
Direct measurement of the branching 
fractions for K0 and K*0 production in 

J/y decays
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Combined particle confidence level
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∆𝑇𝑂𝐹=
𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒 − 𝑇𝑒𝑥𝑝𝑒𝑐𝑡
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∆𝑑𝐸/𝑑𝑥=
𝑑𝐸/𝑑𝑥𝑚𝑒𝑎𝑠𝑢𝑟𝑒 − 𝑑𝐸/𝑑𝑥𝑒𝑥𝑝𝑒𝑐𝑡

𝜎𝑑𝐸/𝑑𝑥

∆𝐵𝑆𝐶=
𝐸𝑚𝑒𝑎𝑠𝑢𝑟𝑒 − 𝐸𝑒𝑥𝑝𝑒𝑐𝑡
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For π, CL(π)>0.1%, and CL(π)>CL(K)

For K, CL(K)>0.1%, and CL(K)>CL(π)

For proton, 
𝐶𝐿(𝑝)

𝐶𝐿 𝜋 +𝐶𝐿 𝐾 +𝐶𝐿(𝑝)
> 0.6



Data Sample (April 2001, February 2003, December 2003, January 2004)

Integrated luminosity
Processes used : 𝑒+𝑒− → 𝑒+𝑒−, 𝑒+𝑒− → 𝐽/ψ → 𝑒+𝑒−

ℒ =
𝑁𝑒+𝑒−
𝑜𝑏𝑠

𝜎𝐵ℎ𝑎𝑏ℎ𝑎 ∙ 𝜀𝐵ℎ𝑎𝑏ℎ𝑎 + 𝜎 Τ𝐽 ψ→𝑒+𝑒− ∙ 𝜀 Τ𝐽 ψ→𝑒+𝑒− + 𝜎𝑖𝑛𝑡 ∙ 𝜀𝑖𝑛𝑡

𝜎ℎ𝑎𝑑
𝑜𝑏𝑠 = 𝜎 Τ𝐽 ψ→𝑒+𝑒− ∙ 𝜀 Τ𝐽 ψ→𝑒+𝑒− + 𝜎𝑖𝑛𝑡 ∙ 𝜀𝑖𝑛𝑡 =

𝑁ℎ𝑎𝑑
𝑜𝑏𝑠

𝜖ℎ𝑎𝑑 ∙ ℒ

Integrated luminosity and the observed inclusive hadronic cross section correlate with each other

Through a χ2 fit to the observed inclusive cross sections with J/y resonance parameters fixed at 
PDG value, we can get ℒ at each energy point.

Divide all energy points into 16 energy regions (Add ℒ with their weights)



Observed Cross Section

Selection of the candidate events

At least two charged tracks should be well reconstructed 
θ of each charged track must satisfy 𝑐𝑜𝑠𝜃 < 0.80

For 𝑒+𝑒− → 𝐾𝑆
0 + 𝑋, each track from the region

𝑐𝑜𝑠𝜃 < 0.80(for ours, 0.93)

𝑉𝑥
2 + 𝑉𝑦

2 < 8.0𝑐𝑚(𝑓𝑜𝑟 𝑜𝑢𝑟𝑠, 12.0𝑐𝑚)

𝑉𝑧 < 22.0𝑐𝑚(𝑓𝑜𝑟 𝑜𝑢𝑟𝑠, 20.0𝑐𝑚)
The best fit value of laboratory decay distance in xy plane for 𝐾𝑆

0 is 
required to be displaced at least 0.004mm from the interaction point.

For 𝑒+𝑒− → 𝐾∗0 + 𝑋, each track from the region
𝑐𝑜𝑠𝜃 < 0.80

𝑉𝑥
2 + 𝑉𝑦

2 < 2.0𝑐𝑚

𝑉𝑧 < 20.0𝑐𝑚



Observed Cross Section

Fit to the mass spectra

Reconstruct 𝐾𝑆
0 and 𝐾∗0 by examining the invariant mass spectra of 𝜋+𝜋− and 𝐾−𝜋+

For 𝐾𝑆
0(the same as ours)

If more than one combination satisfies 
the above selection criteria in one event, 
only those with the longest decay are 
retained.

For 𝐾∗0

If more than one combination satisfies 
the above selection criteria in one event, 
only those with largest CLK * CLπ is 
retained.

The invariant masses are denoted by 𝑀𝜋+𝜋− and 𝑀𝐾−𝜋+ , respectively, and the invariant 
mass  spectra is fitted with a Breit-Wigner convoluted with a Gaussian resolution 
function for the signals and a polynomial function for background.
(After this work, we compared the dynamic variables of MC and DATA as well as 
detection efficiency)



Observed Cross Section

Background contamination

Possible contaminations : 𝑒+𝑒− → 𝛾 𝑒+𝑒−, 𝑒+𝑒− → 𝛾 𝜇+𝜇−

Accounted for the luminosity, we can estimate the number of background events at 
each point are less than 10-3, thus we can neglect the influence of these background 
processes.



Observed Cross Section

Monte Carlo simulation
At this step, the article estimates the 
detection efficiencies of these two 
processes.(𝛾∗ samples, we use 3.050, 3.060, 
3.080, 3.090, 3.095, 3.099, 3.1015, 3.112, 
3.120 to estimate other points)



Observed Cross Section

Observed cross section

The observed cross section for 𝑒+𝑒− → 𝑀 + 𝑋

𝜎𝑒+𝑒−→𝑀+𝑋
𝑜𝑏𝑠 =

𝑁𝑒+𝑒−→𝑀+𝑋
𝑜𝑏𝑠

ℒ ∗ 𝜀𝑒+𝑒−→𝑀+𝑋

Our function: 
𝑁𝑜𝑏𝑠

𝜀∗ℒ∗0.692



Measurement of B (J/y→ M + X)

Expected cross section

The expected observed cross section 𝜎
𝑒+𝑒−→𝑀+𝑋
𝑒𝑥𝑝𝑒𝑐𝑡

(𝐸𝑐𝑚) consists pf two components:

𝜎
𝑒+𝑒−→𝑀+𝑋
𝑒𝑥𝑝𝑒𝑐𝑡

𝐸𝑐𝑚 = 𝜎𝐽/ψ→𝑀+𝑋
𝑒𝑥𝑝𝑒𝑐𝑡

𝐸𝑐𝑚 + 𝜎𝑒+𝑒−→𝑀+𝑋
𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑢𝑚 𝐸𝑐𝑚



Measurement of B (J/y→ M + X)

Fitted branching fractions



Systematic Error Analysis

𝑒𝑟𝑟𝑡𝑜𝑡 = ෍

𝑖

𝑒𝑟𝑟𝑖

To estimate the systematic uncertainties of the branching 
fractions, the article shifts the measured observed cross 
section, Γ𝑡𝑜𝑡 and Γ𝑒𝑒 of J/y resonance by +/-1σ to measure 
the change of the branching fractions.

Calculating the relative 
changes of +σ and -1σ, 

respectively and 

choosing the greater one 

as the systematic error.

𝑒𝑟𝑟𝑠𝑦𝑠
𝑡𝑎𝑛𝑙𝑒10 = 𝑒𝑟𝑟𝑠𝑦𝑠

𝑡𝑎𝑏𝑙𝑒9(% → 𝑑𝑒𝑐𝑖𝑚𝑎𝑙) ∗ ℬ

Eg: 0.066*20.4≈1.3


