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Exclusive QCD

• Distribution Amplitude (DA):  momentum 
distribution of parton inside intact hadron

• pQCD:

• What is high scale?



• z = z-, α=+, is the LCDA

• Take z = (0, 0⟂, z3), p = (0,0⟂, p3),

• RGI ratio to remove UV-div from WL, 
Then take LC limit in MSbar:

Pseudo-(IT)Distributions
"Ioffe Time" [Radyushkin, Phys. Rev. D 

96, 034025 (2017)]

https://arxiv.org/abs/1705.01488
https://arxiv.org/abs/1705.01488
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Then take LC limit in MSbar:

Pseudo-(IT)Distributions

• Ideal kinematics involves γ5γt: Finite Mixing 
with σxy at 1-loop. [M Constantinou, H. 
Panagopoulos, 2017]

• Typically avoided by taking α=z [X. Gao, 
et al, 2022] and forming.

"Ioffe Time":

https://arxiv.org/abs/1705.11193v4
https://arxiv.org/abs/1705.11193v4
https://arxiv.org/abs/2206.04084
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Matrix Element Extraction

• CLS NF2 Clover-improved Wilson fermions.

• Gaussian smearing  (spatial + momentum)

• Interpolators:

• DA-ops:
• Center gauge link at z/2 at the sink (more stats)

Built from [G. Engel, et. al, 2014]

https://arxiv.org/abs/1411.6386


• DA ops:

Matrix Element Extraction

• Interpolators:



Matrix Element Extraction

8

• Fit with care:

• Excited-state contamination at early times.

• Noise for moderate-to-late times.

• Treatment of fit-range systematics:

• Removed data points are 
now parameters!

• Marginalizing out these 
parameters results in weighted 
averages over models.

[W. Jay, E. Neil, Phys. Rev. D 103, 114502 (2021) ]

https://arxiv.org/abs/2008.01069


Matrix Element Extraction



Matrix Element Extraction



• E5



DA Extraction

• Use physically well motivated parameterizations to deal with inverse 
problem.
• Simplest class of models:

• Lattice Spacing errors: accumulate in

[Radyushkin, 2019]

[J. Karpie et al, 2021]

[C. Egerer, et al, 2021]

https://arxiv.org/abs/1909.08474v2
https://arxiv.org/abs/2105.13313
https://arxiv.org/abs/2107.05199


Conclusions/Future Prospects

• Estimating systematic uncertainties is important: BMA provides a rigorous, quantitative way of doing this.

• Improvements:

• Excited State Contamination: Distillation & Variational Method to control higher-momentum results.

• Include physical pion mass ensemble to quantitatively study pion mass effects and higher twist effects 
in tandem.

• Model Dependence: BMA on several model DA's + choice of z-cut.

Cheers!
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