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A generic formalism is presented for the time-dependent or time-integrated decays of any coherent
P°P® system (P° = K° D° BY, or BY). To meet various possible measurements at asymmetric B
factories, we reanalyze some typical signals of CP violation in the coherent B3B] transitions. The
advantage of proper time cuts is illustrated for measuring mixing parameters and C'P violation, We
show that the direct and indirect CP asymmetries are distinguishable in neutral B decays to CP
eigenstates. We also remark on the non-negligible effects of final-state interactions on C'P violation
in some By decays to non-C'P eigenstates. The possibility to detect the CP-forbidden processes at

the T(48) resonance is explored in some detail.
PACS number(s): 11.30.Er, 12.15.F{, 13.25.Hw

I. INTRODUCTION

It is known in particle physics that mixing between
a neutral meson P° and its G P-conjugate state P pro-
vides a mechanism whereby interference in the decay am-
plitudes can occur, leading to the possibility of C P viola-
tion [1]. To date, K°-K° mixing and B3-B] mixing have
been measured, and the CP-violating signal induced by
KO°-K° mixing has been unambiguously established {2].

Compared with B3-BY mixing, B-B? (D°-D°) mixing '

is expected to be quite large (very small) in the context
of the standard electroweak model [3]. Today the B3-BJ
system is playing an important role in studying flavor
mixing and CP violation beyond the neutral kaon sys-
tem. The B%-BY and D%-DY systems are more interesting
in practice for probing new physics that is out of reach
of the standard model predictions.

A feasible way to study CP violation arising from P_O—
P mixing is to measure the coherent decays of P®P°
pairs produced at appropriate resonances. For instance,

¢_)KOK0, ,¢rr —}DODD,

T(4S) — BBY, Y(55) - BYBY.

At present, efforts are underway to develop asymmetric B
factories at KEK and SLAC laboratories (4], while asym-
metric ¢ factory options are also under consideration [5].
The main purpose of these machines is to probe CP vi-
olation (and to test other discrete symmetries or con-
servation laws) by measuring the time-dependent tran-
sitions. By now some phenomenological analyses of co-
herent K°K® and BYBY decays have been made in the
literature [6-8]. These works have outlined the main
features of CP violation in the K°-K° or B}-B§ sys-
tems, although many of their formulas and results rely
on the characteristics of the system itself or some model-
dependent approximations. A generic formalism, which
can describe the common properties of coherent P°P°?
decays, is still lacking. In addition, little attention has
been paid to the advantage of proper time cuts for mea-
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suring the mixing parameters and CP asymmetries in
coherent weak decays.

In this paper we shall present a generic and concise for-
malism for the time-dependent or time-integrated decays
of any coherent P°P? system. This formalism should be
very useful for phenomenological applications, because
it is independent of the contexts of the standard model
or its various nonstandard extensions. To meet various
possible measurements at the forthcoming B factories,
we shall carry out a reanalysis of the typical signals of
C'P violation expected to appear in B-BY mixing, in By
decays to C'P eigenstates or non-C P eigenstates, and in
C P-forbidden transitions at the Y(4S) resonance, Our
analysis differs from the previous ones in the following
four aspects: (1) we illustrate the advantage of proper
time cuts for measurements of the mixing parameters
and C'P-violating asymmetries; {2) we highlight the dis-
tinguishable effect of direct CP violation on CP asym-
metries in neutral B decays to C'P eigenstates; (3) we
remark on the effects of final-state interactions on CP
violation in By decays to non-C'P eigenstates; and (4}
we explore in some detail the possibility to detect the
C P-forbidden decays at B factories. This work concen-
trates only on analytical studies. A more comprehensive
discussion about the present topic, together with numer-
ical predictions, will be given elsewhere.

