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CP violation from physics beyond the standard model is investigateB,erecays:Bﬁleﬁ. In the
decay process, we include various excited states as intermediate states decaying to the finalhadfons,
We consider the semileptonic decay to a tau lepton family as WdH.violation is implemented through
complex scalar-fermion couplings in the multi-Higgs-doublet model and scalar-leptoquark models beyond the
standard model. With these complex couplings, we calculateCtRendd rate asymmetry and the optimal
asymmetry. We find that fd8,, decays the optimal asymmetry is sizable and can be detecterd lavél with
about 16—10'B-meson pairs, for maximally allowed values@P-odd parameters in those extended models.
[S0556-282(199)02909-4

PACS numbses): 13.20.He, 11.30.Er, 12.39.Fe, 12.39.Hg

[. INTRODUCTION generated through interference betwedhexchange dia-
grams and Scalar-exchange diagrams with complex cou-
The pions emitted i, decays B—>D7T|7|) have such a plings. TheC P—consgrving phfases may come .from the ab-
wide momentum range that one may have difficulty ana|yz_sorpt|ve parts of the intermediate resonanceB,indecays.

ing the decays over whole phase space. However, if we re- W€ inc(ljudhe hfi_gher ?;_(Clilted states, suctpasave,D-wave
strict our attentions to the soft pion limit, we could investi- St3tes and the first radially excit&wave state, as interme-

gate B, decays including the final sta® meson by the diate states inB—Dwlv decay, since these intermediate

combined method of heavy quark expansion and chiral perSites could contribute substantially to the dedhy [2].

turbation expansiofl,2]. So far, the significance of thB And Wwe. have found IN_our previous ‘.NOHB.] that
. CP-violation effects are highly amplified by including those
—Dmxlv decay mode has been seen from the observatio

Pligher excited states
that the elastic modeB— Dev and B—D*evr account for . . ’
. ; : . The interactions of the octet of pseudogoldstone bosons
less than 70% of the total semileptonic branching fraction b 9

. . - with hadrons containing a single heavy quark are constrained
Goity and Robertt2] have studie®— D arl » decays includ- by two independent symmetries: spontaneously broken chiral
ing various intermediate states which are decayingDto SU(3) % SU(3)x symmetry and heavy quark spin-flavor
+ 7r, and found that the effects of higher excited intermediatesu(z\'l‘h) symmRetry[4] whereN;, is the number of heavy
sr:at_es are SUbStant(;;l compared to thef Iowest staﬁﬁ*r%iis quark flavors. Within the frame work of heavy quark effec-
the invariant mass db + a grows away from the grou tive theory(HQET) [5], the spind of a meson consists of the
resonance regions.

In Ref.[3], we considered the possibility of probing direct spin of a heavy quarkQ), the spin of a light quarkq) and

N _ . relative angular momentum
CP violation in the decay oB— D =l v in a model indepen- ¢
dent way, in which we extended leptonic current by includ- J=Sg+ S+, (1.2
ing complex couplings of the scalar sector and those of the

vector sector in extensions of the standard md&l). In Fwith | . )
the present paper, we would like to consider specific model¥/€ denote the meson stateBswith its parity. If we define

such as mult-Higgs-doublet model and scalar-leptoquark =S +1 which corresponds to the spin of the light compo-
models. In order to observe dire@P violation effects, there €Nt of the meson, we have a multiplet for eqch

should exist interferences not only through weak

CP-violating phases but also with differe@P-conserving J=j+

e : 1.2
strong phases. I8, decays,CP-violating phases can be

N[ -

Then, for a meso, HQET predicts the following multip-
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" (- ! 4 m respectively:

. )/ }/ Qf=(Dalcy (1= y5)b|B)= X (Dlcy*(1-vs)b[B))
v / !: o ] ! ll o Bi
B B D B b D

E
<
c

X<~Bi7T|B>+Z (Da|D;)(Dilcy*(1— ys)b|B),
FIG. 1. Feynman diagrams f@;, decays. Di
(2.2
I=1:(0%,17)  (Mg,M{”),

and () is the corresponding scalar current matrix element:

