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We present recent results on charm physics from CLEO-III, em phasizing QCD and hadronic
structure. These include the decay � 0

c ! pK � K � � + and the form factor for D 0 ! � � e+ � e.
We also discuss upcoming measurements with CLEO-c, including dramatic improvements in
the D 0 ! � � e+ � e form factor, and glueball spectroscopy in J= ! 
X .

1 The CLEO Collaboration

The CLEO collaboration has been in existence for over 25 years1. For the bulk of its history,
CLEO has taken data on or near the �(4 S) resonance, studyingB mesons. Charm, produced
mainly in the continuum, has also been a strong focus of the CLEO program. This talk outlines
two of the most recent results from this ongoing study of charm physics.

With the impressive onset of physics results from theB factories Belle and BaBar, CLEO
has turned its attention to speci�cally studying charm in th e particularly clean environment
encountered at lower energies. This new thrust, including upgrades to the accelerator, is called
CLEO-c 2. This talk also discusses how one of our recent charm resultswill be improved in
CLEO-c, as well as a new avenue of investigation into strong (i.e. non-perturbative) QCD,
namely production of glueballs in radiative J= decay.

2 The decay � 0
c ! pK � K � � + from CLEO-III

The � 0
c, the lightest csd baryon, naturally decays to �nal states such as � � � + where the W +

from the c ! s transition materializes as an external � + . CLEO has measured3 the decay
� 0

c ! pK � K � � + , including a determination of the �nal state fraction which is pK � K ?0(892)
which has no external� + (or K + ). Such decays are therefore \color suppressed", and their rate
relative to, say, � � � + are of speci�c interest.
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Figure 1: Observation of � 0
c ! pK � K � � + including the � 0

c ! pK � K ?0(892) component.

Our signal for the pK � K � � + �nal state is shown in Fig. 1, as well as the sideband sub-
tracted K � � + mass distribution (with two entries per event). The � � � + is not shown, but
also observed. We determineB(� 0

c ! pK � K � � + )=B(� 0
c ! � � � + ) = 0 :35 � 0:06 � 0:03 and

B(� 0
c ! pK � K � � + ; No �K ?)=B(� 0

c ! � � � + ) = 0 :21 � 0:04 � 0:02.

3 The form factor for D 0 ! � � e+ � e

Using excellent K=� discrimination and a careful treatment of systematic uncertainties in the
CLEO-III detector, we have carried out the �rst measurement of the form factor shape (as a
function of q2) for D 0 ! � � e+ � e. This is part of a comprehensive study of semileptonicD 0

decay to a singleK � or � � . This is a challenging measurement usingD 0 from D � + ! � +
slowD 0

produced in e+ e� annihilation at �(4 S) energies. It is also a measurement that we are preparing
to take up in CLEO-c, where kinematic separation ofK � and � � �nal states becomes possible.

3.1 CLEO-III

Figure 2 shows our signal forD 0 ! � � e+ � e, for the middle of three q2 bins, and also our result for
the decay rate (normalized to unity and not corrected for detector e�ciency) as a function of q2.
The histograms on the right show the range of various calculations of the form factor. Another
result of this analysis is a new measurement of the relative branching ratios for D 0 ! � � e+ � e

and D 0 ! K � e+ � e. We �nd B(D 0 ! �e� )=B(D 0 ! Ke� ) = 0 :097� 0:010� 0:010. Results
presented here are preliminary, but �nal results are nearing submission at this writing.

3.2 CLEO-c

CLEO-c will obtain a very large sample of e+ e� ! D 0 �D 0 events. One example from our
preliminary running is shown on the left in Fig. 3. Such events are very clean and highly
constrained kinematically. On the right we show the use of those kinematic constraints to
separate D 0 ! � � e+ � e from the much more dominant D 0 ! K � e+ � e, without the need for
K=� separation through particle identi�cation. The �gure repr esents roughly 2% of the eventual
CLEO-c data sample.
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Figure 2: Measurement of the form factor shape for D 0 ! � � e+ � e in CLEO-III. The left plot histograms
� M = M

�
� +

slow � � e+ � e

�
� M (D 0) and peaks in the region of the signal. Data points with error bars are

superimposed on top of the �t, whose components are plotted as shaded histograms. The components are the
non-peaking random backgrounds, the peaking background from K � misidenti�ed as � � , and the signal, which
is the smallest of the three and plotted on top of the others. O n the right we show the observed rate (uncorrected

for detector e�ciency) in three q2 bins, and compared to various models.

Figure 3: Measuring semileptonic D 0 decay in CLEO-c. On the left is an event display showing e+ e� ! �D 0D 0

with a �D 0 ! K + � � decay which serves to \tag" the event, and a semileptonic D 0 ! K � e+ � e decay. The
histogram shows how the quantity Emiss � pmiss cleanly separates the � � and K � semileptonic decays.



Table 1: Discrimination between di�erent glueball/ q�q mixing scenarios, using radiative decay of scalar mesons.

Radiative Decay Widths in keV � Tot

f 0 ! 
� (770) f 0 ! 
� (1020) MeV
State L M H L M H
f 0(1370) 443 1121 1540 8 9 32 � 300
f 0(1500) 2519 1458 476 9 60 454 109
f 0(1710) 42 94 705 800 718 78 125

4 Glueball spectroscopy using J= ! 
X in CLEO-c

Radiative decays of theJ= have long been used to search for glueballs4, and this data set
has recently seen a great increase in statistics in some channels5. Nevertheless, many puzzles
remain. One signi�cant problem is that glueballs are expected to mix with q�q states in the
1400� 1800 MeV/c2 region, and it is di�cult to discern the bare components with in the physical
states.

CLEO-c aims to acquire 109 J= decays, a factor of� 20 over existing samples. In addition,
all the resources of the CLEO detector, including excellentphoton detection and particle iden-
ti�cation, can be brought to bear on the problem. Radiative d ecays and glueball spectroscopy
will be a keystone of the program.

These enhancements of the data sample will make some new analyses possible. One exam-
ple, targeted at disentangling the glueball andq�q components in the scalar mesons, has been
suggested6 and is summarized in Table 1. The labels \L", \M", and \H" refe r to the case where
the bare glueball is lighter than the isoscalaru�u+ d �d component, in between this and, or heavier
than, the s�s component. The relative radiative decays of the physical scalar mesonsf 0(1370),
f 0(1500), and f 0(1710) are clearly sensitive measures of these cases. The total widths of these
states are also listed, showing that the branching ratios are between� 10� 4 and � 10� 2. Given
a branching ratio J= ! 
f 0 of � 10� 3, one expects between 100 and 104 events for these
double radiative decays. This should be enough to experimentally examine Table 1.
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