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What and Why

The ete- = mmP(2S) reaction offers the possibility to
probe the XYZ sector,
via the investigation of 2 exotic states

The Y(4660) via the ete- — [rt'Tt/fo(980)]W(2S)

Y(4660), observed by BaBar!'l. BELLE[2], and BESIII[S]
hypothesised to be a baryonium(4], a moleculel®),
or a tetraquark!S!

Study of the exotic Zc(4430) state through the
ete- = tZ:(4430)— rrrP(2S)

Z+-(4430) was observed and studied in the B-decays in
the P(2S) invariant mass by BELLE!”! (and by LHCb!8])

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Preamble

Motivation

In Refs. [9, 10], the Zc(3900)" state is seen both in TP(2S) and
rJ/Y, and in relation with the Y(4260) resonance

Ref. [10] finds R = o(rtZ«(3900) " — e/ )/ o(rere)/P) ~ 22%,
neglecting the the J/y to Y(2S) PHSP change,
~100 events are expected around Y (4660)

/P

(11 Phys. Rev. D 89, 111103
(21 Phys. Rev. D 91, 112007
(31 Phys. Rev. D 104, 052012
[41J. Phys. G 35, 075008 (2008)
[51Phys. Lett. B 6635, 26-29

e e’ 6 Phys. Rev. D 89, 114010
[71Phys. Rev. D 88, 074026
(8] Phys. Rev. Lett. 112, 222002
91 Phys. Rev. D 96, 032004
[10] Phys. Rev. Lett 110, 252001
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Preamble

How

The study will make use of the 12 datasets

@Vs > 4.6 GeV

No 7.(4430) signal was observed in the
mono-energetic datasets!'], so the main idea is
to merge all the data @Vs > 4.6 GeV
to use the whole statistics

/P
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Preamble

Datasets
Dataset Ecom (MeV) L (pb™1) Boss Version
4610 | 4611.86:0.120.30 | 103.6520.05+0.55
4620 | 4628.00+0.06:£0.32 | 521.53-£0.1142.76
4640 | 4640.91+0.06:£0.38 | 551.65:£0.1242.92 7.0.6
4660 | 4661.24+0.06:£0.29 | 529.43:0.1242.81
4680 | 4681.92+0.08-:0.29 | 1667.39-0.21+8.84
4700 | 4698.82+0.10-£0.36 | 535.54-£0.1242.84
4740 4739.704+0.20+£0.30 | 163.87+0.07+0.87
4750 4750.05+0.124+0.29 | 366.55+0.10+1.94
4780 4780.544+0.124+0.30 | 511.47+0.124+2.71 7.0.7
4840 4843.07+0.20+0.31 | 525.16+0.124+2.78
4914 4918.024+0.344+0.34 | 207.824+0.084+1.10
4946 4950.93+£0.36+0.38 | 159.28+0.07+0.84

How

The study will make use of the 12 datasets
@Vs > 4.6 GeV

No 7.(4430) signal was observed in the
mono-energetic datasets!'], so the main idea is
to merge all the data @Vs > 4.6 GeV
to use the whole statistics

/P

[11 Phys. Rev. D 89, 111103
(21 Phys. Rev. D 91, 112007
(31 Phys. Rev. D 104, 052012
[41J. Phys. G 35, 075008 (2008)
[51Phys. Lett. B 6635, 26-29

&, (61 Phys. Rev. D 89, 114010
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[71Phys. Rev. D 88, 074026
(8] Phys. Rev. Lett. 112, 222002
91 Phys. Rev. D 96, 032004
[10] Phys. Rev. Lett 110, 252001
(11 Phys. Rev. D 104, 052012
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Study of e*e- = T YP(2S) at Vs > 4.6 GeV and search for the Z:(4430)

e'e — mZ(4430)

noPhotos
Particle vpho 4.6819 0

Decay vpho
0.5000 dummyl@_1 pi- PHSP;

0.5000 anti-dummyl@_1 pi+ PHSP;

Enddecay

Decay dummyl@_1
1.0000 pi+ psi(2S) PHSP;
Enddecay

Decay anti-dummyl@_1
1.0000 pi- psi(2S) PHSP;
Enddecay

Decay psi(2S)
1.0000 pi+ pi- J/psi PHSP;
Enddecay

Decay J/psi
0.5000 e+ e- PHSP;
0.5000 mu+ mu- PHSP;
Enddecay

End

* - Marco Scodeggio

DEC Cards

7,4430) |
' Mzc = 4478%15418 MeV
0zc=181 + 31 MeV

| E

Signal MC samples
300k events

Preamble

¢e — myP(2S)

Particle vpho 4.6819 0.0
Decay vpho

1.0000 ConExc -2 100443 211 -211
Enddecay

Decay vhdr
1.0000 psi(2S) pi+ pi- VVPIPI;
Enddecay

Decay psi(2S)

1.000 J/psi pi+ pi- JPIPI;
Enddecay

Decay J/ps1i
0.5000 e+ e- PHOTOS VLL;

0.5000 mu+ mu- PHOTOS VLL;
Enddecay

End
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e'e — fo(980)y(2S)

Particle vpho 4.6819 0.0
Decay vpho

1.0000 ConExc -2 100443 9010221,
Enddecay

Decay vhdr
1.0000 psi1i(2S) f_0 PHSP;
Enddecay

Decay psi(2S)
1.000 1/psi pi+ pi- JPIPI;
Enddecay

Decay f_0
1.0000 pi+ pi- PHSP;
Enddecay

Decay J/psi
0.5000 e+ e- PHOTOS VLL;

0.5000 mu+ mu- PHOTOS VLL;
Enddecay

End

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Preamble
DEC Cards

Signal MC samples
300k events

¢e — myP(2S)

Particle vpho 4.6819 0.0
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Decay J/ps1i
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Signal MC Studies

Goodness Cuts

Vertex: Rxyy <1cm & Rz <10 cm

Polar angle: |cos 6| < 0.93

——

Channel ID

# charged tracks > 4

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Event Selection
(7)) |
 oe non-Resonant MC Vs = 4.680 GeV
o Z (4430) MC

0.4

0.2

Inclusive MC

Charged
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Signal MC Studies

Goodness Cuts

Vertex: Rxyy <1cm & Rz <10 cm

Polar angle: |cos 6| < 0.93

——

Channel ID

# charged tracks > 4

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Mc
300y ev::':;”’e
Event Selection
o 0.6
*GEJ N non-Resonant MC Vs = 4.680 GeV
zF Z (4430) MC
= Inclusive MC —
0.4—
0.2
B <“—>
I T S e— e 8 "9 "0
NGood Charged
> 2 good charged topologies
2¢ 311
2¢ 41
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Signal MC Studies

