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Simulation of Lattice Gauge Action 
from the Overlap Operator

Gauge Field Tensor and Gauge Action from the Overlap       
Dirac Operator

• Monte Carlo Simulation of Lattice QCD 

Lattice06, Tucson, July 24, 2006



Gauge OperatorsGauge Operators
Gauge action usually constructed from the Gauge action usually constructed from the 
links            links            

PlaquettePlaquette –– WilsonWilson
Improved Improved ---- Iwasaki, Iwasaki, LLüüscherscher--WeiszWeisz, DBW2, DBW2
Fixed Point Action Fixed Point Action –– HasenfratzHasenfratz--NiedermayerNiedermayer

Gauge field tensor fromGauge field tensor from
Clover leafClover leaf
Improvement                           Improvement                           

Smearing of links (APE, HYP, Stout,Smearing of links (APE, HYP, Stout,……) ) 



Topological Charge from the Overlap Topological Charge from the Overlap DiracDirac OperatorOperator

NeubergerNeuberger’’s overlap operators overlap operator

Index theorem on the lattice  (Index theorem on the lattice  (HasenfratzHasenfratz, , LalienaLaliena,  ,  
NiedermayerNiedermayer, , LLüüscherscher))

Local version (Local version (KikukawaKikukawa & Yamada, & Yamada, FujikawaFujikawa, Suzuki, , Suzuki, 
Adams)Adams)

Study of topological structure of the vacuumStudy of topological structure of the vacuum

SubSub--dimensional long range order of coherent charges  dimensional long range order of coherent charges  
((HorvHorvààthth et al; Thacker talk)et al; Thacker talk)
Negativity of the local topological charge Negativity of the local topological charge correlatorcorrelator ((HorvHorvààthth et al) et al) 
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GaugeGauge--FermionFermion ConnectionConnection
Suppose O is gauge covariant, i.e.Suppose O is gauge covariant, i.e.

then, then, 

is gauge invariant.is gauge invariant.

Taking the continuum limit (a Taking the continuum limit (a 0)   (Horvath,  hep0)   (Horvath,  hep--lat/0607031) 
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Furthermore, one can obtain gauge covariant operators, Furthermore, one can obtain gauge covariant operators, 
e.g.e.g.

Following Suzuki, we obtain the following resultFollowing Suzuki, we obtain the following result

where, where, 

Liu, Liu, AlexandruAlexandru, Horvath;   , Horvath;   AlexandruAlexandru, Horvath, Liu, Horvath, Liu
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Lattice QCD ActionLattice QCD Action
Gauge action:Gauge action:

Partition functionPartition function

relationW -G andhermicity  5γ
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MC SimulationMC Simulation
Auxiliary Auxiliary fermionfermion::

PseudofermionsPseudofermions::
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MC SimulationMC Simulation

Two examples with HMC algorithm:Two examples with HMC algorithm:

Polynomial approximation: normality Polynomial approximation: normality 

ChebyshevChebyshev polynomialspolynomials
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MC SimulationMC Simulation

Rational Polynomial approximation:  Rational Polynomial approximation:  

two flavorstwo flavors

one flavorone flavor
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RemarksRemarks

•• Gauge action and Gauge action and fermionfermion action based on action based on 
the same the same ovrelapovrelap operator with the same operator with the same 
pseudofermionpseudofermion approximation.approximation.

•• Gauge action is not Gauge action is not ultarultar--local (local (chiralchiral
smearing).smearing).

•• Scaling and locality of overlap operator.Scaling and locality of overlap operator.
•• Reflection Reflection positivitypositivity ( negativity of local ( negativity of local 

topological charge topological charge correlatorcorrelator))
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T. Draper et al. (    collaboration, hep-lat/0510075)χ
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I. Horvàth et al., PL B617, 49 (2005) [hep-lat/0504005]
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