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Large time-dependent partial-rate asymmetries associated with CP violation are predicted for the
decays of 8, (:—bs) and Bq (—=bd) to certain two-body final states (such as D+m ). Tagging on an
accompanying charged b-fIavored particle (B„=bu) or identified baryon (Ah=bud) permits the
identification of the initial flavor (8 or 2t) of the decaying particle. The asymmetries are contrasted
with the Bq~gEs asymmetry discussed earlier in the literature.

I. INTRODUCTION

For more than twenty years, the only observed evidence
for CP violation has come from the kaon system. While
heavy-quark (c,b) decays are expected to manifest CP
violation as well, the expected asymmetries are generally
small except in processes with low rates. '

Efforts are now under way to gain large samples of
charmed and b-flavored particles by identifying their de-
cays in fiight. It appears that at least 107 bb pairs will be
needed to address any question of CP violation for b
quarks. 2 Here we would like to call attention to a type of
asymmetry in the neutral B-B systems which will be spec-
tacular once suitable rates have been attained. Lest the
reader despair, we recall that less than twenty years passed
between discussions of individual kaon decays and experi-
ments involving more than 10 such events.

We find large time-dependent partial-rate asymmetries
in suitably chosen exclusive B decays, such as states
which are initially B, (—:bs) or B& ( =bd)~D+tr-
Since the identification of such decays will rely crucially
on detection of proper lifetimes of order 10 ' s, it will
not be difficult to follow the time evolution of these de-
cays once they are seen at all.

We begin (Sec. II) with some general considerations and
questions of notation. We then specialize (Sec. III) to the
magnitudes of CP-violating effects expected in the six-
quark Kobayashi-Maskawa (KM) formalism, and show
how these are manifested in time-integrated asymmetries
(Sec. IV) and time dependences (Sec. V) of observed final
states. The question of fiavor tagging is discussed in Sec.
UI. We shall find that the best method is to identify a
charged 8„- or Ab opposite the neutral meson in question.
A short comment on Bc—asymmetries is made in Sec. VII.
Our conclusions are contained in Sec. VIII.

II. DEFINITIONS AND FORMALISM

An arbitrary neutral h-fiavored state a
I
B ) +b

I
B )

is governed by the time-dependent Schrodinger equation
r

Q 0 ) a
i—~

——H ~
= M ——I

with eigenvalues (L="light, " H="heavy")

I L,H ™L,H 2]L,H

Here mt. tt and yt, H denote the masses and decay widths
of Bt.H. Defining

hP =PH —PL =Am ——hy,
2

we have
' 1/2

M» —t I »/2

p 2(M(2 —tI'(2/2) Mii —tI (2/2

The time evolution of an initially pure IB (t=O))
—= IBo) or IBo(t=0))—= IB ) is

IB»„,(t))=f+(t)IB')+ f (t)IB'),

IB',h„.(t))= f (t)IB')+f,(t)IB'), (6b)

where

t [(mt pm—H)/2]t (y/2)t 6pf+(t =e e cos
2

(7a)

t[(mt +m—H)/2]t (y/2)t . . t((((l t
t —=e e ~ i sin

2
(7b)

and we have deIined

r = (}'t.+i'H—)/2.
We now consider nonleptonic final states f such that

both a pure 8 and a pure 8 can decay to them:

gO

CPT invariance guarantees M) )
——M22 and I ) )

——I 22. %e
assume CPT throughout to obtain the eigenstates of the
neutral b-fiavored mass matrix as

I
Bi & =p

I
B'&+&

I
B '&

(2b)

Here M and I are 2&2 matrices, with M=M, I =I
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where we define

I f &
=C-P

I f & . {10)
(12a)

The decay amplitude of a time-evolved 8 {8 ) into the
final state f (f) is

&f IBphy {t))=f+{t)&fIB'&+ f (t)(f IBO), (lla)

&f IBphys(t)&= f (t)&f IB'&+f+(t)(f IB ) (lib)

We observe that interference occurs for t ~ 0 due to mix-
ing. I.et us define

(12b)

x, A, = x (13)

It is important to realize that the phases of A, and A, do not
depend on arbitrary phase conventions. This may be
visualized by noting that they are "rephasing invariants"
in the sense of Ref. 6.

We then obtain the time-dependent rate for an initially
pure 8 to decay to a final state:

I
I'(Bph„, (t) f)=

I (f IB )
I

e ' cos + IXI sin
2 2

t, bp, t—2Im A, sin cos'
2 2

(14a)

and, for the 8'into f,
I 2

I (Bph„,(t) f)=
I (f IB ) I

e r' cos +
I

A,
l

sin ~ —2Im X, sin ~ cos' (14b)

Any difference between these two expressions signals CP
violation.

We stress that the differences between Eqs. (14a) and
(14b) can arise {for t~O) even in cases when the "pure"
state (i.e., t=O) decays Bo~f and 8 ~f do not exhibit
CP violation. Thus, it may frequently happen that

I (f I
8 ) I

I=
I (f I

8 )
I

(for example, as we will show
below, when a single KM phase governs the decay).
Nonetheless, such processes turn out to be useful for CP-
violation studies when their time dependences are fol-
io&ed.

The absence of CP violation implies

1&f IB'&
I
=

I &f IB'&
I

(15)

CP
I
8') = IB'), CP IB'&= IBO& (19)

Thus, with the convention (19), we would have P =+q
With any other convention, one still obtains (16). Devia
tlons froII1 Eq. (16) ai'e sonletiIlles known as IIIdjrect CP

Equation (15) holds whenever the pure-state decay ampli-
tudes exhibit no CP violation (sometimes known as direct
CP violation). Equation (16) follows from the fact that

I BI.), I BH ) are CP eigenstates when CP is conserved, so,
for example,

CP
I
Bi ) =CP(P

I
8 ) +q I

8 ) )

=P IB'&+q IB'&

=+{P
I
8')+q

I
8 '&),

where here we shall define

violation. Equation (17) is a dire:t consequence of Eqs.
(10), (12), (13), (15), and (16) in the limit of CP conserva-
tion. Again, it is independent of the phase convention
(19).

Equations (14) always reduce to exponential decay laws
for f=+f a CP eigenstate, when CP is conserved. In
that case, %=A, =A, '. If f and f are not CP eigenstates,
Eqs. (14) need not describe exponential decays. The most
striking familiar example is the time distribution of
Ir+e v, events arising from an initial K (in the absence
of CP violation). At t=O, this final state cannot appear
at all (as a result of the M =b,Q rule). At later times, the
Lq and EI components evolve separately, and the
Ir+e v, final state can appear. The KO~Ir e+v, time
distribution will be exactly the same as that for
KO~II+e v, when CP is conserved.

