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We propose a method for determinipgusingB*— DK™ decays followed by a multibod® decay, such as
D—Kgr 7", DoKK K", andD—Kgm~ 7" #°. The main advantages of the method are that it uses only
Cabibbo allowed decays, and that large strong phases are expected due to the presence of resonances. Since
no knowledge about the resonance structure is neededn be extracted without any hadronic uncertainty.
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I. INTRODUCTION ness, we concentrate on tBe—Kgm~ 7" decay mode. The
advantage of using such decay chains is threefold. First, one
Theoretically, the cleanest way of determining the angle expects large strong phases due to the presence of reso-
nances. Second, only Cabibbo allow®ddecay modes are
y=ard —VyqVi/VeaVap) (1) needed. Third, the final state involves only charged particles,
which have a higher reconstruction efficiency and lower
is to utilize the interference between the-cus and b bac_kground than_neutrals. Thg price one has to pay is that a
_.ucs decay amplitude$1—17]. Because these transitions Dalitz plot analy5|s of the_ dgta is needgd. We describe how to
involve only distinct quark flavdrs there are no penguin con-do the Dalitz plot analysis in a model mdependent way, and
tributions to these decays. In the 'original idea of Gronau an Xplore the advantages. gained by introducing verifiable
Wyler (GW) [3] the Bi—>|.:) K* decay modes are used ode! dependence. The final balance between th'e advantages
where Do represents @ mcepson hich decavs into @P ' and disadvantages depends on yet-_to-be_—determlned hadronic
. cp rep  Wh ys | parameters and experimental considerations.
eigenstate. The dependenceparises from the interference
between th&~ —D°K* andB*—D°K* decay amplitudes.
The main advantage of the GW method is that, in principle,
the hadronic parameters can be cleanly extracted from data, As we shall show in this section, to perform a model
by measuring th&*—D°K* and B*-DO%K* decay rates. independent determination of the angle@ne needs to mea-
In practice, however, measuring in this way is not an sure the two CP-conjugate decay mode®~—DK™
easy task. Because of the values of the Cabibbo-Kobayashi= (Ksm~ 7 ")pK= and to perform a Dalitz plot analysis of
Maskawa(CKM) coefficients and color suppression, the ra-the Ksm~ 7" final state originating from the intermediale
tio between the two interfering amplitudeg [see Eq(4)]is  meson.(In the following discussion we negleBt>-D°® mix-
expected to be small, of order 10%—-20%. This reduces thing, which is a good approximation in the context of the
sensitivity toy, which is roughly proportional to the magni- standard model. See Appendix A for details.
tude of the smaller amplitude. In addition, if the strong Let us first focus on the cascade decay
phases vanish, measuringmakes use of terms of ordeﬁ.
In contrast, if a large strong phase is involved in the interfer- B™—DK ™ —(Kgm 7" )pK"~ (2
ence, there is a sensitivity t@ at orderrg with most meth- ) )
ods. Thus, in general, having large interfering amplitudesnd define the amplitudes
with large relative strong phases is a favorable situation.
Since the hadronic parameters are not yet known, it is still
not clear which of the proposed methods is more sensitive. In .
addition, all the methods are expected to be statistically lim- A(B"—D%K " )=Agrge'(%=7, (4)
ited. It is therefore important to make use of all modes and
methods, as well as to try to find new methods. Any newThe same definitions apply to the amplitudes for (E
method that is based on “unused” decay channels increaseznjugate cascadB®™ —DK™*—(Kgm™ 77 )pK™, with the
the total statistics. Moreover, many of the analyses are serchange of weak phase sigin- — vy in Eq. (4). Since we have
sitive to common hadronic parameters, for example, set the strong phase @éf; to zero by conventiongg is the
Combining them will increase the sensitivity of the measure-difference of strong phases between the two amplitudes. For
ment by more than just the increase in statistics. the CKM elements, the usual convention of the weak phases
Here we study the possibility to u&"— DK™, followed has been usedThe deviation of the weak phase fromy
by a multibodyD decay, in order to cleanly determine  has been neglected, as it is suppressed by the faétoR
While this idea was already discussed[B], most of our X103, with A being the sine of the Cabibbo angl&he
results and applications are new. For the sake of concreteralue of |Ag| is known from the measurement of tie

IIl. MODEL INDEPENDENT DETERMINATION OF vy

A(B"—D%K " )=Ag, ®)
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—DPK ™ decay width using flavor specific decays@f and s13
the precision of its determination is expected to further im-
prove [13]. The amplitudeA(B~—D°K ™) is color sup-
pressed and cannot be determined from experiment in this 25
way [4]. The color suppression together with the experimen-
tal values of the ratio of the relevant CKM elements leads to
the theoretical expectation;~0.1-0.2(see the recent dis- 2
cussion in[11]).

