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 e"e” mainly annihilate into a virtual photon, with T e —
—= - : Y(4260) | Ne(3'P1) Xe1(3%P+
quantum numbers J©¢ = 17~ — Direct production 2l Ty 2 e o
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+ BESII: Ey, = 1.85 — 4.95 GeV,
Zpeak = 1.0 X 10*°cm—2s-1 at 3.773 GeV
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Three Resonance Structure ine™e™ —» 7777 h,

e Y states (1™~ charmonium(-like) BESIII Phys. Rev. Lett. 118, 092002 (2017)
states) numerous and not well
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Three Resonance Structure ine™e™ —» 7777 h,
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B 100} e Total fit
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eTe” — nn~h.: Resonance Parameters

Resonance| Parameter

this measurement (3BW)

this measurement (2BW)

previous measurement

R, M (MeV /c?)

Ciot (MeV)

4223.67 3575

r8 r"-l() 8+bl
—11.4—-6.5

4219.7 = 3.4
83.8 £+ 5.5

42184 +4.0 £+ 0.9
66.0 £9.0£04

R M (MeV /c*) 4327470 5T o5 4382.6 + 6.0 4391.6 + 6.3 + 1.0
Crot (Me\"z 244, 1+’_§S ‘;*}ﬁ 163.1 4 10.4 139.5 + 16.1 £ 0.6
R3 M (MeV/c?) 4467.47° 57 —~ 4421 + 4
[t (MeV) 62. 8*1‘-3 }*'3, 3 - 62 + 20

(from PDGQG)
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BESIII PRL 110, 252001 (2013)
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+  Z(3900)* observed simultaneously by

BESIIl and Belle in z+J/y

* If molecular/tetraquark state, strong
correlation between Y(4220) and

7/ (3900) system

BESIII Phys. Rev. D 106, 072001 (2022)
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Promising to study relationship between

Z (3900)* and Y states, as well as 77~
resonances and Y states to understand

internal structure of Z.(3900)

SESII



PWAofe"e™ —

| * Data Fit result
3000~ — Z(3900)° (')
o, - f,(980) S-wave
= fo(1270) Background
L(b]
p— B .
2000 - (a)
N
P 2
| -
21000(- ; ‘v‘.—w,"y
| s
6» L ] L ]
32 () peesscecese - - - '.’!09‘_- ._“‘_0..:;'_._. . €0, 2 2e 00, ececn
P~ PRI T SN S S S S
3 32 34 36 3.8 4 42
m(r=J) (GeV/c?)
2 vuam 120
i Data !
- =100
S :
g (c) oo
®
S e
e
£
o
3
20
h..;l;.;l...l.;.l‘..lo
Yo~ 92 14 16 18 20

m2(re=Jp) (GeV/cd)

7Tz~ J/y : Invariant Mass Distributions

- * Data . Fit result
2000 — 4(3900) ()
¥, - f,(980) S-wave
= - f,(1270) Background
©1500
E -
< i p (b)
1000 'ﬁ-
= i
e [
W 500 4 y
i /‘ -
: :“'\V"_—Fﬁ-—‘—j 1
0 e ]
6,
= Ot’m't' Teat - Jtegt ettt i - Ten angt reeeee
Y P PN PRI B ST Y R M
02 04 06 08 1 12 14
m(n*) (GeV/c?)
2 .
i Fit result !
=100
1 (d) | -so
>
()
g —60
e
3 Lo
o
=
20
b..nl“‘l.l.l...l,A.lo
Yo~ 92 14 16 18 20

m2(re=J/p) (GeV2/c4)

BESIII arXiv:2505.13222v1 !

