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meson spectroscopy 3

first principles QCD
will need to deal with
amplitudes
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producing meson resonances 4

the local meson resonance factory
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producing meson resonances 5

the local meson resonance factory a complimentary approach

10 billion J/y decays at BESIII
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charmonium radiative decays as light meson factories 6

10 billion J/y decays at BESII!
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charmonium radiative decays as light meson factories 7

10 billion J/y decays at BESII!
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charmonium radiative decays as light meson factories 8

10 billion J/y decays at BESII!
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charmonium radiative decays as light meson factories

10 billion J/y decays at BESII!

B(J/w = yP)(x107%)
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can we describe these decays in first-principles QCD ?
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charmonium radiative transitions in lattice QCD 10

state of the art circa 2006

Q2

PHYSICAL REVIEW D 73, 074507 (2006)

Radiative transitions in charmonium from lattice QCD

Jozef J. Dudek,™ Robert G. Edwards, and David G. Richards

Jefferson Laboratory Mail-Stop 12H2, 12000 Jefferson Avenue, Newport News, Virginia 23606, USA
(Received 17 January 2006; published 20 April 2006)

Radiative transitions between charmonium states offer an insight into the internal structure of heavy-
quark bound states within QCD.' We compute, for the first time within lattice QCD, the transition form
factors of various multipolarities between the lightest few charmonium states. In addition, we compute the
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charmonium radiative decays in lattice QCD 11

remain challenging ...
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= noisy signals
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lattice QCD approach 12

previous state-of-the-art
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lattice QCD approach 13

new three-flavor
calculation
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lattice QCD approach 14

new three-flavor
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transition form—factors
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transition form—factors (D) | 4(0) | Ty (p, ) = €7 | p, €,(D, 2) 17
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describing Q% dependence

18
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is the timelike virtuality accessible experimentally ? 19

yes, in Dalitz decays + 104 &
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real photon point
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other charmonia ? 21

BESIII also has 3 billion y(3686)
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other charmonia ?

22

BESIII also has 3 billion y(3686)

lattice statistics not currently enough

to resolve these very weak decays
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other charmonia ? 23

BESIII also has 3 billion y(3686)

have produced a significant number of &,
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other charmonia ? 24

BESIII also has 3 billion y(3686)

have produced a significant number of &,
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extensions of the technology 25

compute scalar and tensor resonance production

Jly — y(zr, KK, ...)
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extensions of the technology 26

compute scalar and tensor resonance production
Jly = y(nn, KK, ...)
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coupling resonances to currents

27
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28

PHYSICAL REVIEW LETTERS 135, 161904 (2025)

n and 7' Production in J/y Radiative Decays from Quantum Chromodynamics
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n and ' meson production in J/y radiative decays from lattice QCD
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kinematic structure of the matrix elements 29

(P 14O [ Ty (p, 1)) = €77 p, p, €,(p, 1) F(Q?)

Ty = yn) = 55alql’ | FO)

n and n” meson production in J/y radiative decays from lattice QCD | JLUO | Jun 2026



stable hadrons

30

principal correlators

1.02 1

1.00 A

J/y ([111], Ay)

0.98 A
0 5 10 15 20 25 30 35 40
1.01 A
1.00 1
0.99 A
T/ (1), B») 2
0.98 - T T 2 T T T T T T T
0 5 10 15 20 25 30 35 40
Jl o}
1.05 A
m] T
1.00 - 1“ T
:E L
0.95 il ]
o
0.90 oo | |7
0854 " ([111], As)
0 5 10 15 20 25 30 35 40
1.1
o
e
ST
0.9 1
' ([111], Az)
0 5 10 15 20 25 30 35 40

0.475
0.450
0.425 -

~  0.400 1

0.350 -

0.325 1

0.300 1

atAEy

—0.01 -
0.0025 A

a,;AEhC

—0.0025
0.0005 +

(LtAEJ/q/,

0.0000

—0.0005

* 0.375 A

0.0000 +

nA |dim. helicity content J¥ content
[000]T, | 3 - 1-7,37 ...
[100] A1 | 1 0,%4... 0t—,1——,2t,37~ ...
[100] Eo | 2 41,43... 1= 7,1t~ ,27—, 2t 37~ ...
[110] A1 | 1 0,£2,4+4... 0" ,17—,277,277,37~ ...
[110] By | 1 41,43... 17,1t~ ,27—, 2t 37~ ...
[110] B2 | 1 41,43... 1——, 17—, 27—, 2+t~ 37~ ..
[111] A1 1 0,£3... 0t—,1——,2t,37~ ...
[111]Ex| 2 #1,42,44... 177,17~ 277 2+= 37— |
2 O]A1 1 0,%4... 0t—,1——,2%,37~ ...
[200] E2 | 2 41,43... 1——, 17—, 27—, 2+t= 37~ ...
dispersion relations
0.08 A
& = 3.478(19) & = 3.588(56)
0.07 1
0.06 - £ = 3.4500(92)
o 0.05 1
£ =3.5080(24) Li
S 0.041
D/D//D/D/j 0.03 - ,//
J/)
Ngop = 0 0.02 1
L E i % f % 0.014 "
- - - : 0.01 - ' l /
= X?/Ngof = 1.29
é E é g % % X/]\do[ 1.26 L;];0.00 l X %‘ % 1 % . ol
' ' ' , ' 5 000 | {]
2/N . ¢ =2.
. g : : § X2/Ngof = 14.09 21 0.0000 & ; % % % X*/Ngof = 2.23
0 > 6 0 1 6
|n|2 n?

n and n” meson production in J/y radiative decays from lattice QCD | JLUO | Jun 2026



anisotropic current improvement 31
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J/y at high momentum 32

dispersion relation
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Wigner-Eckart — J/yw — yn. example 33
‘raw’ correlators after Wigner-Eckart
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timeslice fitting with ‘model averaging’ 34
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At dependence
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no real systematic dependence upon At observed

n and n” meson production in J/y radiative decays from lattice QCD | JLUO | Jun 2026



improved temporal current 36
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many fewer possible ‘rotations’ to average over
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axial — pseudoscalar multipole decomposition 37
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charmonia below DD threshold
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charmonia below DD threshold
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n'volume dependence is also a little suspicious 41
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