It is important to notice that Imk, &0 by itself is not evi-
dence for CP violation, iff is not a CP eigenstate. In the
convention of Eq. (19) where q/P is real when CP is con-
served, the phase of A, or X arises from the phase of x or x
in Eqs. (12). There is no reason for these phases to van-
ish, in general, as a result of final-state interactions.

In general one expects for decays of b-flavored mesons
that Idyl « lkm I. This is very different from the
kaonic situation, where the difference between the 2Ir and
3II channels causes appreciable differences in the lifetimes
of the mass eigenstates. Moreover, specific calcula-
tions' ' in the KM framework based on the box dia-
gr~ i~ply

I
I iI I « l~iz I

Hen~fo&h we sh»»s-
sume yH-yi -y, b,y/hm «1, and, as a result of (5),

I q/p I
= 1. Specifically, it is found that

(20)
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b, m =—mH m—L =2
I ~ii I

. (21)

Then the complex mass Ap =Am is almost a real number.

where g, = V,b V,~ and a =d or s for the Bd or 8, system.
Moreover,

A measure of mixing is b,m/y. Before the particle can
decay away (within a time scale of y '), some mixing of
order sin(/km l2y), due to the term f (r) in Eq. (7b), has
occurred. Conventional estimates lead to (hm /y)s

S-0.5—2 and (b,m/y)z —10 —10
d

III. EXPECTATIONS IN KOBAYASHI-MASKA%'A FRAMEWORK

Henceforth we shall assume that the KM matrix explains the observed CP violation in the kaon system. Throughout
we use the following convention for the KM matrix: '

V=

—$1C3

S 1$2 C1$2C3 +C2$3e C 1$2$3 —C2C38
i5 i5

V~ V„, V„b $1$3

Vd V Vb slc2 1 2 3 $2 3 clc2 3 + 2 3~
i5 i5 (22)

In addition, from the recent b qu-ark lifetime and
r(b~u)lr(b~c) measurements, we have (in standard
KM phase convention) ss-o(1), ss positive (for a posi-
tive parameter 8 describing the ratio of
(K

I [dy„(1—ys)s] I
K ) to its vacuum-insertion value);

0.04 & ss & 0.01 (where the lower limit depends on 8},and
sz-0.05 (from the b qua-rk lifetime).

When only a single KM combination contributes to
8 ~f, and another to 8 ~f, we have

1&f IB'&
I

=
I &f IB'&

I I &f IB'&
I

=
I &f IB'&

I

(23)

The proof is as follows. A general amplitude is given by

(f I80)=+6;a;e' ', (24a

t

loop. The process B,~~ Kq has a dominant KM com-
bination V„'bv„q (the others being due to suppressed
penguin graphs). Therefore, for these cases Eqs. (23) and
(25) are only good approximations.

In this analysis, for simplicity, we shall neglect all
differences among final-state phases (assuming that the
decay proceeds via a single strong eigenchannel). Under
these assumptions, x=x . If, in addition, we assume

I q/p I
=1, we obtain%=A, '. Thus, under these simplify-

ing assumptions, Iml, +0 will in fact be the signal for CP
violation. [See Eq. (17}.]

The time-integrated rate asymmetry is now~

r(Bp„y,~f)—r(8 phys~f )

r(Bphy f}+r(8phy f)

(f IB')=+6,'a,.' '. (24b)

—2az Imk,

1+a+ lx I
(1—a)+2yReA,

(26)

Here 6; are KM combinations; a; are real kinematic fac-
tors; and a; are final-state phases. If all the 6; are equal
they can be factored out and it is clear that Eq. (23) holds.

As a direct consequence of (23), we obtain

xl =lx (25)

Equations (23) and (25) hold under the above cir-
cumstances even though different strong channels (render-
ing different final-state phases) exist. Thus, for example,
B,~DE,D+n, F+K are all governed by the single
combination V„b V„; 8,~D p,D n+,F K+ are all

govern& by V,b V„ in the absence of Do-D 0 mixing; Bd
D+m, F+E depend on V„b V,d,

' and B~~D m+,
E E+ depend on V,b V„~. For all these processes, Eqs.
(23) and (25) are exact.

For the process B~ +QKs there is a h—ighly dominant
KM combination V,b V„, the others being associated with
a suppressed penguin graph and production of a cc or tT

pair from the vacuum. Similarly, Bq~D D involves a
dominant V,b V„contribution. For these last two pro-
cesses, Eqs. (23) and (25) are an excellent approximation.

The processes B,d~PKs are governed by penguin-
graph amplitudes' for b ~d, b~s, respectively. These
involve one dominant KM contribution from a t-quark

Here Bphys and 8 phys correspond to those states which
were known initially to be 8 and 8, respectively. (The
way in which this information is obtained will be dis-
cussed further in Sec. VI.) The rates I' correspond to in-

tegration of their decays (to f and f, respectively) over all
times. We have assumed the relation (23}, and have de-
fined

Z—:2y'
1 —y

2
a—=

1+2

IV. TIME-INTEGRATED
ASYMMETRY CALCULATIONS

&D+ -IB,)-V„V'b,
(D+~- IB,)-v' v„.

Therefore,

(28a)

(28b}

We are now ready to display time-integrated asym-
metries expected for a number of two-body neutral 8 de-
cays. In this section we are recapitulating a number of re-
sults of Ref. 2, for the sake of a self-contained discussion.

An illustrative example is the B,~D+m process
shown in Fig. 1. Here, as mentioned,
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(b) (b)

exchange

S 0

exchange spectator 'spectator"

FIG. 1. Graphs governing decays to D+m . (a) 8,~D+m
(b) 2t, ~D+n

FIG. 2. Dominant graphs describing (a) 8,~D P; (b)

a, Dog.

