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The formalism of the CP-violating asymmetries in neutral B-meson decays is discussed in detail. The
standard model predictions of the CP-violating effects are estimated. The implications of these predic-
tions are then intensively analyzed in the phenomenology of the asymmetries in semileptonic decays, in
the decay to a final CP eigenstate, and in the decay of B°B ° into two CP eigenstates in the view of the

next planned B factories.
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I. INTRODUCTION

Measurements of CP asymmetries in B-meson decays
will provide us with a clean test of the source of CP non-
invariance. The standard electroweak theory with three
quark generations does not explain but merely accommo-
dates the small amount of the CP-violating parameter;
therefore, a deeper theoretical approach has to be con-
sidered in order to clarify its origin.

It is believed that the observed CP-violating phenome-
na are intimately related to the existence of the third gen-
eration of quarks [1]. An unavoidable complex phase 6,
which parametrizes the mixing matrix, is supposed to be
responsible for the CP impurity, provided that we base
our calculation on the short-distance box diagrams. The
present uncertainties in the determination of quark mix-
ing elements and the lack of evidence for the top quark
below nearly 90 GeV, leave sufficient freedom to allow
several theoretical approaches which can account for the
measured value of kaon oscillations, the unsolved AI =1
puzzle, and the prediction of the €y /e, parameter. This
unclear situation shades off if the theoretical amibiguities
in the evaluation of the hadronic matrix elements are
considered. In order to solve these problems, several
nonperturbative methods have been developed to im-
prove the accuracy, and other techniques based on funda-
mental theories, like 1/N, expansion and chiral Lagrang-
ians, are applied for a better control of the calculations.

On the other hand, though CP violation has been in-
vestigated in the kaon system for almost thirty years, B
mesons represent a further sensitive laboratory for the
study of such noninvariance. These mesons are more
massive and have more decay modes than kaons and, in
spite of our modest understanding of quark masses and
mixings, the hadronic uncertainties are more reliable;
moreover, next-to-leading QCD corrections [2] may now
be used to predict with less ambiguity the physical ob-
servables.

In the standard model we cannot expect a larger mag-
nitude for the CP-violating parameter €5 of the B sys-
tem (indeed this parameter is not really peculiar):

Im(M2)—(i /2)Im(T%)
"Re(MB)—(i /2)Re(TE,) + A,

€p =

(1)

where
Ap={[M}H—(i/2THI M — /2T 2,

being [M%, —(i/2)T'%,] the off-diagonal element of the
regeneration Hamiltonian.

Within the framework of the standard model, the
dispersive and absorptive parts, M %, and I'%, respectively,
can be assumed to be dominantly determined by the
short-distance approach, which leads to the expressions
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where By is the conventional parameter which represents
our lack of knowledge of the matrix element of the
AB =2 short-distance operator between the B® and B°
states, and it can be supposed to be slightly different from
the value predicted in the vacuum insertion approxima-
tion [3].

The parameters 7 represent the factorizable strong in-
teraction corrections and are of order 1, almost indepen-
dent of the top-quark mass. Actually, the extrapolation
to m, =My, of the n? coefficients obtained in the limit of
small running quarks masses [4] turns out to be in a good
agreement with the results of more accurate analyses
which consider next-to-leading-order corrections for the
Wilson coefficients [5].

The dimensionless box-diagram loop integrals E(x;,x;)
depending on the quark masses x;=m_ /M 2, can be de-
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rived from the factors of Ref. [6] by exploiting the unitar-
ity of the quark mixing matrix V}; to rearrange the prod-
ucts A, =V, Vi (g=d,s). Furthermore, the terms X,,,
X.., and X,. contain QCD corrections and depend on
z=m2/m} [7]. We derived the numerical values of
X,, =0.920, X, =0.714, and X, =0. 820, respectively.

The value of the pseudoscalar B-decay constant fp is
rather controversial. It has been predicted in the range
from the 120—130 MeV of the lower bound of the QCD
spectral sum rules [8] to the value of more than 250 MeV
for a top quark as heavy as 140 GeV in the case of the
lattice computations [9], though a good value could be
extracted from the experimental results of the B —7v de-
cay.