(17,25 (MY M), _
o 0 Q=(Dm|c(1-ys5)b|B), 2.3
1=2:(17,27)  (My,MP),
(27,37) (M, My) 1.3 whereD; andB; stand for intermediate excited states of our
' 2 V3% ' interest. One can obtain Yukawa interaction form factors by

where we denote the corresponding meson states by the nBWU/tipYing the V=A currents with momentum transfey”
tation in the last column. Furthermore, there could be radi-— Ps~Pp=Mmgv*“—mpuv’#. Consequently, we get the fol-
ally excited states. For example, the first radially excited®Wing refation:
states are q,08=(mg+mp) Q. 2.4
I=0(n=2):(0",17) (M’ ,M'*). (1.9 . . . ) .
We define the dimensionless parametewhich determines
Among these resonancédenoted by|\~/l), D—Dm or B the relative size of the scalar contributions to the vector ones:

— B decay is possible only fai?=0", 17, 2%, and 3 7

resonances because of parity conservation. However, if we {= m (2.9
use chiral expansion, the decay amplitude bf2ate M, is

proportional to )2, and that of 3 state is proportional to Then the amplitude can be written as

(p,)® [2], so their contributions will be suppressed in the L

soft pion limit. Therefore, in the leading order m., the T=x(1+x)j, Q% Q*=Q4+0—, (2.6)
resonances contributing 8, decays are m,

I\7I=M*,MO,M1 and M’*, (1.5 where we used the Dirac equation for leptonic current,
L#j,=mjs, with L#=p{*+ p%. All the explicit expressions

whereM stands forB or D meson. We include all the pos- of the form factors and the amplitudes can be found in Ref.

sible multipets above as intermediate stateBjindecays.

: In Sec. Il, we briefly review on our formalism dealing Then, the differential partial width of interest can be ex-
with B, decays. The multi-Higgs-doublet model and scalar-

. ; pressed as

leptoquark models are introduced as new sourcé&smtio-
lation in Sec. lll, and the observable asymmetries are con- ~ Na 2
sidered in Sec. IV. Section V contains our numerical results dFBm_ ZmBJ(SM S| T[%d®y, 2.7
and conclusions.

where the 4 body phase spai®, is
Il. DECAY RATES dd,=dsy,-ds_ -dcosf-dcosb,-dg, (2.9

We consider B, decays of B-—D*# Iy and B~

g and
— D% v. The amplitude has the general form:

2 for charged pions,
. _ Gr N,= . (2.9
T=(LH 01,00+ sl k=Vepomemo, 1 for neutral pions,
(2.1 and the Jacobiad(x,y) is

wherej, is the (V—A) charged leptonic current arjd is a

— 1/2/ 12
Yukawa type scalar current in leptonic sector. Here the pa- J(x,y)= 214w6xynﬁ)\ (Mg, X,y)
rametersy and », which parametrize contributions from
physics beyond the SM are in general complex. Note that the XANY2(x,m3 , mANYAy,m?,0). (2.10

SM values arey=7=0. We retain charged lepton mass

since we also consider decaysBy,. The vector interaction Here, from the momenta of tH& mesonD meson, the pion,
part of the hadronic amplitud&){;, receives contributions the lepton, and its neutrinpg, pp, p, p;, andp,, for five
from two types of diagrams, illustrated in Figgajland Xb), independent kinematic variables we chosge= (pp+p)?,
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s .=(p;+p;)? 6 (i.e., the angle between tH2 momentum Since the initialB~ system is noCP self-conjugate, any

in the D rest frame and the moving direction of tile; ~ genuineCP-odd observable can be constructed only by con-
system in theB-meson’s rest frame 6, (i.e., the angle be- Sidering both theB, decay and its charge-conjugated,
tween the lepton momentum in the rest frame and the decay 8" —D%#°l v or B*—=D =17y, and by iden-
moving direction of thelv system in theB-meson’s rest tifying the CP relations of their kinematic distributions. The
frame and ¢ [i.e., the angle between the two decay planedransition probability| T|? for the B* decay in the same ref-
defined by the pairsp(pp) and (o, ,p;) in the rest frame of erence frame as in th®~ decay is given by simple modifi-
the B meson. cation of the transition probabilityT|? of the B~ decay[3]:

