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Abstract

We point out the strong correlation between the CP-violating asymmetries in
the decays B® — WK and B° — ntx~ that is predicted by the Kobayashi-
Maskawa model. This results in a very restricted allowed region for the
asymmetries, and so their measurement will provide a powerful test of the
standard model. To show how new physics may give very different results,
we look at the predictions of a simple model where both the standard model
and superweak contributions to the K° and B° mass matrices coexist. We
find that, for possible values of the parameters, practically any values are
allowed for the asymmetries.
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The most striking prediction of the standard model of CP violation (the
Kobayashi-Maskawa model) is the large asymmetries in B decays [1]. A
major goal of proposed B factories is the discovery of these quantities. Here
we look at how such experiments could test the standard model, and the
ways in which new physics may show up [2].
The CP-violating asymmetry in the decay B® — f, where f is a CP
eigenstate, is parametrized by
_IB° - H-TB = f) . z
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where ncp(f) is the CP-phase of the final state f, and z = AM/I'. In the
standard model, this and all other CP-violating quantities originate in the
complex nature of the CKM matrix. In our parametrization [3], to order A3,
the only complex matrix elements are V;4 and V,,, given by

Via = |Vle ™ = AN3(1 - p—in) (2)
Vi = [Viple™ = AX3(p —in), (3)

where A = 0.9 £ 0.1 and A = 0.22. The parameters p and 5 are constrained
by the equations [4]

P +n? = (0.50=0.09) @
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that follow from the measurement of |V,;| (in semileptonic B decays), z4 (in
BS — BS oscillations) and |ex| (in CP-violating neutral K decays), respec-
tively. For the last two, and in the remaining of the discussion, we took
m; = 140GeV, as an illustration. The curves that correspond to egs. 4 — 6
are plotted in fig. 1, showing the allowed region in the (p,7) plane.

The prototype experiment, and likely the first to be carried out, is the
measurement of the asymmetry in B® — ¥Kg, or other decays associated
with the quark transition b — ¢ + é + s. For these decays, in the standard
model,

. Cwog_ 2m(1—p)
i(¥Kg) =sin28 = A=)’ (7)



and given the constraints on the CKM parameters, any value between 0.1
and 1.0 is allowed.

Another class of experiments on CP violation corresponds to the sup-
pressed decays of the type b — u + # + d, such as B® — n*x~. In the
standard model, and neglecting penguin diagrams,

. _ . 2 — n2 _ mn2
a(rtx~) =sin2(B+7) = T +777’[2P)[(1p_ p)z l_ o (8)

Combining eqs. 7 and 8, we find

a(z*tr~) _ p-K
a(UKs) ~ K(=p)’ ©

with K = p? + n®. Using the constraints on the CKM parameters, we show
in fig. 2 the allowed values of (a(¥Ks), @(nr*7~)), in the standard model.
The region is slightly expanded if a penguin contribution of the expected
magnitude [5] is added to the B® — #x*7r~ decay amplitude. The curve in
fig. 2 represents the first really significant test of the standard model that is
likely to be achieved. The dashed line in fig. 2 shows the prediction of the
superweak theory [6], that the asymmetry parameter @ is the same for all
final states.

It is clear from fig. 2 that four possibilities may emerge when measure-
ments of &(¥Ks) and @(n*7~) have been made, with reasonable errors:

(1) The results may be consistent with both the standard model and the
superweak theory, as noted by Winstein [7]. For our illustrative exam-
ple this corresponds to a narrow region where both asymmetries are
about 0.7. For larger values of m, this is a somewhat larger region.

(2) The results are clearly inconsistent with the superweak theory but are
consistent with the region allowed by the standard model, in fig. 2.

(3) The results are consistent with the superweak theory (dashed line in
fig. 2) but not with the standard model.

(4) The results are not consistent with either the standard model or the
superweak theory.



The major purpose of this work is to explore this last possibility. The
simplest model is a combination of the standard model and superweak in-
teractions. We assume that the decay amplitudes are correctly given by
the standard model but that there may be new physics contributing to the
off-diagonal entries M, in the K°® — K°® and B° — B° mass matrices.