In spite of these large hadronic uncertainties, in this
paper, a global best-fit analysis let us to improve the re-
sults of a previous paper [10] by means of the feasibilities
of the MINUIT minimization computer program [11] and
thus to update our knowledge about the quark mixing
elements necessary for understanding the CP-violating
asymmetries.

The relative time-dependent and mainly the time-
integrated asymmetries are analyzed in detail mainly in
the original case of finite detecting regions to check if
they could test the standard model. In fact, this paper
will deal with the asymmetries which may eventual mani-
fest the occurrence of CP violation in the B-meson sector.
The full formalism for the oscillation and decay of B
mesons is outlined in Sec. II, where a useful new matrix
parametrization is introduced. Section III is devoted to a
detailed discussion of CP-violating asymmetries in semi-
leptonic decays in finite regions. Using the results of a
global analysis on the present status of the quark mixing,
the predictions for the charge dilepton asymmetry have
been derived and then compared with the expectations of
other alternative approaches to the electroweak interac-
tions. In a following section, the CP asymmetries in ha-
dronic B decays are derived and a powerful generaliza-
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tion of previous results is proposed. Finally, the most
likely values for the hadronic asymmetries in the decays
of BY are provided. In conclusion, the possibilities of ex-
perimental evidence of the various CP-violating asym-
metries outside the neutral kaon system are examined. A
summary and comparison of our analysis and results
completes the picture.

II. THE FORMALISM FOR THE PARTICLE MIXING

Although this subject has been often proposed [12], an
attempt at generalization is now introduced also for a re-
quest of internal completeness. As in the K°-K° system,
B° and B° may be mixed and lead to the two physical
eigenstates of the regeneration Hamiltonian denoted by

|By,.)=p|B°)+q|B°) , 4)
being
M5 —(i/2)r8 |7
ME —(i/2)TE

p_ l1+eg _

= 1Te (5)

In the following considerations we shall adopt the con-
ventions BJ=(bd) and CP|B°)=—|B°). The time de-
velopment of states which are initially pure B® and B° is
given by

[B(1)) =8, (1B +Lg,(1|B°)

|§0(t)>=§g2(t)lB°)+g,(t)l§0> ,

where

g1,(0)=

N|'—-

*exp | —it

i
mL——Z-FL

The time-dependent wave function for a BB pair at rest can be written as

|B§)=%[|B°(k,t)>®IEO(—k,t))+(-—1)L|B°(—k,t))®|§°(k,t)>] , (8)

where k is the three-momentum vector of the B mesons and L is the relative angular momentum of the BB pair.
Supposing one meson decaying into a general final state |X,(k)) at time ¢ and the other into |X,(—k)) at time 7, the

time-dependent decay amplitude is given by

(X,X, fﬂlBE)=T/~1=j—[(Xa|7{|B°(k,t)><Xb|7{|§°( —k, 7)) +(— DX, |7#|B°k, 1)) (X, |#|B%—k,T))]

:T/IT g1<z><xa|ﬂ|30>+§g2<z><x,,|ﬂ|§°>
+(—1)F iq)-gz(t)(XaW{IBo)+g1(t)(Xa|?[|§°>

§g2<'f)<Xb |#|B°) +g, () X, |%|B°)

g (N X, |7{|B°>+§g2(z~)<x,,|7{|§°>

I. 9
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Thus, in general, the time-dependent decay rate is

T(B%1)B°(7)—X,X,)=|{(X,X,|#|BB)|*, (10)
and the observable total width becomes
f(B°B° X, X,)= [ dtdf|{X,X,|#|BB)|*. (11)
After having defined

Amp=my—m; , ATg=T; Ty,

12
o= _I_FH+FL (12)
B=Tp — 2 s
with
AmB AFB
x= y V= ’ (13)
I'p 2p

it is worth introducing the following original notations
mainly in the view of further applications. The time-
dependent decay rates of a physical B meson can always
be described in terms of the matrix

