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The decay modeB to w7, yKg, K™D, 7K, andnK are promising channels to study the unitarity triangle
of the CP-violating Cabibbo-Kobayashi-Maskaw&KM) matrix. In this paper | study the consequences of
these measurements in the Weinberg model. | show that using the same set of measurements, the following
different mechanisms fo€ P violation can be distinguishedi) CP is violated in the CKM sector only(2)
CP is violated spontaneously in the Higgs sector only; &)dCP is violated in both the CKM and Higgs
sectors[S0556-282(96)05711-§

PACS numbgs): 13.20.He, 11.30.Er, 12.15.Hh

[. INTRODUCTION be used to distinguish the SM from the Weinberg model, but
can also be used to determine whet@4d®? is violated in the

CP violation is one of the unresolved mysteries in par-Higgs sector only or in both the CKM and Higgs sectors.
ticle physics. The explanation in the standard ma&)
based on the Cabibbo-Kobayashi-MaskazKM) matrix
[1] is still not established; although there is no conflict be- A. B decay amplitudes in the SM
tween the observation @ P violation in the neutraK sys-
tem [2] and theory[3], intriguing hints of other plausible ~ CP violation in the SM is due to the phase in the CKM
explanations emerge from consideration of the baryon asyninixing matrix in the charged current interaction:
metry of the univers¢4]. Models based on additional Higgs
bosond5,6] can equally well explain the existing laboratory g —
data [7] and provide largeCP violation required from L=———=Uy*(1- y5)VKMDWZ+H.c., @)
baryon asymmetr{4]. It is important to carry out more ex- 2\2
periments to find out the origin & P violation. It is for this
reason that exploration & P violation in theB system is so
crucial. TheB system offers several final states that providewhereU=(u,c,t), andD=(d,s,b). Viy is the CKM ma-
a rich source for the study of this phenomdi® Several trix. For three generations, it is @33 unitary matrix. It has
methods usind® decay modes have been proposed to meathree rotation angles and one nonremovable phase which is
sure the phase angles,a=Arg(—VVi/ViVug),  the source oCP violation in the SM. | will use the Maiani,
B=Arg(—V Vi /ViVig) and y=Arg(—V,Vi/ViVeq)  Wolfenstein, and Chau and Keur@6] convention for the
in the unitarity triangle of the CKM matrix9-14. It has  CKM matrix, in whichV};, has the phaseg, andVy; has the
been shown thatB®(B™)—a" 7w ,#%7% =« [11], phaseB and other CKM elements have no or very small
B%— yKg [12], andB~—K D [13] decays can be used to phases.
determinea, B, and vy, respectively. Recently it has been  The effective Hamiltonian responsible fa&rfC=0 had-
shown thatB™ — 7 K% #°%K~, 7K™, andB™— = #° can  ronic B—mm,wK, 7K, K decays at the quark level to the
also be used to determing[14]. If the sum of these three one loop level in electroweak interaction can be parametrized
angles is 189 the SM is a good model foEP violation.  as
Otherwise a new mechanism f@P violation is needed. In
this paper | study the consequences of these measurements in

the Weinberg model. e
In the Weinberg modeCP can be violated in the CKM Heﬁ=T VupViiq(€103,+¢,03,)
sector and Higgs sector. @ P is violated spontaneously, it

occurs in the Higgs sector only. | will refer to the model with
CP violation in both the CKM and Higgs sectors as WM-I,
and the model wittC P violation only in the Higgs sector as 12

WM-II. There are many ways to distinguish the SM and —2 (Vube]qu +V Vi
Weinberg model folCP violation. For example the neutron =3

electric dipole moment in the Weinberg model can be several

orders of magnitude larger than the SM predictidb].

