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Measuring the weak phasey in color allowed B—DK s decays
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We present a method to measure the weak phaisethe three-body decay of charg8d mesons to the
final statesDK*7°. These decays are mediated by interfering amplitudes which are color allowed and hence
relatively large. As a result, largéP violation effects that could be observed with high statistical significance
are possible. In addition, the three-body decay helps resolve discrete ambiguities that are usually present in
measurements of the weak phase. The experimental implications of conducting these measurements with
three-body decays are discussed, and the sensitivity of the method is evaluated using a simulation.
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I. INTRODUCTION 1 o
D;,=-=(D°+D", (1)
CP violation is currently the focus of a great deal of V2

attention. Since the start of the operation of Biéactories,

the standard model description @P violation via the which are identified by their decay productsy suchKak ~
Cabibbo-Kobayashi-MaskawéCKM) matrix [1] is being  or K70, Several variations of this method have been devel-
tested with increasing precision. BaBg2] and Belle[3]  oped [7-10], including addressing the effects of doubly
have recently published measurements of the CKM paramabibbo-suppressed decays of theneson[11] and mixing

eter sin(P), whereB=arg(—V qVa/VigVi,), verifying the  andCP violation in the neutraD meson systerfil2], as well
CKM mechanism to within the experimental sensitivity. Al- as insights to be gained from charm factory measurements

though improved measurements of sjf(2ndB,— B, mix-  [13].
ing will probe the theory with greater scrutiny durmg the A serious difficulty with measuringy using B—DK is
next few years, the measurement of the other angles of thiat theb—ucs amplitude is expected to be extremely small.
unitarity triangle is necessary for a comprehensive study ofo a large degree, this is due to the color suppression asso-
CP violation. ciated with the internal spectator diagram through which this
Important constraints on the theory will be obtained fromamplitude proceeds. In the factorization model, color sup-
measurements of  the CKM phase y=arg pression of the amplitude is parametrized by the phenomeno-
(—VudVE/ VeqVE,) . A promising method for measuring this logical ratio|a,/a,|. This ratio is measured to be about 0.25
phase in theB system has been proposgtl. Although this  [14] by comparing decay modes which depend only on
method involves color-allowed decays and hence offers facolor-allowed amplitudes with those that depend on both
vorable rates, it makes use &, mesons, which are not color-allowed and color-suppressed amplitudes. With this
produced aB factories operating at th¥ (4S) resonance. value of [a,/a,|, one expects the amplitude ratjol(B™
By contrast, the extraction of using theB, andB, system —D°K*)/A(B*—D°K )| to be only about 0.1. The small
generally involves decays which are highly suppressed obranching fractio3(B* —D°K ™) is therefore very difficult
difficult to reconstruct. In addition, these methods are generto measure with adequate precision, resulting in a large sta-
ally subject to an eightfold ambiguity due o priori un- tistical error in the measurement of $jn The recent obser-
known strong phasdd,5]. As a result, obtaining satisfactory vation of the color-suppressed deca%—D®)%7° D%,

sensitivity requires very high statistics and necessitates thgndD% by Belle[15] and CLEO[16] has raised the possi-
use of as many decay modes and measurement methods [ty that |a,/a;| may be effectively larger in some modes.

possible. However, significant suppression is still expected for internal
One important class of theoretically clean measurement§pectator diagrams.
will make use of decays of the typfg@— DK. Gronau and This difficulty has led to attempts to address the problems

Wyler [6] have proposed to measure3iin the interference  presented by color suppression. Dunigt proposed to ap-
between theb—cus decay B*—DPK* and the color- ply the method to the decafg®— DK*°, making use of the
suppressech—ucs decay B*—D°K". Interference be- fact that the decait* °—K* m tags the flavor of th&°. In

tween these amplitudes takes place when Bheneson is this mode, both thé— cus and theb— ucs amplitudes are

observed as one of tHeP eigenstates color suppressed, and hence of similar magnitudes, albeit
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FIG. 1. Feynmann diagrams for the decBV—>FK+7T° in-

FIG. 2. Feynmann diagrams for the deday —D°K* #° in-

. . *
volving the CKM matrix element produdtg,V,s. volving the CKM matrix element produdt*,V.

small. Jang and K¢9] and Gronau and Rosn¢tO] have

devised a method in which the small branching fraction ofever, should théo—ucs amplitude be unexpectedly small,
the color-suppressed decBy —D°K* does not have to be one could still carry out the analysis described in this paper
measured directly. Rather, it is essentially inferred by usind)y taking doubly Cabibbo-suppressed decays into account
the larger branching fractions of the decayB® [5,11].

