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Lattice Field Theory

~ Ist-principle study of Gauge theory ~

¢ Numerical study based on Monte-Carlo simulation

Applied to LatticeQCD, Flavor physics, SUSY etc...

Peta-flops Computer 1s set now !!
Still takes lots of time......

. RIKEN “KEI" in Kobe
¢ Why expensive & What costs most ?
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Quark propagator !



Fermion doubling problem

Fermions emerge with doublers on the lattice.

Brillouin zone
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& Nielsen-Ninomiya's no-go theorem

Chiral symmetry v.s. Absence of doublers

@ 3 relevant quarks in QCD cannot be described.

& How to bypass the no-go theorem
Wilson, Staggered, Minimal-doubled, Domain-wall, Overlap...

No 1deal fermion despite of long struggle



Conventional Solutions

A : break y-sym and restore it : Wilson term 5. +vu — 26

Dnaive Im A Dwilson

One zero mass and
15 infinite mass

No doubler!
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& Additive mass renormalization — Fine-tune (expensive)

¢ Ginsparg-Wilson chiral symmetry — Overlap (terribly expensive)

B : preserve y-sym. and reduce species : Staggered

by =T -> > UnViuthy ~ 4> YumVuxn  One-comp. fermion
n, L n,

, with 4 species
Naive fermion decomposed into 4 Staggered

/
¢ Remove 3 doublers — Rooting (Non-local) Lower cost.




Varieties of fermions

Naive Chzralbmken Wﬂson GWsymmetry ngrlap

#:1 6 Wllson term #_ Overlap form.

Spin diag¢ 4 reduction

Staggered

H=1
Rooting evil
Less expensive

Fine tuning Numerzcal expense
No doubler Exact chiral sym.



Varieties of fermions

Naive Chzralbmken Wﬂson GWsymmetry ngrlap

H—16 Wllson term H—1 Overlap form.
Fine tuning Numerzcal expense
No doubler Exact chiral sym.
Genemlzzatlon
4 copies : (2010)
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mass
Staggered
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Rooting evil
Less expensive



Flavored mass terms

Naive m 2. |

4 copies

Staggered m

TRen
lastes with different masses



Varieties of fermions

Naive Chzral broken Wﬂson GWsymmetry Overlap

416 Wzlson term H—1 Overlap form.
Fine tuning Numerzcal expense
No doubler Exact chiral sym.
Genemlzzatwn
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Staggered = 299
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Rooting evil
Less expensive



Varieties of fermions

Naive Chzral broken Wﬂson GWsymmetry Overlap

H=16 Wzlson term H—1 Overlap form.
Fine tuning Numerzcal expense
No doubler Exact chiral sym.
Genemlzzatlon
4 copies : (2010)
v
Flavored Creutz, Kimura, Misumi(2010) D. Adams (2010)
mass Overlap form.
Staggered = |St.Wilson = St.Overlap
#=4 #=1 #=1

Rooting evil No-rooting Staggered
Less cost Cheap Wilson & Overlap



1(a) Adams mass l(b) Hoelbling mass

1. Flavored mass for Staggered

(a) D. H. Adams, PRL104, 101602(2010) AN
(b) C. Hoelbling, PLB696, 422(2011) - |

2. Classification & Index theorem

(a) Creutz & Misumi, PRD82,074502(2010)
(b) Creutz, Kimura & Misumi, JHEP1012,041(2010)

2(a) Another mass

Eigenvalue
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3. Aoki phase & Continuum 1n St.Wilson

Creutz, Kimura & Misumi (2011) , o Aokiphase . 4CPU
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4. Numerical tests | St overlap
P. de Forcrand, et. al. (2011) P




What is special

1. Staggered Wilson & Overlap can make
QCD simulation cheaper and faster.
It will be a standard fermion in the future.

2. Staggered Overlap is another example of
GW fermion, namely the pure theoretical
solution for Doubling problem.
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