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Implications of the large BJ-Bd mixing measured by the ARGUS Collaboration are examined. The
possibly large top-quark mass is est mated. In addition, large CP-nonconservation eft'ects in the two-
body nonleptonic decays of Bg Bd and 8,-8, are rec-alculated. The results show that we still need:—10
Bg, Bd, pairs -for the testing of these CP-nonconservation effects in the Bg, Bd,, system-.
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Recently, the ARGUS Collaboration' reported a new

result on Bd -Bd mixing,0 0
So we finally have

atn—/y =- 0.72. (s)
r = (IV + + +,'V )/IV + = (20.7 + 5.8 + 2.7 )ck, (1)

where, X'++, /X' denote the numbers of the like-sign
lepton events. and N that of unlike-sign events. Ob-
viously, this value of the mixing is much larger than the
previous estimates in the literature based on the standard
model. Of course, this does not mean the failure of the
standard model, because the previous estimations set the
top-quark mass at less than 40 GeV, and there are also
some uncertainties about B, ftt, and the mixing angles,
etc.

Within the three-generation standard model, the large
mixing of Eq. (I) implies that the top-quark mass should

be larger than 40 GeV. But how large is it? In order to
answer this question, we first compute the mixing r. Fol-
lowing Sanda and co-workers, for Bd Bd states which

are charge-conjugation eigenstates, we have

N '++Nr=

: /(2+z ), for C odd,

(3z +z )/(2+ +z ), for C even,
(2)

where z =Am/y and we have neglected y =(Ay/2y)
terms because (Ay/8m) « I holds even better for larger
top-quark mass. Notice that if both z and J are small
(i.e. , « 1), we get the expression of r that is extensively
used in the literature:

If we use the experimental value ~~=1.11 x10 ' sec,
then the total width is y= 5.9 & 10 ' GeV, and

hm =zy=7. 02x10 ' GeV. (6)

Theoretically, even for large top-quark mass, we still
have

~m =2lMt2l

M~~ = —(Gt;Bf&m&M~/12tr ) ri2 U~k, ,

r„=(CF'Bf,'m, /8n) [mi,'X, + —, m, X,k, , I, (9)

where

~t Vt'b Vjd Xc, = V,g V,d,

&2 =&uu+&ti —2&ut,

=B ——C -.5
ij ij 8 ij .

(10)

(12)

TABLE I. Top-quark mass for different values ot' ftt and 8.

Now we must use the expression of M ~2 appropriate for
large m, . Because

l M~2 l
depends on m„combining

Eqs. (6) and (7) we can extract the possible values of
m

We define Bd =bd, Bd =bd, and take the phase con-
vention CP

l
Bd) =

l Bd). So in our case

(= +y "')/(2+ z —
y '), for C odd,

(3)
3(= +y' )/(2 —= +y ), for C even.

But in the present case z is not small; we have to use

Eq. (2).
Because the ARGUS measurement was taken on the

resonance Y(4S), the BdBd state has J +=I . Thus,
according to Eqs. (1) and (2), we get

fB
(GeV) 8

0.16

0.20

4.77
1 1.59

1.06
3 3.06
1 1.02
2 0.68

265
130
100
200

98
76

Case (a)
m,

U2 (Gev) Up

1.68
0.559
0.373
1.08
0.359
0.239

135
68
54

101
52
42

Case (b)
mt

(GeV) U2

1.36
0.453
0.302
0.871
0.290
0.194

118
60
47
89
46
37

Case (c)
mr

(GeV)

= /(2+= ) = 20.7%. (4)
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The expressions for B;i and Ci can be found in Appendix A of Ref. 3. For convenience, we quote them:

1
8;i =

(i -x, )(i -x, ) -o da(I(2+ —,
' x;xi )d (xi, x;) —2 x; xi +xb [ x; a+ xi(1 —a) ]]ln! d (xi,x, )!

+ I(2+ —,
'

x, x, )d(1, 1) 2x—, x, + xb [x;a+ x, (I —a)]]In I d(1, 1) I

[(2+ x'x')d(xi' I) 2x'x +xb[x, a+x, (1 —a)]]ln I d(x, , I) I

—I(2+,'-x;x, )d(l, x;) —2x, x, +xb[x;a+x, (1 —a)l]ln! d(l, x, )!),

1 d(x, , x;)d(1, 1)
Ci = xb(4+x;xi) „daa(1 —a)ln, , d(xi, x;) =xi(1 —a)+x;a —xba(1 —a).

d(xi, I d l, x;

Thus, U2 can be computed numerically for the different
values of m, .