However, the neutron electric dipole moment measuremertherec! (f=u,c,t) are Wilson coefficient§WC's) of the
alone cannot distinguish the WM-I from the WM-II. | show corresponding quark and gluon operat@®&. The super-
that measurements @fP violation in B decays not only can scriptf indicates the internal quarkg.can bed or s quark

+ VcbV q(ClolC+ CZOZC)

5SS VipVieh 0|, (2
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depending on if the decay is&®S=0 or AS=—1 process. CP-violating phase. This decay mode provides a clean way

The operator©{! are defined as to measure the phase angdein the SM[12].
L _ One can parametrize the decay amplitudes for
Oft=0avuLfsfgy“Lb,, B— K, 7K in a similar way. Further if flavor S(3)
o symmetry is a good symmetry there are certain relations
03;=qy,Lffy*Lb, among the decay amplitud€20]. | will assume the validity
- L of the SU3) symmetry in my later analysis. The operators
O35 =0qy,Lb2q"y*L(R)Q’, Qi 0%, Oz 1112 and O;_j, transform under S(B)
_ — . symmetry as3,+3,+6+15, 3, 3, and3,+3,+6+15, re-
Ou6)=da¥ulbpZdpy*L(R)A,, spectively. Flavor S(B) symmetry predicts
O7(9=307,LbXeq "y R(L)q’, A7)+ 2A(7 70 =A(m 7)), (6)
O $d.v.LbsZeq qpy“R(L)a,, — — -
o™ e pm e V2A(7OK )= 2A(7 KO =BA(ngK ). (7)
g N~ v . . . .
Ollzf;mquWRTang ; Isospin symmetry also implies E¢6). These relations form

two triangles in the complex plan which provide important
information for obtaining phase anglesand y [11,14].

e _
QlFmeqawaF’”, 3 | parametrize the decay amplitudes in the SM as
whereL(R)=(1F ys), andq’ is summed oveu, d, s, and Asu(m™ m0) = ViV € 1T o ot [VipVigle'PP -

¢ quarks. The subscripts and 3 are the color indicesl? is o

the color SU3) generator with the normalization Tr  Agy(7w" 77 )=|V, pViie” DT v+ ViV |eﬁPW+,,f,
(TaT?) = 52%2. G4 andF ,, are the gluon and photon field

strengths, respectivelfD,, O, are the t_ree level and QCD Agu( K™ 70) = |V pV s|e_'7TK—7T0+|VmV | Py - 0,
corrected operator®;_¢ are the gluon induced strong pen-

guin operatorsO-,_ 1o are the electroweak penguin operators 5 i

due toy andZ exchange, and “box” diagrams at loop level. Asm(K?77) =|VupVide " Tror—+|VipVis| Pkoqr— (8)
The WC'sc, _ o have been evaluated at the next-to-leading- _

log QCD correction§17]. The operator®,, j,are the dipole ~ The decay amplitudedgy(7°7%) and Agy(K ™ 7) are ob-
penguin operators. Their WC'’s have been evaluated at thiined by the S(B) relations in Eqgs(6) and (7).

leading order in QCD correctiord 8], and their phenomeno- | would like to point out that Agy(7~ 7% and
logical implications inB decays have also been studjé@]. V2A(K~ 7% —A(K°7™) only receive contributions from

One can generically parametrize the decay amplitude ofhe effective operators which transform Bs[14,22:
B as

Asy=(final stat¢HB) =V, Vi T(q)'+Vp,VEP(), Asu( 1) = V5Lt Voo ViCrs, ©
4 _ _
@ Asu(K ™ 7%) = Agu( K07 )/ 2= VoV Clet VipViCl,
whereT(q) contains thetree and penguindiagrams due to
internal u and ¢ quark contributions, while>(q) contains  \here Cy is the invariant amplitude due to operators that
Enguincontributions from internal andc or u quarks. l use  {ansform a<5 under SU3) symmetry. This is an important
A for the decay amplitude @ meson containing b quark,  property useful for my later discussions. The second term in
and A for a B meson containing & quark. The WC's in-  Agy(m~ #°) is less than 3% of the first terfi21]. For all
volved inT are much larger than the onesin One expects practical purposes it can be neglected. However, the second
the hadronic matrix elements arising from quark operators téerm on the right-hand side of the second equation in(gq.
be the same order of magnitudes. The relative strength of theannot be neglected because there is an enhancement factor
amplitudesT and P are predominantly determined by their |V ,Vi|/|VypVid Which is about 5023].
corresponding WC'’s in the effective Hamiltonian. In general  The effective Hamiltonian responsible f8r— DK decay
|P|, if not zero, is about or less than 10% |df. is given by

