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. JPC — 1--

U e*e" pairs mainly annihilate into one virtual photon

U The virtual photon can decay into quark-antiquark pairs
U Direct production of vector meson states with JP¢ = 1~

U Energy scan to estimate the line shape and decay width

U Study of decays into lighter states
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BESII

ete- collisions with BEPC-Il and BESII|I

Ecy =2-4.95 GeV (so far)
fﬂzg I o ; S L i I'|'||'||I_||'|.|'||"'!|'||I'|'|I|'||'.||'||I_||'a
8 i “ | M 3 loop pl)CD ]
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BES]I[ Spectroscopy of 1~ Charmonium(-like) states INFN

Y(4260) firstly seen by BaBar searching for
X(3872), afterwards split into two states Y (4230)

and Y (4360) by BESIII
énow c §MaA3@ dndy (4360) by PDG

0.25
yw(@160) PDG2022 # Y{4260) PDG2016
Y(a220)-nadiy A Y(4220)-anh,
¥(4220)-n1yp(3686) ¢  Y(4220)-ny
0 2 Yi4220)- iy ] vmau:-n.:k
Y KKy H Y-'Z,
Y{a220)-=DD* + YnDD*
g 015 Y-nh_ @ Y{4200)- X(3872)
[1h]
O]
"
~ 0.1
0.05
tP. 15 4.2 4.25 4.3
2
M (GeV/c?)

. paBar PRL95 (2005) 142001 BESIlI PRL118 (2017) 092001
S 100

I : F +-Xvz

Z [ Y(4260) | UE - aof. iFitI

Ll I

40

o(e'e—n*rd/y) (pb)

20

m(mIiy) (GeVic?)

U Inconsistent with all 1' "quark model states
U Very suppressed open charm decays
U Candidates for exotic matter
? Hybrids?
? Tetraquark?
? Hadronic molecules?
U Well established
U Experimentally easy to produce using e'e'
collisions Y Initial State Radiation
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From Y (4260) to Y(4230)
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Searching for what is still missing

5 46
s (GeV)
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BESII

Partial Wave Analysis of e*te" Y
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Fit result

m2(mt ) (GeV¥c?)

* Vs=4.1780 GeV

02 04 06 08 1 12 14
m(n*) (GeV/c?)

PWA based on helicity formalism on 17 energy points

0 Measure mass and width of Z-(3900)*

U Search for relationship between Z-(3900)* an Y states

U Estimate the contributions from different processes:

U ~ *Z-(3900)"
Uf(980)J/ y
U ( v _)S-Wave‘] / Y

Mass and width of Z.(3900)*

(data sample divided into 4 groups)

Sample M (MeV/c?) I' (MeV)
4.1567-4.1989 3883.5+1.6 38.6 £3.6
4.2091-4.2357 3884.0 £ 1.0 37.8 £ 1.6
4.2438-4.2776 38849 +1.8 ) E S5
4.2866—4.3583 3890.0 £2.3 36.1 £4.2

Average

3884.6 £0.7+3.3

3/ 2=215 06
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BES]I[ Partial Wave Analysis of ete" Y  *" -Jly

s w3900 . i Z(3900)
R E 3 25
S 8wy ot = (BWIRISE) [ ) ) _ _
3 iz S U The ( * syaed / amplitude dominates the =
14E Y(4320) koL PHSP .
i 43 L 1 ete’Y " * -Jly process E
a 8 b . T : . . =
g E v 0 The Y(4230) significant in all the intermediate ™
ko6 g
b4 e 3
T s ; process Q
T oF o B . . : 4 @)
.. i e U The Y(4320) significant only in ( Vswaved Y =
'1:1 4!2 '413 44 '1:1' - '412' = '413' - B
/s (GeV) /s (GeV) - T N
U Difficult to conclude that the decay modes of 3y
- e DsuavellY Y(4230) and Y(4320) are different -
g st (1BW) |+ Date - [ (2BW+PHSP) ="
= 0 = Fi 2 100 — Y(4230)
5 2 o Y(4320)
v %E S, 80 PHSP
R 30F i
I o 2 eof /N
§ 20 o Y(4220) Y (4320)
© 15E 1 49 /
1 :gg_ Lz 2 r /\N\\ Process M (MeV/c?) [" (MeV) Significance
o v 20
2 2 I { ; =t 7~ Z,.(3900)F (model 1) 422571+ 68 £ 6.8 66.5 £ 16.1 £ 24.1 2.1
e 4 7~ Z.(3900)F (model II) 42231 4+644+006 53.84+19.1+0.3 2.00
L Qf e Sk LI IR 2 0é—--*---*--wT'-.-'v'--;*r’-;-;---’--v ------ e f0(980)J /y (model III) 42256 +45+06 484 +98+0.2 0.56
y e '4!2' - '4{3' gy 1 12 a3 a4 15 (ATA )saaved /@ (model IV) 4218.8 £3.4 +£3.7 43.5+53+5.0 1176
Is (GeV) Is (GeV) Y (4220)2ve 42257+ 4.1 + 3.4 5754+ 9.4+ 12.1
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BES]I[ Measurement of ete" Y  °" °y (3686)