We first consider the original superweak interaction, with a CP-violating
term in M,; of the K° system, but no superweak contribution to the B°
system. For the K mass matrix, the imaginary part of —M;(K) is

my = mg(SM) + my(SW), (10)
where m}; = v/2 AMg |ex| =~ 1.7 x 107s™! is the experimental value, and

2 2
mi(SM) = ('d%) 61.97—’{5 [0.7+2.1 (6%) (1- p)] 1.95 x 107s™!. (11)

Because of the additional term in eq. 10, the curves in the (p,7) plane,
corresponding to the |ex| constraint, are obtained multiplying those in fig. 1
by 2 = m%(SM)/mk. Using the |V,s| constraint, which is not modified by
the superweak addition, it follows that

2] < 4.1 (12)

As z is allowed to vary, the constraints on 5 from |ek| are lost and the only
constraints come from |V,,;| and z,4. It is sufficient to allow z to vary from -1
to 1, corresponding to my(SW) varying from twice the experimental value
to zero. The result of relaxing the |ex| constraint is that the allowed region
is given by fig. 3. The most striking effect is that the region with opposite
signs for the asymmetry parameters is allowed.

We now turn to M, for the B system. For the standard model, MM
has a phase 23 and modulus

AN? Bsf? }
IMSM| = [(1 - p)? + ¥ (6.—9) (%‘!5-%?‘—4—6@‘%92—) 2.24 x 10171, (13)

We consider, in addition to my(SW) for the K° system, a superweak con-
tribution R AM/2 to the real part of M,, and assume that the contribution
I AM/2, to the imaginary part, is negligible. This possibility was proposed



by Liu and Wolfenstein [8] on the basis of scaling arguments from the K°
mass matrix. The distinction between R and I depends on the phase con-
vention of the CKM matrix; we use the phase convention indicated by egs.
2-3.

In fig. 4, the two contributions to M), are represented graphically in the
complex plane. The phase of M, is

20m = 28 + 6. (14)
Because of the superweak contribution 6, the asymmetry parameter becomes
G = agpcosf + bsinb, (15)

with @sp given in egs. 7 and 8, and

1-p)?—n?

W(VKs) = cos2B8 = (=p)y—n 16

(¥Ks) s2p =17 (16)
=01 +20(1 = p)] + P*(1—p)?

b(rtn~) = cos2(B+ =1-7 y

(x=x) (8+7) (P* +n2)[(1 - p)* + 7]

Because of the superweak contribution to the modulus of Mj,, it is necessary

to find the new curves in the (p, ) plane that correspond to the z4 constraint.

They are given by

. (17)

A .
éw = stzM 6236 +R
where AM = z,T" = 5.6 x 101s71,
In the following, we choose arbitrary values of R, positive or negative.
The asymmetry is given by eq. 15, with

AM

"—2_" ) (18)

sinf ~ —Rsin 28 (19)

and cosf = +v1 —sir?0. The + sign correponds to the same sign in the
equation for the i, constraint

|M3M| = é2_1\£ [—Rcos 28+ [1 — (Rsin 2[’3)2] 1/2] (20)

that follows from eq. 18. Using the graphic construction of fig. 4, and fixing 3,
it can be seen that eq. 20 has no solutions if R > 1 or if R < —1/|sin 24]; only

4



one solution, corresponding to cos 8 > 0, if |R| < 1; two solutions otherwise.
These solutions are subject to the constraint that MM is consistent with eq.
13 for some acceptable choice of parameters. Because of the |V,;| constraint,
the range of interest turns out to be restricted to —5.3 < R < 0.95, for the
entire allowed range of (p, 7).

In figs. 5a-b, we plot the plane of the asymmetries for R = 0.65, —0.5
and —2.0. Notice that, as |R| increases, the ¥Ks asymmetry decreases if
R is positive, and increases if R is negative, until it gets close to —1 where
the behavior is more complicated. Again, this can be easily seen from the
graphic representation of M;,.

In fig. 6, we give the allowed region obtained by letting R and 2 take
values across the range of interest. The plane of the asymmetries is almost
entirely covered. This is to be compared with the standard model preciction
in fig. 2, which strongly constrains the outcome of the future experiments.

