PROCEEDINGS

OF SCIENCE

Quark masses from quenched overlap fermions  *

Martin Gurtler T, Thomas Streuer
NIC/DESY Zeuthen
E-mail: {martin. guertl er,thonas. streuer} @esy. de

Gerrit Schierholz
DESY Hamburg
E-mail: gerrit.schi erhol z@lesy. de

David Galletly, Roger Horsley
University of Edinburgh
E-mail: {gal | et | y, rhor sl ey} @h. ed. ac. uk

Paul E. L. Rakow
University of Liverpool
E-mail: r akow@nt p. [ i v. ac. uk

QCDSF collaboration

We compute light and strange quark masses for quenchedapviEitmions at two values of
the gauge coupling. The renormalisation is done non-peaitively. We test the predictions of
quenched chiral perturbation theory for the quark massrigrece of the hadron spectrum and
see evidence for the existence of chiral logs.

XXIlIrd International Symposium on Lattice Field Theory
25-30 July 2005
Trinity College, Dublin, Ireland

“Preprint DESY 05-178, Edinburgh 2005/14
TSpeaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Quark masses from quenched overlap fermions Martin Gurtler

1. Introduction

Overlap fermions provide the opportunity to investigate D& small quark masses. Be-
ing computationally extremely expensive, no dynamicaliltsson physically relevant lattices are
available yet. In this work, we present spectrum and quarksmasults of a quenched study.
We calculate light and strange quark masses, and we cheetasevedictions of quenched chiral
perturbation theory. Results for nucleon matrix elemerggaesented in [1].

2. Action, lattices and the scale

Our overlap operator is

—(1-3M _h tx) Y2
D_<1 2p>DN+mq, DN_a<1+X(XX) ) 2.1)

with the Wilson kernel operatoX = Dy — 5. We use a polynomial approximation (see [2]) for

X (XTX)*l/Z, the degree of which is adjusted properly to get an overaltital in the inversion
of the overlap better than 10 . The value ofp is chosen to satisfy the requirements of low
condition number and good localisation properties. A wairtprove the condition number is the
exact treatment of the lowest eigenvalues. Our chqice, 1.4, is a compromise between small
condition number and large localisation mass. (ve aim at the upper left hand corner in Fig. 1).
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Figure 1: Condition number and localisation Figure2: Quenched chiral fits tdy.
mass (1-norm) fof3 = 8.45, 10 eigenvalues pro-

jected out.

We use the 1-loop tadpole improved Lischer-Weisz gaugere[3i.

Su] ° [%
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=7 Z =ReTr(1—Uplag) +C1 z 3 ReTr(1—Urect) +C2 z 3 ReTr(1—Upa)| . (2.2)
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The lattice gauge coupling is defined ag8 = 6¢y/g?, and the values af; andc; are fixed by the
value ofcy and the plaquette expectation valug The benefits of the Lischer-Weisz compared
to the Wilson gauge action are a better condition numbeét'of (as long as no gauge smearing is

involved) and absence of dislocations.
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We use Jacobi smeared sources=0.21,n = 50). To set the scale we compute

Agi
fr( :_ﬂh__j;7 (2.3)
m nh) m?;(/z Ass
for each of our quark masses, wheng andAg) ss are the mass and amplitude from cosh fits to the
smeared-local and smeared-smeared pseudoscalar aogelfe extrapolate the lattice numbers
to the chiral limit by the leading order formula

fr(mg) = frr <1+ 4L§%T> , (2.4)

The resulting values d are given in Table 1 (for the values b@ see the legend of Fig. 2). Note,
that the lattice constant is about 10% larger than in [4] whbe Sommer scale was used. Such a
scale ambiguity is a familiar phenomenon of quenched sitionis.

B | lattice |cfg.| a/fm |al/Mev
8.0 | 16°x 32| 230 | 0.1533) | 129030)
8.45| 16°x 32 | 250 | 0.1052) | 187(Q40)
8.45| 243 x 48| 200 | 0.1051) | 187Q20)

Table 1: Lattices used in the simulation. The scale was determireefimMfsee Fig. 2).

3. Quark masses

The best signal for the pseudoscalar mass is obtained freroathielator of the time compo-
nent of the axial current. An example of the results is diggdhin Fig. 3. The quenched chiral
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Figure 3:  The squared pseudoscalar mass as Figure4: A plotof m?/my reveals the existence
function ofmy together wit the fit Eq. (3.2). of quenched chiral logs.

perturbation theory prediction fon,; reads
e = Amy (18 (in (Amy/AZ ) +1)) + 0 (), (3.1)
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latice | &
8.00, 16® x 32 | 0.16(4)
8.45,16° x 32 | 0.3(1)
8.45 24° x 48 | 0.15(3)

Table 2: The chiral log parametey.

where the quenched chiral log appears with a prefatgiving rise to a singularity im?/mq. The
fitis shown in Fig. 4. Fixing\, to 1 GeV, we obtain the values 6fin Table 2. Although the chiral
logs will strongly affect the determination afy = 1/2(m, + my), we will ignore this problem in
the following.

The fit functions we use to determine the bare light and stapgrk masses are

mé, = Amy + BmyInm, +Cn?,

w2 _ ATeEMs pmebms dminms-minme ) metm) ®
K Ms — my 2 '

> > (3.2)

The renormalisation is done non-pertubativetythe R’ — MOM scheme with a variant of the
method introduced in [6], using momentum sources[7]. Thisant requires only small statistics,
and one does not need to perform inversions for each oparattar investigation (although one
needs to invert the Dirac operator for each momentum seggratVe implement the renormalisa-
tion condition for the vertex

Tr (M5 Ghorn) = 12 (3.3)
on the lattice. Putting in the definition of the renormalisedtiex we obtain
1 Z
7 = Zs= - 9 — (3.4)
m 1_2Tr (FSFSBorn)

In the following, we useé\q for the denominator of the r.h.s of Eq. (3.4) or= {A,V,P,S}. The
wave function renormalisatiody is computed fromZg = Za/As, Where we use the axial Ward
identity to computeZa, so that it can be extrapolated

o 2my(P(t)P(0))
ZA_WL!TOJ%W

The chiral extrapolation is illustrated in Fig. 5.