II. FORMALISM OF COHERENT P°P° DECAYS

The time-dependent wave function for a P%, P

. * phys
pair at rest can be written as

1 _
ﬁ[lpp?hys(K’t)) @ iPShys(_K,t))

+C|P;?hys(_Kat)> ® 1P3hys(K’t)>] + (1)
where K is the three-momentum vector of the P meson,
and C = ~ or + is the charge-conjugation parity of the
P2, s Ponys DAIT. The proper time evolution of an initially
(t = 0) pure P° or P? is given by
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| P, ;,ys(f)) =gy (t)|P 0) + (g/p)g- (t)|130) , where the mixing parameters p and g connect the flavor

. =)y .
) eigenstates | P °) to the mass eigenstates | Py ;) through
| Ponya(£)) = (9/9)9- ()| P°) + g1 ()| P) , (2)  |P) =p|P% +q|P°) and |Pz) = p|P®) — g|P°), and
J

0 = Sl (o5} fo s (m=) oo - (om- 1) ]}

Here we have defined m = (my + m2)/2, Am = (mz —m,), I' = (T'y + '2)/2, and AT’ = (I'y — I';), where I'; ; and
mq,2 are the widths and masses of Py a.

Now we consider the case that one of the two P mesons (with the momentum K) decays to a final state f; at
proper time ¢, and the other (with —K) to f; at 3. f; and f; may be either hadronic or semileptonic states. After
a lengthy calculation, the joint decay rate for having such an event is given as

1 AT 1 AT
R(f1,t1; fart2)o ¢ |47, 1|41, |* exp(—Tt4) 5l + el exp (—mtc) + 5l - Col? exp (+th)

2
- (|§cr|2 — |CCI2) cos(Amic) + 2Im (€5¢c) sin(Amtc)] . : (4)
where
- _ A )
.= (RIHIPYY, Ay = (HHIPY, pp = A_? , (i=1,2); (5a)
and
tc = ta+Ch, & = (p/0)+C/P)Psps, (o = pg, +Cpy . (5b)
The time-independent decay rate is obtainable from Eq. (4) by integrating R{f1,;; f2,t2)¢ over £; and ¢3:
2 2
R(f., oAy |24y 2 léc + (o + léc ~ ¢cl
(f1: f2)o o |4y | | f:l 21+ y)(L+Cy)  2(1-y)(1-Cy)
2(14+C)= .
(1 i 9.72) (|§cl2 |CC|2) + —((1 n mz))z Im ((54e)) . (6)

where z = Am/I" and y = AT'/(2I') are two measurables of the P’-P? gystem. Note that Eqs. (4) and (6) are useful
at both symmetric and asymmetric flavor factories.

An asymmetric ete™ collider running at the threshold of productlon of (P9 ohys _phys)c pairs will offer the possibility
to measure the decay-time difference t_ = (t; — t1) between P9 ohys —* f1 and Py phys — Sf2. Usually it is difficult to
measure the ¢4 = (2 + ¢1) distribution in either linacs or storage rings, unless the bunch lengths are much shorter
than the decay lengths {4,5,9]. Hence it is more practical to study the ¢.. distribution of the joint decay rates. Here
and hereafter we use t to denote ¢_ for simplicity. Integrating R{f,%:; fz, tz)c over t,, we obtain the decay rates (for
C=d=)as

R(f1, fat)- o |4, | A [Pe T BIE- PO P g e — ¢ et

— (1€=1* = I¢=[?) cos(2T¢) + 2Im (£2¢-) siu(a:l"t)] (7a)
and

R, frit)+ o g Pz e | ekl -vrlfl+—'f;h el o

2 _ 2 I
_% cos (TE] + ) + % sin(zDt + ¢,,,)] , (7b)

where ¢, = arctanz signifies a phase shift. One can check that integrating R(fy, f2; t)}c over ¢, where ¢t € (~oc0, +0),
will lead to the time-independent decay rates R(f1, f2)c given in Eq. (6). Equation (7) provides us two basic formulas
for investigating coherent B°B® (or K°K") decays at asymmetric B (or ¢) factories.

