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B decays and models forCP violation

Xiao-Gang He
Research Center for High Energy Physics, School of Physics, University of Melbourne, Parkville, Vic 3052, Austr

and Institute of Theoretical Science, University of Oregon, Eugene, Oregon 97403-5203
~Received 29 December 1995!

The decay modesB to pp, cKS , K
2D, pK, andhK are promising channels to study the unitarity triangle

of theCP-violating Cabibbo-Kobayashi-Maskawa~CKM! matrix. In this paper I study the consequences of
these measurements in the Weinberg model. I show that using the same set of measurements, the followin
different mechanisms forCP violation can be distinguished:~1! CP is violated in the CKM sector only;~2!
CP is violated spontaneously in the Higgs sector only; and~3! CP is violated in both the CKM and Higgs
sectors.@S0556-2821~96!05711-6#

PACS number~s!: 13.20.He, 11.30.Er, 12.15.Hh
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I. INTRODUCTION

CP violation is one of the unresolved mysteries in pa
ticle physics. The explanation in the standard model~SM!
based on the Cabibbo-Kobayashi-Maskawa~CKM! matrix
@1# is still not established; although there is no conflict b
tween the observation ofCP violation in the neutralK sys-
tem @2# and theory@3#, intriguing hints of other plausible
explanations emerge from consideration of the baryon asy
metry of the universe@4#. Models based on additional Higgs
bosons@5,6# can equally well explain the existing laborator
data @7# and provide largeCP violation required from
baryon asymmetry@4#. It is important to carry out more ex-
periments to find out the origin ofCP violation. It is for this
reason that exploration ofCP violation in theB system is so
crucial. TheB system offers several final states that provid
a rich source for the study of this phenomena@8#. Several
methods usingB decay modes have been proposed to me
sure the phase angles,a5Arg(2VtdVtb* /Vub* Vud),
b5Arg(2VcdVcb* /Vtb* Vtd) and g5Arg(2VudVub* /Vcb* Vcd)
in the unitarity triangle of the CKM matrix@9–14#. It has
been shown that B̄0(B2)→p1p2,p0p0(p2p0) @11#,
B̄0→cKS @12#, andB2→K2D @13# decays can be used to
determinea, b, andg, respectively. Recently it has bee
shown thatB2→p2K̄0,p0K2,hK2, andB2→p2p0 can
also be used to determineg @14#. If the sum of these three
angles is 1800, the SM is a good model forCP violation.
Otherwise a new mechanism forCP violation is needed. In
this paper I study the consequences of these measuremen
the Weinberg model.

In the Weinberg modelCP can be violated in the CKM
sector and Higgs sector. IfCP is violated spontaneously, it
occurs in the Higgs sector only. I will refer to the model wit
CP violation in both the CKM and Higgs sectors as WM-
and the model withCP violation only in the Higgs sector as
WM-II. There are many ways to distinguish the SM an
Weinberg model forCP violation. For example the neutron
electric dipole moment in the Weinberg model can be seve
orders of magnitude larger than the SM prediction@15#.
However, the neutron electric dipole moment measurem
alone cannot distinguish the WM-I from the WM-II. I show
that measurements ofCP violation inB decays not only can
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be used to distinguish the SM from the Weinberg model, b
can also be used to determine whetherCP is violated in the
Higgs sector only or in both the CKM and Higgs sectors.

A. B decay amplitudes in the SM

CP violation in the SM is due to the phase in the CKM
mixing matrix in the charged current interaction:

L52
g

2A2
Ūgm~12g5!VKMDWm

11H.c., ~1!

whereU5(u,c,t), andD5(d,s,b). VKM is the CKM ma-
trix. For three generations, it is a 333 unitary matrix. It has
three rotation angles and one nonremovable phase which
the source ofCP violation in the SM. I will use the Maiani,
Wolfenstein, and Chau and Keung@16# convention for the
CKM matrix, in whichVub* has the phaseg, andVtd* has the
phaseb and other CKM elements have no or very sma
phases.

The effective Hamiltonian responsible forDC50 had-
ronic B→pp,pK,hK,cKS decays at the quark level to the
one loop level in electroweak interaction can be parametriz
as

Heff5
GF

A2 FVubVuq* ~c1O1u
q 1c2O2u

q !