Z,+2,
W, —iW,

W, +iw,

(M;;)=(g;8")= zZ,—Z,

, (14)

where the time-evolution functions turn out to be

Z,(t)=+3e "cosh(y7), Z,(r)=1le "cos(xT),

(15)

Ry
2

Wi(r)=1e "sinh(y7), W,(r)=1e Tsin(x7),

being 7=t /75, an adimensional parameter. In order to
shorten the expressions for the time evolution of two dis-
tinct B mesons, in the following we will indicate the -

matrix elements as

III. CP ASYMMETRIES IN SEMILEPTONIC DECAYS

By the use of the previous formalism, CP-violating
asymmetries can now be reexamined on a general ground
for each interesting decay channel. The CP nonconserva-
tion in the neutral meson systems is crucially entangled
with the relative mixing. At present, the study of BB
mixing is one of the main challenges for e *e ~ colliders
(B factories) with the Y(4S) production and its subse-
quent decay in half of the time into a B°B° pair. The in-
vestigation of the decay modes can select whether the
original meson was a B or a B. Some of the most direct
evidences could depend on the reconstruction of semilep-
tonic decays of the B°B° pair:

ete " >Y(B°BY), (£ vX ) TvY ).
In calculating the “dilepton numbers,”
NiI=|{¢¢I|#|BB)|?*, (17)

we can now deal with three different situations.

Case (a): B°B°— (£ vX )¢ vY ™), (X, Y hadrons
with a given total charge). On account of the AB=AQ
rule, both events derive from a B° decay, so that

(VX T |HIBYY=(¢TvY |#|B°)=0. (18)

Case (b): B°B° (¢ %X )¢ %YT). In this
configuration, the decays come from a B, and

(¢ Xt |H|B°Y=(¢"»YT|#|B°)=0. (19)
Since CPT invariance implies
[(¢ vX T |#|B°) 2= (¢ vy |#|B°)|?, (20)

we can neglect, onward, the squared amplitudes which
never appear in the CP asymmetries. Thus, the time-
dependent dilepton numbers relative to like-sign leptons

My =My (1), My =My (7). (16)  may be written as
J
v 1 laspl? _ N . _ ~
NF (7,7)23 p/ql? (S Mgy + Moy M+ (= 1) [ MMy My M5 ]}
lg/p1? . — ~ Lo
=1|p/ql? [(ZZiH (W W= (2.2, — (W, W, ) @
Case (c): B°B°— (/" vX )¢t vY ™). In this case the AB =AQ rule implies
(79X T|H|B)=(¢ctvY |#|B°)=0, (22)
and
NET(r,F)=L{M Mg+ Mo Mgy + (— DM My + My M1 ]
=[(Z,Z,+(—1)EW, W, 1+ Z,X,—(—Dtw, W, ], (23)
whereas N~ T (7,7)=N""(7,7). Since
Z\Z W W, =1Le  "FTcosh[y(r+7)],
(24)

Z,Z,FW,W,=1e "tTcos[x(t+7)],

one finally obtains
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lg /p|?
* lp/ql?

We stress that these formulas, we propose are quite
general. Actually, they correctly describe the semilepton-
ic decays of any pseudoscalar meson. Thus, the mixing
properties relative to each particular meson system.are
determined once we fix the parameters |p /q|, x, and y.
In the case of B} mesons, one has |p/q|~1, x;~0.66,
and y =~0.

Furthermore, time-integrated decay rates are governed
by

Z,+Z2, W, +iw,
= [ dnn;)= w—iw, 2,-2, | %®
where
z,=——, = (27)
o2(1—yp?) 2 2(1+x?)

and W, +iW,=yZ,+ix2Z,.

