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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])

Preamble
What and Why
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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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Preamble
What and Why How

The study will make use of the ~5 fb-1 data  
@√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
Zc Resonant

4

Signal MC samples 
300k events

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

non-Resonant

BOSS Release 
7.0.6



Study of e+e− → π+π−ψ(2S) at √s > 4.6 GeV and search for the Zc(4430)± - M. Scodeggio Weekly Charmonium - December 2022

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
)cp (GeV/

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

c
Ev

en
ts

/2
0.

0 
G

eV
/

non-Resonant MC

(4430) MCcZ

5

Signal MC Studies
Event  Selection

Goodness Cuts 

Vertex: Rxy < 1cm & Rz < 10 cm 

Polar angle: |cos θ| < 0.93

2 good charged topologies  

2l 3π  
2l 4π

l

π

Signal MC sample 300k events

√s = 4.680 GeV

Channel ID 

Leptons                           Pions 
     p > 1 GeV                  p < 0.85 GeV 

        E/p (e) > 0.7            
        E/p (µ) < 0.6                         
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Signal MC Studies
Charged Particles Momentum Comparison

hs
Entries  1658770
Mean   0.7586
Std Dev    0.6255
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Mean   0.7586
Std Dev    0.6255

h47
Entries  1676479
Mean   0.7555
Std Dev     0.624

h47
Entries  1676479
Mean   0.7555
Std Dev     0.624

 = 4.600s
Entries  1587784
Mean   0.7735
Std Dev    0.6297

 = 4.600s
Entries  1587784
Mean   0.7735
Std Dev    0.6297

 = 4.633s @cNo Z
Entries  1689888
Mean   0.7493
Std Dev    0.6046

 = 4.633s @cNo Z
Entries  1689888
Mean   0.7493
Std Dev    0.6046

Let’s check it in more detail… the upper 
bound for pπ  (< 0.85 GeV) can be improved?

S(SigMC Zc)/B(IncMC) optimisation

Signal MC sample 300k events

π Zc(4430) @ √s = 4.600 GeV
π Zc(4430) @ √s = 4.660 GeV
π Zc(4430) @ √s = 4.700 GeV
ππψ(2S)  @ √s = 4.660 GeV____

____
____
____
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MC Studies
Charged Particles Momentum Optimisation

S(SigMC Zc)/B(IncMC) optimisation  
∀ √s and using only MC datasets

√s pch [GeV/c]

4.612 0.72

4.626 0.73

4.640 0.74 

4.660 0.75

4.680 0.77

4.700 0.78
0 5 10 15 20 25 30 35 40
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Signal MC Studies
Event Selection

Topology dependent KALMAN Fits

6C Kalman fit 

1C on the MJ/ψ 

1C on the Mψ(2S) 

4C on the pTot = (0.051, 0, 0, M√s)  
 

The ππ couples are selected via the best χ2 

6C Kalman fit 

1C on the MJ/ψ 

1C on the Mψ(2S) 
4C on the pTot = (0.051, 0, 0, M√s) 

πMiss either from prompt production  
or from ψ(2S) decay 

 

ππ and ππMiss couples are selected by 
minimising MRecoψ(2S)-MPDGψ(2S) 

2l 4π 2l 3π 
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Signal MC Studies
Event Selection

Topology dependent KALMAN Fits
2l 4π 

6C Kalman fit 

1C on the MJ/ψ 

1C on the Mψ(2S) 

4C on the pTot = (0.051, 0, 0, M√s)  
 

The ππ couples are selected via the best χ2 

6C Kalman fit 

1C on the MJ/ψ 

1C on the Mψ(2S) 
4C on the pTot = (0.051, 0, 0, M√s) 

πMiss either from prompt production  
or from ψ(2S) decay 

 

ππ and ππMiss couples are selected by 
minimising MRecoψ(2S)-MPDGψ(2S) 
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MC Studies
Just a bit more… MJ/ψ Signal Windows

Signal MC sample 300k events

Given the width (σ) of the distribution: 
 

 ee channel: -5σ < M < +3σ 
 µµ channel: -3(5)σ < M < +3σ 

Selection on 
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MC Studies
Just a bit more… Mψ(2S) Signal Windows

Signal MC sample 300k events

Given the width (σ) of the distribution: 
 

 ee channel: -5σ < M < +3σ 
 µµ channel: -3(5)σ < M < +3σ 

Selection on 
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MC Studies
Just a bit more… MMiss(π) for 2l 3π Signal Window

Given the width (σ) of the distribution,∀ √s: 
 

-3σ < M < +5σ

√s σ(Miss-π) [MeV/c2]

4.612 29

4.626 30

4.640 32

4.660 34

4.680 35

4.700 37

Signal MC sample 300k events
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MMiss(π) = ππ+π−l+l− recoil mass 