For B— yKg, the decay amplitude can be written as

G, _ o
ASM(ll/K) VepVesTyk T Vi VisP uk Heff:E[VubV:s(CluayﬂLbﬁgﬁ?’”LCa"’ Couy,Lbsy#Lc)
VepVed (T P+t |VuVid€e rp _ _ _
| cb CS| YK K | ub S| oK (5) +VCbV:S(Clca'yMLbB§;'y’MLUa+CzcyﬂLbS'yMLu)].
(10

The second term is about ¥@imes smaller than the first L
term and can be safely neglected. To this level, the decayhe decay amplitudes f@~—K D andB~—K D?, re-
amplitude for B—yKg does not contain a weak spectively, are given by
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Asm(K™D%) =V Vidakpe™,

Asm(K D)=V, byp - (11)

From the above, one easily obtains the decay amplitude for

B~ —K D¢p with Dep=(D°—D?)/2 being theCP even
eigenstate:

1 — _ _
—2[Asnv|(K_DO) —Asm(K'D9]. (12

%

Asm(K™Dcp)=

This relation forms a triangle in the complex plan which is
useful in determining the phase anglen the SM[13].

B. B decay amplitudes in the Weinberg model

In the Weinberg model, besides t@d>-violating phase in
the CKM matrix, CP violation for hadronicB decays can
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This is not suppressed compared with the penguin contribu-
tions in the SM. There is also a similar contribution from the
operatorO,,. However the contribution from this operator is
suppressed by a factor af,,,/as and can be neglected. |
write the O44 contribution toB decays as
Afinal = VipVrg@sinal' “H, (16)
where ay, is the phase irf which is decay mode indepen-
dent, and ag,,=|f|{final stat¢O,,/B) which is decay

also arise from the exchange of a charged Higgs boson at threode dependent. Note thiags transforms as 8nder SU3)
tree and loop levels, and also a neutral Higgs boson at loogymmetry. It does not contribute toA(7w 7°) and
levels. In this model, there are two physical charged Higgs/2A(K ~ 7% — A(K%7 ).

particles and three neutral Higgs particles. The neutral Higgs The decay amplitudes in the Weinberg model can be writ-
couplings to fermions are flavor conserving and proportionalen as

to the fermion masses. The flavor-changing decay amplitude

can only be generated at the loop level. For the cases in

consideration, all involving light fermions, the
CP-violating amplitude generated by neutral Higgs ex-
change is very small and can be neglected. The exchange
charged Higgs bosons may generate siz&lffeviolating de-

cay amplitudes, however. The charged Higgs couplings to

fermions are given by25]
L=27GY2U[ Vi uMp(a;HT +a,HI)R

+MyVim(B1H; +B-H; )LID+H.c., (13

A—W( ataT) =A—SM( mtaT)+ thvfde‘“HaW .

of Aw(m™7°)=Agu(m™ 0,

V2

AWK ™) = Agu(KOm )+ VpVie “Hay

Aw(K™ 70 =Agy(K ™~ 70)+ = Vi Vise'ay

A—W( UKs) =A_SM( PKg) +VipVie' “Hak - (17

whereM, p are the diagonal up and down quark mass ma-

trices. The parameterg andB; are obtained from diagonal-
izing charged Higgs boson masses and can be written as

a= SlC3/C1 ,01225153/01 y
B1=(C1CoC3+S,53€ °H)/s,Cy, (14

B2=(C1CyS3—S,C3€' ) /sy,

where s;=sin6, and c;=cosf, with 6; being the rotation
angles, ands, is a CP-violating phase. The decay ampli-

In the SUJ) limit a,,=ak, -

The decay amplitudes foB—KD only have contribu-
tions from tree operators. Because tB@-violating ampli-
tude from the tree level charged Higgs boson exchange is
negligibly small, to a good approximation:

Aw(KD)=Agy(KD). (18)

