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Vector charmonia
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exotic candidates appear in
a different kind of process
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Vector charmonia

what else do we know?
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Vector charmonia

what else do we know?
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How to study vector quarkonia



ete™ annihilation

eTe” = cC(yp)
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ete™ annihilation

[t Belle data
oo LAl BESIII data
[ i Bellell (10 ab™!)
Bellell (50 ab™!)
O _ (assuming Belle performance)
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What we want to do

& DY, DO,
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What we want to do

e , DO, DO 7,

\)

Mf,e+e_ D(*), Dg*)+, '7”9 hc’

there will be a common scattering matrix connecting i = e*e™ to any of these final states
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The K-matrix approach

one way to model the matrix element: K-matrix formalism
_ -1
M=) [1+KC].' K,
J

where
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K. — Z 8R,i5R,j
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see also talk by Meike Kuessner,

International K-matrix day: https://indico.global/event/14144/ 0



The K-matrix approach

one way to model the matrix element: K-matrix formalism
_ -1
M=) [1+KC].' K,
J

where

the bare interactions

see also talk by Meike Kuessner,
International K-matrix day: https://indico.global/event/14144/
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one way to model the matrix element: K-matrix formalism
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The K-matrix approach

one way to model the matrix element: K-matrix formalism note: these loops couple i — fscatteringto i — j and j — f scattering

the bare interactions

see also talk by Meike Kuessner,
International K-matrix day: https://indico.global/event/14144/
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The K-matrix approach

D_(*), Dg*)_, TTTT, ;,],




The K-matrix approach

perform simultaneous fit to all ete™ — ¢¢ (bb) data
to obtain bare couplings gg ;, bij and bare masses mip

\)

e , DO, DO 7,

D(*), D§>X<)_|_, l/j, hc,

extract the physical information from poles in M
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The test case: bottomonium

NH, R. Mitchell, E. Swanson
PRD 106 (2022) 9, 094013



Bottomonium

all exclusive data is from Belle
inclusive data from Belle & BaBar
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Bottomonium

all exclusive data is from Belle
inclusive data from Belle & BaBar
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Bottomonium
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different line-style = variation of B(s)
different colour = variation in three-body treatment
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different line-style = variation of B(s)
different colour = variation in three-body treatment
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‘resonance:

pole of matrix element
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Towards charmonium

NH, R. Lebed, R. Mitchell, E. Swanson, Y. Wang, C. Yuan, PRD 109 (2024) 11, 114010
ongoing work with R. Mitchell, E. Swanson, C. Yuan, S. Dawid, A. Szczepaniak and others



A piece of the puzzle

the G(3900) problem
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A piece of the puzzle

Eichten et al., Phys. Rev. D 21 (1980) 203
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A piece of the puzzle
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The full charmonium case

data from BESIII, Belle, BaBar, CLEO,
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The full charmonium case
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The full charmonium case
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The full charmonium case
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complicated three-body effects play a role -
and connect different processes!



o (pb)

-~

.
o

IIIIIIIIIIIIIIIIIIIIII > ¢

.......

3.7 38 3.9 4 4.1 42 4.3 44 45 46

10”

D7D~

IIIIIHIIIHHIHllllllllllll'llllll HIIHH b ¢

P /8 BRI, FEPEPE Brararerl ih iy
3.7 38 39 4 41 42 43 44 45 46

x10"

3.7 38 3.9 4 41 42 43 44 45 46

80

60

40

20

0

w(2S)nr

lllllllllll]lllllll

3.7 38 3.9 4 41 42 4.3 44 45 46

510“

6F 2
5¢ 1.5
4

- 1
2

2F 0.5
=

0
3.7

DDr

(=]

The full charmonium case

IlllllllllllllllllllllllX

3.8 39 4 41 42 43 44 45 4.6 3.7 38 39 4 4.1 42 4.3 44 45 46

3.7 38 39 4 41 42 43 44 45 46 37 38 3.9 4 4.1 42 43 44 45 4.6

-~

.
o

PEP EPETSTErS EPEPETETE

o
o
'\]_lllIlllIIIIIlllllllllllllllllllll > ¢

sl
38 39 4 41

42 43 44 45 46

600
500
400
300
200
100

llllllllllllllllllllllllllllllllll

3.7 38 3.9 4 4.1

42 43 44 45 46

140
120

8 Jlynn
o fod

20

37 138 i39 4 41

clearly, this can not be the end of the story...

(GeV)

42 4.3 44 45 46

.

IlIlllllllllllllllllllllllX

.....

Py

38 3.9 4 41

W

42 43

44 45 46

\J.I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

FEFEFE BRI . T
38 39 4 4J

42 143

60 A)}r;?()(sl)

40
20

0

-20

3.7 (38 3.9 4 4.1

4.2 443

44 45 4.6




Summary

* a lot of effort has gone into finding new exotic hadrons - but surprisingly little is known about regular vector quarkonia
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* we have the necessary data, but there is no free lunch: |
— this is no bump-hunt, simple interpretations tend to falil |
— coupled channel effects matter & global analyses are key - but hard!

" (nb)

* the future is bright: BESIIlI and Belle-1l keep producing high quality data
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e very active field with many complementary approaches - collaboration with theory is key!

* many things still to be learned!
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Thank you for
your attention!



