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Introduction

• Special role of light cone correlation functions

Asymptotic freedom →

Reaction theory perturbative

Measure matrix elements of light cone
operators unambiguously

• Use lattice field theory to explore and understand
these matrix elements as fully as possible

• Impact on experiment and on model building
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Goals

• Quantitative calculation of hadron observables
   from first principles

   Comparison of theory and experiment

   Credibility for predictions

• Insight into hadron structure - how QCD works

  Mechanisms

• Paths that dominate action - instantons

• Variational wave functions

  Dependence on parameters

• NC, NF, , Gauge group

• Dependence on mq
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Parton and Generalized Parton Distributions

High energy scattering measures light

cone correlation functions

Deep inelastic scattering

Diagonal matrix element

Deeply virtual Compton scattering

Off-diagonal matrix element
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Moments of PD’s and GPD’s

Expansion of

Generates  tower of twist - 2 operators

Diagonal matrix element

Off-diagonal matrix element
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GPD’s and Transverse Structure of
Parton Distributions

M Burkardt, hep-ph/0005108,0207047

• Form factors in non-relativistic and relativistic
  systems:

 Consider Fourier transform of density

Non-relativistic limit

Transverse Fourier transform behaves the same
for light cone wave functions

P+ enters like mass

Formally, Galilean subgroup of Poincare Group
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• Parton  and Generalized Parton Distributions

   Light cone correlation function

   A+ = 0,  Transverse position 0⊥

   Forward matrix element

   Off-forward matrix element
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• Limits

Combine features of parton distributions and form
factors

• Structure  for ξ = 0
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• Impact parameter dependent parton distribution

Note:

Diagonal, positive density

Avoid uncertainty principle problems

Longitudinal:

Transverse:

•Consider no helicity flip : λ = λ’
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•Impact parameter dependent parton distribution

Then:

Thus,                              measures Fourier transform
of

Note:  at x=1, one parton carries all momentum

• Single component in Fock space

•

• Zero slope in
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Light-Cone W.F. for DVCS
Brodsky, Diehl & Hwang  hep-ph/0009254

No ∆⊥ dependence for x1→ 1
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Forward Matrix Elements
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Calculations in Heavy Quark Regime

SESAM Configurations

• NF = 2 Wilson fermions
• β = 5.6
• a = 0.92 fm (MN)
• 163 x 32 lattice
• L = 1.48 fm
• 200 configurations per quark mass
• pion masses (MeV)

r0897831744

MN962868754
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Calculation of Connected Diagrams
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Source Optimization
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Lattice Measurement of Overlap
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Plateaus in full QDC for Operators with p ≠ 0
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Error Analysis
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Qualitative Behavior from Instantons
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Comparison of Results



INT 7-03 J. W. Negele 32



INT 7-03 J. W. Negele 33



INT 7-03 J. W. Negele 34



INT 7-03 J. W. Negele 35



INT 7-03 J. W. Negele 36



INT 7-03 J. W. Negele 37



INT 7-03 J. W. Negele 38

Calculation in Chiral Regime

SESAM configurations

• Nf = 2 Wilson

• Nπ = 754, 868,  962 MeV

MILC configurations

• nf = 3

• Asqtad Staggered sea quarks

• Domain wall valence quarks

• HYP smearing

• Preliminary results:

a = 0.13 fm

mπ = 343 MeV, 635 MeV

~ 100 configurations

Unrenormalized
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Asqtad Action: O(a2) Perturbatively Improved

 Symanzik Improved glue

       Sg(U) = c0 W 1x1  + c1 W 1x2  + c2 W cube

  Smeared staggered fermions: Sf(V,U)

• Fat links remove taste changing gluons

• Lepage term: 5 - link O(a2) correction of

         flavor conserving gluons

• Third-nearest neighbor Naik term (thin links)

• All terms tadpole improved
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HYP Smearing

Three levels of SU(3) projected APE blocking
mixes links within hypercubes
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HYP Parameters

• Non-perturbative: Minimize dislocations
by maximizing the minimum plaquette

• Perturbative: remove flavor changing
gluons

0.250.5710.875Pert.

0.300.600.75Non-pert.

α2 α3α1
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Light Quark Plateaus

       343 MeV                        <1>                     635 MeV

          343 MeV                        <x>                     635 MeV
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Onset of Unphysical Doublers
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Momentum Fraction <x>
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Axial Charge  <1>∆u-∆d
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<x>∆u-∆d
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Correspondence of Moments and 
Generalized Form Factors
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Lattice Calculation

Calculate Ratio

Perturbative Renormalization

Schematic Form

Overdetermined set of equations

Multiple representations

Multiple mumentum combinations
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Solution of Overdetermined Equations

Schematic form

Minimize χ2

Rescale

Minimize

By singular value decomposition

For singular values, automatically
minimize in residual subspace
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N=2 Operators

3 diagonal operators

6 non-diagonal operators

Minimal subset: diag1,diag2 {2,0}

Equavalent momenta
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Overdetermined Form Factor Fits

# Mom#OpsCase

768

667

566

465

364

263

162

111
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N=3 Operators

12 traceless, symmetric linear combinations
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Set of Lattice Monenta
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RMS Charge Radius
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n = 1  Axial Form Factor
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Axial F.F. Dipole Masses
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Axial u+d Form Factor
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Pseudoscalar Form Factor
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Pseudoscalar F.F. Dipole Masses
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Quark Angular Momentum
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Quark Angular Momentum

Connected diagram contributions
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n=2 Spin Dependent
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n=2 Spin Dependent
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N = 1, 2, 3  Mass Dependence
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n=1,2:L x Dependence of Slope
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Summary

• Generalized form factors characterize transverse
structure of parton distribution

• Limit                                     yields total angular
momentum for quarks

• Developed an effective method to calculate

• Lattice moments will be valuable constraints,
since experiments cannot fully determine
function of three variables with convolutions

• Results in heavy pion world

Slope of H(x,0,t) decreases as x increases,
confirming transverse size decreases

Factorized Ansatz ruled out

                                 constant, like experiment

Angular momentum from connected diagrams

67-73% from quark spin

0-6% from quark orbital

• Beginning to get results in light pion world
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Current and Future Effort

• Production with MILC configurations

  Finite volume effects:  L = 2.6 and 3.6 fm

  Finite size effects:  a = 0.13 and 0.09 fm
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Current and Future Effort

• Calulational issues

• Perturbative renormalization

• Partially quenched chiral perturbation
theory for staggered sea and GW
valence

• Disconnected diagrams

• Conceptual issues

• Topology - low modes with HYP

• Multiple pions - correctable with
chiral perturbation theory?

• Square root

• Optimal U in covariant derivatives

• Short distance properties