E/p Selection

Goodness Cuts

Vertex: Rxyy <1cm & Rz <10 cm

Polar angle: |cos 6| < 0.93

——

Channel ID

# charged tracks > 4

Leptons Pions
pr >1GeV pT < 0.85 GeV
E/p (e) > 0.7
E/p () < 0.6

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Events/20.0

0.1— F non-Resonant MC
‘ Z_(4430) MC
i i+ J . Inclusive MC
#
0.05—
4
¢ ¢
zl
° |l! | ¥ - L1 | 1
Y020 16 —18 2
Ecvc Prvbe
> 2 good charged topologies
2¢ 31
2¢ 411
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Event Selection

2 good charged topologies\

2041
20311

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

0 MeV/c

Events/10

O
o
N

0.015

0.01

0.005

non-Resonant MC
Z.(4430) MC
Inclusive MC

“ Channel ID

| Pions Leptons ‘
p<0.85 GeV p> 1.00 GeV il
‘ E/p(e)>0.7 |
é E/p (1)< 0.6 |

| — e ———————
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Event Selection

2 good charged topologies\

2041
20311

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Mc
300y ev::’t';ple
¢ 0.02 - =
=~ non-Kesonant
% i 2 (4430) MC Vs = 4.680 GeV
= Inclusive MC
o 0.015—
o 1l
= B .
o 0.01 .
> .
oL %
;
0.005— %l
B %
I I I I |4- W I I
0 2.5
p (GeV/c)
i
L B B /
| | Optimisation
* Channel ID ¢
Pions Leptons "
p > 1.00 GeV |

E/p (e)>0.7 |
E/p (1) < 0.6 |

.___;__“' e ———— _ — —— — — — — — — e — I — -

! p <0.85 GeV
]
I~
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Event Selection

Charged Particles Momentum Optimisation

Punzi FOM optimisation

v /s and using only MC datasets

e
O 1.95 —
R
Js pch [GeV/c] Js pch [GeV/c] | 85 :_
4.612 0.71 4.740 0.81 C
1.8—
4.626 0.73 4.750 0.82 ~
4.640 0.74 4.780 0.85 1.75 [— ‘, S — 4 6 8 O G eV
4.660 0.75 4.840 0.86 S
4.680 0.77 4.914 0.96 —
165 __I' | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I
4.700 0.79 4.946 0.97 0 5 10 15 20 25 30 35 40
1.00 - x*0.01 (GeV/c)
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Event Selection

Topology-dependent Kinematic Fits

24T 2037

6-constraint (6C) kinematic fit 2-constraint (2C) kinematic fit

1C on the My,
1C on the My2s)
4C on the pror = ({s*sin(0.011), 0, 0, M)

1C on the My,
1C on the Mw(zg)
[p1ot = (/s*sin(0.011), 0, 0, Ms)]

The 1t couples are selected via the best %2 Tt and MMviss” couples are selected via the best x2

"Timiss €ither from prompt production
or from w(2S) decay, but not from Z(4430)
by asking p(nw.s) < 0.50 GeV

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio BESIII Physics and Software Meeting - June 2025 15



Events/2.00 MeV

Events/2.00 MeV

Event Selection

Signal Windows Definition

¢ Signal MC
— Fit
\/g — 4680 GeV ----- G.Iaussian
--------- Crystal Ball
J/y
1000— 2e3rr
500
29 5.95 3 3.05 3.1 3.15 Ry 3.3
M, (GeV/c)
¥ Signal MC
s [
1500 \/g =4680GeV @ ™A, ... Gaussian
----------- Crystal Ball
J/y
2edrm
1000
500

3.2

3.25 9.3
M, (GeV/cY)

Events/2.00 MeV/c?

Events/2.00 MeV

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

00—

)00

>00

/s = 4.680 GeV

Jy
2,3

29 295 3

3.05

3.1

¢ SignalMC
Fit

Gaussian
Gaussian

||||||||||

315 32 325 3.3 32.35

M, (GeV/c)

N
o
o
)

—h
o)
o
T

—h
o
o
)

500

s = 4,680 GeV

)y
214

2.95 3

3.05

$

3.1

+ Signal MC
e it
Gaussian
Gaussian

3.15 32 325 3.3 32.35

My, (GeV/cY)

Selection performed on
both the topologies on

M(J/w) and M(w(2S))

o of the distributions are in
the [19, 25] MeV/c? range

BESIII Physics and Software Meeting - June 2025
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Events/2.00 MeV

Events/2.00 MeV

1000

500

3

1500

1000

500

Event Selection

Signal Windows Definition

3 SanaI MC
\/g = 4,680 Gev H} --T (F:‘.I;ussian
— " ( 26 ) . S Crystal Ball
2e3m

334535 36 365 3.7 38 385 2.9
Mw(zs) (GeV/c)
_l_ + I S.ignaIMC
B \/_S = 4680 GeV : (FB-I;ussian
YN Crystal Ball
- | Y(2S)
?e4n

55

"3.75

3.8
M, s (GeV/c?)

Events/2.00 MeV

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

{ ¥ Signal MC
— Fit
N vg — 4-680 Gev s‘,iﬂ ----- Glaussian
X e Crystal Ball
1000
500
35 355 3.6 3.65 3.7 375 3.8 3,85
M, s) (GeV/c?)
)Oo_ + I Sjgnal MC
s =4.680 GeV T Goussian
— Gaussian
. P(2S)
500—
214
)O0—
00—
e - ! T r
=5 30 3.65 3.7 3.75

3.8
M, s, (GeV/c?)

Selection performed on
both the topologies on

M(J/w) and M(w(2S))

o of the distributions are in
the [19, 25] MeV/c? range
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Event Selection

Signal Windows Definition

An additional selection is
applied on Myss(TT) for the
2¢31 topology

o of the distributions are in the
129, 37] MeV/c? range

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Events/2.00 MeV

1500

1000

500

¢ Signal MC
— it
=== (Gaussian
------ Crystal Ball

s = 4.680 GeV

-~
.....
* s

l..F
[
o b T e e R et e con s

| I | L1 L
0.1 0.15 0.2 025 0.3 0.35
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® ®
Background Rejection  "enc,,
‘ Decay tree Ngyis E;-Ibt Niyis

