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I ntroduction ing theCP-violating phasey = arg (—V, ,V.% /V.,V) of

. . the quark mixing matrix by exploiting interference struc-
Dalitz plot analysis is an excellent way to study the dyiure in the Dalitz plot from the decalg® — DCK* [8].

namics of three-body charm decays. These decays %deling of theKw andwnw S-wave inD decays is there-

expected to proceed predominantly through |ntermed|a]t8re an important element in such measurement, since the

quasi-two-body modes [1] and experimentally this is th%ystematic uncertainty onpdue to the Dalitz model is dom-

observed pattern. Dalitz plot analyses can provide new 'rihdasted by such components [9].

formation on the resonances that contribute to the observe ome states need to be described by a coupled channel

three-body final states. In addition, since the intermediat .. Boad overlapping resonances cannot be de-
quasi-two-body modes are dominated by light quark MeSQribed by standard Breit-Wigner’s. It is therefore neces-

resonances, new information on I|ght meson S.peCtrPSCOEXry to have appropriate description of the resonances in-
can be"obtamed. Therefoi@ meson is as a unique "lab- volved in the charmed meson decay. On the other hand, the
oratory” to StUdY I|%Dht_qliark spectroscopy. It has a Weltiecay itself can be used, in some cases, to extract new clean
defined spin-parity”™ =0~, constraining the angular mo- information on the lineshape and parameters of these reso-

mentum of the decay products in multibody final stateg = iff hes h |
which can be analyzed with the Dalitz plot technique [2]. ances. Four different approaches have been developed.

Investigations of the low mass scalar mesons can be pur-e Isobar model;
sued in three-body decays of pseudoscalanesons giv- ) ,
ing their large coupling to such states. The nature of such ® <-matrix formalism;
low mass scalar states is still under discussion [3], since 4 Model Independent Partial Wave Analysis;
scalar mesons are difficult to resolve experimentally be-
cause of their large decay width. There are claims for e Direct Partial Wave Analysis.
the existence of broad states close to threshold such as
x(800) [4] and o(600) [5]. On the theory side the scalar Dalitz analysisformalism

meson candidates are too numerous to fit in a sifgfe = . o .
0+ ¢ nonet and therefore alternative interpretations are 1n€ @mplitudes describing meson weak-decays into

proposed. For instancey(980) or fo(980) may be 4- three-body final states are dominated by intermediate res-
quark states due to their proximity to thek threshold [6]. onances that Ie_ad to highly non-uniform intensity distribu
Table 1 summarize the list of candidates scalar resonandi@S in the available phase space.

below 2 GeVi2. These hypotheses can be tested through Ne€glectingCP violation in D meson decays, we define
the D decay amplituded in a D — ABC Dalitz plot, as:

Table 1: Scalar mesons below 2 Ge¥// A[D — ABC| = f(mBe, mie). 1)
1=1/2 =1 =0 The complex quantum mechanical amplitugeis a
%(800) o(600) coherent sum of all relevant quasi-two-body —

ao(980) | fo(980) (r — AB)C resonances ("isobar model” [10]}f =
£0(1370) >, are®r A, (s). Heres = m% 5, andA4, is the resonance
K (1430) | a(1490) | fo(1500) amplitude. Each amplitudg,. is represented by the prod-
fo(1700) uct of a complex Breit-WigneBW (m) and a real angular
K (1950) term:
A, = BW(m) x T'(2). 2)

an accurate measurement of branching fractions and Cofhe Breit-Wigner functions include the Blatt-Weisskopf
plings to different flnal states. In addlltlon, comparison beform factors [11]. The angular terni¥2) are described in
tween the production of these states in decays of differentief, [12]. The coefficients, and¢, are usually obtained

flavored charmed meso¥’ (cu), D* (cd) andD{ (c5) [7]  trom a likelihood fit. The probability density function for

can yield new information on their possible quark compog,e signal events isf|°>. Sub-modes branching fractions
sition. Another benefit of studying charm decays is thayysit fractions”) are defined as