—~D K*, B°-D%?° and B°—D, ,K°. Quantitative study Let us examine how one could obsel@® violation and
suggests that the various alternative methods are roughly &8easure the angle in these decays. We first consider the
sensitive as the method of R¢6], and are thus useful for case of very large statistics, and then discuss how one would

increasing statistics and providing consistency ch¢eks ~ Proceed when the data sample is limited. Since we are deal-
ing with a three-body decay, we use the Dalitz plot of the

systemDK* 7 (see Fig. 3. Selecting a particular poiritin

IIl. MEASURING y WITH COLOR-ALLOWED B—DKar . ) g i .
this representation, Eql) implies the relations

DECAYS

In this paper we investigate a way to circumvent the color
suppression penalty by usirRj" decay modes which could
potentially offer significantly large branching fractions, as
well as largeC P asymmetries. Similar modes involving neu-
tral B decays can also be used. For example the final state
DYD%K=#" can be analyzed with the same technique as
described here. Some other decaysuch as B°

A(BT—=D] K" 7%= (A(B+—>D°K+ )

ol

I+

Ai(B*—D%K*79),

2~ 2 B

—D Ker') need a different treatment and will be dis- %k _F
cussed elsewheifd7]. The particular decays which are con- L
sidered here are of the tyf—D®*)K®*)7(p). These three 38/ 8
é

body final states may be obtained by poppingapair in
color allowed decays. Although modes where one or more of
the three final state particles is a vector can also be used, fc
clarity and simplicity only the mod8&*—D°K*#° is dis-
cussed here.

Figures 1 and 2 show the diagrams leading to the final
states of interest. As can be seen, the leading diagfBigs.
1(a) and Za)] are both color allowed and of ordex®
=sin(6,) in the Wolfenstein parametrizati¢t8], whered, is
the Cabibbo mixing angle. Due to the absence of color sup-~8— 8
pression, both interfering amplitudes are large, avoiding the £
complications which arise due to the small magnitude of the

Hﬂicgamplitude in the two-body decays. As a result, ob-
servableC P-violating effects in the three-body decays are

expected to be large, and the—ucs amplitude is more
easily measured from the relatively large branching fraction
B(BT—D%% " #Y%, which is now subject to significantly
less contamination from doubly Cabibbo-suppresBeghe- FIG. 3. Two points on the Dalitz plot of the decay'
son decays than the corresponding two-body modes. How-DK* 7% andB*— DK * 7°,

N

o

6

O rrrrrrrT

m*(D°K*)
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A(B"—=DI K 70 = i(A-(B’—>D°K’17°)
l 1,2 \/E 1
+ A(B"—D%K"7%). (2
Let us write the amplitudes corresponding to the transitions
in Figs. 1 and 2 as A(BY>D°K"1%) -A(B— DK 1%
Ai(B+—>FK+w°)=Aaei o, FIG. 4. (Color onling lllustration of the triangle relations in the

o decaysB* —D%K*#° andB* —D°K* 7°.
A (BT —=DK* 70 =A, e e,

, ©) In every point of the Dalitz plot;y is obtained with an
A(B"—=D%K ™ 70 =A,e'%, eightfold ambiguity, which is a consequence of the invari-
. ance of the co¥s+v) terms in Eq.(5) under the three
A(B"—=D% 70 =A,e%ue 7, symmetry operationfs]
where y is the relative phase of the CKM matrix elements Sexy— 6, 6—,
involved in this decay, ané. (A;) andé; (5;) are the real
amplitude andC P-conserving strong interaction phase of the Ssign Y=~ v, 06—, (7)
transitions of Fig. 1(Fig. 2). Let us note here that we have
used the Wolfenstein parametrization at oréh%). Should Spiy—ytm,  o6—dtm

one use the full expansion, a small weak phase of akder However, an important benefit is gained from the multiple
would be present. Indeed the angle which is measured is ' P 9 b

