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1.Motivation
• 1. Vector states above open-charm threshold are not fully 

understood. Vector charmonium-like，𝑌(4260) , 𝑌(4360)，only 
observed in hidden charm channel，different with conventional 
charmonium. The coupling with open-charm channels is key to 
understand all the charmonium.

• 2.Belle measured the cross section of e+e- → D(*)+D*- with ISR, but 
the precision is not enough. 
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2. Analysis strategy
• Only reconstruct D*+ , via D*+ → π+D0，D0 → K-π+

• Then, the D*- signals are searched for in the D*+ recoil mass spectra 

• The mass of (K-π+) is constrained to mass D0

• Only a combination of (π+K-π+) with minimum 𝜒2 is kept for further study.

• Using  two dimensional (2D) fit to extract the number of signal events. 

• ( With the same method, the D- signals are also searched for in the D*+ recoil mass spectra. )
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3. Data sets

• MC samples are generated with 
ConExc (ISR is contained)

• each MC sample contains 200,000 
events 

• BOSS version: 703 && 704

All the xyz data samples above 4.02 GeV.
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BOSS Energy 
(GeV)

Luminosity 
(pb-1)

Energy 
(GeV)

Luminosity 
(pb-1)

703 4180 3160 4280 175.7

4190 566.23 4360 543.9

4200 525.2 4420 1043.9

4210 572.15 4600 586.9

4220 568.0 4090 52.86

4230 1100.94 4310 45.08

4237 530.0 4390 55.57

4246 538.1 4470 111.09

4260 828.4 4530 112.12

4270 531.1 4575 48.93

704 4130 400 4340 500

4160 400 4380 500

4290 500 4400 500

4315 500 4440 570



4.Event Selection
• At least three good charged tracks in final states.

• Charged tracks:

• Rxy < 1cm,|Rz |< 10cm;  𝑐𝑜𝑠𝜃 < 0.93;

• Use momentum  and  PID to separate  the  π𝐿 and πH

• π𝐿: 𝑃𝑚𝑑𝑐<0.3  && ( 𝑃𝑟𝑜𝑏𝜋>𝑃𝑟𝑜𝑏𝐾) && (𝑃𝑟𝑜𝑏𝜋> 0.001)

• 𝐾𝐻: 𝑃𝑚𝑑𝑐>0.3   &&(𝑃𝑟𝑜𝑏𝐾>𝑃𝑟𝑜𝑏π)&&(𝑃𝑟𝑜𝑏𝐾>0.001)

• π𝐻: 𝑃𝑚𝑑𝑐>0.3 && (𝑃𝑟𝑜𝑏π>𝑃𝑟𝑜𝑏𝐾) && (𝑃𝑟𝑜𝑏π>0.001)

• 𝑁π𝐿 ≥1   𝑁π𝐻 ≥1     𝑁𝐾𝐻 ≥1  

• kinematic fit: 

• The mass of the combination of (K-π+) with the higher momentum is constrained to mass D0 

• Only a combination of (π+K-π+) with minimum 𝜒2 is kept for further study
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2-D distribution of M(π+D0) and RM(π+D0) for data sample at each energy point
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2-D distribution of M(π+D0) and RM(π+D0) for data sample at each energy point
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2-D distribution of M(π+D0) and RM(π+D0) for data sample at each energy point



Further events selection

• 𝜒2 distribution and 𝐷0 mass distribution

10

Use Double-Gaussion
function to obtain the 
signal region of M(𝐷0 )



5.Background analysis

11

The 𝛑+𝐃𝟎 mass and 
recoil mass distribution 
of different MC samples 
from inclusive MC 
sample at 4.42 GeV.

Background processes 
which have the decay 
channel  D*+ → π+D0 or
D0 → K-π+ 



• The signal processes:

• 𝑒+𝑒− → 𝐷∗+𝐷∗−, 𝐷∗+ → 𝜋+𝐷0, 𝐷0 → 𝐾−𝜋+

• 𝑒+𝑒− → 𝐷∗+𝐷−, 𝐷∗+ → 𝜋+𝐷0, 𝐷0 → 𝐾−𝜋+

• The possible background processes:

• 𝑒+𝑒− → 𝐷∗+ ഥ𝐷0𝜋−, 𝐷∗+ → 𝜋+𝐷0, 𝐷0 → 𝐾−𝜋+

• 𝑒+𝑒− → 𝐷∗− 𝐷0𝜋+, 𝐷0 → 𝐾−𝜋+

• 𝑒+𝑒− → 𝐷∗+ 𝐷−𝜋0, 𝐷∗+ → 𝜋+𝐷0, 𝐷0 → 𝐾−𝜋+

• (𝑒+𝑒− → 𝐷∗− 𝐷+𝜋0, efficiency ~0.001% , neglect)

