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Overlap fermions on a twisted mass sea S. Schaefer

1. Introduction

Dynamical overlap simulations are extremely time consgnjitj. First large scale results
have been reported by JLQCD at this conference, but verg leognputer resources were needed
to obtain them. An efficient alternative to fully dynamicahsilations with chiral fermions might
be provided by the so-called mixed action approach. Heedfgitmion discretization employed for
the sea quarks is different from the one used for the valenaekg. Provided the sea and valence
guark masses are properly matched such a setup is expecfied the same continuum physics as
standard unquenched lattice QCD.

The main idea is to use sea quarks which are (relatively)xtesimulate and therefore large
volumes, good statistics and small quark masses are ditaiegen with the fermion determinant
included. Such fermion discretizations, however, tygjchlreak chiral symmetry which makes
the extraction of certain observables difficult. These dlifties can be reduced by using valence
quarks that fulfill the Ginsparg—Wilson equation [2] and ghespect chiral symmetry at finite
lattice spacing, e.g. Neuberger's overlap fermions [3jndm wall fermions [4, 5] with a large
extent of the fifth dimension or perfect actions [6].

One drawback of the mixed action approach is that the reguitieory is not unitary at non-
zero lattice spacing. This introduces well known diseasés the theory which, however, are
expected to vanish in the continuum limit. Moreover, thesetf of unitarity violation can be
described by mixed action chiral perturbation theory [7, 8]

At this conference, we present results obtained on configms&generated by the European
Twisted Mass Collaboration (ETMC) [9,10]. We use an ensemiith two flavors of twisted mass
fermions on a lattice of size $6 32 and a lattice spacing of aboaity 0.1 fm. The (charged)
pseudo-scalar mass is abags ~ 300 MeV.

2. Setup

The lattices are generated with a tree-level Symanzik ingf@auge action g8 = 3.9. Ex-
tensive studies have shown that this gauge action is a gagogroonise between ease of simulation
and good short distance behavior [11].

2.1 Twisted mass sea fermions

We take two twisted mass sea fermions into account. Thesoraling Dirac operator reads
Dim = Diy" = (o) + i1y T3 (2.1)
with Dy the standard Wilson Dirac operator taken at un-twisted rpasametemmy. For more
details see Refs. [12,13]. In our simulation we get 0.1609 which is close to but not quite
the critical value ok = 0.160856. The twisted mass parameter (which determines tieegioark
mass) is set tau = 0.004.

Twisted mass QCD has many appealing properties. The fermeasure is finite and positive
everywhere and, if wher is set to its critical value, physical observables are aatarally ¢ (a)
improved [13]. ETMC has demonstrated that twisted massifrsncan be simulated at small
pseudo-scalar masses and large volume with currentlyadlaitomputer resources, see the talks
by Jansen and Urbach at this conference [9] and Shindlet#ER]J10].
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Figurel: The effect of HYP smearing on the low-lying eigenvalues efkbrnel operatan(—Ry). We plot
the average of the magnitude of 20th eigenvalue as a fundcfitime negative mass shiftRy. This value
gives the lower bound of the rational approximation usethéndonstruction of the overlap. The data is from
an ensemble g8 = 3.75,k = 0.1661 andau = 0.005.

2.2 Overlap valence fermions

We use overlap fermions in the valence sector. They havet eka@l symmetry at finite
lattice spacing. This ensuréqa) improvement at the level of the action and of the suitablysemo
operators. Since also the sea quarksfa) improved, we expect small scaling violations for the
whole set-up too. The overlap operator is constructed ftoenHermitian Wilson Dirac operator
h = yDw which is taken at a negative mass shif.

m

Dou(m) = (Ro— 5

) [1+ ys&(h(—Ro))] +m (2.2)
with € the matrix sign function anch the bare quark mass. The paramé®gis a mass at the cut-
off scale which has to be tuned. The disadvantage of thesedes is the cost of the construction
of the sign function. This turns out to l#&(100) times more expensive than the application of the
kernel operator.

We use the standard Hermitian Wilson Dirac operaterRy) as kernel for the overlap, which
we construct from HYP blocked links [14]. Among the benefitstee HYP blocking are lower
cost of construction and better locality of the overlap apar (see Fig[]1). We investigated one
and two levels of stout smearing. In particular two stepslead to a comparable situation for the
overlap operator. However, the smaller range and greaterefally positive) experience with the
HYP blocking lead us to use itin our production runs.

It now remains to determine the best value of the negatives isiaift — Ry of the kernel opera-
tor. We set it such that the resulting overlap operator hésnaplocality. Locality means that the
the norm of the operator has an exponential decay at lar¢gndiss

|IDov(X,y;U)|| < Ce™ V1,
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Figure 2: The locality test as defined in EEP.S. We observe an exptiatdgcay with a decay rate
v = 0.607 for the optimal choic® = 1.