' * *\_ _ - * measurements made in different points of the Dalitz plot.
Y _"irg(\/“dv”b/v“vc.b)_ y+é where £=arg(—VeaVed  \ypen results from the different points are combined, some
V,dV}J. The angle¢ is one of the angleBl9] arising from

/o , . . . of the ambiguity will be resolved, in the likely case that the
the unitarity relationVqVys+ VeaVest ViaVis=0. The am-  gyong phase 8, varies from one region of the Dalitz to the
plitudes in Eqs(3) can be obtained from the measurementsyiher. This variation can either be due to the presence of

of the B decay widths resonances or because of a varying phase in the nonresonant
+ TOu+ On_ T contribution. In this case, the exchange symm@&yyis nu-
Ii(B"=D°K"7)=Ti(B" =D K" 7) =Ac, merically different from one point to the other, which in
N ot 0 e ) effect breaks this symmetry and resolves the ambiguity.
I'i(B"—=D K" 7")=I'{(B" =D K 7")=Ay . (4) Similarly, the Sqq, Symmetry is broken if there exists
somea priori knowledge of the dependence Af5; on the
Dalitz plot parameters. This knowledge is provided by the
T (B DO K+ 70 = A2+ A 2+ A A AS A+ existence of broad resonances, whose Breit-WigiBah/) .
(BT =Dy KEm) =Ad + Ay ciAuCOSA i+ ), phase variation is known and may be assumed to dominate
R- M0 K- 0\ _ A 2 20 op - the phase variation over the width of the resonance. To illus-
2Ti(B =Dy K ) =Ad+ Ay = 2Acify COS A 7)(;5) trate this, leti andj be two points in the Dalitz plot, corre-
sponding to different values of the invariant mass of the de-

whereA 8,=68,;,— 8. (See Fig. 4. Thus, by measuring the C€ay products of a particular resonance. For simplicity we

Equation(2) implies

widths in Egs.(4) and (5), one extracts sy from consider only one resonance. One then measures\§os(
*y) at pointi and cosfd+a;;* ) at pointj, wherea;; is
) 1 _ 5 = known from the parameters of the resonance. It is important
sinty= 5(1=CCEV(1-CH(1-CY), (6)  to note that the sign of; is also known, hence it does not

change underS;y,. Therefore, should one choose the

where C=cos(Aé+7) and C= cos@6—9). Hence in the Ssigrrrelated solution cos{A g+ y) at pointi, one would get
cos(-Ad+a;+17) at pointj. Since this is different from

limit of very high statistics, one would extract $infor each onieE o
pointi of the Dalitz plot and therefore obtain many measure-COS@+a;; =), the Sy, ambiguity is resolved. This is il-
ments of the same quantity. This would allow one to obtain duStrated graphically in Eq8):
large set of redundant measurements from which a precise Ssign _
and consistent value of $imcould be extracted. codA S~ y) - cog —Adi+y)

We note that in our treatment we disregard doubly
Cabibbo-suppressddl’® decayq 11] since, due to the lack of BW]| |BW
color suppression, their effect is small, and can be dealt with N Ssign
[5] in any case. It is important to note that the method de- CogASi+ajjty) o4
scribed here is model independent in that we do not make
particular assumptions regarding the Dalitz plot distribution Thus, broad resonances reduce the initial eightfold ambi-
of the events. guity to the twofold ambiguity of th&_, symmetry, which is
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not broken. Fortunately . leads to the well-separated solu-
tions y and y+ 7, the correct one of which is easily identi-
fied when this measurement is combined with other measure
ments of the unitarity triangle.

Ill. THE FINITE STATISTICS CASE

Since experimental data sets will be finite, extracting
will require making use of a limited set of parameters to
describe the variation of amplitudes and strong phases ovet
the Dalitz plot. The consistency of this approach can be veri-3
fied by comparing the results obtained from fits of the data in®
a few different regions of the Dalitz plot, and the systematic £
error due to the choice of the parametrization of the data may
be obtained by using different parametrizations.