According to Ginsparg, Glashow, and %'ise, the total
decay width of the 8 meson is si =—0.231, s2=sl, s3=——,

'
s2, sq= 1, cb=0. (23)

r, =r(b- c)+r(b = u ),

where

(i 3) Under the assumption of sq = 1, cq =0, this solution is

not sensitive to the different bounds of Eqs. (18) and

(20). Using

I (b c) =(GFmb/192~ )3.3!V,b!

I (b u) =(GFmb/192rc )5 3!V„b!.

(i4)

(is)

m~ =—5.28 GeV, g2 =-0.85,

B = —,', 1, or —', , f8 = 160 or 200 MeV,
(24)

I v.b I
2=3.95x I()

—'

Using Eqs. (14) and (15), we get

r(b- u)/r(b- c) =-0.0854','/! V„!'. (i 7)

If we use

and where we have taken m, =-1.4, mb —=4.6, and the
numbers 3.3 and 5.3 in Eqs. (14) and (15) are due to
phase-space and QCD corrections. If we use the b life-
time Tb = 1.11 & 10 ' sec, then we deduce

we can extract the top-quark mass m, from Eqs. (6) and

(7). The results are presented in Table I, case (a).
From Table I, case (a), we see that the top-quark mass is

larger than 76 GeV. Of course, we should not take any
individual value of m, too seriously because of the uncer-
tainties of B, fq, and the mixing angles. But one thing is

certain: The large mixing of Eq. (1) implies a large
top-quark mass.

Notice that the values of sq, s3, sb, cb in Eq. (23) are
just those extensively used in the literature. They have

large uncertainties. Although sq cannot be too small, cz
could be negative. For instance, taking 6=143', then

I (b u)/I (b c) (4%,
sq =0.6, cq = —0.8. (25)

according to Eqs. (16) and (17) we have

s3 (0.043. (i9)
Under the bounds of Eqs. (18), (19), (16), and (22) we

can set

If we use the safer limit s3=0.04, s2=0.09. (26)

I (b u)/F(b c) ( 8%,

we have

In that case, the estimated values of m, are listed in

Table I, case (b). Similarly, under the bounds of Eqs.
(20), (21), (16), and (22) we can set

s3 (0.061. (21) s 3 =0.06, s 2
=- 0. 1 0. (27)

Because

! Vcb l
=s3+sg+2s3spcg, (22)

the bounds on the values of s2, s3 depend on the phase 6.
If we assume s&=1, c&=0, as done by many authors in

the literature according to the CP-nonconservation data
in the K-K system, then we get the following solution for

The corresponding m, values are presented in Table I,
case (c). In the latter case, because the upper bound of
I (b u)/I (b c) is relaxed compared with the former
one, we get a smaller m, =—46-60 GeV for the most like-

ly value of B= l. In some marginal case m, might be
even smaller.

The other implication of the large Bd-Bd mixing is the
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large CP-nonconservation eA'ects for nonleptonic B~,B~
decays. But the calculated same-sign dilepton asym-
metry

N++ —N
Q = N+++N--

Im(M i*zI 12)
(28)

2z Imk

2+z +z
l
x

I

(29)

where f is the decay final state, x =A(8 f)/A(8
f), and X =X,*x/k, . The number of Bd Bd pair-s

needed for testing this asymmetry is, for three-standard-
deviation signature,

Nbb =9/CjB(f+f)e, (30)

where e is the detection efficiency of the final state f, and

8(f+f) =B(Bd
p, hyf)+8(Bd phy, f)

(8 o f) 2 +z +z
I
x

1+z

for m, ~ 70 GeV is very small. Actually, the larger m,
is, the smaller the same-sign dilepton asymmetry. For
the nonleptonic decays, things are diferent. Larger mix-

ing gives larger CP nonconservation. In fact, following
Ref. 2 and Du, Dunietz, and Wu, the time-integrated
asymmetry is

I (8 „„, f) —I (Bd h„, f)
r(Bd', h„, —f)+r(Bd' h„,—f)

D+D, z Ks gKs, D Ks (32)

We can make a discussion for the B, -B, system parallel
to that for the By-Bq case.

