see Ref38]. ners of operator®, = ,q9as defined in Ref[44] do not
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contribute to the decap— sy and the exclusive two-body 3 _ _

charmless hadroniB decays under study in this paper. Qo= E(Sb)vaE €q(4'd" )v-a,
(3) The free parameters are greatly reduced 4Q \pp, a’

andMy+ in model 1, and tarB and M+ in models | and

3 — — .,
I Quo=5 (Sebplv-n2 €q (' gli)v-a, (13
q/

Ill. EFFECTIVE WILSON COEFFICIENTS IN THE SM

AND 2HDM'S Qy= g—mbs ot (1+v5)T5bG,

2 v (14
’7T

In this section we evaluate the new gluonic and elec-
B B e e Cihere « and 5 are the SU(E) color dices. T (3
Y = .,8) are theGell-Mann matrices. The sum ovey
—hyh, with the inclusion of new physics contributions. For
runs over the quark fields that are active at the sqale
more details about the effective Hamiltonian with general-

ized factorization forB decays one can see, for example,_o(mb) le., q'={u,d,s,C,bj. Q, and Q, are current
Refs.[7.9]. current operatorsQs 456 and Q7 gg0are QCD and elec-

troweak penguin operators, ai@ is the chromomagnetic

dipole (CMD) operator. Following Ref.7], we also neglect

the effects of the electromagnetic penguin oper@gy, and
The standard theoretical frame to calculate the inclusivelo not consider the effects of the weak annihilation and ex-

three-body decayb—>sqq is based on the effective Hamil- change diagrams.

tonian[12,7° In the SM, the Wilson coefficientsCi(My), .

C1o(My) at NLO level andC4(My,) at leading orde(LO)

A. Operators and Wilson coefficients

Gr 2 have been defined, for example, in Ref$1,12. The ex-
Hen(AB=1)= N 2 Ci(VupViQi+VepViQY) plicit expressions of the coefficients in the naive dimensional
2=t regularization(NDR) scheme can also be found easily in
10 Refs.[11,17.
~VipViy 2 CJQ1+CQQ9H ®)
=3 B. Contributions of the charged-Higgs penguin diagrams

whereC; and C, are Wilson coefficients, and the operator ~ For the charmless hadronic decaysBaheson under con-
basis reads sideration, the new physics will manifest itself by modifying
. o o o the corresponding Inami-Lim functiod9] Cy(x), Dy(X),
Q1=(sh)v-aldb)y_a, Q2=(S,Up)v-alAgba)v-a, Eo(x), and Ej(x) which determine the coefficients
(9 C3(My), ..., Cio(My) and Cy(My) in the SM. These
modifications, in turn, will change for example the standard
model predictions for the branching ratios of deces
o o —h4h,. The new strong and electroweak penguin diagrams
Qs=(sb)y_na> (9'0")y_a, can be obtained from the corresponding penguin diagrams in
' the SM by replacing the intern&/™ lines with the charged-
Higgs H™ lines, as shown in Fig. 1. In the analytical calcu-
(e R lations of those penguin diagrams, we use the dimensional
Qu=(Sabp)v Az (@ gGa)v—n. (10 regularization to regulate all the ultraviolet divergence in the
virtual loop corrections and adopt the M8normalization
Q<= (sb) E a,q, scheme. It is easy to show that all the ultraviolet divergence
5 VoA VA is canceled after summing up all Feynman diagrams.
By evaluating analytically the new®, vy, and gluonic
_ _ penguin diagrams induced by the exchanges of charged-
QGZ(Sabﬁ)V—AZ (A" gUe)v+a, (1) Higgs bosorH™ in the model IlI, we find the newC,, Do,
a Eo, andE functions

with g=u andg=c, and

m_ — XY Vi ,
Co 16 |1— Vi +( )gln[yt] N2, (15)

3 _ _
Q7:§(Sb)v—Az €y (a'q" )v+a,
q’

I\)IOO

Qs=5 (s, Dp)v— AE ey’ Q' pUaIViA (12

D"'——1H< G (16)
3 YAt

1
_ Ep =— = 1(y)|hul? 1
3For b—dqq decays, one simply makes the replacensentd. 2 (Yl (7
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> 1
R Eo'= J(y,)—6K : 26
b‘m@d R e ALY (26)
Ey'= ! J(y) +2K(yp) (27
b s,d ° 3tafp ’
P 7
g"“ § wherey,=mZ/M?. .
14

We combine the SM part and the new physics part of the

P corresponding functions to define the functions at the scale
; K { 5 w=M,y, as follows:
- >
§ ? Fo(Mw) =F§"+Fg", (28)

FIG. 1. Typical one-loop Feynman diagrams for the quark levelwhereFye{Cy,Dq,Eq,E;}. The explicit expressions of the
decaysb— (s,d)V* (V=1,2°g), with W* (internal wave lines  functionsC,, D, Eo, andE} in the SM can be found, for
and charged-Higgs exchang@sternal dashed lingsn the SM and example, in Ref[12].
two-Higgs-doublet models. The internal quarks are the upper type Sijnce the heavy new particles appeared in the 2HDM'’s
quarku, ¢, andt. have been integrated out at the sdsllg,, the QCD running

of the Wilson coefficientsC;(M,,) down to the scaleu
, 1 . =0(my) after including the new physics contributions will
Eo"'= EJ(Yt)|>\n|2—K(yt)|?\n7\bb|e'0' 18 pe t(heb)same as in theg SM. By uiirilg QCD renormalization
group equation$11,12, it is straightforward to run Wilson
with coefficientsC;(M,) from the scalex=0(M,,) down to the
lower scalex=0(my). Working consistently to the NLO
o2 3 a2 4 precision, the Wilson coefficient€; for i=1,...,10 are

H(y)= 38— Ty ATy + 4y~ 6y +3y In[y], (19 needed in NLO precision, while it is sufficient to use the

72(1-vy)3 12(1-y)* leading logarithmic value fo€,:

T sy ey o

1(y)

8

Cy(p)=7*2Cy(Myy) + 21 hi7, (30)

2y+5y?—y?3 . 3y?

) 4(1-vy)3 2(1—y)4logm’ @D where C(My) =[C1(My), . .. C1odMw)]", U(u,My) is
the five-flavor 1 10 evolution matrix at NLO level as de-
fined in Ref.[11], = as(My)/as(w), and the constants;
5 log[y], (22) anda; can also be found in Ref11].
At the NLO level, the Wilson coefficients are usually
renormalization schemgRS) dependent. In the NDR
wherex,=m2/M3,, ytzmt2/|\/|a+ , and the small terms pro- scheme, by using the input parameters as given in Appendix
portional tomZ/m? have been neglected. and Eq.(7), and settingM,+=200 GeV,§=0°, tang=2
In models | and II, one can find the corresponding func-and =25 GeV, we find the Wilson coefficientsg"(x.)
tions Cy, Dy, Eo, andE by evaluating the new strong and =Cg+Cs andCi(x) withi=1,...,10 in the SM andnod-

electroweak penguin diagrams in the same way as in mod&S . Il. and 1, and list them in Table I. From the numerical
m results as listed in Table I, one can easily see the following.

The values ofC;(u«) (i=1,...,10) in models I, Il, and
Il are almost identical with those in the SM. Only the coef-

—3y+y? y
4(1-y)? 2(1-y)

K(y)=

cl=cl= Xt Yo N In[y,]|, (23 ficientCE"in models Il and Il are clearly different from that
gtaf B 1Yt (1-yp? in the SM.
It is the coefficient(:gff partially induced by the new glu-
2 onic penguin diagrams which dominates the total new phys-
Dgz D'(;z - H(y:), (24) ics corrections to the decay processes under study.
3tarf B
C. The effective Wilson coefficients
Ey=Ej— L|(yt)|, (25) We know that the unphysical RS dependence of Wilson
tarf 8 coefficients will be cancelled by the corresponding depen-
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TABLE |. Wilson coefficientsC;(«) and Cg“(,u) in the SM and models I, I, and IIl at the scale

=2.5 GeV, withM+=200 GeV, taipB=2 and6=0°,30°.

SM Model | Model Il Model 1lI: 6=0° Model lI: =30°
C: 1.1245 1.1245 1.1245 1.1245 1.1245
C, —0.2662 —0.2662 —0.2662 —0.2662 —0.2662
Cs 0.0186 0.0187 0.0187 0.0186 0.0186
Cy —0.0458 —0.0458 —0.0458 —0.0458 —0.0458
Cs 0.0113 0.0113 0.0113 0.0113 0.0113
Ce —0.0587 —0.0585 —0.0585 —0.0587 —0.0587
C, 0.0006 0.0006 0.0006 0.0006 0.0006
Cg 0.0007 0.0007 0.0007 0.0007 0.0007
Co —0.0095 —0.0099 —0.0099 —0.0096 —0.0096
Cio 0.0026 0.0027 0.0027 0.0026 0.0026
Cg“ —0.1527 —0.1321 —0.2487 0.3364 0.27080.2448

dence in the matrix elements of the operatorsHgs, as  Wilson coe1‘ficient£ieff can be written a§7,9]
shown explicitly in Refs[12,50. Very recently, Chengt al.