To verify this, we follow Ref. [15] and measure the exponairdiecay off (r) which is essen-
tially the norm of overlap operator on a delta source.

Y = Doy with n(X) = dx,
f(r) =max{|[@(x)|| : dist(x,xo) =}
with dist(x,y) the taxi-driver distance betweerandy. The result is shown in Fig] 2 for various
choices of the parametBy. We find that the overlap operator has best locality propeifiwe set

Ry = 1, the free field value. (This is a well known effect of the stidag of the gauge fields by
HYP blocking.) For this choice dRy we measure a decay rate= 0.607.

(2.3)

2.3 Matching

The last parameter to fix is the valence quark mass. A simptehimg condition is given by
setting the masses of the pseudo-scalar mesons made of séaand two valence quarks equal,

M3 = M7, . (2.4)

For twisted mass fermions, the neutral and the charged psseadar are not degenerate. We chose
to match the charged meson mass because of its smalletisghtigcertainty. In Fig[]3 we show
the valence pseudo-scalar mass as a function of the bare maas. This has to match the meson
mass from the sea quarks whose and is indicated by the dashed lines. The matching quark
mass parameter is closedoy = 0.01.

3. WChPT for twisted massLQCD

Mixed action QCD can be described by mixed ChPT provided geugoscalars are suffi-
ciently light [7]. Mixed ChPT is formulated analogously thET for lattice theories with the same
type of sea and valence quarks. The chiral Lagrangian tir@(g?) for untwisted Wilson sea
and GW valence quarks, which is easily generalized to taigfdson sea quarks, can be found in
Ref. [16].
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Figure 3: Matching the mass of the charged pseudo-scalar meson feratbénce and the sea quarks. The
dashed lines indicate theslrange from the sea sector.

At leading order one finds the following expressions for thesons massesn, s denote
renormalized quark masses, assuming maximal twist in theesetor).

Val-Val: M3, = 2Bmy

2
Sea-Sea: M%& = 2Bus,  ps> 29X
Val-Sea: M2g = B(my + Us) + a’Civix

The valence-valence pion mass vanishesgr= 0 because of the exact chiral symmetry in the
valence sector. The minimal sea-sea pion nMgs= 2|c,|a? is proportional to the low-energy
constant; [17] which determines the phase diagram for the Wilson seaks[18, 19]. Note that

1
Mis # > {Més*‘ M\%v}

because of the extra low-energy cons@gg presentin mixed theories, and a measurement of the
mixed meson mass is a direct measure for the size of th) ©t-off effects in the mixed theory.

Since mixed action theories are not unitary at non-zergcatipacing, they are expected to
show the same pathologies as partially quenched theoriggnsitive probe for these pathologies
is the flavor non-singlet scalar correlator

Clt) = Z<0|au(i,t)nd(6, 0)]0).

Using the spectral decomposition the scalar correlatobeanritten as
C(t) = AeMo! L B(t) +..., (3.1)

whereM,, denotes the mass of thg, the lightest = 1 scalar mesorB(t) denotes the contribution
of two pseudoscalar states (em;’), while the ellipsis represents excited scalar statestimul
hadron states, etc. which are thought to be less importahthesmefore ignored.
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Figure 4: The scalar correlator for four values of the valence quarkand@he dotted lines represent the
chiral perturbation theory prediction with the parametitermined from a fit to the data.

The contributiorB(t) from two pseudoscalar states has been computed in leadieg @O)
ChPT including the leading cut-off effects of &} [20, 21]. For large times one finds approxi-
mately Q\|f =2, M= Mvv)l

e 2Myst e 2Myyt

2 2
Mvs Mgy

Yesd?

B(t) U
(t) Mo

1+ t

(3.2)

The term proportional tgssa’t dominates the largebehavior. Note that, depending on the sign
of the low-energy constanks, the scalar correlator can become negative even if the nmgtch
conditionMss = Myy is chosen, in contrast to continuum partially quenched ChPT

Figure[# shows the scalar correlator for various valencelgumasses, together with a com-
bined fit to the ChPT predictioh.The scalar correlator is indeed negative for all valencelqua
masses shown. Even though ChPT is able to qualitativelyitesthe negative correlator, the fit is
poor. One reason might be that the NLO correction are noigibtg.

4. Summary

We presented first results from a mixed action project wherause the overlap Dirac oper-
ator in the valence sector and twisted mass fermions in the We discussed the choices of the
parameters of the overlap operator: the smearing of thegglinigs for expedience and improved
locality of the operator, the tuning of the radius of the @@g—Wilson circleR, for optimal lo-
cality and the determination of the valence quark mass swtttte pion mass in valence and sea
sector match.

As physics result we discussed the scalar correlator anddolescribe it with mixed action
chiral perturbation theory. We found good qualitative agnent.

1For simplicity we have sent the singlet mass parammegem infinity, see Ref. [20] for its definition.
2For the fit we use the exact formula 16¢t) with the singlet parameteny = 1GeV, not eq.2).
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