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Topics Covered in this Talk
New (and Developing) Results

• Color Singlet vs Octet in ϒ(1S)→J/ψ+X
• Branching Ratios for ϒ(nS)→μ+μ−
• Decays of the ψ(2S)
• Strong Physics from Weak Decays of D+,D0

• Measuring the Scalar Meson Mass Matrix

There is a lot that I’m leaving out!!



5

Color Singlet vs Octet in ϒ(1S)→J/ψ+X

Color Singlet Color Octet

hep-ex/0407030 (Accepted for Phys.Rev.D)

Color singlet mechanism predicts a softer J/ψ momentum 
spectrum because of additional charmed particles

Note: J/ψ Production mechanism important for RHIC physics
(See M. Leitch talk yesterday, Session D.) 
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Result
1630604-065
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Results: Other Charmonium States
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Branching Ratios for ϒ(nS)→μ+μ−
hep-ex/0409027 (Submitted to Phys.Rev.Lett.)

We instead use two separate measurements (and 
lepton universality) to extract Γtot=Γee∕Bμμ:

The total widths Γtot of the narrow upsilon 
resonances are too small to measure directly.

• Branching ratios Bμμ from Υ(nS)→μ+μ−

• Γee from cross section for e+e−→Υ(nS)→hadrons

New results presented here

Analysis in progress

Our goal is to match the precision of LQCD predictions!
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Results
Branching ratios (%):

Total widths (keV):

Υ(1S) Υ(2S) Υ(3S)

52.8±1.8 29.0±1.6 20.3±2.1
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Errors dominated by σ(e+e−) 
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Decays of the ψ(2S)

• Inclusive Photon Spectrum

* ψ(2S)→ Vector + Pseudoscalar

• Multibody Decays

• Search for the hc

Various Measurements Just Completed or In Progress

hep-ex/0408133 (Submitted to Phys.Rev.Lett.)

hep-ex/0407028 (Submitted to Phys.Rev.Lett.)

hep-ex/0408084 (Preliminary)

Several analyses (inclusive and exclusive) in progress
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Results: ψ(2S)→ Vector + Pseudoscalar

Data Taken On and Off Resonance

+       0

K*0
K

0

b
1

0

K*+
K

E
v
e
n
ts

 /
 0

.0
0
5

0.95 1.000.95 1.00

10

5

0

30

10

5

0

20

10

0

10

5

0

20

10

0

6

3

0

100

50

0

3900604-002

E
vis

 /  s 

0

60

Dashes = Monte Carlo



12

Results: ψ(2S)→ Vector + Pseudoscalar
Focus on π+π−π0 including ρπ 

On Resonance
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Strong Physics from Weak Decays of D0,D+

Three Pieces of Physics:

2) Form Factors in D0→{K－,π－}e+νe
CLEO III: hep-ex/0407035 (Submitted to Phys.Rev.Lett.)
CLEO-c: hep-ex/0408077 (Preliminary)

3) D+ Decay Constant in D+→µ+νµ
CLEO-c: hep-ex/0408071 (Preliminary)

1) Three body decays of D mesons

Evidence (or not) for low mass scalar mesons
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1) Three body decays of D mesons
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2) Form Factors in D0→{K－,π－}e+νe
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FIG. 1: Feynman diagram for charm meson semileptonic decays.

III. EVENT RECONSTRUCTION AND SELECTION

For this analysis we take full advantage of the unique kinematics of DD̄ production
at the ψ(3770) resonance, just above charm threshold. We first select events in which a
D0 meson is fully reconstructed in one of the nine hadronic final states: K−π+, K−π+π0,
K−π+π0π0, K−π+π+π−, KSπ0, KSπ+π−, KSπ+π−π0, π+π−π0, and K−K+. Charge con-
jugation is implied here and throughout this paper. Within these tagged events we select
the subset in which the D̄0 meson decayed semileptonically to a specific final state. The
efficiency-corrected ratio of the event yields gives the absolute branching fraction for the
exclusive semileptonic decay mode. This branching fraction is independent of the luminosity
of the experiment and benefits from the cancellation of many systematic uncertainties. This
selection procedure provides an exceptionally clean sample of semileptonic decays that is
ideal for determination of form-factor parameters and CKM elements, although our current
data sample is not yet adequate for these determinations.