1 ete” >t Y Y > atn=J/p, J/Y — utum | 3389 3389
2 ete” > nta= ' = atn=J/p, J/v — ete” 2983 6372
3 tem s> atn YN W > ata T/, T/ — ~ | 2875 9247 ogye : .
s " o _f,,.rfwm, Jfb_) WZWTJ/Q,DJ/Q_) M’iﬁff o508 | 11775 From 1.3 billion inclusive MC events, 28136
5 ete™ =t 'yl ' = wtn=J/p, T/ — ete™ | 2499 14274 - ' ‘
i e i ot e T Ty erer | 2313 | 16587 survive, with a survival rate of [4, 28] ppm
7 ete” >t Y Y > atnmJ/p, J/Y — ptum | 1346 17933
8 ete” > ntan= ' - atn=J/p, J/v — ete” 1249 19182
9 ete” >t Y Y > atn=J/, J/Y — ptum | 1037 20219 ' ,
. e g T TR L wr | o Virtually only the hadron component is
11| etem o ata ) S atam I/, T/ - ptum | 307 | 21433 surviving after the selection criteria
12 ete” >t Y > ot~ J/Y, J/Y — ete” 289 21722
13 ete” >t Y W s>t J/Y, I/ — putu 276 21998
14 ete” > antan= Y = artn=J/p, J/v — ete” 245 22243
15 ete” > atn Y W > ata J/, /v — ptuo 240 22483
16 ete” »>ntn Y, > ata=J/Y, J/Y — ete” 197 22680
17 ete™ — mHn Y W — wtn=J/p, T/ — ptp 188 29868 Out Of 28136 tota\ IncMC events, the
18 ete” >t Y Y > atnmJ/p, J/Y — utuo 161 23029 _I:
19 ete” o ntn Y ) s>t J/Y, /b o efe” 156 23185 events are rrom

20 | ete” > W - 144 | 23329
21 ete” >t Y Y > atnmJ/p, J/Y — utuo 132 23461 ® O _ '
Sl IR G AL PRI A Sl o Bl e > 90% Non-resonant tmy(2S) signal
23 | efer sata W s ot J/p, T/ - ptpu” | 104 23674 ® o .

24 ete” s> ntntatr—n—no! 103 | 2377 < O A) M U‘tl rstates
25 ete” >t Y Y > atamJ/p, J/Y — utuo 96 23873
26
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\
.\Is — A‘.GBO Ge D Tot
ecay tree Nigws | D.; NEuts
| ete” > ntntnto—n—n™ 50 50
2 ete” > ntrtntn—n—n ! 39 89
3 ete” >ttt 19 108
4 ete” > ntntnto—n—n~ 16 124
5 ete™ = KOK2J/yy!, K — ntn=, J/v — ptu~ 10 134
6 ete” - KeK2J /Y, K — ntn=, J/v — utp™ 7 144
7 ete” = mtbiy/ by - 7 w,w = 7ot 5 149
8 ete” > ntntntn—n ™ 5 151
9 ete” — KeKoJ/Y, K — ntn—, J/¢ — ete” 5 156
10 ete” - KSK3J/Y, K¢ — nn=, J/v — utp~ 4 160
11 ete” = by, b7 = ntw,w — 7O0ntr 4 164
12 ete” > ntntntn o n™ 4 168
13 ete™ = mtn foiyd, fo — ntatanT o 4 172
14 ete™ = KeK2J /vy, K — ntn=, J/¢p — eTe™ 4 176
15 ete” - K2K2J/Y, Ke — nra—, J/¢p — ete” 3 179
16 ete™ = by, by - mw,w — 7ot 3 182
17 ete” > ntagyl,ay = 7, — wo0ntw 3 185
18 ete” = mtn Y, Y = xav, X = J/Uy, I/ = ptum |3 188
19 ete™ = ntn= foyd, fo = ntnto—n 2 190
20 ete™ = nta fi, fo — p°p°, p° = i 2 192
21 ete” > ntntnto—n—n~ 2 194
22 ete” = ntflar, fo = ntn~ a7 = pPn—, p" > whw™ 2 196
23 ete” = m0n%rtrtor—n~ 2 198
24 ete” = by, by - mw,w — 7ot 2 200
25 ete” > by ,by > T w,w Tt T 2 202

26

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Background Rejection ™,

Removing the signal component to the
inclusive MC samples

The resulting contribution is of the order

O(1 ppm) over the total number of
simulated event

The background oscillates
between 2% and 23%

BESIII Physics and Software Meeting - June 2025 18



Cut Flow of Event Selection

Cuts [{/s = 4.680 GeV] Events | Efficiency (%] Cuts [{/s = 4.700 GeV] Events | Efficiency [%)]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 253871 84.62 Fiducial 254488 84.83
Kinetic PID 215785 71.93 Kinetic PID 215839 71.95
5 Trks Events - Kalman Fit 1C | 38643 12.88 5 Trks Events - Kalman Fit 1C | 38900 12.97
6 Trks Events - Kalman Fit 1C | 76189 25.40 6 Trks Events - Kalman Fit 1C | 76203 25.40
5&6 Trks Events 114832 38.28 5&6 Trks Events 115103 38.37

Table 9: Cut-flow for the eTe~™ — Table 10: Cut-flow for the eTe™ —
n T 1(25) process at /s = 4.680 GeV. n w1 (285) process at /s = 4.700 GeV.
Cuts [{/s = 4.740 GeV] Events | Efficiency (%] Cuts [{/s = 4.750 GeV] Events | Efficiency [%)]

Total Tracks 300000 100 Total Tracks 300000 100

Fiducial 256133 85.38 Fiducial 256091 85.36

Kinetic PID 217253 72.42 Kinetic PID 216867 72.29

5 Trks Events - Kalman Fit 1C | 34636 11.55 5 Trks Events - Kalman Fit 1C | 33433 11.14

6 Trks Events - Kalman Fit 1C | 72349 24.12 6 Trks Events - Kalman Fit 1C | 71096 23.70

5&6 Trks Events 106985 35.66 H&6 Trks Events 104529 34.84

Table 11:

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Cut-flow for the ete™ —
n T 1(25) process at /s = 4.740 GeV.

Table 12: Cut-flow for the eTe™ —
w1 (285) process at /s = 4.750 GeV.

BESIII Physics and Software Meeting - June 2025



Extraction of the

o(ete-—> r+Tt-YP(29))

udy of e*e- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430): - Marco Scodeggio




Extraction of the a(e'e —> - y(28))

Signal Shape & Efficiency

For each s, the signal is modelled via

o 5‘9“““%\?:'::‘9 a signal MC sample with a sum of
S8 30? —— Data @Vs = 4.680 GeV 9 P
O 70000 — Fit Gaussian and Crystal Ball functions
O- — Gaussian 1
LO 60000 | |
N — e Gaussian 2
" 50000 |— o
q>>400005 <EﬁlCleﬂCy> ~36%Conexc
LL —
30000 —
200005— o (from Ref.[11]) is used as input to estimate the
- vacuum polarisation factor and the ISR correction, an
10000 == iterative procedure is performed based on the relation
0 — S alna s 1)) U Ll el et I e S T L ok e e
3.66 3.665 3.67 3.675 3.68 3.685 3.69 3.695 3.7 3.705 3.71

M(r+ v J/p) (GeV/c?) The final ogorm 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

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio BESIII Physics and Software Meeting - June 2025 21



Events/5.00 MeV/c?

