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The e+e- → π+π-ψ(2S) reaction offers the possibility to 
probe the XYZ sector,  

via the investigation of 2 exotic states 

The Y(4660) via the e+e- → [π+π-/f0(980)]ψ(2S) 

Y(4660), observed by BaBar[1], BELLE[2], and BESIII[3] 
hypothesised to be a baryonium[4], a molecule[5],  

or a tetraquark[6] 

Study of the exotic Zc(4430) state through the 
e+e- → π±Zc(4430)→ π+π-ψ(2S) 

Z+c(4430) was observed and studied in the B-decays in 
the πψ(2S) invariant mass by BELLE[7] (and by LHCb[8])
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In Refs. [9, 10], the Zc(3900)± state is seen both in πψ(2S) and  
πJ/ψ, and in relation with the Y(4260) resonance

Ref. [10] finds R = σ(π±Zc(3900)∓ → π+π-J/ψ)/σ(π+π-J/ψ) ~ 22%, 
neglecting the the J/ψ to ψ(2S) PHSP change,  

~100 events are expected around Y (4660)

Motivation
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via the investigation of 2 exotic states 

The Y(4660) via the e+e- → [π+π-/f0(980)]ψ(2S) 

Y(4660), observed by BaBar[1], BELLE[2], and BESIII[3] 
hypothesised to be a baryonium[4], a molecule[5],  

or a tetraquark[6] 

Study of the exotic Zc(4430) state through the 
e+e- → π±Zc(4430)→ π+π-ψ(2S) 

Z+c(4430) was observed and studied in the B-decays in 
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The study will make use of the 12 datasets 
 @√s > 4.6 GeV 

No Zc(4430) signal was observed in the  
mono-energetic datasets[11], so the main idea is 

to merge all the data @√s > 4.6 GeV  
to use the whole statistics
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DEC Cards
e+e- → π±Zc(4430)

Signal MC samples 
300k events

 Zc(4430)  
MZc = 4478+15-18 MeV  
σZc = 181 ± 31 MeV

e+e- → π+π-ψ(2S)

Preamble
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DEC Cards
e+e- → f0(980)ψ(2S)

Signal MC samples 
300k events

e+e- → π+π-ψ(2S)

Preamble
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Event  Selection
Charged Particles Momentum Optimisation

Punzi FoM optimisation  
∀ √s and using only MC datasets

√s pch [GeV/c] √s pch [GeV/c]

4.612 0.71 4.740 0.81

4.626 0.73 4.750 0.82

4.640 0.74 4.780 0.85

4.660 0.75 4.840 0.86

4.680 0.77 4.914 0.96

4.700 0.79 4.946 0.97
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Event  Selection
Topology-dependent Kinematic Fits

6-constraint (6C) kinematic fit 

1C on the MJ/ψ 

1C on the Mψ(2S) 

4C on the pTot = (√s*sin(0.011), 0, 0, M√s)  

The ππ couples are selected via the best χ2 

2-constraint (2C) kinematic fit 

1C on the MJ/ψ 

1C on the Mψ(2S) 
[pTot = (√s*sin(0.011), 0, 0, M√s)] 

 

ππ and ππMiss* couples are selected via the best χ2 

2l 4π 2l 3π 

*πMiss either from prompt production  
or from ψ(2S) decay, but not from Zc(4430) 

by asking p(πMiss) < 0.50 GeV 
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e- e+
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π+ J/𝝍
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e-/µ-
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13

σ of the distributions are in 
the [19, 25] MeV/c2 range 
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σ of the distributions are in 
the [19, 25] MeV/c2 range ψ(2S) 
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Event  Selection
Signal Windows Definition

An additional selection is 
applied on MMiss(π) for the 

2l3π topology

Signal MC sample 300k Events
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σ of the distributions are in the 
[29, 37] MeV/c2 range 
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Background Rejection

Out of 28136 total IncMC events, the 
events are from  

• > 90% Non-resonant ππψ(2S) signal  
• < 10% Multi-π states

From 1.3 billion inclusive MC events, 28136 
survive, with a survival rate of [4, 28] ppm 

Virtually only the hadron component is 
surviving after the selection criteria

Inclusive MC sample 10x L data

17

√s = 4.680 GeV
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Background Rejection

The resulting contribution is of the order  
O(1  ppm) over the total number of 

simulated event

Removing the signal component to the 
inclusive MC samples 

Inclusive MC sample 10x L data

18

√s = 4.680 GeV

The background oscillates  
between 2% and 23%
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Cut Flow of Event Selection

19
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Extraction of the 
σ(e+e- —> π+π-ψ(2S))
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Extraction of the σ(e+e- —> π +π - ψ(2S))
Signal Shape & Efficiency

For each √s, the signal is modelled via 
a signal MC sample with a sum of 

Gaussian and Crystal Ball functions 
Signal MC Sample 

300k Events

21

<Efficiency> ~36%Conexc

σ (from Ref. [11]) is used as input to estimate the 
vacuum polarisation factor and the ISR correction, an 

iterative procedure is performed based on the relation 

The final σBorn is obtained when the nth iteration is 
consistent with a previous iteration within 0.5% for 

each centre-of-mass energy
[11] Phys. Rev. D 104, 052012 
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Data Fits

