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Implications of the possibility that sin 2b is small
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Recently, the Babar and Belle Collaborations have reported their first measurements of theCP-violating
asymmetry inBd→cKS , and more precise results will follow soon. We discuss what future evidence for small
sin 2b could mean, contrasting the usual possibility of new physics in theBd system with the interesting
alternative that the new physics effects are confined to the kaon system.
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The first result to come fromB factories is the
CP-violating asymmetry in the decayBd→cKS . This mea-

sures sin 2b̃ which, in the phase convention in which th
decay amplitude is real, coincides with the phase of

Bd-B̄d mixing matrix elementM12(Bd). In the standard

model ~SM! b̃5b5arg(2VcdVcb* /VtdVtb* ). We will use
throughout the Wolfenstein parametrization@1# of the
Cabibbo-Kobayashi-Maskawa~CKM! matrix @2# and the
corresponding phase convention. Thus,b is the phase ofVtd*
and sin 2b52h(12r)/@(12r)21h2#. The constraints onr and
h from the parametereK in kaon decays, combined wit
those fromxs and uVub /Vcbu, yield 16°<b<34° and 38°
<g<81° at the 95% C.L.@3#, corresponding to a correlate
region bounded roughly by 0.24<h<0.50 and 0.07<r
<0.38@3#. Hereg5arg(2VudVub* /VcdVcb* ) and tang5h/r.

Initial measurements by the Collider Detector at Fermi

~CDF! Collaboration@4# found sin 2b̃50.7920.44
10.41. Recently

the Babar@5# and Belle@6# Collaborations announced the

results to be sin 2b̃50.1260.37(stat)60.09(syst) and

sin 2b̃50.4520.44
10.43(stat)20.09

10.07(syst) ~combining with J/cKL),
respectively. Although the errors are large and a deta
numerical analysis is still unwarranted, it is interesting
study the possibility that sin 2b̃ is significantly lower than the
value allowed by the SM. This is what we consider here.
an example, we look at the consequence of a value sinb̃
50.2, which requires new physics beyond the stand
model.

In this paper we consider only new physics that is eff
tively superweak. This means that the effective interact
due to this new physics at the low energy scale is descr
by four-fermion couplings smaller than 1025GF @7#. We first
consider two extreme possibilities. The first possibility is th
all the new physics is in the kaon system; sinceCP violation
is very small for kaons in the standard model, there is gr
sensitivity to new physics. The second possibility is th
there is new physics inBd-B̄d mixing; in the standard mode
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the imaginary part of this mixing is proportional toA2l6h
51025–1024 and so new physics effects could be signi
cant.

Consider the possibility that the new physics is confin

to K0-K̄0 mixing. This is the original evidence forCP vio-
lation and is used in determining a lower limit onh, corre-
sponding to a lower limit onb. It is interesting to note tha
there are no current experiments on kaons that can dire
detect such a new physics contribution. This may be poss
with KL→p0nn̄ @8#, but the remarkable feature we stre
here is that such effects might be detected first inB decays.
As was noted long ago, theCP-violating part of theK0-K̄0

mixing matrix can be explained by a superweak interact
with an effective coupling as small as 10210GF –10211GF

@9#. Assuming no other new physics, thenb̃5b
50.5 arcsin 0.2, and the measurement ofuVub /Vcbu50.093
60.014 implies 0.27<Ar21h2<0.58 at 95% C.L.@3#. In-
tercepting these constraints leads tog5arctanh/r between
4° and 16°.~We have usedxs to eliminate the solutions with
negativer, corresponding to very large values forg.!

An argument against this interpretation is the relative
large value ofeK8 /eK observed in the kaon system@10#.
While there are large uncertainties in the standard mo
calculation@11#, even the largest theoretical estimates of t
error bars in the hadronic matrix elements require values
h greater than 0.1 to fit the recent experimental results. Th
this would seem to require new physics in theCP-violating
kaon decay amplitude as well as in the mixing. This pos
bility has been suggested in some models@12#.

An alternative is to consider new physics in theBd-B̄d
mixing @13#. If this is the only source of new physics, a valu
of h larger than about 0.25 is required by the observable
the kaon system. Conversely, given the constraint
uVub /Vcbu, once we allowh greater than 0.25, the questio
of whether there is new physics inK0-K̄0 mixing is unim-
portant and we do not consider it further. Henceforth,
will take h>0.25.

A natural possibility is to assume that there is no sign
cant new physics inBs-B̄s mixing, on the grounds that the
magnitude ofM12(Bs) is much larger than forBd and so less
susceptible to new physics. Then, oncexs is known, we can
a,
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extractf Bs
2 BBs , to be combined with the reliable lattice-QC

estimate ofK5 f Bs
2 BBs / f Bd

2 BBd51.3060.14 @14# in order to
extract f Bd

2 BBd . We may now determineM12
SM(Bd) for any

value of (r,h). Indeed, it is easy to show that, in this sc
nario,

M12
SM~Bd!5

xsGBs

2
K21l2Rt

2e2ib, ~1!

with Rt5sing/sin(g1b)5A(12r)21h2. Using

M12~Bd!5
xdGBd

2
e2i b̃, ~2!

we may now determine

M12
new~Bd!5M12~Bd!2M12

SM~Bd!, ~3!

for chosen values ofb and g ~i.e., of r and h). This is
illustrated in Fig. 1, where we have usedxd50.723,xs

520, K51.3, l50.22, sin 2b̃50.2, h>0.25, and takenRb

5sinb/sin(g1b)5Ar21h2 to equal 0.27, 0.4, and 0.58. I
Fig. 1, we have also usedGBs;GBd and divided all vectors
by uM12(Bd)u.