For the three-body meson decay we define

15
Ap(S12,519 =Ayp 1 £'01213
=AD —Ks(p) 7 (p2) 7" (p3)) '
=AD —Kg(p) 7" (p)7 (p3)),  (5) 05
wheres;; = (p; + pj)z, andpq,p»,p; are the momenta of the )
Ks, 7,7 ", respectively. We also set the magnitulle; ;3 ! s12

=0, such that,, ;3can vary between 0 andm2 In the last 05 ! 15 2 25 3

equality theCP symmetry of the strong interaction together g1 1. The partitions of the Dalitz plot as discussed in the text.
with the fact that the final state is a spin zero state has beefhe symmetry axis is the dashed line. On the axes we lsave
used. With the above definitions, the amplitude for the cas— m2 __ ands;z=mZ _. in Ge\2.

cade decay is s °

resonant amplitudes. This is further discussed in Sec. IV.

- - + -
AB” —(Ksm m")pK") Here we assume that no charm factory data are available and

=AgPp(Ap(S1p,519) + e (8™ MAL(S13,510)), devekt)_p the formalism without any model dependent as-
sumptions.
(6) Using the trigonometric relation cas{b)=cosacosb

wherePp is the D meson propagator. Next, we write down —sinasinb, the last term of Eq(7) can be written as

the expression for the reduced partial decay width: R Ap(S12,S19) A% (S13,51p)€ (8]
dl' B~ —(Kem™ m*)pK)={A%, 15+ rgAT; 1, =A12,171314 COL 817 13 513,12 COL S~ ¥)
+2rg RE Ap(S12,519 Ap(S13,51e %8~V Jhdp, +8iN( 812,13~ 61312SIN(— V) ]. (8)

@) Obviously, to compare with the data, an integration over at

wheredp denotes the phase space variables, and we used tth?aSt some part of the Dalitz plot has to be performed. We

X S erefore partition the Dalitz plot into bins and define

extremely accurate narrow width approximation for the
meson propagator.

In general, there is no symmetry between the two Ci= fdpAlz,lﬁlg,lzcos 01213~ 01312 (99
arguments ofAy in Eq. (6), and thus in the rates over the :
Dalitz plot. A symmetry would be present if, for instance,
the three-bod\D decay proceeded only throughlike reso- 5= f dpAL 1413158 812,15~ 81319, (9b)
nances. We emphasize, however, that the product i
Ap(S12,519)Ab(S13,512) in the interference term in Eq7) is
symmetric under the exchangg,« s;3 followed by com- T-EfdpAf (90
plex conjugation. This fact is used to simplify the analysis. R 213

The moduli of theD decay amplitudé?;; ;3 can be mea-
sured from the Dalitz plot of th®°—Kgm~ 7" decay. To where the integrals are done over the phase space aftthe
perform this measurement the flavor of the decaying neutrabin. The variablesc; and s; contain differences of strong
D meson has to be tagged. This can be best achieved Iphases and are therefore unknowns in the analysis. The vari-
using the charge of the soft pion in the dec&y™* ablesT;, on the other hand, can be measured from the flavor
—D%*. However, the phasé;, ;3 of the D meson decay taggedD decays as discussed above, and are assumed to be
amplitude is not measurable without further model depenknown inputs into the analysis.
dent assumptions. The cosine of the relevant phase difference Due to the symmetry of the interference term, it is conve-
may be measured at a charm factdsge Sec. I). If the  nient to use pairs of bins that are placed symmetrically about
three-body decap®— Kgm~ 7" is assumed to be resonance the 12-13 line, as shown in Fig. 1. Consider an even,
dominated, the Dalitz plot can be fitted to a sum of Breit- =2k, number of bins. Thé bins lying below the symmetry
Wigner functions, determining also the relative phases of thexis are denoted by the indéxwhile the remaining bins are
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indexed withi. Theith bin is obtained by mirroring theth ~ occurs ifdg=0. In this casey can still be extracted if some
bin over the axis of symmetry. The variabless; of theith ~ of thec; and/ors; are independently measured, as discussed

bin are related to the variables of th#h bin by in the folloyving sect.i(.)n. .
The optimal partition of the Dalitz plot as well as the