Extraction of the σ(e+e- —> π +π - ψ(2S))

For each √s, the ππψ(2S) contribution 
is extracted by fitting the M(ππJ/ψ) 

invariant spectrum 

The signal is modelled with a sum of 
Gaussian and Crystal Ball 

 

A polynomial function is used to 
describe the background

@√s = 4.610 GeV @√s = 4.640 GeV

@√s = 4.740 GeV@√s = 4.680 GeV

@√s = 4.780 GeV @√s = 4.914 GeV

M(π+π-J/ψ) (GeV/c2)M(π+π-J/ψ) (GeV/c2)

M(π+π-J/ψ) (GeV/c2) M(π+π-J/ψ) (GeV/c2)

M(π+π-J/ψ) (GeV/c2)M(π+π-J/ψ) (GeV/c2)

22
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[11] Phys. Rev. D 104, 052012 

Results from BELLE and BaBar are reported 
too, further confirming the compatibility of 

this thesis' results with the published literature

The observed cross-section is compatible 
with the previous result of Ref. [11]

23
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ππ ψ(2S) cross-section

Extraction of the σ(e+e- —> π +π - ψ(2S))

24
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Study of the 
Intermediate 

States
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Study of the Intermediate States
 e+e- → f0(980)ψ(2S) MC SampleData

Sig MC
In Ref.[11], a simplified 

PWA performed on the data 
sets highlighted f0(500) and 

f0(980) contributions 

The data samples are 
merged together to have 

more significance 

26
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Study of the Intermediate States
 e+e- → f0(980)ψ(2S) MC SampleData

Sig MC
In Ref.[11], a simplified 

PWA performed on the data 
sets highlighted f0(500) and 

f0(980) contributions 

The data samples are 
merged together to have 

more significance 
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Cut Flow of Event Selection
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Extraction of the σ(f0(980) ψ(2S))
f0(980) contribution

For each √s, the f0(980) contribution is extracted by 
fitting the M(ππ) and M(πψ(2S)) invariant distributions 

The signal is a Flatté smeared by a Gauss(0, σ) 
multiplied by a threshold function 

 

The f0(500) contribution is modelled with

with an energy-dependent width à la E791… 

29
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Extraction of the σ(f0(980) ψ(2S))
f0(980) contribution
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For each √s, the f0(980) contribution is extracted by 
fitting the M(ππ) and M(πψ(2S)) invariant distributions 

The signal is a MS shape smeared by a Gauss(0, σ) 

 

The f0(500) and PHSP contributions are modelled 
too by a MS shape



Study of e+e− → π+π−ψ(2S) at √s > 4.6 GeV and search for the Zc(4430)± - Marco Scodeggio BESIII Physics and Software Meeting - June 2025

Extraction of the σ(f0(980) ψ(2S))
f0(980) contribution
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Extraction of the σ(f0(980) ψ(2S))
f0(980) contribution

No particular structures  
can be recognised

Within the statistical uncertainty,  
σBorn x B is flat wrt σBorn(ππψ(2S))  

The hypothesis of the Y(4660) being 
an f0(980) - ψ(2S) molecule[12] 

cannot be confirmed

[12] Phys. Lett. B 665, 26-29 (2008)

√s (GeV)

σ B
or

n 
(p

b)
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Extraction of the σ(f0(980) ψ(2S))

[12] Phys. Lett. B 665, 26-29 (2008)
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Systematic Uncertainties on the Cross-sections

• Luminosity: 1% as from Ref. [13] 
• Vacuum polarisation: 0.5% from Ref. [14] 
• ISR radiative corrections: Difference in the (1 + δ) between the between the first (flat cross-

section hypothesis) and the last iterations is taken as systematic uncertainty 
• Tracking efficiency: 1.0% per track[10], 2.0% (leptons) and 3.5% (average of 2 pion-topologies) 
• Intermediate states branching fractions: from PDG 
• Lepton separation, trigger efficiency, and FSR: 1.0% from Ref. [11]

[10] Phys. Rev. Lett 110, 252001 
[11] Phys. Rev. D 104, 052012 
[13] Chin. Phys. C 46, 11, 113003   
[14] Sov. J. Nucl. Phys 41, 466-472
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Systematic Uncertainties on the Cross-sections

35

• Mass veto windows: Variations in veto windows were considered up to ±6σ. No significant  
(< 0.5σ) deviations were observed  

• Different Generator: With KKMC, < 0.5σ (non-significant) deviations were observed 
• Bin Size: Differences wrt the nominal value oscillate within 1σ significance, passing the 

Barlow’s test  
• Background Shape:  Inclusive MC shape was tested.  Differences with respect the nominal 

values oscillate within  1.1σ significance for every energy point. Despite being relatively small 
the difference,  this systematic source (taken as the difference) was   added  

