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50 years ago, the discovery of J /1 particle begins our study in charm sector
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CC spectrum
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Good agreement with experiments

Hang Zhou (SDU, HIM & JGU) FTCF2024, Guangzhou



CC spectrum
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Unexpected states
Near threshold
Couple with hidden charm

Non-zero charge



CC spectrum

mass (GeV)

@ Overnumerous vector states?
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cC spectrum
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CC spectrum

mass (GeV)
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Production

PRL 95, 142001 (2005), BaBar
PRL 99, 182004 (2007), Belle
PRL 118, 092001 (2017), BESIII
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tau-charm facility (¥ /Y factory) is really a “good stuff”, tells us more!
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Production
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« After BESIII collecting eTe™ collision data above 4.0 GeV
» dedicate efforts into vector charmonium(-like) study

* higher precisions, expose more channels, ...
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Production
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A brief overview

PRD 106, 072001 (2022)
PRD 99, 091103 (2019)
PRD 104, 052012 (2021)

CPC46,111002 (2022)

PRL 122, 102002 (2019)
PRL 130, 121901 (2023)
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A brief overview
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A brief overview
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PRL 131, 211902 (2023)
PRL 133, 171903 (2024)

A. brief OverVieW PRL 131, 151903 (2023)

arXiv: 2403,14998
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What’s next

PRL 133, 081901 (2024)

Cross sections

All real cc ?

Openning thresholds

Unitarity (sum of BWs is not)

More precise data available

Hang Zhou (SDU, HIM & JGU)
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What’s next
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Openning thresholds
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« A way out: couple-channel analysis & alternative parameterization
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Couple channel analysis with K-matrix

 Resonances in K-matrix as sum of poles

R R . .
. 9u9v gy coupling of resonance R to channel
Kuv= ) —5 -t Juv
= Mg =5 f v scattering between channels
Unitarity
e Aitehicmn’c D. : , : _

Aitchison’s P-vector is used to implement the production Rescattering
MH; ete— = 2(1 + KC);%,PV C Chew-Mandelstam function

1% R R af production of resonance R

a" Gy . .
P,=Kgp, = 2 + B, B, direct production of channel v



Couple channel analysis with K-matrix

Nils Hlsken et al., PRD 109, 114010 (2024)
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2 poles and 5 channels
Overall good fit quality
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Couple channel allal}’SiS with K-matrix Nils Hiisken et al., PRD 109, 114010 (2024)

Pole position

What we can get:
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ongoing work of extending to higher energy and including more channels
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Summary & outlook

* Nontrivial structrues appear in both open-charm and hidden-charm
final states &

* resonance, exotic, rescattering effect ..., all of them may have a
contribution &

* with more precise data (DD, DD*, D*D*, D.D,, D:D;, DD*m, D*D*m,
DDnm, ...), couple-channel analysis is needed (although problem still
remains) &

* which let us extract more information, distinguish one from another &

* hopefully, we may soon get the whole picture! &



Backup
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JHEP 05, 155 (2022)
arXiv: 2403.14998
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couplings in general (should) depend on energy

gur(s) = gL’R : kﬁ . exp(—kﬁ/ﬁ) (1 — kﬁ/q%) E. Eichten et al, PRD 21, 203 (1980)

real-valued fit ensuresc —- 0 ensureso —» 0 optional node
parameter at threshold for large s for Y (35)

 we enforce isospin symmetry in Y - D°D% and D*D~,
setting gpo50 . = gp+p-z
— [yogo and I'y+,- will still differ due to my+ # mpo

 for contact- (background-)terms, we test both cases

all parameters are real, there are no free phases!
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