1VcbVcq* ~c1O1c
q 1c2O2c

q !

2(
i53

12

~VubVuq* ci
u1VcbVcq* ci

c1VtbVtq* ci
t!Oi

qG , ~2!

whereci
f ( f5u,c,t) are Wilson coefficients~WC’s! of the

corresponding quark and gluon operatorsOi
q . The super-

script f indicates the internal quarks.q can bed or s quark
6326 © 1996 The American Physical Society
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53 6327B DECAYS AND MODELS FORCP VIOLATION
depending on if the decay is aDS50 or DS521 process.
The operatorsOi

q are defined as

O1 f
q 5q̄agmL f b f̄ bgmLba ,

O2 f
q 5q̄gmL f f̄g

mLb,

O3~5!5q̄gmLbSq̄8gmL~R!q8,

O4~6!5q̄agmLbbSq̄b8gmL~R!qa8 ,

O7~9!5
3
2 q̄gmLbSeq8q̄8gmR~L !q8,

O8~10!5
3
2 q̄agmLbbSeq8q̄b8gmR~L !qa8 ,

O115
gs

32p2mbq̄smnRTabGa
mn ,

Q125
e

32p2mbq̄smnRbF
mn, ~3!

whereL(R)5(17g5), andq8 is summed overu, d, s, and
c quarks. The subscriptsa andb are the color indices.Ta is
the color SU~3! generator with the normalization Tr
(TaTb)5dab/2. Ga

mn andFmn are the gluon and photon field
strengths, respectively.O1 , O2 are the tree level and QCD
corrected operators.O326 are the gluon induced strong pen
guin operators.O7210 are the electroweak penguin operato
due tog andZ exchange, and ‘‘box’’ diagrams at loop level
The WC’sc1210 have been evaluated at the next-to-leadin
log QCD corrections@17#. The operatorsO11,12are the dipole
penguin operators. Their WC’s have been evaluated at
leading order in QCD correction@18#, and their phenomeno-
logical implications inB decays have also been studied@19#.

One can generically parametrize the decay amplitude
B as

ĀSM5^final stateuHeff
q uB&5VfbVfq* T~q! f1VtbVtq* P~q!,

~4!

whereT(q) contains thetree andpenguindiagrams due to
internal u and c quark contributions, whileP(q) contains
penguincontributions from internalt andc or u quarks. I use

Ā for the decay amplitude ofB meson containing ab quark,
andA for a B meson containing ab̄ quark. The WC’s in-
volved inT are much larger than the ones inP. One expects
the hadronic matrix elements arising from quark operators
be the same order of magnitudes. The relative strength of
amplitudesT andP are predominantly determined by thei
corresponding WC’s in the effective Hamiltonian. In gener
uPu, if not zero, is about or less than 10% ofuTu.

For B̄0→cKS , the decay amplitude can be written as

ĀSM~cK !5VcbVcs* TcK1VtbVts*PcK

5uVcbVcsu~TcK2PcK!1uVubVus* ue2 igPcK .

~5!

The second term is about 103 times smaller than the first
term and can be safely neglected. To this level, the de
amplitude for B̄0→cKS does not contain a weak
-
rs
.
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CP-violating phase. This decay mode provides a clean w
to measure the phase angleb in the SM @12#.

One can parametrize the decay amplitudes f
B→pp,Kp,hK in a similar way. Further if flavor SU~3!
symmetry is a good symmetry there are certain relatio
among the decay amplitudes@20#. I will assume the validity
of the SU~3! symmetry in my later analysis. The operator
Q1,2
u , O1,2

c , O326,11,12, andO7210 transform under SU~3!
symmetry as3̄a13̄b16115, 3̄, 3̄, and 3̄a13̄b16115, re-
spectively. Flavor SU~3! symmetry predicts

A2Ā~p0p0!1A2Ā~p2p0!5Ā~p1p2!, ~6!

A2Ā~p0K2!22Ā~p2K̄0!5A6Ā~h8K
2!. ~7!

Isospin symmetry also implies Eq.~6!. These relations form
two triangles in the complex plan which provide importan
information for obtaining phase anglesa andg @11,14#.