We now proceed with the computation AhandAs. We exploit the identity is\s = Ap, a
consequence of chiral symmetry. On the lattice both are fieoddy zero mode effects 1/ (anh)z,
which are finite volume artefacts. Additionally, spontam&chiral symmetry breaking produces a
1/(amy) contribution toAS". Thus, we extrachs as the common constant from fits

Nat = Py P2 Aot paan?,

a’mg  amy
NE — % + s+ sza’mg. (3.6)

. (3.5)

1A perturbative calculation of the renormalisation factoas be found in [5].
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Figure5: Za from the axial Ward identity. Figure6: ZRC!for both values of3

for each value ofi?. A is computed in a similar fashion from linear fits A" and A& with a
common constant. In the next step we need to identify theonegihere non-perturbative effects
are small. To this end we remove the renormalisation groanping from theRl’ — MOM renor-
malisation constarfs = Za/\p//\s using the 4-loop results from [8]. The result is shown in FBig.
where the linear regions are clearly identified. We extriaetibtercept and quote the results in the
MS scheme ap = 2 GeV in Table 3. Note, that the lattice artefacts (represkily the slope)

B | mfS | mi

ZRe! slope | Z¥S(2 Gev

B | z8° | pe | ZUS( ) 800 | 42(1) | 1271)

8.00‘ 1.18(2) ‘ —0.007(2) ‘ 0.85(2) 845 16°32 | 3.5(2) | 1183)

45| 1.02(1) | —0.0041 73(1 e ’

845 1.02(1) | -0.0041) | 0.73(2) 8.4524%48 | 4.1(1) | 1191)
Table3: Zs

Table 4: Light and strange quark masses

scale witha?, as expected for (the automaticaiy(a) improved) overlap fermions. The resulting
guark masses are given in Table 4. The light quark mass seatgsvell, but we see a volume
dependence. For the strange quark mass we see some degeodapiout not on the volume.

4. Vector meson and nucleon masses

In this section we extract vector meson and nucleon massesdur data and compare their
chiral behaviour to predictions of quenched chiral peitidn theory. The vector meson mass
(Fig. 7) confirms the prediction of a negative valueQaf, in a fit according tam, (my) = m, +
Cl/zmn+C1m$T+Cg/2m;°’T. The prediction for the nucleon has the same structure,tlisithiarder
to confirm the negative sign @ , for my, since the errors make the results compatible with zero
unless one uses the low mode averaging technique. In tlésaeaBind a value o, , = —0.32(18)
at B = 8.45, 2448, which is in good agreement with the chiral perturbatioeoty prediction
Cy/2 = 3/2m(D — 3F )25 = —0.25(5)? (Fig. 8).

5. Summary

In a quenched overlap simulation we have computed the ligdt sirange quark masses

2D and F are axial current matrix elements, D=0.81(3), F=@[B]
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Figure7: Quenched chiral fits to the vector me-  Figure 8. The same for the nucleon. The
son. dashed line is a fit to low mode averaged data.

mS(2 GeV) = 4.1(1) MeV and m’S(2 GeV) = 1191) MeV. We demonstrated the existence
of quenched chiral logs and the expected chiral behaviodis,af,, andmy.

6. Acknowledgements

The numerical calculations were performed at the IBM pS&0 computers at HLRN and
NIC Jilich, and on the PC farm at DESY Zeuthen.We thank thestétitions for their support.
Part of this work is supported by the DFG under contract FCIR46

References

[1] QCDSF Collaboration, T. Streueat. al, Nucleon structure from quenched overlap fermjons
PoS(LAT2005)363 (these proceedings)

[2] L. Giusti, C. Hoelbling, M. Luscher and H. Wittidhdumerical techniques for lattice QCD in tlge
regime Comput. Phys. Commuh53 (2003) 31-51liep- | at / 0212012].

[3] M. Luscher and P. Weisf)n-shell improved lattice gauge theorj€ommun. Math. Phy87 (1985)
59.

[4] C. Gattringer, R. Hoffmann and S. Schaefeetting the scale for the Lischer-Weisz actiimys. Rev.
D65 (2002) 094503ljep- | at / 0112024].

[5] QCDSF Collaboration, R. Horsley, H. Perlt, P. E. L. Rakow, G. Sch@éz and A. SchillerOne-loop
renormalisation of quark bilinears for overlap fermionstvimproved gauge actionblucl. Phys.
B693 (2004) 3-35ep- | at / 0404007]. Erratum-ibid.B713 (2005) 601.

[6] G. Martinelli, C. Pittori, C. T. Sachrajda, M. Testa andWadikas,A General method for
nonperturbative renormalization of lattice operatpktucl. PhysB445 (1995) 81-108
[hep-1at/9411010].

[7]1 M. Gockeleret. al, Nonperturbative renormalisation of composite operatorkaitice QCD Nucl.
Phys.B544 (1999) 699-733Hep- | at / 9807044].

[8] J. A. Gracey,Three loop anomalous dimension of non-singlet quark cusramthe Rl schemeNucl.
Phys.B662 (2003) 247—-278Hep- ph/ 0304113].

[9] R. L. Jaffe and A. Manohailhe g(1) problem: fact and fantasy on the spin of the protarcl. Phys.
B337 (1990) 509-546.

077/6