in some cases, partial wave analyses are able to isolate the
scalar contribution almost background free.
Results ofD? Dalitz analyses can be an input for extract-
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The fractionsf,. do not necessarily add up to 1 because of
interference effects among the amplitudes.
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Study of D° — Ktz — '
The D° — K%t~ final state has been extensively
studied in the framework of the measurement~oby
BaBAr [9] and Belle [13] experiments. The data sample
used in theBaBaAr analysis corresponds to an integrated lu-
minosity of 351 fby ! recorded at the SLAC PEP-Il storage. s 13 . L
rings, operating at center of mass energies neai({4s) b) f*\ / soog” ©
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Two different models have been used in this analysi§ 1A ‘1
The first model (also referred to as Breit-Wigner or iso+¢ ;‘"\ / !*‘ / |
\
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bar model) [14] expresses$, as a sum of two-body decay- 200075‘ ‘*‘f‘ A\ ‘
matrix elements and a non-resonant contribution. In the | s L | N 1
second model (hereafter referred to as theS-wave K- S 2 s B R R ¥R
matrix model) the treatment of ther S-wave states in m# (Geviic?) m3 (Gev¥ic?)
DY — K%zt uses a K-matrix formalism [15, 16] to B
account for the non-trivial dynamics due to the presence &figure 1:BABaR. The D° — Kn~ 7 Dalitz distribution
broad and overlapping resonances. The two models ha@gd projections on (ap3 = migﬁ, (b)ym? = migr,
been obtained using a high statistics flavor tagh&dsam-  and (C)mim— _The curves are the K-matrix model it pro-
ple (D*+ — D) selected fromte~ — cc events. jections.
In the Breit-Wigner model a set of several two-body
amplitudes is used, including five Cabibbo-allowed am-
plitudes: K*(892)Fn~, K*(1410)*7—, K;(1430)T7n—, o _ o
K3(1430) 7~ andK*(1680)* 7, their doubly Cabibbo- 9i0ns of themg projection, and in the(770)" — w(782)
suppressed partners, and eight channels wiitilaand a mterfer.ence region. _ .
T resonancep, w, fo(980), f2(1270), fo(1370), p(1450) The isobar model, on the other hand, gives a sum of fit
and two “ad-hoc” scalar resonances:ando, . The Breit—  fractions of122.5%, and a reduceg? of 1.20 (with statis-
Wigner masses and widths of the scalaisand o, are tical errors only), which strongly disfavors the isobar ap-
left unconstrained, while the parameters of the other refroach in comparison to the K-matrix formalism.
onances are taken from PDG [12]. The parameters of the
o resonances obtained in the fit are as followd,,, = Study of DT — 7wt~ #* and the o (600)
528 +5MeV/c?, T, = 5124+9MeV/c?, M,, = 1033+4
MeV/c? andT,, = 99 &+ 6 MeV/c? (the errors are statis- A study of chargedD decay to three charged pions
tical only). The amplitudes are measured with respect foas been carried out with the CLEO detector [18]. This
D% — K9%(770)° which gives the second largest contri-mode has been studied previously by E687 [19], E691 [20],
bution. TheKr andnm P-waves dominate the decay, butE791 [5], and FOCUS [21].
significant contributions from the corresponding S-waves E791 uses the isobar technique, where each resonant
are also observed (above 6 and 4 standard deviations, tentribution to the Dalitz plot is modeled as a Breit-Wigner
spectively). amplitude with a complex phase. This works well for nar-
The alternative model is based on a fit to scattering dataw, well separated resonances, but when the resonances
(K-matrix [17]) used to parametrize ther S-wave com- are wide and start to overlap, solutions become ambiguous,
ponent. and unitarity is violated. In contrast, FOCUS uses the K-
In the BaBAR analysis performed with the K-matrix matrix approach. The two techniques give a good descrip-
model, the sum of fit fractions i6103.6 4 5.2)%, and the tion of the observed Dalitz plots and agree about the overall
goodness of fit is estimated through a two-dimensigifal contributions of the resonances. Both experiments see that
test performed binning the Dalitz plot into square regidns cabout half of the fit fraction for this decay is explained by
size0.015 GeV?/c?, yielding areduceg? of 1.11 (includ-  alows 7~ mass S wave.
ing statistical errors only) fot9274 degrees of freedom.  The CLEO analysis utilizes 281 pb of data collected
The resulting fractions are shown in Table 2. The variatioon the(3770) resonance a{/s ~3773 MeV at the Cor-
of the contribution to the? as a function of the Dalitz plot nell Electron Storage Ring, corresponding to a production
position is approximately uniform. Figure 1(a,b,c) showsfabout).78x 105 DT D~ pairs. D™ mesons are produced
the Dalitz fit projections overlaid with the data distribu-close to the threshold, and are thus almost at rest. Events
tions. The Dalitz plot distributions are well reproducedfrom the decayD™ — K37, which has a large rate and
with some small discrepancies in low and high mass reontributes to the same final state, are isolated with the




Table 2:BaBaR. Amplitudes and fit fractions as obtained from the fit of fhé — K277~ Dalitz plot distribution using
the K-matrix formalism. Errors for amplitudes are statiationly, while for fit fractions include statistical and sysatic
uncertainties, largely dominated by the latter. Uppertsnon fit fractions are quoted at 95% confidence level.