I parametrize the decay amplitudes in the SM as

ĀSM~p2p0!5uVubVud* ue2 igTp2p01uVtbVtd* ueibPp2p0,

ĀSM~p1p2!5uVubVud* ue2 igTp1p21uVtbVtd* ueibPp1p2,

ĀSM~K2p0!5uVubVus* ue2 igTK2p01uVtbVts* uPK2p0,

ĀSM~K̄0p2!5uVubVus* ue2 igTK̄0p21uVtbVts* uPK̄0p2. ~8!

The decay amplitudesĀSM(p
0p0) and ĀSM(K

2h) are ob-
tained by the SU~3! relations in Eqs.~6! and ~7!.

I would like to point out that ĀSM(p
2p0) and

A2Ā(K2p0)2Ā(K̄0p2) only receive contributions from
the effective operators which transform as15 @14,22#:

ĀSM~p2p0!5VubVud* C15
T

1VtbVtd* C15
P ,

~9!

ĀSM~K2p0!2ĀSM~K̄0p2!/A25VubVus* C15
T

1VtbVts*C15
P ,

whereC15 is the invariant amplitude due to operators tha
transform as15 under SU~3! symmetry. This is an important
property useful for my later discussions. The second term
ĀSM(p

2p0) is less than 3% of the first term@21#. For all
practical purposes it can be neglected. However, the sec
term on the right-hand side of the second equation in Eq.~9!
cannot be neglected because there is an enhancement fa
uVtbVts* u/uVubVus* u which is about 50@23#.

The effective Hamiltonian responsible forB→DK decay
is given by

Heff5
GF

A2
@VubVcs* ~c1ū

agmLbbs̄
bgmLca1c2ūgmLbs̄g

mLc!

1VcbVus* ~c1c̄
agmLbbs̄

bgmLua1c2c̄gmLbs̄g
mLu!#.

~10!

The decay amplitudes forB2→K2D0 andB2→K2D̄0, re-
spectively, are given by
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ĀSM~K2D0!5uVubVcs* uaKDe2 ig,

ĀSM~K2D̄0!5uVcbVus* ubKD . ~11!

From the above, one easily obtains the decay amplitude
B2→K2DCP with DCP5(D02D̄0)/A2 being theCP even
eigenstate:

ĀSM~K2DCP!5
1

A2
@ĀSM~K2D0!2ĀSM~K2D̄0!#. ~12!

This relation forms a triangle in the complex plan which
useful in determining the phase angleg in the SM @13#.

B. B decay amplitudes in the Weinberg model

In the Weinberg model, besides theCP-violating phase in
the CKM matrix,CP violation for hadronicB decays can
also arise from the exchange of a charged Higgs boson at
tree and loop levels, and also a neutral Higgs boson at lo
levels. In this model, there are two physical charged Hig
particles and three neutral Higgs particles. The neutral Hig
couplings to fermions are flavor conserving and proportion
to the fermion masses. The flavor-changing decay amplitu
can only be generated at the loop level. For the cases
consideration, all involving light fermions, the
CP-violating amplitude generated by neutral Higgs e
change is very small and can be neglected. The exchang
charged Higgs bosons may generate sizableCP-violating de-
cay amplitudes, however. The charged Higgs couplings
fermions are given by@25#

L527/4GF
1/2Ū@VKMMD~a1H1

11a2H2
1!R

1MUVKM~b1H1
11b2H2

1!L#D1H.c., ~13!

whereMU,D are the diagonal up and down quark mass m
trices. The parametersa i andb i are obtained from diagonal-
izing charged Higgs boson masses and can be written as

a15s1c3 /c1 ,a25s1s3 /c1 ,

b15~c1c2c31s2s3e
idH!/s1c2 , ~14!

b25~c1c2s32s2c3e
idH!/s1c2 ,

where si5sinui and ci5cosui with u i being the rotation
angles, anddH is a CP-violating phase. The decay ampli
tudes due to exchange of a charged Higgs boson at the
level will be proportional toVfbVf 8q

* (mbmf 8 /mHi

2 )a ib i* .
Therefore if a decay involves light quark, the amplitude w
be suppressed. However, at the one loop level if the inter
quark masses are large, sizableCP-violating decay ampli-
tude may be generated. The leading term is from the stro
dipole penguin interaction with the top quark in the loo
@26#:
for
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LDP5 f̃ O11,

f̃5
GF

16A2(i
2

a i*b iVtbVtq*
mt
2

mHi

2 2mt
2

3S mHi

4

~mHi

2 2mt
2!2

ln
mHi

2

mt
2 2

mHi

2

mHi

2 2mt
2 2

1

2D . ~15!

