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50th birthday in 2024
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T 12 days later: discovery of the y/’
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Vector charmonia

The J/y and w(2S) are not |
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Vector charmonia
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If each individual piece to this puzzle has
complicated structure,

can we really interpret eTe~ — hadrons in
terms of just four peaks?
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Hidden-charm production
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Hidden-charm production
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Where do we stand?

« four conventional ccC states as peaks in the inclusive e e~ — hadrons cross section

e at least two (?) more states in hidden-charm + light hadron(s)
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— Interpretation requires global coupled-channel analyses

14 see also talk by C. Hanhart on Thursday



Where do we stand?
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of the XYZ region are key!
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Where do we stand?
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A piece of the puzzle
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A piece of the puzzle
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A piece of the puzzle

NH, R. Lebed, R. Mitchell, E. Swanson, Y. Wang, C. Yuan
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A piece Of the pUZZIe NH, R. Lebed, R. Mitchell, E. Swanson, Y. Wang, C. Yuan

PRD 109 (2024) 11, 114010

(data-fit)/o

(data-fit)/o

— 4.5 — 35
o ete™ — DDV e . ete~™ — hadrons
“:‘ 3E
5 3f 5 5 25E 5 2 i {
B j: the structure is there! ° 2F R
e e
— 0.5;—
35 1z 5= :
0 5 o—4 e
_5E S -5F 3
3.7 ~ 37 Sl
- 8 N
10 £ =% w(3770)
8 6F -
= - ~ = 5 .
c 6— c — - 1
5 r ERE E
13 - p(4040)
. 2;— ;_ :
°r = -~ we find no
= 5 aE = (G(3900) pole!
0; E 0; :_||||||
e g st 38 385 39 395 4 405
Re(Vs) (GeV)




A piece of the puzzle

NH, R. Lebed, R. Mitchell, E. Swanson, Y. Wang, C. Yuan

PRD 109 (2024) 11, 114010

_ 4.5 —
13 ete™ — DDV 3 ete™ - DD~
000 e , e
| - but: others dlsagree. |
F : : Lin et al., |
-0.01r .. PRL 133 (2024) 24, 241903 1 | ., :
| R | : : e
% T : : T THRLTLIY.
O, o : : ¢
% -0.02 ' - - - ' 3.9 4 41 42
S , ‘ /s (GeV)
« o i : ‘
-0.03F , RN PR
L | ‘
~0.04 I T RS SR B R I R 11 J
3. 70 375 3.80 3.85 3.90 3 95 4 00 4 05 i
Re /s [GeV]
—— - S—————— - S—
g gE_| L I’I [T A S R S |’| I |': L :\2\ g;_ Iiu'u It;l |
% O; ?Hh ﬂi&# lgiﬂ! z!‘ijii!% ** “g; O; : i
o SE . . . . . O 2= . . 4 . .
3.7 3.8 3.9 4 4.1 4.2 3.7 3.8 3.9 4 4.1 4.2
Vs (GeV) Vs (GeV)

35
ok ete™ — hadrons
o 25; ! **
ERN |
ey i i
HEEY. 2 * # {’y
15 Eﬁ?& ﬁ"}%
E"g_: T R T B B
= = i XY .
S ook i
s 35 3.8 3.9 4 41 4.2
Vs (GeV)
00254 y(3770)
—0.04;—
0.06 F W
0.08;— '
—0.1F y(4040)
~0.12F
—0.14F we find no
~0.16 - G(3900) pole'
_018:_| I B | PR TR S ST SN AN SN S N N N N
3.8 3.85 3 9 3.95 4 4.05

Re(ys) (GeV)




Many ways...

0|
| " but: others disagree: ]
N Lin et al., |
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it is (very) valuable to compare (

man

also: Salnikov, Milstein, PRD 109 (2024) 11, 114015
Nakamura et al., PRD 112 (2025) 5, 054027

as so often, the devil is in the details: M = Z [1 + KC]fj - K;;

J
- was our ansatz too simplistic?

- how strongly does the existence of a new resonance depend on
model assumptions?

- many different ways to write a K-matrix...
- poles required by the data usually stable under model variation
see NH, E. Swanson, A. Szczepaniak, PRD 113 (2026) 11, 116021 for a toy-study

— we can use that as a tool
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Many ways...
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— try many more ways, |dent|fy the common poles
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How well do we know vector charmonia?

* a lot of effort has gone into finding new exotic hadrons - but surprisingly little is known about regular vector charmonia

* we have the necessary data, but there is no free lunch: e —
— this is no bump-hunt, simple interpretations tend to fail ete— — DOPHO
— coupled channel effects matter & global analyses are key - but hard!

o (nb)

* the future is bright: BESIIl keeps producing high quality data

| Upgrade BEPCII
(BEPCII-U)
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« very active field with many different approaches - some examples:  Lin et al.,, PRL 133 (2024) 24, 241903
Nakamura et al., PRD 112 (2025) 5, 054027

* many th|ngs still to be learned! Cleven et al., PRD 90 (2014) 7, 074039
L. von Detten et al., PRD 109 (2024) 11, 116002
19 X.-K. Dong et al., arXiv:2606.06180 [hep-ph]



New: e"e™ — pp

 new measurement of the cross section for ete™ — pp shows structure
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« if interpreted with a Breit-Wigner, we find a signal for y(3770) — pp, plus a second structure near 4.2 GeV

» angular distribution gives access to | G,,;| and R = | G |/| Gy,| in the time-like region

arXiv:2606.22759
arXiv:2606.22762
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