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Oscillation effects inB®—K¢D° and related processes are considered to deterding— o+ 7=28
+v. We suggest thab® decays toCP eigenstates used in concert with inclusi®® decays provide a
powerful method for determining cleanly. TheC P asymmetry is expected to l5240% forD° decays to non-
CP eigenstates ang80% for decays t&C P eigenstates. This method can lead to a fairly accurate determi-
nation of 5 with O(10°—10°) B mesons.
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The two asymmetridB factories have made remarkable assumes unitarity of the CKM matrix then one also has,
progress in determining one of the anglg) ©f the unitarity =28+ vy [9]. Given thatg is already well measured, this
triangle; the world average now stands at s#¥2=0.78 method is very effective in determining “cleanly,” i.e.
+0.08[1,2]. This is in very good agreement with the expec-Wwithout QCD complications. In addition, this method can
tations from the standard moddlSM), sin28°M=0.70 also be used to simultaneously extrggtallowing a crucial
+0.10 [3]. However, a considerable amount of theoreticalcheck against the value of determined with theB
input has to be used to deduce sB%¥ and progress in re- —J/#/K$ approach{1,2,11]. As mentioned before, a differ-
ducing the theory error is likely to be rather slow. Thus,&nce in the two determinations Gf may then be an indica-
methods that determine the angles without the uncertainti#on of new physics. The basic idea behind the method has
of hadronic matrix elements are crucial in testing the@lready received some attenti¢a2—16. We extend and
Cabibbo-Kobayashi-Maskaw&KM) paradigm{4] to an in- complement these earlier studies in several ways so that it
creasing degree of accuracy in an effort to searclCferodd b_ecomes nowa poweriul appro_ach to deterrrm,w_eand pos-
phasés) due to physics beyond the SM. §|bly B, without any complication from penguin contribu-

In the SM, CP violation is controlled by only one tons. . .

. . In principle a comparison of the time dependenP
CP-odd phase. Therefore, different decays which measure 0,50 0 . .
the same angle of the unitarity triangléT) may give incon- 2Symmetry measurement iB°(B") —~KsD™ with that in
sistent results if physics beyond the SM is present. LikewisdsD® suffices to gives [13,15. In practice, though, as has
another apparent failure of unitarity of the CKM matrix, such already been noted previously, flavor taggingd{D°) ap-
as the failure of the UT to close, would also indicate newpears extremely difficulf14,10. Semi-leptonic tags suffer
physics. Beyond the phags the determinations af andy,  from very serious background from prompt decays,B
therefore, provide key SM tests. —lvXc; therefore, here we will not consider the possibility

Two extensively studied methods for determiniagal-  of semi-leptonic tags further. Hadronic tags Df (say via
ready exist, viaBB— mar [5] and B—p [6]. In these ap- D°—K~7"), which are generallyCP non-eigenstates
proaches, in addition to some experimental difficulties, con{CPNES, receive appreciable corrections from doubly
siderable theoretical input is essential as these modes receigbibbo-suppressed decays?. As in the case ofy ex-
large QCD-penguin as well as some electroweak penguifraction with B* [10], this interference can be used to our
(EWP) contributions. While efforts at these methods shouldadvantage in determiningas Kayser and LondofKL ) have
certainly continue, it is also very important that, in our drive discussed14].
towards precision, we develop methods that do not require |n this paper we would like to highlight at least two ad-
theoretical assumptions and therefore have negligible theorjitional methods to enhance this style of determinifig
error. The key point is that the effect of beyond the SMwhich will be shown to have great practical importance. First
CP-odd phases) on B-physics may be quite small so any of all, § may be determined iD° decays toCP eigenstates
residual theory error on the determined unitarity angles mayCpPES are observed, provided bot@P=+1 and CP=
mask the effect of new physics and thwart experimental- 1 states are used. In principle, this can be accomplished if
searche$7]. D° decays to on€P=—1 state, saK and7° and also to

The processes we considerg.B°—KD®) use interfer-  onecpP=+1, sayK, and»’ could be included. Of course,
ence betweeb—u andb—c tree graphs; no penguin con- experimentally final states witk, may be too hard to detect,
tribution, strong or EW, is involved8]. Time dependent iy which case anotheZ P= -+ 1 state such aB°—K*K ™~ or
CP-asymmetry measurements BP(B%) —KsD° will give a7~ can also do the job. We will also show that although
the combination of the unitarity angles=g— «+ m, inde-  one type of CPES does not provide enough information to
pendent of the unitarity of the CKM matrix. If, however, one extracts, combining the data from one CPES with that from
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D° decay to CPNES increases the sensitivity of gettihg 2I'[BY/B(t) —KsF]
over using CPNES alone.

