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Direct CP violation in the angular distribution of B—J/¢K* decays
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We show that the study of certain observables in the angular distributiBr-id/ #K* provide a clear test
for CP violation beyond the standard mod&M). These observables vanish in the SM, but in models beyond
the SM some of them can be large enough to be measuBdaatories.[S0556-282(98)03923-X]

PACS numbsg(s): 13.25.Hw, 11.30.Er, 12.66.

The CLEO Collaboration has recently reported the  weak phases. In order to have information about FSI@Rd
first full angular analysis oB— J//K* decays. SeveralP ~ Violating weak phases, the particle and antiparticle decays

conserving quantities have been studied. They found that tHéave to be separately measured. With increased luminosities
P wave component is smalIP|2=O.16i 0.08+0.04, which N the near future at CLEO, the SLAC and KHEXfactories,

and other facilities, together with godd = separation capa-
bilties (particle identificatiop, one can distinguisiK* from

*, henceB vs B. One can then study dire€P violation in

is good news for measuring mixing induc€dp violation via
B—J/yK*°—J/yKsm® decay[2]. Relative to the longitu-
dinal amplitudeA, the phases of the transverse and paralle hese decays even if the partial rate asymmetry is zero. In
amplitudes Weie found to+bd’(AT):_0'1lt 9'4&0'03 this paper we show that certain observables in the angular
rad, and¢(A)=3.00£0.37-0.04 rad, respectively. These giqyintion inB— J/yK* provide a clear test fo€ P viola-
phases are consistent with 0 oy indicating the absence of tjon peyond the standard mod@M).

final state interactiofFSI) phase shifts ifC P is conserved. It All necessary information for the present study is con-
should be noted that the analysis in fact does not measurained in the full angular distribution fdB— J/#K* which

FSI phases alone, but a combination of FSI @®Rlviolating  is given by[3]
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whereA;= P is theP wave decay amplitude, amh, andA There are several ways f@P violation to manifest itself;
are two othorgonal combinations of tlteand D wave am- the most familiar one is in partial rate asymmetries. Since
plitudes with the normalizatiopAr|®+|Aq|*+|A|*=1. The  there are three different decay amplitudes, partial rate asym-
angles#, and ¢,, are defined as polar and azimuth angles ofmetries may show up in either of thefs]. These asymme-
the charged lepton in th& ¢ rest frame, withx axis along tries can be studied by measuring the coefficients of the first
the direction ofK*, andx-y plane parallel tk 7 plane. The  three terms in Eq(1) for B and B decays and comparing
angledy is defined as that of thi in the rest frame oK*  {hem. However, in the case under consideration such differ-
relative to the negative of th&/y direction in that frame. ences are very small and therefore difficult to measure. It is
The angular distribution foB decay is similar, and we shall therefore interesting to see if there are other observables in
useA to indicate the corresponding amplitudes. the angular distribution which provide useful information
In the CLEO analysis, the phase fAp was taken to be aboutCP violation even if the partial rate asymmetries are
zero. For convenience we will use the convention that eachero.
amplitudeA; has bothCP conserving FSI phas¢; andCP It is clear that the coefficientsy= —|m(AﬁAT), B
violating phase g;, i.e., Aj=|Aj|e‘(¢i+‘Tj) while A;= =Re(AgA), and y=Im(AgA;) of the last three terms in
—|Ag|e!Tmon, A =A€7, and Ag=|A|e'(?0~ 0. the angular distribution, and similarlg, 8 and y for B
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decays, contain information abo@P violation. Without phase for all the amplitudes and therefore thes are all

separating3 andB decays, however, which was the case forzero. The observableg discussed here do not provide good
the CLEO analysis mentioned earlier, information 6  tests for new physics of this type. Interactions of the form
violation cannot be extracted. One must obtain the angulaCgcy*(1* ys)csy,(1+ ys)b, however, will generate dif-

distributions forB—J/yK* and B—J/4K* decays sepa- ferent phases foh; andA| o because they*(1+ ys)b con-
rately and determine the coefficients for the interferenceribution to Ay is proportional toCg, but for A o it is pro-
terms in each case. The following three quantities then megortional to —Cg. To a good approximation, one gets the
sureCP violation: weak phasery=— 0o, leading to nonzero values far .