The decay amplitudes for both the WM-I1 and WM-II have
the same form given in Eq417) and (18). In the WM-I
CP is violated in both the CKM and Higgs sectors with
aByay#0. In the WM-1I CP is violated only in the Higgs
sector witha= 8= y=0, butay# 0. | will drop the asterisk

tudes due to exchange of a charged Higgs boson at the tr&@ the CKM matrix elements in the WM-II.

level will be proportional tonbV?,q(mbmf, /mai)aiﬁi* .
Therefore if a decay involves light quark, the amplitude will

be suppressed. However, at the one loop level if the internal

qguark masses are large, sizalilé-violating decay ampli-

Il. CP VIOLATION IN B DECAYS

A. B— @ decays

tude may be generated. The leading term is from the strong In the time evolution of the rate asymmetry for

dipole penguin interaction with the top quark in the loop
[26]:

B°—x*7w~ andB°— 7~ #*, there are two terms varying
with time, one varies as a cosine function and the other as a
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L a ViV
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FIG. 1. The isospin triangle foB— 7. In the SM and :msm(za"” 6:-). (22)
WM-I, A=eVAgyuw(m T, A= \/ZeiyASM,w(’in’fTO)v Az SM
:\/EeL’;ASM,W(WOZO),O and ﬁli:i‘_wAShg,ng_H)f A2 The ratio |Agyl/|Asy] can be determined from time inte-
=\2e AT 70, Ag=12e "Agyu(m°m0). In the WM-  grated rate asymmetry at symmetfiz4] and asymmetric
I, the same as for the WM-I except that all weak phase®, and colliders[8]. If ,_ can be determined, the phase angle
y are zero. can be determined. To determifie _ , Gronau and London

. . L. 11] proposed to use the isospin relation in Eg),
sine function. The coefficients of these two terms can b(g 1 prop P &)

measured experimentally. The coefficient of the sine term is VCA(7070) + \2A(m~ 70 =A(mt 7)), (23)
given by[12] o

— and normalize the amplitudes,= \2e' YAgy(7~ 7°) and
qA(m @ )) (19) A,=\2e "Agy(7* 7% on the real axis. The triangle is
pA(m m"))’ shown in Fig. 1. It is easy to see from E&2) that the angle
6,_ is given by phase angle difference between

Ai=e"Agy(7 ") and A;=e " YAgy(7 7). It can be

[Bu)=pIB)+alB%), [B)=q[B%)—p|B°), (20 easllyreadoff from Fig. 1. -
In the Weinberg model, a similar measurement will obtain

where By ) are the heavy and light mass eigenstates, rea different result. In the WM-1, in addition to the phage

Im)\=lm<

wherep andq are the mixing parameters defined by

spectively. there is also a phasgy in g/p due to charged Higgs ex-
In the SM, the mixing is dominated by the top quark loop change in the box diagram. One obtaipgp=e~2'(6*5n),
in the box diagram, and and
|
A_SM(W+7T_)+thV¥‘dei(“H+7)a,.,,T |A_W(7T+7T_)| )

Im\ =Im| e 2B+r+Bu)

i = = sin(2a—28y+ 6% ). 24
ASM(W+777)—I—thvz‘defl(aH+7)aTm An(m 7)) N2a—2Bu+ 6% ) (24)

This equation has the same form as E2p) for the SM. The  plitude|a,,,|2sirPe, in the WM-II can also be determined. It
determination ofe— By is exactly the same as in the SM  is given by

except that in this caseA;=e”Ay(7"7") and

. 2
A,=e '""Ay (7~ 7"). The phasg8, can be neglected be- au|2sirfan = L 25
cause it is suppressed by a factormfm,/m? . The mea- 2l M AV Vl* 29

surement proposed here still measuresven though there is
an additionalC P-violating phase iB°— 7+ 7~ (7%7°) de-
cay amplitudes.

If CP is violated spontaneously, the result will be dra-
matically different. Here theCP-violating weak phases in
Agy are all zero. The amplitud®,= 2A (7~ 7°) is equal In the SM, the cleanest way to measy#ds to measure
to A,=\2Aw(7" 70, and can be normalized to be real. the parameter I for B°— K5 decay[12]. In this case,
Now using the isospin triangle in Fig. 1, one easily obtains —
the phase iy (7" 77 )/Ay(7 "), and therefore deter- 9 Asm( lﬂKs))
mines the phase angje,. One would obtain a very small p Asm(¥Kg) /"
value. This will be a test for spontanec@®-violation model
WM-II. Neglecting the small term proportional ¥.,V%,, one ob-

Using the isospin triangle in Fig. 1, th@P-violating am-  tains

This measurement will also serve as a test for the WM-II. |
will come back to this later.

