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Contributions toB-gmixing from physics beyond the standard model may be detected @Brwiolating
asymmetries ifB 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[S0556-282(98)04311-3
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A major goal of the experiments d& mesons is to check vention this new physics contribution could be approxi-
the standard model, or conversely, to discover new physicsnately CP invariant. As we now proceed to show this large
In many models beyond the standard model, there exist newew physics effect is not easy to detect.
contributions toB-B mixing [1]. In this paper, we assume  The next goal ofB factories is the measurement of
that this is the only new physics and discuss strategies tein 2(8+7) from the asymmetry in decays likeB°
detect it. An important conclusion is that even large new— a* 7~ . For the moment we neglect the penguin problem
contributions due t@4-B4 mixing may be difficult to detect. and assume this is measured. In the standard model there is
Of course in some models, the existence of such large nealmost no constrainf3] on the possible value of sin B(
contributions might imply other deviations from the standard. ) for a value of sin Z in the range we have assumed.

model such as the rates for rare decay proceies Within the standard model there will in general be only one
The first information orB-B mixing comes from the mea- get of angles El,?’l) consistent with these two measure-
surement ofAm or x4=Am/I'. This is proportional to ments, although in general there is an eight-fold ambiguity
[4]. In particular, corresponding to the choiﬁecﬁz there is
A (1-p)*+ 7°1Bgm,f a corresponding choice

whereBansz involves the hadronic matrix element. Given

the hadronic uncertainty and conservative limits on the Yo=T— V1. (1b)
Cabibbo-Kobayashi-Maskawd CKM) matrix parameters

(p,m) the standard model predictg only within a factor of i , )

about ten. The experimental resul{=0.7 fits very nicely Elnce the allowable values of which are independent of

but provides weak constraints on new physics. B-B mixing and in our scenario are unchanged by the new

The next information, a major goal & factories, is the physics, are approximately symmetric with respe(_':t to 90° the
phase oM 4, in the standard phase convention. This is givenC_howeyg is always_a!lowaple. A number of e)_(p_enm_ents are
by 2B and determined from measuring ti@P-violating directed at determining sif; this does not distinguishy,
asymmetry sin B in the decayB— /K. In the standard from ;.

- _ i _ If y, is far from 90° corresponding tp|=0.2 theny, is
model 8=, the phase oWy, and is constrained to lie gjstinguished fromy, by the sign ofp and thus by the mag-
between 8° and 32° corresponding to si@ Between 0.3

nitude ofV,4. The best prospect for determining this is from

and 0.9. ThuE a magnitude clearly below 0.3 or a negativ<l-:-he rate[5] of K*— " vv which is approximately propor-
value of sin 28 would indicate new physics.

To proceed we assume that measurements yield 8in 2
between 0.4 and 0.8 corresponding in the standard model to

tional to

a value [(1£0.15+(2+0.25(1—p—in)]?
B=p1=12° to 27°. where the first conservative error is due to the charm contri-
_ o - bution and the second to uncertainty im and V. For
There exists the possibility that the true valuefs |P| =0.2 the difference between the two signspos almost

a factor of 2 in theK™ — " vv rate.

Another possibility is to look for interfering amplitudes
that can be used to determine cpsAn example is the
penguin-tree interference in the ded&y— 7~ K*. In con-

This would mean a large new physics contribution thattrast one expects that the deday — 7K is a pure pen-
reverses the sign of R ;,. Within the standard phase con- guin diagram. One then find§]

7 I—
Bo=7—B1, =78 1063 (1a)
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I'(B°— 7 K™) We turn now to theBg system. The first quantity of inter-
= oo 1o 2r cos y+r? (2 est that can be measuredkis The ratioxy/Xs is given in the
I'(B"—m"K") standard modelSM) by

