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The Gronau-London-Wyler method extracts the Cabibbo-Kobayashi-Maskawaatyleneasuring
B~ decay rates invoIving)°/50 mesons. CP violation can be greatly enhanced for decays to final
states common to bot®° and D° that are notCP eigenstates. Large asymmetries are possible
for final statesf such thatD® — f is doubly Cabibbo suppressed whilg’ — f is Cabibbo
allowed. The measurement of interference effects in such modes allonclethre extraction ofy.
[S0031-9007(97)02882-2]
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One striking implication of the standard model with CP violation also requires &P even strong phase dif-
three families is that it can accommodda@® violation  ference. This will generally be present due to final state
via the Kobayashi-Maskawa mechanism [1]. Intense exinteractions although it is not known how to calculate it
perimental efforts are now underway khphysics to test reliably. Even if this phase difference is small, informa-
the standard model in this regard through measurement®n abouty may still be extracted fron®P even interfer-
of the unitarity triangle [2]. For this program to succeedence effects.
it is of crucial importance to be able to deduce each of The use oD° andD’ decays to common states that are
the angles of this triangle from experiment. In this papemot CP eigenstatewas proposed several years ago [7].
we will focus our attention to one of the three angles,this Letter we wish to point out that among this category,
namely the Cabibbo-Kobayashi-Maskawa (CKM) phaseD® decays which are doubly Cabibbo suppressed lead to
angley = arg—V,, V., VuaVeq). In the standard model, CP violating effects that may be greatly enhanced. In
v is the relative phase betweén— cus andb — ucs  addition, a number of potential experimental difficulties
transitions. In order to measuf&P violation due to this  with the GLW method may be reduced or overcome.
phase, a means must be found to have these seeminglyln the GLW method, CP violating asymmetries
distinct final states interfere. A mechanism whereby thisend to be small sinceB~ — K~D° is color sup-
is possible has been proposed and extensively studied [sressed, whereasB~ — K~ D° is color allowed.

8]. The baS|c idea is that if théc (cu) hadronize into a Moreover, when the appropriate CKM factors are taken
single D° (D ) meson, which is subsequently seen as anto account, the former amplitude is typically an order
CP eigenstate (e. gKSWO) or Ks + nar, then both pro- of magnitude smaller than the latter. In the GLW method
cesses lead to a common final state. These two channealse interference effects are therefore expected to be lim-
can thus interfere quantum mechanically giving rise to, inted to O(10%), which indicates the maximum possible
particular,CP violating effects [3]. size for CP violation via this method. To overcome

The Gronau-London-Wyler (GLW) method [4—7] ex- this we choose instea®® modes, f, that are notCP
tracts the CKM angley from measurements of the eigenstates. Especially appealing are moﬂ@ch that
branching ratlos of the six processe®, — K~ D’ Dp'— f is doubly Cabibbo suppressed while’ — f
K~ D° K~ D2p, and theirCP-conjugate partners. Here is Cabibbo allowed (e.gf, = K", Ko, etc.). Asa
D2, denotes that theD? or the D" is seen in a result, the two interfering amplitudes become comparable;
CP eigenstate. The two interfering amplitudes have eee Fig. 1. Numerically, the ratio between these two
CP violating phase differencey. The observation of| amplitudes is crudely given by
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where M denotes the amplitude for the given proceés While a naive estimate for the ratio of twice Cabibbo
Here the color-suppressed amplituffea,) is reduced suppressed to Cablbbo allowed branching ratio is
with respect to the color-allowed orfe-a;) by the factor B(D° — f)/B(D’ — f) =~ A*, where [10] A =
suggested in [9]laz/a;| = 0.26, and the ratio of CKM 6. = 0.22, the form-factor and decay constant ratios may
elementdV,;/V.,| = 0.08 was used. increase the estimate somewhat. Such a ratio has been
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a smallCP violating signal. In contrastj, may assume
different values for various no@P eigenstateg. Some
of these phases could be large. Indeed, some experimental
evidence suggests that final state interaction effects in
such D° decays can be appreciable [12]. Since several
such modes are experimentally feasible, for instafice
K'm ,K'p~ ,K'a;, K*"7m~, Kwrm, etc., it is likely
that for at least some of these Gjp + &) will be large
leading to a large asymmeta(K, f).
If it were feasible to determine both(K) and b(K),
then a single final stat¢g—which may be either &P
eigenstate (as in [4,5]) or a nd@P eigenstate [7] (such
as doubly Cabibbo suppressed modes)—allows the extrac-
@ " tion of y (up to a fourfold discrete ambiguity) from the ex-
perimental observablds(K), b(K), c(f), c(f), d(K, f),
FIG. 1. Diagrams for the two interfering processés: —  d(K, f)}. A potential problem with this method of extract-
K~D° (color-allowed) followed byD® — K*#~ (doubly ing vy is, though, that while:(K) can be measured by con-
Cabibbo suppressed) an#~ — K D" (color-suppressed) ventional means outlined below(K) ~ 0(1079) suffers

followed byD’ — K* 7~ (Cabibbo allowed). from some serious experimental difficulties. First{K)
is measured through the use of hadronic decays obthe

observed by CLEO [9] (e.g.,ﬁ0 — K*7), then interference effects ab(1)

