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e Since the cost of full QCD computations in a volume large enough to contain
the pion grows with a large inverse power of the pion mass, initial calculations
were restricted to relatively heavy pions

e In order for lattice calculations to capture the physics of quarks and gluons
In captivity, and reach the needed accuracy requested by the experiments,
simulations at physical quark masses, on suitably (!) large volumes and at small
lattice spacings are required

e In this talk | shall report on Achievements and New Directions in Lattice QCD
simulations at Physical Quark Masses

— Talk by James Zanotti

Interest: m, — V dependence
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Action O(a) improved
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The Simulation

Clover
Domain wall fermions

Overlap

e Generate sequence of configurations {U/fbi)|i = 1,---, N} with probability

P{US)} x /HD¢($)D¢($) exp{—Sr — Sg} = det (D(Uﬁz)) -+ am) exp{—Sa}
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Nucleon
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Nucleon Sigma Term
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Comparison
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Chiral Extrapolation
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0 Regime m,L <1, LLT

res 3
Tt T OR2I3(1 1 A)

with

A = 0.2257849591
F2L2

0.088431628 —

N 0.8375369106 [ 1
FALA 32

7 (A1L)? + In (AQL)Z)]

Leutwyler, Niedermayer & Hasenfratz
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The p meson is practically a two-pion resonance. It has isospin 1, and the two pions form a p-wave
state

We denote the pion momentum in the center-of-mass frame by £ = |E| Phenomenologically, the
scattering phase shift §11(k) is very well described by the effective range formula

k> 241 9 9
— cot du(k) = — (kp —k )
P

1
where £ = 24/k? + m2 and k, = 5\/m% — 4m?2 . The width of the p is given by

2 3
r = gPWﬂ' kp
7T mp

Experimentally, I', = 146 MeV, which translates into

Jorr = 9.9

The physical p mass (at any given m) is obtained from the momentum k, at which the phase shift
d11(k) passes through 7 /2



In the case of noninteracting pions, the possible energy levels in a periodic box of length L are given by

2 o=d
E =2,/k?4+ m2 k= ”L‘”l, e N’

In the interacting case, k is the solution of a nonlinear equation involving the phase shift

3/2 kI
d11(k) = arctan i mod w, q=—
Zo()(]., q2) 27

Task

El .. — k — (k) - mp, Iy

by fitting d11(k)
to effective range
formula

Luscher, Wiese



Energy Levels
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Phase Shift
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Extrapolation to physical pion mass ChPT

Rios Marquez et al.

9prr Img=140Mev = 2-9 £ 0.5




Actual levels
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Rho Mass

Lowest energy levels

True p mass
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Delta




The A(1232) baryon is an elastic p-wave pion-nucleon resonance with isospin 3/2. Its scattering
phase shift d3/51(k) is very well described by the effective range formula

K’ 24
E cot 53/21(k) = 5 T (mQA — E2>

gANT&'

Here
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Bernard et al.



Energy Levels

Physical m,, ma and I'a
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Phase Shift
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Actual levels




Delta Mass

Lowest energy levels True A mass
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N(1440) — Nt
AT
Nn

N*(1535) — N7
Nn

Roper

Beyond Delta

— Multichannel Luscher formalism

Lage, MeiBner & Rusetsky



Conclusions & Outlook




Simulations at the physical pion mass with Wilson- e Improvement of algorithms

type fermions progressing e Increase of computing power
e QPACE

Interest is shifting from chiral extrapolation to Ideal volume: m,L = 2—4

volume dependence ~ 3 — 6 fm

Computation of phase shifts and resonance masses Lowest energy level E sufficient

of p and A in chiral regime progressing

To exploit the full potential of lattice calculations, e Finite volume corrections of

a major investment in finite volume corrections is hadron observables

needed e Inelastic scattering in finite

volume



