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The amount of B -B mixing as seen in the rate of same-sign leptons in e+e B B llXis a sensi-
tive way to measure the phase (sign of cosh) in the Kobayashi-Maskawa matrix. It is shown how a rough
measurement of the same-sign dilepton rate can determine the quadrant 5 is in.

One of the important unknown parameters in the stand-
ard electroweak model' is the phase 5 in the Kobayashi-
Maskawa (KM) matrix2 describing the weak charged current
of quarks. At present we have only some weak constraints
on combinations of 02, 03, and h. Even knowing whether
cosh is positive or negative would be a significant advance.
Here I would like to stress one of the relatively simple ways
of determining the sign of cosh.

The experimental signature for 8-8 mixing in e+e
8 +8 is a nonzero value for the same-sign-dilepton

rate in the final state characterized by the quantity4
r = (N +N +)/N . The main result I want to stress
here is the statement that if r is found to be large (say r

0.1) then cosS is negative The a. ssumptions that go into
this and how reliable they are will be discussed below, but
what is of interest is that even a fairly rough experimental
limit on r can help pin down the quadrant 5 is in.

To see that the above statement is true, recall that r is
given by

r =2a/(I +a'),
where 5 is

(Sm/r)'+ —,
' (Sr/r)'

2+(Sm/r)' ——,
' (Sr/r)'

Sm and 5I are the mass and decay-rate differences between
Bq and BL and 1 is the average decay rate. In the EL-Eq
case, both 5 and r are nearly unity. In the range of parame-
ters of interest, SI'/21' is small' compared to Sm/I and can
be neglected without affecting our result. Then, to a good

I

32~ f(BBfB m Re( +Ib UtdSm I(=

approximation

(Sm/r)'
2+ (Sm/r)' (3)

In this approximation (SI'/21 small), I' is simply the decay
rate for 8, which (neglecting the small contribution from
b u transition) is given byb

36 2m'

192m3
(4)

G 2 g 2 2

[Re ( U 2 U ~2) )
6m2

In the above we have dropped the contributions from uu,
uc, ut, cc, and ct exchange and kept only the tt-exchange
term. For m, in the range 25 & m, & 60 GeV, which we as-
sume here, this is an excellent approximation. fB is the
analog of f for the 8 meson; one suggested9 value for fB
is fB =0.5 GeV. BB is a factor (expected to be ( 1) to
take into account the possible deviation from vacuum sa-
turation of the actual matrix element. The quantity BBfB
summarizes our ignorance about the evaluation of the ma-
trix element; We will adopt here a conservative value
BBfB2—0.1 GeV2 and allow it to vary to 0 03 GeV. ~. g is
the 1eading short-distance gluonic correction and is estimat-
ed' to be nearly 0.8.

Then we have for ISm/I'I

(6)

including appropriate phase-space and QCD corrections. Sm
is evaluated in the usual way from the box diagram with
vacuum insertion with the well-known result:

=6.863(BBfB /0. 1 GeV ) (m /40 GeV) 2[Re( U@2U~2)/I UbI2]

Now consider cosS &0; then the angular factor in Eq. (7)
satisfies

Re(U,b UJ ) c2 c3 si

I U,b I' I + s3'/B2'
(8)

The right-hand side of Eq. (8) is smaller than s~', in fact for
almost the entire range of the allowed values of 82 and 83 it
is smaller than (0.9s~) . Hence for m, =40 GeV,
BBfB =0.1 GeV, and cosS &0, we have Sm/I' (0.29 and
r & 0.082. The results for other values of m, are shown as

I

a solid curve in Fig. 1, and those for fB'BB=0.03 GeV' are
shown as the dashed curve in Fig. 1. For cos 5 & 0 the larg-
est I U~/U, bI can be is

I Utd/Ubcl max = ' = 2 6

From m, =40 GeV and fB'BB=0.1 GeV', Sm/I is 41.9 andr,„=1. In fact r,„ for cosh &0 remains at 1 for all
m, & 25 GeV and fB'BB as low as 0.03 GeV'. Hence the re-
gion bounded by the line r =1 and the solid curve corre-
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FIG. 1. The solid curve sho~s the maximum value of r (in B-
Bo) for cosh )0 for (f~ B~) =0.1 GeV, the dashed curve for
(f~2B~) =0 03 GeV2
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FIG. 2. The solid curve sho~s r (in B, -B, ) for (f~ B~) =0.1

GeV, the dashed curve for (f& B~) =0.03 GeV, and the dotted
curve for (f~ B~) =0.01 GeV .

sponds to cos5 & 0. (If fs'Bs is as small as 0.03 GeV' the
cos5 &0 region expands to the dashed curve. ) An experi
mental determination that puts r anywhere in this area fixes
cosh to be negative, proving our assertion. The region below
the dashed curve can be safely taken to correspond to
cosh )0.

In principle, the slight remaining ambiguity, the depen-
dence on fs28s, can be removed. However, it involves the
measurement of r for the B,-B, system, admittedly a diffi-
cult task. For the B,O-BO system, Sm/I is given by (in the
same approximation as before)

hm/I = 6.863 (m, /40 GeV) '( fs'Bs/0. 1 GeV')

XRe( U(b Uc,")/I &cbl

Now, for any 8, U„'/~ Ub, )2=1 and so (hm/I )s =5.81 for

m, =40 GeV, f&'Bz ——0.1 GeV', and Ub =0.95, and hence
r =1. For f~28s=0. 1 GeV2, r is very near 1 for all m, (Fig.
2, solid curve), whereas when fs'Bs is changed to 0.03

GeV2, r drops to 0.4 for m, = 25 GeV (Fig. 2, dashed
curve). Assuming f~ Bs is not too different for the Bo-Bo
and B, -B, systems, a measurement of r in the B, -B, sys-
tem determines f~'Bs (especially if m, is also known).

The results agree with those of detailed calculations7 with
more specific assumptions. However, it is clear that they
are quite general and a detailed knowledge of the KM angles
is unnecessary. The method proposed here to fix cosh is
complementary to the one proposed'2 recently; the connec-
tion being that, for a given m„ longer 7.~ corresponds to
higher r and to cosh &0. The actual observed value of r at
the Y(4s) would be diluted by the "contamination" of
B+B production which contributes to N+ but not to
N or N++.
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