B(D" — K*77) with the D° channel (e.g.B~ — K D[— K*7 7))

= 0.0077 % 0.0025 £ 0.0025, (2) will occur [see Eq. (1)]. Clearly, then, the® must be

whose central value was used in Eq. (1) for the generi%?g:) Orl \i,r\?;?ai:ee(t:r?g g:;;illsestlgﬂ?cctjgggoazi?;};?f the

ratio. ; ) . :
Let us denote the above branching ratios as:I'hls mode, however, is subject to daunting backgrounds,

_ - k-0 _ - k-7 such asB~ — I~ 7,;X., which is 0(10%) times larger.
Z((I]S)) _: %((%0 . I]f') DC)(’f)b(:KE(_DE(E, 7) KFé)r )él Such backgrounds may be difficult to overcome [13].
given final statef; let us ldefined(K,f,-) - BB~ — The possibility of having a variety of strong phases

K-[f:]) and d(K, f;) = B(B* — K'[7,]) where the allows for several methods for the extraction pf[14];

square bracket denotes that the bracketed mode orig—?;ﬁc\gﬁ]gd'rzci;:)sssfggl(}/d%n;ysvgfe?(isol\l/vn;e[ltz? t all relevant

inates from aDO/DO_dOecay. In the standard model, " rhe first method assumes thatk) is known but

a(K) =B(B" — K+_DO) = a(K) and b(K) = b(K).  not p(K). Indeeda(K) can be determined via Cabibbo

Likewise, ¢(f;) = B(D" — f,) = c(fi) ande(f;) =  allowed modes ofp® decay(g), e.g.,D° — K 7+,

c(f;) [11]. K p*. The decay chainB~ — K D°[— g] de-
Equation (1) suggests th&P violating effects in the terminesa(K) = d(K, g)/c(g) to an accuracy of about

interference of two amplitudes of this type can be large, ¢, since the interfering proces®™ — K D' [— ¢]

Let us define, for a general final stafethe CP violating s poth color and doubly Cabibbo suppressed. Higher

BD' — K+7")

partial rate asymmetry £PRA): B accuracy can be achieved once obvious corrections are
AK,f) =[d(K, f) — dK, /K, f) + d(K, f)]. included. _ ' _
The largesCP violating asymmetr (K, f) in B* decays The method also requires the branching ratios for at

involving DO — DY interference may occur whefiis a least two distinct final state§ andf, (where at least one
doubly Cabibbo suppressed decay mode off¥fie of f1, f2 is not aCP eigenstate), i.e4(K, f1), d(K, f1),

In the GLW method wherg is a CP eigenstate, the 4(K./f2), and E(K,fz)-_OThis information suffices to
strong phase difference betweb — f andD” — f,  &xtracty, B(B~ — K D"), and the two relevant strong
57 — arg[ M (D" — f).’M(EO — £)*], is to an excel- phase differences up to some discrete ambiguity.

o To see how this works, let us write the expressions for
lent approximation0 mod 7= [11]. Therefore, the total - . '
strong phase difference involved is that of the initl 4K /i), d(K. fi) interms of the strong phases apd

decay,{x mod 7, wherex is given by d(K, ) = a(K)e( £)) + bE)e(F,)

B + 2Ja(K)b(K)e( f)e(F,) cos X + 9),
X M(B" — KDY MB"— KD Gk, ) = a®)e(fi) + bK)e(F)

SinceA(K, f) « sin({x + 67) = £sin({x), if {x should —

happen to be small the GLW method will produce only + 2\/a(K)b(K)c(f,-)c(f,-)cos(g}f - ),
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wherei = 1,2 and ff = (x + 8;. These four equa- D° D*°, or any higherD resonance where that excited
tions contain the unknowng&k, ¢F, b(K), y} which  state cascades down tol3 that in turn decays to final
therefore can be determined up to discrete ambiguitiestates accessible to bafif andD" [16]. This immediate
Adding more modes reduces, in general, the ambiguity tgeneralization is constrained to the cases where either the
an overall twofold one in the sign of all the phases. k~ or thed® is spin 0, otherwise several partial waves are

This method also illustrates the importance/bflecay present. The case with multiple partial waves may still be
studies in interpreting sudBP violation in B decays. The considered, except that each of the amplitudes may have a
strong phasegf relevant to Eq. (3) are related to tlie  different strong phase and so must be separated.
decay phase shift8;, via Let us now give a rough numerical estimate of the

K — K — 5, — 5, 4) typical size of the asymmetri(K, f) and the number
h 2 fa of B's needed to observe the effects. We shall perform

Since the separate phase shﬂ}son the right hand side of the estimate for the case™ — K* [K*p~]. We start
(4) may be determined from detailed studie®adecaysor  with the known branching ratio @~ — p D°) =
from data at ay(3770) charm factory [14,15], this relation 1.3%. Multiplying this by the Cabibbo factor of\?
puts an additional constraint on the system of Egs. (3)one obtains an estimate afK*) = 6.6 X 107*. Using
Indeed, if 6y, and 65, are known then/x may also be the CKM values and the color factor as in Eq. (1), one
extracted, thereby providing information about final stateobtainsb(K*) =~ 6 X 107°. The experimental value of
interaction effects iB decays. c(K~p*)=0.11. To estimate the value of(K*p™)