Another possibility is to measure the time-integrated decay rates of (P P hys)g with a proper time cut, which can
sometimes increase the sizes of C P asymmetries [10]. In practice, appropnate time cufts can also suppress background
and improve statistic accuracy of signals. If the decay events in the time region ¢ € [+£g, +00] or t € (—oo, —tp] are
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used, where ¢y > 0, the respective decay rates can be defined by

+oo
B(f1, fritto)e = .. Bufatledt,
—to
R(f1, fa;~to)o = i R(f1, f2;t)edt . (8)
By use of Eq. (7), we obtain
A . - 0 |6 £ (2 rte , 6 :Fg—l2 +yTto
R(f1, fa; o) - o |As, [P| Az, [P~ T [We v+ a9 ¢ ¥
z_ 2 I *p '
_%—I— cos (zlto + ¢.) £ -m—;\/l(gT__-——i—z) sin{zT'¢o + qu)] _ (9a)
and
. 2 2
R futto)y oxlap Pl e [t Sal omatiey e mCel grar
2 _ 2 >
—% cos (xl'ty + 2¢2) + % sin(2T'ty + 2¢,c)] . (9b)

It is easy to check that
B(f1, f1;+0)c + R(f1, f1; —0)c = R{fi,f2)o.  (10)

One can observe that in I%( f1, f2; +to)o different terms
are sensitive to the time cut ¢ in different ways. Thus it
is possible to enhance a C P-violating term (and suppress
the others) via a suitable cut to.

The formulas given above are applicable to all coher-
_ent decays of the K*-K° D®D° BS.BY, and B?-B?
systems. Denoting the decay amplitudes of P, — f; by
A(f’:) (n,1 = 1,2) and the ratio of A}f) to Ag) by 7;,, one

can also express the joint decay rates in terms of As,':)
and 7, through the transformations

Ag = o [4) + 4],

¥ 2p
Ay = oo [4P - 49] (11)
q
o, = P18
5 q1+nfe

Such notations are usually favored in the K9-K° system
[6]. In the following we shall apply the above formalism
to the coherent (BY 1., B8 phys)c decays and CP viola-
tion at the T(45) resonance, a basis of the forthcoming
B factories [4,9].

111, SIGNALS OF CP VIOLATION
AT B FACTORIES

The unigue experimental advantages of studying b-
quark physics at the T (45) resonance are well known.
For symmetric ete™ collisions the produced B mesons

are almost at rest and their mean decay length is only
about 20 pm, a distance which is insufficient for iden-
tifying the decay vertices or measuring the decay time
difference [9,10]. If the colliding e* and e~ beams have
different energies, the product of collisions will move with
a significant relativistic boost factor in the laboratory*
(along the direction of the more energetic beam). This
can cause the two B mesons far apart in space, such that
the distance between their decay vertices becomes mea-
surable. It is then possible to study the time distribution
of the joint decay rates and C'P asymmetries,

A. CP violation in B9-B? mixing

We first consider the joint decays (B} , B9 c —
d,phys™ d,phys

(IEXF)(IEXT), which lead to dilepton events in the final
states. Keeping the AQ = AB rule and CPT symmetry,
we have

[ X7 |H|Bg) = (- X} |H|Bg)l

| Az 5
(12)

[~ XF|H|BY)| =@+ X |H|Bg)| = 0,

where i = a or b. Subsequently we use NZ*(t)
and N2~ (t) to denote the time-dependent like-sign and
opposite-sign dilepton numbers, respectvely. Similarly,
let NE*(£to) and NJ~(%to) denote the time-integrated
dilepton events with the time cut #;. With the help of
Eq. {7), we obtain :

'For a moving T(45) system, the momentum of the B
mesons in the Y(48) rest frame can be ignored. This safe
approximation has been discussed in Refs. [9,10].
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NZXF(t) o« p/af*| Ata|?| Ats)?e T [cosh(yT't) — cos(zTt)] ,