Ci=C, Si=-5, (100  number of bins is to be determined once the analysis is done.
Some of the considerations that enter this choice are as fol-
while there is no relation betweél) and T;. Note that had lows. First, one would like to have as many small bins as
one used 12:13 symmetric bins centered on the symmetrypossible, in order that; ands; do not average out to small

axis, one would have hag=0. numbers. Second, the bins have to be large enough that there
Together with the information available from tie" de-  are significantly more events than bins. Otherwise there will
cay, we arrive at a set ofkdequations: be more unknowns than observables. There are also experi-

mental considerations, such as optimal parametrization of
backgrounds and reconstruction efficiency.

FfEJidf(B’H(KSw’w*)DK’)
I
=T+ 12T+ 2rg[cog S5 )¢, +SiN( 35— 7)S, ], Ill. IMPROVED MEASUREMENT OF c¢; AND s
(113 So far, we have used thligdecay sample to obtain all the
unknowns, including; ands;, which are parameters of the
o R charm system. We now discuss ways to make use of high-
I'r= f,_dF(B_H(KsW_ 7 )pK™) statistics charm decays to improve the measurement of these
! parameters, or obtain them independently. Doing so will re-
=T+ réTi+2rB[cos{ Sg— y)Ci—sin(dg— y)si ], duce the number of unknowns that need to be determined

from the relatively low-statisticB sample, thereby reducing
the error in the measurement of

The first improvement in the measurement is obtained by
ffzf.df(y_)(KSTf ) pK™) mak!ng use of the:: I+arge 0saimole of taggﬂdjfacays, identi-

[ fied in the decayp* " —D"# ™, at theB factories. So far we
. have assumed only that we use these data to detefimira

T 2 — :

=TitrpTi+2rg[cod Jg+ ¥)Ci—sin(d + ¥)si], fact, they can also be used to bound the unknogyrends;
(119  defined in Eq(9):

(11b

Pt R+ -+ +
L _fi_dF(B —(Ksm )oK |si|v|ci|$ﬁdpA12,13A13,12$\/TiT? (13

=T, +r3Ti+2rg[cod 85+ y)ci+sin( g+ y)s;].
(119 This bound will help decrease the error in the determination
of y, with an especially significant effect when, due to low

These equations are related to each other through 112  Statistics in each bing; and s; are determined with large

and/or y«< —y exchanges. All in all, there arek23 un-  €ITors. _
knowns in Eq.(1), Next, we show that the; can be independently measured

at a charm factoryf14-16. This is done by running the

Ci, Si, 's, SB, 7, (120 machine at the)(3770) resonance, which decays int®®
) pair. If one D meson is detected in @P eigenstate decay
so that the & relations(11) are solvable fok=2. In other  mqde, it tags the othed as an eigenstate of the opposie

words, a partition of thed meson Dalitz plot into four or  gjgenvalue. The amplitude and partial decay width for this
more bins allows for the determination pfwithout hadronic  state to decay into the final state of interest are

uncertainties. This is our main result.
Alternatively to this binning, one can use a partition of the

0 - +
Dalitz plot into k bins which are symmetric under 4213. A= —Ks(p) 7 (P2) 7" (P3))
For that cases;=0 and the set of K equationg11) reduces 1
to 2k relations[the first two and the last two equations in = —[Ap(S12,519) = Ap(S13,512) ],
(11) are the same in this caseThen, there are just+3 \/E
unknowns to be solved for, which is possible fke3.
While such binning may be needed due to low statistics, it (D% K - +
has several disadvantages, which are further discussed be- dl'(D%—Ks(p)m (p2) 7 (P3))
low. 1
Whenc;=0 or s;=0 for all i, some equations become = §(Aiz,13+A§3,1z)iAlz,lsAls,lz
degenerate angl cannot be extracted. However, due to reso-
nances, we do not expect this to be the case. Degeneracy also X €0Y 81513~ 61312dP, (14
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where we define®? =(D%+D%/\2. With these relations, Equation (18) removes thek unknownss;, and replaces
one readily obtains them with the twofold ambiguity associated with the sign of

the square root. Thus, the best approach is to have the signs

of s; determined by the fit, while constraining their absolute
f_dF(D3—>KS(pl)rr*(pz)fr*(pg)) values to satisfy Eq.18). Doing so will reduce the “strain”
I