What about the neutral counterpart A°A°C (3686) ? 10 77 Y(2S)  — Fitresun
. - Solution | —— Data
Do we see the same resonances? g e o > 106 Sgemw
. _ _ =~ 60 Inteference
Is iIsospin scaling observed? g 40- 8 16
‘E ED;—
U Previously measured by BESIII PRD97, 052001 (2018) 5 225’ 40 """"""""""""""""""""""""""""
o -201 4.Uo
U 16 energy points, total integrated luminosity ~5.2 fbl & -0t
-60 PRD104, 052012 (202
| TR RS LR LS RN L R B 415““1 Lt it .
__2oE e nonoy(3686) } W L L ALY S T
Q o 1 y(3686) 2E | "
?:g A z} 4 41 42 43 -.fé?gew% 46 47 4f
3 40 } — .
D 5 } 4 Not enough statistics to be conclusive
8 20 it ﬁ ¢
@)
B ST AT L
021 42 43 44 45 45 New BESIII data

s (GeV)
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Precise Measurement of ete" Y

°" °y (3686)

R

o b } T chens st New data set corresponding in total to 22.1 fb-1
B I OPiyasey (2018)
0 [ ” {I [ =.. | Consistent with expectations from isospin symmetry
6 20 ;— " fi ‘ . ( )X ( )
o ; ;'}{
10
N IHM I} I |
: li{"ﬂl llH?l.I*{h _
L —3— Data
* E(cgsev) : 2 © i Solution 1 Y (4390) —— Fit result
= | 11 4 = Single BW
;-;f:e 40 - Non-resonance
.
U Fit with coherent sum of three structures g . _Y(fz_?’g)&ii: Y(;‘ (_56(7)){3
UY(4230) fiye3d8t6g ‘par anet ]/ N
U Four solutions with identical masses and widths ~ ° [ c

U We confirm the existence of Y(4390) and Y (4660)

4

44

Vs (GeV)

4.6

4.8 5
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BGS]I[ Precise Measurement of etfe’ Y  *" -h.(1P) INFN

Expected to be suppressed due to heavy quark spin symmetry (splin flip)

Initially observed by CLEO-c a't a S = 4Aruio7loslsos e V
ete O *mh(lP)cr oss secti on b y4.6BEGfbund twosstructédres = 3 .

PRL118, 092002 (2017)

o(n'n h,)/pb

T
New data col | ectedl95bG)eV(B7Ed8tdtslarhple§1)s—4 18 2
- =
. = g 140 W
l ‘ l I I I l I 250 o BESIII: R-scan data sample 12U T_ X¥Z Data _cn
80 | i = - = BESIIL: XYZ data sample = = - R scan Dala
I | 'E. 200 - —Fit curve: Total +E 100 Total fit 3
L E _F - Fit curve: Y(4220) B :__ BWs, Solution |
o g U - e v it J 80¢ BWSs sm::i::n IG_\J
b - @ - '
r 2 100F +ﬂ.'l 60 = o
r 5 _E T 40 =
2 50F - ~~
, 2 f 20— N
20 - £ - -
=50 -
0 T T T T T D e 20—
39 40 41 42 43 44 45 46 3}9 4}0 4!1 4!2 4.I3 44 45 4.16 o g —
Ecn/GeV s (GeV) :
o
PRL107, 041803 (2011) i CLEO-c sl M
PRL111, 242001 (2013) i BESIII PRL118, 092002 (2017) - BESIII 4 47 i3 46 48 n
CPC 38, 043001 (2014) is (GeV) =
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=

Precise Measurement of ete’Y  * -h (1P) INFN

PRL135, 071901 (2025)

2 140 ! 3 - ot
%120 E (4230 | vsso + xv2Doata U Tested different combinations of resonance structures
= 100F- o Reembae (i Starting from two BWs, adding more BWs and continuum
+ — .
B = N BWs, Solution | .. D g -
(S N T > Souton U Checked significance of each additional term
o 60_ BWs, Solution Il
+ — .- .
% 40F- ¢/ o Y(4500) Best description: coherent sum of three BW functions
205_ et e ne I > 510
oF e SRS Y (4230) Y (4360) Y (4500)
2 -22—_| A R R S S Parameter Ry Ry I3
B M (MeV /c?) 4223.675 0750 43274750 2T %" 44674759702
0 \‘v"\\‘v\ V:‘Q‘ \vtv\) A \“' A‘ ’,;;:s‘\s o i::.s \\\.s:o\.v\‘ .\vs‘\vs‘\“"‘\\\sv\\ r (MeV) 58. 5+}? i—l_g g 244. 1+g$ (lH_?g :23 62. 8+12 421+$ ?)
5 N a bit larger width
4 42 44 46 48 Ivaaoo= 120£21 MeV

/s (GeV)

No Y(4660) structure present in data, in tension with P-wave tetraquark assumption epicrs, 29(2018)

In S-D charmonium mixing scheme, 4S1 3D, 5D1 4D states located in this region, observed only three

PRD99, 114003 (2019)

Stefano Spataro: New Insights into Hadron Spectroscopy from BESIII T Les Rencontres de Physique de la Vallée d'Aoste 2026 7 3@ March 2026 11



BESII

Checking strange content of charmonium-like states?