NZ7(t) o |g/p)?| Aa|?| Aip) 2e " [cosh(yI't) — cos(aTt)] , (13=2)
N~ (t) o< 2| Awa|?| Ass e TIH [cosh(yTt) + cos(zT't)] ;
and
++ 24 12| 4..12,~Tle| [ €0Sh{(¥T[¢]) + ysinh(yL'|¢]))  cos(zT[¢] + ¢.)
N (0 oo/l P2 | ST+ 0 ],
- 204 (21 40 2,~T1t [ SOSBGUT[E]) +ysinb(yT(E])  cos(xl)t] + 42)
N6 < AP e [ SROTE) 20 |
— 2) 4. 12,-T¢| [ cosh(yT[t]) + ysinh(yT|t]) | cos(al|t} + ¢.)
NE () o2l Panpe | S » el (13b)

If y is not very small in comparison with =, its size and sign should (in principle) be determinable from the above

equations.?

Since both N3*(t) and NS~ (¢) are even functions of proper time ¢, one finds

~ ~ 1.
NE*(t0) = FE*(—to) = L0840,

1

NE~(+to) = NE~(~to) = NG (o). (14)

2

The time-integrated observables of CP violation and B$-BS mixing can be defined as

NE*(to) ~ N5~ (o)
Ng*(to) + N5~ (t0)
Using Eqgs. (9} and (14), we obtain

AE () = St (te) =

b(py — at—(py _ I2/al* = la/p?
A=) = A7 (k) = [p/al +1a/pl* ’

NA™* (to) + N5~ (to)

RE (o o

(16)

which is independent of the time cut fp. ' The nonvanishing AL~ (%) implies C'P violation in BY-BY mixing. In

addition, we find

Ip/a|* + la/p)? cosh(yTto) + ysinh(yT'ty) — z cos(zTty + )

Si-_ (to) = v i bl
2 cosh(yI'ty) + ysinh(yTtg) + 2 cos(2Tto + @)
St (k) = Ip/al* + la/p|? (1 + y®) cosh(yT'to) + 2ysinh(yT'te) — 2 cos(@Tto + 2¢.) 7
+ 2 (1 + ) cosh(yI'to) + 2y sinh(yTto) + 22 cos(aTty + 2z )

where z = (1 — y?)/v/1+ =2

In the context of the standard model, |¢/p| ~ 1 and
¥ ~ 0 are two good approximations [3]. Thus Eq. (17) is
simplified as

V1422 —cos(al'ty + ¢2) tomp @2

S (t) ~
(to) V14 a2 + cos(x'ty + ) 242’
' (18)
S (t0) ~ (1 + 2%) — cos(zTto + 2¢) tg=0 322 + z*
T v ¥ cos(x'to + 2¢,) 242242t

We show the evolution of S& (to) with tg in Fig. 1, where
the experimental input is z ~ 0.7 {2] (this leads to ¢, ~

'2A more detailed discussion has been given by Dass and
Sarma in Ref. (7], where only the case of C' = — was taken
into account.

35°). One observes that an appropriate time cut can
significantly increase the ratio of the same-sign dilepton
events to the opposite-sign ones. Practically time cuts
should be a useful way to enhance the signals of B3-BJ
mixing, only if the cost of the total number of events is
not too large.

