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We prove an approximate relation, to leading order in dominant terms, bet@PBeriolating rate differ-
ences inBYB’—K*#¥ andB*—K*#°. We show how data from these two processes may be combined in
order to enhance the significance of a nonzero regslt556-282(99)05909-3

PACS numbgs): 12.15.Hh, 11.30.Er, 13.25.Hw, 14.40.Nd

Up to now, CP violation has only been observed in the strangeness-conserviigy— 77 decays. The decomposition
mixing of neutralk meson statefl]. Thus, it remains to be of decay amplitudes in terms of flavor flow topologie$9%
confirmed thatCP violation in the kaon system arises from
phases in the Cabibbo-Kobayashi-Maskawa mdi2ik de-
scribing weak charge-changing transitions of quarks. Such
evidence can be provided B meson decays, in which the
standard model predicts sizab®P asymmetries between =Bz A=Az,
partial rates ofB mesons and their corresponding antipar-
ticles[3]. Model-dependent calculations 6fP asymmetries . L 0 c
in B decays to a pair of charmless pseudoscalar mesons have™ V2A(BT =K 7% =| P+ Pewt §PEW
been carried out by a large number of authiegrs

In the present paper we study relations between ddtt =Bt Arp—2Azp,
asymmetries inB— K decays, following from a model-
independent hierarchy among various contributions to decay N 0+ 1 .
amplitudes. Observation of three of these decaRs$, AB"—K'm™)=| P—zPew| +(A)

—K*7~, Bf=K*"#% and B*—K% ™", combining pro-

cesses with their charge conjugates, was reported recently by =Byt Ayt Agp,

CLEQ[5,6]. The number of events in these modes is 43, 38,

and 12, respectively. We shall show in this note that while

each individual measurement is unlikely to provide a signifi- \/EA(BO—’KOWO):( P—Pew—3 cEW) —(©)

cant nonzero asymmetry measurement at present levels of

statistics, the rate differences in the first two processes are =Byp—Apt 2Azp. (2
expected to be related:

+(T)

2
—A(BO—>K+7T)=(P+§PEW

+(T+C+A)

On the right-hand-sides we also include an equivalent de-
[(B°—K*7m )T (B—=K 7" composition in terms of isospin amplitud¢$0], where A
andB areAl=1 andAl=0 amplitudes and subscripts de-
=2[[(B"—K"7%)-I'(B =K 7#%]. (1) note the isospin oK. This equivalence is implied by the
relations
With present statistics and with an estimate of the maximum
asymmetry(46%) possible in the standard model, the com-
bined sample ofK*7* and K*#° events is sufficiently B1o=
large to display a suitably averaged asymmetry of up to four
standard deviations. A somewhat more conservative estimate
follows from considering rate differences. A=
In order to studyB— K= decays, we will employ a dia-
grammatic approach based on flavor (SJ[7]. Since we
concentrate on strangeness-changing processes, the major +
part of our analysis will only require isospin symmetry.
SU(3) symmetry and S(B) breaking effect$8] will be in-

troduced when relating these processes to corresponding A= — §(PEW+ P, — §(T+C). 3)

1 )1
P+ 5PEw|+5(T+A),

6
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color-suppressed electroweak penguiRgg) amplitude, A(KOm)=2PA+-- -,

carry each a weak phase avf(V,s) = — m. The other three

terms, tree T), color-suppressedC) and annihilation(A) R

amplitudes, carry a different weak phase MV, =7. A(K7%)=—PC+ PEWC+§PEWC.
We will assume a hierarchy among amplitudes carrying

the same weak phase] We note that, in the absence of electroweak penguin ampli-

|P|>|Pewl>|PEul, 4) tudes, one find§19]

IT|>[C|>|Al, ©) AKT 7))+ AK ) =2A(KT 70+ 2A(K°#%). (7)

where a roughly common hierarchy factor of about 0.2 de-'gé)r‘]’f[’re”‘jlﬁtri*o;gis relation is spoiled by electroweak penguin

scribes the ratio of sequential amplitudes. The hierarchy be : . .
tween penguin amplitudes is based on QCD and electroweak COmMparing the four rate differences, we see that the domi-
loop factors and is supported by model calculations of shorfant terms of the fornPT appear only in the first two rate
distance operator matrix elemerftsl]. Very recently this differences, leading at this order to the relation

hierarchy was shown to follow from model-independent con-

siderations[12]. The hierarchy betweef and T is taken A(KT7m7)=~2A(K* 70). 8
from short distance QCD corrections and phenomenology of