B. B— y/Kg decay

1M\ = Im( (26)



6330
_ / LTS 2y
Ai T
/// _ As
el As
//// Al \\
S = =)
T A=A 7
\\\\\\ 2y
__FIG.__ 2. The _triangle relation for B—KD.

A1=V2Asuw(K Dcp), Ay=Aguw(K DO, Az=Aguw(K DY,
andAl\/EASM,W(K+DCP)vAZZASM,W(K+DO)1A3:ASM,W(K+DO)-

qV

*
cchs

p V:bvcs

sin(2p). (27

ImA¢K=Im(

This is a very clean way to measure the phase afdgrethe
SM.

XIAO-GANG HE

Ar o
A
o B - \
P 4//’ Al B A3
T~ XziAz
B

_ _FIG. 3. The triangle relation foB—K,K% in the SM.
AL=\2Asu(K™7°), Ap=2Aqu(K°m7), Ag=BAgu(K ™ 7s),
andA;=2Ag\(K* 70), A= 2Agu(K°7"), Ag= JBAsu(K ™ 7g).

the two triangles on the opposite side as shown in Fig. 2 to
determine the value foy. However, if the two triangles for
the particle and antiparticle decays are not identical, the
WM-II is ruled out.

D. B"—xK, K decays

In the Weinberg model, the same measurement will give a

different result. In the WM-I, one has

As * qlay
'm’\wK=lm(e—2i<B+ﬁH) ASM(‘ﬂKs)ﬂLth\itSi A |
Asm(YKs) +VipVie " “Hay

(28

The amplitude from the new contribution proportional to

auk Is expected to be about 10% of the SM contribution.

Even thoughgy, is small, Im\ ;¢ in the WM-I will be differ-
ent from —sin(28). This measurement alone will not be able
to distinguish the SM and WM-I. However, combining the
result from this measurement and knowledge akodeter-
mined from the previous section andto be determined in
the next section, one can distinguish the SM from the WM-I
If the SM is the correct model, the phase angiesy, and
B will add up to 180°. However, if the WM-I is the right
model and one naively interprets Ak to be —sin(2B8), the
sum of the three phase angles will not be 180°.

In the WM-II, the measurement 'm/Ks will only mea-

sure the phase difference betweffiyKs) and A(4Kyg)
which is smaller than the value for the SM and WM-I. A
small experimental value for In is an indication for the
WM-II.

C. BT—K™D decays
In the SM and WM-I, the triangle relation

A(K D% —A(K D%=\2A(K D¢p), (29

provides a measurement for the phase angléfhe phase
v is given as shown in Fig. P13].
In the WM-II, there are noCP-violating weak phase

Another method to measure the phase anglis to use
the following B decays:B™— 7 K° #°K~, #K~, and
B~ — o« [14] . This method requires the construction of
the triangle mentioned in Eq7):

V2A(K ™ 7%) = 2A(K%7 )= VBA(K 7). (30)
In the spectator model, the contributionsA¢K®7~) from
the tree operators vani$B7]. To a good approximation, one
has

Asu(KO7 ™) = Agu(K%7*). (31)

These amplitudes do not have weak phases. They can be

normalized to be real. From Fig. 3, one can determine the
two amplitudesB andB which are given by

B=\2Agu(K ™ 7% — Agu(K%7 ),

B=\2Ag(K" 70) — Agy(K°m ™). (32
Using the SUW3) relation in Eq.(9), one obtains
J— . V J—
B-B=—i22¢ 5TM|ASM(W— 7% |siny. (33

Vud

The angles™ denotes the strong final state rescattering phase
of the tree amplitude oB (or B). It is clear that siry can be
determined 14].