B. CP asymmetries in B; decays to CP eigenstates

Neutral B decays to C'P eigenstates are favored in both
theory and experiments to study quark mixing and CP
violation. At the T(45) resonance, the produced BY ;. .

and Bg,phys mesons exist in a coherent state until one
of them decays. Thus one can use the semileptonic de-
cay of one By meson to tag the flavor of the other me-
son decaying to a flavor-nonspecific hadron state. Let
us consider the joint transitions (BJ . .BY w.)c —
(IFX*) f, where f denotes a hadronic C'P eigenstate such
a5 $Kg,D*tD~, or ntn~. To a good degree of accuracy
in the standard model, we have |¢/p| ~ 1 and y ~ 0.
With the help of Eq. (7), the time-dependent decay rates
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are given as

2 2.2 ‘
R(IF, fit)- « | 472 Ag|2e M1 [1 +|2/\fl + L LAfI cos(zT't) FImAy sin(a:l"t)] (19a)
and
o T A2 11— 1 :
R(IF, f;t)e o |Ar?|4s]%e | { :L 1l + = lz I3 cos(zl'|t| + @) F -‘/-ﬁ—?lm)\f sin(zT|E| + QS,,)] ,
: (19b)
where Ay = (g/p)p;. The time-dependent C' P asymmetries, defined by
R(~, fit)e — RO, fit)e
i) = ) 20
Aot = R Fi)o + ROT, fit)e (20)
can be explicitly expressed as
A_(t) = Uy cos(zTt) + Vysin(aI't) ,
ALt = \/—1—:__; [ty cos(aT|t| + ¢o) + Ve sin{eT [t + ¢2)] , ' (21)
where
1- |Af|2 —ZImz\,«
= — = — 22
U rEaE VT TENE 22)

We find that Ag(t) contains both the direct CP asymmetry in the decay amplitude (|]Af] # 1 or Uy # 0) and the
indirect one from interference of mixing and decay (ImAys # 0 or Vy # 0). Measuring the time distribution of A4 (¢)
can distinguish between these two sources of C'P violation [8]. _

There are two ways to combine the time-integrated decay events (with the time cuts *ty), leading to two types of
CP asymmetries:

(R~ £5-+20) + BRI, £ =t0)] = [RUF, fi+40) + ROY £ ~t0)]
AG (o) = : i . ,
[ (=, £; +to) +R(l‘,f;'—to)] + [R(l+,f;+to) + R(I*, f; —~to)]
(R~ £3+t0) + R¥, £ —t0)] = [RU, £3-+0) + RUT, F5~t0)]
Al (t0) = += - i ] . (23)
[ (I=, fi+to) + B(*, f; —to) | + [R(l““,f; +to) + R, f —to)] :
' : ' : ] With the help of Eq. (9), v;re obtain
. (1) _ cos(zlto + ¢a)
: AL (tﬂ) = m f
i _ (24a)
- @) _ sin(zlto + ¢e) .,
] A) = =
- and
B cos(zlty + 2¢, sin(zlty + 2¢,
A = et )y, et Ry,
oIt A% () = 0. (24b)

FIG. 1. Ratios of the same-sign dilepton events to the  Clearly the asymmetries A (to) and A% (to) signify di-
opposite-sign ones as functions of the time cut to at the T(45)  rect and indirect C'P violation, respectively. They can
resonance. be separated from each other on the Y(45) resonance.
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2 T T T T T 1 T T T T T I T
15 |- ] - i
1 0.6 / NS N\ i
0.3 P ]
. = 2 L -
AP (15) 4 ° I i
(n} in{2
AL (0)_&5 i sin{ ﬂ)_m | N
- - c d ~
1 0.6 | .
15 - | 4
2 | ! 1 1 X -1 1 I 1 ] 1 1 L
0 1 2 3 4 5 6 -4 -2 0 2 4
xI‘to z['t

FIG. 2. Ratios of the CP asymmetries 4™ (¢,) to .A™(0)
as functions of the time cut £y on the T(4S5) resonance.

In Fig. 2 we show the ratios A" (£)/A™(0) (n = 1
and 2) as functions of £;. A proper time cut can cer-
tainly increase the C'P asymmetries (at some cost of de-
cay events). In practice, it can also suppress background
and improve statistic accuracy of signals. Note that a
suitable cut of decay time is (in principle) able to isolate
the direct or indirect C'P asymmetry in Af:)(to). For
example,

(" _ 2\ _ __1 4, |
A (mI‘ a:l") 1422 7

w( T ) _ 1
A (2:!:1" al' 1+ x2 Vi
At symmetric B factories, it is possible to measure a large
CP asymmetry .A(+1) (0).

