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Introduction

• Goals: simple-function charmonium LFWFs 
with few parameters!

i. Approximation to QCD.
ii. Retain more symetries.
iii. Matching the NR limit.
iv. Emphsis on decay width.
• We designed LFWFs for 𝜂c , J/𝜓, 𝜓’ and 
𝜓(3770).
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Basis functions
• LF holography/Basis LF Quantization Hamiltonian.

i. Two parameters: mq and 𝜅.
ii. One-gluon interactions were treated perturbatively. 
• The basis function representation. 
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Basis functions
• Small basis for charmonium states:
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J/𝜓 as a 1-- state

• We assume a 100% LF-1S state for J/𝜓.
• Matching J/𝜓 decay constant to the PDG value: 

• We fix mc and 𝜅 using the J/𝜓 decay constant. 

12/02/21 Jeju Island, Korea

J/�, m j=0

J/�, m j=±1

1.0 1.2 1.4 1.6 1.8 2.0
1.0
0.6
1.1
1.6
1.2
2.6
3.1

� (GeV)

m
f
(G
eV

)

f J/�(�, m f )= fJ/�, PDG

� �=1.34, m f=1.27



𝜂c as a 0-+  state

• 𝜂c predominantly LF-1S+LF-2S and LF-1P. 

• Basis coeffecients are determined using the 
diphoton decay width 𝚪(𝜂c -> 𝛾𝛾).
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𝜓’ as a 1-- state

• A mix of LF-1S and LF-2S states for 𝜓’.

• Basis coeffecients are determined using the 
dilepton decay constant.
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𝜓(3770) as a 1-- state

• A mix of LF-1S, LF-2S, LF-1D states for 𝜓(3770), 
LF-1D is dominating.

• Basis coeffecients are determined by requiring 
orthogonality between 𝜓’ and 𝜓(3770). 
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LFWFs by design

12/02/21 Jeju Island, Korea



The mass spectrum
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Masses calculated from small-basis LFWFs should 
be regarded as Estimated!



• Defined in terms of the slope of the charge form 
factor at zero momentum transfer.

• J/𝜓, 𝜓’ and 𝜓(3770) radii consistent with BLFQ 
calculations. 

• A large size 𝜂c! 

The charge radii
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Parton Distribution Functions (PDFs)
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Dipole model of diffractive VM production 

• The exclusive VM production amplitude:

i. ΨE : LFWF of vector meson
ii. Ψ : Photon LFWF

iii. : dipole cross section
• LFWFs of vector meson is the KEY! 
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J/𝜓 production at HERA
γ*pJ/ψp
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J/𝜓 production at LHC
Pb+PbPb+Pb+J/Ψ sNN =2.76TeV
dσ

/d
y

[m
b]

small-basis LFWF (this work)
BLFQ
boosted Gaussian

ALICE
CMS

-4. -2. 0. 2. 4.0.

2.

4.

6.

y

12/02/21 Jeju Island, Korea

ALICE, 2013.
CMS, 2016.

GC et al., PLB 769, 477, 2017
GC et al., PRC 100, 025208, 2019



𝛾*𝛾 -> 𝜂c Transition Form Factor
J+ J⊥ Fηc γ(Q2, 0)

Fηc γ(0, Q2)
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Summary
• 𝜂c , J/𝜓, 𝜓’ and 𝜓(3770) LFWFs in a 

simple functional form.
• Physical observables calculated: 
i. Masses and charge radii.
ii. PDFs.
iii. J/𝜓 production at HERA and LHC.
iv. 𝜂c diphoton transition form factor. 
• Outlook: simultaneous global analysis 

in determining model parameters.
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Backup Slides
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Basis Function

• Transverse:

• Longitudinal:
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Sample Basis Function
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Mirror Parity and Chargeconjugation 
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J/𝜓 Decay Constant
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