Fit function: sum of Gaussian and Crystal Ball 



Study of e+e− → π+π−ψ(2S) at √s > 4.6 GeV and search for the Zc(4430)± - M. Scodeggio Weekly Charmonium - December 2022 13

MC Studies
Background Rejection

√s 
4.680 GeV ΛcΛc ττ Hads µµ ee γγ Tot Eff. [%]

NTot 35047250 56093530 287911230 69508120 55673000 10815600 515048730 100,0000

NCutCh 152301 751 97416298 930 1513908 3877322 102961510 19,9906

NCutGoodCh 243 238 1034648 315 19755 442 1055641 0,2050

NCut_5trks 0 1 5585 1 0 0 5587 0,0011

NCut_6trks 0 0 8786 0 0 0 8786 0,0017

NCut_Alltrks 0 1 14371 1 0 0 14373 0,0028

From 1.3 billion inclusive MC events, 28136 survive, with a survival rate of ~ O(10ppm) 

Virtually only hadron component is surviving after the selection criteria

Inclusive MC sample 10x L data
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MC Studies

Out of 28136 total IncMC events,  
more of the 90% of events are from  

•Non-resonant ππ ψ(2S) signal  
•Multi-π states

Inclusive MC sample 10x L data
Background Rejection
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MC Studies
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MC Studies
Inclusive MC / Non-resonant MC/ Data 

Comparison
√s = 4.680 GeV

√s = 4.680 GeV

√s = 4.680 GeV
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Extraction of the σ(ππ ψ(2S))
Efficiency and Cut-flow

CONEXC 

5 iterations

Non-resonant  Signal MC sample 300k events

Sample Efficiency [%] ISR*VP 
Corr. Factor.

d(ISR*VP) 
Corr. Factor.

VP 
Corr. Factor

4,612 49,42 0,7230 0,0001 1,05453
4,626 48,39 0,7677 0,0002 1,05444
4,640 47,97 0,7760 0,0003 1,05442
4,660 46,91 0,8142 0,0004 1,05441
4,680 45,38 0,8588 0,0005 1,05448
4,700 43,84 0,8950 0,0005 1,05453
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Extraction of the σ(ππ ψ(2S))
ππ ψ(2S) cross-section

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 

functions  
 

A polynomial function is used to 
describe the background
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Extraction of the σ(ππ ψ(2S))
ππ ψ(2S) cross-section

The observed cross-section is 
compatible with the previous 

result of Ref. [11]
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Study of the Intermediate States
 e+e- → f0(980)ψ(2S) MC SampleData

Inc MC

In Ref.[11], a simplified 
PWA performed on the data 
sets highlighted f0(500) and 

f0(980) contribuGons 

The six data samples are 
merged together to have 

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

Zc MC Sample

The six data samples are 
merged together to have 

more staGsGcal significance 

In Ref.[11], a simplified 
PWA performed on the data 
sets highlighted f0(500) and 

f0(980) contribuGons 
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Dalitz Plots

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

Inc MC

The six data samples are 
merged together to have 

more staGsGcal significance 

In Ref.[11], a simplified 
PWA performed on the data 
sets highlighted f0(500) and 

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

The six data samples are 
merged together to have 

more staGsGcal significance 

Zc MC Sample
In Ref.[11], a simplified 

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

f0(980) contribuGons 
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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) invariant distribution 

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

 

The f0(500) contribution is 
modelled using a MC shape
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Extraction of the σ(f0(980) ψ(2S))
f0(980) contribution

Product of the f0(980) → π+π− branching 
fracbon and the Born cross-secbon of the 

e+e− → f0(980)ψ(2S) process
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Extraction of the σ(f0(980) ψ(2S))
f0(980) contribution

No parGcular structures can be 
recognised as the staGsGcal uncertainty 
prevents any conclusion to be possible

Product of the f0(980) → π+π− branching 
fracbon and the Born cross-secbon of the 

e+e− → f0(980)ψ(2S) process
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Analysis of the π±ψ(2S) Invariant Mass  

Efficiency and Cut-flow

√s = 4.680 GeV Events Efficiency [%]

NTot 300000 100

NCutCh 248899 82,97

NCutGoodCh 215894 71,96

NCut_5trks 62850 20,95

NCut_6trks 100828 33,61

NCut_Alltrks 163678 54,56

Explicative sample (@√s = 4.680 GeV) 

But overall efficiency ~ 50% ∀ √s

No assumption is made on the production 
cross-section

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

Signal MC Shape Extraction

√s [GeV] σ [pb] L  [pb-1] w

4.600 12,9 586,9 7571,01

4.612 14,4 102,5 1476,00

4.626 20 511,06 10221,20

4.640 21,7 541,37 11747,73

4.660 24 523,63 12567,12

4.680 22,1 1637,43 36187,20

4.700 18,9 526,2 9945,18

Signal function 
MC Signal Shape

Zc Signal MC sample 300k events
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No evident Zc(4430) 
contribution is present (0 ± 4)