For illustration, we take a look at the C'P asymmie-
tries in By — ¥ K5 and ¢Kg. The former is dominated
by the tree-level quark diagrams, thus |[Ayx.[ = 1 or
Uyks = 0 is a good approximation. Using the nota-
tion g/p ~ e~2¥, where 8 corresponds to an inner an-
gle of the Kobayashi-Maskawa (KM) unitarity triangle
[2], we have Vyx. = —ImAyx, = sin{23). In Fig. 3
the nonzero C'P asymmetries A.. (£), A4 (¢), A% (0), and
.A,(,})(O) for By = v Kg are explicitly illustrated. It is
clear that the weak phase & can be well determined from

one of the four types of CFP asymmetries, In comparison
)

(25)

14 A2 1= 242
+|2.f|+ |Af]

R, £31)- o 4Pl ™ | !

FIG. 3. CP asymmetries (a) .AE:)(O), ) AP0, (o)
A_(t), and (d) A4.(t) in By — ¥ K5 at the YT(45) resonance.
Here z 22 0.7 (or ¢z ~ 35°) has been used.

with By — %Kg, the decay modes BS vs B} — ¢Ks
occur only through the strong and electroweak penguin

diagrams. Hence the effect of direct CP violation is non-

negligible in the latter processes. Practically, a nonvan-
ishing Uy should be isolated first from the observation
of CP violation in B¥ — ¢K*, where the flavors of the
initial mesons are automatically tagged by the decays

themselves. Such an asymmetry can in principle be con-

firmed by measuring A—(£) or A (to) in Bs — ¢Ks.
The determination of both Uyx; and Vs, in experi-
ments will lead to a better understanding of the penguin
diagrams and the mechanism of C'P violation in theory.

C. CP asymmetries in By decays
to non-CP eigenstates

In this subsection we consider the case that both BY
and B} mesons decay to common non-CP eigenstates,
but their amplitudes are governed by different KM fac-
tors. Most of such decays occur through the quark tran-

sitions (b)—) Ui (q) and ¢ (Q) (g = d or 3}, and a typical
example is B} vs. B — D*7n¥F (see Fig. 4). In this case,
there is not measurable direct CP violation between a
decay mode Bg,phys -+ f and its C'P-conjugate counter-
part By ... — f, because of |(f|H|Bg)| = |(f|H|Bg)|.
For a joint transition at the T(45) resonance, we obtain
the time-dependent decay rates as

cos(2I't) — ImAy sin(mI‘t)] )

- 1+A72 1 |xf2 <
R(IT, fit)_ o< |Ag|?|Ag|2e Tl [ +]2 7l + L 7l cos(zTt) - Ima\fsin(a:]f‘t)} ; {26)
and
- _ L4 |Agl2 1 1—|Ag)? : 1 .
. 2 2,—T|t} f ! -
RU s Fit)4 o | A lA.fl € [ 9 + m o cos(zT|t| +_¢¢) mlm)‘f Sln(mrlt} + )| »
1+ |Ag? 1 1= '

cos(xD[t| + ¢z}

+ f. 2 2.—TJ¢]
Rl .,f,t)+°<|A1] [Ag|%e [ 2 Jitz? 5

1 T .
__\f1+—_—a;;ImAf51n(mF|t| +¢m)] )

(27)
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d z
= b-
u d
b z _ b ©
5 o- 5’
d——d d—d
(a) (b}
d . &
D+ -
_ ¢ d
b Lz _ b c
B8 T By Dt
d d d

(2) (6"
FIG. 4. Dominant quark diagrams for B vs B3 - D o™
and DYw~.

