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Introduction

• The region at center-of-mass energies above the open-charm threshold is of great 
interest due to its richness of cc-bar states. 

• In particular, many charmonium-like (XYZ) states were observed in the past decade, 
which provide new opportunities in the study of QCD at the charmonium spectrum.

• Up to now, no light hadronic decays of the Y states or conventional charmonium
resonances above 4 GeV are observed yet. Searching for light hadronic decays of 
charmonium and XYZ states enables a beneficial understanding of the nature of those 
resonances or structures. 

• In this analysis, we report the cross section of e+e− → K+K−π+π−(π0), K+K−K+K−(π0), 
π+π−π+π−(π0), ppπ+π−(π0) and search for possible structures such as charmonium or Y 
states in the e+e− line shape at center-of-mass energies between 3.8 and 4.6 GeV. 
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Data and software

• Data:

• 28 XYZ data samples.

• Software:

• BOSS version 7.0.3

• Monte Carlo events are generated with KKMC+BesEvtGen.

• Channels analyzed:

• e+e-
→K+K-p+p-, K+K-p+p-p0, 

K+K-K+K-, K+K-K+K-p0, 

p+p-p+p-, p+p-p+p-p0, 

ppp+p-, ppp+p-p0
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Method

• Measurements of the cross sections for e+e− → K+K−π+π−(π0), K+K−K+K−(π0), π+π−π+π−(π0), ppπ+π−(π0) 
are made based on the numbers of events observed from the data collected at different energy points , 
the luminosities of the data samples, reconstruction efficiency and radiative correction factor.

Ecm,i : center-of-mass energy    

Nobs(Ecm,i) : number of the observed events

Nbkg(Ecm,i) : number of background events 

L(Ecm,i) : integrated luminosity

e0(Ecm,i) : reconstruction efficiency without considering ISR

k(Ecm,i) is the correction factor

x is the ratio of Eg/Ebeam, 

Eg : energy of ISR photon

Ebeam : beam energy, 

W(x) is the radiator function
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Event selection

• Charged track selection:

• |Rxy|<1.0 cm, |Rz|<10.0 cm, |cosq|<0.93

• Photon selection:

• 0<TDC<14;

• Eg>25/50 MeV for the barrel/endcap EMC.

• Kinematic fit:

• For final states without (with) a p0, 4-C (5-C) kinematic fit is performed;

• c2<50.
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Event selection
• For e+e-

→K+K-p+p-, K+K-K+K-, p+p-p+p-, p+p-p+p-p0, to reject e+e-
→(g)e+e- background, it is 

required EEMC/p<0.8.

K+K-p+p- K+K-K+K-

p+p-p+p- p+p-p+p-p0
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• For e+e-
→K+K-p+p-, ppp+p-, p+p-p+p-, to reject gamma conversion background, it is required 

cosqp+p-<0.9.

Event selection

K+K-p+p- p+p-p+p-

ppp+p-
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• Obvious J/y, y’, cc, D backgrounds are removed by requiring |Mpossible combination - MJ/y, y’, cc, D|>50 MeV.

Event selection

K+K-p+p-p0

K+K-p+p- K+K-p+p-

K+K-p+p-p0
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• Obvious J/y, y’, cc, D backgrounds are removed by requiring |Mpossible combination - MJ/y, y’, cc, D|>50 MeV.

• After applying the above selection requirements, we count the number of signal events at every energy point 
for every signal channel.

Event selection

p+p-p+p-p0

p+p-p+p-p0 ppp+p-
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• In the selected candidate events, there may be some backgrounds. To study backgrounds, I 
analyzed Inclusive MC samples generated at 4.230 GeV.

• Study shows that there are two types of backgrounds:
• The first type of backgrounds are from D and J/ψ decays, and the final states of those backgrounds are the same 

as the signal channel. Although we have applied selection requirements to veto those backgrounds, there are still 
some residue events from those processes.  (“peaking backgrounds”)

• The second type of backgrounds are from particle mis-identification. (“non-peaking backgrounds”)

Background study
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• By analyzing Inclusive MC samples generated at 4.230 GeV. distributions of c2 of kinematic 
fit from non-peaking backgrounds for every signal channel.

Background study

Hadronic Backgrounds for K+K-p+p- QED Backgrounds for K+K-p+p-

Hadronic Backgrounds for K+K-K+K- QED Backgrounds for K+K-K+K-

Hadronic Backgrounds for p+p-p+p- QED Backgrounds for p+p-p+p-

Hadronic Backgrounds for ppp+p-
QED Backgrounds for ppp+p-
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Background study

Hadronic Backgrounds for K+K-p+p-p0 QED Backgrounds for K+K-p+p-p0

Hadronic Backgrounds for K+K-K+K-p0 QED Backgrounds for K+K-K+K-p0

Hadronic Backgrounds for p+p-p+p-p0 QED Backgrounds for p+p-p+p-p0

Hadronic Backgrounds for ppp+p-p0 QED Backgrounds for ppp+p-p0

• By analyzing Inclusive MC samples generated at 4.230 GeV. distributions of c2 of kinematic 
fit from non-peaking backgrounds for every signal channel.
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Subtraction of backgrounds

• Number of backgrounds are estimated from the fit to c2
4C/5C.

e+e-
→K+K-p+p-

Peaking background – number fixed

Non-peaking background
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Subtraction of backgrounds

• Number of backgrounds are estimated from the fit to c2
4C/5C.