Actually, a larger top-quark mass means a larger mix-
ing parameter z, =(hm/y')~ according to Eqs. (6) and
(7) where k, =V,bV,*, instead. For example, if we take
8=1, fq =0.11 GeV for the 8, case, then for m, =76,

is the combined branching ratio. All possible two-body
decay channels are recalculated by use of the same
method as Ref. 7. The results are shown in Table II.
Note that the values of i x i, Imk, and e are taken from
Tables II and III of Ref. 7, respectively. As for the CP-
nonconservation phase 6, we use 6 =45 for b uud,
uus in order to enhance the corresponding asymmetry.
We take 6=90 in all other cases. We must emphasize
that in Table II we only give those final states into which
both Bp and B~ can decay. In this case the amplitude
interference will enhance the asymmetry, and the theo-
retical calculation does not involve the computation of
the decay amplitudes explicitly, and so it is more reli-
able.

From Table II we can see that N~~ have been reduced
by 2 orders of magnitude in comparison with the previ-
ous estimation (see Table IV of Ref. 7). Roughly speak-
ing, we now need =10 By-B~ pairs for testing CP-0 —0

nonconservation eAects in two-body nonleptonic decays,
and the favorite channels are

Bdo, Bd yr yr, K+yr, D+rr, @Kg,PKs,

TABLE II. Two-body hadronic final states, z, Cf, branching ratios, and 1V» for Bg-Bd de-
cays.

Quark
decay

b uud
uus

b ucd

b cud

b pcs,
ccd,

b ucs
b cus

Bd, phys f
7r+7t

z Ks
K+K

gKs
D+~
F+K

ADO
DO 0

D
F K+

yD
DO 0

F+F

Ks
QKs

D+D
Ks

gKs
D OKs

D Ks

z =am/y

0.72

0.72

0.72

0.72

0.72
0.72

Asymmetry
Cf

0.474

—0.059

—0.012

0.38

0.564
0.22

8(ag,„„-f)
&10

1.8 x 10
&10 '

6. 1 x 10
10-'
10-'

5x1Q
5x10
2x10
2x10

10
10
10-4
10-'

5x10
5x10

10
2.5 x 10

10-4
10-4

5x 10

&bb

& 2 Qx10
3.4x 10

& 2.0x10'
2.5 x 10
4.3x 10
4.3 x 1Q

6. 1 x 10'
8 ~ 6x 10
1.9x 10
1.9x 1Q

2.7x 10
3.8 x 10
3. 1 x 10
4.5x ]0
1.5 x 10'
3.8 x 1Q

3. 1 x 10
3.8 x 1Q

2 4x10
2.5 x 1Q

6.5 x 10'
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TABLE III. Two-body hadronic final states, z, Cf, branching ratios, and N» for 8, -B, de-
cays.

b ucs

b cus

b ccs,
ccd

&

b

b

ucd
cud
d

Quark
decay

b uud
uus

R+7t

Ks
K+K
D+n
F+K

ADO
DP~P

D z+
F K+

~DO
Dp 0

yKs
D+D-
F+F
D'Ks
D Ks
QKs

z, =Am/y

3.54

3.54

3.54

3.54

3.54
3.54
3.54

Asymmetry
Cf

0.21

0.19

0.19

—0.012

0.012
—0.0102
—0.226

10-'
5x10

10-'
2x10
2x10
2x10

10-4
10
10
10

5x10
3x1Q

2.7 x 10
5x10
2x10

5.7 x 10
10

2. 1 x 10

&bb

1.0x 10
6.2x 10
1.0x 10
2. 1 x 10
2. 1 x 10
4.2x 10
4. 1 x 1Q

2. 1 x 10
2. 1 x 10'
4.2x 10
4.2x 10
1.5x 10

2.5 x 10'
6.3 x10'
1.6x10"
1.9x 10
2.6 x10
2.5 x 10

D'y, D+tr, D'tr', D p, D tr+, D tr'. (33)

Notice that most of the branching ratios in Tables II
and III are estimated by use of Kobayashi-Maskawa
matrix elements and so they have large uncertainties.
With consideration of the uncertainty of our calculation
method, the numbers Nb~ in these tables might differ by
an order of magnitude.

In conclusion, the recent result of a large By-By mix-p
—

p

ing implies a much larger top-quark mass and larger
CP-nonconservation eff'ects in By, -By, nonleptonic de-p

—p

cays. But for testing these eff'ects we still need =10
B -B pairs. Although this number is large, it is not
inaccessible in the near future.
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