Secondly, we will generalize these methods from single =e‘|7|[X(F)+bY(F)cos{xBr)—bZ(F)sin(xBT)]
final states ofD°, DO to inclusive sets of final states. It is 2)

important to note, though, that inclusive does not necessarily )

mean the sum over states with exclusive particle contentvherer=I'gt andxg=Amg/I'g while b= +1 for B(t) and
Indeed, in addition to that possibility, inclusive also meansb=—1 for B(t). Defining A(f;)=A,(f;)+.A4(f;) and
sum over different points in phase space for a single excluA(f,)=A4,(f;)+ As(f;), the coefficientsX, Y and Z in Eq.
sive reaction, as we will elaborate below. In this way we can(2) are given by

use the entire observable hadronic branching ratio otfie

greatly enhancing the statistical power. We will also briefly 2X(F)=Si[JA(f) 12+ [ A(F)]2;
discuss methods whereby ancillary information constraining B PN
6 may also be obtained. The methods which we describe 2Y(F)=Zi[|A(f)[*~ | A(T)[*]

share with KL[14] the feature that the amplitude parametersy,q

are overdetermined and therefore a valugpin addition to .

S, may also be extracted from the same data, providing a Z(F)==3,Im[e 2P A(f))* A(f)].

valuable comparison t@ obtained fromB— J/yKg.
Consider now the case wheB8(t)/BY(t) —KgD? KD°

followed by the decayp®/D°— F; F denotes an inclusive set X(F)=[(1+Tr3)(1+r3)/2+2Rerglp

of statesF={f;} and in generaF#F. The set{f;} may
range over states of different particle contgetg. K™
+n) or different points in phase spaf¥7] (e.g. eacH; is

a point on theK 7+ #° Dalitz plot) or a combination of
both. Thus we want to emphasize here that in this discussion
we will consider inclusive any final state which is not a

We can expand these quantities in terms of @gand obtain

X cog 77p— ¥)Cos7g]A?
Y(F)=—[(1-13)(1-r8)/2—2Rergrp

X sin( 7p— y)sin 7] A2

single quantum state even if the particle content is fixed. For - 28 o S V—PR.

instance, the decady®— K~ 7" 7% is an inclusive state if the Z(F)=[Reraro sina-+ 7o)~ Rero

result is integrated over the Dalitz plot whiz’—K p* is Xsin(2B+ 7p) +T3rg

an inclusive state if the polarization of tpds undetermined. R
Conversely, only D°— K~ 7" 7 state at a single point in X sin( npg— &) —rg sin( ng+ 6)]A? ®)

the Dalitz plot is exclusive.

For eachf; (which represents single quantum stati where
four relevant amplitudes are s 5
AZ=2 A%(Ty),
Ay (f)=AB°—K{D'—f,])=A
o ' ., TAAE)IR(E)
_ | TR
Az(fi)EA(BO%Ks[DOﬁfi]):ArDe+”7D,
- SA(F)rp(f)e )
- o . RFEH]D: i ( |)Al;( |) . (4)
As(f)=A(B° =KD = f;])=Arprge*' (7" 7a77) ATp
_ The corresponding quantities foF are given by
Aa(f)=AB—KJD =) =Arge™ e (1) X(F)(75,75,7) =X(F)(~ 78, ~ 75.,7); Y(F)(7g,70,)
==Y(F) (=7, —mp, v), and Z(F)(7s, 7p,7)

where, we have adopted the Wolfenstgis] representation = Z(F)(~7s. ~7p. y) assuming that there is no addi-
of the CKM matrix, and without loss of generality we can tional CP violation in D™ decay[19].

choose the strong phase convention so that A is real. The numerical hierarchy of the various terms in Eg).