[18] studied and resolved the so-called gauge and infrared off as ;.. my

problems[17] of generalized factorization approatfhey Cir=|1+ 7| vt 7’v|097) C;

found that the gauge invariance is maintained under radiative ij

corrections by working in the physical on-mass-shell as Cow

scheme, while the infrared divergence in radiative correc- +EA{(Ct+Cp+ Cg)+8—7TBi’Ce, (32

tions should be isolated using the dimensional regularization
and the resultant infrared poles are absorbed into the univer- , ,
sal meson wave functiorf4 8], where A/ =(0,0,— 1'3’f 1,3,0,0,0,0§, B/=(0,0,0,0,0,0,1,0,

The one-loop matrix elements can be rewritten in terms of.,0)", the matricesr, and 3, contain the process-

the tree-level matrix elements of the effective operafdis  independent contributions from the vertex diagrams. As in
Ref.[9], we include vertex corrections ®,— C;, here® The

- — anomalous dimension matrix, has been given explicitl
(SQ'Q'|Heﬁ|b>:i§’; Cl(w)(sq'a’lOb)™™  (BD ¢ example, in Eq(2.17) of Iz\éf. [9]. Note ?hat the Eorre)c/i
value of the elementr{pr)ss and (npr)ss Should be 17
whereCieﬁ(,u) (i=1,...,10) are the effective Wilson coef- instead of 1 as pointed out in Ref51]; ry in the NDR
ficients. In the NDR scheme and f&8U(3)¢, the effective  scheme takes the form

3 -9 0 0 0 0 0 0 0 0
9 3 0 O 0 0 0 0 O
O 0 3 -9 0 0 0 0 0 0
O 0 -9 3 0 0 0 0 0 O
O 0 0 0 -1 3 0 0 0 0
W= o 0o 0o 0 -317 0 0 0 0 (33
O 0 0 0 0 0 -13 0 0
O 0 0 0 0 0 -3 17 0 O
O 0 0 0 0 0 0 0 3 -9
O 0 0 0 0 0 0o -9 3

“The reliability of the generalized factorization approach is improved by this progress.
SNumerically, such corrections are negligibly small.
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The functionsC;, C,,, andC, describe the penguin-type IV. DECAY AMPLITUDES IN THE BSW MODEL
corrections to the operato@,; ,, Q3 .. 6 and the tree-level
diagram of the operatoQ, respectively. We here follow
the procedure of Ref.15] to include Cq in Eq. (32). The

effective Wilson coefﬁuentﬁ:eff in Eq. (32) are now scheme

In numerical calculations, two sets of form factors at the
zero momentum transfer from the Bauer, Stech, and Wirbel
(BSW) model [13], as well as lattice QCD and light-cone
QCD sum rules(LQQSR [55] will be used, respectively.
r]Expllcn values of these form factors can be found in R&f.

variant and infrared safe. The explicit expressions of func Cand have also been given in the Appendix. Following Ref.

tionsC;, C,, andCgy in the NDR scheme have been given,

for example, in Refs[7,9]:

2 A\, e
Ci= 3 )\G( Wt )\—tG(mc)}Cl, (34)
4
sz[g_G(mq)_G(mb)}C3
2
. [__G(mi)}(c4+ce), (35)
i=u,d,s,c,b 3
_8[2 e
Ce=3l3™ )\—tG(mU)+ x_tG(mc) (C,+3C,),
(36)
2
Cg?%CS“, @7

with )\q,qu,bvg,q. The functionG(m) is of the form[52]

Som) 10 2 [m?] 2u2 2(1+22) o @
m=—-—-In—|+—-———-9(2),
o 3" .2 am 3z 9
wherez=k?/(4m?) and
[1—z '{ z
——arctan-——|, z<1,
z 1-z
s \/> VzHyz-1 —im|, z>1 >
Jz—z-1 ’ ’

[7], the seventy six decay channelsBf andB4 mesons are
classified into five classes according to tHéff'dependence.

Class I: including five decay mod&®— 7 =, p= 7+,
andB®—p K™, the large andN®" stable coefficiena, plays
the major role.

Class II: including twelve decay modes, for exampl

m%70, and the relevant coefficient for these decayas
which shows a strondl®" dependence.

Class lll: including eleven decay modes involving the in-
terference of class-I and class-Il decays, such as the decays
B"—aw" 9.

Class 1V: including twenty-eighB—h;h, decay modes
such asB—K7(") decays. The amplitudes of these decays
involve one(or more of the dominant penguin coefficients
ay 6.9 With constructive interference among them. The class-
IV decays areN®" stable.

Class V: including twentyd— h;h, decay modes, such as

B—n%7() and B— ¢K decays. Since the amplitudes of
these decays involve large and delicate cancellations due to
interference between strondN®™-dependent coefficients
ags5710and the dominant penguin coefficiertg o, these
decays are generally not stable agaid§t

With the factorization ansa{A3,56,51, the three-hadron
matrix elements or the decay amplitudesY|H.¢ B) can be
factorized into a sum of products of two current matrix
elements (X|J{{0) and (Y[J,,|B) (or (Y|J£|0) and
(X|J3,,/B)). The explicit expressions of the matrix elements
in terms of decay constant$y(,gx) and the Lorentz-scalar
form factorsAg 1 Ak?) and Fg4(k?) can be found, for ex-
ample, in Refs[13,58,7.

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

wherek is the momentum transferred by the virtual gluon, for B— PP decays, and

photon, orZ to theq’q’ quark pair in the inclusive three-

body decaysh—qq’q’, andm is the mass of internal up-
type quark in the penguin diagrams. Fdt>4m?, an imagi-

nary part ofg(z) will appear because of the generation of a

strong phase at theu andcc threshold[52—54.

B(B—XY)= 15 |'D|2|l\/|(B—>XY)|2 (40)
877 B
el )
B(B—XY)=1g——|M(B—XY)/(epg)|*  (41)
87M

\%

for B— PV decays. Herer(B,)=1.65 ps andr(Bg)=1.56

For the two-body exclusivB meson decays any informa- ps[59], pg is the four-momentum of thB meson M, ande
tion onk? is lost in the factorization assumption, and it is notare the mass and polarization vector of the produced light
clear what “relevant’k? should be taken in numerical cal- vector meson, respectively, ahg| is the magnitude of mo-

culation. One usually uses the “physical” range fkf:

m2/4=k?*<m?/2. Following Refs.[7,9], we also usek?
=mZ/2 in the numerical calculation and will consider tk
dependence of branching ratios of charmBsseson decays
for several typical decay channels.

mentum of particleX andY in the B rest frame

My)?].
(42)

1
[P1= Zs VIME— (Mt My) 2T — (M~
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TABLE Il. Numerical values o#; for the transitiond—d [HHE]. 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%.

Neff:2 Neff:3 Nef‘f:Oo
a, 0.995[0.995 1.061[1.061] 1.192[1.192
a, 0.201[0.201] 0.003[0.003 —0.395[ —0.395
as —16-7i [—25—-23] 77[77] 261+ 13 [280+47i]
—10-7i [~19-23i] 77[77] 252+ 13i [271+47i]
—40-7i [—49-23] 77[77) 310+ 13 [329+47]
a, —423-33 [—-470-117] —467-35 [~517—125] —554—39 [—610-141i]
—398-33 [ —445- 117 —440-35 [—490-125] —524-39 [—-581-141i ]
—546-33 [~592-117] —597-35 [~ 648-125] —701-39 [~ 757-141]
as —193-7i [—202- 23] —71[-71] 171+ 13 [190+47]
—187-7i [ —196-24i] —71[-71] 161+ 13 [180+47]
—217-7i [—226-23] —71[-71] 220+ 13i [239+47i]
ag —642—33 [—689-117] —671-35 [—721-125] —728-39 [—784—141]
—616-33 [—663-117] —642—35 [—693-125] —696—39 [—752—141]
—764-33 [—-811-117] —801-35 [—851-125] —874-39 [—931-141i]
ay 8.1-0.9 [7.7-1.7] 6.8-0.9 [6.4—1.7] 4.3-0.9 [3.9-1.7]
9.3-0.9 [8.9-1.7] 8.0-0.9 [7.5-1.7] 5.3-0.9 [4.9-1.7]
8.3-0.9 [7.9-1.7] 7.0-0.9 [6.6-1.7] 45-0.9 [4.1-1.7]
ag 9.7-0.5 [9.5-0.8] 9.0-0.3 [8.8-0.6] 7.5[7.5]
11-0.5 [11-0.8] 9.9-0.3 [9.7-0.6] 8.1[8.1]
9.9-0.5 [9.7-0.8] 9.1-0.3 [9.0-0.6] 7.6[7.6]
ag —84-0.9 [-84-1.7] —90-0.9 [—90-1.7] —102-0.9 [-102-1.7]
—87-0.9 [-87-1.7] —93-0.9 [—94-1.7] —106-0.9 [—106-1.7]
—84-0.9 [-85-1.7] —90-0.9 [-91-1.7] —~103-0.9 [—103-1.7]
aso —~14-0.5 [-15-0.8] 2.6-0.3 [2.5-0.6]] 37[37]
—15-0.5 [—15-0.8] 2.8-0.3 [2.7-0.6] 38[38]
—15-0.5 [—15-0.8] 2.7-0.3 [2.5-0.6] 37[37]
For B—VV decays, one needs to evaluate the helicity ME_ME_ME
matrix elementsd, =(V;(\)V,(\)|HeqB)) with A\ =0,+1. X= oMM, (46)

The branching ratio of the dec®/—V,V, is given in terms

of H, by

B(BHVlVZ) =17B |p|
8w

2
B

[[Hol2+[H a2+ H_4]?].

In the generalized factorization ansatz, the effective Wil-
son coe1‘ficients§3f”'rf will appear in the decay amplitudes in

the combinations

(43

The three independent helicity amplitude,, H,,, and
H_,; can be expressed by three invariant amplitudgs,c
defined by the decomposition

Hy=ie*(N)7"(N)

ic

- anpB
+ M 1M2 E,u,va,Bplp

B meson, and

H.;=a+cyx>—1,

b
ag,,+ mpupv

Ho=—ax—b(x?—1),

_ eff
a-1=Cy_;+

eff eff

— ceff
e a=Co+ —

(47)

where the effective number of coloks is treated as a free
parameter varying in the range of<N®f<o, in order to
model the nonfactorizable contribution to the hadronic ma-
trix elements. It is evident that the reliability of generalized
factorization approach has been improved since the effective
(44) Wilson coefficients(:ieff appeared in Eq47) are now gauge
. . . e : ot
invariant and infrared safe. AlthougR®" can in principle
vary from channel to channel, in the energetic two-body had-
wherep; , and M, , are the four momentum and masses ofronic B meson decays, it is expected to be process insensitive
V,,, respectivelyp=p;+p, is the four-momentum of the as supported by the datg®]. As argued in Ref.[14],
Nef(LL) induced by the Y—A)(V—A) operators can be
rather different fromN®f(LR) generated by\(—A)(V+A)
(45) operators. In this paper, however, we will simply assume that

074005-8
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TABLE lll. Same as Table Il but fob—s [Ea?] transitions.