Events/5.00 MeV/c?
— N N w

—

Events/5.00 MeV/c?

6;_ 3 D.ata @ys = 4612 MeV BESIII
4 T s |
— - Backgroun
o e 1 @Js =4.610 GeV
O + R
o |
6
41—
21—
L L L L] | L L L
Q% 6 3.62 3.64 3.66 3.68 3.7 3.72 3.74 .
M(re-0/0) (GeV/c?)
00:_ § Data @fs=4680 MeV ” BESIII
I it result
I = == = Signal
BOF- -~ Backgrome 1 @/s = 4.680 GeV
00 f— 1
50—
00 f—
50 f— ’ \
:~ A | L | P BT R
Qs.s‘ 3.62 3.64 3.66 3.68 3.7 3.72 M é;.(zgwpz\
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> gt Y(2S))

Data Fits

For each s, the mry(2S) contribution
is extracted by fitting the M(rtnJ/y)
Invariant spectrum

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

A polynomial function is used to
describe the background
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Extraction of the a(e'e —> - y(28))

P (2S) cross-section

fo) =
£ LB A BESII PRD 104 052012 BESIII - NObS
o — BELLE PRD 91112007 —
c'CQI 40 — % BaBar PRD 89 111103 No Systematic Born E( 1 _|_ 5) 1 68
= 355 ®  This Analysis - Conexc Uncertainty |1—H2‘
EE
- 30 E_ *
N\ 25 I #
| E H $b ° °
o 20 $ t $ i T The observed cross-section is compatible
T 155 m + . with the previous result of Ref. [11]
é 10 ;— ‘ ? } ! +
SE | ; Results from BELLE and BaBar are reported
= & P
O 1 l l l l l I l l l l I l l l l I l l l l I I l I l l l I l i l I l l l I l l

4.6 4.65 4.7 4.75 4.8 4.85 4.9 4.95 5 too, further confirming the compatibility of
Vs (GeV) this thesis' results with the published literature

[11] Phys. Rev. D 104, 052012
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Extraction of the o(ee

P (2S) cross-section

> gt Y(2S))

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

BESIII Physics and Software Meeting - June 2025

Ecor (MeV) [ L (pb™) | Nows | € (%) | 0observea (Pb) | 1+6) | 27z | OBorm (PD)
4611.86 103.65 | 2672 |38.00 | 16.497317 | 0.893 | 1.05453 | 17.517337
4628.00 521.53 | 156713 | 39.22 | 19.06717; | 0.886 | 1.05444 | 20.407 ;7
4640.91 551.65 | 2032 | 40.36 | 22.78%1¢s | 0.854 | 1.05442 | 25.28% '3
4661.24 529.43 202--}g 39.88 | 23.907;77 | 0.878 | 1.05441 | 25.817 3
4681.92 | 1667.39 | 518753 | 37.99 | 20.43*79) | 0.950 | 1.05448 | 20.39%
4698.82 535.54 173j}ji 38.21 | 21.12717' | 0.925 | 1.05453 | 21.67+1 72
4739.70 163.87 | 37F{ |35.51 | 15.89759%5 | 1.045 | 1.05484 | 14.4273 %
4750.05 366.55 | T7TIy | 34.79 | 15.09%;5 | 1.054 | 1.05493 | 13.571;7
4780.54 511.47 | 847° | 32.90 | 1247113 | 1.126 | 1.05518 | 10.5071 73
4843.07 5256.16 | 66%g |30.52 | 10.29%3 | 1.150 | 1.05570 | 8.4877;
4918.02 207.82 | 1977 |29.24 | 7.8177¢] 1.255 | 1.05623 | 5.89™ 5
4950.93 | 159.28 | 23%6 |34.16 | 1056727 | 0.999 | 1.05636 | 10.01+251
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Study of the
Intermediate
States
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Study of the Intermediate States

Dalitz Plots ete-
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In Ref.[11], a simplified
PWA performed on the data
sets highlighted fo(500) and _

fo(980) contributions

1200

. The data samples are
« merged together to have

600
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Study of the Intermediate States

Dalitz Plots
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Cut Flow of Event Selection

Cuts [v/s = 4.680 GeV]| Events | Efficiency %] Cuts [v/s = 4.700 GeV]| Events | Efficiency %]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 252843 84.28 Fiducial 253827 84.61
Kinetic PID 217074 72.36 Kinetic PID 217904 72.63
5 Trks Events - Kalman Fit 1C | 37655 12.55 5 Trks Events - Kalman Fit 1C | 37898 12.63
6 Trks Events - Kalman Fit 1C | 92285 30.76 6 Trks Events - Kalman Fit 1C | 91744 30.58
5&6 Trks Events 129940 43.31 5&6 Trks Events 129642 43.21
Table 22: Cut-flow for the Table 23: Cut-flow for the
ete” —  fo(980)y(2S) process at ete” —  fo(980)1(2S) process at
Vs = 4.680 GeV. Vs = 4.700 GeV.
Cuts [/s = 4.740 GeV]| Events | Efficiency %] Cuts [{/s = 4.750 GeV]| Events | Efficiency %]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 256114 85.37 Fiducial 256903 85.63
Kinetic PID 219228 73.08 Kinetic PID 220067 73.36
5 Trks Events - Kalman Fit 1C | 35609 11.87 5 Trks Events - Kalman Fit 1C | 34937 11.65
6 Trks Events - Kalman Fit 1C | 89614 29.87 6 Trks Events - Kalman Fit 1C | 87306 29.10
5&6 Trks Events 125223 41.74 5&6 Trks Events 122243 40.75
Table 24: Cut-flow for the Table 25: Cut-flow for the
ete” —  fo(980)y(2S) process at ete” —  fp(980)1(2S) process at
Vs = 4.740 GeV. Vs = 4.750 GeV.
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Extraction of the o(fo(980) v (2S))

f0(980) contribution

For each s, the fo(980) contribution is extracted by
fitting the M(rtrt) and M(rp(2S)) invariant distributions

120

he signal is a Flatté smeared by a Gauss(0, o)
multiplied by a threshold function

100

Events/5.0 MeV/c2

(0]
o

1
s — M? + i (g10x2(8) + 920k k (5))

BW(s) =

The fo(500) contribution is modelled with

D
o

N
o

D
& o
III|III|III|III|III|III|III

1

BW(s) =
' ‘s | | (%) s — Mg+ i+/sT

1 1.2 1.4

M(rt+1t) (GeV/c?)

o

with an energy-dependent width a la E/91...