1
Ci =§
on theB decay sample, reducing the error gn

Another option for removing the dependence %ris to
- f,dF(DgﬁKs(Pl)Wf(pz)WWps)) . (15  use bins centered symmetrically about the-1Z3 line, mak-
! ing s; vanish, as discussed after E40). In this case, both
. . the number of unknowns and the number of observables
As stated above, obtaining this independent measurement "Bing is reduced by. By contrast, using Eq$16) and (18)
duces the error in the measurementydiy removingk of the  iiroduces new information from the independent tagged
2k+3 unknowns. , sample, and is therefore preferred. Doing so also preserves
_ In addition, if one of theD mesons decays into a N@P ¢ sing,— ) terms in Eq.(11), which help resolve discrete
eigenstate, we are sensitive to thevariables as_vvell. Con- ambiguities(see[7] and Sec. V.
sider, for instance, @&(3770) decaying into &,D pair, of
which one decays int&s7* 7~ and the other decays into IV. ASSUMING BREIT-WIGNER DEPENDENCE
some general statg The partial decay width corresponding
to theith bin of theKsm* 7~ Dallitz plot and thejth bin of If the functional dependence of both the moduli and the
the g final state’s phase space is phases of th®° meson decay amplitude®,(s;,,S;3) were
known, then the analysis would be simplified. There would
T j“TiTjg+ TiTo—2(cicf+s;s9), (16)  be only three variablesg , 55, andy, that need to be fitted
to the reduced partial decay widths in E@). A plausible
assumption about their forms, which is also supported by

g 0 0 . . . .
whereT} ,cf,sj are defined as in Ecj9)_.|n particular, if one experimental dat@dl7-19, is that a significant part of the

— . . . . 2
choosegy=Kgsm"a~ andj=i (or j=i) one measures’.  three-bodyD°—Kgm m* decay proceeds via resonances.
If, on the other handg is a CP even(odd eigenstates!  These include decay transitions of the fordP— Kgp°
=0, TJ-9=T%: +¢f, and Eq.(16) reduces to Eq(15). —Kgm 7" or D°—K* (892)r" —Kgr w", as well as

We can further improve the measurement by incorporatdecays through higher resonances, €g.980), f,(1270),
ing more relations betweer) ands;. To do this, one takes or fy(1370), inducing p-like transitions, or K§(1430),
each bin and further divides it intm; sub-bins, such that the which induces &* (892)-like transition.
quantitiesAg; 13, COSE12 13~ 01319, and Sin@ip 13~ 61312 It is important to stress that these assumptions can be
do not change significantly within each sub-bin Naively, tested. By making use of the high statistics tagBesample,
this statement appears to introduce model dependence. tme can test that the assumed shapes of the resonances are
practice, however, the high statistics in the tagfesample  consistent with the data. While the error introduced by using
and the charm factory(3770) sample allow its verification the Breit-Wigner shapes is theoretical, it is expected to be
up to a statistical error, which can be measured and propanuch smaller than the statistical error in the measurement of
gated to the final measurement pf v. It will become a problem only when tr&sample is large
Given this condition, Eq(9a) may be written as enough to provide a precision measurementyofBy then
the taggedD sample will have increased as well, allowing
even more precise tests of these assumptions, as well as im-
Ci:_z Ci’zz A AT cog 6 — 6iT)Ap; proving the precision of the methods presented in Sec. IIl.
: i The decay amplitude can then be fitted to a sum of Breit-

Wigner functions and a constant term. Following the nota-
:.2, VT Tircos(8ir = o), (17 tions of Ref.[20] we write
I

_ Ap (812,813 =A(D%—K T (py)
where thé 'th sub-bin is the 12-13 mirror image of the’th o(S12,819) =A( s(P) 7 (P2)7(Pa)

sub-bin,A;; and g, are the values oA, ;3 and 81, 13 0N _ _

sub-bini’, taken to be constant throughout the sub-bin, and =age'%0+ >, a,€e'% A (s1,,519), (19
Ap; is the area of sub-bin’. Analogously to Eq(9c), we '
have defined the quantitié’s:AfzylgApi/ , which are mea-
sured using the taggdal sample. The;.’s are assumed to be
measured at the charm factory, applying Edp) to the sub-

bini’. Similarly, Eq.(9b) becomes

where the first term corresponds to the nonresonant term and
the second to the resonant contributions. The Breit-Wigner
function is defined as

