Hadron structure
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® Numerical simulations




® Numerical simulations




Lattice light-cone structure

® [wo difficulties:
® Fuclidean space
® Reduced symmetry: O(4)—H(4)

® (Calculate twist-2 operators matrix elts
OPE = Mellin moments of PDFs

G f_ll dictilailic)

® Limited to n = 3 by complicated operator
mixing and renormalisation
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Lattice results

® QCDSFE LHP and RBC collaborations

® | owest three moments of ¢g(x), Ag(x), dg(x)
® Also calculate moments of GPDs [see P Higler SPIN-5]

® Only isovector moments: flavour singlet —
disconnected contractions

® |arge quark masses: progress in YPT
calculations for extrapolation (m, L, a)
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Example: axial charge

® g4 = (2")au—nad simplest twist-two op.

LHPC/MILC
LHPC/SESAM
RBCK
QCDSF/UKQCD

Experiment

LHPC, PRL 06

0.4 0.6 0.8
m * (GeV?)

Unquenched data
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Moments = PDFs

® Well defined problem: inverse Mellin
transform
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Higher moments

[WD & CJD Lin PRD 73,014501 (2006)]

® OPE of Compton tensor in Euclidean space

|. Calculate current-current commutator

2. Extrapolate to continuum - restore O(4)

3. Match to Euclidean OPE to extract
matrix elements of local operators

® Determines the same moments as in
Minkowski space.
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Fictitious heavy quarks

® Compton tensor for currents that couple
light quarks to heavy fictitious quark W

® No disconnected contractions "+ practical

® Heavy quark mass acts like photon
virtuality to suppress higher twists

® Heavy quark integrated out after OPE
® Determine same PDF moments

® Effects in perturbative Wilson coefficients
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L attice correlators

® Quark contractions in Compton correlator
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® Heavy quark: no disconnected diagrams for
Isovector
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L attice correlators

® Quark contractions in Compton correlator

® Heavy quark: no disconnected diagrams for
Isovector
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Compton tensor

® | eading twist contributions

® Higher twist/gluonic contributions

® Significantly reduced by heavy quark
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Compton tensor

® | eading twist contributions

® Higher twist/gluonic contributions

® Significantly reduced by heavy quark
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Heavy quark DIS

® Compton tensor with heavy quark

® Heavy-light vector current Jj; , = ¢T"¥ + WI'*4)
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Heavy quark DIS

® Usual twist-two operators

® Jwist-3 scalar operators contribute: e(x)
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Heavy quark DIS

o Leads to Wilson coefficients Gegenbauer polynomials
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® where (- n =

~

® (Gegenbauer polynomials from target mass
corrections: powers of (p°/q*)’

Not small



Heavy quark DIS

® Simple in target rest frame:
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Lattice details

® Scale hierarchy: Agcp < |Q|,mg < a™*

® Need fine lattice spacings: a ' > 5 GeV
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° Heavy quark quenched very cheap




Moment extraction

® Aim: extract 6-8 moments (neglect higher)

® Example of n dependence:

Mg =2.1GeV, Q? = —3.9GeV, gy = 2.0 GeV
a=04,1.2GeV, o= My =1.2 GeV
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Other observables

® Odd moments
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7t distribution amplitude

® Distribution amplitudes (LC VVFs)
important for hard processes (QCDF)

® Moments of meson DAs:e.g. ¢.(¢)

(") = Jy € 6n()dE
® | ocal ME method limited to one moment!
® OPE method determines higher moments

® Not related to a physical process
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7t distribution amplitude

® | attice calculations of the tensor

H-L vector current

H-L axial current

® After OPE determine same matrix
- elements as for distribution amplitude:




Summary

® | C structure from lattice calculations

® Moments of parton distributions
® Moments of generalised parton distributions

® Moments of distribution amplitudes

® OPE method for higher moments
Fictitious heavy quark "= practical for
isovector distributions

® PT calculations for extrapolations
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Hadron structure in P

® Much progress also in moments of PDFs/
GPDs/DAs in chiral pertubation theory

® Forward matrix elements (PDFs): NLO
calculations, FV, lattice spacing effects

® Non-forward:
N: no As, infinite volume, continuum

7t: finite volume, lattice spacing effects

® DAs: NLO infinite volume, continuum



Higher twists in OPE

® Derivative squared generates towers of
higher twist operators




Compton correlator
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