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Local chiral EFT

B A common and natural explanation for flavor asymmetries
in the nucleon (d — 4, s —5,...) is a meson “cloud”

B Most efforts have been within low-energy
models of QCD

— relatively successful phenomenology,
but connection with QCD often unclear

B Rigorous connection with QCD established via chiral EFT
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B At leading order, pion-nucleon

interaction includes pion rainbow,

Kroll-Ruderman (needed for gauge
invariance), and tadpole diagrams

B Matching of quark-level and

hadron-level operators with
same symmetries
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Parton distributions

B More specifically, contributions to quark PDF from
different diagrams can be organized as:
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Chiral splitting functions

m Splitting functions for pion rainbow diagram
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B Bubble diagram contributes only at y=0 (hence x =0)
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Salamu, Ji, WM, Wang (2015)



B Pion rainbow diagram with nucleon coupling
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B Tadpole contribution also only at y =0

[V () = = [ (y)

B KR diagram has off-shell and J-function contributions
V) = P + 210 ()
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B For point-like nucleons and pions, integrals divergent

—> finite size of nucleon provides natural regularization scale
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B E866 d— u data can be fitted with range of regulators
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B Integrated asymmetry ] = fol dr(d — @)
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—> N on-shell contribution ~ total!



B Effect on moments of PDFs

— coefficients of leading nonanalytic (LNA) terms,
reflecting infrared behavior, are model-independent!

— QCD therefore predicts a nonzero asymmetry from 7 loops
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— nonanalytic behavior vital for understanding
lattice data on PDF moments at low m
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Strange quarks

O Some indication of strange—antistrange asymmetry from v/ DIS
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O Chiral SU(3) effective theory analysis suggests natural mechanism
for generating strange asymmetry
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O Convolution representation
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—> since fl(;fa’d) (y) ~ d(y), tadpole term generates valence-like
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O Constraints on cutoff parameters from pp - A X

and total (S + g)loops < (3 + <§)total
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O Breakdown into individual contributions to s(x)
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O Breakdown into individual contributions to s(x)
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—> large cancellations between off-shell terms in rainbow & KR,
and between ¢§-function terms in rainbow, KR and tadpole

—> total s(x) well approximated by on-shell part of rainbow;
total off-shell & J-function terms small

—> explains phenomenological success of loop calculations
in terms of on-shell rainbow only!



O Gives rise to small but (mostly) positive s — 5 distribution
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— x-weighted difference S~ = (0.4 —-1.1) x 1073

— presence of J-function terms in 5(x) means that
integrals of s and s at x >0 need not cancel!

X. Wang, C. Ji, WM, Salamu, Thomas, P. Wang (2016)



Regularization

O For point particles, regulator functions F for on-shell,
off-shell and d-function distributions (which could be different!)
are unity

—> UV divergent ... need to suppress large-k contributions

O Not all regularization schemes preserve symmetries of the
field theory (Lorentz invariance, gauge invariance, chiral symmetry)

— dimensional regularization, Pauli-Villars (example of finite-range
regulator) known to preserve chiral and Lorentz symmetries

—> naive application of (some) hadronic form factors can lead
to problems with gauge invariance

O A solution which allows preservation of symmetries with
form factors is to use nonlocal theory!



Nonlocal chiral EFT

B For interactions of finite-sized hadrons, it is natural to imagine
interactions would not necessarily be at a single point, but
smeared out over spacetime

— generalize local chiral SU(3) Lagrangian ...
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Nonlocal chiral EFT

B For interactions of finite-sized hadrons, it is natural to imagine
interactions would not necessarily be at a single point, but
smeared out over spacetime

— ... to nonlocal Lagrangian

L (1) = Br)(iv* Dy — Mp)B(w) =T, (2) (9" Dy . — Mpy™ )T, ()

' B(a) [(}%')'“frsB(r) | C}"ﬁew-r,.:x)}

X /d*n Gila.x | a)F(a) Dy . 0@+ a) | he.

10, - . N .
200 o) p(x) / d'a / d'b G4z + b,z + o)1 (u)1'(b)

+2f2

x [d(z + 0){DPpo o) (T + ) — Bz op(z + a)d (2 + b)]

+ D 0(T) (Huad) () + -,

;
— gauge link ¢i(z,y) —em[ i / z*‘-mi(z)] preserves local gauge invariance of fields

T

—> coordinate space meson-baryon vertex form factor F'(a) in Lagrangian



B Expand gauge link to lowest order
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— allows nonlocal Lagrangian to be written as sum of free
and interacting parts, with latter consisting of nonlocal
purely hadronic, electromagnetic (from 1st term), and

gauge-link parts (from 2nd term)
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Gauge link part of Lagrangian generates additional interactions
specific to the nonlocal theory
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— there are also nonlocal contributions to all the other diagrams!

— illustrate for case of a (k*-dependent) dipole form factor
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B e.g. meson rainbow diagram
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B e.g. meson rainbow diagram
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— in A — oo limit, ™ and £\ approach local limits;

purely nonlocal function 57\ vanishes

B similarly for all other diagrams

—> additional complications for decuplet diagrams,
with end-point contributions at y = 1
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Numerical effects of nonlocality
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Numerical effects of nonlocality
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Numerical effects of nonlocality
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Numerical effects of nonlocality
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d(x) — u(x)

Numerical effects of nonlocality
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—> N on-shell contribution still ~ total!



Outlook

B The future of chiral loops is “fuzzy”...