. . . o~ 0 . depend on which kind of decay is involved. In the case of
The quantityrp is the ratio| A(D"— )/ A(D"—f;)| which  cpeg gecay oD® whereRe=rp=1 while rg, which is
we will assume is known from the study of° decay. The  jqenendent of th®° should be~0.36, as we will discuss

strong phaseyp(f;)=ard A(D°—f;)/.A(D°—f;)] we will  pelow. The interference terms in the expressionsdandY

assume to be not knowan priori. Likewise the paramete; ~ can give significant contributions while the second term in

and the strong phaseys given by rge'7e=e~'7.4(B° the expression foZ will dominate with the other terms mak-

— KDY/ A(B*—K¢D are also assumed to be not known ing appreciable contributions. On the other hand) % de-

a priori. Note that{rp, 77p, A} depend on the stafie while ~ cays to CPNES( will be small because the corresponding

{rg, mg} are obviously independent &f. D° decay is doubly Cabibbo suppressed. In this case the
The time dependent decay rates for this decay are interference terms in the expression ¥andY will tend to
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be small while the fourth term in the expression wmwill In [14] KL studied the special case wheffeconsists of a
dominate. The fact that the two classes of final states arsingle quantum state which is a CPNESg. f=K~ 7 7).

dominated by different terms in this expression suggests thathenR-=1 but{A,rg, 75,8, 7p} are not known. If we take
combining data from CPES and CPNES will give greaterhe point of view that@ and all the relevanb® branching
leverage in the determination of Below we will show ina  ratios are well determined then as discussefd# there are

numerical example_that this inde_ed seems to be the case. g observable$X(),Y(f),Z(f),X(F),Y(),Z(f)} determin-

Let us now consider the speual_case whereonsists of ing these 5 parameters and so the system is overdetermined,;
CPES with e|genvaluer=:: 1.1n th|sAcase, the modes add therefore, one can extraét Furthermore, as ifl4] one can
coherently and si®-=1, rp=1 and7p=0 or 7 for o= 3150 take the point of view thas is a free parameter and
+1, —1, respectively. The three observabk), Y(F),  solve for both3 and é from the same six observables. In this
andZ(F) thus depend on the four parametéfsrg, 7g, 5} context, as in the CPES case, taking the fast kaon ti be
If we have the two data sets, fer=+1 and foro=—1, (rather thanKg) provides 6 more independent observables
then there are five independent observalpteste thatY(oc  dependent on the same parameters rendering the system even
=+1)+Y(o=—1)=0] determining the same four param- more overdetermined.
eters and so the system is overdetermined and one may solve Since the parameters involved in the CPES case are a
for &. subset of those for a CPNES, there is a great advantage to

Some examp|es aEP= —1 final states "DO decay[zo:l Combining the CPES and CPNES methods above. In partiCU'
includeK s (BR=1%), K< (0.35%), Ksp® (0.6%, Ksw lar, combining information from CPES and CPNES methods
(1.199, Ksn' (0.9%, and K (0.4% giving a total of Increases the number of observables .to nine or elevgn, de-
about 4.4%.CP=+1 final states includeKsf, (0.3%), pending on whether one or bofBP eigenvalues are in-

7 7 (079, andK K~ (.21% for a total of 0.6%. For _cludt_ed. The nu_mber of pe}rameters, of course, stays the same,
i.e. five (or six if we also includeB8 as an unknownso that
there is a considerable degree of redundancy to solve for the
i ; 0 i o inRO unknown parameters. In practice, the numerical hierarchy of
Tins%eo t?ﬁﬁir\:\l C:,Zh ré;:asreiofrggn t:]heefasteigﬁmgeé IEEL” the terms in Eq(3) for CPNES final states makes such an

Switching the fast kaon t&, changesyz— 7+ 7 and thus ~ @pproach very useful. For instance, we expéeindX to be
gives the same information as switching the slow kéiom similar so although we counted them as distinct observables
the kaon arising fronD® decay. It should be emphasized in the above discussion, there should be a near degeneracy
that in this instance, wherein only CPES Bf are consid- between them in practice. Similar comments apply teer-
ered, including the final states both wits and with K,  susY. So combining the CPNES with the CPES becomes
increases the number of observables and, as mentionegpecially desirable as it is effective in increasing the sensi-
above, enables the system of equations to become solublivity.
This is in contrast, for example, with the case Bf Also, considering several CPNES can enhance the degree
—J/yKg versus B—J/yK, where switching the kaon of over determination. For each CPNES we add, we have six
merely improves statistics but does not provide additionahew observables but we introduce only one new parameter
independent observables. Clearly detectionkgf is ex- [#7p(F)], giving a net gain of 5. Indeed there are several
tremely challenging but it can help improve the determina-candidate modesK™ 7" (branching ratio 3.8% K p*
tion of the angles here so experimental efforts in this direc{10.8%9, K* ~#* (5.0%), K*070 (3.19%), K* “p* (6.1%
tion are worthwhile; note though tha¢, detection is not andK* ~a; (7.3% giving a total 36%. In this method one
essential in the methof21]. Note also that much of the may have to separate the quasi two body modes from the
theory discussion goes through even when one uses anothemad resonancee.g. K~ p*) making it somewhat difficult.
CP even final state oD°, e.g.7* 7~ or K"K~ rather than, Generalizing the CPNES case to inclusive states should
say,D°—K, . provide the most statistically powerful data to determéne

