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➢For the lineshape of hardon cross section around charmonium
is determined by the interference between resonance
produnction and non-resonance produnction, we need to study
the phase between resonance Strong and EM amptitudes from
charmonium decay



Motivation
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Phys.Rev.D 41,1389

Phys. Lett.B 444,111

➢ In theory ,the phase is predicted as 0°or 180° with QCD and
± 90° with unsubtracted dispersion relations.

➢ In experiment, lots of phase between resonance Strong and EM
amptitudes from charmonium decay are determined:
Τ𝐽 𝜓 → 1−0−, 0−0−: φ~90° Phys.Rev.D 41,1389
Τ𝐽 𝜓 → 𝑁ഥ𝑁 : φ~91° Phys. Lett.B 444,111

➢ In this work, we aim to exactly measure the BFs of Τ𝐽 𝜓 →
Τ𝜔 𝜙 Τ𝐾+𝐾− 𝜋+𝜋− with interference and extract the relative

phase.

https://doi.org/10.1103/PhysRevD.41.1389
https://doi.org/10.1016/S0370-2693(98)01358-6
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Data set and MC samples

➢ Data set : BOSS 7.1.3 for 𝐽/𝜓 scan, 86 𝑝𝑏−1

BOSS 7.0.8 for 𝐽/𝜓 off-res @3080, 167 𝑝𝑏−1



6

Data set and MC samples

➢ Inclusive MC: 𝐽/𝜓 224M(2009), BOSS7.0.8.

➢ Signal MC: BOSS 7.1.3 for 𝐽/𝜓 scan

BOSS 7.0.8 for 𝐽/𝜓 off-res @3080

Under the 00-04-08 version of BesEvtGen, using the   

generator ConExc generated 100,000 events at each energy point

Up to now, the generator is PHSP.
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Event Selection

➢Good charged track 

Vxy < 1 cm

Vz < 10 cm

cosθ < 0.93

➢Particle Identification (dE/dx + TOF ）

K±: CLK > CLπ && CLK >0 

π±: CLπ > CLK && CLπ >0

➢ π0 reconstruction:

𝑀𝛾γ ∈ 0.080,0.180 GeV/𝑐2

1-c kinematic fit: χ2 < 200
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Event Selection

➢ Photon:

𝐸𝛾 > 0.025 GeV for barrel 

𝐸𝛾 > 0.05 GeV for endcap

0 ≤ 𝑇𝐸𝑀𝐶 ≤14 

𝜃𝑐𝛾 > 10°

➢ No extra charge tracks

➢ Combination:

We combinate the lower momentum Τ𝐾+𝐾− 𝜋+𝜋− 𝜋0

candidates as Τ𝜙 𝜔 particle 
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Event Selection

4C kinematic fit 

1:Energy-momentum constraint to energy point.

2:Choose the smallest χ4𝐶
2

3: χ4𝐶
2 <50

@3.0972GeV @3.0800GeV
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Event Selection

No peaking background

For 𝝎𝑲+𝑲− For 𝝎𝝅+𝝅−
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Event Selection

No peaking background

For 𝝓𝑲+𝑲− For 𝝓𝝅+𝝅−
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Signal yields

unbinned maximum likelihood fit to 𝑀𝜋+𝜋−𝜋0 for 𝜔𝐾+𝐾− :
    Signal shape: Briet-Wigner (blue)

background: 1-st order Chebyshev polynomial (red dash line)
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Signal yields

unbinned maximum likelihood fit to 𝑀𝜋+𝜋−𝜋0 for 𝜔𝜋+𝜋− :
    Signal shape: Briet-Wigner (blue)

background: 1-st order Chebyshev polynomial (red dash line)
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Signal yields

unbinned maximum likelihood fit to 𝑀𝐾+𝐾− for 𝜙𝐾+𝐾− :
    Signal shape: Briet-Wigner (blue)

background: 1-st order Chebyshev polynomial (red dash line)
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Signal yields

unbinned maximum likelihood fit to 𝑀𝐾+𝐾− for 𝜙𝜋+𝜋− :
    Signal shape: Briet-Wigner (blue)

background: 1-st order Chebyshev polynomial (red dash line)
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Comparison of data and MC for 𝝎𝑲+𝑲−

On-Resonance (@3.0972GeV)

Off-Resonance (@3.0800GeV)
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Comparison of data and MC for 𝝎𝝅+𝝅−

On-Resonance (@3.0972GeV)

Off-Resonance (@3.0800GeV)
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Comparison of data and MC for 𝜙𝑲+𝑲−