~~ ~cbX= (29)

and we have, in this particular process,

$2 +$3 +2$2$3Cg SP
2 2

ixit=, Iml, = ——ss.
$3 $3

(30)

In Eq. (30) we approximate cosines of the three KM an-

gles by 1, but the phase 5 is arbitrary.
The identical KM structures characterize the decays 8,

(or 8, )~D+rr, D nc, D P,F+K and corresponding
processes involving D"s or I"s. However, the hadronic
nature of these processes may be very different. For ex-

ample, the decays B„B,~(D+m or D rr ) are expected
to proceed primarily via an "exchange" graph (Fig. 1),
while the D P final state is generated mainly by what we
shall call a "spectator" process (Fig. 2). The 8+K final
state can receive contributions from both processes (Fig.
3). In all these processes we have neglected disconnected
graphs (those forbidden by the Okubo-Zweig-Iizuka rule),
which may be important for producing isosinglet pseudos-

TABLE L KM estimates, for various quark subprocesses, of x:—(f
~

8 )/(f ~8 ) and of the parameter )I,
—= (q/p)x, whose phase

governs CP violation.

@nark subprocess /x f' Imk,

(a) Bq-3q system
—sin25+ 2s2s3s5

Rek,

COS25 —2$2$ 3C5

b ~(Vc3",ccrc,s )

E~ucs

$~(uu2, Bus)

b ~(ccs,ccrc)

$2 +$3 +2$2$3C5
4 2

4 2

$2 +$3 +2$2$3C5

$2 +$3 +2$2$3C5

S 2

$3

$2 +$3 +2$2$3C5

$2 +$3 +2$2$3C52 2

S 2

S 2

$2 +$3 +2$2S3C52 2

$2 +$3 +2$2$3C5

$4$ 2

4 2

$2 +$3 +2$2$3C52 2

( $2+ 2$3C5)$5

$1 $3

s& s3(s2+2s3c5)s5

$2 +$3 +2$2$3C5

)2$3($2+$3C5)$5

$2 +$3 +2$2$3C5

$2
( —) —+2c5 s5

$3

$3($2 +2$3C5)$5
( —)

$2 +$3 +2$2$3C5

(b) 8,-8, system
( —)2siss ts3+$2cs]

$2 +$3 +2$2$3c5
$2

( —)—$5
$3

( —)S2$3$5

$2 +S3 +2$2$3C5

2$1 $2$3$52

$2 +$3 +2$2$3C5

$2$5

SI $3

S I $2$3$5

$2 +$3 +2$2$3C52 2

2$3($2+$3C5)$5

$2 +$3 +2$2$3C52 2

0

( —)(s2c5+ s3cos25)

Sl $32

( —)$ ) $3($2C5+$3COS25 )

$2 +$3 +2$2$3C5

$2 +$3 COS25+2$2$3C5

$2 +$3 +2$2$3C5

$2—C5+ COS25
$3

$3($3COS25+$2C5)

$2 +$3 +2$2$3C5

$2 COS25+$3 +2$2S3C5

$2 +$3 +2s2s3c5
$2C5+$3

$3

$3($2C5+$3 )

$2 +$3 +2$2$3C5

( —)
$3+S2C5

Sl S3

( —)
Sl $3($3+$2C5)

$2 +$3 +2$2$3C5

$2 +$3 COS25+2$2$3C5

$2 +$3 +2$2S3C52 2

1
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TABLE II. Numerical estimates, for various processes, of x =(f
~

8 )/(f ~8 ) and of the parameter Iml, —=Im[(q/p)x] govern-

ing CP violation. If the final state is a CP-even eigenstate or a PP (pseudoscalarXpseudoscalar) one, A, is simply read off Table I.
However, for CP-odd eigenstates and PV (pseudoscalarX vector) final states the A, of this quark subprocess (Table I) must be multi-

plied by still another minus sign (consult the Appendix).

Quark subprocess Final state

(a) Bq-Bq system

a, D+~ ,D-OH,
I"+E, . . . , (D m, . . . )

fx f' Imk,

37.5 {—37.S)

a, -D-~+,O'H,
F K+, . . . , (3'm, . . . )

5.7g 10-' 2y10-' {—2X10-')

5 ~2'cs', cc2,s Bg~D+D, (fK„PK, ) —0.8 (0.8)

(b) B,-B, system

a, D+~ ,Do/, -
Z+K-, . . . , (D'y, D'~, . . . )

a, D-~+,3'H,
Z-K+, . . . , (30y,5'~, . . . ) 0.2

—2 (2)

—0.4 {0.4)

h~hu2, 9u3",2 a, HK„((t K, ) 0.8 ( —0.8)

(b)
K

calar mesons (like ri and ri') but are probably negligible
elsewhere.

In comparing procieses in Figs. 1(a), 2(a), and 3(a)
(governed by b~ucs) with those in Figs. 1(b), 2(b), and
3(b) (governed by hocus) another point must be kept in
mind. The incorporation of the flnal-state quarks into
hadrons proceeds very similarly for Figs. 1(a) and 1(b),
and for Figs. 2(a) and 2(b). However, for Figs. 3 this is
only true for the exchange graphs. For the spectator
graphs of Fig. 3, the hadronic behavior can be very dif-
ferent. The Fermi momenta of the constituent quarks of
a b-flavored meson, in its rest frame, are small with
respect to the meson's mass. Hence, when the spectator
quark hadronizes into K [see Fig. 3(a)], it requires a
much larger, and more unlikely, boost than when it ha-
dronizes into I" + [see Fig. 3(b)]. Notice that this
"momentum mismatch" problem occurs only for those
processes where both exchange and spectator contribu-
tions can occur.

Thus, in order to calculate x and A, for the processes in
Figs. 1—3, we need varying amounts of hadronic informa-
tion. The hadronization processes in Figs. 1(b) and 2(b)
look very similar to those in Figs. 1(a) and 2(a), respective-
ly. Thus, we expect that calculations of magnitudes and
phases of x and k based only on KM elements should be
fairly reliable. This is not so for Figs. 3(a) and 3(b), for
two reasons. First, two different types of contribution
(with different a priori final-state phases) can occur.
Second, the momentum mismatch problem just noted im-
plies that a naive calculation of x and A, based only on
KM elements may be far from the truth. We will
nonetheless quote such results for illustrative purposes.

A lesser problem arises as a result of rescattering
corrections. The D P final state could, in principle, arise
as a result of rescattering from I'+K . We expect this to
be small in comparison with elastic D P scattering only if
the basic amplitude for D P production is not much
smaller than that for I'+E . This is a question which
will be decided ultimately by experiment. %'e will ignore
such rescattering corrections here.

