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producing meson resonances 4
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producing meson resonances 5
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charmonium radiative decays as light meson factories 6
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charmonium radiative decays as light meson factories 7

J/ψ → γ ηη′￼

1500 2000 2500 m(ηη′￼) / MeV

η1(1855)

isospin-0  exotic hybrid meson candidate1−+

10 billion  decays at BESIIIJ/ψ
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charmonium radiative decays as light meson factories 8
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SK0
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10 billion  decays at BESIIIJ/ψ
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charmonium radiative decays as light meson factories 9

10 billion  decays at BESIIIJ/ψ

‘simplest’ cases: J/ψ → γ η
J/ψ → γ η′￼

2.2 million

0.6 million

can we describe these decays in first-principles QCD ?
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charmonium radiative transitions in lattice QCD 10
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charmonium radiative decays in lattice QCD 11ET
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lattice QCD approach 12

previous state-of-the-art

two-flavor: η, η′￼
simple operators 
limited kinematics

mπ ∼ 350 MeV
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lattice QCD approach 13
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lattice QCD approach 14
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three—point functions 15
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transition form—factors 16
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transition form—factors 17
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describing  dependenceQ2 18
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is the timelike virtuality accessible experimentally ? 19

yes, in Dalitz decays
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real photon point 20
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other charmonia ? 21
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other charmonia ? 22
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other charmonia ? 23
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other charmonia ? 24
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extensions of the technology 25

compute scalar and tensor resonance production
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extensions of the technology 26

compute scalar and tensor resonance production
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coupling resonances to currents 27
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kinematic structure of the matrix elements 29

⟨η(p′￼) | jμ
em(0) |J/ψ(p, λ)⟩ = ϵμνρσ p′￼ν pρ ϵσ(p, λ) F(Q2)

Γ(J/ψ → γη) = 4
27 α |q |3 |F(0) |2
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stable hadrons 30
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anisotropic current improvement 31
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 at high momentumJ/ψ 32
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Wigner-Eckart —  exampleJ/ψ → γηc 33
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timeslice fitting with ‘model averaging’ 34
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 dependenceΔt 35
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improved temporal current 36
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axial — pseudoscalar multipole decomposition 37

⟨η(p′￼) | jμ
em(0) |hc(p, λ)⟩ = E1(Q2) 1

Ω(Q2) [ϵμ − ϵ ⋅ p′￼(pμ p ⋅ p′￼− p′￼
μ m2

h)]
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mh
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ϵ ⋅ p′￼[pμ(p ⋅ p′￼− m2
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μ(p ⋅ p′￼− m2

h)]

Aλ=+1,λγ=+1 = Aλ=−1,λγ=−1 = − E1(Q2),

Aλ=0,λγ=0 = − −Q2 ⋅ C1(Q2)

corresponds to helicity amplitudes

transverse electric dipole

longitudinal, doesn’t contribute for real photons
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charmonia below  thresholdDD 39
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charmonia below  thresholdDD 40
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 volume dependence is also a little suspicious η′￼ 41
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