B— D decayg13]. The measured rates of color-suppressedhe next-to-leading terms correcting this relation BegyT

processes, such 80,DOO0 [14], show that rescattering andPC. The first term can be shown to lead to a negligible

effects do not enhand@ to the level ofT. This will also be  rate difference. The argument is based on a property of the

assumed to be the case Br K. Finally, the hierarchy Az, amplitude, which was shown recenfl0] to consist of

betweenA andC follows essentially from d5/mg factor in T+ C and electroweak penguin contributions with approxi-

A relative toT [15]. Several authorl6,17 have noted re- Mmately equal strong phases. Using this property we conclude

cently that the last assumptiof#|<|C|, can be spoiled by that

rescattering effectdfrom intermediate states mediated By o

through soft annihilation or up-quark penguin topologies. PewT + PewC+ PgwT +Pg,C~0, 9

We will therefore leave open the possibility tha|~|C]|.

The possibility thajA| can be as large aF|, implied by  or, to leading order, tha\,T~0. Since the ternPC is the

some model-dependent calculatidrs], will be excluded. only next-to-leading correction to Ed8), this equality is

We consider it unlikely in view of existing limits on rescat- expected to hold to about 20%.

tering inB°—K*K™ [16]. Using the hierarchyA|<|C|, it has often been assumed
Interference between amplitudes carrying different weakhat the rate differenca (K°#") is extremely small. How-

phases and different strong phases lead€ Rorate differ-  ever, recently it was argugd 6,17 that rescattering effects

ences between the processes in Hds.and their charge may enhancé to the level ofC, thus leading to &£ P asym-

conjugates. Such interference involves the product of thenetry in this process at a level of 10%. This would imply

magnitudes of the amplitudes appearing in the first parenthgp, ot the ternBA appearing in botth (K% ) andA (K * 70
sis with the amplitudes in the second parenthesis, a sine fac- t-to-leadi q b bIB. In thi
tor of their relative weak phase and a sine of the relativ S next-to-leading and may be compara - Inthis case

strong phase. Thus, all the contributions are proportional t g. (8) could be violated by up to about 40%, and a better

siny, whereas the strong phase difference is generally un@Pproximation becomes

known and may depend on the product. We denote Iéf 2 AK* 77 )+ A(KOm ) ~2A (K 70) (10)
the interference betweenP and T contributing to '

+o Y= 0 +. - —\_T(RO -+ N
A(KTm)=I'(B"—>K 7 )—-I'(B"—K"77"), and use , ay of gauging the importance of tHeA term would be
similar notations for other interference terms and otGé&r by measuring a nonzero value faK%z+). The dominant

rate differences. One then finds for tBE§ rate differences correction to the approximate relatiofl0) is the term
the following expressions, where terms are written in de-_2|55 which is contributed by 2 (K°#°) on the right-hand
creasing order using Eg&3) and(4), and the smallest terms side of Eq.(7)

are neglected: In order to study relative asymmetries, let us first discuss

4 the rates themselves. To leading order, all fBur K7 pro-
AKY77)=2PT+ P, T, (6)  cesses are dominated by tlyduonic) penguin term$ in Eq.
3 (1), and their rates as well as their charge-conjugates rates
are expected to satisfy the relations

"0 =PT+ +PC+PA+ + =P
AKTm) =PT+Pewl+PCHPA+PenC+ 3PewT I'(B"—K%z")=I'(B° K 7 )=2T'(B" =K' 79

T =2I'(B°—K%79). (11)
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The next-to-leading corrections to these equalities are inter- B(B°/§°Hw+ 7)=(3.7"29x 1076 (16)
ference terms of the form 2 Re{™) and 2RePPg,). To L
first order in small quantities, thB— K rates satisfy the B(B*—m* %) =(5.939x10°6. (17)

sum rule[21]