In all our discussions, we shall ignore D -D mixing,
for which experimental limits exist at the —,

' —2% level. '

spectator

Bs S 5

spectato~
Particle Detection efficiency

TABLE III. Assumed detection efficiencies (from Ref. 2).

c (F+

exchange exchange

FIG. 3. Graphs describing (a) and (c) B,~F+E; (b) and (d)
B,~I:+K-.

B-+
D-', O', D''E'

+

K-+

50%
10%
33k

100%
100%
40%

50%
14%
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We shall point out where such effects could be important.
In Tables I and 8 we display„ for various processes, the

amplitude ratio x and the parameter ImA. governing CI'
violation. In the standard KM phase convention, when

dealing with a final state that is an odd CI' eigenstate, our
tabulated values of A, must be multiplied by an additional
minus sign, ' as noted in the Appendix. The quark sub-
processes in Tables I and II have wide apphcabihty to oth-

er final states; we have indicated only a subset of them.
We now take representative values of the KM elements.

Based on the discussion in Sec. III, we shall assume
s i

——0.231, s2 ——0.05, s3 ——0.02S, ss = 1 . (31)
We then obtain the values of

~
x

~
and Imk, shown in

Table II.
In order to evaluate the effectiveness of a given asym-

metry measurement, we must estimate detection efficien-

TABLE IV. Predicted time-integrated partial-rate asymmetry Cf (Eq. 26) for various processes. The
displayed signs of the asymmetry CI (third column) are taken from the quark subprocess calculations
for A, ; for specific final states additional minus signs must be applied (consult the Appendix). The
fourth and fifth columns contain an optimistic estimate of the pure branching ratio and number of bE
events required ( N@ ).

Quark subprocess

6 ~ve3', vcZ,y''

