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Previous results of Born cross sections
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• Asymetry 𝜓(4040).
• Dip at 4.22 GeV, just at the threshold of 𝐷𝑠

∗𝐷𝑠
∗

• Cross section goes down at 4.31 GeV then goes up at 4.42 GeV.
• The dip could be caused by interference between Y(4260), 𝜓(4160) and other 

states, or the threshold effect of 𝐷𝑠
∗𝐷𝑠

∗. Unlike the 𝑓0 980 , the cross section 
decrease below the threshold of 𝐷𝑠

∗𝐷𝑠
∗ and has minimum value at the threshold.



Born cross sections
• Numbers are listed here
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Updates

• Generator: KKMC -> ConExc

• Fit method: 1D fit -> 2D fit
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2D plot of 𝑴 𝑫𝒔 vs. 𝑹𝑴(𝑫𝒔)
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Background which has 
real 𝐷𝑠 (𝐷𝑠

∗𝐷𝑠 , 𝐷𝑠
∗𝐷𝑠

∗) is 
far way from signal 
region.

All background at signal
region are 𝑛𝑜𝑛 − 𝐷𝑠
events



Difference in mass between data and MC 
simulation
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Fit the 1D invariant and recoil mass distribution of 𝜙𝜋 and compare 
the difference .
Invariant mass Δ𝑀: no big difference between difference energies.
Recoil massΔ𝑅𝑀: related with ISR and energy calibration.



Difference in resolution between data and MC 
simulation
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Fit the 1D distribution to get the mass resolution.
Systematic difference (Δ𝜎𝑀 Δ𝜎𝑅𝑀) between data and MC around 1 MeV.



Difference in resolution between data and MC 
simulation
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MC correction:
For each event, generate a set of random numbers following Gaussion
distribution.

𝐺(Δ𝑀, Δ𝜎𝑀) and 𝐺(Δ𝑅𝑀, Δ𝜎𝑅𝑀)

Correct the invariant and recoil mass of 𝜙𝜋:
𝑀 𝜙𝜋 𝑐 = 𝑀 𝜙𝜋 + 𝐺(Δ𝑀, Δ𝜎𝑀)

𝑅𝑀 𝜙𝜋 𝑐 = 𝑅𝑀 𝜙𝜋 + 𝐺(Δ𝑅𝑀, Δ𝜎𝑅𝑀)

Then use the 2D distribution to generate a PDF.



Background
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Test 2D fit with inclusive MC at 4180 MeV.
Signal: MC simulation with mass and resolution corrections.
Background: the product of two 1D 1-order polynomial function with no 
correlation. 
Match well for the background events.



2D fit results: 4009 (top) and 4180 (bottom)
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2D fit results: 4220 (top) and 4260 (bottom)
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Goodness of 2D fit
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The 𝜒2/𝑛𝑑𝑓 for most data
is around 1,
For 4009 data, a little high.



Rscan data

• 2D sideband substraction of R-scan data crashed since the estimated

number of backgrounds  in signal region (red box):

𝑛𝑟𝑒𝑑 =
𝑛𝑏𝑙𝑢𝑒

2
+

𝑛𝑔𝑟𝑒𝑒𝑛

2
−

𝑛𝑏𝑙𝑎𝑐𝑘

4
could be negative. 

• Use 1D sideband for R-scan data since no

non-𝐷𝑠
+ real-𝐷𝑠

− is observed.

2018-4-24 Weekly report 14



Cross sections

2018-5-29 Charmonium meeting 15

After ISR and vacuum polarization corrections.
Good consistence between 𝐷𝑠

+ and𝐷𝑠
− tag , and XYZ 

and R-scan results.



Combine the 𝑫𝒔
+ and 𝑫𝒔

−
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Difficult to parameterize the lineshape, so use a smooth method (LOWESS) .
Red dashed lines show the threshold of 𝐷𝑠

∗𝐷𝑠 and 𝐷𝑠
∗𝐷𝑠

∗



Numbers with stat. and syst.
uncertainties.
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Systematic uncertainty

• Simple event selections. 

• Tracking and PID, 1% for each track.

• Branching fraction of 𝐷𝑠 → 𝜙𝜋 → 𝐾+𝐾−𝜋, 4.5% from PDG

• Fit range: change 1 standard deviation, less than 

2% difference in number of signal events

• Background shape: alter the shape from 1-order to 

2-order polynomial, around 2%
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use 4009 and
4180 data,
Largest statistics



Systematic uncertainty
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ISR correction:
Take the difference between 
last two iteration as systematic
uncertainty.

Around 1%.

Total systematic uncertainty:
around 8%.



Summary

• Update the analysis of 𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

− with ConExc and 2D fit.

• Results are consist well between 𝐷𝑠
+ and 𝐷𝑠

− tags, XYZ and R-scan 
data.

• Updating the memo accordingly now. Release it in this week.
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Thanks for your attention.



Back-up

• Following are the slides for previous talk.
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Introduction

• We all know 𝑌 4260 but we all do not know its nature.

• Above open-charm threshold, all the vector charmonium are 
expected to decay dominantly to open-charm channels.

• Coupling between 𝑌 and open-charm channels are different in 
different theoretical models.

• Previous results from BaBar, Belle and CLEOc have bad precision.

• At BESIII, we can do better.
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Data sets and MC simulation

• All the data above the threshold of 𝐷𝑠
+𝐷𝑠

−, including R-scan data.
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New data.