(i) change signs in front of the terms proportional to imaginary part,

T2=T13 . 2.1
|
We note that all the imaginary parts are being multiplied by A. Multi-Higgs doublet model
the quantity proportional to si. If the parametet is real, We first consider MHD model with Higgs doublets. The

the transition probability for th& "~ decay and that of thB™  vykawa interaction of the MHD model is
decay satisfy the followin@ P relation: — 5 . — ¢
— ’CMHD:QL-F”(I)dDR-—’_QL-F”(D UR+LLF¢) ER+HC
IT1260,61,4)=[T2(6,6,,~ $). (2.12 ST TR T g )

Then withCP violating complex parametef, dI'/d®, can

be decomposed into@P-even parts and aCP-odd partp: ~ Here Qu, denotes left-handed quark doublets, dnd de-

notes left-handed lepton doubIeBRi(URi) and Eg, are for

—F=£(S+D). (2.13 right-handed down(up) quark singlets and right-handed
do, 2 charged lepton singlets, respectively. The indeg a gen-

The CP-even partS and theCP-odd partD can be easily eratlgn m_dex (*: 1,2,3),®(j=1 ton) aren Higgs doublets
identified by making use of th€ P relation (2.12 between ~and®;=ia,®} . And among then doublets we denote by

theB~ andB* decay probabilities and they are expressed ad'dicesd, u, ande the Higgs doublets that couple to down-
_ type quarks, up-type quarks, and charged leptons, respec-

d(I'+1) d('=r) tively. FY and FP are general %3 Yukawa matrices of
S= dd, D= dd, (2.14 which one matrix can be taken to be real and diagonal. Since
neutrinos are masslesst can be chosen real and diagonal.
where we have used the same kinematic variable¥he MHD model has 2{—1) charged and (2—1) neutral
{sw .S, 6,6} for thed['/dd, except for the replacement of Physical scalars. The Yukawa interactions of the2()
é by — ¢, as shown in Eq(2.12. HereT andT are the physical charged scalar with fermions in the mass eigenstates

decay rates foB~ and B*, respectively. TheCP-evenS read as
term and theCP-odd D can be obtained fronB* decay n
probabilities and their explicit form is also listed in RE3]. Laip= ‘/2\/§GFE [X (U VMpDg)+ Y;(UpM,VD,)
We notice that th&€ P-odd term is proportional to the imagi- i=2
nary part of the parametérin Eq. (2.5 and lepton mass, . —
Therefore, there exists MOP violation in B;, decays within +Z(NLMgEg)JH;" +H.c. 3.2
the SM since the SM corresponds to the case Wit0.
Here Mp, My, and Mg denote diagonal mass matrices of
IIl. MODELS down-type quarks, up-type quarks, and charged leptons, re-
spectivelyH;" are positively charged Higgs particlés, are

As possible new sources GfP violation detectable in the for left-handed neutrino fields, an¥ for the Cabibbo-
Bi4 decays, we consider new scalar-fermion interactionkobayashi-MaskawéCKM) matrix. X;, Y;, andZ; are com-
which preserve the symmetries of the SM. Then it can bgjlex coupling constants which arise from the mixing matrix
proven that only four types of scalar-exchange modiéls  for charged scalars.
contribute to thé8— D «l v; . One of them is the mult-Higgs- Within the framework of the MHD modelCP violation
doublet (MHD) model [7] and the other three models are in charged scalar exchange can arise for more than two
scalar-leptoquarkSLQ) models[8,9]. The authors of Ref. Higgs doubletg11,12. There are two mechanisms which
[10] investigatedCP violations in = decay processes within give rise toCP violation in the scalar sector. In one mecha-
these extended models. We follow their description on theism[13,11], CP symmetry is maintained at the Lagrangian
models and make it to be appropriate for our analysis. level but broken through complex vacuum expectation val-
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ues. However, this possibility has been shown to have some Im(Y Z*)<|Y Z<110. (3.9
phenomenological difficultiesl4,7]. In the other mechanism

CP is broken by complex Yukawa couplings and possibly byCombining the above bounds, we obtain the following
complex vacuum expectation values so @& violation can  bounds on Im{yp) as

arise both from charged scalar exchange and filiin ex- IM(&unp)|<1.88 for = family,
change.CP violation in both mechanisms is commonly
manifest in phases that appear in the combinatixivg [IM({mup)[<0.11 for w family. (3.10
XZ*, andY Z*.