This is not suppressed compared with the penguin contrib
tions in the SM. There is also a similar contribution from the
operatorO12. However the contribution from this operator is
suppressed by a factor ofaem/as and can be neglected. I
write theO11 contribution toB decays as

Āfinal5VtbVtq* afinale
iaH, ~16!

whereaH is the phase inf̃ which is decay mode indepen-
dent, and afinal5u f̃ u^final stateuO11uB& which is decay
mode dependent. Note thatLDP transforms as 3̄under SU~3!
symmetry. It does not contribute toĀ(p2p0) and
A2Ā(K2p0)2Ā(K̄0p2).

The decay amplitudes in the Weinberg model can be wr
ten as

ĀW~p1p2!5ĀSM~p1p2!1VtbVtd* e
iaHapp ,

ĀW~p2p0!5ĀSM~p2p0!,

ĀW~K2p0!5ĀSM~K2p0!1
1

A2
VtbVts* e

iaHaKp ,

ĀW~K̄0p2!5ĀSM~K̄0p2!1VtbVts* e
iaHaKp ,

ĀW~cKS!5ĀSM~cKS!1VtbVts* e
iaHacK . ~17!

In the SU~3! limit app5aKp .
The decay amplitudes forB→KD only have contribu-

tions from tree operators. Because theCP-violating ampli-
tude from the tree level charged Higgs boson exchange
negligibly small, to a good approximation:

ĀW~KD !5ĀSM~KD !. ~18!

The decay amplitudes for both the WM-I and WM-II have
the same form given in Eqs.~17! and ~18!. In the WM-I
CP is violated in both the CKM and Higgs sectors with
abgaHÞ0. In the WM-II CP is violated only in the Higgs
sector witha5b5g50, butaHÞ0. I will drop the asterisk
of the CKM matrix elements in the WM-II.

II. CP VIOLATION IN B DECAYS

A. B˜pp decays

In the time evolution of the rate asymmetry for
B̄0→p1p2 andB0→p2p1, there are two terms varying
with time, one varies as a cosine function and the other as
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sine function. The coefficients of these two terms can
measured experimentally. The coefficient of the sine term
given by @12#

Iml5ImS qp Ā~p1p2!

A~p2p1!
D , ~19!

wherep andq are the mixing parameters defined by

uBH&5puB̄0&1quB0&, uBL&5quB̄0&2puB0&, ~20!

where uBH,L& are the heavy and light mass eigenstates,
spectively.

In the SM, the mixing is dominated by the top quark loo
in the box diagram, and

FIG. 1. The isospin triangle forB→pp. In the SM and
WM-I, Ā15eigĀSM,W(p

1p2), Ā25A2eigĀSM,W(p
2p0), Ā3

5A2eigĀSM,W(p
0p0), and A15e2 igASM,W(p

2p1), A2

5A2e2 igASM,W(p
1p0), A35A2e2 igĀSM,W(p

0p0). In the WM-
II, the same as for the WM-I except that all weak phasesa, b, and
g are zero.
be
is

re-

p

q

p
5
Vtb* Vtd

VtbVtd*
5e22ib. ~21!

One obtains

Iml5ImS e22i ~b1g!
eigĀSM~p1p2!

e2 igASM~p2p1! D
5ImS e2ia uVubVud* uTp1p21uVtbVtd* uPp1p2ei ~b1g!

uVubVud* uTp1p21uVtbVtd* uPp1p2e2 i ~b1g!D
5

uĀSM~p1p2!u
uASM~p2p1!u

sin~2a1u12!. ~22!