Component ar ¢r (deg) Fraction (%)
K*(892)~ 1.740 + 0.010 139.0+ 0.3 55.7+ 2.8
K (1430)~ 8.240.7 153+ 8 10.2+ 1.5
K3;(1430)~ 1.410 4+ 0.022 138.44+1.0 224+1.6
K*(1680)~ 1.46 +0.10 —174+4 0.7£1.9
K*(892)F 0.158 £+ 0.003 —42.7+1.2 0.46 +0.23
K§(1430)* 0.3240.06 143 £ 11 < 0.05
K3(1430)* | 0.09140.016 85+ 11 <0.12
p(770)Y 1 0 21.0 £ 1.6
w(782) 0.0527 4+ 0.0007 126.5+0.9 0.9+1.0
f2(1270) 0.606 + 0.026 157.4+2.2 0.6 £0.7
w S-wave 11.9+2.6
7+t~ invariant mass even without clearly detached ver-

texes as in the fixed target experiments. They obtain, for
the Dalitz plot analysis, 4086 event2600 of which are
signal events.

An isobar model is used to parametrize the signal de-
cay where the description of the from Ref. [22] and
the Flatté parameterization for the threshold effectshen t
f0(980) [23] (with parameters taken from the recent BES ||
measurement [24]) are included. Alternative models are
also tried and give comparably good fit results [25] [26].

CLEO-c was able to reproduce the fit results E791 [5]. 2
The amplitude normalization and sign conventions are dif- me(rn) (GeVie?)?
ferent from E791, in particular the inclusion ofa contri-
bution gives a fit probability of 20%. Possible contribu- Figure 2: Projection of the Dalitz plot onto the? (77 ~)
tions form all knownr* 7~ resonances listed in Ref. [12] @Xis (two combinations peD* candidate) for CLEO-c
were tried, including high mass resonances giving asymfata (points) and isobar model fit (histograms) showing the
totic “tails” at the edge of the kinematically allowed regio Various components.

For theo a complex pole amplitude, was eventually tried
rather than the spin-0 Breit-Wigner.

T.ab'le 3 shows the list of surviving contributions .WlthThese Cabibbo favored decays are known to contain a large
their fitted amplitudes and phases, and calculated fit fra -wave component
tions after a procedure of addition and removal of reso- ’

nances to improve the consistency between the model and’ Study of~ 15,000 such decays by the E791 collabo-

data. The sum of all fit fractions is 90.1%, and the fit probf@tion [4] provides an illustration. The E791 Dalitz plot is

ability is ~28% for 90 degrees of freedom. The projec_shown in Fig. 3 where significarft- P interference is evi-

tion of the Dalitz plot and selected fit components onto thgent from the asymmetry of thig” (890) bands.

m? (7t 7~) axis is shown in Fig. 2. For the poorly estab-

lished resonances as thepole, their parameters are al- Isobar Model Fits. In the earliest analyses of these
lowed to float and the variations of the other fit parameterdecays, a model with interfering resonances like the

Signal
———— X:p (770)
_____ X: f, (1270)
—— X:f, (980)
—-.— X: o pole
,,,,,,,,,,, Background
Total S+B

contribute to the systematic errors. The fitted values fokK™*(890), the L = 0 K(1430) and a constant non-
theo pole areRe(m,) (MeV/c?) = 466+18 andIm(m,) resonant N R’ 3-body amplitude could account for the
(MeV/c?) = -223+28. voids and asymmetries observed in the Dalitz plot. With
their larger sample, the E791 isobar model analysis showed
Study of DT — K—nt#nt and the K= that additional structure in th&-wave was required to
Swave achieve an acceptable fit, and the addition of(&00)

Breit-Wigner isobar, which interfered destructively with
The most detailed experimental information on fie  the N R term, worked well.
S-wave comes from studies &ft — K~ntr+ decays. The “isobar model” description of the = 0,1 and2



Table 3: CLEO-c. Results of the isobar model analysis offihe — 7~# "=+ Dalitz plot. For each contribution the
relative amplitude, phase, and fit fraction is given. Themrare statistical and systematic, respectively.