We can extend this CPES method to consider inclusivé=or instance, the inclusivB®— K~ + X has a branching ra-
final states. IfF is defined in aCP invariant mannere.g.  tio of 53%[20]. In this case, we have the general case of Eq.
F=Ks+X, BR=21%) the resultant observaAbIes will be (3) and so six observableX(F),Y(F),Z(F),X(F),Y(F),
§imilar to the pure eigenstate case. Here agair1 and  z(F)} are determined by the six parametéfsrg,75.rp
np=0 or 7 butRg, which measures the purity & will not 7p .6} and so the system can be solved with some discrete
be 1. The 3 observables are thus dependent on 5 parameté8sfold) ambiguities.
{A.fB,UBﬁ.RF}- As before, in principle, we can obtain a This may be improved in two ways. First of all, one can
solution by changing the fa# to aK, and/or changing the Segregate th.e sétinto several subsgts. Thus each subset of
slowK?, in the case wherk e F. Again, thesek® changes F provides Six new observables but introduces only two new
will lead us to 5 observables making the system soluble. Iparameters§p andRg) giving a net gain of 4 in the degree
practice, thoughK, detection in inclusive final states is of overdetermination. This can work to a degree so long as

each of the modes with ld5 one can also construct a mode
of the oppositeC P by changing thé&sto aK, . We can also

likely to be too difficult so inclusive final states witg will the improvement to thg? due to lifting the degeneracy com-
need to be supplemented in some other fashion, for examplpgnsates for the reduced statistics in the subsets of the data.
with CPNES(see below For example, the inclusive mod€™ + X is made up of a
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FIG. 1. Thex?,;, vs 6 for the toy model calculation giveNg FIG. 2. Effect ofrp . For the case oK™ + X, the dashed-dotted

=10°. The thin solid line is the result fdd®—K 7" alone. The line is as in Fig. 1 while the dashed line is the fit made with the
dotted line is the result obtained combiniig * with CPES con-  assumption that,=0. Similarly, forD°—K~ =", the result is the
taining Kg. The dashed-dotted line gives the result 7 + X thin solid line as in Fig. 1 whereas the dotted one is the correspond-
alone and the thick solid line combin&s + X with CPES contain-  ing fit made with the assumptiar, =0.
ing Ks. (Note the true value 06=110°.)
gives the minimum value of? as a function ofs obtained

number of different modes of distinct particle content, forfor the data from the single final stake” 7 *. Clearly dis-
instance the exclusive state™ 7+ (4%) together with the crete ambiguities in the solution tend to conspire to keep the
inclusive (in the sense that these modes depend on phas&lue of x? relatively low. The dotted line shows the case
space variablgsstates K™ 7" 7% (13.19%, K 7wt~ when K~ 7" data is combined with CPES containihg.
(7.5% andK 7" 7t 7~ 7° (4.0%), giving a total branching The sample of CPES events is thus contains 90 events. The
fraction of about 28%, restricting to modes containing onlydashed-dotted line gives the result for the inclusive+X
one 7 in the final state. One strategy would be to consideralone where we have taken for the purposes of illustration
each of these to be separate modes. Another approach WOL%z 70°, FD is the same as for thé~ 7 andRz=0.1 and
be to divide theK™ + X into separate bins according to the the thick solid line combines this with th@P=—1 eigen-
energy of the ~ in the D° frame regardless of the content of states. In all cases, we have assumed that the overall tagging
X. As an example, where such an approach is used iefficiency for theB° flavor is 25%. Thus the graph assumes
chargedB decays se¢23]. In this paper, though, we will 750K~ + X events.
consider getting additional data by combining fAginclu- Experimentally, the most effective way to obse®® de-
sive) method with only the CPES method. cays of the fornK ~ + X is to add together the separate decay