• 𝑒+𝑒− → 𝐷∗+ഥ𝐷∗0𝜋−, 𝐷∗+ → 𝜋+𝐷0, 𝐷0 → 𝐾−𝜋+

• 𝑒+𝑒− → 𝐷∗− 𝐷∗0𝜋+, 𝐷∗0 → 𝐷0𝜋0, 𝐷0 → 𝐾−𝜋+ (smooth)

• 𝑒+𝑒− → 𝐷∗0ഥ𝐷∗0

• 𝑒+𝑒− → 𝐷− 𝐷0𝜋+, 𝐷0 → 𝐾−𝜋+

• 𝑒+𝑒− → 𝐷− 𝐷∗0𝜋+, 𝐷∗0 →𝐷0𝜋0, 𝐷0 → 𝐾−𝜋+ (smooth) 12
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Background analysis for inclusive MC sample at 4.42 GeV
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Background analysis for inclusive MC sample at 4.42 GeV
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Use the 2-d MC distribution and Argus × Chebyshev functions to fit the M(D*+ ) and RM(D*+ ) 
2-d mass spectra.

Signal components: D*+ D- + D*+ D*-

Peaking background components: 𝐷∗+ഥ𝐷0𝜋− + 𝐷∗−𝐷0𝜋+ + D*+ D-π0 + 𝐷−𝐷0𝜋+ + D*0 ഥ𝐷∗0

Smooth background components: use Argus function to fit M(D*+ ) and  use Chebyshev 
function to fit RM(D*+ ), then, generate 2-D PDF with Argus × Chebyshev .

6.  2-D fit method
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Data sample at 4.42 GeV

Signal component 1

Signal component 2

6.  2-D fit method
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efficiency ~0.002% , neglect

6.  2-D fit method

background component 1 background component 3background component 2

conjugated conjugated conjugated

𝐷∗+ ഥ𝐷0𝜋−

𝐷∗− 𝐷0𝜋+
𝐷∗+ഥ𝐷∗0𝜋−

𝐷∗− 𝐷∗0𝜋+
𝐷∗+ 𝐷−𝜋0

𝐷∗− 𝐷+𝜋0
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6.  2-D fit method

Argus × Chebyshev functions 

background component 4 background component 5 background component 6

𝐷∗0ഥ𝐷∗0

𝐷− 𝐷0𝜋+



2D fit for XYZ data samples

•
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1. Use 1-D MC distribution of M(𝜋+ 𝐷0 ) convoluted 
with Gaussion function to fit the 1-D mass 
distribution of (𝜋+ 𝐷0 ) to get the sigma of Gaussion
function(only the signal components).
The sigma of Gaussion function describes the 
distribution difference  between MC and Data.
2. MC correction: for each event of MC sample, generate 
a set of random numbers following Gaussion
distribution(mean=0).

3. Use the 2-D mass distribution (after MC 
correction) to generate a PDF to fit the 2-D mass 
distribution of data sample.

D*+D*- MC correction D*+D- MC correction

2D fit 

Log plot



Mode number Fitting result

𝐷∗+𝐷∗− 13334 13225 ± 121

𝐷∗+𝐷− 4321 4316 ± 70

𝐷∗+ഥ𝐷0𝜋− 214 243±36

𝐷∗−𝐷0𝜋+ 38 45±36

𝐷∗+𝐷−𝜋0 144 171 ±29

𝐷0𝐷−𝜋+ 223 261 ± 21

𝐷∗0ഥ𝐷∗0 802 932 ± 42

Others 845 749 ± 41

Test 2-D fit with inclusive MC sample at 4.42 GeV
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Match well for the different processes
events.
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2D fit for XYZ data samples
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2D fit for XYZ data samples
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2D fit for XYZ data samples
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7.Cross section measurement
𝜎𝐵𝑜𝑟𝑛 =

𝑁𝑜𝑏𝑠
𝐿𝑖𝑛𝑡𝐵𝜖(𝑓𝑉𝑃× 𝑓𝑖𝑠𝑟)

𝑓𝑉𝑃 × 𝑓𝑖𝑠𝑟 is obtained by ConExc



To do

• Events selection criteria  optimization
• Cross section iteration
• The study of scan data samples
• System uncertainty 
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8.Summary
Born cross section of 𝒆+𝒆− → 𝑫∗+𝑫∗− and 𝒆+𝒆− → 𝑫∗+𝑫− are measured 
precisely with 28 xyz data samples at 𝑠=4.09−4.60GeV.
Results of BESIII match well with those of Belle.

Thank you for your attention!



Back up
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2D fit for XYZ data samples (log plots)
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2D fit for XYZ data samples (log plots)
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2D fit for XYZ data samples (log plots)



Distribution of 𝐵𝜖(𝑓𝑉𝑃× 𝑓𝑖𝑠𝑟)
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