Ar(812,819 = "M, X Fiy, (20)
i — \/T'/T7 i, —&7)= =T T — e . . )
S ; T sin(a;, = o7) ; G where r represent a specific resonance in either the
(18)  Ks(p1)7 (P2), Ks(p)7 " (ps), or 7 (pz) 7" (ps), chan-
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nel. VM, is the term that accounts for the angular depen- P.={6g— g+ m,y— y+},
dence. It depends on the spinof the resonance. For ex-
ample, °M,=1 and *M,=—2k; -ks. Here k; ks are,
respectively, the three-momenta of one of the particles origi- P_={dg——3s,y——7.S— —Si}. (23
nating from the resonance and of the remaining particle, as
measured in the rest frame of the two resonating particleve note that if all the bins used are symmetric under
[20]. Fgyy corresponds to the relativistic Breit-Wigner func- 12— 13, the absence of the sl 7) terms in Eq.(11) in-
tion and is given by troduces a new ambiguity transformatioRg= y— g, g
— . The discrete transformatioR, is a symmetry of the
amplitude (6) and is thus an irreducible uncertainty of the
) 1 method. It can be lifted if the sign of either c@sgor sindg is
Few(s)= S—M2+iM T, (\s)’ (2D known. The ambiguity due tB_ can be resolved if the sign
r rtr . f B : : B
of sin & is known or if the sign of; can be determined in at
. least some part of the Dalitz plot. The latter can be done by
whereM, is the mass of thet.h resonance anHr(\/E) de- fitting a part of the Dalitz plot to Breit-Wigner functions. We
notes the mass dependent width. The argumeﬁt{aqi ISS12 emphasize that only the sign of the phase of the resonance
[S13,52s] for @  Kg(p)7 (p2)  [Ks(P1)7'(P3),  amplitude is required, and thus we can safely use a Breit-
7~ (p,) 7 (p3)] resonance. One can find detailed expreswigner form for this purpose.
sions for all the functions mentioned above in R&0]. Therg suppression present in the scheme outlined above

One of the strong phasé in the ansatz19) can be put .4 pe somewhat lifted if the cascade dedy— DX
to zero, while others are fitted to the experimental data to—H(sz_ )Xo is used[6,11]. Here X  is a multiboély
D”*s ' . s

gether with the amplitudes;. The best option is to fit the hadronic state with an odd number of kacesamples of
Dalitz plot of tagged decays, as was done a decade ago b%uch modes ar& 7 7", K~ 70, andKer 70). Unlike
] ] S .

the ARGUS and E687 Collaboratiofik7,18 and recently by o
the CLEO Collaboratiofi19]. The obtained functional form theéB —D"K™ decay, these modes have color-allowed con-

of Ap(S12,513) can then be fed into Eq7), which is then tributions. This lifts the color suppression g, while the
fitted to tr,we Dalitz plot of theB* — (Kgm~ ’7,T+)DKi decay mild suppression due to the CKM matrix elements remains.

with rg, g, and y left as free parameters. In Appendix B The major difference compared with the case of the two-

we provide a formula for the latter case, where only thred?0dy B~ decay is that nowg and &g are functions of the
resonances are included in the analysis. B—DX, decay phase space. Therefore, the experimental

analysis has to deal with two Dalitz plots, one descrikihg

— DX, and the other describing tfi2—Kgm~ 7" decay. In
Appendix C the necessary formalism that applies to this case
is outlined. Note that the above mentioned treatment for
multibody B decays also applies to quasi two-bdlylecays
involving a resonance, such Bs—»DK*.

In addition to using differenB modes, statistics may be
increased by employing variol3 decay modes as well. An
interesting possibility is the Cabibbo allowed
—Kgm™ 7" 7% decay. It comes with an even larger branch-

T el Al ] . ing ratio than theD—Kgm~ 7" decay. In addition, it has

acp=I7—I{ =4rgsiny[c;sindg+s; cossg]. (22 many intermediate resonances contributing to the greatly