One crucial condition forCP violation in the MHD
model is that not all the charged scalars should be degener- B. Scalar leptoquark models

ate. Then, without loss of gen.erality and for simplicity, we There are three types of scalar leptoquéBkQ) models
can assume that all but the lightest of the charged scalar[% 8] which can contribute to thB— Dl v at the tree level.

effectively decouple from fermions. The couplings of theThe guantum numbers of the three leptoquarks under the
lightest charged scalar to fermions are described by a simpl auge grouBU(3)ex SU(2), X U(1)y are

Lagrangian

_ _ 7
Lunn= V2V2GE[X(ULVMpDg) +Y(UpMyVDy ) 431:(3’2»5) (model ),
+Z(N.MgER)JH" +H.c. (3.3

1
<I>2:<3,1,— §) (model 1),
This Lagrangian gives the effective Lagrangian contributing
to the decayB— Dl v,

1
<1>3=(3,3,—§ (model 1), (3.11
Lot=24/2 Gpvch [MyXZ* (¢ bg)+mcY Z* (Crby )]

2 respectively. The hyperchargéis defined to beQ=1;+Y.

. The Yukawa couplings of the leptoquarks to fermions are
X(IryL), (3.4  given by

| _ -~ ry
at energies considerably low compared to the mass of the £SLQ_[_XiJ’QL-'UZER-+XiiUR-LL~]q’l+H'C'*
charged Higgs boson. Then, one can show that the contribu-
tion from the MHD model to theB,, decay rate is repre- L5g=lyiQ, foal ], +yuURER](I)2+H C.

sented by the parameters n
’CSLQ le[QL|O'20'L ] cD3+H C. (312

=0, = XZ* — YZ* i, (3.5
XMHD TIMHD = M mb

G Here the coupling constaméj’), yi(j,), andz;; are complex

when CP violation arises from the Yukawa interactions.
and CP violation in the MHD model is determined by the o = (u, d.), andL, =(v;,e;), . The superscript denotes
arameter ' '
P charge conjugation, i.ey%, =iy°y?yg, for a spinor field
_mm, o[ Me . o=(0q,05,03) ando;(i=1,2,3) are the Pauli matrices.
IM({vmp) = M2 [Im(XZ ) (mb>|m(YZk)}' In terms of the charge component of the leptoquarks, the

H
(3.6 Lagrangian relevant to thB— D =l v; decay is given by

The constraint on th€ P-violation parametet3.6) depends EISLQ:[X3jHIR+ x5 Crri 167%+H.c.,
upon the values chosen for teeandb quark masses. In the — — _
[ ( _b VC)+ !_C |C]¢( 1/3)
present work, we use for the heagyand b quark masses SLQ Y3 LVIL) TY2iCRIRIP2
[15], +H.c.,
m.=1628 MeV, m,=4977 MeV. (3.7 i

Lsio=—[2zp(cLI{ +s.11)

Clearly, sizableCP-violating effects require that In{(Z*) — e T ¢ -13
and Im(Y Z*) are large andl, is small. In the MHD model tzgi(titbow) ey " +He, (313
the strongest constraifiZ] on Im(XZ*) comes from the
measurement of the branching ras¢b— Xrv,) which ac-
tually gives a constraint ofXZ|. For M,;<440 GeV, the
bound on ImKZ*) is given by

* 2 2 X3i X5 1
IM(XZ*)<[XZ|<0.2M}, GeV*. 38 EL”:__;'I\AZJ (beR)(wLlR)+ 5 (bLO'WCR)(WLU,w R)

21

wherej=2,3 forl = u, 7, respectively. After Fierz rearrange-
ment we obtain the effective SLQ Lagrangians which can
give contribution toB,, decay:

On the other_hand, the bound on IM*) is mainly given
by K" — 7" vv. The present boun] is +H.c.,
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| yays [ — 1 » [16] that|x§j|~_|x2j| and|yy;|~yy;|, that is to say, t_he lep-
Loei=— > | (bLer) (Try ) + Z(bLa Cr) toquark coupl_mgs to quark_s _and ]eptons belonging to the
by same generation are of a similar size; then the experimental
upper bound fronB— Il X decay for model I, an®—I|vX