Neff:2 Neff:3 Neﬁ:w
a, 0.995[0.995 1.061[1.061] 1.192[1.192
a, 0.201[0.201] 0.026[0.026] —0.395[ —0.395
as —21-14i [—19-14i] 77[77)] 272+ 29 [269+29i]
—15-14i [—14—14i] 77[77) 262+ 29 [260+ 29 ]
— 45— 14i [—44—14i] 77[77] 320+ 29 [318+29 ]

a, — 449721 [—442-72]
—424-72 [—417-72]
—571-72 [—564-72]

as —198-14i [—196- 14i]
—192—14i [—191-14i]
— 22214 [—221-14i]

ag —667—72 [—660-72]
—641-72 [—635-72]
—790-72i [—783-72]

a, 7.9-1.3 [7.9-1.3]

9.1-1.3 [9.2-1.3]

8.1-1.3 [8.2—1.3]

ag 9.6-0.6 [9.6—0.6]
10.6- 0.6 [10.6-0.61]

9.8-0.6/ [9.8-0.6]
ag ~84-1.3 [-84-1.3]
—-87-1.3 [-87-1.3]
~85-1.3 [-84-1.3]

s —15-0.6 [~ 14—0.6]
—15-0.6 [—15-0.6]
—15-0.6 [—15-0.6]

— 49477 [—487-7Ti]
— 46877 [—460—77]
—625-771 [—617-77]
—71[-71]
—71[-71]
—71[-71]
— 69877 [—691-77]
—670-771 [—663—77]
—828- 771 [—821-77]
6.6-1.3 [6.7—1.3]
7.7-1.3 [7.8-1.3]
6.8-1.3 [6.9-1.3]
8.9-0.4 [8.9-0.4i]
9.8-0.4 [9.8—0.4i]
9.1-0.4 [9.1-0.4i]
~90-1.3 [-90-1.3]
~94-1.3 [-94-1.3]
—91-1.3 [-91-1.3]
2.6-0.4i [2.6—0.4i]
2.8-0.4i [2.8—0.4i]
2.6-0.4i [2.6—0.4i]

—585-86i [—576—86i]
—555-87i [—547—87i]
—732-86i [—723—86i]
181+ 29 [179+ 29 ]
172+ 29 [169+ 29 ]
230+ 29 [228+ 29 ]
— 758861 [ —750—86i]
—727-87 [—719-87i]
—905-86i [—897—87i]
41-1.3 [4.2-1.3]
5.0-1.3 [5.1-1.3]
43-1.3 [4.3-1.3]
7.5[7.5]
8.1[8.1]
7.6[7.6]
~102-1.3 [-102-1.3]
~106-1.3 [—106-1.3]
—~103-1.3 [-103-1.3]
37[37]
38[38]
37[37]

Nef(LL)=Ne(LR) =N°®" and consider the variation &f¢"

in the range of 2N®f<wx since we here focus on the cal-
culation of new physics effects on the studiddneson de-

V. B—PP DECAYS

Using formulas as given in the last section, it is straight-
forward to find the decay amplitudes Bf— PP decays. As

cays induced by the new penguin diagrams in the two-Higgsan example, we present here the decay amplitvb@ -
doublet models. For more details about the cases of. 7~ 7% =(7m" 7°H.B,),

Nef(LL)#Nef(LR), one can see, for example, REJ]. We S
here will also not consider the possible effects of final state M(B —7 7
interaction (FSIl) and the contributions from annihilation

channels although they may play a significant role for some =

B meson decays.
Using the input parameters as given in the Appendix, and

assumingk?=m2/2, M,+=200 GeV,§=0° and taB=2,

Ge
2

- Vt bv?d

the theoretical predictions of effective coefficieajsare cal-

culated and_displayed in Tables Il and Il for the transitions

b—d (b—d) and b—s (b—s), respectively. For coeffi-
cients as, . .

.,d10, the first, second and third entries in

Tables 11,111 refer to the values d; in the SM and models Il
and lll, respectivelya; in model | is very similar with those with

in the SM and hence was not given explicitly.
All branching ratios in the following three sections are the
averages of the branching ratios®find antiB decays. The

%)

3
as+ E(a7—a9)— >t

-0 -0
(VubV:d(alMZJTud7T +a2Mguu7T )

-0
[as+ajot(ag+ag) R IM g,

aio

a8 7 0
8~ ? R2 M ud

ratio 615 describes the magnitude of new physics corrections
on the SM predictions of the decay ratios and is defined as

SB(B—XY)=

B(B— XY)2HPM_ B(B— X Y)SM

B(B—XY)SM
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TABLE IV. B(B—PP) (in units of 10 ®) in the SM using the BSWLQSSR) form factors, withk?
=mk2,/2 andNe¢f=2 3 . The last column shows the CLEO measurements and upper limits at 90% C.L.

[22-25.

Channel Class Nef=2 Neff=3 Neff= oo Data
B—ata™ | 9.10[10.8] 10.3[12.3 13.0[15.5 431805
B°— 707 I 0.28[0.33 0.15[0.19] 0.92[1.09] <93
Bt #° 11 6.41[7.62] 5.06[6.02] 2.85[3.39 <12.7
B°— n7 Il 0.14[0.17] 0.10[0.13] 0.29[0.36] <18
B°— 57’ I 0.14[0.17] 0.08[0.09] 0.38[0.45] <27
B°— ' %’ I 0.04[0.05] 0.01[0.07] 0.13[0.15] <47
B*'—m'y 1] 3.51[4.25] 2.78[3.37] 1.75[2.13 <5.7
B* oty 1] 2.49[2.90 1.882.17] 1.02[1.17] <12
B—mlyp \Y 0.26[0.31] 0.29[0.35] 0.39[0.47] <29
BO— w0y’ \Y 0.06[0.07] 0.08[0.09] 0.14[0.17] <57
B*—K*#° \Y; 12.0[14.3 13.5[16.0] 16.7[19.9] 11.639°14
BO—K*m~ \Y; 17.8[21.7] 19.8[23.5] 24.0[28.5] 17.2"35+1.2
B*—KOor* \Y; 19.9[23.7] 23.2[27.7] 30.6[36.4] 18.2°55+1.6
BO—KO#° \Y; 7.27[8.69 8.31[9.97] 10.7[12.7] 14.62334
B* K"y v 3.91[4.37] 4.56[5.10] 6.07[6.80] <6.9
B*—K*y' \Y; 22.6[26.2] 28.5[33.1] 42.4[49.2] 80" 30+ 7
B°—K%y \Y; 3.22[3.57] 3.63[4.07 4.58(5.07] <9.3
BO—KO%’ \Y; 21.9[25.5 28.2[32.7] 43.0[49.9 89 18+9
Bt LK*KO v 1.16[1.35] 1.35[1.58 1.78[2.07] <5.1
BO_, KOKO v 1.10[1.29 1.28[1.49 1.68[1.96| <17

TABLE V. B(B—PP) (in units of 10°°) in model Ill using the BSW form factors, witk2=m§/2,
Nef=2 30, My+=200 GeV andd=0°,30°, respectively.

6=0° 5B [%] 6=30° 5B [%]
Channel 2 3 00 2 3 00 2 3 o0 2 3 o0

B—xm*s~ 933 106 133 25 25 24 883 100 126 —-3.0 -31 -3.1

B— 7070 0.36 0.25 1.03 30 61 13 039 0.23 092 40 52—0.5

B*—=t#® 641 506 28 00 00 00 641 506 285 00 00 00
B%— 7y 0.18 015 0.36 29 47 21 0.16 014 038 15 39 29
B°— nn’ 019 013 046 29 68 20 0.16 012 0506 9.6 57 30
B°— 'y’ 0.05 002 0.15 20 127 17 0.04 0.02 0.16-54 103 30

B —mty 382 313 220 87 13 26 348 281 195-11 12 12

B*—x"y 263 205 127 54 9.0 24 237 181 1.09-48 -35 6.5

BO— 7%y 0.39 044 059 50 51 49 036 042 057 39 43 46
B— 7%y’ 011 014 025 92 91 72 0.10 0.13 025 65 76 70
B*—K*t#® 174 196 244 45 45 46 172 193 2338 43 43 43
B—K*w~ 26.8 299 365 51 51 53 265 295 36.1 49 49 51
B*—K%r™ 29.8 346 453 50 49 48 286 333 435 44 43 42
B°—-K%#°® 114 13.0 16.7 57 57 56 108 125 16.1 49 50 51
BT =K'y 569 663 8.78 45 45 45 530 6.22 834 36 36 37
B*—K*y' 380 469 675 68 65 59 36.8 452 649 63 59 53
B°—K%%p 486 550 6.93 51 51 51 463 527 673 44 45 47
B°—K%;" 367 459 67.3 67 63 57 351 438 642 60 56 49
Bt LK'tK? 173 201 262 49 48 47 164 191 249 41 41 40

B°— KOK° 164 190 248 49 48 47 155 180 2.36 41 41 40
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TABLE VI. B(B—PP) (in units of 10 ®) in models | and Il using the BSW form factors, wik?

=mg/2, N*"=2 30, tanB=2 andM+=200 GeV.