varying decay amplitude, which is what is needed for the

It is manifest that finiteacp requires nonvanishing strong extraction ofy. The disadvantages of this mode are the low
and weak phases. The first terms in the brackets, in#&2). reconstruction efficiency of ther®, as well as the binning
depend on sidg. This is the same dependence as for two-difficulties introduced by the higher dimensionality of the
body D decays intoCP eigenstates. In the second terms,four-body phase space. The formalism of Sec. Il applies to
which depend on cod;, the required strong phase arisesthis mode as well, but now the partition of the four-body
from the D decay amplitudes. Due to the resonances, weghase space is meant in Edj1). In the equivalent of Eq5),
expect this strong phase to be large. Therefore, it may be th#tis mode has an extra minus sign, since we have introduced
direct CP violation can be established in this mode evena newCP-odd state, ther’. The final set of equations is then
before the full analysis to measure is conducted. With obtained from Eq(11) by replacingrg— —rg. The Cabibbo
more data,y can be extracted assuming Breit-Wigner reso-allowed modeD —K~K*Kg may also be used for the ex-
nancegcf. Sec. IV). Eventually, a model independent extrac- traction of y, as can the Cabibbo suppressed decays to
tion of y can be donécf. Secs. Il and II). K K79 7 ot a0 andKK 7.

The method proposed above for the model independent We note that use of our formalism is needed in order to
measurement of involves a fourfold ambiguity in the ex- measurey with (almos} flavor eigenstate multibody decays,
tracted value. The set of equatiofisl) are invariant under such asD—K #*#% and D—K 77 =", using the
each of the two discrete transformations: method of[4], if one does not wish to make assumptions

V. DISCUSSION

The observablefii defined in Eq.(11) can be used to
look experimentally for direcCP violation. Explicitly,

agp=0"] —I'"=4rgsiny[c; sindg—s; cosdg],
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about specific resonances in the decay, as was dof].in that one can actually use the whole Dalitz plot to carry out
Here, the important interference is between the Cabibbo akhe analysis and does not need to single out contributions of
lowed D decay and the doubly Cabibbo suppresBedecay.  ©ONe particular resonance. Moreover, we showed that the as-
Due to a strong phase different between these two ampnsumptlpn abqut the shapes of the resonances can be avoided,
tudes, every multibody> decay modeor bin in the phase essentially W|_th currently available data sets.

space of the modeof this type introduces two unknowrs In conclusion, we have shown that the anglecan be

ands; . As a result, these modes are not sufficient to measurgeteim'ned, n from the cascade . dquys B
—K~(Kgm~7")p. The reason for the applicability of the

without assuming resonances in the decays. However, the S .
Y g Y roposed method lies in the presence of resonances in the

can be used in combination with additiorialdecay modes, : ; .
such as the ones proposed hereCér eigenstate modes. In t_hree-bod>D meson decays which pr0\_/|de anecessary varia-
that case, one has enough observables to determine all t gtn (;)f both thetﬁhasr? and the ma_lgrr]utufdeto:‘hthte de%‘yb?bfg'
unknowns, and the flavor eigenstate modes contribute to tHtude across the phase space. The fact that no L-abibbo
total measurement of. suppressed decay amplitudes are used in the analysis is

While we concentrated on charg@decays, the Dalitz another advantage of the method. However, it does involve a

plot analysis presented here can also be applied to seIF-)alitz plot analysis with possibly only pa_rts of the Dalitz
tagging decays of neutr® mesong8]. It is also straightfor- plot being practically useful for the extraction of In real-.
ward to apply it to cases where time dependeRtasymme- Ity, many methods.have o be cpmblned n order to achieve
tries are measure®]. the required statistics for a precise determinatiory ¢¥].
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gives £2~0.1. We also note that the Cabibbo allowed lovenia.
branching fraction will result in a relatively easier experi-
mental analysis, due to the large signal-to-background ratio. APPENDIX A: THE EEEECT OF D-D MIXING
A crucial point of our method is that it uses interference ] . o .
between two Cabibbo allowed decay amplitudes. This is In this section we focus on the contributions introduced

against the common intuition, which suggests that we musby the fact that the flavor staté®°),|D° and the mass
have a\? suppression for such interference to take place, agigenstate$D,, )= PD|DO>iQD|50> do not coincide. This
we need a final state that is common to b@hand D. effect was studied in the general case in R2f]. Here we
Specifically, one typically requires one Cabibbo allowed de-apply their formalism to our case.

cay and another that is doubly Cabibbo suppressed, or two Following Ref.[21] we introduce the rephasing-invariant
decays that are singly Cabibbo suppressed. To overcome thigrametery,,

preconception, our method makes use K#-K° mixing
(which is also the case for the two-bo@y— K7 decay,
plus the existence of overlapping resonances, which are ob- _ Apftée-—p

tained by Cabibbo alloweB° andD® decays. In addition, it Xl_1+)\Dﬁf§BfﬁD
is important that the hadronic three-bofly meson decays
have a widely changing amplitude over the Dalitz plot,, ..
which is ensured by the presence of resonances in this energy
region. If the strong phases$,, ;3 and the moduliA;; ;3in
Eqg. (9) were (almos) constant across the available phase
space, the extraction of from Egs.(11) would not be pos- Np_i= ,
sible. Po Apo_,s