JR— . *_ - - .
% (100 ) | + Y31y221 (bLy,c)(TEy 15 ) +H.c., for model Il yields[16]
¢y IM(£5.0)[<0.38, |Im({g.0)|<1.52 for = family,
2325 — — [Im(Z%,0)[<0.03, |Im(£5 0)|<1.52 for u family.
Lep=— 2|\J/|2] (bLy,cO(IEy*vf ) +H.c. (3.14 SLQ SLQ (3.17)
#3

. . Based on the constrain{8.17) to the CP-odd parameters,
The tensor parts in model | and model Il may contribute 0, e quantitatively estimate the number of the semileptonic

the B— Dl v decay through the spin-2 resonances such ag,, decays to detedE P violation for the maximally-allowed
D3 . In the present work, however, spin-2 resonances do nofalues of theC P-odd parameters.
enter, so we will neglect these tensor contributions, which
take the same form and have the same couplings as the scalar IV. ASYMMETRIES
resonance contributions.
Then the size of new contributions from these three SLQ An easily constructedCP-odd asymmetry is the rate

models is parametrized as asymmetry
X5 X5 r-r

Xs1o=0, 7sig=— m, A== 4.1)
oo Y3iY2; wherel’ andfar_e the decay rates f@  and B*, respec-

XsLQ 4 \/EGFVch 5} 2, E\éeé)gr;]rgﬁtes;agztlcal significance of the asymmetry can then
noo_ Y3iY2j N_—N, N_—N,

ST 426V M3, No™ NN, WN.Br 42

z3jz§j i whereNgp is the number of standard deviatio$,. is the

11
Xslo= T =< 5 7Wsio=0. number of events predicted decay forB* mesonN is
Q 4\/§GFVch<2;53 Q p B4 y

the number ofB meson produced, andr is the branching
(319 fraction of the relevanB decay mode. TakindNgp=1, we
Note that model | acquires the contribution only from the©Ptain the numbeNg of the B mesons needed to observe
scalar-type interaction. On the other hand, model Il does P violation at 1o level:
only from the vector-type interactions, so the model 11l does 1
not contribute toCP violation in theB,, decay. The terms Ng= 5
with y;y3; in model Il andzg;z3; in model Il modify the Br-A
size of the vector contributions. Taking the approximation . .
that these new contributions are negligible compared to thglext,_we conS|de_r the so—(_:alled optimal obseryable. An ap-
SM contributions, we find that the size of the SLQ modelsProPriate real weight functiom(sy ,s. ; 0,6, ¢) is usually
CP-violation effects is dictated by the P-odd parameters ~ €MPloyed to separate tt@P-odd D contribution and to en-
hance its analysis power for th@P-odd parameter In)

4.3

s )~ Im[ X3jX5;" ] through theC P-odd quantity:
SLQ 4\/§GFVch§51, <WD>_J [wD]d® (4.4)
= " _
VLS
m(¢ = e ] f which the analysi is determined by th ¢
4\/§GFVch§,Z of which the analysis power is determined by the parameter
wD

Im({g1o)=~0. (3.16 e= L. 4.5

(S (W?S)

This approximation is justified because the contributions .
from new physics are expected to be very small compared t60r the analysis powes, the numbemg of the B mesons

those from the SM. needed to observ€P violation at 1o level is

Although there are at present no direct constraints on the 1
SLQ modelsCP-odd parameters in E¢43.16), a rough con- Ng= _ (4.6)
straint to the parameters can be provided on the assumption Br-g?
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TABLE I. The CP-violating rate asymmetry A and the optimal asymmetgy;, determined in the soft
pion limit, and the number of charged B meson palig, needed for detection atollevel, at reference
values Im¢yp) =1.88, Im 9 =0.38, and Im{y, ) =1.52, for theB, decays.