m2
I'(s) = \/1 -~ 4;’*1“
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Extraction of the o(fo(980) v (2S))

f0(980) contribution

For each (s, the fo(980) contribution is extracted by

B )
E fitting the M(rtrt) and M(p(2S)) invariant distributions
B The signal is a MS shape smeared by a Gauss(0, o)
E The fo(500) and PHSP contributions are modelled
B 4 too by a MS shape
: b A A
W”‘ R 42 a g 8eeg 0000,

M(Tp(2S)) (GeV/c2)
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Extraction of the o(fo(980) v (2S))

f0(980) contribution

< - <G 100
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Extraction of the o(fo(980) v (2S))

f0(980) contribution

30

_F + BESI” No particular structures

a ®C + No Systematic can be recognised

\E/ B + Uncertainty

S sol— I o

o “F | + | Within the statistical uncertainty,
°E o e'e — TTY(2S) ' ! ! The hypothesis of the Y(4660) being
= et aomaS, ; | { an fo(980) - w(2S) moleculel'2

- ‘ cannot be confirmed
0 4?6 4.|65I | 4!7 4.|75I 4?8 | 4.|85I | 4?9 | I4.|95I
Js (GeV)
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Extraction of the o(fo(980) v (2S))

EC’oM (MeV) N(J;%(SQSO) €f0(980) (%) (1 5) |1—1H|2 g X B (pb)
4611.86 16 =4 0.4858 0.677 | 1.00453 2.21 £ 2.78
4628.00 107 = 10 0.4795 0.673 | 1.05444 15.07 = 1.41
4640.91 106 = 11 0.4792 0.714 | 1.05442 19.47 = 1.38
4661.24 120 = 10 0.4533 0.792 | 1.056441 14.96 &= 1.25
4681.92 337 £ 15 0.4331 0.817 | 1.05448 13.53 = 0.60
4698.82 120 =9 0.4321 0.804 | 1.00453 15.28 =1.15
4739.70 34 =4 0.4174 0.847 | 1.00484 13.90 =1.63
4750.05 063 = o 0.4075 0.902 | 1.05493 11.07 = 0.88
4780.54 43 = 7 0.3478 1.103 | 1.09518 5.19 £ 0.84
4843.07 43 = 8 0.3601 0.972 | 1.05570 5.04 £ 1.03
4918.02 11 @90% C.L. 0.3963 0.889 | 1.05623 | 3.55 @90% C.L.
4950.93 12 @90% C.L. 0.3870 0.895 | 1.05636 | 5.14 @90% C.L.

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio
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[12] Phys. Lett. B 665, 26-29 (2008)

33



Systematic Uncertainties on the Cross-sections

® [ uminosity: 1% as trom Ref. [13]

® Vacuum polarisation: 0.5% from Ret. [14]

e ISR radiative corrections: Difterence in the (1 + 8) between the between the first (flat cross-

section hypothesis) and the last iterations is taken as systematic uncertainty
* Tracking efficiency: 1.0% per trackl10], 2.0% (leptons) and 3.5% (average of 2 pion-topologies)
* Intermediate states branching fractions: from PDG

* | epton separation, trigger efficiency, and FSR: 1.0% from Ret. [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, 466-4772
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Systematic Uncertainties on the Cross-sections

e Mass veto windows: Variations in veto windows were considered up to £6c. No significant

(< 0.50) deviations were observed

e Different Generator: With KKMC, < 0.50 (non-significant) deviations were observed

e Bin Size: Ditterences wrt the nominal value oscillate within 1o significance, passing the
Barlow’s test

e Background Shape: Inclusive MC shape was tested. Differences with respect the nominal

values oscillate within 1.10 significance for every energy point. Despite being relatively small

the difference, this systematic source (taken as the difference) was added

* 10(500)/10(980) Masses and Widths: Changed up to 50 from PDG. From the broad spectrum
of tests all the differences oscillate within 1.50 significance, passing the Barlow’s test

* fo(980) Shape: In the nnspectrum a Crystallball function was tested, while in the ny 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 3o, passing the Barlow's Test

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio BESIII Physics and Software Meeting - June 2025 35



P (2S) cross-section

Sample | Luminosity Vac.uugl ISR Tra(.:king Intermediate | Other | Bkg. Total
polarisation | corrections | efficiency States B sources | Shape
4.612 1.00 0.50 8.03 3.50 1.00 0.90 38.46 | 39.48
4.626 1.00 0.50 5.31 3.50 1.00 0.89 1.28 | 6.72
4.640 1.00 0.50 6.03 3.50 1.00 0.86 9.85 | 12.19
4.660 1.00 0.50 4.20 3.50 1.00 0.88 1.49 | 5.92
4.680 1.00 0.50 1.54 3.50 1.00 0.95 0.00 | 4.22
4.700 1.00 0.50 3.49 3.50 1.00 0.93 10.40 | 11.65
4.740 1.00 0.50 0.17 3.50 1.00 1.05 40.54 | 40.73
4.750 1.00 0.50 0.61 3.50 1.00 1.06 7.79 | 8.76
4.780 1.00 0.50 0.14 3.50 1.00 1.13 0.00 | 3.97
4.840 1.00 0.50 1.67 3.50 1.00 1.16 31.82 | 32.11
4.914 1.00 0.50 0.06 3.50 1.00 1.26 10.53 | 11.27
4.946 1.00 0.50 7.11 3.50 1.00 1.00 8.70 | 11.90

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio
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Systematic Uncertainties on the Cross-sections

f0(980) Y (2S) cross-section

Sample | Luminosity VaC.UU.I.Il ISR Trac.:king Intermediate | Other | Bkg. Total
polarisation | corrections | efficiency States B sources | Shape

4.612 1.00 0.50 3.35 3.50 1.00 0.68 0.06 | 5.12
4.626 1.00 0.50 6.63 3.50 1.00 0.68 0.11 | 7.67
4.640 1.00 0.50 3.50 3.50 1.00 0.72 0.03 | 5.22
4.660 1.00 0.50 2.44 3.50 1.00 0.80 0.09 | 4.59
4.680 1.00 0.50 0.81 3.50 1.00 0.82 0.03 | 3.98
4.700 1.00 0.50 0.93 3.50 1.00 0.81 0.00 | 4.00
4.740 1.00 0.50 0.03 3.50 1.00 0.85 0.03 | 3.90
4.750 1.00 0.50 3.81 3.50 1.00 0.91 0.06 | 5.47
4.780 1.00 0.50 7.63 3.50 1.00 1.11 0.16 | 8.60
4.840 1.00 0.50 0.40 3.50 1.00 0.98 0.12 | 3.95
4.914 — — — — — — — —
4.946 — — — — — — — —

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio
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Final Born Cross-sections Results