Final state

By ~Don
Bg~D+e
8& F+E-

Bg /DO

Bg 5'e
Sg-+D w+

Bg—+F K+

a, D+a-
Bg~F+F

By ~$11',
Bg~PE,

~~~Do~

B, 50m,

(a) Bq-2fq system
0.1

—0.61

—2X10-'

0.08

0.19

0.039

Br {Bg ~f)

10
&10 4

5x10-'
1O-'
10—5

5x 10-'

10 2

2X10 2

2X10 '
10 2

10
1O-4

10
5x 10-4
5x 10-'

1O-4

5x 10-4

& 5.6x 10'
p 5.6X 107

7x 10'
3.5x 10'
3.5x10'¹.9x 10'

1.¹x1O"
7.0x 10'
7.0x 10"
9.8x10"
8.8X10'
8.8x 10"
1.3x 1O"
1.9X10'
5, 3x 10'

2.2x 10'

1.1x 10'

b ~{gu2, UuÃ)

ucs B, DQ
8,—+F+E
B,~D+m-
B Dorr

{b) B,-2t, system
0.38

0.56

5x 10-'
1O-'
10

2X10 "
2x 10-4
2X10-'

1O-'

2.0x 10'
6.7x 10'
6.7X10'

1.4x 10'
6.9X10'
6.9x 10'
1.4x10'

'Reference 13.

B,-D'y
S,~F E+
8,~D m+

B, Do+

0.23

—0.054

—0.013

—0.4

10
10
10

5X 10-4

3 x10-'
2x 10-'
5x 10-'

2.7x 10-'

5.7X 10-'

2. 1x10

4.8X 10'
2.4X 10'
2.4x10'
4.8x10'

1.1x10'
1.2x10"
4.7X10'
9.0X 1O"

3.0x 10'

1.2X10'

8.4x10'
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cies for various final states. The results are shown in
Table III.

The assumed efficiencies in Table III are obtained as
follows. For 8-+ we assume that the short track of a
charged 8 can be identified with reasonable efficiency in a
vertex detector. The D detection efficiences are based on
reconstruction of exclusive final states (such as
E rr+, E rr+n. m+ for D ). The neutral kaon is Es
half of the time, and Es decays to n+n —', of the time.
%e assume q is detected by its yy decay. The I' —+ is not-

ably hard to reconstruct; 1% is only an estimate. We as-
sume the P is seen in its E+E decay. The g can be seen
in each of its leptonic modes e+e and )tt+itt

The expected asymmetries for various processes, and
the number of events required to observe them, are shown
in Table IV. N&& denotes the number of bb pairs needed

to observe a 3a signature of the displayed asymmetry. To
obtain Nz~ we assume that the probability for the in-

coherent hadronization process bb~B„B&X (q =d or s)
is —,', or —,', , respectively, since we have roughly

uu:ddss-2:2:1 for the pair-creation probability of the
light quarks. %e note that Nb~ is inversely proportional
to the detection efficiency of the charged b-fiavored had-
ron, used as our tagging device, and of the final state, all
of which we took from Table III. Furthermore, the num-
ber of bb is inversely proportional to the branching ratia,
an optimistic theoretical estimate of which is given in the
fourth column of Table IV.

If experimentalists could increase the efficiency of ob-
serving F+, some of t-he final states involving them could
be viable alternatives to observe the asymmetries.

In Table IV we have assumed (b,m/y)s ——0.1. The

sole exception is the b~ucd process where we take
(b,m /y) =0.044 for Bq For all .8, quark subprocesses we
assume b,m/y=0. 8. We shall explore the sensitivity of
various processes to dm /y presently.

For 8~ decays, note the contrast between highly
Cabibbo-suppressed modes (Dm, F+Eo, /Do) and
Cabibbo-favored ones (Drr, F E+,fD ). Although the
rates for the latter are much larger, the expected asym-
metries are tiny, and so many more events are required to
observe them. The highly Cabibbo-suppressed final states
are particularly suited far observing the interference be-
tween two different KM combinations that is the signal of
CP violatian. Thus, the most favorable quark subprocess
for observing CP asymmetry in B~ decays appears to be
b ~ucd. We first became aware of this fact through the
work of Sachs, Ref. 4.

Certain 8~ decay processes shown in Table IV involv-
ing final states which are eigenstates of CP are governed
by the quark subprocess b~eed, braces, and b~s.
More events are required to observe a CP asymmetry for
these cases. The case b~ees, eel has received consider-
able attention both in concrete studies of experimental
possibilities, ' and in many earlier theoretical studies.

The asymmetries for Bz decays involving the quark
subprocesses b~ucs or cus involve final states D Es or
D E~, respectively. These appear to require no more
events than the popular QEs decay in order to observe an
asymmetry.

highly C.-K.-M. suppressed

/
Bd{=-bd)

SITIOI I fill xlflg ~ B (1
-M. favored

FIG. 4. Two decay routes of an initially pure Bq into 8+m
leading to a large CI' asymmetry due to interference. Bq either
decays directly, highly CKM suppressed, into 3+m. , or Bq os-
cillates, with small mixing parameter hm/y (the bottleneck),
into IIq and then "rapidly" (CKM-allowed) decays into D+rr

The 8~ decays involving b~uud or uus could lead to
asymmetries detectable with comparatively few events, in
n+.n. or E+E final states. Considerable uncertainty
still exists in the possibility for observing such light
mesons in the final state. If the decays 8&~mr+rr or
E+E are observed at close to present upper limits, these
processes could be quite promising. Note that the asym-
metries for these processes would nearly vanish for
5=90', the values in Table IV are quated for 5=45'.

The best 8, decays for observing a CP asymmetry, in
our opinion, are those dominated by the quark subprocess
b~ucs, such as B,~D+rr . Here the contrast between
this subprocess and that leading to D m+, noted above
for B~, is less marked. The latter final state is produced
via b~cus, which also contains some Cabibbo suppres-
sion. As a result, appreciable asymmetries show up in
both D+rr and D m+ final states.

The large (assumed) mixing for 8,~8, plays a role in
generating detectable asymmetries. By contrast, for the
B~~D+m case, both the direct amplitude and the
Bg~8g mixing are small, but the large B~~D+m am-
plitude leads to a detectable asymmetry (see Fig. 4).

The final states involving the subprocesses b~ccs
(such as Bq~fg, D D+) are Cabibbo favored, so their
expected rates could be appreciable. However, the expect-
ed asymmetries are extremely small.

The decay B,~D Es is the analogue of 8&~D+rr
(Both involve the quark subprocesses b~ucd. ) For the
8„the large size of the assumed mixing amplitude actual-
ly suppresses the expected asymmetry. The decay
B,~D Es is Cabibbo favored and expected to have an
appreciable branching ratio but small asymmetry.

The process 8,~PEs would proceed via a penguin dia-
gram (b~d). Its expected asymmetry is large, and the
main obstacle to its usefulness is the small expected
branching ratio.

The subProcess b ~uud leads to 8,~rroE, or PoEs, for
which an appreciable asymmetry can be expected. A large
part of the difficulty in studying CP violation in this de-

cay will be seeing the final state at all. This comment in
fact applies to many of the processes discussed here:
Two-body decays, though expected to be rare, provide a
wealth of information on CP violation, and should be
searched for with high sensitivity.

The asymmetries in Table IU are quoted for values of
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Process