+ v+ .0 0 0.0 While destructive interference between tree and penguin am-
2l(B" =K m)+2I'(B"—K ) plitudes inB°— 7% 77~ and/or constructive interference be-

=T(B* =K%z ")+T(B°=K*7x"), (12 tween tree and color-suppressed or electroweak penguin am-
plitudes in B*"—7"#° may lead to B(B*—="7")
which may be used to anticipate a smfi—K°#° rate. <2B(B*— a7 [7], we shall ignore such effects as in
The first order terms modify the rate equalities Etj).  Ref. [22]. Thus, using an S(3) relation betweerB— K

The difference between BB'—K*'#% and B(B* and B— 77, taking 7(B°) =(1.56+0.04)x 10 *?s™1, and

—KO%*) is given by two terms, 2R&T*) introducing SW3) breaking throughf /f,. [7,8], we have

+2 Re(PPE,,), which can imply a factor as large as about the two independent estimates

two between these branching ratios. In fact, the present cen-

tral values measured for these branching ratios differ by E]lT|é0: us f_K

2
['(BYB°—7*7w)=(1.8£0.9 x10°s ¢,

factor of 2.1[6], which can be use@20] to place model- V_ud fr
independent bounds on the weak phaseThe rate differ- (18
ence of the two processes involving charged kaons, to which (12
Eq. (8) applies, is given to this order by |T|ZB+=2[\¥ f_K (B =7 7% =(54+2.7Xx10°s 1,
d'=
2T'(B* —K* 7% —T'(B°—K* 7 )=2 R&PPE,), ) (19
(13

_ . whose average isT|%2=(2.16+0.85)x 10° s" 1. When com-
where the correction term is expected to be no larger thapined with our estimate fdiP|2, and assuming an additional
about 40% of each of these rates. Since a similar approxima0% error from neglecting a penguin amplitude B
tion applies to the rate differencer a better one in case of — 77~ and a color-suppressed amplitudeBn — " 7°,
small rescattgring effegtsthe asymmetries of these two pro- this leads to|T/P|=0.160+0.054, or|T/P|<0.23 at 90%
cesses can differ by about a factor of two. In general, with n@onfidence level. A more precise determination of this ratio
other information about the above interference terms, theequires more statistics. We will assume its preliminary
equality between rate differences E@) holds to a better value. A slightly larger value of T+C|/|P|=0.24+0.06
approximation than the equality of corresponding asymmewas estimated in Ref$20] and[23].

tries. _ As we have shownCP asymmetries iB%/B%—K ™7™

In order to estimate theCP asymmetries inB%B°  andB* —K*#° are equal to each other, to leading order in
—K*7* andB*—K*7° one must know the ratifT/P|. |T/P|, |Pew/P| and |C/T|, and are given by
Using previous datgb] we have showii22] that this ratio is 2| T/P|sin ysin 8, wheres is the strong phase difference be-
smaller than one, representing another hierarchy factor afyeenT andP. This phase is generally unknown, but could
about 0.2. Let us update information abd¥tand T using  pe substantial. While the tree amplitudes are expected to fac-
more recent datg6]. We will quote squares of amplitudes in torize, thus showing little evidence for rescattering effects,

terms of decay rates. S the penguin amplitude obtains a large contribution from a
The most straightforward way of obtainifg| is from the  so-called charming penguin terf@4], involving long dis-
observedC P-averaged branching rat(6] tance effects of rescattering from charm-anticharm interme-

. L0TD - . diate states. It is therefore conceivable thatould attain a
B(B™—K"/K"m~)=(14£5%x2)x10"°, (14  |arge value, such that si-1. The values ofy allowed at
presen{25] include those around 90° obeying sin1l. We

since there are no first order correctionsRan these pro- o rafore conclude that an interesting range of asymmetry

cesses even the*Al is a§1I§1rge a$C|. Using thez\ialue{et] measurements includes the valug@/#| which we found to
7(80)10(1;65—0'04% 107*s, _l"’e find [P|*=T'(B be 0.32£0.11 to leading order, or less than 46% at 90%
—KOK7r*)=(85+3.3)x10°s™*. confidence level.