Sample

OBorn (M"Y (2S5)) (pb)

O-Born(fO(98O)¢(2‘s)) X
B(fo(980) — 7+7~) (pb)

4.612
4.626
4.640
4.660
4.680
4.700
4.740
4.750
4.780
4.840
4.914
4.946

17.517537 -

- 6.91

20.401 % -

- 1.37

25.28 120 =

- 3.08

25.811195 =

- 1.53

20.391053 =

- (0.86

21.67172 -

= 2.52

14.4272-73 -

- 0.87

13.57+%:Z? -

- 1.19

10.501 123 -

- (0.42

8.4811 05 £2.72
5.89715° + 0.66

10.0175 75 -

- 1.19

2.217578 +0.11
15.071 1% + 1.16
19.471 138 4 1.02
14.967 152 4 0.69

13.53% 500 = 0.54
15.28%112 £ 0.61
13.90" 183 & 0.54
11.07 558 + 0.61

5.19705; £ 0.45
5.5411 05 £0.22
3.55 @90% C.L.

5.14 @90% C.L.
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Analysis of the Tt=(2S5)
Invariant Mass and

Search for the Z.(4430)=
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Cut Flow of Event Selection

Cuts [v/s = 4.680 GeV] Events | Efficiency %] Cuts [y/s = 4.700 GeV] Events | Efficiency %]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 200531 83.51 Fiducial 252119 84.04
Kinetic PID 210770 70.26 Kinetic PID 212800 70.93
5 Trks Events - Kalman Fit 1C | 51886 17.30 5 Trks Events - Kalman Fit 1C | 51570 17.19
6 Trks Events - Kalman Fit 1C | 92451 30.82 6 Trks Events - Kalman Fit 1C | 94101 31.37
5&6 Trks Events 144337 48.11 5&6 Trks Events 145671 48.56

Table 35: Cut-flow for the eTe™ —
nt7.(4430)F — 7wTm—4(25) process at

Table 36: Cut-flow for the ete™ —
¥ 7.(4430)F — w7 (28) process at

Vs = 4.680 GeV. Vs = 4.700 GeV.

Cuts [v/s = 4.740 GeV] Events | Efficiency %] Cuts [v/s = 4.750 GeV] Events | Efficiency %]

Total Tracks 300000 100 Total Tracks 300000 100

Fiducial 254349 84.78 Fiducial 254486 84.83

Kinetic PID 214356 71.45 Kinetic PID 213609 71.20

5 Trks Events - Kalman Fit 1C | 49170 16.39 5 Trks Events - Kalman Fit 1C | 47993 16.00

6 Trks Events - Kalman Fit 1C | 97184 32.39 6 Trks Events - Kalman Fit 1C | 97526 32.51

5&6 Trks Events 146354 48.78 5&6 Trks Events 145519 48.51

Table 37: Cut-flow for the ete™ —
¥ 7.(4430)F — w7 —(28) process at
Vs = 4.740 GeV.

Table 38: Cut-flow for the ete™ —
¥ 7.(4430)F — w7 (25) process at
Vs = 4.750 GeV.
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Analysis of the ey (28S) Invariant Mass and Search for the Z(44350)+

Signal MC Shape Extraction

Vs [GeV] WNormalised =
(o x £)/(0 x £)] a.6s0
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

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

s =4.612 GeV

Is=[4.612,4.626] GeV
Is = [4.612, 4.640] GeV
Is =[4.612, 4.660] GeV

s = [4.612, 4.680] GeV

Is =[4.612, 4.700] GeV ——

fs = [4.612, 4.914] GeV
- fs = [4.612, 4.946] GeV
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Analysis of the ey (28S) Invariant Mass and Search for the Z(44350)+

Signal MC Shape Extraction

C Sa
m
300k ¢ onte ple
Vs [GEV] WNormalised =
(o x £)/(0 x £)] a.680
4.612 0.05 N —
O —
4.626 0.31 30000 BESIII
() —
4.640 0.41 > 55000
4.660 0.40 g - \s = 4.612 GeV
4.680 1.00 120000~ (52 14017 4040] Gov
N — Vs = [4.612, 4.660] GeV
4.700 0.34 15000 oo ey
q) : Si . , 4. e
4.740 0.07 e R
10000 — \s = [4.612, 4.780] GeV
4.750 0.15 — Vs = [4.612, 4.840] GeV
— Vs =[4.612, 4.914] GeV
4.780 0.16 5000— Vs = [4.612, 4.946] GeV
4.840 0.13 N . . = L |
4914 0.04 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1'6M(n+n') (SGeV/CZ)Z
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Analysis of the ey (28S) Invariant Mass and Search for the Z(44350)+
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Analysis of the ey (28S) Invariant Mass and Search for the Z(44350)+

Drawing from the o(980) study,
the the M(mtrt) and M(Tt(2S))

invariant distributions are fitted
without Z,(4430) contribution

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

Value
N(fo(980)) 088 + 29

N(fo(500)) | 384 + 29
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Analysis of the ey (28S) Invariant Mass and Search for the Z(44350)+

y sian U.L. @9\0% N
N N(ZJ(4430)) < 14

g 0.8
5
g 0.6
The Bayesian U.L. is obtained by integrating
the posterior distribution using the Metropolis- 0.4
Hastings algorithm with a uniform proposal L
distribution, a upper limit (U.L.) with a Uniform 0.2 -
prior and incorporating the systematic ——
uncertainties % 5 10 E R 35 50
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Analysis of the ey (28S) Invariant Mass and Search for the Z(44350)+

Production Ratio Estimation

N N(Z(4430) <14/ -

——— ==

(et e > TEZL(4430)F > - p(25)

<0.7 %

0Born(€te™ = wtm=1)(29))

When compared with the paper!'0 used as motivation for this analysis, the
Z.(4430)" state production in the e¥e” = nTmryw(2S) channel is suppressed by at
least 20 times with respect to that of the Z(3900)* hadron in e*e” = m*rJ/w
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Conclusions and Outlook

Using twelve data samples with a total integrated luminosity of ~5 fb-1 @Vs = [4.612, 4.946]

%@ The ete- - - P(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 ete-— fo(980)P(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 fp(980) -
P(2S) bound state, but the statistical uncertainty prevents conclusion

" A search for the Z.(4430) exotic state @Vs < 5.0 GeV is performed via the

ete- = Y (2S) reaction, but no evident Z.(4430) is found and a Bayesian upper limit at the 90%
confidence level (C.L.) is set
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Event Selection

Charged Particles Momentum Optimisation
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After Selection Comparison
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Cut Flow of Event Selection

Cuts [{/s = 4.612 GeV] Events | Efficiency [%)] Cuts [{/s = 4.626 GeV] Events | Efficiency [%)]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 252731 84.24 Fiducial 252435 84.15
Kinetic PID 215256 71.75 Kinetic PID 215129 71.71
5 Trks Events - Kalman Fit 1C | 40301 13.43 5 Trks Events - Kalman Fit 1C | 41271 13.76
6 Trks Events - Kalman Fit 1C | 74211 24.74 6 Trks Events - Kalman Fit 1C | 76882 25.63
5&6 Trks Events 114512 38.17 5&6 Trks Events 118153 39.38

Table 6: Cut-flow for the eTe™ —
n T 1(2S5) process at /s = 4.626 GeV.