The discussion above may be generalizes tiecays of let us assume that(K 7") : c(K*7r7) = c(K p™) :
the formB~ — k~d° versusk ~d' wherek denotesk, c¢(K*p~), thusc(K*p~) =~ 8.5 X 1074,

K* or any higher kaonic resonance. Likewid& denotes | In terms of the angle$§1pf andy, the PRA is given by
AK*,K*p™) = —R(K*.K*p7)singg. - siny/[1 + R(K*,K" p~)coség- ,- cosy], (5)
where | kK [k*m ], K[Kta ], K [Kta ], K*[K*ai]
' 2/aKIBK (K p V(K p) K~[K**ar~], andK*"[K** o], each of which produces
R(K".K"p~) = results forA and N3“ of the same order of magnitude as

a(K*)c(K*p™) + b(K*)e(K™p™) theB~ — K" [K*p~] case.
For the numbers above, theR, = 0.99. To estimate In addition to exposin@P violation a primary aim of the
the asymmetry, we need the values of the weak andxperiments being proposed here is a quantitative extrac-
strong phases. The strong phases cannot be reliabtjon of y. The attainable accuracy will, of course, depend
calculated andy is, at present, not very well con- on many factors, such as the value of the strong phases,
strained eXperlmentaIIy For illustrative purposes, wethe experimental efficiencies, the number of available
choose cogK+ -cosy =0 so that the denominator mesons, and on the value of itself. Our preliminary
in Eqg. (5) assumes its average value betwéen- R)  study shows that with an ideal detector, a data sample of
and (1 — R). Let us also take SIE\K+ ~siny = 1/2,  10® chargedB’s and three modes as input, the error in the
becausel/2 is the root mean square average valuedetermination ofy is5°-20°for 60° = y = 120°. Iftwo
of sing,sing, for randomly selected{#,,6,}. The modes are used instead of three then the error @nsim-
resulting asymmetry isA ~ 50%. We now define ilar but there are ambiguities. Of course, the optimal ex-
N3? to be the total number of charged®’s [i.e., traction ofy combines all available information involving
N3 = N(B") + N(B7)] required to observed to 30  such modes. The technique thus promises to significantly
significance without including detector efficiencies. Thusimprove the extraction of.
N3 = 18/{A’[d(K*, K" p~) + d(K*,K"p~)]}, which An important point to bear in mind abo@P noneigen-
in this case would b&/3? =~ 3 X 107. Similarly, for the state modes such @&** 7~ and K " p~ is that they are
case ofB- — K* [Kt7 ], N3 =75 X 10. just approximations to concentrations in the Dalitz plot for
As a comparison, one can perform a similar esti-K# 7. In full generality each point of this Dalitz plot con-
mate for the case wherg¢ is a CP eigenstate as in tains a separate value 6f In principle, one can generate
the GLW method. Forf = Ks7° sin{xsiny =  a set of equations (3) at each such point and then proceed
1/2; cos{g cosy = 0, we getR = 0.19, A = 9.5%, and  to extracty as in our method. In practice, if the variation
N3? = 155 X 107. In the GLW method it is possible of the strong phase is accurately known or well modeled,
to combine statistics for alCP eigenstate modes. If one can weight information optimally to extragt Such
one does not include modes witty, this amounts to a a Dalitz plot analysis, which may be generalizednto
branching fraction which is roughl§% of D° decays. body decays, is discussed extensively in [14]. Comparing
Taking 5%, we find N3 = 3 x 107, about the same such a generalized Dalitz plot gf for a B decay with
as for our single mode above. In [14] similar esti-its CP conjugate partner could show strikir@P violat-
mates are performed for the modBs — K [K"p~], ing effects. The numerical estimates above do, however,
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provide a rough idea of the reach of such modes. Notenesons are copiously produced. Because neither tagging
also that another similar generalization of our method is1or time-dependent studies are required, such effects could
to considerB — K + n7w + DO(EO) decays. be observed at even a symmethi¢4S) factory, such as
Modes such asB~ — D%z, D%, D%; could CLEO. To optimize the observation and interpretation of
also lead to observabf@P violating effects ifD° is seenin  such effects, accurate measurements of the relebént
doubly Cabibbo suppressed modes [F]can be extracted decays are highly desirable.
via analogous methods to the ones outlined above. The We are grateful to M. Gronau, S. Stone, and D. Wyler
expected effects are somewhat less optimal with regarder their suggestions. I.D. thanks J. Butler and P. Lebrun
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K**K*, K**KW* 7%p%, 7%a,p~af, etc. Since R. Aleksan, B. Kayser, and F. Le Diberder for pleasant
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the GLW method, theCP violating effects fromB~ —  84ER40150 (TINAF), No. DE-AC-76CH00016 (BNL),
K[ f] will be 0(10%) and N3¢ will be similar to that and No. DE-AC02-76CHO03000 (FNAL).
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