where Af = (p/g)p 7 Wwith the definition pfy =
(F\H|BS)/{f|H|BY%). In obtaining Eqgs. (26) and (27),
lg/p] = 1 and y = 0 have been used. Consequently we
have [Af] = |Af|. The time-dependent CP asymmetries

R(~, fit)e — R(Y, fit)e

400 = R=, Fit)o + U7, Fil)o )
are then expressible as
=Im {Ay — Ay) sin(el't
A-0 = 13 |A,S|2f+'F(§)f, :\i, :EI‘)t) (292)
and
AL(t) = —Im (As — Af) sin(mf'_t + @)
VI+ 22 (14 [As]2) + F(Ag, Ap aljt] + ¢2)
(29Db)
where F is a function defined by
F(21,22,23) = (1—|z1|?) cos z5—Tm(z; +22) sin 23 .
(30)

Clearly, C' P violation is induced by the interplay of decay
and BY-BY mixing in this type of transitions.

In a similar way, one can obtain the time-integrated
C'P asymmetries :

R(~, f)c — R(*, flo

= “ (31
A0 = R(E, No + ROF, Do &)
with the help of Eq. (6). We find
A_ =0 (32a)
and
—2xIm (A; — A
A, = (Ar = 27)

2424 gd 4+ $2(3 + wz)lz\flz — 2zIm ()«f + Xf‘) )
(32b)

In some previous studies Ay = A% was used in order to
simplify final-state interactions and to make numerical
estimates possible. Some isospin analyses have shown
that this assumption is not valid for many decay modes
such as By — D™z and D*)K, since each final state
contains at least two different isospin configurations (see,

e.g., Refs. [11,12]).

By use of both the isospin analysis and the cur-
rent data, the author {12] has found that the effects of
final-state interactions on CP violation are significant
in B4 — Dx and D*w, but negligible in By — Dp
to an acceptable degree of accuracy. For the latter
processes, the interference terms Im (AD+ o= — AD- p+)
and Im (Apoge — Apoye) turn out to be proportional to
sin(20 + 7), where 3 and ~y are two inner angles of the
well-known KM unitarity triangle [2]. Thus there are also
possibilities to extract the KM phase parameter from the
CP asymmetries in some neutral B decays to non-CP
eigenstates, if a detailed isospin study of them can be
realized with the help of reliable experimental data.

D. CP-forbidden transitions
We finally consider the CP-forbidden decay modes
('Bg,phység,phys):F -+ (.fafb)i 3 . (33)

where f,1 denote the CP eigenstates with the same or
opposite CP parities, It should be emphasized that for
such decays C P-violating signals can be established by
measuring the joint decay rates other than the decay rate
asymmetries [3]. In practice, this implies that neither fla-
vor tagging nor time-dependent measurements are nec-
essary. '

On the T(45) resonance, the typical CP-forbidden
channels include (B ;. B phye)— = (Ff)+ with f =
vKs, vKy, DYD~, and wt#n~. Taking f = Xz Ks for
example, where Xa: denote all the possible charmonium
states that can form the odd CP eigenstates with K5 (see
Fig. 5), we have the safe approximation py, z =~ —~1.
In addition, y ~ 0 and g/p ~ e~** are another two good
approximations., With the help of Egs. (6) and (73.) one
obtains the branching fractions

(XECKS:XECKS! t)-—
o Bg;ecxs sin?(23)eTIH [1 - cos(zTt)] ,
(34)
o2 .

B(XCCKS$XEGKS) OCB.XE Kg sin (2ﬂ)1+ﬂ:2 ?

b g
e X&'c
Bl .
3

d d K= .Ks,[,

(a)

b ¢
i z X
B3
5 -

q JKOﬂi»Ks,L

{b)

FIG. 5. Dominant quark ddiag'ra_ms for BY vs BY decays
to XacKs,r. Here Xz denote the possible charmonium states
that can form the odd (even) CP eigenstates with Kg (Ky).
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where Byx, x; denotes the branching ratio of B —
Xz Ks. Clearly the above joint decay rates are forbidden
by CP symmetry (3 = 0 or £x). In practice, a sum over
the available final states X3 K5 can statistically increase
the number of decay events: .

