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Nonlocal operators and nucleon structure

Wilson-line operators

® Quasi PDFs
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Currents

e Light quarks
e Auxiliary scalars
e Auxiliary heavy quarks
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Local operators
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Finite-volume effects - infrared degrees of freedom

® pions and nucleons
e chiral perturbation theory

Consider pion tadpole correction to nucleon mass ‘\/
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Local operators: pion mass
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Our model

Couple two scalar particles m, << m,:

® (¥ plays the role of the pion
® X plays the role of the nucleon

Introduce external current
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Light particles

Leading order
L RS

9
q q Moo(ﬁ,p)—g(p/ (pE + qB)* + m?

\,Lb O’J,f ” ’
--------------------- zq £—|—’LLI‘I)

PoatD P sMmuep) = z/
neZ3/{0}

(PE + qE)* + M2,

R. Briceno, M Hansen & CJM, PRD 96 (2017) 014502
Finite-volume scaling

e_ms@ (L_S)

oML (&,0) x "

A. Cherman et al, PRD 95 (2017) 074512



Light particles OML(E,0) = m—z
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Heavy part
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Heavy particles

Dominant diagram lek+qu
k Yk

I — £)1/2
3/2]1¢3/2(§)'% ( fgﬁ} ffxﬁ/g([/—-g)]e—4n¢L

2 2 /
M (60 ~ 22|

12873m,, | (L — €)

1 me
Hiti) o :/ dr f(x P_p=t(M(@)=my)
f(@),al€) 0 S )M(az)a

Finite-volume scaling
61/2
(L—&pr"

oM (E,0)




. k+aq
Heavy particles k:b ----- d{f




Heavy particles

Dominant diagram lek+qu
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Preliminary chiral perturbation theory calculation

Leading order SU(2) meson chiral perturbation theory
Scaling holds for the pion case with, e.g., vector currents J,(£)J.(0)

SM(£,0 48, — M| L — €|E,E,
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Suggests careful choice of current could remove leading FV effects

- could conflict with extraction of specific quantities

R. Sufian et al., PRD 99 (2019) 074507
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Generalisation to NLO and the nucleon case underway

Quark mass dependence also relevant for chiral extrapolation



C. Alexandrou et al (ETMC), 1902.00587
Preliminary tests (ETM Collaboration)

First extensive study of systematic uncertainties for quasi PDFs

Study nonlocal renormalisation parameter for Wilson line operator

® pion mass dependence e finite volume effects
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Summary

Spatially extended operators

® introduce new IR scales
e potentially modify finite volume effects

Toy model matrix elements

—my(L—E)
e light particle external states oM (€,0) x (eL —
51/2
® heavy particle external states SM . (£,0) x T oML

Looking forward

e complete chiral perturbation theory calculation
e several groups studying finite volume effects nonperturbatively
e treatment of Wilson line operators is much trickier
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Light particles

More generally
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Light particles

Leading order
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Bessel functions
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Heavy particles Hbff_tg d_rf
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