Analysis of the π±ψ(2S) Invariant Mass  
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TotMass__mpipsi
Entries  4

Mean   2.207e+04

Std Dev    2.207e+04

3.8 3.96 4.12 4.28 4.44 4.6
)2c) (GeV/+π(2S)ψM(

20−
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20
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ts
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/ TotMass__mpipsi

Entries  4

Mean   2.207e+04

Std Dev    2.207e+04A Bayesian U.L. @90% 
will be given

In accordance with Ref.[11] and the 
Dalitz plots only f0 contributions 

are considered
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Systematic Uncertainties
On the cross-secbons, the systemaGc uncertainGes come from the selecbon efficiencies, the integrated luminosity, the vacuum 

polarisabon, the ISR radiabve correcbons, the tracking efficiency, and residual sources

• Luminosity: 1% as from Ref. [12] 
• Vacuum polarisa2on: 0.5% from Ref. [13] 
• ISR radia2ve correc2ons: Difference in the (1 + δ) between the last two iteraGons  
• Tracking efficiency: 1.0% per track[10], 2.0% (leptons) and 3.5% (average of 2 pion-topologies) 
• Intermediate states branching fracGons: from PDG 
• Lepton separa2on, trigger efficiency, and FSR: 1.0% from Ref. [11]

[12] Chin. Phys. C 46, 11, 113003   
[13] Sov. J. Nucl. Phys 41, 466-472
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Systematic Uncertainties
The systemaGc sources on the Zc(4430) U.L. come from the fiang procedure 

and choices, such as the binning, the signal range,  
and the parametrisabon of the signal and background

An addibonal systemaGc uncertainty comes from the number and selecGon efficiency 
of e+e− → π+π−ψ(2S) events for the producGon raGo esGmaGon 
 R = σ(e+e− → π±Zc(4430)∓ → π+π−ψ(2S))/σ(e+e− → π+π−ψ(2S)) 

These uncertainGes are esbmated with a toy MC 
simulaGon and then incorporated as a Gaussian prior 

in the Bayesian U.L.
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The results found in this analysis confirm Ref.[11] and  
clearly highlight the f0 contribubons to the π+π−ψ(2S) cross-secGon   

A search for the Zc(4430) exotic state is performed via the  
e+e-  → π+π-ψ(2S) reaction, but no evident Zc(4430) is found 

 

For the Zc(4430) studies, a fitting model can be chosen following a  
PWA-motivated generated signal MC sample  

An analytical f0(500) shape can be implemented 

Possible interference between the two f0 states needs to be accounted for

Conclusions and Outlook

32
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attention!
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Signal MC Studies
Event Selection

Goodness Cuts 

Vertex: Rxy < 1cm & Rz < 10 cm 

Polar angle: |cos θ| < 0.93

Channel ID 
# charged tracks > 4  

Signal MC sample 300k events

√s = 4.680 GeV
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Signal MC Studies
Event Selection

Goodness Cuts 

Vertex: Rxy < 1cm & Rz < 10 cm 

Polar angle: |cos θ| < 0.93

Channel ID 
# charged tracks > 4  

2 good charged topologies  

2l 3π  
2l 4π

Signal MC sample 300k events

√s = 4.680 GeV
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Signal MC Studies
E/p Selection

Goodness Cuts 

Vertex: Rxy < 1cm & Rz < 10 cm 

Polar angle: |cos θ| < 0.93

Channel ID 
# charged tracks > 4  

Leptons                           Pions 
     pT > 1 GeV                  pT < 0.85 GeV 

        E/p (e) > 0.7            
        E/p (µ) < 0.6                         

2 good charged topologies  

2l 3π  
2l 4π

µ e

Signal MC sample 300k events
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Extraction of the σ(ππ ψ(2S))
ππ ψ(2S) cross-section

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 

functions  
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Extraction of the σ(ππ ψ(2S))
ππ ψ(2S) cross-section
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Extraction of the σ(ππ ψ(2S))
ππ ψ(2S) cross-section
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MC Studies
Efficiency

CONEXC 

5 iterations

f0(980)  Signal MC sample 300k events

Sample Efficiency [%] ISR*VP 
Corr. Factor.

d(ISR*VP) 
Corr. Factor.

VP 
Corr. Factor

4,612 49,57 0,7281 0,0001 1,05453
4,626 48,99 0,7234 0,0002 1,05444
4,640 48,30 0,7984 0,0003 1,05442
4,660 45,76 0,8676 0,0004 1,05441
4,680 44,86 0,8531 0,0004 1,05448
4,700 44,83 0,8404 0,0005 1,05453
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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
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Resolution Studies

Resolubon [MeV/c2]

√s = 4.612 GeV 4,612 --

√s = 4.626 GeV 4,626 2.33

√s = 4.640 GeV 4,640 0.77

√s = 4.660 GeV 4,660 0.69

√s = 4.680 GeV 4,680 0.67
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