A fairly general parametrization assumes the existence ol
Ng Breit-Wigner resonances, as well as a nonresonant con

mass squared (GeV?)

1

©
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tribution:
AfB*—DK* 70
NR
= ( A0+ 2 Ag B (£)€' ) GRS
=1
A (BT —D%K* 70
Nr
= ( Aol %0+ 2, Ay st(g)ei ﬁl‘i) e'%udel,
=1

9)

where¢ represents the Dalitz plot variables,
Bs (§)=Db, (£)e'%® (10

is the Breit-Wigner amplitude for a particle of spsn, nor-
malized such thaf(bsj(f))zdle, Ao and 8,5 (Ag and

S¢cp) are the magnitude ardP-conserving phase of the non-

resonantb— ucs(b—cus) amplitude, andA,; and 8,;(A;

anddg;) are the magnitudes ar@lP-conserving phase of the

b—ucs (b—cus) amplitude associated with resonanice
[20]. The functionss(£) and §,( &) may be assumed to vary
slowly over the Dalitz plot, allowing their description in

terms of a small number of parameters. Equatibnagain
implies

A{B"—DJ K* 70

1

N

(Ag(B*—DOK* 7% = A(B* —DK* 70)).

(11)

The decay amplitudes & mesons are identical to those of

Egs.(9) and(11), with y replaced by— .
The decay amplitudes of Eg®) and(11) can be used to

FIG. 5. Dalitz plots obtained from a simulation Bf* andB~
decays into all final statd)°K* 7%, D°K=#°, andD; K*#° with
the parameters of Table Il. Along with nonresonant contributions,
the resonance* =, D*°, andD** * are shown.

where the amplitudé.(f) is given by one of the expressions
of Eq. (9), Eq. (11), or their CP-conjugates, depending on
the final statef. Given a sample oN, signal events;y and
the other unknown parameters of E§) are determined by
minimizing the negative log likelihood function

N

xzz—zi; logP (&), (13)

where¢; are the Dalitz plot variables of event

IV. RESONANCES AND AMBIGUITIES

It is worthwhile to consider the resonances which may
contribute to theD°K * 70 final state. Obvious candidates are
broadD** andD%* states. However, only the ones which
can decay a®** °—-D%#° or D¥* * DK™ are relevant
for the final state of interest. This excludes thé &tates,
which would decay t®* 7 or D*K. Furthermore, since the
D¥* " is essentially produced throughvé", the 2" state is
forbidden as well. Thus, one does not expect a large contri-
bution from these states. A promising candidate might be the
broad D ° recently observed by the Belle Collaboration
[21]. We note that including such resonances in the analysis
does not raise particular difficulties and would further en-
hance the sensitivity of thez measurement. Similar argu-
ments can be made for higher excitédstates.

One also expects narrow resonances, such as the
D*(2007) and a narrowD** * state, to be produced. How-
ever, as seen in the Dalitz plot of Fig. 5, these resonances do
not overlap, and hence do not interfere. In addition, interfer-
ence between a very narrow resonance and either a broad

conduct the full data analysis. This is done by constructing®Sonance or a nonresonant term is suppressed in proportion

the probability density functiofPDF)

P(&)=]A«)]%, (12

o the square root of the narrow resonance width. Therefore,
narrow resonances contribute significantly to @P viola-

tion measurement only if both the—cus andb—ucs am-
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plitudes proceed through the same resonance. This scenario TABLE I. Invariance of each of the cosines of Ed4) under
is favorable, but is not necessary for the success of ougombinations of the symmetry operations of E#5), excluding
method, and will therefore not be focused on in the rest ofS, . Full invariance(approximate invariangas indicated by a/().
this study.