(8 B"—D* 7 7v, mode

Model MHD SLQ | SLQ Il
Asymmetry Siz€%) Ng Sizg%) Ng Sizg%) Ng

A 0.31 2.34x 10° 0.06 5.7410° 0.25 3.5% 10
Eopt 4.25 1.25¢10° 0.86 3.06< 10’ 3.44 1.9 10°

(b) B~ —D%7%71. mode

Model MHD SLQ | SLQ Il
Asymmetry Siz&%) Ng Sizg%) Ng Sizg%) Ng

A 0.006 2.2810'° 0.001 5.5& 10! 0.005 3.4% 10
Eopt 0.6 2.36x 10° 0.1 5.7 10 0.45 3.6x10°

Certainly, it is desirable to find the optimal weight function (3.10 and(3.17). As we can expect, the optimal observable
with the largest analysis power. It is knoWh7] that when  gives much better result than the simple rate asymmetry. We
the CP-odd contribution to the total rate is relatively small, also found that although the decay rate of neutral pion mode
the optimal weight function is approximately given by is larger than that of the charged pion mode because the most
D (D2IS) dominant resonanc®®* cann_ot decay intd3+77‘ in its
Wopt(Sm »SL; 0,6, ,¢) = S Eopt™ VW' (4.7  mass-shell, the latter case gives better detection results be-
cause of largeC P-violating effects in charged pion decay
We adopt this optimal weight function in the following nu- Mode. Since one expect about’i@ders ofB meson pairs

merical analyses. produced yearly in the asymmetri® factories, one could
probe theC P-violation effects down to the current bounds of
V. NUMERICAL RESULTS AND CONCLUSIONS thg multl-H|ggs doublefMHD) model and SLQ models by
using the optimal asymmetry observable.
We first consider decay to heavy leptan,sinceC P-odd We also estimate@ P-violation effects in theB,, decays

asymmetry is proportional toy, and heavy lepton may be with light leptons. The results fdB,, decays are shown in
more susceptible to effects of new physics. We restrict ourTable Il. We found thaB,,, decay modes give worse results
selves to the soft-pion limit by considering only the regionthanB,, cases. In Ref.3], we found that bottB,, andB 4
<6.5 GeV* which is about one half of the maximum decay modes could be equally good probes for the same

value This restriction corresponds to the pion momentunvalues ofCP-odd parameter Ini). At the same time, we
less than about 0.6 GeV. discussed that in some extensions of the SM @e-odd

In Table I, we show the results &, decays for the two parameter itself would be proportional to lepton mass. And
CP-violating asymmetries; the rate asymmethkyand the therefore,B,, decay modes would serve as definitely much
optimal asymmetryg,;. We estimated the number Bfme-  better probes o€ P violation than light lepton cases in those
son pairs, Ng, needed for detection atol level for models. This is the case in the MHD model where
maximally-allowed values ofCP-odd parameters in Eqgs. Im({yup)=21.88(0.11) for(w) family, directly resulted

TABLE II. The CP-violating rate asymmetry A and the optimal asymmetgy;, determined in the soft
pion limit, and the number of charged B meson palg, needed for detection atollevel at reference
values Imgyp) =0.11, ImEt o) =0.03, and Im{Y, o) =1.52, for theB,,, decays.

(8 B"—D "7 uv, mode

Model MHD SLQ | SLQ Il
Asymmetry Siz&%) Ng Sizd%) Ng Sizg%) Ng

A 0.003 1.5 10 0.0008 2.0x10% 0.04 7.8%10°
Eopt 0.05 4.8%10° 0.014 6.5410° 0.72 2.55¢10°