With this general notation, the total number of ob-
served events with assigned leptonic charges (dilepton
numbers) are given by

P ‘lq/pl2

lp/q|2J“2 (=D

—[Z3—(— 113

_ 1 el 14 (=Dfy?  1-(—1kx?
4 llprgl| (1—p22 (14x2)?
(28)
Nt =[23+ (= DR+ 23— (- DEWE
_ 1| 1+(=Dh? 1= D52
4 | (1—yp?)? (1+x2)?

Notice that expressions with carets always refer to time-
integrated quantities.

On the other hand, the eventual presence of CP viola-
tion in the mixing is measured by a nonzero value of the
dilepton charge asymmetry [13]
|

2

e ~"*Dcosh[y(r£7F)]+cos[x(7+7)]} .

}e “Ht P cosh[y(r+7) ] —cos[x (7)1} ,

25)
-
2 NPt —NTT _lg/pl*—1
SL = N+++N lq/p|4+1
B 4Re(ep)(1+egl?)
B (1+|5312)2+4[7%e(53)]2
m(T3,/M5) ry,
1+_|r MB12 T | ME |
(29)

which is independent of the relative angular momentum
L. The last approximated expression derives from the
smallness of the ratio |I'%,/MZ%| as an effect of the
hierarchy in quark masses m ,,2 << m,z. This tiny effect is a
consequence of a rather surprising cancellation of the
principal contributions in the standard model [14].
Taking into account Egs. (2) and (3), the allowed values
for this charge asymmetry consistent with the experlmen-
tal result of the BJ-BY mixing are illustrated in Fig. 1,
which severely restricts previous bounds. Thus, it can be
inferred that in the standard model, the most promising
prediction for the charge asymmetry is, respectively,

107°—10"2 for BY,

10°* for B?, 30)

A~
whose observation in the near future, indAeed, is a hard ex-
perimental task. On the other side, A g; represents a
good tool to put in evidence the effect of new physics. In
fact in the extended electroweak models the value of
.>4 * could be constrained to a bound of the order of
several percent [15], which is greater than the most favor-
able estimate in the standard model and would become a
good test for an indirect manifestation of a new mecha-
nism of CP impurity.

Another sensible observable of the meson mixings is
represented by the same (opposite)-sign dilepton (ee, uu,
and eu) ratio coming from the decay of B°B° pairs and
parametrized by

f= NP+ N~
NPT N

For completeness, it can be written as

“ 24 .2 2
ﬁodd:l 4z £ = _;y 2 = x 2 (31)
2 1|p q 2+x°“—y 2+x
2 2
7 _1llgq i 3x2+x4+y23+xH)+yHxi—1) . 3x24+x* (32)
2 | |p g | | (1+p)(1+x22+(1—x2)(1—p?)?*  2+x>+x*
respectively, whether the B%-B° system is produced coherently in a L =1 (or C= —1) antisymmetric state [like at the

threshold region of Y(4S) decays] or if the BB system is obtained with a B%*B° (L even) production and the consequent
B°B° v decay (in this case a mixture of L =0 and L =1 states is unavoidable). The last simplified expressions overlap
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FIG. 1. The allowed ranges for the dilepton
charge asymmetry Al s¢ relative to the By,-
meson as a function of m,. The quark mixing
parameters are assumed in their experimental
intervals of Refs. [3,21].

the standard formulation for the B-meson system which is obtamed in the limiting case of y <<x and |p /q|~1.

In the face of the overwhelming success of the study of the B Bd mixing phenomenon at the Y(4S) threshold [16,17],
we want, here, to analyze the clear semileptonic signature of any BP° decay mode in a finite detecting region and to show
the influence on the observable 77 4.