The ratio uĀSMu/uASMu can be determined from time inte-
grated rate asymmetry at symmetric@24# and asymmetric
colliders @8#. If u12 can be determined, the phase anglea
can be determined. To determineu12 , Gronau and London
@11# proposed to use the isospin relation in Eq.~6!,

A2Ā~p0p0!1A2Ā~p2p0!5Ā~p1p2!, ~23!

and normalize the amplitudesĀ25A2eigASM(p
2p0) and

A25A2e2 igASM(p
1p0) on the real axis. The triangle is

shown in Fig. 1. It is easy to see from Eq.~22! that the angle
u12 is given by phase angle difference betwee

Ā15eigĀSM(p
1p2) and A15e2 igASM(p

2p1). It can be
easily read off from Fig. 1.

In the Weinberg model, a similar measurement will obta
a different result. In the WM-I, in addition to the phaseb,
there is also a phasebH in q/p due to charged Higgs ex-
change in the box diagram. One obtainsq/p5e22i (b1bH),
and
Iml5ImS e22i ~b1g1bH!
ĀSM~p1p2!1VtbVtd* e

i ~aH1g!app

ASM~p1p2!1VtbVtd* e
2 i ~aH1g!app

D 5
uĀW~p1p2!u
uAW~p2p1!u

sin~2a22bH1u12
H !. ~24!
I

This equation has the same form as Eq.~22! for the SM. The
determination ofa2bH is exactly the same asa in the SM
except that in this case Ā15eigĀW(p

1p2) and
A15e2 igAW(p

2p1). The phasebH can be neglected be-
cause it is suppressed by a factor ofmbmt /mH

2 . The mea-
surement proposed here still measuresa even though there is
an additionalCP-violating phase inB̄0→p1p2(p0p0) de-
cay amplitudes.

If CP is violated spontaneously, the result will be dra
matically different. Here theCP-violating weak phases in
ĀSM are all zero. The amplitudeĀ25A2ĀW(p

2p0) is equal
to A25A2AW(p

1p0), and can be normalized to be rea
Now using the isospin triangle in Fig. 1, one easily obtai
the phase inĀW(p

1p2)/AW(p
2p1), and therefore deter-

mines the phase anglebH . One would obtain a very small
value. This will be a test for spontaneousCP-violation model
WM-II.

Using the isospin triangle in Fig. 1, theCP-violating am-
-

l.
ns

plitude uappu2sin2aH in the WM-II can also be determined. It
is given by

uaHu2sin2aH5
L2

4uVtbVtdu2
. ~25!

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

B. B˜cKS decay

In the SM, the cleanest way to measureb is to measure
the parameter Iml for B̄0→cKS decay@12#. In this case,

ImlcK5ImS qp ĀSM~cKS!

ASM~cKS!
D . ~26!

Neglecting the small term proportional toVcbVcs* , one ob-
tains
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ImlcK5ImS qp VcbVcs*

Vcb* Vcs
D 52sin~2b!. ~27!

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

In the Weinberg model, the same measurement will give
different result. In the WM-I, one has

ImlcK5ImS e22i ~b1bH!
ĀSM~cKS!1VtbVts* e

iaHacK

ASM~cKS!1VtbVts* e
2 iaHacK

D .
~28!

The amplitude from the new contribution proportional t
acK is expected to be about 10% of the SM contributio
Even thoughbH is small, ImlcK in the WM-I will be differ-
ent from2sin(2b). This measurement alone will not be abl
to distinguish the SM and WM-I. However, combining th
result from this measurement and knowledge abouta deter-
mined from the previous section andg to be determined in
the next section, one can distinguish the SM from the WM
If the SM is the correct model, the phase anglesa, g, and
b will add up to 180°. However, if the WM-I is the right
model and one naively interprets ImlcKS

to be2sin(2b), the

sum of the three phase angles will not be 180°.
In the WM-II, the measurement ImlcKS

will only mea-

sure the phase difference betweenĀ(cKS) and A(cKS)
which is smaller than the value for the SM and WM-I. A
small experimental value for ImlcK is an indication for the
WM-II.

C. B2
˜K2D decays

In the SM and WM-I, the triangle relation

A~K2D0!2A~K2D̄0!5A2A~K2DCP!, ~29!

provides a measurement for the phase angleg. The phase
g is given as shown in Fig. 2@13#.