(b) B~ —D°n%ur, mode

Model MHD SLQ | SLQ Il
Asymmetry Siz€&%) Ng Sizd%) Ng Sizg%) Ng

A 0.0001 6.0% 1012 0.00004 8.1% 105 0.002 3.1& 10
&opt 0.01 9.3x1¢° 0.003 1.26¢ 10 0.15 49X 10°
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from its dependence on lepton mass. But there is no sucbomplex couplings in the extended models above. We calcu-
dependence in SLQ models. Although the numerical valuetated theC P-odd rate asymmetry and the optimal asymmetry
of CP-odd parameters in SLQ model |, Irﬁ(LQ) for B,4 andB,, decay modes, and found that the optimal
=0.38 (0.03) for ther(u) family, look like they contain asymmetry forB,, decays is sizable and can be detected at
some lepton mass dependence, actually different values aler level with about 16-10" orders ofB-meson pairs, for
from current experimental bounds. For instance, the conmaximally-allowed values ofCP-odd parameters in the
straints on the&€ P-odd parameter in SLQ model | come from models of our interest. Since 16°8 B-meson pairs are ex-
B— 77X for 7 family and B— uuX for u family, respec- Pected to be produced yearly at the forthcomBactories,
tively, and so the smalle€ P-odd value foru family implies ~ One could investigat€ P-violation effects by using our for-
current experimental constraint on muon mode is more strictnalism. In other words, one could give more stringent con-
For the SLQ model II, however, current bounds are roughlystraints to all the models we have considered ugngde-

the same for- and w families. Therefore, if one uses optimal cay modes.
asymmetry observableB,, decay modes would provide

more stringent constraints to all the extended models we ACKNOWLEDGMENTS
have considered, and one could also Bgg decays to con- C.S.K. wishes to thank the Korea Institute for Advanced
strain at least SLQ model II. Study for warm hospitality. C.S.K. acknowledges the finan-

In conclusion, we investigatedP violation from physics  gjg) support of Sughak program of Korean Research Foun-
beyond the standard model through semilept@icdecays:  dation. The work of J.L. was supported in part by Non-
B—Dly,. We considered as new sourcesG® violation  Directed-Research-Fund, KRF, in part by the CTP, Seoul
multi-Higgs-doublet model and scalar-leptoquark models. InNational University, in part by the BSRI Program, Ministry
the decay process, we included various excited states as inf Education, Project No. 98-015-D00061, and in part by the
termediate states decaying to the final hadrons.JRevio- KOSEF-DFG large collaboration project, Project No. 96-
lation is implemented through interference between0702-01-01-2. The work of W.N. was supported by the Min-
W-exchange diagrams and scalar-exchange diagrams witktry of Education, Project No. 98-015-D00061.

[1] T.-M. Yan et al, Phys. Rev. D46, 1148(1992; C.L.Y. Lee, Nievies,ibid. B189, 382(1981).

M. Lu, and M.B. Wise,ibid. 46, 5040(1992; H.-Y. Cheng [10] S.Y. Choi, K. Hagiwara, and M. Tanabashi, Phys. Re\6)

et al, ibid. 48, 3204(1993. 1614(1999; S.Y. Choi, Jake Lee, and J. Song, Phys. Lett. B
[2] J.L. Goity and W. Roberts, Phys. Rev.T}, 3459(1995. 437, 191(1998.

11l S. Weinberg, Phys. Rev. LeB7, 657 (1976.
[12] S.L. Glashow and S. Weinberg, Phys. Revl® 1958(1977).
[13] T.D. Lee, Phys. Rev. [B, 1226 (1973; Phys. Rep9, 143

[3] C.S. Kim, Jake Lee, and W. Namgung, this issue, Phys. Rev.
59, 114005(1999.
[4] N. Isgur and M.B. Wise, Phys. Lett. B32 113(1989; 237,

(1974.
527 (1990. [14] P. Krawczyk and S. Pokorski, Nucl. Phya364, 10 (1997 Y.
[5] N. Isgur and M.B. Wise, Phys. Rev. Le@6, 1130(1991. Grossman and Y. Nir, Phys. Lett. BL3 126 (1993.
[6] A.J. Davies and X.-G. He, Phys. Rev.43, 225(1991. [15] S. Godfrey and N. Isgur, Phys. Rev.32, 189 (1985.
[7] Y. Grossman, Nucl. Phys3426, 355 (1994, and references [16] S. Davidson, D. Bailey, and B.A. Campbell, Z. Phys6G,
therein. 643(1994.
[8] W. Buchmiler, R. Rickl, and D. Wyler, Phys. Lett. R91, 44  [17] D. Atwood and A. Soni, Phys. Rev. B5, 2405(1992; J.F.
(1987). Gunion, B. Grzadkowski, and X.-G. He, Phys. Rev. L&,
[9] L.J. Hall and L.J. Randall, Nucl. PhyB274, 157 (1986 J.F. 5172(1996.

114006-7



