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Quantization of LQCD
Gauge invariant correlation function

Lattice action
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QCD path integral
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Grassmann numbers

Haar measure



Fermi statistics and Grassmann numbers
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Fermion determinant
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Fermi statistics and Grassmann numbers

Fermi statistics <—> antisymmetry 
interchange quantum numbers

f1 $ f2
<latexit sha1_base64="MIoHO445qFsAkt9Ljz8f1hAP0NU="></latexit><latexit sha1_base64="MIoHO445qFsAkt9Ljz8f1hAP0NU="></latexit><latexit sha1_base64="MIoHO445qFsAkt9Ljz8f1hAP0NU="></latexit><latexit sha1_base64="MIoHO445qFsAkt9Ljz8f1hAP0NU="></latexit>

x1 $ x2
<latexit sha1_base64="nRtkjtl5lgn1tSRdmAXObelUTs8="></latexit><latexit sha1_base64="nRtkjtl5lgn1tSRdmAXObelUTs8="></latexit><latexit sha1_base64="nRtkjtl5lgn1tSRdmAXObelUTs8="></latexit><latexit sha1_base64="nRtkjtl5lgn1tSRdmAXObelUTs8="></latexit>

↵1 $ ↵2
<latexit sha1_base64="DmYGsea3TapbwQSkaUNVtSkUyDI="></latexit><latexit sha1_base64="DmYGsea3TapbwQSkaUNVtSkUyDI="></latexit><latexit sha1_base64="DmYGsea3TapbwQSkaUNVtSkUyDI="></latexit><latexit sha1_base64="DmYGsea3TapbwQSkaUNVtSkUyDI="></latexit>

A1 $ A2
<latexit sha1_base64="5imCtdU7dYAUhvmxV3BapioLmk8="></latexit><latexit sha1_base64="5imCtdU7dYAUhvmxV3BapioLmk8="></latexit><latexit sha1_base64="5imCtdU7dYAUhvmxV3BapioLmk8="></latexit><latexit sha1_base64="5imCtdU7dYAUhvmxV3BapioLmk8="></latexit>

D
 A1
f1,↵1

(x1) 
A2
f2,↵2

(x2) 
B1

g1,�1
(y1) · · · 

Bm

gm,�m
(ym)

E

<latexit sha1_base64="fgkYkmuK5GDKWcLa0qM8edvAjKY="></latexit><latexit sha1_base64="fgkYkmuK5GDKWcLa0qM8edvAjKY="></latexit><latexit sha1_base64="fgkYkmuK5GDKWcLa0qM8edvAjKY="></latexit><latexit sha1_base64="fgkYkmuK5GDKWcLa0qM8edvAjKY="></latexit>

 A
f,↵(x) 

A0

f 0,↵0(x0) = � A0

f 0,↵0(x0) A
f,↵(x)

<latexit sha1_base64="AZM0Y0V85fUeP+q12O+3kMT0chg="></latexit><latexit sha1_base64="AZM0Y0V85fUeP+q12O+3kMT0chg="></latexit><latexit sha1_base64="AZM0Y0V85fUeP+q12O+3kMT0chg="></latexit><latexit sha1_base64="AZM0Y0V85fUeP+q12O+3kMT0chg="></latexit>

 
A
f,↵(x) 

A0

f 0,↵0(x0) = � A0

f 0,↵0(x0) 
A
f,↵(x)

<latexit sha1_base64="vWnMr6D7kwn6luYEeySCmmhbyPk="></latexit><latexit sha1_base64="vWnMr6D7kwn6luYEeySCmmhbyPk="></latexit><latexit sha1_base64="vWnMr6D7kwn6luYEeySCmmhbyPk="></latexit><latexit sha1_base64="vWnMr6D7kwn6luYEeySCmmhbyPk="></latexit>

 A
f,↵(x) 

A0

f 0,↵0(x0) = � A0

f 0,↵0(x0) A
f,↵(x)

<latexit sha1_base64="c0QkWdecusKH5qQ3Flk39wGmZ10="></latexit><latexit sha1_base64="c0QkWdecusKH5qQ3Flk39wGmZ10="></latexit><latexit sha1_base64="c0QkWdecusKH5qQ3Flk39wGmZ10="></latexit><latexit sha1_base64="c0QkWdecusKH5qQ3Flk39wGmZ10="></latexit>

Smit



Grassmann numbers

Zinn-Justin: Quantum Field 
Theory and Critical Phenomena
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Derivatives
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Integration
Keep properties of integration in      N
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Lattice fermions
Clover fermions


Staggered fermions


Wilson twisted mass fermions 


Ginsparg-Wilson fermions: Neuberger, 
domain-walls, perfect action, chirally 
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Kogut, Susskind: 1975

Frezzotti, Grassi, Sint, Weisz: 2001

A.S.: 2007

Narayanan, Neuberger: 1992-1994

Kaplan: 1992 - Shamir: 1993


Neuberger: 1998 - Lüscher: 1998

Hasenfratz, Niedermeyer: 1993- Hasenfratz:1998

Incomplete list