Model | OB [%] Model 11 6B [%]
Channel 2 3 e 2 3 o 2 3 e 2 3 o
B—x"#~ 911 103 13.0 0.1 0.1 01 91 103 13.0-05 -04 -04
B—x°#z° 028 015 092 -01 -01 01 03 01 09 -62 -126 -25
B'—#x"#° 6.41 506 285 0.0 00 00 64 51 29 0.0 0.0 0.0
BO— 77 0.14 0.11 0.30 1.5 2.4 1.1 0.1 0.1 03-47 —-75 =34
BO— nn' 0.14 0.08 0.38 1.0 2.3 0.7 01 0.1 04-48 -114 -35
BO— n'n' 0.04 0.01 0.13 0.3 2.0 0.2 004 001 01-27 -202 -31
B*—=wtyp 353 279 177 04 0.5 1.0 35 2.7 1.7-15 —-21 —-440
B*—=w'y" 250 188 1.03 0.1 02 04 25 1.9 1.0-09 —-16 —-45
B'— 0y 0.26 030 040 15 1.6 1.7 02 03 04-90 —-91 -86
BO— 0%’ 0.06 0.08 0.15 0.9 09 07 005 01 0.1-159 -164 -—-135
B">K™#% 123 138 171 24 2.3 22 11.2 125 154-71 -—-73 -—-75
B°-K*#~ 18.0 20.0 24.2 1.3 1.3 1.2 162 179 216-93 -94 —-97
B"—K%*t 202 236 311 1.4 1.5 16 181 212 28.0-90 -—-88 -85
BO— Ko7 728 8.33 10.7 0.1 0.2 05 64 7.4 95-116 -—-115 -111
B"—K'yp 391 458 6.12 0.0 0.3 0.8 35 4.1 56-96 —-93 -—-87
B*—=K'np'" 23.0 28.9 430 1.6 1.5 14 198 252 378121 -—-116 -10.8
B°— K%y 3.24 366 463 0.6 0.8 1.1 29 33 41-99 -98 -95
B°—>K°77’ 223 28,5 435 1.4 1.4 13 193 249 385122 -115 -105
BTK'K° 118 137 181 14 15 16 11 12 16-89 —-87 -84
BO_, KO9KO 1.11 130 1.71 1.4 1.5 16 1.0 1.2 15-89 —-87 -84
Mgu—uwf’: i (mé— mf,o)wagH”(mi—), (53) In model Ill, the new physics corrections to most class-Il,

wheref _ is the decay constant af meson. The form factor
Fg~™(m?) can be found in the Appendix. Under the ap-
proximations of settingn,=my and m_o=m_-, the decay
amplitudeM (B~ — 7~ %) in Eq. (49) will be reduced to the
form as given in Eq(80) of Ref. [7]. In the following nu-
merical calculations, we use the decay amplitudes as given
Appendix A of Ref.[7] directly without further discussions
about details of individual amplitude.

In Tables IV-VI, we present the numerical results of the

branching ratios for the twentg— PP decays in the frame-

-V, and -V decay channels can be rather large and insensi-
tive to the variations of the ma$8,+ and the color number
Nef: from 20 to 90 % with respect to the SM predictions for
both cases oh#=0°,30°. For tree-dominated decay modes
Boa"n ,n" 7% =" (), the new physics corrections are
small in size.

In models | and Il, however, the new physics corrections
ito all B— PP decay modes are small in size within the con-
sidered parameter space: less than 3% in model I, and
~(—20-0% in model Il, as shown in Table VI. So small
corrections will be masked by other large theoretical uncer-
tainties.

In model lll, the new gluonic penguins will contribute

work of the SM and models I, I, and 1l by using the BSW gffactively through the mixing of chromomagnetic operator

and LQQSR form factors, respectively. Theoretical predic

Qg with QCD penguin operatorQ;—Qg. The Cg“ will

tions are made by using the central values of input paramsiyongly dominate the new physics contributions to Bl

eters as given in Eq7) and the Appendix, and assuming
My+=200 GeV, #=0°, tanB=2, andN®"=2 3% in the
generalized factorization approach. Tkfedependence of the
branching ratios is small in the range Idff=mZ/2+2 Ge\?
and hence the numerical results are given by fixkfy
=mz/2.

The currently available CLEO daf&2-24 are listed in

—h1h, decay modes.

The central values of the branching ratios obtained by
using the LQQSR form factors will be increased by about
15% when compared with the results using the BSW form
factors, as can be seen from Table IV. We therefore use the
BSW form factors only to calculate the new physics effects
on the ratiof3(B—h4h,) and treat the difference induced by

the last column of Table IV. From the numerical results, weusing different set of form factors as one kind of theoretical

see the following.

uncertainty.

For B—K %' decays, the observed branching ratios are

clearly much larger than the SM predictiof25,29. All

other estimated branching ratios in Table IV are, however,

A. B— o, Ko decays

There are so far seven measured branching ratioB of

consistent with the new CLEO, BaBar, and Belle measure-—PP decays: on8— =" 7~ decay, fouB— K, and two

ments or upper limits.

B—K7%' decayq23,24,26,2T.
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FIG. 3. Branching ratio$8(B—K™* 7%) versusM,+ and 1N®f
in the SM and 2HDM'’s. Fofa) and (b), we setN®f=3 andM+

=200 GeV, respectively. The four adjacent curves are the theoret=200 GeV, respectively. The dot-dashed, short-dashed, long-
ical predictions in the SM and models |, Il, and 1ll, respectively. dashed, and solid curves correspond to the theoretical predictions in
The band between two dotted lines shows the CLEO data with 1 the SM and models |, Il, and lll, respectively. The theoretical un-

error B(B— 7" 7 )=(4.3"19)x10°°.

(4.3'18+0.5x10°% [CLEQ],

BB—m"m )= (9.372812x 106 [BaBai, (5%

(11.6"39 14 x10°% [CLEQ],

B(B—K* 7%= 55

( )= (188554239 x10°° [Belle], OO
(17.2°25+1.2x10°°% [CLEOQ],

BBK m)= (125391342 3)x107® [BaBat],
(17.4'53+3.4%x10 © [Belle],

(56)

B(B—K°7r*)=(18.2"45+1.6)x10°® [CLEO], (57

(14.6°51739x10°° [CLEQ],
BB—Km)=) (21793'39%10°°  [Belle],
(58)

certainties are not shown here. The band between two dotted lines
shows the CLEO data with ® errors B(B—K"#°)
=(11.6"2Hx10°C.

(80°3°+7)x10°® [CLEO],
B(B—K"7')=1 (2+18+8)x10® [BaBai, (59

B(B—K%,')=(89"18+9)x10°% [CLEO]. (60)

The measurements of CLEO, BaBar, and Belle Collabora-
tions are in good agreement with each other within errors.
These decays are sensitive to the relevant form factors

FB~7 FB~7 EB~7  etc., and to the value df°".

As a class-lI decay channel, tt®°— =" 7~ decay is
dominated by thé—u tree diagram. The band between two
dotted lines in Fig. 2 shows the CLEO measurement. Since
the new physics corrections are very small in size, less than
3% within the considered parameter space, the four curves
for the SM and 2HDM'’s are close together and cannot be
separated clearly. The theoretical predictions look higher
than the CLEO measurement, but they are still consistent
with BaBar measurement because of very large error of
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FIG. 4. Same as Fig. 3, but for the ded&y-K "= . The dotted FIG. 5. Same as Fig. 3, but for the ded@y-K%=*. The dotted
band correspondss to th§ CLEO data withr 2errors: B(B pang corresponds to the CLEO data withr 2errors: B(B
—>K+7Ti):(l7.25:$><107 . HK07T+):(18.22:2)X1076.

BaBar data. In fact the theoretical predictions B(B retical uncertainties. As a simple illustration of effects of the
—atar7) in the SM and 2HDM's are still consistent with theoretical uncertainties, we recalculate the branching ratios

the CLEO data at the @ level if we consider currently still Of B—K "7~ andK°=" decays by using=5~"(0)=0.25
large theoretical and experimental uncertainties. On the othdpstead of the ordinary BSW valugg~"(0)=0.33 while
hand, if we take the average of CLEO and BaBar measurekeeping all other input parameters unchanged, and find nu-
ments, B(BS— 7" 7 )=(5.5+1.5)x10"%, as the experi- Merically that

m_ental resBuIt, then the constraint 5[5"#(0) from the data (11.3f§'§ff‘f)>< 10°% in SM,

will be F§ 7(0)=0.25:0.03 by SetingA=02205, X po (. o et

=0.81; p=0.12, »=0.34, N*"=3, and by neglecting FSI —nT (17.2235°19 X 107> in model 1II,

also. 61)
In the SM, the four class-IV decayB— K= are domi-
nated by theb—sg gluonic penguin diagrams, with addi- (13.3°35719x10°¢ in SM,

tional contributions fronb— u tree and electroweak penguin 0,_+y_ P

diagrams. Measurements Bf—K 7 decays are particularly BB=K'm)=1 (19.9525Hx10°® in model I,

important to measure the anghe In model lll, the new (62)

physics enhancements to the branching ratf§B— K )

are significant,~(50—-60%, and show a moderate depen- for N®"=3 andM+=200 GeV. Here the first and second

dence on the variations of other parameters, as illustrated iarrors correspond tE(E)““(O):O.ZSi 0.03 and 2= N¢®ff< oo,

Figs. 3—6. In models | and Il, however, the new physicsrespectively. It is evident that the theoretical predictions of

corrections are always very small in size. the two ratiosB(B—K*7~) and B(B—K°%™") in the SM
For the decay8—K* 7~ K7™, the theoretical predic- and model IIl can lie within the CLEO data.

tions in model Il are higher than the CLEO data as shown in  Figures 3—6 show the mass ah§"-dependence of the

Figs. 4 and 5, but they are still consistent with the CLEObranching ratios for fouB— K= decay modes in the SM

data at the & level if we consider currently still large theo- and models I, 1, and Ill, using the input parameters as given
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FIG. 6. Same as Fig. 3, but for the deday- K°#°. The dotted FIG. 7. Plots ofB(B" —K" 7') vs '?f/lH+ and 1N°"in the SM
band corresponds to the CLEO data with Brror B(B—K°7%)  and 2HDM's. For(a) and(b), we setN'=3 andMy;- =200 GeV,
=(14.6"3H)x 1076, respectively. The dot-dashed curve and the closely adjacent short-

dashed curve refer to the theoretical predictions in the SM and
i . . 0 model I; while the long-dashed and solid curve correspond to the
in Eq. (7) and the Appendix, and assumiry=0", tanB  theqretical predictions in models Il and Ill, respectively. The
=2, andk2=m§/2. For Figs. 8a)—6(a), we setN®"=3 and  theoretical uncertainties are not shown here. The dotted band cor-
assume thaM,+=100-300 GeV. For Figs.(B)—-6(b), we  responds to the CLEO data witho2 errors B(B*—K*»')
setMy+=200 GeV, and assume thatNEfl=0-0.5. In all =(80733)x10°°.
four figures, the band between two dotted lines shows the
corresponding CLEO measurements withr 2rrors. ForB stable and has small error-(14%). Those measured ratios
— K970 decay, the inclusion of new physics contributionsare clearly much larger than the SM predictions as given in
will improve the agreement between the data and theoreticdlable IV. In[51], Cheng and Yang considered various pos-
prediction, as illustrated in Fig. 6. For the other thige Sible enhancements K7’ decay modes in the framework of
—. K decays, the theoretical predictions in the model 11l arethe SM but found that the net enhancement is not very large:

still consistent with the data if the theoretical uncertaintiesB(B*—K™ ') =(40—50)x 10" °, which is smaller than the
are taken into account. CLEO data’ At present, it is indeed difficult to explain the