b~Uu2, uus
h ~uc2
5 cu2

ccs,v'c2, s
b ~ues
hocus

(a) Bd-Bg
1.00
3.3x10-'
1.41
1.02
0.58
1.28

Cf(at max)

0.500
—0.635
—1.48 g 10-'

0.408
0.573
0.256

TABLE V. Maximal value of time-integrated asymmetry Cf
and the corresponding mixing parameter z(max) for various pro-
cesses. Here, si ——0.231, s2 ——0.05, s3 ——0.025, and s~ ——1, the
sole exception is the Bq,&~uu2, uus processes, for which

5=45 .

I.Q

0.5— (0j

i I

0.2 Q.6
Al

2x IQ

—t x10

Cg (dotted
line only)
p—-t xi

-2x IO
I.Q

b ~uu2, uuS

b ~ucs
hocus
5~ccs,cc2
b uc2
5 ~cu2
b —+

(b) B,-B,
0.98
0.58
1.30
1.03
3.4 &&

10-'
1.41
1.02

0.393
0.583
0.260

—2.22 x 10-'
—0.627
-1.48 x 10-'
—0.407

C

0.5

I

Bs

b,m/y which we believe to be reasonable, on the basis of
our own and other ' calculations. Certain asymmetries
behave in a very different manner from others as b m /y is
changed. This behavior is explored more fully in Ref. 2.
Here we note that the asymmetries for the processes such
as Bq~D+n and B,~DoKs dominated by b~ucd
peak at much lower values of b,m/y=0. 033 than others
in Bd and 8, decays. These asymmetries, with the choice
of a reasonable set of KM parameters [Eq. (31)] are shown
as functions of hm/y in Fig. 5.

In Table V we display, for various quark subprocesses,
the mixing parameter z(max) which maximizes the asym-
inetry Cf defined in Eq. (26). Of course, the asymmetry
is not the only quantity of interest with respect to the
number of events requirmi to perform a particular CI'
test. The branching ratio of a time-evolved 8 to a given
final state also must be large enough to permit such a
state to be observed. In Table VI we estimate the number
of events required to see an asymmetry in selected pro-

FIG. 5. Time-integrated asymmetries Cf [Eq. (p6)] tts fttttc
tions of hm/y. (a) Bq decays are as follows. Solid curve:
h~uc2 (left-hand scale); dotted curve: b~cu2 (right-hand
scale); dashed curve: 5 ~(ccÃ,cc2,s) (left-hand scale). Most of
the other processes have the slow behavior characteristic of
5~(ccs,cc2,s) (see also Table V). (b) 8, decays are as follows.
Solid curve: h~ucs; dotted curve: b~cuY; dashed curve:
b —+uu2, uus; dash-dotted curve: 5 —+2. The highly suppressed
process 5 ~uc2 leads to a negative asymmetry which peaks at a
value of Cf ———0.63 for hm/@=3. 4~10 (see also Table V).

cesses as a function of the mixing parameter b,m /y.
Clearly measurements of hm/y for Bq and 8, systems

will be an important first step toward identifying the best
processes for stu:ing CP violation. Note that large mixing
in the Bd-Bd system, while unlikely, could significantly
enhance the prospects for useful experiments at the level
of a few million bb pairs, for the tttKs system discussed
previously. '

TABLE VI. Event rate ( X@) as a function of mixing for selected final states.

Quark subprocess

b ~tlc2

Process

Bg —+8+m 33' 10
4.4y10-'
0.1

0.89

4.3X 10'
3.5X IO'

3.4X 10'
9.5 x10'

+(cH, cc2,s)— ' 0.1

0.54
1.02

2~10'
9~10'
6x10'

Ba &'Xs 0.1

0.58
1.1

2.2@IO'

1.2x 10
1.4X10'
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A final note about the neglect of D -D mixing is in

order. The decay 8& ~,(:—bd)~D ~ can proceed either

via a highly KM-suppressed transition b~ucd', or via the
favored D m final state, where the D then mixes with
D . The same two routes affect the decay

8, „„„—=bs~a K&. The D -D mixing amplitude will

then be important [and so the assumption (23), for exam-

ple, will no longer be valid] if it exceeds (in magnitude)
the value

t V„s V~/V» V„~ t, or s,si'/s&-(fewX IO ').
(Here we have assumed sz ~s&. ) Present limits on the
square of this quantity' are at the level of —,

' —1%, so

that this possibility cannot yet be excluded. The conven-
tional expectation for the short-distance contribution to
this amplitude is =10, but long-distance contributions

may be much more important. Similar cautionary re-
marks apply to the D P system produced in 8, decays
and D Es in Bz decays, but only if D -D mixing is very
close to present upper bounds.

I.Q

Qi I

1 3
t (Lifetime units)

FIG. 6. Time distribution of 8, ~h„, (t)~D P and

8, ~h„,(t)~D P decays in the CP-conserving case Imk.

= 1m'=0. Here we have assumed b m /y =1 and
~
x

~

'=9, as
representative set of parameters in Eqs. (14).

V. TIME-l3EPENDENT ASYMMETRIES

The observation of time-integrated asymmetries C/ [de-
fined in Eq. (26)] is plagued with normalization problems,
since the relative production rates of 8 and 8 cannot al-

ways be guaranteed to be measured carefully. (For exam-

ple, they will differ in Pp collisions. ) Moreover, detection
efficiencies for charge-conjugate final states may not al-

ways be identical (for example, when collisions occur in

dense targets. ) The measurement of time dependen-t asym-
metries' adds valuable information, such as different
shapes of distributions, different slopes as a function of
proper time, and so on, which can help to circumvent
such normalization problems.

As examples of the kinds of behavior expected in the
absence of CP violation, we remind the reader that when
the final state is a CP eigenstate identical exponential de-

cays are expected for 8 and 8 . For final states that are
not CP eigenstates, we expect identical but nonexponential
decay distributions for 8 and 8, as illustrated in Fig. 6.

The signatures of CP violation in time-dependent asym-
metries are varied and can be quite striking. A number of
examples are shovyn in Figs. 7—12. Here all the pararne-
ters have been chosen as in Table II,

Perhaps the most spectacular behavior occurs for the
decays B,~De (or D P,D'm. ,Dp, F+K, . . . ), illustrated
in Fig 7, and .for B~~Dn (or D n, Dp, F+E, . . . ), il-
lustrated in Fig. 8. We have shown the patterns for vari-
ous values of hm/y to illustrate their sensitivity to this
parameter. (We assume b,m/y will have been at least
crudely measured by the time CP asymmetries are inves-
tigated. ) The asymmetries are less spectacular for
the slightly more Cabibbo-favored 8,~De. (or
D P,D n, Dp,E E+) decays, as shown in Fig. 9, but
they are still visible. For the Cabibbo-favored decays
B~~Drr (or D 'm, Dp, F K+) they are invisible (Fig. 10).

The 8~~/A decay, frequently discussed in the litera-
ture, ' does not show a striking asymmetry for
b,rn/y=0. 1 (Fig. 11). The time-dependent behavior is
somewhat more interesting for b.m/y= 1.0 (Fig. 12), but
we regard such a value of hm /y as an optimistic overesti-
mate On the ot.her hand, for 8, +sr Kq or PKs, —where

0
1

t ( lifetime units )

/
/

(b)

Q. 5

0
1 3
t ( lifetime units )

0

t(lifetime units)
FIG. 7. Time distribution of 8, ~h„, {t)~D+m. vs

8 g phy$( E) +D m Dash' curve Sg phyg ( t )~(D m ya

B,,ph„, (t)~(D P, D n, F +K, F+K*, . . . ). (a) hm/y=0. 5,
(b) hm/y=1, (c) hm/y=2.



TIME-DEPENDENT CP-VIOI.ATION EFFECTS IN 8 -8 SYSTEMS 1413

CLP+-
C$

/

/

0 t

0.5