Before concluding, we mention that quasi two-boy
decays where one of the particles is a resonance, suth as
—K**7~ and D—K*p~ [4], were proposed for use in As 5ok P
measuringy. But, in fact, using such decays requires a Dal- ¢ = — 2K "0y o-i20p=d+)
itz plot analysis(see, e.9.[10,12)). What we showed here is Ag-_pok- 9o

: (A1)

ere

Op Apo_.+

(A2)
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and we use the definitions of Eq&) and(4) and allow for  functions describing<* ~(892) andp? resonances. We write
new physics effects igp /pp=e€'2?. (In the phase conven- Eq. (19) explicitly as
tion where theD decay amplitudes are real, the phakgis 0 _ N
negligible in the standard modgln our case, the final state Ap(812,513) =AD" —Kg(p1) 7 (pP2) 7 (P3))
f equalsKgm~ 7", which leads to .
=a, A ,0(Sga) + A« €' F Ay (S12)
N _ ai20p Ap(S13,S12) s
D—Kg(p) ™ (pPo) 7T (P3) € AD(5121513) +aK*rDe' DAK*(Slg), (Bl)

— i(20p+ & S
=Rp(S12,,S19)€'(?0 " 18127 21213, where 8- (8p) is the strong phase of the Cabibbo favored
(A3)  (doubly Cabibbo suppressed D°—K* 7" (D°
—K**77) decay with respect to the dec®f—Kgp°. We

- . . , further introduced
OnceD-D mixing is taken into account in the analysis, the

expression for the partial decay width) is multiplied by the o
correction tern{21] a,*A(D%— p°Kg)=A(D—p°Ky),

1-Re(x1)yp+IM(x1)Xp, (A4) aK*ei‘SFOCA(DO—>K**77+)=A(5°—>K**777),

where we have expanded the correction term to first order in

the small parameters ayxTp€ PxA(DO—K* ") = A(DO—K* ~7™).

(B2)

Am ATl A5 The Breit-Wigner functionsA, are defined in Eq.(20),
T YoTor (A5 Wwhere we write in Eq(B1) only thes,, dependence of the
Fgw part, given in Eq(21). The first index ofs,, is under-

. . stood to denote also the particle appearing in the expression
whereAm andAT are the mass and decay width dn‘ferencesfor LM, [Eq. (20)]. Exchanginga<—b corresponds to

in theD-D system, and’ is theD° decay width. The values M, =M, , in particular, 4 ,0(Sz9) = — A ,0(Szy). In the
of xp andyp are constrained by present measurements to bgpove we assumed that there is @® violation in the D

in the percent rangeyp=(1.0=0.7)% [22] and[x|<2.8%  decay amplitudes. Note that there are two small parameters
[23] (assuming small strong phages

The ratio of magnitudeRp (S, ,S;:3) depends on the po-
sition in the Dalitz plot and can vary widely. Our method is rg~0.1-0.2, rp~\?~0.05. (B3)
useful for the model independent extractionyobnly in the
region whereRy, is of order 1. We therefore distinguish three We then obtairicf. Eq. (6)]
limiting cases.

(1) Rp>1>rg, for which Re(y;),Im(x1)~0O(1/rz) and
therefore the corrections in E¢A4) can be of order 10%.
However, this is the region of the Dalitz plot where our
method is mostly not sensitive toand therefore the induced
corrections due t®-D mixing do not translate into an error
on the extractedy.

(2) Rp~1>rg, for which Refy,),Im(x1)~0O(1) and
therefore the corrections in EGA4) are at the percent level.
This is the value oRp for which our method is most sensi-

XD:

A(B™—(Kg(py) 7 (p2) 7" (P3))pK ™)
=AgPp X ((a,A o(Sz) + [ €% A« (1))
+1pe DAk (S19)]) + e (%8 M{a, A o(S3)

+ay[ € %F A (S19) +1pe P A« (51 1}). (B4)

The corresponding expressions B decays are obtained

tive to . b . = z +

_ y  changing y—-y and 7 (p)7 (ps)

(3) 1>»rg~Rp, for which Refy),Im(x;)~O(rg,Rp) —at(p) 7T (P3). 2 3
and therefore the corrections in E&4) are very small. We further define