B. B—K 75" decays and the new physics effects _ _
8As discussed in Ref5], B—K 7' decay may get enhanced due

For B*—K*7 and B°~K®, decay modes, the new i, (i) a smallmg at the scaleny, (ii) the sizableSU(3) breaking,
physics corrections_are Iarg_smalb ir_1 model Il (models | (iii) large FB~7", (iv) the 5’ charm content, andv) constructive
and 1. T_he theo,ret'cal predictions in the SM and 2HDM'’s interference in tree amplitudes. But these possible enhancements
are consistent with the new CLEO upper limits. are partially washed out by the anomaly effect in the matrix element
For B—K#' decay modes, the situation is very interest- ¢ pseudoscalar densiti¢s5,37.
ing now. In 1997, CLEO first reported the unexpectedly 7aithough this prediction is consistent with BaBar measurement,
large B—K 7' rates[28], which is confirmed very recently one should note that the error of BaBar measurement is still much
by CLEO with the full CLEO Il/IL.V data sample of 19 mil- larger than that of CLEO data. More statistics is clearly required for
lion produced B mesong23,29. The K%' signal is large, BaBar to make a definite conclusion.
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100 ]

CLEO data with 2r errorsB(B* —K* ') =(80"33)x10 .

observed large rate fd—K»' [23,29. This fact strongly
suggests the requirement for additional contributions unique
to the ' meson in the framework of the SM, or from new
physics beyond the SM.

In models | and Il, the new physics contributions are too
small (or negative to provide the required enhancement. . . . .
This feature remains unchanged within the considered range 00 o1 0.2 3;3 04 05
of tanB=1-50. 1/N

In model Ill, however, the new physics enhancements are ) 0
significant, ~60%, and have a moderate dependence on FIG. 9. Same as Fig. 7, but for the o!ec&yeK 7 -Ihe d(?tt,Ed

off . . : . band corresponds to the CLEO data wittk 2rrorsB(B*—K"#7')
My+ and N®", as illustrated by the solid curves in Figs. —, . +4 "6
: 22 =(89"39)x 1076,
7-10, where only the central values of theoretical predictions
in model Il are shown. If we take into account other theo-

N
T

(@]

NI

P

tainties are not shown here. The dotted band corresponds to the "
2

)

m

S~

m

retical uncertainties, the theoretical predictions for ratiodN® theoretical predictions in the SM, models 1, II, and IlI,
B(B—K7') in model Il will become consistent with the respectively. As shown explicitly in Figs. 8,10, in which the
CLEO data short-dashed, long-dashed, and solid curve correspond to the
model 1Il predictions foN® =2 3% respectively, the theo-
(69—92)x10 ¢ [CLEOQ] retical predictions now become consistent with the CLEO
’ - X -6 ’
B(B+—>K+7] ): (20 52) 10 [SM] 150 ——— — — —
(34—74)x10° % [model 1], © ]
o ....................................................... :
(63 Z 1201 ¢lEO Data ]
N 4
(71-109x 10" ¢ [CLEQ], = o ]
° [ ]
B(BOKy')—{ (19-53%10°° [SM], x N¥= oo |
(33-73)x10 ¢ [model HI]. h 607\;
S s 1
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Here the major theoretical uncertainties induced by using e ]
different set of form factors and varying, 7, andN®" in the ‘ ‘ ‘ 1
ranges Of5k2:i2 Ge\/z, 577:i0.08, andNeﬁZZ—oo 0 100 150 200 250 300
have been taken into account. M (GeV)

Figures 7,9 show the mass ahd™ dependence oB(B

—Kn') in the SM and 2HDM's. The upper dotted band  FIG. 10. Same as Fig. 8, but for the dedy-K°7'. The dotted
shows the CLEO measurements with- 2rrors. The short- band corresponds to the CLEO data witl 2rrors B(B°—K°%")
dashed, dot-dashed, long-dashed, and solid curve refers to(897 39 x 107 6.
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TABLE VII. B—PV branching ratiogin units of 10 %) using the BSWLQQSR] form factors in the
SM, with k?=m?2/2, N®"=2 3 . The last column shows the CLEO measurements and upper [ii%
C.L.) [22-25,21.

Channel Class Neff=2 Neff=3 Neff=oo Data
BO—pta I 21.1[25.1 24.0[28.5] 30.3[36.0] 27.6'84+x4.2
BC—p w* [ 5.7[6.5] 6.5[7.4] 8.2[9.4]

BO— pOa° Il 0.49[0.58 0.06[0.07] 2.05[2.41] <5.1

Bt —pl7® I 5.72 [6.63 3.46(3.97] 0.71[0.78 10.433+2.1
B —p*a® 1] 13.5[16.0] 12.6[15.0] 10.9[13.1] <43
B%—p%yp I 0.01[0.02 0.02[0.02] 0.06[0.08] <10
B%—p%y' I 0.01[0.07] 0.002[0.003 0.03[0.03] <12
B"—p*y i 5.44 [6.57] 4.75[5.79 3.54[4.38] <15
B"—pty i 4.35[5.02 3.81[4.40] 2.85[3.29 <33
B— ww® Il 0.29[0.35] 0.08[0.09] 0.15[0.19 <55
B —wm’ I 6.32[7.39] 3.75[4.31] 0.78[0.85] 11.3'33+1.4
B'—wy I 0.32[0.39] 0.03[0.04] 0.82[0.98] <12
B~ wy' I 0.20[0.23 0.001[0.002 0.68[0.79] <60
BO— ¢7r° \Y 0.03[0.04] 0.002[0.002 0.23[0.27] <5.4
B*—om™ \Y 0.06[0.08 0.004[0.005 0.49[0.58] <4
B~ ¢n \Y; 0.01[0.01] 0.001[0.001] 0.09[0.10] <9

B~ 7' \Y; 0.01[0.01] 0.001[0.001] 0.07[0.08] <31

Bt L K*OK™* \Y; 0.42[0.49 0.53[0.61] 0.78[0.90] <53
BO_, K*OKO \Y; 0.40[0.46] 0.50[0.58] 0.73[0.89] -

B+ LK**KC \Y 0.005[0.007 0.002[0.003 0.001[0.001] -

BO_, K*OKO v 0.004[0.006] 0.002[0.003 0.001[0.001] <12
BO— poK° v 0.52[0.60] 0.53[0.62] 0.71[0.83] <27
B*—poK* v 0.39[0.46| 0.31[0.36] 0.31[0.36] <17
BO—p K* I 0.54[0.62] 0.59[0.68] 0.70[0.81] <25
BY—p'K° v 0.11[0.17 0.05[0.05] 0.01[0.071] <48

B —K**yp \Y; 2.43[3.17] 2.39[3.04] 2.32[2.89 26.4'35+3.3
B —K* "y i 0.66 [1.14] 0.36[0.61] 0.24[0.23] <35
BO—K*0y \Y; 2.32[2.98 2.54[3.23] 3.06[3.82] 13.8"32+1.6
BO—K* 0y \Y; 0.33[0.69] 0.09[0.23] 0.31[0.26] <20
BO—K** ™ (Y, 8.59[10.2] 9.67[11.5] 12.0[14.3 22782
BO—K* 070 \Y; 2.44[2.77] 3.02[3.43 4.42[5.01] <3.6

BT —K* "0 \Y; 4.95[6.09 5.55[6.84] 6.91[8.52 <31

Bt —K*0r ™" v 7.35[8.75] 9.23[11.0] 13.6[16.2 <16

B @K™ \Y 22.1[25.7] 11.5[13.4] 0.60[0.70] 17.2°87+1.8
B%— ¢K° Y 20.9[24.3 10.9[12.6] 0.57[0.66] <28
B%— wK?® \Y 3.31[3.86] 0.002[0.003 13.3[15.4] <21

Bt —wK™ \Y 3.53[4.11] 0.25[0.28] 16.5[19.2) <79

measurement due to the inclusion of new physics enhance- For the studied thirty-seveB— PV decays, two general
ment in model 11l features are as follows.
The theoretical predictions for those seven measured de-
cay rates are consistent with the CLEO data within €r-
VI. B»PV DECAYS rors. All other estimated branching ratios in the SM and

In Tables VII-IX we present the branching ratios for the 2HDM’s as given in Tables VII-IX are all consistent with
thirty-sevenB— PV decay modes involvingg—d and b  the new CLEO upper limits.
— s transitions in the SM and models I, II, and Il by using ~ For most decay modes, the differences induced by using
the BSW form factors and by employing generalized factor-whether BSW or LQQSR form factors are sma#l15%. We
ization approach. Theoretical predictions are made by usintherefore use the BSW form factors only in the calculation of
the same input parameters as those forBheP P decays in  new physics effects.
the last section. There are so far seven measured branching ratioB of
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TABLE VIIl. B—PV branching ratiogin units of 10 %) using the BSW form factors in model Ill,
assumingM ;+ =200 GeV,6=0°, andN®f=2 3.

