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Outline

Lecture #1 
Lattice QCD overview 

Background, actions, observables

Baryon spectroscopy

Group theory, operator design, spectroscopy results

Nucleon Structure Functions 

Lecture #2
Axial charge couplings and form factors 

Generalized Parton Distributions (GPDs)

Strangeness in the nucleon
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Chiral Perturbation Theory 

Effective field theory for the low-energy regime of QCD

Parameterized in terms of low-energy constants (LECs)

Lattice QCD can make calculations at different pion masses 
to get these constants accurately

Meson SU(3) case: straightforward 

Dynamical variables 

Lagrangian

Scale from dimension counting ȿXSB ~ 4́ F0 ~ 1 GeV
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Chiral Perturbation Theory 

Baryon case 

Can write down the variables; octet field

Tree-level, gives nice mass relation 

At loop level, MB/4 F́0~ 1 Ÿ non-convergence problem
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Solutions (SU(2)): expand in different parameters, different power count

ȹ(1232) freedom: ȹ = Mȹī MN ~ 300 MeV ~ O(M )́

Scales

Small-scale expansion (SSE)

Heavy-baryon ChPT(HBChPT)

Finite-range regularization (FRR): ȿFRR in self-energy 
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Form Factors
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Green Functions

Three-point function with connected piece only

Two topologies:

Isovectorquantities Ou-d: disconnected diagram cancelled
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O : Vɛ= q
ï
ɔɛq, Aɛ= q

ï
ɔɛɔ5q
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Axial Couplings and Form Factors 

Elastic scattering process

Axial couplings

Vector and Axial 

form factors

Magnetic moments 

Charge radii 

For octet baryons 
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Axial Charge Coupling

Axial-vector current matrix element 

and axial charge coupling gA = GA
uīd(Q2=0)

Well-measured experimentally from neutron beta decay 

No disconnected-diagram contribution 

Should be able to reproduce the experimental number and 

understand the systematic effects
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Finite -Volume Effect

Example from axial coupling constant Phys.Rev.D68:054509,2003

Quenched approximation 

Pion mass range: 300ï650 MeV

DWF, Ls= 16, M5 = 1.8, a = 0.15 fm
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Axial Charge Coupling

Example: 2+1 DWF, M ~́ 320ï620 MeV, a ~ 0.12 fm, L ~ 3 fm

Plateaux Light

Heavy

Pion-mass dependence and XPT extrapolation
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Axial Charge Coupling

Continuum XPT extrapolation (SSE scheme)
T. R. Hemmert et al., J. Phys. G24, 1831 ( 1998);Phys.  Rev. D68, 075009 (2003)
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Axial Charge Coupling

Example: 2+1 DWF, M ~́ 320ï620 MeV, a ~ 0.12 fm, L ~ 3 fm

Plateaux Light

Heavy

Pion-mass dependence and XPT extrapolation
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Axial Charge Coupling

Continuum XPT extrapolation (SSE scheme)
T. R. Hemmert et al., J. Phys. G24, 1831 ( 1998);Phys.  Rev. D68, 075009 (2003)
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with finite-volume correction
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Axial Charge Coupling

Example: 2+1 DWF, M ~́ 320ï620 MeV, a ~ 0.12 fm, L ~ 3 fm

Plateaux Light

Heavy

Pion-mass dependence and XPT extrapolation
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Axial Charge Coupling: Global View

World data: statistical error-bars only 
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FVE?

HWL et al., 0802.0863[ hep-lat]; M . Guertler et al., PoS(LAT2006)107 ; 

D. Pleiter et al., PoS(LAT2006)120 ; K. Orginos et al., Phys.Rev.D73:094507, 2005; 

D. Renner et al., PoS(LAT2006)121; D. Dolgov et al., Phys. Rev. D66, 034506 (2002)
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Axial Coupling Constants: gǯǯand gǳǳ

Pion mass: 350ï750 MeV HWL and K. Orginos, arXiv:0712.1214

First lattice calculation of these quantities;

mixed-action full-QCD

Combine with gA for study of 
SU(3) symmetry breaking 

SU(3) simultaneous fits among three coupling constants 

D, F, and other low-energy constants
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gAõsSU(3) Partners: gǯǯand gǳǳ

Has applications such as hyperon scattering,

non-leptonic decays, é

Cannot be determined by experiment

Existing theoretical predictions:

Chiral perturbation theory

M. J. Savage et al., Phys. Rev. D55, 5376 (1997);

Large-Nc

R. Flores-Mendieta et al., Phys. Rev.  D58, 094028 (1998);

Loose bounds on the values

Lattice QCD can provide substantial improvement
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Simultaneous SU(3) fit 
SU(3) HBXPT (with 8 parameters)

W. Detmold and C. J. D. Lin, Phys. Rev. D71, 054510 (2005)

which fails to describe the data

Simple chiral form 

Systematic errors:

finite volume + finite a
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gAõsSU(3) Partners: gǯǯand gǳǳ
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Not predicted by

any theorem nor

chiral perturbation theory

coincidence?

20% breaking at

physical point

SU(3) symmetry breaking

with 

Quadratic behaviour is observed 

ŭSU(3)ù x
2

ŭSU(3)
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gAõsSU(3) Partners: gǯǯand gǳǳ
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Electromagnetic Form Factors
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Two definitions

Dirac and Pauli form factors F1, F2

at Q2=0 

Sachs form factors GE, GM

at Q2=0 

Isovectorquantities only
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EM Form Factors: F1 vs Q 2
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2+1 examples:
LHPC mixed action, M ~́ 350ï760 MeV

RBC DWF, M ~́ 320ï620 MeV
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Charge Radii
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Definition: 

Examples: 
QCDSF: 2f clover M ~́ 350ï950 MeV, SSE extrapolation

RBC DWF, M ~́ 320ï620 MeV, linear extrapolation

LHPC mixed action, M ~́ 350ï760 MeV, FRR extrapolation

Mˊ
2(GeV2)
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EM Form Factors: F2 vs Q 2
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2+1 examples:
LHPC mixed action, M ~́ 350ï760 MeV

RBC DWF, M ~́ 320ï620 MeV

Q2(GeV2)