wherer is the ratio of tree to penguin diagrams. If we accept
the sign ofr as given by factorization and note that we X
expect|r|<3 then the sign of (+ R) gives the sign of coy 4o N[(1-p)2+ K (5)
which can distinguishy; from vy,. Xs
However, if cosy is close to zero, corresponding o
close to zero, which is in the center of the allowad %)
region, then neither of the above methods can distinguish theshereK is the ratio ofBg7,f3 for the By as compared to
solutions in Eq(1b) from the standard model. B. In the SU3) limit K=1 and estimates from lattice and
Instead of relying ony one can try to find a method of other calculations giv& between 0.7 and 0.9. Thus the mea-
distinguishingp, from B,. Grossman and Quin@] suggest ~surement ofxs can be used to put a constraint op, ),
comparing the asymmetry in the deddy-D*D ™ to that of  primarily onp. In fact the present limit ox disfavors val-
B— K. Including a penguin contribution to tl@*D~  uesp<—0.2. A small value ok, leads to a significant nega-
decay they find tive value ofp and a large value of; to a positive valug.
If this is inconsistent with the value ofp(#) determined
from the asymmetry measurements it could be a sign of new

a(D*D7)=sin 28—2r cos 28 sinB cosd  (3)  physics inBy4-B, mixing. Note that this new physics in gen-
eral would causes to be different fromp and change the

wherer is the penguin to tree amplitude ratio aAds the valug of _Xd mvalldaing Eq.(_5). However, the larger new
strong phase difference between penguin and tree diagranféntribution toBg-By mixing implied by Eq.(1a could not
If one assumes<0 from factorization and co§>0 then if D€ demonstrated in this way.

B=; the asymmetry is increased due to the penguin dia- I_t would also be possible to compare the valuesm),
gram whereas 3=, the asymmetry is decreased.

mainly (1— p), that fitsxs/x4 with that fromK " — 7" v, If
= = . i ) these are inconsistent it would be probably a sign of a new
Actually if 8=, Eq. (3) is not correct since it assumes
that the phase of the penguin amplitude, given by the phase 1t A
S

physics contribution toy .
~ is not too large one can study tl@&P-violating
B of Vi4, equalsg. However in the scenario we consider gsymmetries from the sid(mgt) term in taggedB decays.
while B is given by Eq(1a), the phase is constrained to lie For decays such aBs— ¢#n the asymmetry is given by
between 12° and 27°. In this case E8) becomes, to first sin 65 where 6s=2\27% which is between 0.02 and 0.05. If
order inr, the asymmetry is significantly larger that would be a sign of

new physics inBs-Bs mixing. For decays governed Hy
a(D*D")=sin 2B,—2r cos 283,sinB cos . (4)  —uud, such asB,—p°Kg, the asymmetry in the tree ap-
proximation is sinfs+2v). If 4 is consistent with zero this

The previous conclusion that if<0 the asymmetry is de- gives S".‘ 2V'.the sign Of. which distinggishe&z f.rom. Y1
There is likely a sizable penguin contribution to

creased by the penguin diagramdt= 5, still holds. Bs—p°Ks, but the fact that one wants only the sign of

Another way to directly distinguisiB, from B, in this  gin 2y may make this useful in spite of the penguin.
scenario involves decays dominated by the-d penguin In analyzing prospectiv® asymmetry experiments it is
graph. Assuming dominance the asymmetry of a decay like natural and appropriate to assume the standard model and see
By—KP°K® is given by sin 26— ). If we assumeB is  how well these can constrain the parametersyj. The pur-
around 70°, corresponding to typicﬁb value then any al- pose of the present notelis to emphasize that it is also impor-
lowable value of8 gives an asymmetry greater than 0.9. In tant to look at new physics effects and see whether or not a

. ~ given set of experiments can detect them.
contrast in the standard ”.‘0‘*@’:/5' and the asymmetry van- In particular we have looked at one particular ambiguity
ishes. Fleische7] has pointed out that there may be signifi- iven by Eqs.(1), which implies large new physics effects
cant contributions from u and ¢ quarks such that the standarg, . ., may prové very difficult to detect. Proposed experi-
model value may not be zero. Nevertheless a very Iarg‘ﬁwents should be analyzed from the point of view of resolv-
asymmetry of 80% or greater would be strong evidence fO\rng such ambiguities
new physics. While the branching ratio is small not so many |
events are needed just to show that the asymmetry is very This research was supported in part by the U.S. Depart-
large. ment of Energy under DE-FG02-91-ER-40682.
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