In the WM-II, there are noCP-violating weak phase
angles in these decay amplitudes. The triangles for the p
ticle decays and antiparticle decays will be identical. O
should be aware that in the SM and WM-I if the stron
rescattering phases are all zero the triangles for the part
and antiparticle decays will also be identical, one must p

FIG. 2. The triangle relation for B→KD.
Ā15A2ĀSM,W(K

2DCP), Ā25ĀSM,W(K
2D̄0), Ā35ĀSM,W(K

2D0),
andA1A2ASM,W(K

1DCP),A25ASM,W(K
1D0),A35ASM,W(K

1D̄0).
a

o
n.

e
e

-I.

ar-
ne
g
icle
ut

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

D. B2
˜pK,hK decays

Another method to measure the phase angleg is to use
the following B decays:B2→p2K̄0, p0K2, hK2, and
B2→p2p0 @14# . This method requires the construction of
the triangle mentioned in Eq.~7!:

A2Ā~K2p0!22Ā~K̄0p2!5A6Ā~K2h8!. ~30!

In the spectator model, the contributions toĀ(K̄0p2) from
the tree operators vanish@27#. To a good approximation, one
has

ĀSM~K̄0p2!5ASM~K0p1!. ~31!

These amplitudes do not have weak phases. They can
normalized to be real. From Fig. 3, one can determine th
two amplitudesB and B̄ which are given by

B5A2ĀSM~K2p0!2ĀSM~K̄0p2!,

B̄5A2ASM~K1p0!2ASM~K0p1!. ~32!

Using the SU~3! relation in Eq.~9!, one obtains

B2B̄52 i2A2eidT
uVusu
uVudu

uĀSM~p2p0!using. ~33!

The angledT denotes the strong final state rescattering phas
of the tree amplitude ofB ~or B̄). It is clear that sing can be
determined@14#.

In the WM-I, the result will be different. In this case even
in the spectator model,ĀW(K̄

0p2) is not equal to
AW(K

0p1) because the new contribution is proportional to
VtbVts* aKpe

iaH. There is no common side for the triangles
for the particle and antiparticle decay amplitudes. No usefu
information about the phaseg can be obtained. However, if
experiments will findĀ(K̄0p2)ÞA(K0p1), it indicates that
the SM may not be correct.

FIG. 3. The triangle relation forB→Kp,Kh in the SM.
Ā15A2ĀSM(K

2p0), Ā252ĀSM(K̄
0p2), Ā35A6ĀSM(K

2h8),
andA15A2ASM(K

1p0), A252ASM(K
0p1), Ā35A6ĀSM(K

1h8).
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In the WM-II, the analysis is again very different. In th
analysis for the SM, the decay amplitudes forĀ(K̄0p2) and
ASM(K

0p1) are normalized to be real. In the WM-II becaus
of the additional termVtbVtse

iaHaKp , one can no longer use
this normalization. One needs to find amplitudes which c
serve as the orientation axis. To this end I note that t
amplitudeB and B̄ in the above only receive contributions
from operators in the effective Hamiltonian transformin
as 1̄5 under SU~3!. The strong dipole penguin, which trans
forms as3̄, does not contribute, and therefore in the WM-I
B5B̄. One can normalize the triangles by puttingB and B̄
on the real axis as shown in Fig. 4. The phases of the r
decay amplitudes can be easily read off from the figure. O
particularly interesting amplitude isuaKpu2sin2aH . From Fig.
4, one obtains

uaKpu2sin2aH5
L82

4uVtbVts* u2
. ~34!

Several comments on these measurements are in order.~1! In
the SM,Ā(K̄0p2)5A(K0p1). This is not generally true in
the Weinberg model. This can be used to test the SM.~2! In
the WM-II, B5B̄. This is a test for WM-II. In the SM and
WM-I this happens only when the strong rescattering pha
are zero which is, however, unlikely.~3! If SU~3! is a good
symmetry, the quantity uaKpu2sin2aH is equal to
uappu2sin2aH obtained in Eq.~25!. This will serve as a test
for the WM-II.