Fits to #7J/yw and 777~ for combined
datasets between 4.127 - 4.358 GeV

Mass and width results from Breit-Wigner
Z(3900) fit shown below

Initial BES measurements:

M = 3899.0 £3.6 4.9,
['=46 £ 10 = 20 MeV

Current PDG average:
M = 3887.1x£2.6,1 =28.4+2.6MeV

Sample M (MeV/c?) I' (MeV)
4.1567 — 4.1989 3883.50+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 34.2 + 3.3
4.2866 — 4.3583 3890.0 + 2.3 36.1 +4.2
Average 3884.6 0.7+ 3.3 37.2+1.3+6.6
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PWA of ¢e"¢~ — n7n~J/y : Cross Section Fits
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Cross sections of sub processes
ete™ - 777,(3900)%, 1,(980)J/y, (77 )g-wavel /W
measured for the first time

Process eTe™ — nn~J/y seen to be

dominated by (7777)g_ywaved/ W final
state

Observation of Y(4220) in sub process
Cross sections

M =4225.8+ 42+ 3.1 MeV.
[ '=55.3x95+11.1 MeV

Significance of Y(4220) in

oleTe” = ("7 )gwavel W)
~ 1220




Resonance Observationinete™ — Q Q7

« Recent work at BESIIl suggests strong coupling of Y states to final states containing strange quarks;
also interesting to look at charmless decays of Y states

» Further: (believed) conventional charmonium state, w(3770), has significantly larger non DD branching
fraction than predicted

* |nvestigating Q~Q" near 3.773 GeV can help understand all of these things

BESIII PHYSICAL REVIEW LETTERS 131, 151903 (2023)
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Resonance Observationine e — Q Q™ : Cross Section

« o(eTe™ — Q™ QM) fit for data taken between 3.7 and 4.7 GeV

 Line shape: combination of three Breit-Wigners (w(3770),Y(4230),Y(4320)) with an energy power

function

Y states exhibit significance > 100
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---- Solution I_j-'
Solution II_ I

0
AT I AT AN AT AP AT AT AN AT A T 1
4.1 4.15 4.2 4.25 4.3 4.35 4.4 4457
(s (GeV) :
Parameters Solutionl Solutionll

M, (MeV/c?)
Iy (MeV)
M, (MeV/c?)
['2 (MeV)
M3 (MeV/c?*)
'3 (MeV)

[ B(¥(3770)) (10~ %eV)

¢y (rad

3773.7 (fixed)
27.2 (fixed)
4221.4 (fixed)
41.8 (fixed)
4298.0 (fixed)
127.0 (fixed)
10.5+2.5+1.4

[..B(Y (4230)) (10~%eV) 3.041.240.8 16.642.4+9.2

-0.34+0.7+0.1

(

[.B(Y(4320)) (10" *eV) 10.6+2.8+5.4 26.6+3.8+14.9
)
)

@2 (rad

-0

B51+0.3+0.8 -2.2+0.14+0.3

* Large dataset at 3.773 GeV
allows measurement of
branching fraction

Bw(3770) - Q™ Q1) =
(4.0+1.0+£0.6) x 107
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Inclusive Production Cross Sections of J/y and y(25)

* Double charmonium production cross sections from B factories larger than expected — hidden states/processes?

« Can investigate by studying prompt J/ywX and y(25)X production below wcc threshold at BESIII

6000 [~ ;

e (a) —f— Data @4.226 GeV - I Data @4.226 GeV
Y 5000 : e Fit, 2 /ndf=1.36 c~ 100 (a) e Fit, 2/ndf=1.38
> - ! = = = Extrapolation S N - Extra.lpolation
2 4000} > 80F ﬂ
p— - = : |
- 3000 - r 60 [ ,
@ : P ' |
2 2000 . £ 4oF
E M . E ) {
LW 1000 |- I W 20
., s ;r'-.‘.;sx,;_;_‘i_"' A RS . : VT O T, AT et
38 29 3 31 32 33 34 95 355 36 365 3.7 375 3.8 3.85 3.9
M(u*w) (GeV/c?) M(x*n Jhp) (GeV/c?)
S S
» Reconstruct J/w — u™u » Reconstruct w(2S) — n#"x~J/y

with J/y — 171~ (I = e, u)

 Subtract ISR production /

conventional charmonium decays * ISR production also subtracted
(e.g9. w(2S) = atn J/y)

8€SII
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Inclusive Production Cross Sections of J/y and y(25)