In what follows, we discuss important properties of the Operation Crxo Cyxo Coo Coo
method by considering the illustrative case, in which kthe

—chdecay proceeds only via a nonresonant amplitude, angd_

the b—cus decay has a nonresonant contribution and &, J J
single resonant amplitude. For concreteness, the resonancegss,,
taken to be theK**(892). We take thet-dependent non-
resonant phases to Idg( &) = 6,(£) =0. Under these circum- .
stances, the PDF of E412) depends on four cosine terms Sk, ©

that are measured in the experiment: S v v v

K* + oK* — -
Sex Sex

Nonresonant regime

N N N

Resonant regime

N v

N

Coo="COY S0+ ¥),

Cier o= COS Sy dicx = Bcx (£) £ 9), a4 Sapp Cicwol Okx (£) = Cingl — e (£). (16)

. ) . o
where o (¢) is the ¢-dependenk™ Breit-Wigner phase of Approximate invariance arises due to the fact that far from

Eq. (10),.and itheiunneegled pha@@ has been set to zero. the peak of theK* resonancegy+ (&) changes slowly as a
The cosinesoq(Cy ) anse fiom interference between the function of theK 7 invariant mass, and takes values around 0
nonresonantresonant b— cus amplitude and the nonreso- and . Therefore, for events in the tails of the Breit-Wigner,
nantb—ucs amplitudet O+ (€) is almost invariant under ary,, satisfying Eq(16).

The phasess,z, o+, and y are alla priori unknown. One can see that approximate invariance of one of the co-
However, it is important to note tha is fully determined sinesc,f*0 implies minimal change in thg? of Eq. (13),
from the interference between the resonant and nonresonafhich may result in a resolved yet clearly observable ambi-
contributions to the relatively high statistics decay modeyyity. Since botfc,,, terms are only approximately invari-
B*—D*#°% as a function of the Dalitz plot variables. K* 4+ aK* — s o

. : : oo . ant under the producg;, "S;, , this ambiguity is more
Therefore,dx+ is obtained with no ambiguities, and with an ex Tex N K
error much smaller than those 6f,, or y* . Consequently, Strongly resolved than eithe@, © or S§ .

the only relevant symmetry operations are Observing that no single operation in Table | is a good
symmetry of all cosines, one identifies two different regimes:
Sex: Y— %0, Ouo— V- In the nonresonant regime, interference with the nonresonant
b—-cus is dominant, and onlyS,, and S, may lead to
Ssign! Y= =% Suo— ~ S0, ambiguities. In the resonant regime, th€* amplitude
strongly dominates the— cus decay, ands<, © and SK. -
Spiy= YT S0 St 15 pecome the important ambiguities. In the transition between
K+ these regimes, the operations of Table | do not lead to clear
Sex Y00 Okxr  Oyo— ¥t Ok, ambiguities, as we have verified by simulati@ee Sec. Y.
Thus, while naively one may expect &-Bld ambiguity, in
55: Tiy— =St Okx,  Oyo— — Y+ Okx. practice the observable ambiguity is no larger than eightfold,

with only the twofoldS,. being fully unresolved, in the likely
As discussed above, only, is a symmetry of all four co- case of non-negligible resonant contribution. This is demon-
sines of Eq.(14), and is therefore fully unresolved. The strated in Fig. 8. Furthermore, although one may write down
:ransf?r?]atlon prppertu;_\s of the cgsmesﬂ:mtder arlny C(?Tb'”qrnore products of the operationS,,, Sqgn, ngm' and
lon of the remaining tour operations that can fead to a”s!; ~, only the products listed in Table | result in full or

ambiguity are shown in Table I. - . . . ;
While none of the operations leaves all four cosines inpartial invariance of both cosines which dominate the same

ant itis i tant t ¢ het: . regime. The additional products do not result in any notice-
variant, it is important to note cases wheg, , are approxi- - jja ambiguities.

mately invariant undest, *, S ~, or their product. We
define approximate invariance under the operaSdao be V. MEASUREMENT SENSITIVITY AND SIMULATION
STUDIES

1Even when one of the— cus amplitudes is small enough that 10 Study the feasibility of the analysis using E#3) and
the determination ofSc« becomes difficult, one effectively has verify the predictions of Sec. IV, we conducted a simulation
Syo— Syo— S » Skx—0, and the determination @« is againnot ~ of the decaysB*—D°K*#°, B*—D%*#° and B~
a problem. —>D1,2Ki7-r°. Events were generated according to the PDF
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TABLE II. Parameters used to generate events in the simulation. ,_ 2D Likelihood scan
The value ofﬂCK* is chosen so as to roughly agree with the mea-
surement of the corresponding branching fracfi®g], taking into
account theK* * —K " 70 branching fraction.