Actually, it is useful to perform the integration of the dilepton numbers in such away to distinguish the time order of
the two B decays. Specifically, we integrate over finite regions Q of the time-flights, with

QE{[TI’Tz]X[?b?}]} U{[TZ7T3]X[?17?2]} . (33)
The numbers of events in the region () presenting two leptons with an assigned charge in the final state are given by

VERQ)= [ drd7l(CicHIBE) (34)

After an ugly computation, this observable can be written in a compact and completely general way (i.e., without ap-
proximations) as

R sl @
)= [q 4 { S (—0 ,r,)—z@i“wﬁ”’

b/al* )], =,
iz (35)
(@)= 2 (_1)I+1+1D (TT)—mL (7'2,7'2)]
Lj=13
where
DEL_(r7)=Lo—trrn | coshly(T =] |y ecoslx(r—7)]
nT 1—y? 14x2 ’

(36)

(1+y?)cosh[y(7+7)]+2p sinh[y(r+7)]
(1_y2)2

v (1—x2)cos[x (r+7)]—2x sin[x(7+7)]
(1+x2)? '

DR (r,7)= _%eﬂfﬁ)

+(—1

Under the symmetric assumption of detectable regions (7; =7;), these dilepton numbers are depicted in Fig. 2 for an
indicative fiducial volume with (7;=0, 7;=5). The previous quantities determine the total number of events within the
fiducial volume for which one B meson decays after 7,, while the other decayed before that time. If we restrict to the
BB pair produced at Y(4S) in the P wave, the dilepton ratio calculated in the reglon Q, ﬁodd, shows a set of peaks in-
dependent of the fiducial volume (the same conclusion, anyway, can be derived for %even) This phenomenon, which is
illustrated in Fig. 3, can be ascribed to the coherent decays of the produced BB pairs. The effect is intimately connected
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with the peculiar physical conditions which characterize the B system, i.e., the negligible difference between the life-
times of By and B, (y <<x), and the absence of CP violation in the mixing matrix (|p /g|~1). In fact, an analogous
study of a similar resonant effect in the dilepton charge ratio for K system has given negative results. It is worth stress-
ing that the measurements of this sizable increasing of a factor 30 for ﬁodd is strictly connected with the discrimination
of the decay regions with the difficulties to detect the production points of the BB pairs. Therefore, the shape of the
first peaks of the ratio in the region (, ﬁodd, appears to be, in principle, an alternative way to determine the physical
parameters of the B system.

IV. CP ASYMMETRIES IN HADRONIC DECAYS

CP-violating effects in nonleptonic decays of B° mesons are expected to be quite large, so they are a good place to test
the standard model. In particular, CP violation is easily displayed if the final state has a definite CP parity. Thus, the
decays of neutral B mesons into a hadronic CP eigenstate | X op) suggests us to define the proper-time evolving ampli-
tudes

ol

FIG. 3. The dilepton ratio f{?dd in the re-
gion () (solid line). Independent of the fiducial
volume, several peaks are displayed. The

asymmetry can be experimentally detected

through the observation of the first one. The

-1 dashed line represents the average value of
\ ﬁodd obtained in Refs. [18,19].
2 | | \
/
.t
L0 Sl X;\zf,,,.,,__w_,,\/f;,,,,,,",_,,\,(,/_,_H,,,,,,,\,x
%5 - 6 36 36 36 50
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<X@=P“7{|BO(T)>=<X@(P ﬁlBO){g](7)+§g2(T)} »

(37)
(X@?}Y{!FO(T)>:§<X@?|W|BO>{g2(7)+§g1(7')} »
where we further choose
(X pp|#|B°)
g_i eP (38)

B p (X@7>|7{|BO> '
Using the notation introduced above, the time-dependent rates of the decays into final CP eigenstates can be given by
T(BY%A7) > X op)=[{ X op|H#IBO)Y P{(1+|E1))Z, +(1—|£]1)Z, +2[Re(E)W, +Im(E)W, |} (39)

and
2

[{X op

[(BYAr)—>Xep)= \% HIBOYH{(1+EZ,—(1—|E1M)Z, +2[Re(&)W, —Im(E)W, 1} . (40)