E. Rate differences inB̄0
˜p1p2 and B̄0

˜K2p1

In this section I comment on rate differences i
B̄0→p1p2 and B̄0→K2p1.
The decay amplitude forB̄0→K2p1 can be written as

FIG. 4. The triangle relation forB→Kp,Kh in the WM-II.
Ā15A2ĀW(K̄

0p2), Ā252ĀW(K
2p0), Ā35A6ĀW(K

2h8), and
A15A2AW(K

0p1), A252AW(K
1p0), A35A6ASM(K

1h8).
e

e

an
he

g
-
I,

est
ne

ses

n

A~K2p1!5VubVus* TK2p11VtbVts*

3S PK2p11
1

A2
eiaHaKpD . ~35!

It has been shown that in the SU~3! limit,
T(P)p1p25T(P)K2p1, and app5aKp @22#. Here
T(P)p1p2 and app are the corresponding amplitudes in

ĀSM(p
1p2) given in Eq.~8!. In the SM,

Dpp5G~p1p2!2Ḡ~p2p1!

52Im~VubVud* VtbVtd* !Im~Tp1p2Pp1p2* !
mBLpp

4p
,

DKp5G~K2p1!2Ḡ~K1p2!

52Im~VubVud* VtbVtd* !Im~Tp1K2Pp1K2* !
mBLpK

4p
,

~36!

where Lab5A122(ma
21mb

2)/mB
21(ma

22mb
2)2/mB

4. One
obtains@22#

D~p1p2!

D~p1K2!
521 . ~37!

When SU~3! breaking effects are included,

D~p1p2!

D~p1K2!
'2

f p
2

f K
2 . ~38!

The ratio is negative and of order one. In the Weinber
model, the prediction is very different. In the WM-I, the
situation is complicated. It is difficult to obtain useful infor-
mation aboutCP-violating parameters. In the simpler case
the WM-II,

D~p1p2!

D~p1K2!

5
Vtd

Vts

VubVudIm~Tp1p2aH* !1VtbVtdIm~Pp1p2aH* !

VubVusIm~Tp1K2aH* !1VtbVtsIm~Pp1K2aH* !
.

~39!

This is very different from the SM prediction. The ratio can
vary a large range. If the first term dominates
D(p1p2)/D(p1K2)5VtdVud /VtsVus which is of order
one. If the second term dominates, the ratio is given b
Vtd
2 /Vts

2 which is positive, but very small.

III. CONCLUSION

I have analyzed the consequences of several methods
measuringCP-violating observables. These measuremen
can be used to distinguish different models forCP violation.

The isospin triangle relation amongB̄0→p1p2,p0p0

and B2→p2p0 provides critical information to correct
strong penguin contamination in the determination of th
phase anglea. The same measurement also determine th
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phase anglea in the WM-I whereCP is violated both in the
CKM and Higgs sectors. In the WM-II whereCP is violated
spontaneously in the Higgs sector, one would obtain a v
different value. The WM-II will be tested.

The asymmetry in time evolution forB̄0→cKS is an idea
place to determineb in the SM. This is, however, not true
for the WM-I because of the contamination from the Higg
boson induced strong dipole penguin operator. This measu
ment does not measure the true value ofb in this case. In the
WM-II the resulting ImlcK is very small. This measuremen
again provides a test for the WM-II.

The triangle relation amongB2→K2D̄0,K0D0,K2DCP
0

provides a clean way to measure the phase angleg in both
the SM and WM-I. Combining these measurements and
previous measurements fora andb, it is possible to distin-
guish the SM and WM-I because in the SM the trueb is
measured inB̄0→cKS , whereas in the WM-I the measure
ment is contaminated. If the sum of the three phase angle
180°, the SM is the correct one. If the WM-II is the correc
model, experiments will find the triangles for particle an
ery

s
re-

t

the

-
s is
t
d

antiparticle decays to be identical.
The method to measureg using B→Kp,Kh,pp will

provide different results for the three models. In principle th
three models ofCP violation can be distinguished. This
analysis is based on a triangle relation obtained in SU~3!
symmetry. The validity of SU~3! flavor symmetry has not
been established. One should be careful when carrying o
this analysis. SU~3! breaking effects may change the results
Detailed study is needed.

Another way to distinguish models forCP violation is to
use the rate asymmetryD(p1p2) andD(p1K2). The SM
and Weinberg model have very different predictions.
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