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Introduction

 the anomaly line-shape of cross 

sections for e+e-
hadrons 

observed at the BES-II Expt.

Measurements of cross sections for e+e-
J/yX would 

help better understanding 

 the non-open charm decays of heavy cc-bar states or 

cc-bar-like states

 the dynamics of heavy charmonium production and decays

It would also help in searching for new structure(s) in 

the open-charm energy region  

 the non-DD decays of y(3770) decays



Data Samples & Software

Data Samples

– 44.5 pb-1 @ 3.650 GeV

– 928 pb-1 @ 3.773 GeV

– About 2 pb-1 fast y(3686)  scan data 

– About 70 pb-1 energy scan data taken in range 

from 3.700 to 3.891 GeV  

Software

– BOSS software 6.6.4.p01

– Monte Carlo events were generated with 

KKMC +  BesEvtGen

New 

reconstructed 

data and a   

complete New 

Analysis



Charged track selection
– |Rxy| < 1.0 cm and  |Rz| < 10.0 cm;

– |cosq| < 0.93

– |cosq| < 0.81 for leptons (to reject Bhabha
scattering events);

Lepton selection
– 1.0 GeV < p < 0.47 Ecm

– E/p > 0.7 for electron

– 0.05 < E/p < 0.35 for muon

Photon selection:
– EEMC > 25 (50) MeV   for barrel (end-cap) calorimeter

– q,charge > 10°
– 0 ≤ TDC≤ 14

Event Selection



Number of good charged tracks and photons 
satisfy:

• Ngood = 2 and N ≥ 2

• 3 ≤ Ngood charge≤ 4

Other requirements
– l+l- opening angle qe+e- or m+m- < 179°
– Charged tracks not identified as 

leptons are subject to particle identification (based on      

dE/dx and TOF): CL(p) > CL(K) to select p+/-

Signal of J/yX

Examine invariant mass of l+l- to get number of J/y X 
events from data set

Event Selection



Lepton-pair Mass Spectra

Fitting these Mll spectra yields the observed number of signal 

events for e+e-
J/yX at these energy points. 

Only show a few mass spectra as an example (More plots in Back Up slides)

The signal and background shapes are described by MC-Shape of the mass distribution 

of lepton pair  and 2nd order Chebychev polynomial, respectively.



Background Subtraction

• The mis-identification rate 
is determined from MC 
simulation:

• The expected cross section 
is calculated using 
resonance parameters of 
J/y.

• The number of background 
events:

• Major background: e+e-
(ISR)J/yl+l-

s y/BCK JLN 

)%024.0200.0( 



Monte Carlo Events & Efficiencies

Monte Carlo events are generated with the BES-III 

Standard ISR KKMC + EvtGen MC generator.

– p0 and  are set to decay into any possible final states;

– J/y is set to decay into e+e- or m+m-;

– The ratio of each process is determined with its branching 

fraction.

 In determination of the efficiency for e+e-
J/yX, 

we consider the mixture of the y(3686) and y(3770) 

decay into these final states.



Monte Carlo Events & Efficiencies
• y(3686) J/y X

• y(3770) J/y X

• Efficiency of e+e-
J/y X 



Observed Cross Sections
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Analysis of this observed cross section needs the expected-

observed cross sections for this final state, which  can be 

obtained with BW function and ISR sampling function.
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• Nobs: Number of signal events;

• L: Luminosity;

• : Efficiency

• B: Branching fraction of 

J/yl+l-



Number of events & Cross Sections



Number of events & Cross Sections



Systematic Uncertainty



Expected-Observed Cross Section
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sdress(s) is dressed cross section



Amplitude Analysis
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A y(3686) is BW amplitude for y(3686)J/y X decays

A1, A2,  … are  other BW amplitudes for  structures SJ/y

X decays

1, 2, …  are relative phase of the amplitudes

2 fit to the observed cross sections
2

1

expected
J/ψ XJ/ψ X2

)(

)()(

J/ψ X


 
















-


n

i i

ii
obs

s

ss

obss

ss


)(expected
XJ/ sys is the expected cross sections



Ecm [GeV]

s
o

b
s [

n
b

]
Fit the Observed Cross Sections
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B[y(3686)J/y X]= 

(66.69±0.239±1.60±1.12)%

Our measurements :
Assuming that there is y(3686) only 

 Hypotheses #1 
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yys AeAsXJ +

B[y(3686)J/y X]= 

(64.26±0.40±1.51±1.08)%

B[y(3770)J/y X]= 

(1.21±0.83±0.03±0.00)%

1 = (-168.3 ±51.0 ±0.0±0.3)o

B[y(3770)J/y X]= (1.4±0.1)%

Summing over the  known Bfs for exclusive 
modes given in PDG yields 

Our measurements :

Assuming that there are y(3686) and y(3770) only 

 Hypotheses #2 
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yys ++

Assuming that there are y(3686), S1(3760) and S2(3780)  
 Hypotheses #3 

The signal significance of the Di-structure(s) decay into J/y X is more than 4s

[from analyzing the observed cross sections]

PDG: B[y(3686)J/y X]= (60.9±0.6 )%



Fit the Observed Cross Sections

The observed cross 

sections subtracted 

y(3686) contribution



Four Solutions



Comparison with BES-II Result

M1 = 3762.6 ±11.8 ±0.5 MeV

G1 = 49.9 ±32.1 ±0.1 MeV

G2 = 19.3 ±3.1±0.1 MeV

M2 = 3781.0±1.3±0.5 MeV

M1 = 3763.5 ±5.5 ±0.4 MeV

G1 = 12.8 ±12.3 ±0.4 MeV

G2 = 27.7 ±12.7±0.2 MeV

M2 = 3780.7±10.9±4.7 MeV

BES-III e+e-
J/y X BES-II e+e-

hadrons

PRL 101, 102004(2008)
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This J/yX  result confirms (at ~4.5 s) the BES-II observation 

of Di-Structure Rs(3770) in the range from 3.71 to 3.87 GeV. 



Conclusion
 We measured the observed cross sections for e+e-

J/y X in 

range from 3.645 to 3.87 GeV. 

 We observed the Di-Structures “S(3760)+S(3780)”  in J/y X 

(X=anything) final states, and the parameters of the Di-structure 

are consistent within errors with those measured at BES-II. 

 To well describe the line-shape of these observed cross 

sections, needing one more BW amplitude additional y(3770).

M1 = 3762.6 ±11.8 ±0.5 MeV

G1 = 49.9 ±32.1 ±0.1 MeV

G2 = 19.3 ±3.1±0.1 MeV

M2 = 3781.0±1.3±0.5 MeV

M1 = 3763.5 ±5.5 ±0.4 MeV

G1 = 12.8 ±12.3 ±0.4 MeV

G2 = 27.7 ±12.7±0.2 MeV

M2 = 3780.7±10.9±4.7 MeV

BES-III e+e-
J/y X BES-II e+e-

hadrons



Thank You!



Comparison of Data and Monte Carlo



Systematic Uncertainty



Systematic Uncertainty
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Systematic Uncertainty



Invariant mass spectra at each energy



Invariant mass spectra at each energy



Invariant mass spectra at each energy



Invariant mass spectra at each energy



Invariant mass spectra at each energy