Full details of the hadronic event reconstruction and tag selection can be found in a
separate paper [4]. The selection is based on two variables. ∆E is the difference between
the beam energy and the energy of the fully reconstructed D0 candidate. MD is the beam-

constrained mass of the D0 candidate, which is defined as MD ≡
√

E2
b − |pD|2, where Eb is

the beam energy and pD is the measured momentum of the D0 candidate. Fits to the beam-
constrained mass distributions for D0 candidates are shown in Fig. 2. Multiple combinations
have been eliminated by selecting the candidate with the minimum value of |∆E|. The signal
component in these fits consists of a Gaussian and a bifurcated Gaussian, which is found to
adequately describe initial-state radiation (ISR). The background component in these fits
is presented by an Argus function [5]. The tag yields and efficiencies for selecting tags are
given in Table I.

The fully reconstructed D0 meson serves as a tag and results in great suppression of
backgrounds. We then identify an electron and a set of hadrons recoiling against the tag,
to reconstruct the semileptonic decay side of the D0D̄0 system. Electron candidates are
required to have | cos θ| < 0.9, where θ is the angle between the electron direction and the
beam axis, with momenta greater than 200 MeV, the minimum to reach the CsI calorimeter

4

Various techniques (including Lattice QCD) used 
to calculate the form factor as a function of q2.

CLEO-III: Use “continuum” inclusive D0  production  
CLEO-c: Use “tagged” exclusive D0  production  

Note: Vcs≫Vcd so Γ(D0→K－e+νe)≫Γ(D0→π－e+νe) 
➥The π’s have a potentially large background from K’s!
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CLEO III D0→{K－,π－}e+νe
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Results: Form Factors
(CLEO III D0→{K－,π－}e+νe)



18

Cleaner Analysis in CLEO-c
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Preliminary Results
CLEO-c D0→{K－,π－}e+νe   Uncorrected Spectra

Expect ≈50 times as much data in upcoming runs!
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3) D+ Decay Constant in D+→µ+νµ

+

W
+c

d

D
+

1630804-074

fD+ can be calculated in Lattice QCD and in models.

However, B(D+→µ+νµ)~10-4 is small.

Therefore, backgrounds can be a severe problem.

Measurement is very well suited to CLEO-c!
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Example: Data from ψ(3770)→D+D−

Tag the event using
D+→KSπ+π+π−

Run: 202742

Event: 98595

Ks

Ks         
+   +  Tag

1630804-076

Look opposite for
D−→μ−νμ

with “missing” neutrino

Similar event 
topology from 
D−→π−K0
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Preliminary Results  (CLEO-c D+→µ+νµ)
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B =(3.5±1.4±0.6)×10-4 fD+=(201±41±17) MeV

Plenty more data to come!

Find eight events with an 
estimated backround of one

Background estimate:

Consistent with LQCD
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Measuring the Scalar Meson Mass Matrix
Establishing the lightest glueball using CLEO-c

QCD predicts three light isoscalar JPC=0++ mesons:
1√
2

[
uū + dd̄

]
ss̄ glueball
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
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∆!

ns Mss̄ ∆sg
∆!

ng ∆!
sg Mg



1

Three states are observed in nature:

How are these states mixed?

The answer should give us insight into hadron dynamics
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Mixing is described by a mass matrix

Mnn̄ ∆ns ∆ng
∆!

ns Mss̄ ∆sg
∆!

ng ∆!
sg Mg



1

Lattice QCD calculations of Mg are well known.

What are the prospects for calculating other matrix 
elements, in particular the off-diagonal ones?

See Lee and Weingarten, Phys.Rev. D61(2000)014015
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Plans for CLEO-c: J/ψ Radiative Decay

Populate states using J/ψ→γf0

1√
2

[
uū + dd̄

]
ss̄ glueball

f0(1370) f0(1500) f0(1710)


Mnn̄ ∆ns ∆ng
∆!

ns Mss̄ ∆sg
∆!

ng ∆!
sg Mg



Radiative Decay Widths in keV ΓTot

f0 → γρ(770) f0 → γφ(1020) MeV
State L M H L M H
f0(1370) 443 1121 1540 8 9 32 ∼300
f0(1500) 2519 1458 476 9 60 454 109
f0(1710) 42 94 705 800 718 78 125

1

Measure decay rates for f0→γV

See Close, Donnachie, Kalashnikova, Phys.Rev.D67(2003)074031 

Goal for CLEO-c: 109 J/ψ 
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Conclusions
• CLEO is enjoying life after B physics, with 

much of our research program aimed at 
hadronic spectroscopy and dynamics.

• Many new results are out now, based on 
our first low energy data sets.

• Much more data to come, to increase our 
statistics and to explore new ground.

Thank You!