50

45

40

3n/

Parameter Value Parameter Value .
B 1.20 Ao/ Ao 0.4 S 30
B(£)="3 0 Acr I 1.0 2
9c(£)=6,(8) Acicx 1Aco ) 2
Br 1.8 Acr ~\2x10 Tg S 2
B0 0.4 2
5 = 20
]
. . . =15
of Eq. (12), with the base parameter values given in Table Il.

In this table and throughout the rest of the paper, we use ¢
tilde to denote the “true” parameter values used to generate
events, while the corresponding plain symbols represent the
“trial” parameters used to calculate the experimental

The only nonvanishing amplitudes in the simulation were

the nonresonant amplitudes in thescus andb— ucs de-

cays, and th&* resonanb— cus amplitude. For simplicity,
additional resonances were not included in this demonstra 10 ¢
tion. However, broad resonances that are observed in the dai 5
should be included in the actual data analysis. 9 r

The simulations were conducted with a benchmark inte- 1
grated luminosity of 400 fb, which each of the asymmet-
ric B factories plan to collect by about 2005. The final state
reconstruction efficiencies were calculated based on the ca
pabilities of currentY (4S) detectors. We assumed an effi-
ciency of 70% for reconstructing thi*, including track
quality and particle identification requirements, and 60% for :
reconstructing ther®. The product of reconstruction effi-
ciencies and branching fractions of th€, summed over the
final stateK ~ 7", K- 7t 7% andK 77~ 7", is taken to
yield an effective efficiency of 6%. Using tieP-eigenstate
final statesK "K~, 7" 7, Kgn®, andKgp®, the effective
efficiency for the sum of th®, andD, final states is 0.8%.
All efficiencies are further reduced by a factor of 1.7, in
order to approximate the effect of background. The numbers
of signal events obtained in each of the final states with the ‘ ‘ ; ‘
above efficiencies and the parameters of Table Il are listed ir /2 n 32 2n
Table Il Weak phase y

In Figs. 6—8, we show the dependencecdfon the values
of y and 8,. The smallest value of? is shown as zero. At FIG. 6. (Color onling Top: x* as a function ofy and &, with
each point in these figureg? is calculated with the gener- the parameters of Table Il and no resonant contributifiy{

vith th o s O . an ;
ated values of the amplitude ratids,y/Aqp="Ayo/Ag and  ~0)- Bottom: Minimum projection of” onto y.

T 3n/2 2n
Weak phase y

1D Likelihood scan

sign™~ ex T sign

ex’ sign|

-2 Likelihood

TABLE Ill. The numbers of events obtained by averaging 100
simulations using the parameters of Table Il and the reconstructio
efficiencies listed in the text.

Ackr IAgo=Acxs [Aco. We note that when these amplitude
ratios are determined by a fit simultaneously with the phases,
the correlations between the amplitudes and the phases are

Signal events gengrally fc_)und to be Igss tharj 20%. Thgrefore, the results
Mode per 400 fy ! obtained with the amplitudes fixed to their true values are
— sufficiently realistic for the purpose of this demonstration.
B*—D%K"7%°=B~—D%K #° 2610 For each of these figures, we also show the one-
B*—D%K*7°=B~—D%K #° 205 dimensional minimum projectiony?(y) = min{x*(y,8,0)},
B Dy K*a° 186 showing the smallest value gf for each value ofy.
B —D; K ° 234 Figure 6 is a simulation obtained with the parameters of

Table I, but with Ac«=0. With no resonant contribution,
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2D Likelihood scan 50 2D Likelihood scan 50

45 45

40 40

Strong phase 8,
a
b

Strong phase §,
a
b

0 /2 T 3w/2 2n /2 T 3w/2 2n
Weak phase y Weak phase y
10 1D Likellhood scan 20 1D Likelihood scan
- - Ssignsn Ssign
9 g:x+sex-s1r, SE(X+S€X- 18
K*_ *,
Sex Sn g(X 4

DU
Y
(-]