Mode Amplitude (a.u.)| PhaseY) Fit fraction (%)
p(770)7 1(fixed) O(fixed) 20.0+2.3+0.9
f0(980)7™ 1.4+0.2+-0.2 12+104+5 4.1+0.94+0.3
f2(1270)7+ 2.140.2+0.1 | —-123£6+3 | 18.2+2.6+0.7
fo(1370)7t | 1.3+0.4+0.2 | —21+15+14 | 2.6+1.8+0.6
fo(1500)7+ 1.1+0.3+0.2 | —44+13+16 | 3.4+1.0+0.8
o pole 3.7+0.3+0.2 —3+4+2 41.8+1.4+2.5

3.5

that this description of thé&-wave, described by Eq. (4),
with two broad, Breit Wigner resonances, one of which is
also near threshold, is theoretically problematic andaoul
account for this discrepancy. It would be virtually certain
, : | that this amplitude would have andependent phase that
s o CsiaTies hoies would differ from the Watson theorem expectation.

K™m'n* Mass (GeV/c?)

(®)

My (GeV/c?)?

25

Model-Independent Measurement. A test of the
Watson theorem requires a measurement of the phase of
i ) F(s) at several values of in a model-independent way.
0s - The first attempt to do this for thg-wave for K —=+ pro-

I R R R R B duced in this decay mode was made by the E791 collabo-
e (Gev/ety ration [30].

They replaced the analytical function describing e
Figure 3: E791. Dalitz plot foD* — K~ n"n™ decays. wave in Eq. (4) by a set of 38 complex values at discrete
The figure and show distributions of squared invariant masg|ues fors, using a spline interpolation for other values.
for one X~ 7 combination plotted against the other (Sym-The p- and D-waves were parametrized, as before, by the
metrized). form in Egs. (5) and (6) and the coefficients, were al-
lowed to float. A fit was then made to determine the best
values (magnitude and phase) for each of theS38ave
points. The result, shown in Fig. 4, is compared with the
LASS model for thel = 1/2 K—#* system. Agreement
is good in theK ¥ (1430) region (above-1100 MeV/¢&) af-
Fo(s) = aoo+ a10BWi; (1430)(s) tera shift in phase of5° a.nd an arbitrary sga}le factpr are

applied to the LASS amplitude. A very significant discrep-

wave amplitudeds;, in the K=+ systems for this fit can
be summarized as:

020 BW(s00) (5) 4) ancy is, however, seen for lower values of invariant mass.
Fi(s) = a11BWk:(so0)(s)

+a21 BWiks (1688) (5) 5) However there are two problems. First, though 1/2
Fy(s) = a1 BWis (140) (6) K==t production probably dominateg,= 3/2 produc-

tion in these decays cannot be excluded. Second, the isobar

where theBW (s) are relativistic Breit-Wigner functions model form in Egs. (5) and (6) for th®- and D-waves,
with s-dependent widths, and the; are complex coeffi- upon which this result depends, is questionable. Phe
cients determined in the fit. The overall phase was definetdave contains more than one Breit-Wigner, and both waves
by settinga;; = 1.0, andagyg was theN R term. are assumed to be dominated by resonant behavior. More

Two further isobar model analyses of this decay modinportantly, neither wave is likely to follow the Watson the
were recently made, one by FOCUS [27] and the other byrem, so a test of th-wave alone cannot be conclusive.
CLEO-c [28]. Each used samples3.5 times larger. The ~ The CLEO collaboration [28] has attempted to over-
conclusions, and estimates of the resonant fractions bf batome the latter difficulty. Using their high purity sam-
were in good general agreement with E791. ple of ~ 60,000 events, they proceeded in the same way

Parameters for and Kj(1430) S-wave Breit Wigner as E791, interpolating th&€-wave between discrete val-
isobars are compared for the three experiments in Tabledes of s, while parameterizing thé>- and D-waves as
The K§(1430) parameters in this model disagree signifiabove. Their results were very similar. They then fixed
cantly with those obtained by the LASS [29] experiment othe S-wave and, using a similar procedure, fit the-wave
with the World average [12]. There is general agreememarametrized in the same way. Then they repeated this for



Table 4: Breit Wigner Parameters for the-n+ S-wave Isobar States. All quantities are in Me¥/c

E791

797 £19 £ 42
410 £43 £ 85

CLEOC

805 £ 11
453 £ 21

Focus

883 + 13
356+ 13

PDG

672 + 40
550 + 34

=
eE

1459 £ 7+ 12
175+ 12+ 12

1461+ 4
177+ 8

1461+ 3
169 £5

1414+ 6
290 £21

£
DE

signal, evidenced by the two narrow crossing bands. There
is also a broad accumulation of events in the G&?/c*
region.
H\Lﬁ{ An unbinned maximum likelihood fit is performed on
the distribution of events in the Dalitz plot to determine th
relative amplitudes and phases of intermediate resondnt an
nonresonant states. The phase of each amplitugetiie
phase of the correspondirg is measured with respect to
the f2(1270)7* amplitude.