t( I if ctime units ) t ( lifetime units )

FIG. 10. Time distribution of Bq ph»(t) ~D m.

vs Bq,phy, (t)~D+n. for hm /y =0.1. The single curve
corresponds both to 8& phys(t)~(D ~+ D ~ F K )

or Zq»„,(t)~(D rt, D to, Dp, F +K,F+K, . . . ) and to
8$ phys{t)~{D+7T &D K &F K ) or 8& ph{ys(t)~(D
3 co,Bp,F E+,F K +, . . . ).

1.0—

1 3
t(lifetime units)

we expect hm/y= 1, Fig. 12 also describes the anticipat-
ed asymmetry. From Table IV we expect the observation
of an asymmetry in B,~m Kz to require fewer events
than many of the other processes we discuss. This is be-
cause the expected asymmetry is large, and even though
the branching ratio is likely to be low, the expected detec-
tion efficiency {Table III) is one of the highest for any
two-body final state.

0.5 —r

C

t ( lifetime units )
FIG. 8. Time distribution of 8& phy {t)~D 7T vs

B z phys( t)~D m' ~ Dashed curve: Bz phy&( t)~(D e'

Dam, F+K, . . . ) or 2t q»„,(t) (3 «rt, F E+, 30co,Dp,
F K +, . . . ); solid curve: Bqphy, (t)~(D
250rt, F K+, . . . ) or Bg'»rs(t)~(D+n', F++K,Doe), Dp,
F+K, . . . ). (a) Am/y=10, {b) hm/y=5&10
(c) hm /y =0.1.

0

I.
~~

t ( lifetime units )

.5

t ( lifetime units )
FIG. 9. Time distribution of 8, „hy, (t)~D m.+ vs

B,phy, (t)~D+~, for hm/y=1. Dashed curve: B,ph„, (t)

F +K,F+E*,. . . ); solid curve: 3,»„,(t)~(D+m
DON, F+K—,. . . ) or B,'»„,(t) -(Boy,D '~,F' K+, -
F K +, . . . ).

t(lifetime units)
FIG. 11. Time distribution for CP eigenstates. (a)

hm fy =0.1. Dashed curve: Bq ph»(t) ~(D+D, . . . ) or
Bq»»(t)~(&E„&E,}; solid curve: Bq»„,{t)~(D+D,. . . ) or
Bq»„,(t)~(gE„PE,). (h) b,m /y = l. Dashed curve:

Bg»r (t)~(D+D ) or Bg pq„(t)~(QK PK } or
Bg»r, {t)~(/Kg,p Kg, t0E„.. . ) or Bg»r, {t)~rt K„' sohd curve:

Bq»„,(t)~(D+D, . . . ) or B&„&„,(t)~(QE„QK, ) or
B,»„,(t)~(QK„p K„A@K„.. . ) or B,»„,(t)~rt K,
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C

~ - 0.5—
CK P

tion efficiency, and quantum-mechanical ambiguities can
affect this method. We shall advocate instead tagging on
the accompanying charged b-fiavored meson 8„o—r b
fiavored baryon (A{, or Ab ) as an unambiguous indication
of fiavor at i=0.

Let us imagine that an initial b quark (accompanying
the b whose time evolution we wish to follow) is incor-
porated in a hadron. In a time short compared with decay
or mixing times, this b will end up in one of the following
weakly decaying particles:

C

t(iifetime units j

or

B„=bu,
B~ ——bd,

Ab =bud .

(33a)

(33b)

(33c}

I I I

1 3
tl, lifetime units)

FIG. 12. Time distribution of 8 pby (t)~D m vs

]5),~h„,{t)~D e+ with leptonic tagging, for b rn /y = 1.
Dashed curve: X([B,2t, ]&~10 „(D+e ), ) [Eq. (35a)]; solid
curve: X([8,2t, ]~~lq+ „(D m+), ) [Eq. (35b)]. {a)
charge-conjugation even. {b)g= —1, charge-conjugation odd.

VI. FLAVOR TAGGING

The time-dependent asymmetries we have suggested
measuring require that we know the flavor of the initial
state. %'e wish to ensure that at t=O we have a pure 8
( =bd or bs) or pure 8 ( = bd or bs) In any ha.dronic or
electromagnetic process, such a state must be produced in
association with another b-flavored hadron so that
X(b)+N(b)=0. Another possible source of bb pairs is
W~tb, with i +b (In -high. -energy hadron reactions,
multiple bb production is possible, and one must be care-
ful to guard against this effe:t. Kinematic selection may
reduce the background from such processes. }

Let us assume, for definiteness, that we wish to follow
the time evolution of a state which initially contains a b.
In a hadronic or electromagnetic process, this state must
have been produced in association with a b. %e want to
identify this associated b.

One method suggested previously" for identifying an
associated b relies on the energetic "primary" lepton /

produced in the decay

The subsequent semileptonic decay of c, produced either
in this reaction or in nonleptonic b~c transitions, can
produce a "secondary" lepton of the opposite sign, which
can be distinguished from the priinary one (at least in
e+e interactions near bb threshold) by kinematic selec-
tion. We refer to this method as "leptonic tagging. " We
shall show that serious problems of normalization, detec-

(34a)

bb = B,B,+(B,B, = 1 +(D+m ),

BgB,X+ BgB,X

(34b)

(34c)

The factor g= + 1 or —1 denotes the assumed charge-
conjugation eigenvalue of the 88 state. Here we integrate
over all times of 1 and look at the number of events of
D+m as a function of time. In actual practice the 1

can be identified as coming from a 8 meson only if it is
produced at a minimum time tz after associated bb pro-
duction, where to is determined by the spatial resolution
of the detector for identifying short tracks. ' Thus, the
integration over / times should proceed from to to oo.

Problems already occur when we look at the contribu-
tion of (34b) to the 1 (D+m ), final state. The time-
evolved final state corresponding to (34b) may be con-
structed and the time dependence of any 1 (f), final state
may be evaluated in a manner very similar to that present-
ed above. %'e integrate over the poorly determined semi-
leptonic (1 X) decay time from tc ~ 0 to ao to obtain the
time dependent rate off as

The B~ and B, can evolve into their charge conjugates as
a result of mixing, so that any leptonic tagging will re-
quire an estimate of this effect. In contrast, we can imag-
ine identifying a large fraction (we have assumed 50% in
Table III) of charged-8 decays, simply by seeing a short
charged track with proper lifetime 10 ' s which then de-
cays with the proper kinematics. Full reconstruction of
the charged-8 final state will not be necessary, but an esti-
mate of the transverse momentum of the decay products
will avoid contamination from charm or r decays. The
decay products of Ab will contain a baryon, which we
would hope to distinguish from an antibaryon much of
the time.

To see examples of the care that must be taken when
employing leptonic tagging, let us consider the example of
the decay 8, or 8, to D+m. (assuming we can eliminate
the B~ or Bq source of D+n. by energy-momentum con-
servation). Then a bb final state can give rise to D+m
through the following routes (as well as others, except
close to threshold in e+e annihilations):
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—y(to+t)

N([88 ]g ir fi)=
I &f I8to-+ cc t

2y( 1+z )

X I(1+z )(1+
~

A,
~

) —coshm to[(coshm t —gz sinhm t)( (
A,

~

—1)

+2 Iml(sinhm t +gz cosh, m t)]

+sinbm to[(z coshm t +g sinhm t)(
~

A,
~

—1)+21m'(z sinbm t g—coshm t)] } . (35a)

Integrating over I+ times (from to to oo ) to observe the f time-dependent rate yields
—g(tp+ t)

N([8.8 ]t ii+,-.f~)=
I &f I8'& I'1&i' I8'& I'

2y(l+z )

X I (1+z )(1+
~

X,
~

) —cosh m to[(cosbm t —gz sinbm t)(
~

X
~

—1)

+2 ImX, (sinhm t +gz cosh, m t) ]

+sinbm to[(z cosbm t +gsinhm t)(
~

A,
~

—1)+21mX(z sinbm t gcoshm —t)]I .