Data sets and MC simulation
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• BOSS version: 703

• Decay model in EvtGen:
• 𝑒+𝑒− → 𝐷𝑠

+𝐷𝑠
−: VSS

• 𝐷𝑠 → 𝐾+𝐾−𝜋: result from Dalitz
analysis

• Two sets of exclusive MC,
• 𝐷𝑠

+ → 𝐾+𝐾−𝜋+, 𝐷𝑠
− → 𝑋

• 𝐷𝑠
− → 𝐾+𝐾−𝜋−, 𝐷𝑠

+ → 𝑋

• 34 energy points

Each of them contains 
50,000 events.



Analysis strategy 

• Only reconstruct one 𝐷𝑠 with 𝜙𝜋

• Set requirement on the recoil mass distribution

• Extract signal yield using invariant mass of 𝜙𝜋

• Combine the results of 𝐷𝑠
+ and 𝐷𝑠

−

• Overlap is about 0.5% percent, so the corresponding effect on 
statistical error could be neglected. 
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Event selections

• At least three good charged tracks with ∣ 𝑉𝑧∣< 10 and 

𝑉𝑥
2 + 𝑉𝑦

2 < 1 cm 

• PID to identify kaon and pion

• Keep all the combinations

• Mass window of 𝜙 : [1.005, 1.034] GeV ([±1.5FWHM])
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Invariant mass of 𝑲+𝑲−
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• Double Gaussian plus Argus.



Invariant mass of 𝝓𝝅
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Two peaks, first one is 𝐷±, second one is 𝐷𝑠
±



Recoil mass of 𝝓𝝅
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𝐷𝐷∗

Background from 𝐷𝐷∗, but can be separately well in 𝑀(𝜙𝜋)
𝐷𝑠
∗𝐷𝑠

∗ is far away from signal peak.



Mass resolution
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Invariant mass of 𝜙π recoil mass of 𝜙π
Single Gaussian and a linear background.
Resolutions of for the reconstructed 𝐷𝑠 are almost the same,
but the resolution for the missing 𝐷𝑠 increase along c.m. energy.



Mass resolution
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• Resolution from data and MC simulation agree well.
• Set mass window for the missing 𝐷𝑠 as [𝜇 − 3 ⋅ 𝜎, 𝜇 + 4 ⋅ 𝜎] 

to include the ISR events
• Fit the invariant mass of 𝜙𝜋, and fix the shape.



Extract signal yield 

• XYZ data:
• Signal shape: Gaussian

• Background: linear

• XYZ scan data:
• Fix the parameter of background
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Extract signal yield

• R-scan data:
• Statistics is not enough for fit.

• Count the numbers of events in signal ([𝜇 − 3 ⋅ 𝜎, 𝜇 + 3 ⋅ 𝜎]) and 
sideband regions (outside [𝜇 − 4 ⋅ 𝜎, 𝜇 + 4 ⋅ 𝜎])  as 𝑛 and 𝑏

• Assuming they follow Poisson distributions

• Define likelihood:

• Statistical error: 
• ln(𝐿 𝑠 − 𝜎− ) = ln(𝐿 𝑠 + 𝜎+) = ln 𝐿 𝑠 − 0.5
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Observed cross sections
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• Results from XYZ and R-scan data consist with each other.
• Results from tagged 𝐷𝑠

+ and 𝐷𝑠
− consist with each other.

• Clear peak of 𝜓 4040 .
• Dip around 4.22 GeV.



Born cross sections
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• Vacuum polarization correction factor 1 + 𝛿𝑣𝑎𝑐 is only dependent 
with c.m. energy

• ISR correction (1 + 𝛿) is obtained by iteration. 
• Cross section are parameterized using a smooth method, LOWESS



Born cross sections
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Combine the results of tagged 𝐷𝑠
+ and 𝐷𝑠

−.
The combined likelihood:



Born cross sections
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• Asymetry 𝜓(4040).
• Dip at 4.22 GeV, just at the threshold of 𝐷𝑠

∗𝐷𝑠
∗

• Cross section goes down at 4.31 GeV then goes up at 4.42 GeV.
• The dip could be caused by interference between Y(4260), 𝜓(4160) and other 

states, or the threshold effect of 𝐷𝑠
∗𝐷𝑠

∗. Unlike the 𝑓0 980 , the cross section 
decrease below the threshold of 𝐷𝑠

∗𝐷𝑠
∗ and has minimum value at the threshold.



Born cross sections
• Numbers are listed here
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Systematic uncertainty
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• Simple event selections.  The mass windows are defined with data 
and very loose.

• Tracking and PID, 1% for each track.

• Branching fraction of 𝐷𝑠 → 𝜙𝜋 → 𝐾+𝐾−𝜋, 4.5% from PDG

• No perfect way to parameterize the line-shape, so the systematic 
uncertainty is large, take the difference

in latest two iterations as systematic

uncertainty. Dominant one.



Summary

• Cross sections of 𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

− are measured from 3.94 to 4.60 GeV
with high precision. 

• Clear 𝜓(4040) signal is observed, the line-shape is not symmetric.

• A dip around 4.22 GeV is observed. With the threshold of 𝐷𝑠
∗𝐷𝑠

∗ open, 
the cross section increased. 

• Enhancements around 4.27 and 4.42 GeV are observed. 

• Too complicated cross section distribution, so the systematic 
uncertainty of parameterization is large.
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Thanks for your attention.
Your comments are more than welcome.