We have included so far two types of superweak interactions, a CP-
violating term in the K® — K° mass matrix and a CP-conserving term in
the B® — B While this seems strange at first, it is quite logical. It is
possible that the CP-conserving term in the K° — K° mass matrix is much
larger than the imaginary part; indeed it may be roughly as large as the ex-
perimental value of A Mg, because of the uncertainty in the standard model
long-distance contribution to AMk. However, this term turns out to have no
effect on the calculation of CP-violating parameters so we have not made use
of it. In going from the K° system to the B° system, it is natural to consider
that the superweak interaction scales [8, 9] as (my/m,)" where n might be
0, 1 or 2. Even with » = 2 it is hard to get a large enough value of I for
the B® — B° mass matrix to produce a large effect. On the other hand, if we
allow for a large CP-conserving part of the K° case, one can easily obtain
values of R in the range we have considered.

The assumption that I/R is small depends on the phase convention. We
believe that it could be significant in the phase convention we use. The point
is that one can imagine requiring the superweak interaction to have a small
value of I/R in a quark basis defined before the CKM mixing is introduced.
In our phase convention the CP-violating part of the CKM matrix is of order
nA3, so that it is reasonable that a small value of I/ R would only be changed
by a small amount as a result of the CKM mixing.

On the other hand, note that the angle 6 in eq. 14 is a rephasing invariant,
and a measurable quantity. The unitary triangle can be constructed, in
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principle, by measuring its sides from the CP-conserving decays b — ul~ v
and K — wvi [10], except for an ambiguity as to the sign of 5. The parameter
6 is then determined from the asymmetry a(¥ Ks) using eq. 15, up to a four-
fold ambiguity. The ambiguity is removed (except for some special cases),
and the sign of 7 is determined, by the asymmetry @(r*r~). The other
rephasing invariant is R? + I%; it could be determined from AM if the large
uncertainty in nocpBpf3 were to be reduced.

We have defined AM to be positive, by labelling the two eigenstates
according to their masses. It is assumed that it is a good approximation to
neglect AT, and so write the asymmetry as in eq. 1. Then, the sign of the
asymmetry depends only on the sign of @& For B® — UKg, it is that of 5. In
fact, for any value of R, sin(23 + ) has the same sign as sin(23) (see fig. 4).
Then, if the only superweak effect is R for the B? system (z = 1), a(¥ K3) is
always positive. Negative values require a large superweak effect in the K°
system (z < 0) or a large contribution from 1.

It is at first somewhat surprising that the allowed range of asymmetries is
expanded so much by varying R. The reason is that for the standard modecl
the asymmetries are almost completely determined by the CKM parameters
(p,7n), and so the different asymmetries are strongly correlated. This corre-
lation is lost when one introduces the extra parameter R, thus leaving only
the small non-allowed region in fig. 6. If we allow for a significant value of 7
in addition, then nearly all of this region will be filled.

To summarize, the measurement of two asymmetries in B® decays, one
for the quark transition b — ¢+ ¢+ s (B® — ¥Ks) and one for b — u+i+d
(B° — #*x~), can provide an important test for the standard model as
shown in fig. 2. While this curve depends on our choice of constraints (see
fig. 1), our major point is independent of this particular illustration. It is
clear that there is a large range of values for these measurements that could
provide signals of new superweak interactions.
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was completed at the Institute for Nuclear Theory at the University of Wash-
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Figure Captions

Figure 1: The standard model constraints on the CKM parameters p and 7,
from the measurement of |V| (full line), z4 (dashed line) and |ek]|
(dotted line), for m, = 140GeV.

Figure 2: The allowed region on the asymmetries plane, in the standard model,
corresponds to the area enclosed by the full line. The dotted line
is the result obtained when the penguin contribution to a(z*= ")
is considered. The dashed line gives the superweak prediction.

Figure 3: The asymmetries plane of fig. 2 when the |ex| constraint is removed.
Figure 4: Representation of M, = MM + RAM/2 on the com)lex plane.

Figure 5a-b: The asymmetries plane a) for R = 0.65 (full line) and R = —0.5
(dashed line), b) for R = —2.0.

Figure 6: The blank area is the allowed region on the asymmetries plane
combining different values of R across the range —5.3 < R < 0.95.
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