In the WM-I, the result will be different. In this case even
in the spectator modelAy(K%7~) is not equal to
Aw(K®7 ") because the new contribution is proportional to

angles in these decay amplitudes. The triangles for the paMbesaKwei.“H- There is no common side for the triangles
ticle decays and antiparticle decays will be identical. Ongor the particle and antiparticle decay amplitudes. No useful

should be aware that in the SM and WM-I if the strong

information about the phasg can be obtained. However, if

rescattering phases are all zero the triangles for the particlexperiments will findA(K%z~) #A(K%# "), it indicates that
and antiparticle decays will also be identical, one must puthe SM may not be correct.



53 B DECAYS AND MODELS FORCP VIOLATION 6331

L' A(K_W+):VubV:sTK‘rﬁ'l'thV?s
= T~ Ai i
N X | Py-p++ —=€Hay, |. (35)
_ﬁ ‘ \\\\\\\\ \/E
- " \\\Qlii t as een shown that in the imit,
Az Ai - It has b h h he & |
L B—E \i‘\\\\\ T(P),+»-=T(P)k-,+, and a,,=ax, [22]. Here
YT e 5% T_(P),,+7,- and a,, are the corresponding amplitudes in
{ As /f/if” Agu(7*77) given in Eq.(8). In the SM,
Az / Apo=T(m*m)=T(m =)
// K?} mBA7T’7T
= —IM(V ViV Vi) IM(T - PEL 1) P
| . | Akr=T(K~7")=T(K*7")
__FIG. 4. The triangle relation foB—K,K7 in the WM-II.
Ar=\2AW(K77), A=2An(K™ 7°), A3=\6A(K 75), and Mg A 7k
A1: \/EAw(KO’ﬂJr), A2:2AW(K+7TO)’ A3: \/EASM(K+778)' :_|m(VubV:therd)Im(T,n.+K*P:€T+K7) 471_ y

(36)

In the WM-II, the analysis is again very different. In the where A ,,=+1—2(m3+m3)/m3+(m5—mj)?/mg. One
analysis for the SM, the decay amplitudes A(K°7~) and  obtains[22]
Asu(K°7 ) are normalized to be real. In the WM-II because
of the additional ternV,,V,.e'“"ay ., one can no longer use A(m" @)
this normalization. One needs to find amplitudes which can A(mTK™)
serve as the orientation axis. To this end | note that the . )
amplitudeB and B in the above only receive contributions When SU3) breaking effects are included,
from operators in the effective Hamiltonian transforming A(r* o) £2
as 15 under SUY3). The strong dipole penguin, which trans- _— =~
forms as3, does not contribute, and therefore in the WM-II, A(mTK™) fi
B=B. One can normalize the triangles by puttiBgand B

=—1. (37)

(39

The ratio is negative and of order one. In the Weinberg

q litud b i d off f he fi 0 %odel, the prediction is very different. In the WM-I, the
ecay amplitudes can be easily read off from the figure. Ongy, 4tion is complicated. It is difficult to obtain useful infor-

. . . . 2 . .
particularly interesting amplitude |8 .| sirfay. From Fig.  ation aboutC P-violating parameters. In the simpler case,
4, one obtains the WM-II

A(mr o)
- L AR
|aKW|25|n2aH=W. (34) u
o Vi VaoVudM(T 1+ ,-aF) + VepViglm(P . -af)
 Vis VipVudM(T k-afy) + VipVidlm(P o -af)

Several comments on these measurements are in otglém. (39)
the SM,A(K°77)=A(K°#*). This is not generally true in
the Weinberg model. This can be used to test the @/ln  This is very different from the SM prediction. The ratio can
the WM-Il, B=B. This is a test for WM-Il. In the SM and vary a large range. If the first term dominates,
WNM-I this happens only when the strong rescattering phased (7" 7 )/A(7"K™)=VqV,4/VisVys Which is of order
are zero which is, however, unlikel{d) If SU(3) is a good ~ One. If the second term dominates, the ratio is given by
symmetry, the quantity |a.|?sie, is equal to Vi Vis which is positive, but very small.
|a,|?sirfay obtained in Eq(25). This will serve as a test
for the WM-II. [1l. CONCLUSION

| have analyzed the consequences of several methods for
measuringC P-violating observables. These measurements
can be used to distinguish different models @@ violation.