Table 5: Cut-flow for the ete™ —
n T (25) process at /s = 4.612 GeV.

Cuts [{/s = 4.640 GeV] Events | Efficiency [%)] Cuts [{/s = 4.660 GeV] Events | Efficiency [%)]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 253398 84.47 Fiducial 253456 84.49
Kinetic PID 215811 71.94 Kinetic PID 215117 71.71
5 Trks Events - Kalman Fit 1C | 42034 14.01 5 Trks Events - Kalman Fit 1C | 40847 13.62
6 Trks Events - Kalman Fit 1C | 79623 26.54 6 Trks Events - Kalman Fit 1C | 79447 26.48
5&6 Trks Events 121657 40.55 5&6 Trks Events 120294 40.10

Table 7: Cut-flow for the ete™

n w1 (25) process at v/s = 4.640 GeV.
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Table 8:
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Cut-flow for the ete™ —
n T~ 1(2S5) process at /s = 4.660 GeV.



Cut Flow of Event Selection

Cuts [{/s = 4.780 GeV]

Events

Efficiency %]

Total Tracks
Fiducial
Kinetic PID
5 Trks Events - Kalman Fit 1C
6 Trks Events - Kalman Fit 1C
5&6 Trks Events

300000
256749
217568
31676
67410
99086

100
85.58
72.52
10.56
22.47
33.03

Table 13: Cut-flow for the ete™ —
n w1 (285) process at /s = 4.780 GeV.

Cuts [/s = 4.914 GeV]|

Events

Efficiency [%]

Total Tracks
Fiducial
Kinetic PID
5 Trks Events - Kalman Fit 1C
6 Trks Events - Kalman Fit 1C
5&6 Trks Events

300000
257593
217033
26535
61331
87866

100
85.86
72.34

8.8
20.44
29.29

Table 15: Cut-flow for the ete™ —
w1 (2S) process at /s = 4.914 GeV.

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Cuts [{/s = 4.840 GeV] Events | Efficiency [%)]
Total Tracks 300000 100
Fiducial 257237 85.75
Kinetic PID 215498 71.83
5 Trks Events - Kalman Fit 1C | 27921 9.31
6 Trks Events - Kalman Fit 1C | 63999 21.33
5&6 Trks Events 91920 30.64

Table 14: Cut-flow for the eTe=™ —
ntw1(25) process at /s = 4.840 GeV.

Cuts [v/s = 4.946 GeV] Events | Efficiency [%)]
Total Tracks 300000 100
Fiducial 256900 85.63
Kinetic PID 216006 72.00
5 Trks Events - Kalman Fit 1C | 30792 10.26
6 Trks Events - Kalman Fit 1C | 71913 23.97
5&6 Trks Events 102705 34.24

Table 16: Cut-flow for the ete™ —
n T~ 1)(2S) process at /s = 4.946 GeV.
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Extraction of the o(ee

Siegnal Shane & Efficiency
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Extraction of the o(ee

Signal Shape & Efficiency
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Extraction of the o(ee
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Extraction of the a(e'e —> - y(28))

P (2S) cross-section
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[11] Phys. Rev. D 104, 052012

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio BESIII Physics and Software Meeting - June 2025 59



Inclusive MC / Non-resonant MC/ Data

‘(y 025
> |
% B @ Signal MC [no Z] Vs = 4.680 GeV
= 02— A Inclusive MC
O B A Data { T
o B -
QAN
Ay |
) 0.15— |
wfd —A—
S I
o |
> |
m l—
01—
- g
= I, Vi,
- —h——p— | ==
0.05— —A— i L

: e H

| B Wiy, B

: T 4 -

B —e— —4— _+_ ! 1

O | | | | leo— 1 | | | | | | | | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2

M(rt+1t) (GeV/c?)

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Events/20.0 MeV/c?

0.12

0.1

0.08

0.06

0.04

0.02

Study of the invariant masses profiles

Vs = 4.680 GeV

—,—

—A—A—

.ix?% 1

iT%lT+T*+T%TrLTTTTT "
+

@® Signal MC [no Z]
A Inclusive MC
A Data

+
| _*_ -
| ’_

WA,

| | FF\ | |

—0—
|

of T T 1

4.2

BESIII Physics and Software Meeting - June 2025

4.3 4.4 4.5 4.6

M(rt+(2S)) (GeV/c?)

60



ut Flow of Event Selection

f0(980) Y (2S) cross-section

Cuts [v/s = 4.612 GeV]| Events | Efficiency %] Cuts [v/s = 4.626 GeV]| Events | Efficiency %]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 251862 83.95 Fiducial 251229 83.74
Kinetic PID 216412 72.14 Kinetic PID 215973 71.99
5 Trks Events - Kalman Fit 1C | 45052 15.02 5 Trks Events - Kalman Fit 1C | 43881 14.63
6 Trks Events - Kalman Fit 1C | 100675 33.56 6 Trks Events - Kalman Fit 1C | 99976 33.33
5&6 Trks Events 145727 48.58 5&6 Trks Events 143857 47.95
Table 18: Cut-flow for the Table 19: Cut-flow for the
ete” —  fo(980)1(2S) process at ete” —  [f5(980)y(2S) process at
Vs = 4.612 GeV. Vs = 4.626 GeV.
Cuts [/s = 4.640 GeV]| Events | Efficiency %] Cuts [{/s = 4.660 GeV]| Events | Efficiency %]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 251922 83.97 Fiducial 251800 83.93
Kinetic PID 216537 72.18 Kinetic PID 216310 72.10
5 Trks Events - Kalman Fit 1C | 43047 14.35 5 Trks Events - Kalman Fit 1C | 39434 13.14
6 Trks Events - Kalman Fit 1C | 100703 33.57 6 Trks Events - Kalman Fit 1C | 96558 32.19
5&6 Trks Events 143750 47.92 5&6 Trks Events 135992 45.33
Table 20: Cut-flow for the Table 21: Cut-flow for the
ete” —  fo(980)y(2S) process at ete” —  fp(980)1(2S) process at
Vs = 4.640 GeV. Vs = 4.660 GeV.
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ut Flow of Event Selection

f0(980) Y (2S) cross-section

Cuts [v/s = 4.780 GeV]| Events | Efficiency %] Cuts [v/s = 4.840 GeV]| Events | Efficiency %]