In conclusion, we expect errors of at most a few percent

due to neglectin@-ﬁ mixing in our method. In principle,
even these errors can be taken into acchuft21,24. d_=ard Ak« (s12)], 8. =ard Ax«(S13)],

So=ard A o(s2)], (B5)
APPENDIX B: A FIT TO BREIT-WIGNER FUNCTIONS:

AN ILLUSTRATION FOR THREE RESONANCES .. . .
where the dependence éf. 5 on the position in the Dalitz

In this appendix we provide the formulas for the fit of the plot is implicitly assumed. The reduced differential decay
D meson decay amplitude to a sum of three Breit-Wignerate is then
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dl'(B™— (Ksm™ ") pK ")=a?| A jo(S55)| [ 1 2r g COY 85— ) + 131+ ag | Ay (S1)|2
X[1+2rgrp cos 5p— ¥) + (el )21+ ag | Axs (519 |°[ 15+ 2rgr p COY 85— 7) + 3]
+2a,ay | A 0(S239) Ay (S19)[{rp c0s8g " — 1 cosdh " —rgrp cog 85y — )
+rgcog 8y + )} 2a,arx | A o(Sp) Axx (S12) [{COSS; ™ — g COL S5 — ) + gl p COL 55
+)—rarp cossy }+2ak. | Agx (S12) A (S1a)[{rp cosoR*

+rgcog 62" +y)+rgr3 cod b5 —y)+rarpcosshtl, (B6)

where the notation of the strong phases is such that the lower .

(upped indices indicate phases appearing with a ghamus FijJ_ dr (B —(Kgm™ 7 )pXs)
sign. For example, "

=Ti+RPT;+cosy(cic) —s;s)

o =6p+8_— 56— 6, . (B7) ]
—siny(cisP+sicy), (C10
a,, ag+, andrp are assumed to be known and thus there are
five unknowns to fit, namely,
s, 5D! 5':, 5B! Y. (BS) FIJTJEJAI_]dF(B+*>(KS7T_7T+)DX;—)

Using bothB~ andB™ decays, there is enough information =T +RPTi+cosy(cic) +s;s]
to determine them all. This is true even if one neglects terms ) B 5
that scale as? and even ifrp=0. This indicates that the —siny(cisy —sicy), (Cid
method does not rely on doubly Cabibbo suppressed decays
of the D, and that it is sensitive tg in terms of orderg, where the integration is over the phase space oftiéin in

rather tharré. (See the discussion ir10].) Moreover, even theB decay and the phase space ofitthebin in theD decay.

if some or all of the strong phases that arise from two-bodyThe jth bin of theB™ decay phase space is obtained from the
decays, namelydg, 6p, and Sg, vanish, there is still jth bin of theB™ decay byCP conjugation. We also used
enough information to determing

B_ .
APPENDIX C: MULTIBODY B DECAY S; = LZFBS'MB*

We consider the cascade decayB™ —DXg

—(Kgm~7%)pXs . Let us assume that the phase space of CB_JZI’ 085
i B B

the first decayB™ — DX, , is partitioned intan bins that we ]

label by the indeX, and the phase space of tIﬂeLneson
decay is partitioned inta= 2k bins labeled by andi as in

Sec. Il. Instead of Eq911) we now have the set ofkd<m RJB: f ré, (C2)
equations i
ijEf_ Ar(B™—(Ksm 7 )pXy) wherer g and dg are functions of the pos?tion in thg decay
i phase space. From the set ¢&f>4m equationgC1), one has
) o B, B to determine R+3m+1 unknowns;, s;, ¢, s7', R®, and
=Ti+R{Ti+cosy(cicy+s;s)) y. With a partition of theD decay phase space int&24
+siny(cis}3—sicj3), (Cla bins qnd with a partition of th& fjecay phase space inho
=1 bhins, one has enough relations to determine all the un-
o knowns, including the anglg. This is true even for constant
Fijﬁ_dlﬂ(Bfﬂ(KsW*TrUDXQ) 8s andrg, in which case the above equations fall intk 4
b sets ofm equivalent relations, i.e., the set okX4 m equa-
=Ti+RPT;+cosy(cic —s;sp) tions is reduced to the set ok4ndependent relation&l.1).
_ 5 5 Finally, we note that the above equations can be used to
+siny(cisy +sicy), (C1b  determiney also for two-bodyD decays6].
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