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Objective

Solve and probe the limits of the

e Parameters of QCD

e QCD in the wider world

e How does QCD work?

e Fundamental properties

Agcp resp. aS(QQ)
Quark masses

0 angle
CKM matrix

Hadron structure

Spectroscopy

xSB

Confinement

in concert with Exp & Phen



Problem: Chiral Extrapolation <= | Scale
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Lattice Simulations
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Advantages

e local

e [ransfer matrix

e O(a) improved

e Flavor symmetry Prerequisite to making contact with SU (2) ChPT

— Finite size corrections
— Chiral extrapolation

— Determination of low-energy constants

e Fast to simulate



Chiral Symmetry 7
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Cost of Simulation
1000 Configurations
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Compared to - - -
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Parameters Ny=2

5.4 — a = 0.065 fm

0.39

6 9.3

5.25 — a = 0.077 fm

9.2

0.133 0.134 0.135 0.136 0.137
sea

243 48 ® 32°64 + 40° 64

For gauge field sampling we use ‘ordinary’ HMC algorithm with Hasenbusch integration 4 3 time scales



Obstructions ?

15 order transition

O(a’)

Aoki phase

0(a% mg
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Landscape

4 i T T T T | T T T T T T T T | T T T T | T T T T ]

: O (O QCDSF :

3 B O CERN-Rome |

B O O ETM i

| O ]

no [ O 0 ]

& 2 1y -

L i ]

T O O :

i . |

A .

0 R R R T R R |m

2 3 4 5 6 7

L/r,
Minimal pi (L) 3 (1—|— 2 2 837) - Leutwyl
INiMa ION Mass . m = —_— . eutwyler

P b 2f2L7 A f2L2 /

Hasenfratz & Niedermayer



Effect of Unquenching ? Vector Ward Identity ?
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Pion Sector




Pion Mass

Raw data
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<romps)2

FS corrected
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Chiral Logs ?
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Pion Decay Constant

FS corrected Corrections
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Partially Quenched
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Baryon Sector




Nucleon Mass

FS corrected

Corrections
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Axial Coupling

FS corrected
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Determination of Scale

Z 4 cancels,
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Delta Mass
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Rho Sector




Rho Mass
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Rho Mass
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‘Physical’ Mass

Effective range formula:
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Conclusions & Outlook




Simulations at pion masses of O(300) MeV with e Improvement of algorithms

Wilson-type fermions feasible now e Increase of computing power

Extrapolation to chiral limit and infinite volume FS corrections surprisingly well
greatly improved described by ChPT
7o = 0.45(2) | < Lower than usually assumed Lattices smaller than one has
thought
First meaningful lattice determination of low energy constants : Preliminary !
70 | Jo | Aj | Ay

0.45(2) fm | 79(5) MeV | 0.80(5) GeV | 1.46(10) GeV

Major investment in FS corrections (including partially quenched data) and & expansion
needed



e Future of Wilson-type fermions ? ) e (O(20) times faster than DWFs

e Symanzik improved gauge action
e Stout links
[ Nf = 2 —|— 1



