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New physics effects inCP-violating B decays

L. Wolfenstein
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Contributions toB-B̄ mixing from physics beyond the standard model may be detected fromCP-violating
asymmetries inB decays. There exists the possibility of large new contributions that cannot be detected by first
generation experiments because of a discrete ambiguity. Some possible strategies for resolving this are dis-
cussed.@S0556-2821~98!04311-2#
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A major goal of the experiments onB mesons is to check
the standard model, or conversely, to discover new phys
In many models beyond the standard model, there exist
contributions toB-B̄ mixing @1#. In this paper, we assum
that this is the only new physics and discuss strategie
detect it. An important conclusion is that even large n
contributions due toBd-B̄d mixing may be difficult to detect.
Of course in some models, the existence of such large
contributions might imply other deviations from the standa
model such as the rates for rare decay processes@2#.

The first information onB-B̄ mixing comes from the mea
surement ofDm or xd5Dm/G. This is proportional to

A2@~12r!21h2#BBh2f B
2

whereBBh2f B
2 involves the hadronic matrix element. Give

the hadronic uncertainty and conservative limits on
Cabibbo-Kobayashi-Maskawa~CKM! matrix parameters
(r,h) the standard model predictsxd only within a factor of
about ten. The experimental resultxd50.7 fits very nicely
but provides weak constraints on new physics.

The next information, a major goal ofB factories, is the
phase ofM12 in the standard phase convention. This is giv
by 2b̃ and determined from measuring theCP-violating
asymmetry sin 2b̃ in the decayB→cKS . In the standard
model b̃5b, the phase ofVtd , and is constrained to lie
between 8° and 32° corresponding to sin 2b between 0.3
and 0.9. Thus a magnitude clearly below 0.3 or a nega
value of sin 2b̃ would indicate new physics.

To proceed we assume that measurements yield sinb̃
between 0.4 and 0.8 corresponding in the standard mod
a value

b̃5b̃1512° to 27°.

There exists the possibility that the true value ofb̃ is

b̃25
p

2
2b̃1 , 578° to 63°. ~1a!

This would mean a large new physics contribution th
reverses the sign of ReM12. Within the standard phase con
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vention this new physics contribution could be appro
matelyCP invariant. As we now proceed to show this larg
new physics effect is not easy to detect.

The next goal ofB factories is the measurement o
sin 2(b̃1g) from the asymmetry in decays likeB0

→p1p2. For the moment we neglect the penguin proble
and assume this is measured. In the standard model the
almost no constraint@3# on the possible value of sin 2(b̃

1g) for a value of sin 2b̃ in the range we have assume
Within the standard model there will in general be only o
set of angles (b̃1 ,g1) consistent with these two measur
ments, although in general there is an eight-fold ambigu
@4#. In particular, corresponding to the choiceb̃5b̃2 there is
a corresponding choice

g25p2g1 . ~1b!

Since the allowable values ofg, which are independent o
B-B̄ mixing and in our scenario are unchanged by the n
physics, are approximately symmetric with respect to 90°
choiceg2 is always allowable. A number of experiments a
directed at determining sing; this does not distinguishg1
from g2.

If g1 is far from 90° corresponding touru>0.2 theng2 is
distinguished fromg1 by the sign ofr and thus by the mag
nitude ofVtd . The best prospect for determining this is fro
the rate@5# of K1→p1nn̄ which is approximately propor-
tional to

@~160.15!1~260.25!~12r2 ih!#2

where the first conservative error is due to the charm con
bution and the second to uncertainty inmt and Vcb . For
uru50.2 the difference between the two signs ofr is almost
a factor of 2 in theK1→p1nn̄ rate.

Another possibility is to look for interfering amplitude
that can be used to determine cosg. An example is the
penguin-tree interference in the decayB0→p2K1. In con-
trast one expects that the decayB1→p1K0 is a pure pen-
guin diagram. One then finds@6#
6857 © 1998 The American Physical Society
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R5
G~B0→p2K1!

G~B1→p1K0!
5122r cosg1r 2 ~2!

wherer is the ratio of tree to penguin diagrams. If we acce
the sign of r as given by factorization and note that w
expectur u< 1

3 then the sign of (12R) gives the sign of cosg
which can distinguishg1 from g2.

However, if cosg is close to zero, corresponding tor
close to zero, which is in the center of the allowed (r,h)
region, then neither of the above methods can distinguish
solutions in Eq.~1b! from the standard model.