K+K-p+p-p0                                                     K+K-K+K- K+K-K+K-p0

p+p-p+p- p+p-p+p-p0 ppp+p- ppp+p-p0
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Efficiency

• From the two body and three body invariant mass distributions, we can see there are 
obvious intermediate states, such as ρ, ω, f and so on. 

• To take those intermediate stated into account, an amplitude analysis is performed to data 
and PHSP signal MC using the AmpTools package developed by Indiana University.

• To select a clean sample to do the amplitude analysis, particle identification requirements 
are also applied to charged tracks in addition to selection requirements mentioned before. 

• π selection: Prob(π)>Prob(K). 

• K selection: Prob(K)>Prob(π). 

• p selection: Prob(p)>Prob(π), and Prob(p)>Prob(K). 

• The amplitude analyses are based on data and MC samples at 4.22626 GeV. From the 
amplitude analyses, we obtain the ratios of different amplitudes, which are used in efficiency 
determination.

• Applying the same selection requirements as that in data analysis, e0 at every energy point 
for every final state is determined by analyzing signal MC samples without ISR.
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Comparison between data & MC
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Comparison between data & MC
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Comparison between data & MC
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K+K-p+p- K+K-p+p-p0                                              K+K-K+K- K+K-K+K-p0

p+p-p+p- p+p-p+p-p0 ppp+p- ppp+p-p0

Radiative correction
• The function of e(x) at every energy point for every final 

state is determined by analyzing signal MC samples with ISR.
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Calculation of cross section
• Having obtained the number of observed events, number of backgrounds events, 

the luminosity of the data sample, the reconstruction efficiency, radiative correction 
factor, we could calculate the dressed cross section at every energy point.
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Calculation of cross section
• Having obtained the number of observed events, number of backgrounds events, 

the luminosity of the data sample, the reconstruction efficiency, radiative correction 
factor, we could calculate the dressed cross section at every energy point.



Analysis of dressed cross sections
• A least χ2 fit is applied to those dressed cross sections.

• Firstly, we construct the expected dressed cross section 
of continuum process.
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: measured value of dressed cross section
: expected value of dressed cross section
: combined statistical and uncorrelated
systematic error

Ecm : center-of-mass energy
fcont, n : float parameters
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Analysis of dressed cross sections

• For the cross section of e+e−→π+π−π+π−π0, 
we also constructed fit amplitude considering 
contribution from ψ(4040) decay.
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f : phase angle
: mass of ψ(4040)
: total width of ψ(4040)
: leptonic width of ψ(4040)

3.1σ



Analysis of dressed cross sections

• Furthermore, we search for the charmonium-like resonance Y (4260) decays into those final state, 
and corresponding upper limits are provided since no clear signal is observed. 

• The expected cross sections are constructed as

• Then the likelihood is constructed as

• The normalized value of LBr/L0 is used to get the upper limits at 90% confidence level for 
Y(4260)→Light Hadrons.
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c0 : float parameter

: fixed to the shape determined without considering Y(4260) 

: mass of Y(4260)

: total width of Y(4260)

: leptonic width of Y(4260)



• Distributions of LBr/L0
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• Distributions of LBr/L0
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Systematic uncertainties – cross section
• Kinematic fit:  comparing efficiency before/after helix correction.

• Selection requirements: varying selection requirements.
• EEMC/p ➔ EEMC/p < 0.7, EEMC/p < 0.75, EEMC/p < 0.85 or EEMC/p < 0.9.

• Opening angle ➔ cosqp+p- < 0.75, cosqp+p- < 0.8, cosqp+p- < 0.85 or cosqp+p- < 0.95.

• J/y, y(2S), D, cc, Ks
0 veto ➔ 40 MeV, 45 MeV, 55 MeV or 60 MeV.

• Background: refit c2 distribution by varying bin size and fit range.

• Efficiency:  varying AmpTools parameters determined by data at other energy points 
(4.00762/4.25797/4.35826/4.41558/4.59953 GeV).

Quoted
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Systematic uncertainties – fit parameter

• The systematic uncertainty for fit parameters originates from the uncertainty of center-
of-mass energies (Ecm), the uncertainty of cross sections and the uncertainty of ψ(4040) 
resonance parameters.

• Ecm : changing center-of-mass energies with a standard deviation of 0.8 MeV. 

• cross sections: changing the value of cross sections by ±1σ.

• ψ(4040) resonance parameters: changing the value ψ(4040) resonance parameters 
by ±1σ. 

• The total systematic uncertainty is assigned by adding these values in quadrature.
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Summary

• The cross sections of e+e− → K+K−π+π−(π0), K+K−K+K−(π0), π+π−π+π−(π0), ppπ+π−(π0) 
are obtained with data samples collected at 28 energy points from 3.8 to 4.6 GeV. 

• Those cross sections are analyzed to obtained the relationship between cross sections 
and center-of-mass energy. 

• We observe the ψ(4040) decays to π+π−π+π−π0 with a statistical significance of 3.1σ. 

• No obvious Y (4260) signal is observed, so we provide the upper limits for 

Gee × Br(Y(4260)→Light Hadrons) and Br(Y(4260)→Light Hadrons)/Br(Y(4260)→J/yp+p-)

for those final states at 90% confidence level.

Thank you !
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