The isospin triangle relation among’— 7" 7, 7%7°
_In this section | comment on rate differences inand B~— 7 #° provides critical information to correct
B~ w7~ andB’—K 7. strong penguin contamination in the determination of the

The decay amplitude foB®— K~ 7" can be written as phase angler. The same measurement also determine the

E. Rate differences inB%— #* 7w~ and B°—K~ &+
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phase angler in the WM-1 whereCP is violated both in the antiparticle decays to be identical.
CKM and Higgs sectors. In the WM-Il whef@P is violated The method to measurg using B—Km, Kz, 77 will
spontaneously in the Higgs sector, one would obtain a veryprovide different results for the three models. In principle the
different value. The WM-II will be tested. three models ofCP violation can be distinguished. This
The asymmetry in time evolution f@°— yKgis an idea analysis is based on a triangle relation obtained (33U
place to determingd in the SM. This is, however, not true Symmetry. The validity of S(8) flavor symmetry has not
for the WM-1 because of the contamination from the Higgsbeen established. One should be careful when carrying out
boson induced strong dipole penguin operator. This measuréhis analysis. S(B) breaking effects may change the results.
ment does not measure the true valuggan this case. In the Detailed study is needed.
WM-II the resulting Im\ , is very small. This measurement  Another way to distinguish models f@P violation is to
again provides a test for the WM-1l. use the rate asymmetty(=* 7~) andA(7+*K™). The SM
The triangle relation amon@*—>K*D°,K°D°,K*DgP and Weinberg model have very different predictions.

provides a clean way to measure the phase amgte both

the SM and WM-I. Combining these measurements and the
previous measurements faerand B, it is possible to distin-
guish the SM and WM-I because in the SM the tiids | would like to thank Professor J. Gunion and Professor T.
measured iB°— K g, whereas in the WM-I the measure- Han for hospitality at the University of California, Davis
ment is contaminated. If the sum of the three phase angles ishere part of this work was done. This work was supported
180°, the SM is the correct one. If the WM-II is the correctin part by Department of Energy Grant No. DE-FGO6-
model, experiments will find the triangles for particle and 85ER40224 and by the Australian Research Council.

ACKNOWLEDGMENTS

[1] N. Cabibbo, Phys. Rev. Letfl0, 531 (1963; M. Kobayashi N.G. Deshpande, Xiao-Gang He, and Sechul Oh, Report No.
and T. Maskawa, Prog. Theor. Phy®, 652 (1973. OITS-593(unpublisheg

[2] J.H. Christenson, J.W. Cronin, V.L. Fitch, and R. Turlay, [11] M. Gronau and D. London, Phys. Rev. L&i6, 3381(1990.
Phys. Rev. Lettl3, 138(1964. [12] A. B. Carter and A.l. Sanda, Phys. Rev. Leth, 952 (1980);

[3] A. Buras, Report No. MPI-PhT/95-30, TUM-T31-88/95, hep- Phys. Rev. D23, 1567(1982); I.I. Bigi and A.l. Sanda, Nucl.
9504269(unpublishegt J. Rosner, Report No. EFI-95-36, hep- Phys.B193 85 (1981); B281, 41 (1987.
9506364 (unpublishegt A. Ali and D. London, Report No. [13] M. Gronau and D. Wyler, Phys. Lett. B56, 172 (1992); I.
DESY 95-148, UDEM-GPP-TH-95-32, hep-95082{tthpub- Dunietz,ibid. 270, 75 (1991); R. Aleksan, |. Dunietz, and B.
lished. Kayser, Z. Phys. G4, 653(1992; R. Aleksan, B. Kayser and

[4] A.G. Cohen, D.B. Kaplan, and A.E. Nelson, Annu. Rev. Nucl. D. London, inProceedings of the Workshop on B Physics at
Part. Sci.43, 27 (1993. Hadron AcceleratorsSnowmass, Colorado, 1993, edited by C.

[5] T.D. Lee, Phys. Rev. B, 1226 (1973; Phys. Rep96, 143
(1974).

[6] S. Weinberg, Phys. Rev. Le®®7, 657 (1976.

