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Introduction

☞ New preliminary results from CLEO-c.
➠

�
Cross Sections at � � �� � � GeV.

➠ Absolute Meson Branching Fractions.

� � � 	 
�� 
 and � � � 	 
�� 
�� 
 are two refer-
ence branching fractions.
➛ Determine other branching fractions.
➛ Reduce systematics when extracting some CKM matrix elements.

☞ Based on “double tag” technique pioneered by MARK III.
Running at � � �� � � GeV:

➠ No additional hadrons accompany the

�

pair: clean.

➠ Reconstruction of one meson serves to tag the event as

�

(single tag).
➠ Reconstruction of the other (double tag) determines the branch-

ing fractions independent of luminosity.
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CESR-c

☞ � of �� Wiggler magnets installed last

year.

☞ A pilot run Dec.’03 through Mar.’04.

☞ �� �� pb

� � data at � 	 
 �� � � GeV.
This talk is based on.

☞ Final 6 magnets installed this summer.

☞ Resume run this fall.
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CLEO-c
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☞ New inner drift chamber

☞ 1 T B-field.
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Method of Tagging

Cross section needs the number of

�

events, BF’s don’t.

D D
i jIP

� � 	 � � ��� � � ��� �� Single Tag�

� � 	 	 
� � � � 	
 � � 	 � ��� 	 � ��� �� Double Tag �

therefore,

� 	 	 � � �


� � � � 	 
 � � 	
� � � 	

� ��

� �� � 	 
� � � � 	
 � � 	

� � � � 	
� � � � 	

� � 	
�


 � � 	�� � � � 	
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Strategy

☞ Use the following modes for now:
➠ � � modes:

	 
� � 	 
�� 
 � � 	 
�� 
�� 
 	

.

➠ � � modes:

	 
�� 
� � �� 
�� .

☞ Count and
�

in a given mode separately,
➠ � � single tag yields: � .
➠ � � � ��� 	 �� double tag yields: � 
 .

☞ Determine � � and � � 
 with signal Monte Carlo.

☞ A combined � fit to extract:
➠

�

yields: ��� ���� � ��� ��� .

➠ � branching fractions: � 
 .

☞ Many systematic errors cancel in
�

yields.
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Reconstructing Mesons

☞ Two important observables for a candidate:
➠ Beam-constrained mass

� � ��� ��� beam

		� 
� �
�

➠ Energy difference

� � � � � 	 � beam�

☞ Event selection
➠ Track: track quality, particle identification.

➠ 
 � : 
 � mass cut, a kinematic fit is applied.

➠

�� : a constrained vertex fit to apply �� mass cut.

➠ : �� cut. Smallest � � � � candidate is chosen/mode/event.
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Single Tag Yields

☞ Binned likelihood fits to extract � :
➠ An inverted Crystal Ball function accounting for core Gaussian with

ISR tail.
➠ A bifurcated Gaussian modeling signal and tails.
➠ An ARGUS function representing backgrounds.
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Single Tag Yields–Continued

☞ Single Tag Yields

or

�
Mode Yield ( � ��� ) Efficiency (%)

�� � � � �� ��� � � �� �	 
 �� � � �� 
��� � � � �� ��� 
 � �� �� 
 
� � � �� 


�� � � � �� �� �� 
� � ��� � � � � 
 � �� ���� � � � �� �� �� �� � ��� � � �� � � �� �

�� � � � �� �� �� 	 � � � � ��� � � �� � � �� ���� � � � �� �� �� 	 � � � � ��� � � �� � � �� �

�� � � � �� �� 	 � �� � �� � � �� � � � �� �

�� � � � �� �� 	 � �	 � �� � � �� � � � �� �

�� � � � 
 �� � � � � � �� � � � �� 
 � �� �

�� � � � 
 �� � �� � � �� � � � �� � � �� �
Meeting of DPF, Riverside, CA, Aug.26-31, 2004 Page 8



Carnegie Mellon University Guang-Pei Chen

Double Tag Yields

☞
�

selection

Choose candidate with

�� � ��� � �� ��� � � �� �

�

nearest to � �	� or � �
 .

Monte Carlo studies show no peaking background.
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Double Tag Yields–Continued

☞ Binned 2-D likelihood fit to extract � � 	

➠ A Crystal Ball function of

� � � � and a Gaussian function of � � � � � � �� � 	 � ��� �

� .

➠ A product of two bifurcated Gaussian functions for � �� � and � ��� � accounting for signal and

tails.

➠ A product of an ARGUS function of

� � � � and a Gaussian function of � � � � for mispartitioning

and continuum backgrounds.

➠ A product of an ARGUS function of � �� � and a Gaussian function of � ��� � for the horizontal

band; a similar product for the vertical band.
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Double Tag Yields–Continued

☞ Double tag yields
� Mode

�� Mode Yield Efficiency (%)