SM Model Ill 5B [%]

Channel Class 2 3 0 2 3 o0 2 3 0
BO—p*a~ [ 211 240 303 212 241 305 0.7 0.7 0.7
BO—p 7" [ 570 648 819 570 648 819 0.0 0.0 0.0
BO— p%7° I 049 006 205 054 011 212 9.8 99.6 3.5
B*—pz* i 572 346 071 579 354 081 1.3 2.3 14.0
B*—pa® i 135 126 109 136 127 11.0 0.4 0.5 0.7
B%—p%yp I 001 0.02 006 003 003 008 86.0 100 40.1
B%—p%y' I 0.01 0003 0.03 0.004 0001 0.03-47.3 -544 181
B "—pTn i 544 475 354 546 479 359 0.5 0.7 1.4
B —pTy i 435 381 285 434 381 286 —-02 -008 04

B wm® I 029 0.08 015 045 014 015 544 77.0 0.8
BY swnm® 1] 632 375 078 6.63 386 0.79 5.0 3.1 1.1
B~ wy 032 0.03 08 037 005 083 163 67.1 0.2
B'—wn' 0.20 0.001 0.68 0.22 0.004 0.69 9.5 155 0.5
BO— ¢ mr° 0.03 0002 0.23 005 0.002 033 59.1 1.9 42.3

Il

Il

\%

B"—o¢nt \% 0.06 0.004 0.49 0.10 0.004 0.69 59.1 1.9 42.3

B'—¢n \% 0.01 0.001 0.09 0.02 0.001 0.12 590.1 1.9 42.3
\%

B~ g7’ 0.01 0.001 0.07 0.01 0.001 0.10 59.1 1.9 423
Bt K*OK™* \Y; 042 053 078 068 083 1.19 61.0 57.9 53.3
BO_, K*O0KO \Y; 040 050 073 064 079 1.12 61.0 57.9 53.3
Bt _K* KO \% 0.005 0.002 0.001 0.002 0.001 0.003—-58.4 —725 256
BO_, K*OKO IV 0.004 0.002 0.001 0.002 0.001 0.003-584 -725 256
B%— p°K?° v 052 053 071 043 044 060 —171 -—-183 -—165
Bt —pK* \Y; 039 031 031 043 036 040 8.0 16.4 30.6
BO—p K* I 054 059 070 047 052 062 —131 -—127 -11.8
B*—p K \Y; 0.11 005 001 005 001 0.02 -508 -70.1 363
Bt—K**y \Y; 243 239 232 327 329 334 34.4 37.4 435
Bt —K**y' 11 066 036 024 031 024 065 —522 -—342 170
B—K*%y 232 254 306 315 347 4.20 35.8 36.5 37.4
BO—K*0y' 033 009 031 008 010 0.96 —77.3 6.9 204
BO—K* T 859 967 120 136 154 191 58.6 58.8 59.3
BO—K* 070 244 302 442 426 518 7.34 74.9 71.6 66.0

Bt —K*O7™" 7.35 9.23 13.6 11.9 14.7 21.0 62.0 58.8 54.1
B —oK* 22.1 11.5 0.60 35.7 19.0 1.29 61.5 65.3 113
B%— ¢K?° 20.9 10.9 0.57 33.7 18.0 1.21 61.5 65.3 113
B%— wK® 331 0.002 133 5.33 0.01 19.4 60.9 175 46.5

\Y;
\Y
\Y;
\Y;
BT —K* "0 \Y 495 555 691 742 838 105 49.9 50.9 52.2
\Y;
\Y
\Y
\Y
Bt —wK™ \Y 353 025 165 557 023 236 57.8 —7.7 42.9

—PV decays. For the first three decay modés B(B°—K*%9)=(13.8"53+1.6)x10° ¢, (66)
—p=p*,p°7", w7, the new physics corrections are small '

e o ~ ~

in size, <5%, and have a weak dependenceMp-+ and B(B—K* * 1 )=(22i2f‘5‘)><10 6 (67)

Ne" as shown in Tables VIII,IX. Consequently, the theoret-
ical predictions in the SM and models I, I, and Il agree well
with CLEO measurements.

Because of the appearance of very laRf8—K '), the
decay modeB—K* (") also draw more attentions now.
Very recently, CLEO and Belle reported their first observa-
tion [22,23,27 of B—K* 5, K* "7~ andB—K ™' ¢ decays

B(B"—K"¢)=(17.2"21+1.8x10°C, (69)
while the theoretical predictions in the SM and model Il are

(2—4)x10°% [SM],
B(B"—K*"7)=1(2-5)x10"% [model I,
B(BY—K* " 5)=(26.4"35+3.3x10 ¢, (65) (69)
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TABLE IX. B—PV branching ratiogin units of 10 ®) using the BSW form factors in models | and I,
assumingM ;+ =200 GeV, tarB=2, andN®"=2 3.

Model | B [%] Model Il 5B [%]
Channel 2 3 00 2 3 00 2 3 00 2 3 00
Bo—>p+7T7 211 240 303 0.0 0.0 0.0 211 239 30201 -01 -01
B—p a" 570 6.48 8.19 -00 -0.0 00 570 6.48 8.19 0.0 0.0 0.0
BO— p°n® 049 006 205 -01 —-04 00 048 005 204 -19 -189 -0.6
BY—pon" 572 346 071 -00 -00 01 570 344 069 -03 -05 -—28
Bt—p'a® 135 126 109 0.0 0.0 00 135 126 109-0.1 -01 -01
BO—>p07] 0.02 0.02 0.06 29 3.7 16 001 001 0.05128 —152 -6.2
B°—>p°7;’ 0.01 0.002 0.03 -0.2 -0.1 0.0 0.01 0.0083 0.03 181 39.1-11
B"—p'y 544 476 354 0.0 0.0 0.1 543 475 35301 -01 -0.2
B —p'y 435 381 285 -00 -00 00 436 381 285 0.1 0.1 —-0.0
B°— wn® 029 008 015 02 -04 05 026 007 0.15-10.7 —154 04
Bt —wm" 6.33 375 078 0.1 0.1 0.0 6.26 373 07809 -05 -0.2
B—wy 032 0.03 082 0.7 3.6 00 031 003 0.82-27 -99 -01
B — w7z’ 0.209 0.001 0.68 0.2 0.3 0.1 0.20 0.002 0.68-1.3 87 —-01
B°—>¢7r° 0.03 0.002 0.23 -0.8 109 24 0.03 0.002 0.21-129 109 -6.7
B"—o¢nt 0.06 0.004 050 -0.8 109 24 0.06 0.005 0.45-129 109 -6.7
B°—>¢77 0.01 0.001 0.09 -0.8 109 24 0.01 0.001 0.08-129 109 -6.7
Boﬂ(f)ﬂ’ 0.01 0.001 0.07 -0.8 109 24 0.01 0.001 0.06—129 109 -6.7
Bt -K*ok+ 043 054 079 1.8 1.9 21 037 047 0.7+10.7 —-10.0 —-9.0
BO_, K*O0KO 040 051 075 1.8 1.9 21 035 045 0.6#10.7 —10.0 —-9.0
B*—K**K® 0.005 0.002 0.001-35 —-7.1 135 0.01 0.002 0.001 14.3 20.9-16.6
B9 K*0k? 0.004 0.002 0.001—-35 —7.1 135 0.005 0.002 0.001 143 20.9-16.6
B%— p°K?° 053 055 074 31 3.3 31 056 058 0.77 7.6 8.2 7.6
BJ“—qo(’K+ 040 032 034 24 4.9 9.0 040 0.31 0.32 0.7 1.4 2.4
B°—>p‘K+ 053 058 070 -18 —-14 —-0.6 055 060 0.72 1.6 2.0 2.7
B+—>p+K0 0.10 0.04 0.005-3.0 —-6.3 116 0.12 0.05 0.005 11.6 16.7 -6.5
Bf"—K**yp 249 245 236 25 2.3 1.7 231 226 21549 -58 -75
B"—K*"p' 064 035 024 —24 —23 20 077 043 021 166 19.5-12.5
BOHK*O’” 237 260 313 24 2.3 22 219 240 28854 -—-56 -59
BO—K*0y' 032 009 033 —-33 —47 50 042 013 023 273 42.6—25.4
B°—-K*"7~ 876 9.84 122 2.0 1.8 1.4 774 8.69 10.8-9.8 —-10.1 —-10.5
BO—K*%7z0 244 303 445 01 04 08 208 260 387147 —139 —125
B*—K**#0 511 572 710 32 30 27 460 514 63572 -75 -81
B"—K*z" 748 941 139 18 1.9 21 655 829 124108 —10.2 —9.2
BT —oK* 223 116 061 11 1.0 0.7 195 101 048115 —-12.2 —-19.9
BOHQSKO 211 11.0 057 11 1.0 0.7 185 954 046-115 —-12.2 —-19.9
BO— wK?° 3.35 0.002 134 1.2 1.1 1.3 294 0.003 12.+11.3 25.7 -85
Bt —wK™ 359 025 167 16 -01 14 317 025 152-101 23 -—7.7
(2-5)X10°8 [SM], where tr}e un;:ertainties dinducedgzby 2u/sing thev?BSW or
+ L K*0 )= 5 LQQSE form factors, and setting=my/2+2 GeV, 7
B(B"—K*"7)=1(3-6)x10°¢ [model N, (70 =0.34+0.08, and\®=2— 0, have been taken into account.
Although the central values of the theoretical predictions in
(7-16)x10°° [SM], the SM are much smaller than the corresponding central val-
+ *+ =\ . ues of the CLEO measurements, the theoretical predictions
B(B"—K* "7 )=1(10-22)x10°8 [model III], are still consistent with the data withino2errors bzcause
(71 current experimental error is still large. Further improvement
of experimental measurements about the decay m&les
(0.5-28)x10°% [SM], —K* 5, K* "7~ will tell us whether there is any discrep-
B(B*—=K*¢)= (1-39)x10°® [model I, ancy between the theory and expe_r[ments fo_r th(_ese three de-
cay modes. At present, any positive contributions to the
(72 above three branching ratios from new mechanisms in the
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FIG. 11. B(B—K** %) vs My+ and 1N in the SM and FIG. 12. Same as Fig. 11, but for the deddy>K*%s. The

2HDM'’s. For (a) and (b), we setN®"=3 and M,+=200 Gev, dotted band corresponds to the CLEO data with &rror B(B°

respectively. The dot-dashed, long-dashed, and solid curves show K*%7)=(13.8"5¢)x10°6.

the theoretical predictions in the SM and models Il and llI, respec-

tively. The theoretical uncertainties are not shown here. The+d°ttefheoretical predictions and the data, as shown in EB@)—

ban(i +correspondls0 to th_e6 CLEO data witho lerror B(B (72) and illustrated in Figs. 11-14.

