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Exclusive Processes in QCD
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Lattice QCD N [ |

 Wick Rotate to Imaginary Time

* D.O.F. are fermions and gauge links. e

e Path Integral ==> Partition Function,
amenableto numerical methods

e Various choices of lattice actions

e Some side effects may include: i
* Lattice Spacing

e Matrix inversions are hard ==>work .
at heavier pion masses and U,u(x) — €XP (ZCLAM (.CIZ'))
extrapolate to physical point
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* Finite Volume

* Rotational Symmetry reduction to % f D[@, ¢, U] exp (—S[@, ZD, U])O(@, ¢, U)
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~Distributions

e Euclideantime ==> light-like separationsnot available!

* Approach:Space-like matrix element with same
IR behavior as LCDA.

* Quasi-DA/LaMET: large momentum
matching
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[J. Zhang, et. al. Phys. Rev. D 95, 094514 (2017)]
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V =D+ 2 "offeTime"

* Pseudo-DA: short distance matching
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Pseudo-Distributions Me(p, 2) = (O[B(0)7°v (0, 2]ab(2)] 7 (p))

* Caveat(s): ( ) = QPQM(V z ) + Za./\/‘(l/, Zz)
* Center operator at origin for convenience
. | V =1DpP-* 2 "loffe Time"

M(v,2%) = e T M(v, 2?)

* Results in a REAL matrix element <==> symmetric DA
* UV divergence from Wilson Line: must renormalize!

* Use RGI ratio: 2
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Matrix Element Extraction

N? x Ny | Nef | a(fm) my(MeV) | Fr(MeV)

ES CLS ensemble: (g engelet. al. Phys. Rev. D 91, 054505 (2015)] 323 x 64 | 999 | 0.0652(6) | 440(5) 115.2(6)

2 Flavour
* Of(a) improved Wilson fermion action
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Matrix Element Extraction
RLI(t) = My, + A] e 2!

* Fit with care:
* Excited-state contamination at early times.

0.050
* Noise for moderate-to-late times.
* Treatment of fit-range systematics: 00851
. [W. Jay, E. Neil, Phys. Rev. D
* Removed data pointsare 103, 114502 (2021) ] 0040 |
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Matrix Element Extraction
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Matrix Element Extracted

PRELIMINARY

* Inverting factorizationrelationdirectly is ill- 1.0 =gy b z=1
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Conclusions and Future Work (WIP)

 DAisrelevantfor nuclear physics @ JLab and EIC, its importance precludes lattice calculations.

* Estimating systematic uncertaintiesis important: BMA handles this in a rigorous quantitative way.

e TODO: Need to remove lattice regulator as best as we can:
* Repeat calculation atseveral lattice spacings, fit away lattice spacing effects. (Ongoing Effort)
* Control excited state contamination: Distillationand GEVP.
* Use of BMA to handle model dependencein the approach to the inverse problem.

Thiank you!
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