For ther™ 7~ S-wave amplitude they use the Model-
Independent Partial Wave Analysis: instead of including
Figure 4: (a) Magnitude and (b) phase of the decay anthe S-wave amplitude as a superposition of relativistic
plitude Fy(s) at 38 discrete values of (squared invariant Breit-Wigner functions, they divide the™ 7~ mass spec-
mass of the 7+ systems fromD® — K—#*r+ decays trum into 29 slices and they parametrize thevave by
taken from Ref. [30]. The LASS model shifted byr5°  an interpolation between the 30 endpoints in the complex
and scaled to the region where> 1.2 (GeV/)? is shown plane:
as the blue, continuous curve.
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the D-wave. In each step, only one wave was allowed tq

float with the others fixed. The analysis makes also use g e amplitude aqd pha_se of each endpoint are free param-
_ S eters. Interpolation is implemented by a Relaxed Cubic
the =2 contribution.

Spline. The phase is not constrained in a specific range

Th's procedure can converge only by smultaneous% order to allow the spline to be a continuous function.
floating all waves at once, and this was not done. Also, the . _ . .
he resultingS-wave #"7~ amplitude and phase is

hases have to be defined in some part of the phase spa g ' . . .
?as little as possible) in orderforthisFt)o work P psﬁown in Fig. 5(a),(b). The fitted fractions are given in
' Table 5.

Study of D} — w7~ and the f,(980)

This analysis was performed b§aBar [31] and fo-
cuses on the study of the three-boflf meson decays
to 77~ 7T and performs, for the first time, a Model-

Table 5:BaBaR. Results from theD! — 7t 7~ 7t Dalitz
plot analysis. The table reports the fit fractions. Erroes ar
statistical and systematic respectively.

Independent Partial Wave Analysis (MIPWA). Previous Decay Mode| Decay fraction(%)
Dalitz plot analyses of this decay mode were based on f2(1270)7+ 10.1£1.5+1.0
much smaller data samples [32, 33]. p(T70)7™ 1.84£0.5+£1.0
The combinatorial background is reduced by requiring p(1450) 7+ 2.3+£0.8+1.7
the D to originate from the decay S-wave 83.0+0.9£1.9
Dr(2112)* — D @) Total 97.2+3.7+3.8
s s x*/NDF ol =1.2

and by using geometrical+kinematical variables combined
in a likelihood ratio test. The cut on the likelihood ratio

has been chosen in order to obtain the largest statistibs wit The results from the Dalitz plot analysis can be summa-

background small enough to perform a Dalitz plot analysisized as follows:

The signal region contains 13179 events with a purity of

80%. The resulting Dalitz plot, symmetrized along the two e The decay

axes, is shown in Fig. 5(b). They observe a clgd980)

is dominated by theDf
(7777 ) s _wave™ ™ cONtribution.
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Figure 5:BaBaR. D — n+tn~xT Dalitz plot. Right. (a)S-wave amplitude extracted from the best fit, (b) correspogdi
S-wave phase. Errors are statistical only.

e The S-wave shows, in both amplitude and phase, the

; i : i i + +K+EK-
expected behavior for thg (930) resonance. Figure 6:BABAR. Dalitz plot analysis oD} — 7T K+ K
e The S-wave shows further activity, in both ampli- 2| 9 1 25000 - '%jzzz b)
tude and phase, in the regions of tfig1370) and og ol R i I Y
fo(1500) resonances. g | N sool | £ :
s % 10000
e TheS-wave is small in ther/ f,(600) region, indicat- £ g

o
@
T
I

ing that this resonance has a small couplingso

I I I 0

1 2 3 1 2 3

e There is an important contribution from+ — K" ) (GeVie) MK K) (Gevich

f2(1270)7" whose size is in agreement with that re- 8000 1

ported by FOCUS, but a factor two smaller than that w0l 9
reported by E791. This is the largest contribution in