� � � ��� �
 �� � � � 
 �� 	 
� � 	 	 
�� � � 
� �

� � � ��� �
 �� �� � � � 
 �� �� 
 � 
 � � � 	�� 	 � 
� �

� � � ��� �
 �
 �� �� � � � 
 �� �� �
 � � 
 � 	 � � 
� � � 
� 


� � � ��� �
 �� � � � 
 �� �� � 
 � � 	 � � �� � � 
� 


� � � ��� �
 �� �� � � � 
 �� � �� � 	 � � �� � � 
� 


� � � ��� �
 �� � � � 
 �� �� �
 � 
 � � 	 
 � �� � � 
� 


� � � ��� �
 �
 �� �� � � � 
 �� 	� � � 	 
 � �� � � 
� 


� � � ��� �
 �� �� � � � 
 �� �� �
 � �� � � 
 	 �� � � 
� �

� � � ��� �
 �
 �� �� � � � 
 �� �� � 
 
 � 	� 	 �� � � 
� �

� 
 � �� �
 �
 �� � � 
 �� �� � �� � � 
 � �� � � 
� 


� 
 � � � � �
 �� � � � � �� � � � � 
� � � 
� 


� 
 � �� �
 �
 �� � � � � �� � 	 � � � �� � � 
� 


� 
 � � � � �
 �� � � 
 �� �� � � � � � �� � � 
� 


Meeting of DPF, Riverside, CA, Aug.26-31, 2004 Page 11



Carnegie Mellon University Guang-Pei Chen

Systematics

Source Uncertainty (%) Quantity

Data processing 0.3 All yields
Yield fit functions 0.1–2.9 All yields
Background bias 2.5 Double tag yields
Double DCSD interference 0.8 Neutral double tag yields

Detector simulation 3.0 Tracking efficiencies
3.0 ��� � efficiencies
4.4 �� efficiencies
0.3 ��� PID efficiencies
1.0 � � PID efficiencies

Trigger simulation 0.3 Trigger efficiencies
Final state radiation 0.5 � efficiencies

�	�
 � requirement 1.0 � efficiencies, correlated by decay
Resonant substructure 3.0 �� � � � �
� �
� � �

efficiencies

☞ Tracking efficiencies dominate
Conservative 
 � /track tracking efficiency: working to reduce it.

☞ Most systematics will be improved with more data.
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Combined � Fitter

☞ Fits simultaneously �� ��� , �� �� , and all � 
 ’s.

☞ Takes into account:
➠ Correlation of � � 	 and � � .
➠ Correlation of different tagging modes when measuring� 	 .

➠ All correlations introduced by systematics.

☞ Tested with generic Monte Carlo sample:

� ��� ���� � � �� � � �� �� � � �� �� �� � �� ��� � � �� �� � � 
 ��

In � � � � M � � � � � � � � � � � 	 � � � � � � �� M �� � � � � � � � �

Out � � �� M � � 	 	 � � � � 	 � � 	 � � 
 � � � � � M �� �� � � � �	 �

� �� �� M �� � � � �� � � � �� �� � �� �� M ��� 	 � �� �� ��
� � � � 
 	� � � 	� � � 	 �� � � � �� � ��� � �� 
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Results–Cross Sections

Parameter Fitted Value

� �� ��� �� � �� � �� � � � �� �� � �� ���

� �� �� �� � � � � �� � 
 � �� � � � �� ���

☞ Using � � � �� � � �� � pb

	� , we get:

�						

 						

�
� �
�� �� � �� ��� � � �� � �	 � �� �	 � �� � � � nb �

� �
�� �� � �� �� � � �� � � � � �� � � � �� � � � nb �

� �
�� �� � � �� � � � 
� � 
 � �� � � � �� � � � nb �

� �
�� �� � �� �� �

� ��� �� � ��� ���� �
� �� 	 � � �� � � � �� �� �

☞ Results from other experiments (BES uses PDG BF’s):

Exp. � � � � �� � � � � � 
 �� � Reference

MARK III � �� � � 
� � � 
� � �� � � 
� � � 
� � � 
� � �� � PRL 60, 89(1988)

BES �� � � � 
� 
� � 
� � � �� �� � 
� 
 � � 
� � 
 hep-ex/0406027
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Results–Branching Fractions

Parameter Fitted Value PDG 2004

� � �� � � � �� � �� �� �� � �� � � �� � �� � �� � �� �� � � � �� � � � �

� � �� � � � �� �� � ��� �� � �� � �� � �� �� � ��� � � � � �� � �� �

� � �� � � � �� �� �� � �� �� � � �� � �� � �� � � � �� �	 � 
 � �� � �� �

� � �� � � � �� �� � �� � �� � �� � � � � �� � �� �� � �� � �� � � 


� � �� � � � 
 �� � �� �� 
� � �� � � �� � �� � �� � �� �� � � � �� � �� �

� � �� � � � �� �� �

� � �� � � � �� �

� � 
 � � �� � � � ��� 	 � � �� � �� � �

� � �� � � � �� �� �� �

� � ��� � � � �� �

� � � � � �� �� � ��� � � � � 
 � �� � 


� � �� � � � 
 �� �

� � �� � � � �� �� �

��� 
 � � �� � � � � �� � � 
 �� � �� � �� � ��

☞ FSR included in MC efficiencies, PDG values don’t include this effect.
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Conclusions

☞ CESR-c pilot run accumulated � �� � pb

	� data at � � � � � � GeV.

☞ Using these data, we obtained preliminary results:

➠

�
cross sections at � � �� � � GeV:

� �
�� �� � �� ��� � � �� � �	 � �� �	 � ��� � � nb �

� �
�� �� � �� �� � � �� � � � � ��� � � ��� � � nb �

� �
�� �� � � �� � � � 
� � 
 � ��� � � �� � � � nb�

➠ � branching fractions:

� � �� � � � �� � � �� �� �� � �� � � �� � �� � �� � �

� � �� � � � �� �� � � ��� �� � �� � �� � �� �� � �

� � �� � � � �� �� �� � � �� �� � � �� � �� � �� � � � �

� � �� � � � �� �� � � �� � �� � �� � � � � �� � �� �

� � �� � � � 
 �� � � �� �� 
� � �� � � �� � �� � �� ��

☞ More info available from ICHEP ’04 conference paper.

☞ Full equipped CESR-c ready for run, more results from CLEO-c soon.
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