Instead of relying ong one can try to find a method o
distinguishingb̃1 from b̃2. Grossman and Quinn@4# suggest
comparing the asymmetry in the decayB→D1D2 to that of
B→cKS . Including a penguin contribution to theD1D2

decay they find

a~D1D2!5sin 2b̃22r cos 2b̃ sin b̃ cosd ~3!

wherer is the penguin to tree amplitude ratio andd is the
strong phase difference between penguin and tree diagr
If one assumesr ,0 from factorization and cosd.0 then if
b̃5b̃1 the asymmetry is increased due to the penguin d
gram whereas ifb̃5b̃2 the asymmetry is decreased.

Actually if b̃5b̃2 Eq. ~3! is not correct since it assume
that the phase of the penguin amplitude, given by the ph
b of Vtd , equalsb̃ . However in the scenario we consid
while b̃ is given by Eq.~1a!, the phaseb is constrained to lie
between 12° and 27°. In this case Eq.~3! becomes, to first
order in r ,

a~D1D2!5sin 2b̃222r cos 2b̃2sinb cosd. ~4!

The previous conclusion that ifr ,0 the asymmetry is de
creased by the penguin diagram ifb̃5b̃2 still holds.

Another way to directly distinguishb̃2 from b̃1 in this
scenario involves decays dominated by theb→d penguin
graph. Assumingt dominance the asymmetry of a decay li

Bd→K0K 0̄ is given by sin 2(b̃2b). If we assumeb̃ is
around 70°, corresponding to typicalb̃2 value then any al-
lowable value ofb gives an asymmetry greater than 0.9.
contrast in the standard modelb̃5b and the asymmetry van
ishes. Fleischer@7# has pointed out that there may be signi
cant contributions from u and c quarks such that the stand
model value may not be zero. Nevertheless a very la
asymmetry of 80% or greater would be strong evidence
new physics. While the branching ratio is small not so ma
events are needed just to show that the asymmetry is
large.
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We turn now to theBs system. The first quantity of inter
est that can be measured isxs . The ratioxd/xs is given in the
standard model~SM! by

xd

xs
5l2@~12r!21h2#K ~5!

whereK is the ratio ofBBh2f B
2 for the Bd as compared to

Bs . In the SU~3! limit K51 and estimates from lattice an
other calculations giveK between 0.7 and 0.9. Thus the me
surement ofxs can be used to put a constraint on (r,h),
primarily on r. In fact the present limit onxs disfavors val-
uesr,20.2. A small value ofxs leads to a significant nega
tive value ofr and a large value ofxs to a positive valuer.
If this is inconsistent with the value of (r,h) determined
from the asymmetry measurements it could be a sign of n
physics inBd-Bd̄ mixing. Note that this new physics in gen
eral would causeb̃ to be different fromb and change the
value of xd invalidating Eq.~5!. However, the larger new
contribution toBd-Bd̄ mixing implied by Eq.~1a! could not
be demonstrated in this way.

It would also be possible to compare the values of (r,h),
mainly (12r), that fitsxs /xd with that fromK1→p1nn̄. If
these are inconsistent it would be probably a sign of a n
physics contribution toxd .

If Dms is not too large one can study theCP-violating
asymmetries from the sin(Dmst) term in taggedBs decays.
For decays such asBs→ch the asymmetry is given by
sin us whereus52l2h which is between 0.02 and 0.05.
the asymmetry is significantly larger that would be a sign
new physics inBs-Bs̄ mixing. For decays governed byb
→uūd, such asBs→r0KS , the asymmetry in the tree ap
proximation is sin(us12g). If us is consistent with zero this
gives sin 2g, the sign of which distinguishesg2 from g1.
There is likely a sizable penguin contribution
Bs→r0KS , but the fact that one wants only the sign
sin 2g may make this useful in spite of the penguin.

In analyzing prospectiveB asymmetry experiments it is
natural and appropriate to assume the standard model an
how well these can constrain the parameters (r,h). The pur-
pose of the present note is to emphasize that it is also im
tant to look at new physics effects and see whether or n
given set of experiments can detect them.

In particular we have looked at one particular ambigu
given by Eqs.~1!, which implies large new physics effect
which may prove very difficult to detect. Proposed expe
ments should be analyzed from the point of view of reso
ing such ambiguities.
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