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Introduction
� Measure the production cross sections of DD,D*D, 

D*D*,DsDs,DsDs
*,Ds

*Ds
* and the total charm cross section 

at 13 center-of-mass energies between 3.97 and 4.26 

GeV.

Cross section as a function of Ecm from the 2005 PDG

Fit to Continuum

The region which 

is being

investigated.
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Data Sample
� Using the scan data which was collected between Aug. and Oct. 

of 2005.

� At each energy the data sample was sufficient to determine the 

cross sections for all expected charm states. 

� Total integrated Luminosity

� Scan (12 energy points) ~ 60 pb-1

� 4170 MeV ~ 180 pb-1
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Cross Sections

� Do not reconstruct D*

since the momentum, in 
terms of Mbc, indicates 

event type

2||2
D

p
beam

E
bc

M −=

beamD EEE −=∆ Mbc≈MD and ∆E≈0 for DD

MC Simulation ECM=4160 MeV
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Multi-Body Production
� There is no reason why, for example, there can not exist multi-body 

events like e+e-�DD*π or any other allowed combination of D-
mesons and pions.

� First, are there events outside our two-body D(s)
(*)D(s)

(*) exclusive 
event categories. Yes!

■ Assuming only two bodies are 
produced, we should have no D0

mesons with a momenta below 
~350 MeV.  

■ Data shows a clear D0 peak in 

the mass distribution for K-π+

candidates with momenta below 
250 MeV.

Ecm=4170 MeV

PD < 250 MeV

PRELIMINARY
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Momentum Spectrum of D0 at 4170 MeV

D0D*D*

D*D

DD

■ D0�K-π+ momentum 
spectrum after sideband 
subtraction

What populates 

this region?

PRELIMINARY



10/31/06 - DPF
Brian Lang University of Minnesota and the 

CLEO Collaboration 8

Multi-Body Production 

22
)( * MMPPP

DEvent =−−
µ

π

µµ

e-

X

π0
D+

D+*

π−

e+

Ecm = 4170 MeV

e-

X

D0

π+

e+

22)( MMPPP DEvent =−−
µ

π

µµ

Combining a 

D and a ππππ++++

Combining a 

D* and a ππππ++++

PD < 250 MeV

PD* < 400 MeV

PRELIMINARY
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Multi-Body Production

e-

D0*

X

π0

D0

D0*

π+

e+

Ecm = 4260 MeV

22)( * MMPPP
DEvent =−−

µ

π

µµ

PD* < 400 MeV

Combining a 

D* and a ππππ++++

PRELIMINARY
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� How do we get a handle on the multi-body contribution?

� It is possible to estimate the contribution of multibody 

events by fitting the observed D momentum spectrum with 
MC predictions for the two-body processes and some 

representation of multi-body.

Momentum Fits using MC
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Momentum Fits using MC

Only assuming D*Dπ π π π multi-body is present.

D*D*

D*D

DD

D*D*

D*D

DD

D*Dππππ

D0����K-ππππ++++ Momentum Spectrum after 

sideband subtraction

D*Dππππ

D+����K-ππππ++++ππππ++++ Momentum Spectrum after 

sideband subtraction

Ecm = 4170 MeV

~ 180 pb-1

PRELIMINARY

D0 D+
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Exclusive Cross Sections Results

PRELIMINARY
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Check of the Total Charm Cross Section

� One can perform an inclusive measurement as a 
cross check on the total charm cross section.

� The invariant mass used to extract the yields. 

� Only using D0�K-π+, D+�K-π+π+ and the high yield 
mode of Ds

+�K+K-π+.

� Also, one can count the number of hadronic 
events above the uds continuum background as 
an additional check to the total charm cross 
section.
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Comparison: Exclusive from Momentum 

Fits vs. Inclusive PRELIMINARY

� Exclusive:                               

Sum of the two-body 

charmed mesons and multi-

body

■ Inclusive charm:                

D0 + D+ + Ds

� Inclusive Hadrons:     

Excess over uds

Includes multi-body
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R

Radiative Corrections
� In order to compare the 

observed cross sections to 
theory and previous 
experiments the cross 
sections need to be 
corrected for the effects of 
initial-state radiation.

� Using theoretical treatment 
of Kuraev and Fadin (Sov. J. 
Nucl. Phys. 41 466) and 
Crystal Ball R measurement

R
uds
=2.29   0.03

R = R
uds
+R

charm

m

PRELIMINARY



10/31/06 - DPF
Brian Lang University of Minnesota and the 

CLEO Collaboration 16

R measurements between 6.9 and 10.6 GeV

Precise measurement of 
R at 7 energy points between 

6.9 and 10.6 GeV.
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R measurements between 6.9 and 10.6 GeV

PRELIMINARY
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Results

� The R values are consistent 
from one energy point to the 
next

� The statistical errors are 
small, the largest is ~1% at 
6.96 GeV

� The systematic errors are at 
the 2% level (main source is 
event selection).

3.55 +/- 0.02 +/-0.068.57.38

3.60 +/- 0.03 +/-0.062.56.96

3.58 +/- 0.02 +/-0.066.78.38

3.49 +/- 0.01 +/-0.07181.09.43

3.49 +/- 0.01 +/-0.07432.010.00

3.49 +/- 0.01 +/-0.08150.010.33

3.60 +/- 0.01 +/-0.08905.010.54

RLuminosity

(pb-1)

Energy Point

(GeV)

PRELIMINARY
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Conclusions

� Determined the Ecm that maximized the Ds yield.

� Measured all kinematically allowed exclusive 

Charm production cross sections at 13 center-of-

mass energies in addition to the total charm 

cross section between 3.97 and 4.26 GeV.

� Measured R at 7 center-of-mass energies 

between 6.9 and 10.6 GeV.
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Momentum Fits to Data

Ds
+�φπ momentum spectrum

after sideband subtraction

Ecm = 4170 MeV

~ 180 pb-1

PRELIMINARY