__1400F

Yield/Luminosity

= ; —4— e'e’ = JIPX
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Unknown decays of
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~ 23 % of discrepancy
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e"e” - K"K y(2S) Cross Section Measurement

« Y(4710) state observed at BESIII in
o(ete” - KK Jy)

e (One of the heaviest charmonium-like
states observed to date

* Natural extension to study
eTe” - K"K y(2S)

Dressed Cross Section (pb)

BESIII PHYSICAL REVIEW LETTERS 131, 211902 (2023)
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o BESIII (2022) ¢ This work — Fit result
- Y(4230) - Y(4500) - Y(4710)

- e masr LT "
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|
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—

IIII|IIIIIIIII|IIII|IIII|

Derivation ~ 20

from phase space
ratio around 4.843
GeV

o(e’e— K'Ky(2S))
(e'e'— K'KJ/p)
T
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/75 48 485 49 495 5
s (GeV)

BESIII arXiv: 2407.20009
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ete™ - K"K~ y(2S) : Search for Z-. — K- y/(2S)

 Hidden charm, hidden strange tetraquark candidate
Z..(3985) observed in BESIII in K™ recoil mass from

ete™ - K*(D7D™ + D;~D")

« LHCb then observed Z.(4000) — J/wK in
BT — Jly¢pK™

 Jwo states have similar masses but very different widths
(~ 7. 7and ~ 131 MeV respectively)

» Natural for BESIII to search for Z.. — K*J/y and
Z. — K-y(2S)

» 2 fits performed with Z.. mass ~ 4.205 and ~ 4.315
GeV

=

N _
o..... -—-.:.‘_‘
O~

X |k e N
17.5 18 18.5 19
RMP(K*) (GeV/c2f

s I et eed

* Global significances of 1.20and 1.1o

BESIII arXiv: 2407.20009
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Summary / Future Outlook

Many ongoing efforts at BESIII into identifying and describing charmonium-like states
Updated results on o(eTe™ — a7 n~h,):
* Better fit including third resonance to describe shape between 4.3 — 4.5 GeV

New Partial Wave Analysis of eTe™ — atn~J/y:

e Additional measurement of Z.(3900) parameters; cross section measurement of subprocess

ete” - 17Z.(3900)* and ete™ — f,(980)J/y; Y(4220) observation in ete™ — (7 77) g wavel /W

> 100 observations of Y(4230) and Y(4320)ineTe™ - Q™ QY

Measurements of inclusive J/y and w(2S) production cross sections to test strong interaction theory

First measurements of o(e e~ — KK y(25)); higher statistics necessary to search for charged Z,.,

Future Plans: New CGEM detector installed, increasing maximum ECM, more XYZ data

15
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¢ XYZ Data
% R scan Data
— Total fit
----- BWs, Solu. |
BWs, Solu. Il

Cross Section fit as coherent sum of 2
Breit-Wigners

17

ete” — nn~h.: Cross Section Fits

BESIII arXiv:2504.04096v2
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¢ R scan Data

XYZ Data

Total fit
BWs. Solution |
BWs. Solution |l

» Better fit including third BW

resonance

o Significance ~ S.4c0




Resonance Observationin eTe™ — Q™ Q" : EFF and Branching Fraction Measurement

+ Evidence of decay w(3770) - Q~QF with « ()7 energy-dependent effective form factor can be

L . calculated from Born cross section results
significance 4.40 from cross section measurement

* Results compared with earlier work from CLEO-c
(blue), and theoretical prediction; consistent with

theoretical prediction with discrepancy < lo

* Branching fraction determined to be:

RBw(3770) - Q QN = 4.0+ 1.0+ 0.6) x 107

?

* Larger by at least an order of magnitude than Goalo) \/ 2 g B
Teff\S)| =

prediction \| 4ra2cp(1 + 2ma)

IS'

» Suggests non-negligible y/(3770) resonance
contribution in the cross section ee™ — Q™ Q7

* Results provide strong evidence for the first 7 19
observed baryonic decay mode of the charmonium- % { ’
like Y states o | [ | ]

' i.ﬁrm*ﬂwﬁ{n&“ﬁ

12 14 16 18 20 22
s(GeV?)
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