charm decays from a spin-2 resonance.
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Study of D} — KTK~n™ 0 o e
This BABAR analysis makes use of an integrated lumi- " i) (@evich " ) ey
nosity of 240 fo'!. Events are selected in a sample of
events having at least three reconstructed charged tracks
with two well identified kaons and one pion. The decay
chainD*(2112)* — D+~ helps in discriminating signal A similar analysis has been recently performed by
from combinatorial background. Additional requirementCLEO [34] using 14400 events.
based on kinematic and geometric information are com-
blned_to further suppress the background. The final s_ampgtudy of D° - K°K— K+ and the a0(980)
contains 100850 events with a purity of 95%. An unbinned resonance
maximum likelihood fit of the Dalitz plot (Fig.6) is per-
formed to extract the relative amplitudes and phases of theThe data sample used in tiaBxR D° — KK~ K+
intermediate resonances as shown in Table 6. The decayaisalysis consists of 91.5 T8 [35]. Selecting events within
dominated by the)(1020)7 andf,(980)7*. Thefy(980) 420 of the fittedD® mass value, a signal fraction of 97.3%
is parametrized with a coupled channel Breit-Wigner [24is obtained for the 12540 events selected. The Dalitz plot
and its contribution is large but it is subject to a large sysfor theseD? — KK+ K~ candidates is shown in Fig. 7.
tematic error due to the poor knowledge of its parameters In the K™ K~ threshold region, a strong(1020) signal
and possible(980) contributions that are difficult to dis- is observed, together with a rather broad structure. A large
entangle in theéX K projection. asymmetry with respect to ti€° K+ axis can also be seen
Analysis of the angular moment distribution confirmsn the vicinity of the$(1020) signal, which is most prob-
such picture with a big S-wave—P-wave interference in thably the result of interference betwegrand P-wave am-
KK channel in the region of the(1020). On the other plitude contributions to thé{ ™ K~ system. Thef,(980)
hand very small activity is present in th€*(892) region anda((980) S-wave resonances are, in fact, just below the
suggesting a smalk 7 S-wave, and therefore no evidenceK + K~ threshold, and might be expected to contribute in
of ax(800). the vicinity of $(1020). An accumulation of events due




Table 6: BaBar. Results of the isobar model analysis of thé — KT K~xT Dalitz plot. For each contribution the
relative amplitude, phase, and fit fraction is given. Therrare statistical and systematic, respectively.

Mode Amplitude (a.u.) Phase() Fit fraction (%)
K*(892)KT 1(fixed) 0(fixed) 4874+02+1.6
#(1020)7 " 1.081 +0.006 £ 0.049 | 2.56 £0.02 £ 0.38 379+0.24+1.8
fo(980)7™ 46+01+1.6 —1.04 +0.04 + 0.48 35+1+14

K{;(1430)0KJr 1.07 £ 0.06 £0.73 —1.374+0.05 4+ 0.81 20+02+3.3
fo(1710)7™ 0.834+0.02+0.18 —2.114+0.054+0.42 20+0.1£1.0
fo(1370)7™ 1.74£0.09 £1.05 —-26+£0.1£+1.1 6.3+0.6 4.8

K3(1430)°K* | 0.43+0.0540.34 ~2540.1403 | 0.17+0.05+0.30
f2(1270)7+ 0.40 +£0.04 +£0.35 0.3+02+0.5 0.18 £0.03 £0.40

Sum 132+ 1+16

Table 7:BABAR. Results from the Dalitz plot analysis 6 — KOK+tK .

Final state Amplitude Phase (radians) Fraction (%)
K%a0(980)° | 1. 0. 66.4+ 1.6+ 7.0
K%¢(1020) 0.437+ 0.006+ 0.060 | 1.91+ 0.02+ 0.10 | 45.9+ 0.7+ 0.7
K~ap(980)" | 0.460+ 0.0174 0.056 | 3.594+0.05+0.20 | 13.4+1.1+3.7
K°fy(1400) | 0.435+0.033+0.162 | -2.63+0.10+0.71| 3.8+ 0.7+ 2.3
KO £,(980) 0.4+ 0.2+ 0.8
KTag(980)~ 0.8+ 0.3+0.8
Sum 130.7+£ 2.2+ 8.4

D° =K K* K~
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Figure 7:BaBAR. Dalitz plot of D° — KK+ K.

to a charged(980)™ can be observed on the lower right

frame. TheK+ K~ mass distribution has been modified
by weighting eactD® candidate by the spherical harmonic
Y (cos 0k ) (L=0-4) divided by its (Dalitz-plot-dependent)
fitted efficiency. It is found that all théY?) moments are
small or consistent with zero, except fory), (Y) and
(¥2).

In order to interpret these distributions a simple partial
wave analysis has been performed, involving afityand
P-wave amplitudes. This results in the following set of
equations [36]:

Viar () = §? 4 p? )

Viar (YY) = 2| S| P|cospsp (10)
0 _ i 2

Viar (v9) = \/gp, (11)

whereS and P are proportional to the size of the and
P-wave contributions andgp is their relative phase. Un-
der these assumptions, ti{&}) moment is proportional
to P2 so that it is natural that the(1020) appears free of
background, as is observed.

The above system of equations can be solved directly for

edge of the Dalitz plot This contribution, however, doe%’Q, P? andcos ¢SP and corrected for phase space distribu-

not overlap with thep(1020) region and this allows the

tion. The phase space corrected spectra are shown in Fig. 8.

