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■ Introduction

■ BESIII data sets

■ Study of vector charmonium(-like) states in open charm states at BESIII 
(in recent two years)

– e+e-p+D0D*-

– e+e-p+p-D0D0, p+p-D+D-

– e+e-Ds
+Ds1(2460)-, Ds*+Ds1(2460)-

■ Summary
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Outline



■ The first vector charmonium state, J/y, was 
discovered in 1974. Since then, a series of excited y 
states (y(2S), y(3770)…) were found.

■ There are exotics states that cannot be explained 
within the framework of the quark model (Y(4230), 
Y(4260), Y(4660)…). 

■ According to the OZI rule, the charmonium states 
above the open charm threshold would most 
probably decay to open charm final states.

■ Studying the open charm final states in the e+e- 
annihilation would help us to understand the nature 
of the charmonium(-like) states.

Charmonium spectrum from PDG 2020
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Introduction

The vector charmonium(-like) states can be 
produced directly in e+e- annihilation. 
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BESIII Data Sets

■ XYZ data:
– ~ 20 fb-1 data event in open charm 

region 3.8-4.7GeV.
– Larger data sets at some special energy 

points: 4.18 GeV, 4.23 GeV, 4.26 GeV, 
4.42 GeV, 4.68 GeV.

■ R-scan data in open charm region:
– Energy points with luminosity less than 

20 pb-1. 
– Initially taken for R study, can also help 

the XYZ study.

Details of BEPCII, BESIII, and data sets could be found from previous talks.



e+e-p+D0D*-

■ The process e+e-p+D0D*- from 4.05 to 4.60 GeV has 
been studied.

– The bachelor p+ and the D0 (through D0K-p+) are 
reconstructed.

– The D*- is inferred from energy-momentum 
conservation.

■ The e+e-D*D* background events are rejected by vetoing 
any D0p+ candidates satisfying M(D0p+)<2.03 GeV/c2.
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Nobs is the signal yield;
L is the integrated luminosity; 
(1+d) is the ISR correction factor;
B(D0 → K-p+) = (3.93 ± 0.04)%;
e is the detection efficiency.

■ The only peaking background is from the isospin partner process e+e-p+D-D*0.  The other backgrounds are 
described by a first order polynomial function.

■ The dressed cross sections are calculated.

Signal
Other bkg
Peaking bkg



e+e-p+D0D*-

■ A fit was applied to the dressed cross sections.

■ Fixing the parameters of the second peak to (or include one additional resonance of) Y(4260), Y(4320), 
Y(4360), or y(4415) would yield wildly varying parameters for R2.

■ The mass and width of the R1 are stable:  M1 = (4228.6±4.1±6.3) MeV/c2

                                                                          G1 = (77.0±6.8±6.3) MeV

■ The statistical significance of the two-resonance model over a one-resonance model is 10.5s.
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P(m) is the three-body phase-space factor;
B(m) is the Breit-Wigner (BW) function.

Phys. Rev. Lett. 122, 102002 (2019)

Continuum
BW - R1
BW - R2

Parameters of 
the 1st BW
Parameters of 
the 2nd BW



e+e-p+p-D0D0, p+p-D+D-

■ Several intermediate states of the reaction channels e+e- p+p-D0D0, p+p-D+D- from 4.08 to 4.60 GeV are 
studied. 

– e+e-p+p-y(3770)

– e+e-r0X2(4013)

– e+e-D1(2420)D 

■ The D0 mesons are reconstructed in four decay modes: K-p+, K-p+p0, K-p+p+p-, and K-p+p+p-p0.

■ The D+ mesons are reconstructed in five decay modes: K-p+p+, K-p+p+p0, KS
0p+, KS

0p+p0, and KS
0p+p-p+.
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e+e-p+p-D0D0, p+p-D+D-
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■ The signal of y(3770) could be found from the invariant mass M(DD).

■ No obvious X2(4013) is found.

3.2s 5.2s3.3s

1.5s 0.5s0s



■ The signal of D1(2420)0 could be found from the invariant mass M(D0p+p-) and M(D* +p-).

■ The signal of D1(2420)+ could be found from the invariant mass M(D+p+p-).

e+e-p+p-D0D0, p+p-D+D-
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3.2s 3.3s7.4s

3.1s 2.1s3.0s

1.6s 1.5s2.4s



e+e-p+p-D0D0, p+p-D+D-

■ Cross sections are calculated. 
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e+e-p+p-D+D-

■ The process e+e- p+p-D+D- from 4.36 to 4.60 GeV has been studied through partial reconstruction 
method, too. 

■ The bachelor p+p- and the D+ (through D+K-p+p+) are reconstructed. The missing D- is found from the 
recoil-mass distribution.

■ The measured cross sections are consistent with the full reconstruction method.
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The (black) solid lines are the sum of statistical uncertainties and independent systematic 
uncertainties in quadrature, the (red) dot lines are total uncertainties.



e+e-Ds
+Ds1(2460)- , Ds*+Ds1(2460)-
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■ The process e+e- Ds
+Ds1(2460)- from 4.467 to 4.600 GeV has been studied. 

– The Ds
+ candidates are reconstructed via Ds

+fp+, fK+K- and Ds
+ K*0K+, K*0K-p+.

– The missing Ds1(2460)- is found from the recoil-mass distribution.

– The dominant backgrounds are e+e-Ds*+Ds*- (lower mass region), and Ds
+D(*)0K-, Ds

+D(*)-K0 
(higher mass region).

4.9s 3.5s 13.7s



e+e-Ds
+Ds1(2460)- , Ds*+Ds1(2460)-
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■ The process e+e- Ds
*+Ds1(2460)- at 4.590 GeV and 4.600 GeV has been studied. 

– The Ds
*+ is reconstructed through Ds

*+  gDs
+.

– The Ds
+ candidates are reconstructed via Ds

+fp+, fK+K- and Ds
+ K*0K+, K*0K-p+.

– The missing Ds1(2460)- is found from the recoil-mass distribution.

2.0s
5.9s



e+e-Ds
+Ds1(2460)- , Ds*+Ds1(2460)-
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■ No obvious charmonium or charmonium-like structure is seen in the measured cross sections. 

■ Within the statistical uncertainty of the measurement, the cross section of e+e- Ds
+Ds1(2460)- 

could be described by the theoretical prediction.



Thank you !

■ With data samples collected by the BESIII detector, we studied vector charmonium(-like) 
states in some open charm states.

– e+e-p+D0D*-

       A structure is observed: M1 = (4228.6±4.1±6.3) MeV/c2, G1 = (77.0±6.8±6.3) MeV.

– e+e- p+p-D0D0, p+p-D+D-

       There are enhancements between 4.36 and 4.42 GeV.

– e+e-Ds
+Ds1(2460)-, Ds*+Ds1(2460)-

       No obvious structure is seen.

■ More results from open charm final states study are coming soon.
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Summary


