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Outline

• CLEO-c opportunities in Dalitz plot (DP) analyses
• D+ � �−�+�+      DP analysis 
• χχχχcJ 3-body decays BR and DP analysis 
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CLEO-c opportunities in Dalitz plot analyses
• e+e−��(3770)�DD, 1M D0D0,  0.8M D+D−,   �������

� D mesons are produced almost at rest; clean events
� flavor tag 
� CP tag
� ~20 modes of D� P1P2P3 (where Pi � �, K, �) good for DP analysis

�D+��−�+�+ presented in this talk

• e+e−(�s=4170)�Ds*Ds ,    0.2M Ds*Ds,              ���� ��
� DS

+ : DP analyses are just started, i.e. DS
+ �K−K+�+

• e+e−� �(2S) , 3M �(2S),  	
�������������
�����
��(2S)�γχcJ, B~9%, tagged χχχχcJ “factory”

�χcJ 3-body decays analysis is presented in this talk

��(2S)� �� J/�, B~50%,    � �h1h2h3, DP analysis or PWA

• We are working hard on DP analysis of many final states
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Example of purity: D+ �K−�+�+

• 281 pb-1, 
0.8M D+D−

• Clean sample in
“single tag” mode

• Signal variables:

• Not all modes 
are so clean…

~64K events

Bkg~1%
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D+��−�+�+

• Motivations
• Event selection
• Dalitz plot analysis 
• Systematic cross checks
• Results
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� in D+��−�+�+ from E791 and FOCUS
• FOCUS: K-matrix
• E791: Isobar model
• � � f0(600) or low mass 
�+�− S wave is required 
by their fits

• It looks like � is 
recognized.

For example:
• D.V.Bugg,      hep-ex/0510014,   0510021

• CLEO-c have enough stat.    Can we confirm �(600) ?

E791
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Event selection

• L=281pb-1

• e+e−�Ψ(3770)�DD
• Single D reconst.
• Signal variables:

• Signal box for DP
� |�E|<2� and 
� |mBC-mD|<2�

• Bkgd boxes for DP
� |�E±±±±|<2� and 
�5�<|mBC-mD|<9�

~2240 D+�K0
S�

+

6991 on DP

~2150 bkgd

~2600 signal D+��−�+�+
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Cross-check for Branching Ratios

• Split yield of D+��−�+�+ and D+�K0
S�

+ using m(�+ �−)

B(D+��−�+�+)=(0.33±0.01)%

B(D+�K0
S�

+)=(1.59±0.06)%

Data

CLEO-c results:
(0.34±0.02)% 
P. Rubin et al., PRL 96, 081802 (2006)

(1.55±0.05±0.06 )% 
Q.He et al., PRL 95,121801(2005)

MC

MC: D+
�K0

S�
+

� � 3.5 MeV/c2 
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Formalism

• Log likelihood
• PDF
• Matrix element
• Partial waves (PWR):

� I=2 �+�+ S-wave
��+�− S-waves:

�Oller
�Flatte

Flatte f0(980) (m)

Pole A (s)
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Statistics & survived intermediate states

f0(1500)K0
S ρ(770)� - pole

f0(980) f0(1370)Statistics

Adaptive map

f2(1270)
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Nominal fit
• K0

S removed

• Leading fractions 
are shown on 
projections

• Signal p.d.f.     
(w/o background)



June 6, 2006 Charm-2006, Beijing       Mikhail Dubrovin     WSU    CLEO-c        12

Sources of systematic uncertainties
• Event selection 

� Variation of the Signal Box size
� Fit with and w/o cut of K0

S band

• Efficiency
� Simultaneous fit to data and MC events with float pars

• Background
� Variation of the Sideband Boxes
� Simultaneous fit to data and bkgd events with float pars

• Model dependence
� Models of E791
� Other models for �� S waves, add/remove resonances/waves, free 

resonance parameters, etc.
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Results for D+��−�+�+

• Our data agrees with results of models 
used in E791 analysis

• Have tested other models

• Nominal fit comparing to E791:
� + f0(1500) with parameters from BES
� + f0(1710), f0(1790) 
� � (E791) BW is replaced by �-pole

• Significant fractions: 
�(770), f2(1270), f0(980), �(600), f0(1370), f0(1500)

• Upper Limits:
� �(1450), NR and I=2 �+�+  are gone,
� f0(1710), f0(1790) do not survive

Amplitude, a.u.
Phase, degree
Fit fraction, %
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χχχχcJ�h0h+h−

• Study 3-body decays of χcJ�h0h+h−,
produced in e+e−��(2S)�γχcJ , J=0,1,2

�Measurement of BR or set UL
χcJ���+�−, K+K−�0, K0

SK�, �K+K−, �′�+�−,
�pp, �0pp, 	Kp

�Dalitz plot analysis of 3 modes with high 
statistics:   χc1���+�−, K+K−�0, K0

SK�



June 6, 2006 Charm-2006, Beijing       Mikhail Dubrovin     WSU    CLEO-c        15

Yield χcJ��0pp, �pp, 	Kp, �′�+�−

• Signal MC:
�Resolutions �=4-7MeV/c2 

�Efficiencies ~7-30%

• Fit accounts for 
(χc0)=10.1MeV
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Yield χcJ���
+�−, �K+K−, K0

SK�, K+K−�0

Statistics
for DPA
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DP fit for χc1���
+�−
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Results for χc1���
+�−

Clebsch-Gordan
decomposition for 
χc1���+�− gives:

Amplitude, a.u.
Phase, degree
Fit fraction, %

Nominal fit
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Isospin symmetry for χc1�KK�

• Relative factor −�2 between amplitudes of K0
SK� and

K+K−�0 does not matter due to separate PDF 
normalization.

• Constrains for the Dalitz plot analysis:
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Combined fit for χc1�K0
SK�, K+K−�0

134 evts

231 evts
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Combined fit for χc1�K0
SK�, K+K−�0

• K*(892), K2*(1430), a0(980) are 
clearly seen but not sufficient 
to provide good fit.

• We find several models with 
good fit quality with additional
� + K0*(1430), K*(1680) ,  Prob.~30%
� + NR,                          Prob.~17%
� + �,                           Prob.~10%

• With larger statistics we hope 
to resolve this ambiguity.

Amplitude, a.u.
Phase, degree

Fit fraction(s), %
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Preliminary BR (%) for χχχχcJ�h0h+h−

PDG 2004, K0
SK� :  <0.08       0.25±0.07               <0.13  BES ’99 

• Uncertainties: stat., syst., B (�(2S)�γχcJ )

• Dalitz plot analysis gives splitting of BR  for 
sub-modes of χc1���

+�−, K+K−�0, K0
SK�
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Summary
• CLEO-c has broad opportunities for DP analyses of D, Ds, χχχχcJ, J/�... 

� single and double tagging technique
� flavor and CP tags

• Using ~0.8M D+D− we performed the D+� �−�+�+ DP analysis.
� �(600) or low mass �+�− S wave is required by CLEO-c data.

• Using ~3M �(2S) we study  �(2S)�γχcJ, χcJ�h0h+h−,  J=0,1,2

� Measurement of BR or set UL for 3 χcJ states � 8 modes:
χcJ���+�−, K+K−�0, �K+K−, �pp, �0pp, K0

SK�, �′�+�−, 	Kp

� Dalitz plot analysis of 3 modes:  χc1���+�−, K+K−�0, K0
SK�

• More CLEO-c results of DP analyses are expected soon.