• f0 (500)/f0 (980) Masses and Widths: Changed up to ±5σ from PDG. From the broad spectrum 
of tests all the differences oscillate within 1.5σ significance, passing the Barlow’s test 

• f0 (980) Shape: In the ππ spec  trum a Crystallball function was tested, while in the πψ spectrum 
a Gaussian with a non- zero bias and with a different spread was tried.  All the tested scenarios 
differ from the nominal   value by less than 3σ, passing the Barlow’s Test
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Systematic Uncertainties on the Cross-sections
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ππ ψ(2S) cross-section
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Systematic Uncertainties on the Cross-sections
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f0(980) ψ(2S) cross-section
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Final Born Cross-sections Results
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Analysis of the π±ψ(2S) 
Invariant Mass and 

Search for the  Zc(4430)±
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Cut Flow of Event Selection
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Analysis of the π±ψ(2S) Invariant Mass and Search for the  Zc(4430)±

Signal MC Shape Extraction

√s [GeV] wNormalised =  
(σ x L)/(σ x L)|4.680

4.612 0.05
4.626 0.31
4.640 0.41
4.660 0.40
4.680 1.00
4.700 0.34
4.740 0.07
4.750 0.15
4.780 0.16
4.840 0.13
4.914 0.04
4.946 0.05

Signal function 
MC Signal Shape

Zc Signal MC sample 300k events
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Analysis of the π±ψ(2S) Invariant Mass and Search for the  Zc(4430)±

43

The two f0 states are described by 
analytical shapes, with the f0(980) 

being a weighted sum of 12 Flattés 
 

All the other shapes are taken from 
MC simulation

Drawing from the f0(980) study, 
the the M(ππ) and M(πψ(2S)) 

invariant distributions are fitted 
without Zc(4430) contribution
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Analysis of the π±ψ(2S) Invariant Mass and Search for the  Zc(4430)±

44

Adding Zc(4430) contribution does 
not improve the fit significantly

Drawing from the f0(980) study, 
the the M(ππ) and M(πψ(2S)) 

invariant distributions are fitted 
without Zc(4430) contribution

Value

N(f0(980)) 988 ± 29

N(f0(500)) 384 ± 29

N(PHSP) 248 ± 41 NB 
Constrained to total number of events
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Analysis of the π±ψ(2S) Invariant Mass and Search for the  Zc(4430)±

Bayesian U.L. @90% 
N(Zc(4430)) < 14

45
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The Bayesian U.L. is obtained by integrating 
the posterior distribution using the Metropolis-
Hastings algorithm with a uniform proposal 

distribution, a upper limit (U.L.) with a Uniform 
prior and incorporating the systematic 

uncertainties 
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Analysis of the π±ψ(2S) Invariant Mass and Search for the  Zc(4430)±

Production Ratio Estimation

Bayesian U.L. @90% 
N(Zc(4430)) < 14

< 0.7 %R =
�Born(e+e� ! ⇡±Zc(4430)⌥ ! ⇡+⇡� (2S))

�Born(e+e� ! ⇡+⇡� (2S))
<latexit sha1_base64="EP+ebbNn7lcYnLQWILShzOT+tiE="></latexit>

When compared with the paper[10] used as motivation for this analysis, the 
Zc(4430)± state production in the e+e- → π+π-ψ(2S) channel is suppressed by at 

least 20 times with respect to that of the Zc(3900)± hadron in e+e- → π+π-J/ψ

46
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Using twelve data samples with a total integrated luminosity of ∼5 fb-1 @√s = [4.612, 4.946] 

The e+e-  → π+π-ψ(2S) reaction is studied GeV, below 4.7 GeV the reaction is consistent with the 
results of Ref. [11], while above the cross-section is measured for the first time 

The contribution of the e+e- → f0(980)ψ(2S) process is found for the first time and its cross section is 
measured, a structure can be recognised around 4.666 GeV 

The non trivial structure suggest some kind  of link between the Y(4660) state and the f0(980) − 
ψ(2S) bound state, but the statistical un  certainty prevents conclusion  

A search for the Zc(4430) exotic state @√s < 5.0 GeV is performed via the  
e+e-  → π+π-ψ(2S) reaction, but no evident Zc(4430) is found and a Bayesian upper limit at the 90% 

confidence level (C.L.) is set 

Conclusions and Outlook

47
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Cut Flow of Event Selection
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Cut Flow of Event Selection
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Extraction of the σ(e+e- —> π +π - ψ(2S))

56

Signal Shape & Efficiency
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@√s = 4.626 GeV @√s = 4.660 GeV

@√s = 4.750 GeV@√s = 4.700 GeV
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No Systematic 
Uncertainty

Results from BELLE and BaBar are reported 
too, further confirming the compatibility of 

this thesis' results with the published literature

The observed cross-section is compatible 
with the previous result of Ref. [11]
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σ(e+e- —> π +π - ψ(2S)) vs σ(f0(980) ψ(2S))
Number of Events
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