An estimate of/ T| is more uncertain at this time. While  To first approximationCP asymmetries in the processes
CLEO has quoted upper limits at 90% confidence level:  go/B0_ k* -+ andB*—K* 0 are equal. Averaging them

leads to a statistically more significant result than measuring
them separately. Denoting BN;,, A, andN., A.the num-

B(B* — 7% <16x10°°, (15 ber gf (gvents and asymmetries Bf/B°—>Ki " and B*
— K=", respectively, one may define an averaged asymme-

their data imply signals for these decays with significance of’Y

2.9 and 2.3 standard deviations, respectively. Taking these

signals seriously, we may obtain from the reported event Ay= ———°
rates and efficiencies the branching ratios Niot

B(B%/B°— 7" 7 ™)<8.4x107°,

(20
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whereN,, is the total number ok 7° andK= 7~ events. It

\ , S(PT)=6l=6.1x10° s 1, (27)
is easy to show that, under the assumption of equal asymme-

tries, the total number of event$,,; required to observe this and a combined error of

asymmetry at ther-standard-deviation level of significance

does not exceedll,,= (n/A,)2. Thus, for|Ay.]=0.46 and S(PT)com=1.9¢10° s 1. (28)
Noi= 43+ 38=281 events, one could see a signal as large as

four standard deviations, whereas the maximum signal¥he maximum value oPT is

based onN, and N, separately would not be expected to

exceed &. Backgrounds and particle misidentification will |PT|max=2|P2T[?=(2.71£0.759 X 1P s, (29

degrade these estimates somewhat.
As mentioned, in general the approximate equalityCéf

rate differences in the processB8/B°—K*#* and B*

—K*70 is expected to hold to a better accuracy than th

based on the estimates |##|2 and|T|? given above. Com-
paring the erro(28) with the value(29), one sees that reduc-

dion of the error by a factor of anywhere from aba(® to 3

equality of corresponding asymmetries. Thus, we shall esticould permit a non-zero observation BT at the 3 level.

mate the errors on the separate quantities

(PT),=AK* 7w )2, (PT).=AK"#% (21

In the ideal case in which fractional rate errors scale as
1/JN, Eq. (27) would be replaced by

S(PT)=1.36x10° s ", &(PT)=2.95<10°s*, (30

and on their average, and compare these with the maximum

possible value of

PT=2|P||T|sin(81— Sp)siny. (22)

leading to a combined error af(PT)gomy=1.24x 1P 571,

sufficient to demonstrate as3effect if PT were at the upper
limit of its allowed range.

The most conservative estimate is based directly on the TO conclude, we have shown that to leading order in
experimental errors on sums of rates for particles and antSmall quantities it makes sense to combine @fe-violating
particles, which one may show are equal to the errors on ratéte differences in the decaf@®—K* 7~ andB* —K* 7°,

differences SA(K* 7 7)=6T",,, SA(K* 7% =6T",, where
[,=[(B°—K*7 )+ (B°=K 7"),
I.=IB*—K"'#%)+I'(B~—=K x°). (23

[In practiceA(K™* 7~) may exceedT , if there is a kine-
matic ambiguity betweerK "7~ and K~z final states,
Using branching ratios

(1/2[B(B°—K* 7 )+ B(B° =K 7")]

=(14+3+1)x1076, (24
(1/[B(BT—K* 7%+ BB~ =K 9]
=(15+4+3)x 1076, (25

and theB? andB™* lifetimes mentioned above, we find

,=(17.9+4.)x10°s !, TI'.=(18.2+6.)x10° s %,

(26)

These ratefwhich should obey ,/2=T if P were the only
amplitude present, as noted in Ed.1)] lead to individual

errors onPT of

S(PT) =6l /2=2.0x10° s 1,

Whereas the identification of the flavor of charged secondar-
ies inB%B°—K* 7™ decays requires good particle identifi-
cation in order to avoid a kinematic ambiguity involving
7K interchange, no such ambiguity afflicts the decays
B*—K*#%. The averaged rate difference can be large
enough in the standard model that it would be detectable at
present levels of sensitivity.

Note added in proofA recent analysis by Neubef26]
[see especially his Fig.(8] supports our claim of a strong
correlation betweem\cp(K* 7% and Acp(K*77), where
Acp(H)=[T(f)-T(H)VIT'(F)+I(F)].
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