Z B X?.cKSs XECKS)--
Xae

o T a?. 31n2(2ﬁ)z BX:.;Ks - (35)

Xﬂc

Similarly, one can derwe the branching fractlons for f =
Xé‘cKL ’

Just above the T(4S) resonance, ‘an mterestmg type
of CP-forbidden channel should be (B] ;. BJ snye)+ =
[(Xz.K5)(XzKr)]-. Neglecting CP violation in the
kaon system, we have px x, = —px, g, =~ } and

By, ks = Bx, i, to a'good degree of accuracy. From
Egs. (6} and (7b}, it is straightforward to obtain -

B('XECKS? XacKp; t)-f-

o By, sin?(2p)e~T1 [1 — CSCLILF 62) 45*)]

v1+z2
(36}

3z% + 2t

B(X5 K3, XecK1 )4 x BY, ks Siﬂz(zﬁ)m .

Summing over the possible states (X Kg){XzcKL), we
find

By

1]

Z B(XzKs, XecKr)+
X!c

32 +2* |, 5
x 1+ 222 4 34 sm (2ﬁ) ; (BchKs) : (37)

In Fig. 6 we show the relative sizes of the effective
branching fractions B_ and B, in the region 0.17 <
sin(24) < 0.99, limited by the current data [13]. For our
purpose, the suitable X, states include %, ¢, ¥", 1,
7, etc.® Since such channels occur through the same
tree-level quark diagram (see Fig. 5), their branching
ratios Bx, ik, (or Bx, x,) are expected to be of the
same order. Thus a combination of the available decay
modes is able to enhance the event number of a sin-
gle mode by several times. In a similar way, one can
study the CP-forbidden transitions (BS . .BS u..)-
— (Xacstr W Xz K570, (.XE,_.KL'JT )(XECKLWO), and
(BY, hy,,B ohye)+ — (XeeKsm0) (XK ). For a more
detaled discussion about CP violation in the semi-
inclusive decays BJ vs BY — (2c)Kg or (2c) Ky, we refer
the reader to Ref. [14].

*Note that 4’ = ¢, " —= DD, and 'c — newn.

0.1 0.3 0.5 0.7 0.9
sin(28) '
FIG. 6. Relative sizes of the effective branching fractions
Be (in arbitrary units) as functions of the ¢ P-violating angle
B at the Y(483) resonance.

IV. SUMMARY

In keeping with the experimental efforts to study favor
mixing and CP violation, we have presented a generic
formalism for the time-dependent and time-integrated
decays of all possible P%-P? systems. This formalism is
useful for various phenomenological applications at the
forthcoming favor factories, where a large amount of co-
herent P°P? events will be produced and accumulated.
In our calculations, the AQ = AP rule and CPT symme-
try have been assumed. Relaxing these two constraints
one can obtain the more general formulas, which should
be useful for searching for CPT violation or AQ = AP
breaking in the K°-K° [6] and B-B° systems [15,16].

To meet various possible measurements of CP viola-
tion at asymmetric B factories, we have carried out a
reanalysis of four types of C P-violating signals expected
to appear in the coherent BB transitions at the T(45)
resonance. Although some comprehensive works have
been done on this topic, our present one differs from
them in several aspects. We illustrate the advantage of
proper time cuts for measuring the B3-BJ mixing pa-
rameters and CP asymmetries. It is shown that direct
and indirect CP-violating effects are distinguishable in
neutral B decays to C'P eigenstates. The effect of final-
state interactions on C'P asymmetries in many By decays
to non-CP eigenstates may be significant. In addition,
we explore the possibility to measure some C P-forbidden
processes as a direct test of CP symmetry breaking at B
factories.
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