The magnitude of the time depend€nP asymmetry for  rates for each particle content of the foldi +nw. The
various final states can be seen in the expressioZ forEq.  advantage of analyzing multibody modes as inclusive modes
(3). If D°—F is Cabibbo allowed themp~ sirf6,~0.05 s that the analysis is then independent of any assumptions
while rg=|V p||Vcd/(|Vep||Vys) =0.36. The dominant term  concerning the structure of the amplitude.
in Z thus the fourth term which will lead t€ P violation of In Fig. 2 we plot theK ™+ X as in Fig. 1(dashed-dotted
=36%. Note that this term does not become small in thdine in both casgsand also show the fit we would obtain if
limit Re—0. In the case wher& is a CP eigenstate, so we were to interpret the experimental data assuming that
rp=1, the second ternx sin23~0.8 becomes dominant. If r,=0 (dashed ling we can see that there is not a large
Re is small then the third and fourth terms are dominantdifference in the behavior of the? under these two interpre-
giving again a contributioncr g=~0.36. Thus, in general, the tations, in this instance. However, for the case Df
time dependen€CP asymmetry in thes8°—K°D type of K~ #* (thin solid line versus dotted lingeven thoughrp
modes is expected to be rather large. is small neglecting it makes a significant difference; with

Now, in order to illustrate the relative power of the differ- ry=0 the y? always seems to stay quite large making it
ent methods, let us consider the following toy model. Firstdifficult to find a solution.
we estimate BR(BO—>5°KS)~sin2¢9c(1/N§)BR(B0 Table | shows the one sigma error érfor various inputs.
—D 7%)/2=1075. For this example, we will arbitrarily Clearly, the best results are obtained when the observables
take 75=50° andzp=70° with y=60° andB8=25°, con- overdetermine the parameters and a large fraction of the BR
sistent with the B factory valug8] and so5=110°. is included in the sample. Thus whéti” + X is used to-

In Fig. 1 we plot they? which would be obtained assum- gether withKs CPES, error ond is +2.5° with Ng=10°;

ing that Ng= (number of B mesons)(acceptajice with Ng=1CP this error increases t&r 11.4°, so is still quite
=10° for various combinations of the daf24]. The thin  useful.
solid line, which assumes a sample of about 65 such events, Since overdetermining the system of equations is key to
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TABLE |. Attainable one sigma accuracy with various data setsondly, as suggested [10], using the methods ¢22,23 one

given Ng=10. can directly determin® and 7p from studies at ay(3770)

charm factory.
Case Accuracy Finally, the technique discussed here for replacing a single

) . . state with an inclusive one in the interference of two ampli-

CP-fma] stafesﬁwnh(s andc'fi +18.2 tudes has an immediate application to gettjnglin [23] we
states, L.ea” 7, Ksfo andK™K consider this for the method ¢.0] for extractingy from

B~ —K~D° with variousD? final states. In particular, this
The CPNESK™ 7" together with +£9.0° gives a model independent way of analyzing three-bBdy
CPES, both wittKs only andD final states.

In conclusion, we show that the ability to determide

CPNESK ™ 7" with Kg and withK_ +5° throughB®—D%K g can be greatly enhanced by considering

D° decays toCP eigenstates and by using inclusive sets of
K~ +X together withKs CPES +2.5° DO decays. In particular, using inclusii2’ decays such as

K™+ X together withCP eigenstates, our illustrative calcu-
lation suggests that as the number of availaBlenesons
. . . . . increases from f0to 1 a determination of5 with a one
improving accuracy ot it may be useful to introduce addi- sigma error of< = 11.4° becomes feasible even with a mod-
tional constraints. First of all, one can replace Bfeand the est acceptance oB(10%). This error can, of course, be

Ks with higher resonances which will tend to i”"re"g}sfe thereduced to the level of a few percent as the acceptance is
total statistics. In addition, as suggested 14] if the D is

. Okx o improved. The method described to make use of inclusive
replaced with & then we can tag the flavor of tHi states is likely to have a wider application to the extraction of

through the decapp®* —D "7~ . The analysis of decays CP violating phases.

with this tag thus reduces to that §£3,15. There is the

practical problem implementing this method that one must This research was supported by U.S. DOE Contract Nos.

separate th®, andD, states which are 40 MeV apart. Sec-
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