Jlhy

[1//(3686)J
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] S
2 Y(4320) | ®

42 44
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K*K- Jhy

L ¢ BESIII

IIIT]1“]IIII

T

-~ Y(4230)

(2022) ¢ This work — Fit result
----- Y(4710)

- Y(4500)

L .4'l4 L "
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¢ XYZData
¢ RscanData

I 45005 Totarfit

BWs, Solution |
BWs, Solution I

4 42 44 46 48
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KKh,
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100 — Fit result
gof Solution T TE o BW
ol Y¥(4230) inteference -
40 l
201 ’
oF e T ...................... T:::::::::..
—20F )
40 (4360)" y(4660)
PRI
SO SN L P PO S T T
2E 8
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@

Mass threshold: ~4.513 GeV, 4.673 GeV
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Clearete Y Ky (3686) signal

%6 365 37 375 3.8
RM(K*K) GeV/c2

The cross section can be fitted similarly:

U either assuming the decay of a vector state (BW)

M = 4787.7 + 17.7 MeV/c?
['=110.3+33.9 MeV

U either as a tail of the decay of a lower mass resonance (Y(4710)?)
0'(\/5) — pl . @(\/E)GPO(\/E—Mth)
Cross section ratio K*K'y (3686) / K*K-'Jly above phase

ole*e — K'Ky(2S))

U Hint that some different production mechanism could be present

o(e'e™—= K'Ky(2S)) (pb)

ole'e = KKJIAp)

-y
[8)]

—

o
o

o

o
o

phase space ratio

Co v o b v o b b by
47 475 48 485 49 495 5

s (GeV)
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":}‘: 10~ All data samples —e— ANCo» E 2 ] e iy
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2 6o e ] S s |
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= ; ] ¥ 2 |
: T , fL | ’ |
[ H : ',% 0 - | l I
TR L AR S 3 S
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_ .
0 First measurement of VLG (o @ Y qgross section at different energiess; ™= ¥indf. =08
i Significance 6.30 summing up zt-the complete dat
|8 2F
U Cross section ratio ++€ (o ¢ QAT K-C (3686) consistent 7 : ,
gk _—
with isospin expectations ' ot ! | *
E
R =o(ete” — K2K2%(3686))/0(eTe” — KTK~1(3686)) = 0.454+0.25 +
A6 a7 AR e ass T s
Vs (GeV)
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arXiv: 2407.20009

Searching for strange tetraquark states Z INFN

s
.
.

.

%

:
.
.
J-

17.5 18 18.5
RMA(K*) (GeV/c2f

19

- M =4316.0 + 2.7 MeV/c?
- 8.6 MeV

17.5 18 18.5
RMA(K*) (GeV/c?f

19

ete 0 *K( (3686)
Two best fit results assuming the presence of a Z structure
Z*.. masses around 4.208 GeV/c? and 4.315 GeV/c?
Structure around 4.208 GeV/c? close to Z.(4220) reported by LHCb

~1lu signiflicanee ggo 44¢(go o
;{J 8; —+—Data (f
s 7E — PHSP MC m
. F [77] sideband o
I 6 o
R N
a4 ‘ o
E o
3_— A~
C N
2 o
= N
1;— *e . e | @ 3 3 ® EJ
Y, AR Sy T —
MKgW(%%) (GeV/c?)
Consistent with three-body phase space
No evidence of Z. states
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Entries/(2 MeV/c?)

BES]I[ Measurement of ete© ++h (1P)

U Searchforete© voh,using 13 energy-4poCevits at &s=4.60

0 Significance bel ow 2 (stinfatedupperdimite ener gy poknt ,
U Slight enhancement at 4.75 GeV but no definitive conclusions
i Cross section ratio A(e*e © ++h)/ A(A A © ++J/C) quite small, different from

A(eteO A*ah) A(AAO A*AJISYmeasur ed at 4.2 < 4&s < 4.47Ge’

- # Dat | o 5F ~ oF
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BES]I[ Prompt inclusive charmonium production

Nonrelativistic QCD can describe charmonium production

U Perturbative short-term coefficients describe the asjproduction

U Nonperturbative Long-Distance Matrix Elements define the probability to evolve in a defined state

U Double-charmonium production cross section from B-factories larger than expected
U Below the J/S cafthreshold (~6 GeV) check of the contribution from color-octet
Non-zeroifut> 10 pb at &sepxrmehnnsd ~5. 6 GeV

U Search for unknown states/processes
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BESII

Prompt inclusive J/y and y (3686) production
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BES]I[ Inclusive and exclusive J/y production
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BGS]I[ Inclusive and exclusive y (3686) production
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