[7] H.-Y. Cheng, Int. J. Mod. Phys. &, 1059(1992.

[8] For a review, se® Decaysgdited by S. StonéWorld Scien-

tific, Singapore, 1994 S. Playfer and S. Stone, Int. J. Mod.

Phys. A10, 4107(1995.
[9] For a review, see Y. Nir and H.R. Quinn, BaDecays2nd ed.,

edited by S. Stone(World Scientific, Singapore, 19%4p.
520; I. Dunietz,ibid., p. 550.

[10] Y. Nir and H.R. Quinn, Phys. Rev. Let7, 541(199)); H.J.

Lipkin, Y. Nir, H.R. Quinn, and A.E. Snyder, Phys. Rev43,
1454 (199)1). A.E. Snyder and H.R. Quinnpid. 48, 2139
(1993; M. Gronau, D. London, and J. Rosner, Phys. Rev. Lett.
73, 21 (1994; M. Gronau, O. Hernandez, D. London, and J.
Rosner, Phys. Rev. B0, 4529(1994); Phys. Lett. B333 500
(1994; N.G. Deshpande and Xiao-Gang He, Phys. Rev. Lett.
74, 26 (1999; 74, 4099E) (1995; M. Gronau, O. Hernandez,
D. London, and J. Rosner, Phys. Rev5R) 6374(1995; A.S.
Dighe, Report No. EFI-95-52, hep-ph/95092@npublisheg

M. Gronau and J. Rosner, Phys. Rev58) 2516(1996; A.S.
Dighe, M. Gronau, and J. Rosner, Report No. EFI-95-60, hep-
ph/9507303(unpublishegt A.J. Buras and R. Fleischer, Phys.
Lett. B 365, 390 (1996; R. Fleischer,bid. 365 399 (1996

Shekhar Mishra and P. McBridgermilab, Batavia, lllinois,
1994, Report No. hep-ph/9312338npublished

[14] N.G. Deshpande and Xiao-Gang He, Phys. Rev. /&t3064

(1995.

[15] Xiao-Gang He, B. McKellar, and S. Pakvasa, Int. J. Mod.

Phys. A4, 5011(1989.

[16] L. Maiani, Phys. Lett62B, 183(1976; L. Wolfenstein, Phys.

Rev. Lett.51, 1945(1983; L.L. Chau and W.Y. Keungibid.
53, 1802(1984).

[17] A. Buras, M. Jamin, M. Lautenbacher, and P. Weisz,

Nucl. Phys.B400, 37 (1993; A. Buras, M. Jamin, and M.
Lautenbacheiibid., B400, 75(1993; M. Chiuchini, E. Franco,
G. Marinelli, and L. Reina, Nucl. PhyB415 403 (1994;

N.G. Deshpande and Xiao-Gang He, Phys. Lett335 471

(1994).

[18] M. Chiuchini, E. Franco, G. Marinelli, L. Reina, and L. Sil-

vestrini, Phys. Lett. B316, 127 (1993.

[19] N. G. Deshpande, Xiao-Gang He, and J. Trampetic, Phys. Lett.

B (to be published

[20] D. Zeppenfeld, Z. Phys. @, 77 (1981); M. Savage and M.
Wise, Phys. Rev. [39, 3346(1989; 40, 3127E) (1989; L.L.

Chau, H.-Y. Cheng, W.K. Sze, and H. Yaibid. 43, 2176
(1991).

[21] Deshpande and He.0].



53 B DECAYS AND MODELS FORCP VIOLATION 6333

[22] N.G. Deshpande and Xiao-Gang He, Phys. Rev. [7&t1703 [25] C. Albright, J. Smith, and S.H.H. Tye, Phys. Rev.2b, 711

(1995. (1980.
[23] Particle Data Group, L. Montanet al, Phys. Rev. [50, 1173  [26] J.F. Donoghue and E. Golowich, Phys. Rev. 33, 2542
(1994. (1988.

[24] N.G. Deshpande and Xiao-Gang He, Phys. Rev. lZt360  [27] J.P. Silva and L. Wolfenstein, Phys. Rev.4D, 1151(1994).
(1996.