K* K~ scalar and vector components to be separated us-The distributions have been fitted using a model with

ing a partial wave analysis in the low maks K ~ region.

$(1020) for the P-wave , a scalar contribution in the

The helicity anglefx, is then defined as the angle be-K+ K~ mass projection entirely due to the(980)°,

tween theK* for D° (or K~ for D°) in the KT K~ rest
frame and thekt K~ direction in theD° (or K°) rest

KK mass distribution is entirely due tg(980)*" and
thecos ¢ s p described with BW models.



The a(980) scalar resonance has a mass very close to
the K K threshold and decays mostly tar. It has been

N

described by a coupled channel Breit Wigner. The fit pro- ™ @
duces a reasonable representation of the data for all of the “

projections. Thex? computed on the Dalitz plot gives a
value of x?/N DF=983/774. The sum of the fractions is
130.7 £ 2.2 & 8.4%. The regions of highex? are dis-
tributed rather uniformly on the Dalitz plot.

The final fit results showing fractions, amplitudes and 1
phases are summarized in Table 7. Fotf,(980) and m2(K 10) [GeVZ/CA']
K™Tap(980)~ (DCS), being consistent with zero, only the
fractions have been tabulated. For the Dalitz plot analy- Figure 9:BaBar. Dalitz plot for D — K~ K *7°.
sis thef,(980) contribution is found to be consistent with

m(K 10) [GeV?/c|

2

zero,
L 102 The third model uses a coherent sum of a uniform non-
3 B ,] 30000 2 F resonant term, and Breit-Wigner terms for #800) and
3 1500 ¢ (o)P C (b)s - (© *
3 . C I K (1430) resonances.
NG [ F 4000
9 1000 - 20000 L
& r i r
6 500 [ 10000 |- 2000 - The D'decay to ak ~ K+ Swave state is described by
3 . ; i, r a coupled-channel Breit-Wigner amplitude for tfi€980)
2 Qo o7 s i1s % o7 andag(980) resonances, with their respective couplings to
= m(K* K7) m(K* K7) m(K° K*) (Gev/c?) 7w, KK andnm, KK final states [23],
1 (d) 0 Several models are used incorporating various combina-
05 F n tions of intermediate states. In each fit, the(892)* is
%” o b 27 included and the complex amplitude coefficients of other
9 F RS states relative to it is measured.
-0.5 [ & 1
C -2
b 4 = IJr The LASS K7 Swave amplitude gives the best agree-
0998 1.046 0.998 1.048 ment with data and it is uses it in the nominal fits. The
m(K* K) m(K* K7) (GeV/c?) K= Swave modeled by the combination e{800) (with

parameters taken from Ref. [4]), a non-resonant term and

Fiqure 8: BaB&R. Results from thek+ K — Partial Wav K(1430) has a smaller fit probabilityx probability <

Ar?:|yesi§. @ P-wa\?sl;ttfength,t(f(ﬁ- wave Sf‘r;r?gth_a (g 5%). The best it with this modeh¢ probabilty 13%)

m(KVK+) distribution, (d)cos ésp in theg(1020) region.  Yi€!ds @ chargeet of mass (870k 30) MeVy/c®, and width

(e) 4sp in the threshold region after having subtracted th&L50+ 20) MeV/c", significantly different from those re-

fitted ¢(1020) phase motion shown in (d). ported in Ref. [4] for the neutral _state. This does not sup-
port the hypothesis that production of a charged, soalar
is being observed. The E791 amplitude [30] describes the
data well, except near thresholg?(probability 23%).

Study of D® — KT K~—x° The mass dependerif “ K+ S and P-wave complex
amplitudes can also be obtained directly from our data in
BaBar analyzed 385 fb* of eTe™ collision data and a model-independent way in a limited mass range around
reconstructed the decay®*t — D% with D° — 1 GeV/c®. In a region of the Dalitz plot wher& and
K~ KT [37]. Requirements on the center-of-mass moP-waves in a single channel dominate, their amplitudes
mentum of theD? candidate yields in the signal regionare given by the Legendre polynomial moments which
11278 £ 110 signal events with a purity of about 98.1%. have been used to evaluat§ and|P|, shown in Fig. 10,
The results from the Dalitz plot analysis are summarizefbr the K=K+ channel in the mass rangey - x+ <
in Table 8. ForD° decays toK*7° Swave states, 1.15 GeV/c2. The measured values 0| agree well
three amplitude models have been considered. One modéth those obtained in the analysis of the deday —
uses the LASS amplitude fak—7+ — K~nt elastic K~ K+KO [35]. They also agree well with either the
scattering [29], A second model uses the E791 results fgi(980) or the ag(980) lineshape. The measured values
the K7+ Swave amplitude from an energy-independentf |P| are consistent with a Breit-Wigner lineshape for
partial wave analysis in the dec&y™ — K—n+xT [30].  ¢(1020).



