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Outline

+ Lecture #1

+ Lattice QCD overview
Backgroungactionspbservables
+ Baryon spectroscopy
Group theory, operator design, spectroscopy results
+ Nucleon Structure Functions

# Lecture #2

+ Axial charge couplings and form factors
+ GeneralizedPartonDistributions GPD9
+ Strangeness in the nucleon
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Lattice 101

+ Book (if you have to pick just one)

+ Degrandand De Tar
Lattice Methods for Quantum Chromodynamics
(World Scientific, 2006)

+ arXiv article

+ Gupta
Nl ntroducti on to Lattice
arXiv:hep -1at/9807028
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Lattice QCD

+ Lattice QCD Is a discrete version of continuum QCD theory
Lec. by Mike Peardon

+ Physical observables are calculated from the path integral

(0]O (¢, 2, A)|0) = /[dA][dn][dL]O(L W, A)e’ i [ dw L2 (P ,A)
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Lattice QCD

+ Physical observables are calculated from the path integral
A 1 — — : 4. FQCD () oy
(Olo(¥, 4, 4)[0) = ~ / [dA][d) [de] O (&, v, A)e' ] o e )

+ Use Monte Carlo integration combined with the

Al mportance samplingo techni
: + Simple example:
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Lattice Gauge Actions

+ General form for improvement up @(a?)

S, = gReTr(co (1- I:I)
ol Lol TL)

+ Commonly used:
+ Wilson
+ lwasaki
+ Symanzik-improved
+ doubly blocked Wilson 2 (DBW2)

+ Most gauge actions used today &@?) improved
+ Small discretization effects (s ocp’a’)) due to
gauge choices
¥+ Most fermion actions are onf9(a) improved O(S ocp°@%))
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Lattice Fermion Actions

+ (Improved) Staggered fermions (asgtad):

+ Relatively cheap for dynamical fermions (good)
+Mi xXIi ng among parities and fl avor
+ Baryonic operators a nightmade not suitable

+ Wilson/Clover action:
+ Moderate cost; explicit chiral symmetry breaking

+ Twisted Wilson action:
+ Moderate cost; isospin mixing

S
§
=
b
o
:
=
g .
)
3
3

. —
o]
]
- &P
ol

HueyWen Lind 23rd HUGS 7




Lattice Fermion Actions

+ (Improved) Staggered fermions (asgtad):

+ Relatively cheap for dynamical fermions (good)
+Mi xXIi ng among parities and fl avor
+ Baryonic operators a nightmade not suitable

+ Wilson/Clover action:
+ Moderate cost; explicit chiral symmetry breaking

+ Twisted Wilson action:
+ Moderate cost; isospin mixing

+ Chiral fermions
+ Domain- Wall /Overlap
+ AutomaticallyO(a) improved, ——
good for spin physics and weak matrix elements
¥ EXPensive Du.s.us = duwDiy + 850D,
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Dis’ = 5[(1 - 75)5s+1,s’ 'I_ (1 'I_ '75)53—1,3’ - 253,3’]

m
- 7’”[(1 — v5)8s.p. 1800 + (1 + 75)85.00L.—1.6],
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Lattice Fermion Actions

+ Mixed Action
+ Staggered sea (cheap) with domasall valence (chiral)
+ Match the sea Goldstone pion mass to the DWF pion
+0nly mixes with the nscal ar

+ Anisotropic Wilson/Clover
+ Wilson/Clover fermions with broken space/time symmetry

+ Lattice spacing, < a,, ,

+ Complicated but usefu

for excitedstate physic
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Computational Requirement

+ Awide variety of firstprinciples QCD calculations can be done:
In 197Q Wilson started off by writing down the first actions

+ Progress is limited by computatiomasources
+ But assisted by advances in algorithms

+ Computer power available for

el Exploving the Nature of Matter
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Poor Manos QCD: Quenc

+ FullQCD: (©O) = Z/dl |[du][d]eSF We=SeW (U, 4, )

- / dUdet Me5e@O(U)
+ Quenched: TakdetM = constant

+ NAImost extinain recent work
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+ Bad: Uncontrollable systematic error
+ Good? Cheap exploratory studies to develop new methods
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Computational Requirements

+ Awide variety of firstprinciples QCD calculations can be done:
In 197Q Wilson started off by writing down the first actions

+ Progress is limited by computatiomasources
¥+ But assisted by advances in algorithms
+ Computer power available today:

. - Exploring the Nature of Matter y
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Computational Requirements

2007: The 13 Tflops cluster at Jefferson Lab

Other joint lattice resources within the US: FermilablL
Non-lattice resources open to USQCD: ORNL, LLMNL
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