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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

0.0705 -
Finite-volume effects
vor | 0l ~1—-1.5% at m,.L ~ 3.8
J. Dudek et al., PRD 86 (2012) 034031
<)
"-;’ 0.0695 |
g
=
0.069 |-
agmy(oc) = 0.06906(13)
0.0685

= — o
Also S. Beane et al.,, PRD 85 (201 1) 034505



Our model

Couple two scalar particles m, << m,:

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

Introduce external current

1 1 1 1

J(x) = 29099090 + ZXgXx + Zxcpgxch SO"‘ cpcpgxng 90 + e

T Dy l‘*x

Consider

M (& p) = (p|T(0,£)T(0)|p)
M, p) = Mp( p) — Mx(§.p)



Light particles

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

Leading order

One loop
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Heavy particles

Dominant diagram lek+qu
k Yk
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Heavy particles

Dominant diagram lek+qu
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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 chiral perturbation theory
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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

Dominant diagram Pk
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Shift momentum variables, introduce Feynman parameters
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Carry out momentum integrals
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PDFs

J.-W. Chen et al, 1804.01483
- pion: HISQ 2+1+1, a=0.12fm, L=2.9fm, m=310MeV, P = {0.86,1.32,1.74} GeV
J-W. Chen et al, 1803.04393
- HISQ 2+1+1, 2=0.09fm, L=5.8fm, m=135MeV, P={2.2,2.6,3.0} GeV
C. Alexandrou et al, 1803.02685
- Tw 2, a=0.09fm, L=4.5fm, m=130MeV, P={0.83,1.11,1.38} GeV
H.-W. Lin et al, 1708.05301
- HISQ 2+1+1, a=0.09fm, L=5.8fm, m=135MeV, P={2.2,2.6,3.0} GeV
C. Alexandrou et al, PRD 96 (2017) 014513
- Tw 2+1+1, a=0.082fm, L=2.6fm, m=370MeV, P={0.49,0.98,1.47,1.96,2.45} GeV
J.-W. Chen et al, NPB 911 (2016) 246
- HISQ 2+1+1, a=0.12fm, L=2.9fm, m=310MeV, P={0.43,0.86,1.29} GeV
C. Alexandrou et al, PRD 92 (2015) 014502
- Tw 2+1+1, a=0.082fm, L=2.6fm, m=370MeV, P={0.49,0.98,1.47} GeV
H.-W. Lin et al, PRD 91 (2015) 054510
- HISQ 2+1+1, a=0.12fm, L=2.9fm, m=310MeV, P={0.43,0.86,1.29} GeV



PDAs

G.S. Bali et al, EPJC 78 (2018) 217
- pion: Wilson 2, a=0.07 | fm, L=2.27fm, m=295MeV, P={1.08,1.53,1.88} GeV
- L/a=32, mL=3.4, zmax/a=12 (?)
J.--W. Chen et al, 1712.10025
- kaon: HISQ 2+1+1, a=0.12fm, L=2.9fm, m=310MeV, P={0.86,1.29,1.72} GeV
- L/a=24, mL=4.5, zmax/a=14 (?!)
J.H. Zhang et al, PRD 95 (2017) 094514
- pion: HISQ 2+1+1, a=0.12fm, L=2.9fm, m=310MeV
- L/a=24, mL=4.5, zmax/a=
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