On-Resonance (@3.0972GeV)

Off-Resonance (@3.0800GeV)



19

Comparison of data and MC for 𝜙𝝅+𝝅−

On-Resonance (@3.0972GeV)

Off-Resonance (@3.0800GeV)
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Efficiencies iteration for 𝜔 𝐾+𝐾−/𝜋+𝜋−

𝜔 𝐾+𝐾− 𝜔 𝜋+𝜋−
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Efficiencies iteration

𝜙 𝐾+𝐾− 𝜙 𝜋+𝜋−



22

Observed cross sections for 𝜔 𝐾+𝐾−/𝜋+𝜋−

𝜔 𝐾+𝐾−

𝜔 𝜋+𝜋−
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Observed cross sections for 𝜙 𝐾+𝐾−/𝜋+𝜋−

𝜙 𝐾+𝐾−

𝜙𝜋+𝜋−
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Fitting formula of observed cross sections

Fitting the observed cross section with taking into account 
the ISR and the beam energy spread

Doc-1552 Doc-1569

σ𝑏𝑜𝑟𝑛(𝑠) is the Born cross sections.

𝐺( 𝑠
′
− 𝑠, 𝛿) is the normal distribution to describe energy 

spread.

𝐹𝐼𝑆𝑅 is the ISR function by Kuraev and Fadin.

𝑠 is the square of energy, and 𝑠 is the center of mass system.

The details can be found in: Doc-1552 or Doc-1569

https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1552
https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1569
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χ2 construction function

The χ2 is constructed by this formula:

χ2 = (∆𝑋)𝑇(𝑀−1)(∆𝑋)

Doc-1552 Doc-1569

The ∆ ത𝑋𝑖 = 𝑦𝑖
𝑜𝑏𝑠 − 𝑦𝑖

𝑒𝑥𝑝𝑒𝑐𝑡
( ҧ𝜃), 𝑦𝑖

𝑜𝑏𝑠is the measured Born cross 

sections, 𝑦𝑖
𝑒𝑥𝑝𝑒𝑐𝑡

( ҧ𝜃) is the expected value calculated from the 

cross-section lineshape for each CM energy and ҧ𝜃 is the fit 

parameters. The 𝑀 is the covariance matrix, where the diagonal 

elements of 𝑀 are the total uncertainties calculated with:

𝑀𝑖𝑖 = 𝑀stat,𝑖
𝑠 +𝑀sys−cor,𝑖 +𝑀sys−uncor,𝑖,

Where the 𝑀stat,𝑖
𝑠

is the statistical uncertainties, 𝑀sys−cor,𝑖 is the 

correlated system uncertainties and 𝑀sys−uncor,𝑖 is the un-

correlated system uncertainties.

The details can be found in: Doc-1552 or Doc-1569

https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1552
https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1569
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Results of fit to cross sections for 𝑒+𝑒− → 𝜔𝐾+𝐾−

positive negative
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Results of fit to cross sections for 𝑒+𝑒− → 𝜔𝜋+𝜋−

positive negative
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Results of fit to cross sections for 𝑒+𝑒− → 𝜙𝐾+𝐾−

positive negative
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Results of fit to cross sections for 𝑒+𝑒− → 𝜙𝜋+𝜋−

negative
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Results comparison 
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Summary 

1: By analyzing the data  taken around 𝐽/𝜓 ,we measured the 

cross sections of 𝑒+𝑒− → Τ𝜔 𝜙 Τ𝐾+𝐾− 𝜋+𝜋−

2: The phase angles between the strong and electromagnetic

amplitudes in 𝑒+𝑒− → Τ𝜔 𝜙 Τ𝐾+𝐾− 𝜋+𝜋− are extracted from 

the fits to these cross sections. 

3: The branching fractions of 𝐽/𝜓 → Τ𝜔 𝜙 Τ𝐾+𝐾− 𝜋+𝜋− are 

also obtained. The branching fractions of 𝐽/𝜓 →
𝜔 Τ𝐾+𝐾− 𝜋+𝜋− and 𝐽/𝜓 → 𝜙 𝜋+𝜋− are consistent with PDG 

within 1σ. The branching fractions of 𝐽/𝜓 → 𝜙 𝐾+𝐾− is 

consistent with PDG in 2σ (postive) and 3σ (negative).
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Next to do  

1:TFPWA to obtain more reliable efficiencies

2:Systematic uncertainties 
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Thanks For Your Attention
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Backup slides
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M and Г are the mass and total width of charmonium

And σ0(𝐵) is expressed by 
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