(35b)

We find that this rate (35a) and (35b) depends crucially on
the charge-conjugation eigenvalue g. Because modern
techniques allow us to anticipate vertex resolution of or-
der of to-10 ' s, we display in Fig. (12) the semilepton-
ic tagged rates for to ——0.

We must know the relative probabilities for states with
/=+I in order to evaluate the contribution of (34b) to
any time-dependent asymmetry. ' Moreover, we would
have to know the relative production ratios of
8„8,:8d8, :8,8, and the branching ratios of 8e,8e~l
(which can be different for q =d, s, u).

In brief, leptonic flavor tagging does not appear feasible
for measurement of the time-dependent asymmetries of 8
mesons suggested here. We must tag on the charged b

flavored meson (or a b-flavored baryon) to know the fla-
vor of the initial state. We have shown that this can be a
very efficient method.

Note added in proof. When mixing amplitudes are
small, many of the problems associated with leptonic tag-
ging, for example in connection with Eq. (34b), do not ap-
pear to be as serious if one can select decay times ap-
propriately. We intend to study this question further.

VII. A COMMENT ON 8,—ASYMMETRIES

The surprisingly long-lived b-flavored mesons

(rtr —10 ' s), which in the spectator model imply
~

V,i, ~
«1, could give rise to exotic CP violation in 8;

decays. Because the b lifetime is of ihe same order as the
c lifetime, a 8,+ ( =bc) could have 8,+~m+8, + (neutral
system) as a substantial fraction. This idea could serve as
an alternative 8, tagging device. A more interesting
consequence of this exotic decay would be large partial-
rate asymmetries in particular final states. Those asym-
metries, indicative of CP violation, could arise as a result
of the large 8,-8, mixing as discussed above. In addition,

asymmetri due to final-state strong-interaction phases
can arise, as has been discussed in the literature. '

VIII. CONCLUSIONS

We have shown that time-dependent CP-violating ef-
fects can be quite spectacular in the 8 8system -if any CP
violation can be observed at all for this system. A detec-
tor with fine spatial and time resolution seems ideal for
observing these effects.

The largest asymmetries are found for processes which
are suppressed from the Cabibbo-Kobayashi-Maskawa
(CKM) standpoint, such as 8, ( =—bs)~D+rr, 8,~D P,
or any decay with the basic quark transition b~ues in
the 8, 8, com-plex The d.ecay 8d(= bd)~D+rr —also
seems promising. We find that these asymmetries are ex-
pected to be large enough in the standard three-generation
model to more than compensate for the rarity of the de-

cay. Typically, one will need 106—10 bb pairs to detect
an asymmetry in these "best eases." By contrast, the
CKM-favored decays (such as 8d~D m+) or those for
which the expected asymmetry peaks only for large mix-
ing (such as 8d~gKz) are expected to require more
events ( —10 —10 ) in the standard inodel if an asym-
metry is to be observed. Studies of these more rate-
favored processes, of course, will provide an important
test of the standard model even at reduced levels of statis-
tics, since there is always the potential for surprises.

Note added in proof. It has been pointed out in Refs 19.
and 22 that Bd~K m.+ occurs both via penguin and
spectator graphs, and can display considerable CP asym-
metry with respect to Sq~E+m . Moreover, the E m+

final state must have come from 8d and not 8e, so one is
spared the need for independent tagging of the associated
b flavored part-icle. Thus, this final state, expectml to
occur with a branching ratio of a few &(10 ', could
also be promising for CP-violation studies.
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Proof. Suppose the different strong eigenchannels are
labeled by a. Define

i5rx
out(foci I

s )in=aae
I5

Out &f &
I
s'&m=aae

(Ala)

(A lb)
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APPENDIX
When dealing with final states that are CP eigenstates,

special care must be taken. Assume for simplicity that
only one weak phase contributes to our decay process.
Then the claim is that for CP-odd states we obtain —A,

(not A, ) in Tables I and II. For CP-even states we obtain

(for example, D+m, E+E, etc ).and S +—ViPz, where

the vector meson Vi is just the excited counterpart of P,
(for example D'+n, .F +E, etc., respectively). In the
neglect of kinematical considerations we obtain

= —Xv p (AS)
(p, p, is') ' ' (vip, is') '

which leads to

App — Avp (A9)

To show what assumptions are involved, we will discuss
the B~~D+m asymmetry and the Ed~a'+m one.
As is commonly done ' we define "reduced*' amplitudes
ai and ai that do not involve the final-state interactions:

&D+~ ,I I S,-) =a, (D+)e' ',
(D+~ ,I IS, -) =a, (D+)e' ',

(A10)
&D n.+,I

I
S-, & =a, (D )e'",-

( D ~+,I
I
S„)= a, ( D-) e ' .

5z is the (rr, D) scattering phase shift.
We define

cp is')=+ is') .

Apply CPT onto (Ala) to obtain

47 =+0

(A3)

cP If&=+ If &

[e.g., if f=QEs we have ( —); if f =D+D we have

( + )]. Choose the phase convention

CPT iD) = —
i
D),

CPT i~)= —i~),
to obtain

CPT
I
D+~ ,I).„,=( 1)-'+'"ID —~+,I);„

and

CPT
I

D'+~ ,I).„,= ( -1)'+'"
I

—D'—~+,I),„.

(A 1 1)

(A12a)

In the above the + merely reflects whether we deal with
CP-even (+ ) or CP-odd ( —) eigenstates. In reahty our
decay may proceed via several strong eigenchannels with
unknown final state strong-interaction phases. Now

g-t&f lf ~&-ta e'
s0

out(f Is &I g,„,(f I f,a),„,a e' '
a'(D-+)=( —1) +'~'a (D+),
a;(D*+)= -(-1)'+'"a,(D'+) .

(A13a)

(A13b)

(A12b)

We note, in advance, that the relative minus sign between
Eq. (A12b) and Eq. (A12a) leads to the minus sign in Eq.
(A9). By the CPT theorem we obtain

a.= Ia. Ie"",
where g~k does not depend on a. Then

a

(A6)

Now the assumption of only one weak phase enters as
Therefore,

&D+~-,I
I S, ) „„,a,'(D-)

(D+~ ,I iS, ) -a, (D+) '

(A14a)

out ~~ out &a

I &~k=+'.
"4k (D Ir I

I
sg ) I imp aI (D* )x, = = —( —1)+''

&D'+~ ,I I S, ) -a, (D'+)

(A7)
In essence, x will be a ratio of KM combinations, and, in
the above, the + sign reflects what CP eigenstate we deal
with.

For final states that are not CP eigenstates, i.e.,
3+m, D +m, . . . , we have also a sign ambiguity in A, .
We will compare the asymmetries arising from S ~PiP2

Assuming

ar'(D ) ar'(D' )

aI(D+ ) ar(D'+ )

(A14b)

(A15)

[which is not guaranteed at all, since P~PP and P~ VP
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may have different matrix element structure], we obtain

~I Ds' (A16)

resembling Eq. (A9).
%'e can summarize our result as follows. Equation

(A9) holds naively. However, (a) when kinematical con-
siderations are taken into account and (b) given that the
final state phases can differ for the B +P—iPz and
B ~ViP2 decays, then Eq. (A9) will not hold.
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