Figure 2 shows the magnitude ofM12
new(Bd) as a function

of g, with the same parameters and conventions used in
1. Using the requirement thath>0.25, we find that 25°<g
<155° for Rb50.58, 39°<g<141° for Rb50.40, and 68°
<g<112° for Rb50.27.

Another possibility is that there is new physics also
Bs-B̄s mixing. Given the current constraints on the (r,h)
plane fromeK and uVub /Vcbu, and accepting the lattice est
mate forf Bs

2 BBs , there is an upper bound onxs . If the mea-
surement ofxs were to exceed this upper bound, one wou

FIG. 1. Position of the tip of the vectorM12
new(Bd) in the com-

plex plane, in the usual phase convention and in units ofuM12(Bd)u.
The position of the tip varies as we varyr and h. The input pa-

rameters arexd50.723,xs520, K51.3, l50.22, and sin 2b̃50.2.
The dashed, solid, and dot-dashed lines correspond toRb

50.27,Rb50.4, andRb50.58, respectively.
05600
ig.

have an indication of new physics in theBs system. Unfor-
tunately, the lattice prediction forf Bs

2 BBs is not as reliable as
that for K. Therefore, only values forxs considerably above
the current upper limit could be considered as compell
evidence for new physics. On the other hand, in the stand
model and with the usual phase convention, the phase
M12(Bs) is given bye5arg(2VcbVcs* /VtbVts* ), which is of
orderl2h. Since this phase is small, it is conceivable that
new physics might change this phase intoẽ, without signifi-
cantly affecting the magnitude ofM12(Bs). Large values for
ẽ would be detected through theCP-violating asymmetry in
Bs→Ds

1Ds
2 @15# or in Bs→J/cf ~with a suitable analysis

of the angular distributions!.
We now discuss how to contrast the two possibilities:

possibility that all the new physics is in the kaon system w
the possibility that all the new physics is in theB system.
The most striking difference between the two is in the va
of g. The phaseg is less than 16° in the first case and larg
than 25° in the the second case, with the exact range dep
ing on the value ofRb . A number of experiments have bee
discussed in the literature to constraing: ~i! experiments
sensitive to sin2 g @16#; ~ii ! the CP-violating asymmetry in
Bd→pp, which, once the penguin effect is taken into a
count, measures sin(2b̃12g) @17#; ~iii ! the Dalitz plot analy-
sis of Bd→rp, which determines sin(2b̃12g) and also
cos(2b̃12g) @18#; and ~iv! experiments sensitive sin(2b̃1g)
@19#. Although some of the relevant channels require so
knowledge about the strong phases, while others req
large statistics, the quest forg may ultimately allow us to
distinguish between the two alternatives.

A further very interesting feature is that, in the seco
case,b andb̃ are different. Therefore, the phase of the pe
guin amplitudeb is not equal to the mixing phaseb̃. This
has implications for the analysis of the penguin effects. F
example, if the penguin effects inBd→pp were small, the

FIG. 2. Magnitude of the vectorM12
new(Bd), in units of

uM12(Bd)u as a function ofg. The input parameters coincide wit
those in Fig. 1. The dashed, solid, and dot-dashed lines corres
to Rb50.27,Rb50.4, andRb50.58, respectively.
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asymmetry would be given by sin(2b̃12g), with a leading
correction of 2r cos(2b̃12g)sin(b1g)cos(D), wherer is the
ratio of tree to penguin amplitudes andD the relative strong
phase. Notice that bothb̃ andb are involved.

Another interesting signal could come from a pure pe
guin decay into aCP eigenstate, such asBd→KSKS . If this
were dominated by the penguin diagram with the interme
ate top quark, the asymmetry would be proportional
sin(2b22b̃). Unfortunately, as pointed out by Fleisher@20#,
this method is obscured by the presence of the penguin
gram with intermediate charm, which carries a differe
weak phase.

Of course, there is the logical possibility that there is n
physics in both the kaon andB sectors. The new physic
could even account for all the observableCP-violating ef-
fects. SinceeK8 /eK is so small, such a theory would be supe
weak like and, thus, ruled out by measuring a nonzero va
for g.

Finally, we comment on the discrete ambiguities@21#. If
the measurement of sin 2b̃ in Bd→cKs turns out to lie
within the range allowed by the standard model, then
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discrete ambiguities might be crucial in unearthing the n
physics contributions. However, if, as proposed here,
measurement of sin 2b̃ yields 0.2, one finds a natural expla
nation in a contribution from new physics driven by 2b

22b̃ of order 20°. In contrast, the discretely ambiguous p
sibilities b̃5$84.2°,185.8°,264.2°% would correspond to
much larger new physics contributions.

In conclusion, a small value of sin 2b̃ would be a sign of
physics beyond the standard model. We have emphasize
possibility that this new physics could be of the superwe
type and, furthermore, that it could be confined to the ka
system or be primarily in theB system. Only a variety of
further experiments can distinguish these two possibilit
from each other, and from new physics that is not sup
weak.
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