Again, the above expressions are quite general; i.e., they are valid for any pseudo-scalar meson system. In the physical
case of interest of the B-meson system, the difference of the lifetimes between the two physical states is negligible,
F'y=T; =T (y=0), and under this assumption we recover the formulas of Ref. [18]. Moreover, if we assume that the
decay channel is dominated by a single amplitude, then the interference term £ is a pure phase, that is |£]| ~1. Under

these approximations we yield
[(BY%7)—>Xep) e T[14+Im(&)sin(x7)],
_ 41)
T(B%7)—>Xep)<e T1—Im(E)sin(x7)] ,

so that the deviation from the exponential law manifests the CP violation effects both in the time-dependent asymmetry
correlation,

T(B%7)—>Xep)—T(BU7T)—>Xep)  (1—|ED)Z,+2Im(E)W,
[(BYT)>Xop)+T(BUAT) > Xep) (1+]E1H)Z, +2Re()W,

e (7)

(1—]&|*)cos(x7)+2 Im(&)sin(x7)

= ~Im(§)sin(x7) , (42)
(1+4]&|*)cosh(y7)+2 Re(£)sinh(y7) 5
and mainly in the full time-integrated asymmetry:
~ DB —Xep)—TB —Xep) _ [1-p2 | 1— gl +2Im(£)x ~ Im(£)—> @3)
M RBO 5 X op)+ DB Xep) | 14+x2 | 1+]£2+2Re(£)y 1+x2

CP asymmetries in nonleptonic decays provide a clean way to measure the angles of the unitarity triangle [19],
defined by

_ th Vt,‘b: _ n

a=arg | —— —— | =arctan 7 |
Vud ub P(P_IH"’]
Vea Vb

B=arg | — ~—C—-£;~ —arctan |—1— , (44)
th th 1 -P
V *

Yy =arg | — —-I‘i“}f— =arctan XA ,
Vcd cb P

which represent the argument of the interference term &, and have been expressed using the Wolfenstein parametriza-
tion for the quark mixing [20]. The experimental constraints on the value of the semileptonic B width, on €y (the
KO°-K° mixing parameter), on x, (the observable of B°-B ° mixing), as well as on the present knowledge of other well es-
tablished quark mixing elements, yield a distinctive feature of two disconnected best-fit solutions in the space of the
Wolfenstein parameters p and 7, dependent on the sign of the CP-violating phase and rather sensitive to the value of the
decay constant f. It is interesting to note that from an updated analysis, we recover as the most likely solutions for
the B-meson decay constant the values fz =(224+28) MeV for a positive value of p and fz =(125+14) MeV for a neg-
ative one, respectively.

The forecasts for the asymmetries occurring in b — ud processes like the decay B®—1r
as in the channel B®—¢K are

*#~ and in the b —c5 case
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0.400 for a~120°,
—0.253 for a~17°,

~ Xd
A vy (BO—>mT7™ )= —sin(2a) —— ~
NL2Td 1+x2

—0.278 for B~19°,

~ x
A (Bi—yKs)= _Sin(zﬁ)l——i-dx—j = l*O. 107 for B=T7°,

where the upper expectation is linked with a positive value of p (larger f3) and the lower one with the negative p solu-
tion (smaller f). Similar results are derived in Refs. [3,21].

In e Te ™ or pp collisions, BB mixing could be put in evidence only if the produced pairs of B hadrons are reconstruct-
ed completely or at least their flavor contents are tagged. We would stress that this tagging problem can be overcome
by selecting two final states with an assigned CP parity. In this way, CP-violating effects are transferred from an asym-
metry to the selection of a reconstructed final state of known CP parity.

In general, if a B°B° pair is produced coherently with an assigned relative angular momentum L, then the time-
dependent rate into CP eigenstates X % and X 5 is given by

2
(BB, > X%p(1)X5p(F))= % |X&p | #IBOY 2 X bp | #|BO) |2 .

