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Q/\otivation

In the last years JLQCD group published several works on
simulations with dynamical overlap fermions at zero
temperature around the chiral point.

We decided to start a similar project on finite temperature
simulations.

This is the first report of our work in progress.

Since the algorithm fixes the topological sector (next slides) we
started with exploratory simulations of pure gauge theory.

| will present some preliminary results on the topological
susceptibility at the transition and also the first data on full QCD




Qimulations with overlap fermions - |

Overlap operator has a discontinuity along the boundary between
different topological sectors.
This implies a large numerical cost in changing topology.

In order to avoid this, the JLQCD group introduced a topology fixing
term (aka Fukaya term) with extra Wilson fermions:

s

W ith this action the exact zero mode of the Hermitian Wilson
operator cannot appear and near zero modes are strongly
suppressed.

{4 is a parameter that must be tuned by simulations




Qimulations with overlap fermions - II

Physical quantities like the topological susceptibility can be extracted by
using formulas that express deviation of the fixed Q simulation from the
fixed 6 case.

See reference: Aoki et al Phys. Rev. D 76, 054508(2007)

This method was used, for example, to measure the behavior of the
topological susceptibility at zero temperature in the chiral limit by
measuring the constant term of a time-correlation of the two point
function of a singlet pseudoscalar meson.

Ref: JLQCD & TWQCD collaborations, Phys. Lett. B 665 (2008) 294

We applied the same methods at finite temperature.



gure gauge simulations - |

In order to investigate numerically the validity of the zero
temperature methods even at finite temperature we simulated pure
gauge theories plus the Fukaya term.

Pure gauge theories are very well studied so we can check possible
discrepancies with our simulations at fixed topological charge.

We simulated SU(3) (Iwasaki action) + Topology fixing term around
the phase transition which was estimated by using the Polyakov Loop
behavior.

Tech. Details:
2 volumes 16°x6, 24°x6
Several betas in range [2.40-2.55] corresponding to [(0.93—1.20)*TC]




Qure gauge simulations - 11

By calculating the first 50 eigenvalues of the overlap operator D +m and

assuming low mode dominance, we estimated the correlator:
O(t) = Y my(P°(z)P°(0))
where P°(z) = ¢(z)ys9 ()

Disconneted contributions are averaged over source points.

The constant behavior of the correlator is related to the topological
susceptibility by the formula:
1 Q7

A:mgNt(Q —Xt)

Plus terms that we assume to be small at this stage.

Fit function: A+ B- (6—C’t 4 e—C(Nt—t))




Qure gauge simulations - Eigenvalues
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Qure gauge simulations - Eigenvalues

The distribution of eigenvalues is in perfect agreement with results in
literature, calculated without fixing topology.

Even the presence of small eigenvalues accumulating above the transition
region is found at Q=0.
They were associated in Heller et al. Phys. Rev. D 61, 074504 (2000) to the

presence of an instanton-antiinstanton dilute gas.
So, at the level of Dirac Eigenvalues, we do not find any discrepancy.

We also checked the behavior in the different “Polyakov Loop sectors”
where the gap is expected to become smaller in the “complex” sector (next
slides).

Again we agree with known results.




gure gauge simulations — Eigenvalues at Q=0,2
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gure gauge simulations — Eigenvalues in PL sectors
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gure gauge simulations - Eigenvalues
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uge simulations - Correlator
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gull QCD simulations

Brief summary of run parameters

® HMC algorithm

® |[wasaki action + 2 Flavors of overlap fermions + Fukaya term
® Q-0

® (3 =2.18,2.20, 2.30, 2.40

e Lattice size 16°x8 - N =8 to ensure that configurations are

“smooth” enough
® Mass = 0.025
® Temperature range [171-243] MeV
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gull QCD simulations - Eigenvalues

Temperature range [171-243 MeV]
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gull QCD simulations - Correlator

PseudoScalar Correlator N=2
Lattice 16'x 8




g)utlook

| have reported the status of our recent project on finite temperature
with overlap fermions

| showed some phenomenology of eigenvalues distributions where
our results obtained with the topology fixing algorithm are in
agreement with literature (pure gauge simulations)

(!) Eigenvalue saturation to check

In the next months we will concentrate on Full QCD simulations
investigating the mass and topological sector dependence of x: and
n' mass at the transition (also we must check finite volume effects)

Studying the critical behavior of the theory by Finite Size Scaling is
still far from our current resources.
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