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Motivation: Beyond leading twist

Twist-4 operators!
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Outline

Inelastic structure functions and the forward Compton scattering tensor
Empirical Compton amplitude
Compton amplitude as an energy shift: Feynman-Hellmann

Numerical results



Inelastic structure functions and the forward
Compton scattering tensor



Inelastic scattering

Cross section ~ Hadron tensor
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Forward Compton amplitude
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Dispersion relation for Compton amplitude
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| Discontinuity across cut |
|| Imaginary part !
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Compton amplitude in unphysical region asntegral over inelastic

structure function



Moments of structure functions

Compton amplitude as integral over inelastic cut:

202 (% ImT (v, Q7 bR (2, QP
T (w, Q%) = i/ do’ — 1w, @) :4w2/ dx 1@, Q)
1 0

7 w'(w? — w'?) 1 — (wx)?

subtracted dispersion relation

Taylor
expansion



Empirical Compton amplitude
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Compton amplitude as an energy shift:
Feynman-Hellmann
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FeynmanbHellmann (2nd order)

Quantum mechanics: 2nd order perturbation theory
" INJVIXTIXVINT

E=Eqg+ !IN|VIN"+ 17

XEN

Only get a linear term for elastic casé =1 [Breit frame]

Insert a weak spatially-varying vector current, e.g.

S — So+ A / d*y (e"4Y 4+ e Y) q(y)y3q(y)

Second-order energy shifts isolate forward Compton amplitudg(g® > |2p.q|)
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Two current insertions

Ep EX,piq Ep

Y& B ke

t

Euclidean decay of intermediate state
FH: integrate over all times
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Numerical results

Lattice specs:
NP-improved clover
m" ~ 470 MeV
SU(3) symmetric
a~0.074 fm

323x64

(+ a couple extras)
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2f17 “(Q%)

~ 1,700 configs

6 sources
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Scaling: Lowest moment

10
FL1(Q%) ~ 5 ) (1 + log)

" Compatible with scaling!
" Trend not inconsistent with pQCD!
" too early to assess higher twistE
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ud Interference:" Pure higher-twist e$ect
: . Vanishes asymptotically, as expected
Higher twist



Concluding remarks

| Feynman-Hellmann reduces

 B54,32 %64 7.2/ computation to analysis of

4 B=5.5,323x64

| B=565 48 x 9 N/ 2-point functions

Still some work to do:
|" Inversion problem

[see poster H. Perlt]
Subtraction term not yet

understood ‘
 Bo54,370d Understanding continuum limit |
e " Better statistics |

" New insight into twist
expansion




Back-up slides



Numerical example

Single external momenta
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L attice kinematics

Elastic pole

Blue dots: different nucleon Fourier momenta

Broad coverage of ! from single !
calculation (computationally OcheapO)



FeynmanbHellman with momentum transfer



Warm up: Periodic potential, 1-D QM

2
" Almost free particle Hglp) = §—m\p>

Subject to weak external periodic potential  V(X) = 2! Vy cos(@x)
V
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Warm up: Periodic potential, 1-D QM

Geometrically: Do

| No brst order |}
| energy shifts? |




Degenerate perturbation theory

Exact degeneracy: p = q/2

2
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External momentum beld on the lattice

Modify Lagrangian with external Peld containing a spatial Fourier
transform [constant In time]
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Project onto Oback-to-backO momentum state: [&/2! + |" /2!

. | OBreit frameO kinematics
E.g. pion form factor
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Phenomenologically-
Interesting region.
Domain dominated by model
calculationsE

previously prohibitive to
study in lattice QCD.
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[Chamberset al. arXiv:1702.01513]



Proton form factors

[my comments]

" One volume!
" Not worried (yet)!
" One quark mass!

' Surprised that we see a
similar trend as experiment!

' One lattice spacing!

" We should investigate further
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Second-order OFeynman-HellmannO
(with external momentum)



FeynmanbHellmann (2nd order)

" Two-point correlator
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FeynmanbHellmann (2nd order)

Differentiate spectral sum
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FeynmanbHellmann (2nd order)

Di"erentiate path integral
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Field time orderings ignore Pnite T

Current insertion possibilities —_— t

Both currents OoutsideO (together)
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Field time orderings

Both currents between creation/annihilation
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Final steps

Equate spectral sum and path integral representation

Asymptotically, we have
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