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1. Measurement of the absolute branching fractionsfor Dy — ¢~ v, and extraction
of the decay constant fp,

TheDg — ¢~ v, decay provides a clean probe of the pseudoscalar meson decay cofigtant
Currently, the experimental values are significantly larger than theorgtiedictions within the
Standard Model[[1]. Models of new physics (NP) may explain this diffeed2].

Using a data sample of 521fh [J], an inclusive sample db; mesons is obtained by re-
constructing the rest of the event in react®ne™ —cc— DKXD~, whereD}~ — D;y. Here,

D represents a charmed hadr@?( D", D*, or AY), K represents th&? or K+, and X repre-
sents additional pions produced in tbe fragmentation process. When the charmed hadron is
a/A¢{ an additional anti-proton is required to ensure baryon number cotisgrvaNo require-
ments are placed on the decay products ofllige so that the selected events correspond to an
inclusive sample. Having reconstructed the inclusdze sample, we proceed to the selection of
Ds =0 v, (0 =e U, T —e VeVr/U VyVr) events within that sample. We require exactly
one more charged particle in the remainder of the event, and that it is ideasfes /u~. To ex-
tract the signal yield, we perform a binned maximum likelihood fit to the recodisnaistributions
m?(DKXyY) (Figs.[1(a) and (b)). Sind®g — T~ v; events contain more than one neutrino, we use
Eexira t0 extract the yield of signal events whetg4 is defined as the total energy of EMC clus-
ters with individual energy greater than 30 MeV and not overlapping wiglDiK Xy candidate.
Since the only missing particles in the event should be neutrinoes, we d@kpedistribution of
Eextra to peak at zero for signal events (Fifjs. 1(c) and (d)).
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Figure 1: Fitted distributions of (ajn?(DKXyw), (b) m¢(DKXye), (C) Eextra for Dg — Tayy Vr, (d) Eextra fOr
Ds — Ty v; candidates. The points represent the data with statigtioad bars, the open histogram is from
the fit, and the solid histogram is the background comporment the fit.

The yield ratio of the above samples, corrected by the reconstructioieedfyce, returns the
leptonic branching fractionéB(Dg — V) = %)l Then we determine thB; decay
constant for each decay mode using the known valuesifomp,, [Vyg| (We assuméVes| = [Vud|),

and theDg lifetime. Finally, we obtain the error-weighted averdge= (2586 =+ 6.4statt 7.5syst)
MeV.

2. The D¢ decays and the fy(980) meson

The composition of the ground stalB® = 0™+ nonet is still unclear, and states such as the
ap(980) or fo(980) may be 4-quark states, due to their proximity to ki€ threshold. This hypoth-

1All references in this paper to an explicit decay mode imply the use of tagyeltonjugate decay also.
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K*K~m* Dalitz plot. (b) Squared-wave amplitude and (¢J-wave phase extracted

by a model independent partial wave analysis. (d) Compardiween th&KK S-wave intensities from

different charmed meson Dalitz plot analyses.

esis can be tested only through accurate measurements of the branabiiwgné and the couplings
to different final states. In this conteX®d mesons can shed light on the structure of tH@80)
and the other scalar amplitudes couplea3f#. In the next sections we show the results on Dalitz
plot analyses obd — K*K~ " [f] andD¢ — m™mr rrt [f]] using a 384 fb! data sample.

2.1 Dalitz plot analysisof Dy — K*K~mr*

An inclusive sample of 10@000D¢ — K™K~ " events is selected by requiring thé meson
to originate from the decay;(2112) " — D¢ y. The corresponding Dalitz plot is shown in Hp. 2(a).
We obtain a model-independent information on kieK~ S-wave by performing a partial wave
analysis in theK K~ threshold region[]7]. Since th&*K~ mass region is signficantly above
the expectedp(980) mass, we observe only a threshold enhancement iS#hvave amplitude
(Fig. [3(b)) and a roughly constant trend in tBewave phase (Fid]2(c)), as would be expected
for the tail of a resonance. We compare thavave profile from this analysis with th8-wave
intensity values extracted from Dalitz plot analyse®8f—- KKK~ [B] andD® — K*K~ 1 [f]
where argy(980) resonance is also expected. We observe substantial agreemefi(@Riglthas
been suggested that this feature supports the hypothesis tha{ #89) and fo(980) are 4-quark

states[10].