—K* 1) =(26.475%) 10" Figures 11—14 show the mass a8’ dependence of the

branching ratios forB—K**7,K*% K** 7~ and B

SM or from new physics beyond the SM are clearly preferred—K™* ¢ decays. The dot-dashed line is the SM prediction,

by the CLEO data. while the long-dashed and solid curve correspond to the pre-
In models | and Il, the new physics contributions aredictions in models Il and Ill, respectively. The theoretical

small in size: from—15 to 20% for mostB— PV decay uncertainties are not shown in these figures. The dotted band

modes, and have weak dependencévip:, tang, andNe",  in Figs. 11-13Fig. 14) corresponds to the CLEO data with

as shown in Table IX, and illustrated in Figs. 1114, wherelo (2—o) error..

the long-dashed line shows the theoretical predictions in the From Fig. 11, it can be seen that the CLEO measurement

model 112 This feature remains unchanged within the con-0f the ratio B(B™—K* ") is much larger than theoretical

sidered range of ta=1—50. When tar8 becomes larger, predictions in the SM and 2HDM'’s. More positive contribu-

the size of new physics corrections will become event!ons to this decay mode are needed_to Improve the agree-
smaller. ment between the data and theoretical prediction. Bor

In model Ill, however, the new physics contributions are_’K*077 decay, the inclusion of new physics contributions in
' ’ model IIl leads to a better agreement between data and

significant, from 30% to 110 %, and have also weak depen; , X . :
off ) theory if we take into account still large theoretical uncer-
dence onMy+, 6, and N®". These new physics enhance-

_ tainties. ForB—K* "7~ and K" ¢ decays, the theoretical
ments are very helpful to improve the agreement between th;‘?rediction now becomes consistent with the CLEO and Belle
measurements withindl error due to the large new physics
enhancement in model Il
8Because the lines for the SM and model | are too close to be ForB—K** 7" andK*%y’ decays, the new physics con-
separated clearly, we do not draw the line for model I in all fourtributions in model Ill are large in size, from 77 to 200 %,
figures forB— PV decays. as shown in Table VIII. But the theoretical predictions for
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:Eese two SeCcLaé/Omodes a}jdéfftdependent and still far below V2f ,M2M, . , \/EpriMw . ,
e curren upper limits. =f;————F—V"7P +fp——"—F—V"®
pp c=f; Mg+ M, VETP(ME) + 1 Mgt M, VETE(MY),
(75)
VIl. B—»VV DECAYS
Using the formulas as given in Sec. 1V, it is straightfor- with
ward to calculate the branching ratios of nineteBpq
—VV decays. As an example, we show here the calculation _ Gk % %
of the branching ratio for the class-V decBy —p~w (b fa= E VupVigd2 ™ VioVia| 285+ 84+ 285
—d transition. We first find the explicit expressions of the
helicity amplitude Hy={(p~ (\) o(\)|Hex/B™), and then 1 1 1
compare this amplitude with the standard form as defined in T 587t 589~ S0 |, (76)
Eq. (44) to extract out the process dependent coefficiants
b, andc G
F
1 fo= E[Vubvﬁdal_vtbvrd(azl_" a0}, (77)

a=

ﬁ[flfwa<MB+Mp>A§ﬂ’<Mi>

where the coefficients;  ;ohave been defined in EA7);

+ff,M,(Mg+ Mw)AE‘*”(Mg)], (73  the form factors and other input parameters can be found in
the Appendix. With these coefficiends b andc, the branch-
V2 ,M2M ing ratio B(B~— p~ w) can finally be written as
- MABﬁP(MZ)
Y Mgtm, 2 © ol
- - P 2 2 2
J2f M2M, BB —p w)=15; 5 ([Hol+[H  4|*+[H 4],
T p @ B*HU(MI%)’ (74) 87TMB

2 Mg+M, " ? (78)
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TABLE X. B—VV branching ratiogin units of 10 ®) using the BSWLQQSR] form factors in the SM,
with k2=m§/2, Nef=2 3 . The last column shows the CLEO upper limi@% C.L) [22-25.

Channel Class Neff=2 Neff=3 Neff= oo Data
B'—pTp~ | 17.8[19.8] 20.2[22.5 25.5[28.4] <2200
B%— p%p° Il 0.39[0.44 0.09[0.10] 1.56[1.73 <438
B'—ww I 0.81[0.90] 0.15[0.17] 1.22[1.35 <19
BT—pp° I 12.8 [14.3] 10.1[11.3 5.69[6.33] <120
B"—pTw M 15.7 [17.4] 12.2[13.5] 6.69[7.45] <47
BO—K**p~ v 6.17[6.82 6.95[7.68| 8.64[9.55] -
BO—K* 00 v 1.73[1.82] 2.01[2.17 2.79[2.91] <16.1
Bt —K**p0 v 5.22[5.97] 5.97[6.82] 7.76[8.91] <52
Bt —K*%* v 6.65[7.35] 8.36[9.24 12.4[13.7] -
Bt LK*+tK*O v 0.38[0.49 0.48[0.61] 0.70[0.90] <62
BO_, K*OK*0 v 0.36[0.47] 0.46[0.58] 0.67[0.86] <7.4
B°—p%w \Y; 0.45[0.50] 0.24[0.27] 0.02[0.02] <11
B—K*% \Y; 13.5[16.1] 4.52[5.03 1.04[1.79 <19
B"—K*"w \% 13.4[16.1] 3.94[4.39 2.74[4.01] <52
BT—K*T¢ V 21.8[27.8 11.3[14.5 0.60[0.76] <41
BO—K*% \Y; 20.6[26.2] 10.7[13.6] 0.56[0.72] <21
Bt—p'e \%; 0.06[0.07] 0.004[0.005 0.47[0.52] <16
B°—p%¢p \% 0.03[0.03 0.001[0.002 0.22[0.25] <13
B'—w¢ \Y 0.03[0.03 0.001[0.002 0.22[0.24] <21

TABLE XI. B—VV branching ratiog(in units of 10 ®) using the BSW form factors in model Ill,
assumingM + =200 GeV,N¢ =2 300 and =0°,30°.

0=0° OB [%] 0=30° 6B [%]

Channel 2 3 0 2 3 o 2 3 o 2 3 o
B—ptp~ 179 203 257 07 07 0.7 193 197 24826 -—-26 -—26
BO—>p0po 046 0.16 165 16 79 57 056 0.15 1.50 28 67—-4.0
B’ - ww 1.05 0.24 123 29 54 1.0 1.02 0.22 1.19 14 45—-2.3
B+~>p+p0 12.8 10.1 569 0.0 0.0 0.0 143 101 569 0.0 0.0 0.0
B"—p'w 13.8 109 6.12 -12 -—-11 -85 152 109 6.12 -13 —-11 -85
BOHK**p* 9.78 11.0 13.8 59 59 59 11,1 113 141 62 63 63

BO—K* 00 318 370 498 84 84 78 3.14 350 490 72 74 75
BT —K**pO 761 875 114 46 47 47 879 880 113 47 48 45
BT —K*%* 10.8 133 190 62 59 54 114 127 182 55 52 48
Bt LK**K** 0.61 075 1.08 61 58 53 0.73 071 102 51 49 45
B K*OK*0 059 072 1.03 61 58 53 0.70 0.68 098 51 49 45
B°—p%w 072 039 004 61 65 79 076 037 0.03 53 54 51
B°—K*%w 208 697 151 53 54 45 235 6.58 149 46 46 44
B"—K*'w 208 6.23 347 55 58 27 243 625 324 51 59 18
Bt —K*"¢ 352 188 127 62 65 114 429 179 120 54 58 101

B —K*% 332 177 120 62 65 113 404 169 113 54 58 101
B"—p*o 0.10 0.004 0.67 59 1.9 42 0.10 0.004 0.64 50 1.9 36
B’ p%¢ 0.05 0.002 0.32 59 1.9 42 0.05 0.002 0.30 50 1.9 36
B'—we 0.05 0.002 0.32 59 1.9 42 0.05 0.002 0.30 50 1.9 36
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TABLE Xll. B—VYV branching ratiogin units of 10 °) using the BSW form factors in models | and I,
assumingM + =200 GeV,N®f=2 30, and tan3=2.

Model | OB [%] Model II OB [%]
Channel 2 3 o0 2 3 o0 2 3 o0 2 3 00
B—ptp~ 17.7 198 244 0.0 0.0 00 177 20.2 24301 -0.1 -01
B— p%p° 053 010 121 0.1 0.6 0.1 052 008 12618 —-15 -—-11
B~ ww 0.90 0.16 0.93 0.6 1.1 0.0 086 014 09342 —-99 -02
Bt —ptp° 135 107 6.04 0.0 0.0 0.0 136 10.1 6.04 21 0.0 0.0
B"—p'w 146 116 650 —-109 —-96 —-74 146 109 650 —11 —-11 -7.4

BO—K*tp~ 6.42 7.13 866 21 1.9 16 570 6.25 7.7+93 —-10 -9.6
BO—K*9p? 170 197 272 03 0.5 0.7 147 170 23613 -16 -—-13
Bt K**p° 544 6.08 7.63 28 2.8 27 490 555 68375 —-7.0 —-8.0
Bt —K*%p" 6.55 8.13 118 138 1.9 21 578 751 10510 -10 -93
BT K*TK*0 037 046 067 18 1.9 21 033 043 066-10 —-10 —-9.1
B0 K*0k*0 035 045 065 1.8 1.9 21 032 041 05710 -10 —-91
B°— p°w 041 023 0.02 11 1.0 04 037 021 0.0210 -12 -12
B’ K*% 123 415 092 13 1.3 1.3 111 4.07 0.8393 —-99 -82
B"—K*"w 126 385 239 16 1.4 16 11.3 352 22494 -11 -49
BT —K*"¢ 204 108 065 14 1.4 22 180 10.0 05411 -12 -16
BO—K*%p 19.2 101 061 11 1.0 05 170 941 0511 -12 -16

Bt—p'¢ 0.1 001 044 -07 97 24 0.05 0005 040-11 11 -75
B°—p%¢p 0.02 0.002 021 —-07 97 24 002 0002 019-11 11 -75
B'—wd¢ 0.02 0.002 021 —-0.7 97 24 002 0002 019-11 11 -75
where|p| andH, o_; have been given in Eq$42) and(45). Figures 15—17 show the mass a8’ dependence of the

In Tables X—XII we present the branching ratios for theratios B(B—K*°w) and B(B—K* ¢). The dot-dashed line
nineteenB— VYV decay modes involvindb—d and b—s is the SM prediction, while the long-dashed and solid curve

transitions in the SM and models |, Il, and Ill. Theoretical correspond to the predictions in models Il and lll, respec-
predictions are made by using the same input parameters &igely. As the class-V decays, these three decays show strong
those for theB— PP,PV decays in last two sections. Ne dependence as illustrated in Figs. 15-17.