1
2

X[y + 1&g [Py + E Mgy + EXM 15 [ Moy + £ [P0y + My + E5 M, ]

(= DM+ | £, 1Py +E Moy + EXM [ My + & 1P g+ Eolily +EF M, ]

+((11)«(22) , (12)(21))} , (46)

where
g (Xiep|#|B°)

=4 . 47)
b <X'@1>|7{|Bo>

i
are the interference terms relative to each final state. Then, using the properties of the / matrix, an explicitly new and
completely general formula can be derived as

2

D(B°B®|, _ —X%p(1)Xbp())= |B | [(X&s|#|B°) /(X |7|B°) 2
Xe~(r+?)l[‘l+|2§”'2} H'j”'z +Re(£, Re(€,) |coshly(r+7)]
+ iizﬁ Re(£, )t ‘ij_—tf‘di]Re(éb) sinh[y(7£7)]
_ 1_)2§a|2 l1_|2§b|2 FIm(E,)Im(E,) |cos[x(T£7)]
— %'E”"Z Im(E, )+ l:’iﬂ Im(&,) sin[x(ri?)]}. (48)

Again, the interference terms are entirely connected with the angles of the unitarity relationships for the Cabibbo-
Kobayashi-Maskawa (CKM) matrix. Finally, the observed branching ratios can be obtained through the integration of
the decay rate over positive values of 7, 7. For an odd relative angular momentum L of the BB pair, the result is

1+]g, 2 ll+4§b12

2

2
B(B°->X%,)B(B°—>X54,)

> —Re(£,)Re(§,)

l—y2

1=&, 17 | | 11,12
[ f H f" ]+1m(g,,>1m<g,,>

1+x?

B(B°B®| = —>X&pXlp)= ‘5

. (49)
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On the other hand, if a pure even L state becomes clearly resolved, then
2

B(B°>X%,)B(B°—>X%,)

B(B°B°| _ > X&pXbp)= f

XH 1+\2§a|2 1+|2§”{2 +Re(§a)Re(§b)] (11j;22)2
o S g4 [%ﬂ Re(ty) | 723
B 1—|2§a|2 |1—|2§b|2 J_Im(ga)lm(gb) ﬁ

As it has previously pointed out in the paper, in the framework of the standard model the interference term &,,
&, may be expressed as pure phases in most processes. Therefore we set

—2i
§a5_77a€ Ya ’ @7)|X‘éw>:ﬂal){“@7>> > (51)
b= T Mpe R CPIXop)=n,|Xep) ,

so the CP parity of the final state will be £=(— 1)1, 7m,:

CPIX%pXbp ) =EIX%pX 50 ) . (52)
The branching ratio of the coherent process will then be given by

B(B°B°|, >X4pX %p)=B(B°>X%p)B(B* X%\ L. [Xbp, X001, (53)

where

\ 2sin’(@, — @, ) +sin(2¢, )sin(2@, )&, (x) , for E=—1,
Lol Xer Xep)= 2 cosX (@, — @, ) —sin(2¢, )sin(2¢, )&, (x) , for E=+1,

and )
2 2, 4 S
3x“+x
S_(x)=-2— ) (x)=—77=. (55) R S
1+x27 77T (14x2)? = Lo
=Y P "I"‘"”";’ —.‘\\ T - -
If a decay comes from a Y(4S), then the BB pair is pro- 1759 W%’?&'égz\\\“ R N
duced in a pure L = — state. In this case, CP violation 154 T
manifests itself through a nonzero branching ratio for S % :};0,:{{{,"1,%’#//]1,{{/],,4’":4‘\:‘\ T
those processes in which {=7,7n,=—1, i.e., the final OSDRXCUN il 'lll "
states have the same intrinsic CP parity. A remarkable i ’l' "" ' I \ N
example is given by- the decay into X@p=(yK.), 0.75% % Q" ' ‘ \\:“\“:\
X%p=(m"m"), for which we have £(¢YK,)=e 2F and P X/ N
- : : ° KRN IR
ErtrT)=—e¥? that is ¢,=B, ¢,=—a. The CP- 025 ] “Q‘,‘:‘wo,"”‘” "\\\\\‘\“::\,
violating effect is particularly sizable for small values of ' 09‘9’;’00:0'4"0"‘0"““ \\\\“ SR
lpl, as it is illustrated by the shape of the dilution term W{‘:""” “ | \x\\‘\\\\““ .
Lo [(YK,),(7 7 )] in Fig. 4. ' :::::::::‘g% ﬁ“‘o‘%“ \\\\\\‘m
: SBXXS \pnenets
SN ‘A\\\“‘
V. CONCLUSIONS ge ":’:::tii::::::{:{o‘:‘%:“g‘!“ 5
: ST -0.25
Our detailed analysis is justified by the fact that B- 02 N -05
meson asymmetries represent a powerful tool to increase g'
the knowledge of one of the inner aspects of the standard FIG. 4. The dilution factor £, for BB —(yK )7 7 ") at