An unbinned maximum likelihood fit dbg —

K*TK~ " is performed in which the distribu-

tion of events in the Dalitz plot is used to determine the relative amplitudes andpbiisterme-
diate resonant and nonresonant states. The fit results are showsleflTa

Decay Mode Decay fraction(%) Amplitude Phase(radians)
K*(8920K*  479+05+05 1.(Fixed) 0.(Fixed)
©(1020 " 41.4+0.8+0.5 115+0.014+0.26 289+4+0.02+0.04
f0(980) 1T+ 16.4+0.7+20 267+0.05+0.20 156+0.02+0.09
I((’§(1430)0K+ 24+0.3+1.0 1.144+0.06+0.36 255+0.054+0.22
fo(1710 ™ 1.1+0.14+01 0.65+0.02+0.06 136+ 0.05+0.20
(1370 ™ 1.1+0.14+0.2 0.46+0.03+£0.09 —0.45+0.114+0.52

Table 1: Results from thé®

phases from the best fit. Quoted uncertainties are statfisticl systematic, respectively.

— KTK~ " Dalitz plot analysis. The table gives fit fractions, amplis and
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Figure 3: (a) Symmetrizedg — " rrt Dalitz plot. ™ i~ S-wave (b) amplitude and (c) phase.

We find that the decay is dominated Ky (892)°K* and ¢(1020 " amplitudes. Contribu-
tions from theK; (1410, fo(1500), f2(1270), k(800) and f5(1525) are found to be consistent with
zero.

2.2 Dalitz plot analysisof D — " "

An inclusive sample of 100D — mr*m ™ events is reconstructed by requiring thg
meson to originate from the dec®f(2112* — D{y. The Dalitz plot (Fig[B(a)) shows a clear
fo(980) signal, evidenced by the two narrow crossing bands.

An unbinned maximum likelihood fit dbd — mt " is performed on the distribution of
events in the Dalitz plot to determine the relative amplitudes and phases of intatenexonant
and nonresonant states. For therr S-wave amplitude, we use a model-independent partial wave
analysis because scalar resonances have large uncertaintiesitibnadwbdeling theS-wave as a
superposition of Breit-Wigner functions is unphysical since it leads tolatiwm of unitarity when
broad resonances overlap. To overcome these problems, we divide themass spectrum into
29 slices and parametrize tlewave by an interpolation between the 30 end points in the complex
plane. The amplitude and phase of each end point are free paramdtezdiof

The fit results (Tablg] 2) show that ti& — m"m ™ decay is dominated by thBy —
S-waverr” andD{ — f»(1270 " contributions.

Decay Mode Decay fraction(%) Amplitude Phase(radians)
f2(1270 " 101+15+10 1.(Fixed) 0.(Fixed)
p(770) " 1.8+05+1.0 0.19+0.02+0.12 11+0.1+0.2
p(1450 " 23+08+17 12+0.3+1.0 41+0.2+05
S-waverrt  830+0.9+19 Ref. [§] Ref. [b]

Table2: Results from th®¢ — " ™ Dalitz plot analysis. The table reports the fit fractionspéitades
and phases. Errors are statistical and systematic regggcti

The S-wave shows, in both amplitude (Fig. 3(b)) and phase (Fig. 3(c)), theatd behavior
for the fo(980) resonance and further activity is present in the regions ofdf370 and fo(1500
resonances. Th&-wave is small in thefp(600) region, indicating that this resonance has a small
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coupling toss. Figures[B(b) and (c) show also a comparison with the resulfivgaves from
the E791 experiment, which performed a Dalitz plot analysis using an isotdelrfid], and the
FOCUS experiment, which made use of the K-matrix formalifrh [12]. We obgéat our results
agree better (within uncertainties) with the results from FOCUS than thoseHr91.

2.3 Measurement of the Dg relative branching fractions

Finally we measure the following branching ratiéd¥DS — " ") /B(Dd — KTK~ ") =
(11.940.4610.96ysp) X 1072, B(DF — KK+ 117) /B(DF — KK~ 1) = (4.0+ 0.3t 0.25y) X
103, andB(Dg — KTK~K*)/B(Dg — KTK~ ") = (2.3 4 0.3starE 0. 26ysy) x 1073,
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