Total Tracks 300000 100 Total Tracks 300000 100

Fiducial 257277 85.76 Fiducial 258147 86.05

Kinetic PID 220006 73.34 Kinetic PID 219406 73.14

5 Trks Events - Kalman Fit 1C | 30045 10.02 5 Trks Events - Kalman Fit 1C | 30713 10.24

6 Trks Events - Kalman Fit 1C | 74291 24.76 6 Trks Events - Kalman Fit 1C | 77319 25.77

5&6 Trks Events 104336 34.78 5&6 Trks Events 108032 36.01
Table 26: Cut-flow for the Table 27: Cut-flow for the
ete™ —  fo(980)1(2S) process at eTe” —  [f(980)¥(2S) process at

Vs = 4.780 GeV. Vs = 4.840 GeV.
Cuts [y/s = 4.914 GeV]| Events | Efficiency %] Cuts [y/s = 4.946 GeV]| Events | Efficiency [%]

Total Tracks 300000 100 Total Tracks 300000 100

Fiducial 259012 86.34 Fiducial 258200 86.07

Kinetic PID 219647 73.22 Kinetic PID 218228 72.74

5 Trks Events - Kalman Fit 1C | 33805 11.27 5 Trks Events - Kalman Fit 1C | 33605 11.20

6 Trks Events - Kalman Fit 1C | 85079 28.36 6 Trks Events - Kalman Fit 1C | 82487 27.50

5&6 Trks Events 118884 39.63 5&6 Trks Events 116092 38.70
Table 28: Cut-flow for the Table 29: Cut-flow for the
ete™ —  fo(980)1(2S) process at eTe” —  [f(980)¥(2S) process at

Vs = 4.914 GeV. Vs = 4.946 GeV.
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Extraction of the o(fo(980) v (2S))

f0(980) contribution
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Extraction of the o(fo(980) v (2S))

f0(980) contribution
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ole e

> 7 Y(2S)) vs 6(fo(980) Y(2S))

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Number of Events
Ecom (MeV) | Nete— sntr—p(25) | Nete—— £,(980)1(25)
4.612 2645 16+4
4.626 156713 107+10
4.640 20311¢ 155411
4.660 202415 120410
4.680 518123 337415
4.700 173414 1204
4.740 37te 3444
4.750 77 6345
4.780 841 5" 4347
4.840 6613 43+
4.914 1915 0+2
4.946 2319 0+6
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Cut Flow of Event Selection

7..(4430) Channel

Cuts [y/s = 4.612 GeV]|

Events

Efficiency [%)]

Total Tracks
Fiducial
Kinetic PID
5 Trks Events - Kalman Fit 1C
6 Trks Events - Kalman Fit 6C
5&6 Trks Events

300000
245103
205613
06606
85113
141719

100
81.70
68.54
18.87
28.37
47.24

Table 31: Cut-flow for the ete™ —
nt7.(4430)F — w7 (25) process at

Vs = 4.612 GeV.

Cuts |{/s = 4.640 GeV]|

Events

Efficiency %]

Total Tracks
Fiducial
Kinetic PID
5 Trks Events - Kalman Fit 1C
6 Trks Events - Kalman Fit 6C
5&6 Trks Events

300000
247866
209294
50614
88441
144055

100
82.62
69.76
18.54
29.48
48.02

Table 33: Cut-flow for the ete™ —
¥ Z.(4430)F — 7wTm—)(25) process at

Vs = 4.640 GeV.

Study of ete- = T Y(2S) at Vs > 4.6 GeV and search for the Zc(4430)* - Marco Scodeggio

Cuts [{/s = 4.626 GeV]|

Events

Efficiency [%)]

Total Tracks
Fiducial
Kinetic PID
5 Trks Events - Kalman Fit 1C
6 Trks Events - Kalman Fit 6C
5&6 Trks Events

300000
246479
208387
06918
86811
143729

100
82.16
69.46
18.97
28.94

47.914

Table 32: Cut-flow for the ete™ —
¥ 7.(4430)F — w7 (25) process at

Vs = 4.626 GeV.

Cuts [{/s = 4.660 GeV]

Events

Efficiency %]

Total Tracks
Fiducial
Kinetic PID
5 Trks Events - Kalman Fit 1C
6 Trks Events - Kalman Fit 1C
5&6 Trks Events

300000
249041
208637
02654
90043
142697

100
83.01
69.55
17.55
30.01
47.57

Table 34: Cut-flow for the ete™ —
nt7.(4430)F — 7wtm—4)(25) process at

Vs = 4.660 GeV.
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Cut Flow of Event Selection

7..(4430) Channel

Cuts [{/s = 4.780 GeV] Events | Efficiency %] Cuts [{/s = 4.840 GeV] Events | Efficiency %]
Total Tracks 300000 100 Total Tracks 300000 100
Fiducial 256032 85.34 Fiducial 257755 85.92
Kinetic PID 215601 71.87 Kinetic PID 213379 71.13
5 Trks Events - Kalman Fit 1C | 47160 15.72 5 Trks Events - Kalman Fit 1C | 43005 14.34
6 Trks Events - Kalman Fit 1C | 99346 33.12 6 Trks Events - Kalman Fit 1C | 98092 32.70
5&6 Trks Events 146506 48.84 5&6 Trks Events 141097 47.03

Table 39: Cut-flow for the ete™ —  Table 40: Cut-flow for the ete™ —
Tt Z.(4430)F — 7w~ (29) process at Tt Z.(4430)F — 7w~ (29) process at

Vs = 4.780 GeV. Vs = 4.840 GeV.

Cuts [{/s = 4.914 GeV] Events | Efficiency %] Cuts [y/s = 4.946 GeV]| Events | Efficiency %]

Total Tracks 300000 100 Total Tracks 300000 100

Fiducial 259691 86.56 Fiducial 260176 86.73

Kinetic PID 217161 72.39 Kinetic PID 218211 72.74

5 Trks Events - Kalman Fit 1C | 42435 14.15 5 Trks Events - Kalman Fit 1C | 42208 14.07

6 Trks Events - Kalman Fit 1C | 102950 34.32 6 Trks Events - Kalman Fit 6C | 104045 34.68

5&6 Trks Events 145385 48.46 5&6 Trks Events 146253 48.75

Table 41: Cut-flow for the ete™ — Table 42: Cut-flow for the ete™ —
Tt Z.(4430)F — 7Tm~(29) process at ¥ Z.(4430)F — 7w~ (25) process at
/5 = 4.914 GeV. /5 = 4.946 GeV.
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