For B—VV decay modes, the differences induced by us-
ing whether BSW or LQQSR form factors are around ten VIIl. SUMMARY AND DISCUSSIONS
percent in the SM and models |, Il, and lll. We therefore
show the numerical results obtained by using the BSW form In this paper, we calculated the branching ratios of two-
factors only for the cases of models I, I, and lll. For all body charmless hadronicB meson decays B4

nineteenB— VV decays under study, the theoretical predic-— PP,PV,VV in the SM and the general two-Higgs-doublet
tions in the SM and 2HDM's are still under or far away from models by employing the NLO effective Hamiltonian with
the current CLEO upper limits, as can be seen from Tablethe generalized factorization. In Sec. Il, with the help of
X=XII. previous workg38,43—45,3) we gave a brief review of the

In models | and IlI, the new physics contributionsBo 2HDM'’s and studied corresponding experimental constraints
—VV decays are small in size: from15 to ~10% as on models I, I, and lll. In Sec. lll, we evaluated analytically
shown in Table XlI, and therefore will be masked by otherall new gluonic and electroweak charged-Higgs penguin dia-
large theoretical uncertainties. This feature remains ungrams and found the effective Wilson coefficie@&' in the

changed within the considered range of@anl—50. When SM and models I, 1, and Ill. In Sec. IV, we presented the
tangB becomes larger, the size of new physics correction§ormulas needed to calculate the branching rati§®
will become smaller. —PP,PV,VV).

In model Ill, however, the new physics contributions to  In Secs. V-VII, we calculated the branching ratios for
different channels are varying greatly: from11% to seventy-siB—PP,PV,VV decays in the SM and models I,
~110%, assumingM,+=200 GeV, N®f=2—  and 6 II, and I, presented the numerical results in Tables IV-XII
=0°-30°. For decay modeB—K*%w,K**¢,K*%, for  and displayed th/,,+ andN®" dependence for several phe-
example, the new physics enhancements are significantomenologically interesting decay modes in Figs. 2—17.
~(60—110)%. And hence the theoretical predictions in From the numerical results, we find the following general
model Il are close to or slightly surpass the current CLEOfeatures about the new physics effects on the exclusive
upper limits, as illustrated in Figs. 15—-17 where the uppercharmless hadroniB—PP,PV,VV decays studied in this
dotted line shows the corresponding CLEO upper limits afpaper.

90% C.L. These decay modes will be observed soon. (1) The SM predictions for th® meson decay rates pre-
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FIG. 15. B(B—K*%w) vs My+ and N in the SM and FIG. 16. Same as Fig. 15, but for the deddy-K* " ¢. The

2HDM'’s. For (a) and (b), we setN®"=3 and M+=200 GeV, upper dotted line shows the CLEO upper lim{(B—K* ™ ¢)
respectively. The upper dotted line shows the CLEO upper limit<41x10°°,

B(B—K*%»)<19x107°. The dot-dashed, long-dashed and solid
curve correspond to the theoretical prediction in the SM and model
Il and I, respectively. The theoretical uncertainties are not show
here.

aependence of decay rates on whether using the BSW or
hLQSSR form factors are weak; 10%. TheN®" dependence

of branching ratios, however, are varying greatly for differ-
ent decay modes.

sented in this paper agree well with those appearing in Refs. (6) For phenomenologically interesting—K 7’ decay
[7,9]. modes, the new physics enhancements are significant in

(2) The new physics effects due to new gluonic penguinmodel Ill: ~(35-70%, and have a moderate dependence on
diagrams strongly dominate over those from the and M+ and N®". The theoretical predictions fd8(B—K ')
Z%-penguin diagrams induced by exchanges of chargedherefore turn out to be consistent with the CLEO data in
Higgs bosons appearing in models 1, II, and IIl. model IIl, as illustrated in Figs. 8,10. For oth@r— PP de-

(3) For models | and Il, the new physics contributions to cays, the theoretical predictions are still consistent with the
the decay rate(B—h;h,) are always small in size: from measurements if one takes into account still large theoretical
—15 to 20 % for most decay modes. So small contributionsand experimental uncertainties.
will be masked by other still large theoretical uncertainties.  (7) For penguin-dominateB— PV decays, the new phys-

(4) For model lll, however, the new physics enhance-ics contributions in model Il are significant, from 30 to
ments to penguin-dominated decay modes can be significarg0 %, and have a weak or moderate dependendd on, 6,
~(30-200)%, andherefore can be measured in high pre-andN®f as illustrated in Tables VIII and Figs. 11-14. The
cision B experiments. In general, the new physics contribu-CLEO measurements ofs(B—K* *#,K*%») are much
tions in model Il are larggsmal) for penguin-dominated |arger than theoretical predictions in the SM and hence large
(tree-dominatedB meson decay channels. new physics enhancements in model Il are indeed helpful to

(5) The uncertainties of the theoretical predictions for thelead to or improve the agreement between the data and the-
branching ratios oB— h;h, decays induced by varyink?, oretical predictions.

7, 0, tang, and M+ are varying from~10 to ~50 % (8) In model Ill, the new physics contributions to different
within the range ofk?’=mZ/2+2 Ge\?, »=0.34-0.08, # B—VV decay modes are varying greatly: from11l to
=0°-30, tanB=1-50, andM+=200+100 GeV. The ~110%. For decay modds—K* w K* "¢ K* ¢, for ex-
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o ' ] stant, gauge boson mass&,meson masses, light meson
IO Ne=3 (@ masses,. .., are asfollows (all masses in units of GeV
N [7,59]:
— - 4
S ! CLEOUL ... 7 aem=1/128, ay(Mz)=0.118, sif 6,,=0.23,
< \m\ Gr=1.1663% 10 5 (GeV) 2,
|
m
B0 [ m o] M,=91.187, M,=80.41,
— I mBgszur:5.279, m,==0.140,
100‘ = ‘150‘ ‘260‘ ‘ ‘2‘50‘ = ‘300 mﬂ.0:0.135, m7]20547, mnI:0.958,
M (GeV) m,=0.770, m,=0.782,
2 ——mm————————
M = 200 GeV ®) ] my=1.019, my==0.494, myo=0.498,

My« ==0.892, myxo0=0.896,
7(B)=1.64 ps, 7(B3)=1.56 ps. (A1)

For the elements of CKM matrix, we use Wolfenstein
parametrization, and fix the parametéra., p to their central
valuesA=0.81,\=0.2205,p=0.12 and varyy in the range
of 7=0.34+0.08.

We first treat the internal quark masses in the loops in

—— ] connection with the functio(m) as constituent masses
0.0 0.1 0.2 0.3 0.4 0.5

1 /Neff mp,=4.88 GeV, m,=1.5 GeV,
FIG. 17. Same as Fig. 15, but for the deddy-K*%¢. The B o
upper dotted line shows the CLEO upper linfi(B—K*%¢) ms=0.5 GeV, m,=my=0.2 GeV. (A2)
<21x10 .

Secondly, we will use the current quark masses rfor(i

. ... __=u,d,s,c,b) which appear through the equation of motion
ample, the new physics enhancements are Slgnlﬁcan\tlilhen working out the hadronic matrix elements. For

~(60-110%, and hence the theoretical predictions in model” .
[Il are close to or slightly surpass the current CLEO upper_z'5 GeV, one find$7]

limits. These decay modes will be observed soon. m,=4.88 GeV, m.=1.5 GeV, m.=0.122 GeV
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f,=210, f,=195, f,=233,
fu=fi=78, f! =19 =68, °=-0.,
7 7
APPENDIX: INPUT PARAMETERS AND FORM FACTORS f,=-023, fS=-113, f3,=141, (A4)
In this appendix we present relevant input parameters. We u s ] )
use the same set of input parameters for the quark masse¥heref ., andf ., have been defined in the two-angle-

decay constants, Wolfenstein parameters, and form factors asixing formalism with §,=—9.1° and §g= —22.2° [60].

Ref.[7]. For more details about the mixings betwegrand »', one
Input parameters of electroweak and strong coupling conean see Refd60,15.
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The form factors at the zero momentum transfer in the The form factorsFoyl(kz), Ao,lyz(kz), and V(k?) were
BSW model[13] have been collected in Table Il of R¢T]. defined in Ref[13] as
For the convenience of the reader we list them here:

- - Fo(0) F1(0)
FE~™(0)=0.33, FE~X(0)=0.38, Fok)=— %7 F(K)=—2"

0 0 o(k?) 1 Km0 1(k%) TR
FB~7(0)=0.145, FB~7'(0)=0.135,

Ao(0) A;(0)

B—p — AB—w _ A k2 = —— A k2 _ ,
A012(0)=A01.2(0)=0.28, = Ty M ey
AB~K"(0)=0.32, A%;X"(0)=0.33,

i - ) A2(0) , V(0)

B * Ay (k)= ——F"——, V(K)=—>——.
VvB=r(0)=VB~“(0)=0.33, VBE~K'(0)=0.37. 1-Kk?/m?(1™) 1-K?/m?(17)

(A5) (A7)

In the LQQSR approach, the form factors at zero momen- The pole masses used to evaluate khedependence of
tum transfer used in our numerical calculations are form factors are

—1r _ B—K _
Fo7(0)=0.36, Fg (0)=041, {m(07),m(17),m(1"),m(0")}={5.2789,5.3248,5.37,5.73

, A8
FE~7(0)=0.16, FE~7'(0)=0.145, (A8)
{Ag,A; Ay, VI (B—p)=1{0.30,0.27,0.26,0.35 for ub anddb currents, and
{Ao.A1.A;,V}(B—K*)={0.39,0.35,0.34,0.48 {m(O‘)'m(l‘).m(1+),m(0+)}={5-3693,5-41,5-82,?/-395;
{Ag,A1,A;,V}(B—w)={0.30,0.27,0.26,0.35 _
(A6)  for sb currents.
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