Table 8: BaBar. The results obtained from the® — K~ K*7° Dalitz plot fit. Theao(980) contribution, when it is
included in place of the,(980), is given in square brackets. Thér S-wave states are denoted By 7°(.5).

| State | Amplitude, a, Phaseg, (°)  Fraction, . (%) |
K*(892)F 1.0 (fixed) 0.0 (fixed) 4520.8+0.6
K*(1410)* 2.29+0.37+0.20 86.7-12.0+9.6 3.AL11+1.1
K*+n%(S) 1.76+0.36+0.18 -179.821.3+12.3  16.3-3.4+2.1
$(1020) 0.69+0.014-0.02 -20.713.6+9.3 19.3:0.6+0.4
f0(980) 0.51+0.07+0.04  -177.513.7+8.6 6.7:1.4+1.2
[a0(980)°] [0.48+0.08+0.04] [-154.0£14.1+8.6]  [6.0+1.8+1.2]
f5(1525) 1.114-0.38+0.28  -18.719.3+13.6 0.08-0.04+0.05
K*(892)~ | 0.60H-0.011-0.011 -37.6:1.9+2.2 16.0:0.8+0.6
K*(1410)~ 2.63+0.514+-0.47 -172.6:6.6+6.2 4.8£1.8+1.2
K-7%(9) 0.70+0.27+0.24  133.2:22.5+25.2 2.7%1.4+0.8

T ’\37 ]
*2 (C):
g ]
L 2- 1

e
- ‘ d&f 1

071 11 T 11

m(K'K*) [GeV/d] m(K'K*) [GeV/c ‘ ‘ ‘
Figure 10: BABAR. The phase-space-correct&d K+ S 1 s(GZeVZ/c“)S

and P-wave amplitudes|,S| and |P| respectively, in arbi-
trary units, as functions of the invariant mass comparegigure 11:  BaBm®R. The 2-dimensional(s, =
with results from other analyses. m2(rta0),s. = (m%(z—x°)) distribution of D° —

rta—av.
Table 9: Results from searches for CP violation in Dalitz

plot analyses from different experiments.

Decay mode Acp(%) and background-subtracted DPs fotand D°events is the
D’ — K—7ntq° -3.1+£86 simplest way to look folC' PV. BaBAR has performed this
DY — K+r—x0 +9t22 analysis [38] using?® — Kt K~ 7 andD? — w770
DY — Kontmn= | —0.9+2.1F; 523 decays. Figure 12 shows the normalized residiails DP
D — ntn—a® +172 49 area elements, where
Dt - KtK—7t | —04+207)2
=05 A= (ngo— R-npo) /\/o,%ﬁo +R202 ., (12)
Dalitz plot analysis and search for CP andn denotes the number of events in a DP element and
violation o its uncertainty. The factoR, equal t00.983 + 0.006 for

a~ w7 and1.020 & 0.016 for K~ K Y, is the ratio of
In the limit of C P conservation, charge conjugate decaythe number of efficiency-correctdd’to D events. This is
will have the same Dalitz plot distributionC' P violation introduced to allow for any asymmetry in the production
expected in Cabibbo-Suppressed charm decays. The intgoss section due to higher order QED corrections or in the
gratedC'P violation across the Dalitz plot is determinedbranching fractions foi>°and Ddecay to the same final
from: state.
o =2 They calculatey?/v = (Y_,_, A?)/v, wherev is
_ M| - ‘M‘ dm2, dm? // dm2, dm? the number of DP elements: 1429 for 7t =° and 726
IM? + ‘ﬂf ab T be @b for K~ K+70. In an ensemble of simulated experiments
with no C PV, we find the distribution of?/v values to
where M and M are theD° and D’ Dalitz plot ampli- have a mean of 1.012 0.001 (1.021+ 0.002) and an
tudes. Table 9 shows results from different experimentam.s. of 0.018 (0.036) for— 7T #? (KX~ K*x°). The
No evidence ofCP violation has been observed. Themeasured value in the data is 1.020forr+7° and 1.056
D° — 77— 7Y Dalitz plot from BaB4aR (~ 45 000 events) for K~ K =%, so they obtain a one-sided Gaussian confi-
is shown in fig. 11 and is dominated by intermedjateso- dence level (CL) for consistency with @GPV of 32.8%
nances. A direct comparison of the efficiency-correctefbr 7—7+7° and16.6% for K~ K+x°.
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