model: the origin of CP violation. In the standard the threshold as a function of the mixing parameters p, 7. It
Cabibbo-Kobayashi-Maskawa approach, the appearance represents the enhancement of the correlated branching ratio as
of decay asymmetries is directly related to the inability to a function of the Wolfenstein variables p, 7 which are con-
absorb one complex observable phase into the six quark sidered in a wide but sensible range.



3954

phases. This yields an imaginary coupling which to date
may explain all the observed CP-violating effects. No ex-
planation of the fundamental source of the phase § is
offered in the CKM model.

The full formalism, we introduced, shows that CP-
violating asymmetries represent a clean test to under-
stand the quark sector and its mixing. In fact, the global
fit we performed severely restricts the ranges for the
CKM parameters. It emerges that the mass of the top
quark of about 140 GeV is consistent with the two best
likely configurations corresponding to two different
values of fp and providing the values of §=~41° for
fp=224 MeV and 8=156° for fp =125 MeV. These re-
sults suggest us the conditions under which the proposed
asymmetries are in the reach of an experimental observa-
tion.

In order to improve our knowledge, further experimen-
tal information is expected from the results of the clean
leptonic B —7v process, which has a branching ratio of
order 10~ * and is proportional to f; with no dependence
on the hadronic matrix elements. First of all, we discuss
the semileptonic asymmetry arising from the productions
of BB pairs. This superweak asymmetry is completely
determined by the CP violation in B%-B° mixing due to a
nonvanishing relative phase between I'?, and M%,. How-
ever, if we wish to establish a nonzero effect of this dilep-
ton charge asymmetry to three standard deviations tak-
ing into account a pessimistic 9% experimental global
efficiency, then a total number of (2-8)X 10® BB events
are required, corresponding to an integrated luminosity
of nearly 700 fb ! in a dedicated B factory. Anyway,
such a numerical comparison is a redundant indicator of
CP violation, and strongly depends on the effective lepton
detection and resolution. On the other hand, the asym-
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metry in Fig. 1 requires a mean flight path of nearly 60
pm to be resolved, and it is not unlikely that an improved
vertex measurement technique could reach this precision.

From the point of view of testing the CP-odd phases
for hadronic B decays, and consequently the unitarity tri-
angle, it is a hard task at the moment to define complete-
ly the quark mixing parameters from known values of
laK|, the semileptonic branching ratios for b —u, ¢, and
x4. The particularly clean CP asymmetry associated with
the decay B°— 9K has a size which can be measured if
one observes a neutral b decaying into YK and deter-
mines whether it was a B® or a B® by tagging the other B
in the event [22]. In a B factory this physical
configuration requires an integrated luminosity
L=4/sin*(28) fb~! to perform a three standard devia-
tions measurement of the CP  asymmetry
A yp (B —¥K ) with a realistic global efficiency of 21%.
Then, (1-9)X 107 BB events are required for the best es-
timate of sin(23). We cannot omit that a considerable
uncertainty (that does not exceed one order of magni-
tude) affects our predictions. The required luminosity for
the measurement of sin(2a) is almost equal. Thus, it
turns out that the CP asymmetries which are estimated in
the framework of the standard model all appear to be
detectable with the same accuracy, and therefore a
promising field where the last shortcomings of the theory
could be resolved.
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