Let us consider, as an exampRparity violating super-
symmetric models. The exchange of charged sleptons or
down type squarks can generate nonz€gpwith an arbi-

o trary phaserg. The allowed value foCg is constrained by
a,=pB—B=—2|A|[|Aolsin(¢0)sin(a|0), experimental data obh— sy, but it still allows theCg con-
tribution to theB— J/K* amplitude to be as large as 20%
of the SM contribution. Slightly stronger constraints can be

@) obtained by assuming that-ccs is similar tob— cus from
R-parity violating interactions. The upper bound of the weak

where ¢;;= ¢;— ¢; and a;j=0;— ;. Observables analo- Phases are approximately given [$]
gous to these, but integrated over various ranges of angles, )
have already been considered in Ref]. We remark that o1=—0)0~0.1sinog. (4)
similar analysis can be carried out for any two vector meson )
decay channels oB meson, such aB—D*p and B  Using the central values for the modulous of the amplitudes
— ¢K*, but it is probably more useful for tree-level domi- a@nd assuming that the FSI phases are zero, we find
nated decays where the rate asymmetry is small. _ )

We note that theCP violating observables, ; do not a;=0.10sinor, az=—0.12sinog. 5
require FSI phase differences and are especially sensitive to o ) ) ]
CP violating weak phases. The present CLEO data on angu- The contribution from the dimension 5 color dipole op-

lar distributions which provide information about FSI phaseserator has been estimated by assuming that color octet op-
—  erators contribute the amount as determined in generalized

are. proportional to the_CP conserving quantitiesy— a factorization approximatioh2]. The magnitude of the color
~sin(gmcospyr), B+ B~cos@p)cospye), and y—y  ginole coefficient as large as 10 times that of the SM one is
~sin(¢ro)coserro). At present these data do not exclude ot ryled out. In fact, charm counting and semileptonic

a; (ag) up to 0.50(0.58, but the small FSI phase fo&|  pranching ratio problems iB decays[7], and perhaps the

a;= a+ a=2|Ad|Aj|cog ¢ p)sin(oyr),

az= ’y-l—;: - 2|A-|—| |A0|COS( (ZSTO)Sir(UTO)!

measured by CLEO implies that, is small.* _ largeB— 7' Xs, may favor such a large valiig]. The weak
In SM the decay amplitude fd8—J/yK* is due to the  phasess, can be as large as 0.1 sig, whereo, is the weak
quark level effective Hamiltonian phase of the color dipole coupling. However, if the new
G color dipole interaction has the samse,,(1+ ys)b chiral
Heff:_FVcbV:s{Clc'yM(l_ v5)CSY*(1— v5)b structure as in SM, the phases are approximately equal and
\/E the values forg; would be very small. For a color dipole of

— — 10 times the SM strength but witeo,,(1— y5)b chiral
— M — y7ag
+Cosyu(1= ys)ccy* (1= yv5)b}, @ structure, one obtains;~ — o, o leading to an upper bound

where C,;=—0.313 andC,=1.15 [5], and we have ne- of 0.1sino.. This would generat&, and a; as large as

glected the negligibly small penguin contribution. This effec-0-1 Sinoc and —0.12 sino, respectively, quite similar to the

tive Hamiltonian generates a common weak phase for all th& Pavity violating case.
amplitudes through the phase\f,V%,, which is zero in the In all cases discussed above the weak phasesfand
o are equalor approximately equal The asymmetna, is

Wolfenstein parametrization. The quantiti@stherefore all ! ) .
g{erefore approximately zero in all cases we have consid-

vanish. However, in extensions of SM, these phases need n .
be the same, and the values fr may no longer vanish. ered, and does not seem to be a good quantity to study for
X CP violation using this method.

Hence, the observabl rovide good tests fo€C P viola- . S e
% P g The sensitivety fol, 3 is similar to the sensitivity to the

tion beyond SM. les of the amplitudes. It is interesting to note that

There are many ways where new physics may change t " ase ?ng ets_ of the amgﬂéoes' lls_m_erels; 'n% 0 nol e tha

phasesr;. To lowest order they may arise from dimension 6 € systematc error in analysis Is aready as ‘ow as
0.03 [1]. With increased statisticsa; 3 as large as 0.10

four quark operators, or from the dimension 5 color dlpoleShould be accessible at CLEO, at CDF., and at fullifac.

operatorsio,,,G*"(1+ ys)b, whereG*” is the gluon field e since the errors are determined through a fit, it is not
strength. New physics contributions fronC cy*(1  clear how the statistical error scales with actual number of
* vs)csy,(1— ¥s)b type of interactions are proportional to events. The question can only be answered by actual studies,
the SM contribution, which just generate a common weakbut naive scaling implies that one would need #9ents to
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be able to distinguish the deviations that we gave as illustrahave illustrated with supersymmetric models wiRparity

tion. Nevertheless, the needed number of events may be lesdplation, and models with large color dipole interactions,
and measurement of the observaldesvill provide us with  where these observables can be large enough to be measur-
useful information about P violation. We remark again that aple.

similar CP violating observables can be constructed for any

B—VV decays, such aB—D*p, where preliminary evi- This work is supported in part by Grant No. NSC 87-
dence for FSI phases has recently been reported by CLE@112-M-002-037 and NSC 87-2811-M-002-046 of the Re-
[9]. public of China and by the Australian Research Council.

In conclusion, we have shown that the study of the ob-W.S.H. would like to thank the University fo Melbourne and
servablesa; in the angular distributions d8—J/#K* and  the Special Center for the Subatomic Structure of Matter at
B—J/yK* decays can provide good tests foP violation  the University of Adelaide for hospitality where part of this
beyond the standard model, since they are zero in SM. Wwork was done.
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