LI L s e B

~
LI A B
—

-2 Likelihood

w (3]
-2 Likelihood

s

N
£

Example

-
N

Average

| | | |
n/2 3n/2 2n

O T T

o

(=]

2n

K1 n
Weak phase y Weak phase y

FIG. 7. (Color onling Top: x* as a function ofy and &, with FIG. 8. (Color online Top: x? as a function ofy and 8,0, with
no nonresonanb—-cus contribution (Ax=0). The valuedc«  the parameters of Table Il. Bottom: The solid line shows the mini-
=1.2 iS Used to ensure that ambiguities dO not OVerIap. All Othermum projection ofxz onto y for the examp'e experiment_ The
parameters are those of Table Il. Bottom: Minimum projection of gashed line represents the average of 50 simulated experiments. The
x> onto y. three standard deviation allowed rangejyobbtained from the av-

erage is indicated by arrows.

the eightfold ambiguity of the perfect nonresonant regime is
clearly visible. This would be the typical case for two-body shows how efficient the method described in this paper could
final states. be for extracting the anglg. With equal resonant and non-

Figure 7 is obtained with the parameters of Table Il, butresonantb— cus amplitudes, only the nonresonant regime
with A,o=0. With no nonresonari— cus contribution, the ~ambiguities are observed, due to the relative suppression of
eightfold ambiguity of the perfect resonant regime is seenthe resonant interference terms discussed in Sec. IV. None-
The ambiguities corresponding to approximate invarianceheless, the:,f*o terms are significant enough to resolve all
are clearly resolved, with the doubly-approximate but theS, ambiguity.Sgy,is more strongly resolved, since it
ng +S§: ~ ambiguity resolved more strongly. leaves neither of thei,k0 terms invariant.

Figure 8 is obtained with the parameters of Table Il and Also shown in Fig. 8(dashed lingis the minimum pro-
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FIG. 9. The error iny, o, as a function of~y.

jection of x?(y) of the average experiment. This plot is ob-

SEEERE RIS RN

FIG. 11. The error iny, o,

2 25 3 3.5

0.5 1 1.5
Strong phase 5. (rad)

as a function ofx.

One observes that, does not depend strongly Q¥+,

tained by averaging ovey*(y) of 50 simulated experiments, and has a mild dependence 8j. As expected, strong de-

each generated with the parameters of Table IlI, but with dif
ferent initial random numbers. The three standard deviatio
region of y allowed by the average experiment is indicated.
This region spans the ranfje-0.06,1.65, giving an idea of

the sensitivity that may be obtained with these paramet

values.

In Figs. 9-12 we present,,, the statistical error in the
measurement ofy, obtained by fitting simulated even
samples using theINUIT packagd 23], as a function of one

pendence o,0/Ac is seen in Fig. 12. However, it should
be noted thatr,, changes very little for all values @%,,/A
above about 0.4, given that the total number of signal events
eip all modes was kept constant in our simulation. This sug-

gests that the likelihood for a significantly sensitive measure-

of the parameters of Table Il. All the other parameters were
kept at the values listed in Table Il. Each point in these plots
is obtained by repeating the simulation 250 times, to mini- _
mize sample-to-sample statistical fluctuations. In all cases, e have shown howy may be measured in the color-
all the parameters of Table Il were determined by the fit. Th@.'|0W€d+deca%/§+—>E))(*)K(*)'n'(p), focusing on the simplest
arrows in these figures indicate the point corresponding tgnodeB~—D K==, The absence of color suppression in
the parameters of Table Il. The total number of signal eventthe b—ucs amplitudes is expected to result in relatively
in all final states combined is the same for each of the datéarge rates and significar@ P violation effects, and hence
points. The error bars describe the statistical error at eaclavorable experimental sensitivities. Although the Dalitz plot
point, which is determined by the number of experimentsanalysis required for this purpose constitutes some experi-

ment is high over a broad range of parameters. With the
t parameters of Table II, we finat,~0.23=13° with an inte-
grated luminosity of 400 fb?.

VI. CONCLUSIONS

simulated. mental complication, it should not pose a major difficulty,
0.35 0.7¢
03k 06
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FIG. 10. The error iny, o, as a function 0By

FIG. 12. The error iny, o, as a function o, /Ac.
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