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B size  a[fm] (K-input) af[fm](g-input) trajectory

183 16x32 0122217) 0.123330)  7000— 8600
1.90 2%x40  0099319) 0.099519)  5000— 9200
205 28x56  0075848) 0.075548)  3000— 4000

Table 1: Simulation parameters. The production ruat 2.05 is still in progress.

1. Introduction

The calculation of the light hadron spectrum and quark nsisgdbe most fundamental issue in
lattice QCD simulations. So far, systematic studies madgianched [1] and two flavolNg = 2)
full QCD [2] revealed that 1) th©(10%) deviation of the quenched spectrum from experiment
is largely reduced ilNy = 2 QCD, and 2) dynamical up and down quarks reduce significantl
the quark masses. As a next step in this direction, the CPSP&@i JLQCD collaborations are
carrying out a 2+1 flavorlN; = 2+ 1) full QCD simulation project [3], in which degenerate uplan
down (“light”) quarks and a strange quark are treated dynallyi With this simulation, we hope
to obtain the spectrum and quark masses much closer to thtse QCD with no approximation.

In this article, we present the results in the continuumtliexitrapolated from two lattice
spacings together with preliminary results obtained bygomg simulations at our finest lattice
spacing. In this study, we employ the Wilson quark formalesrin our previous works, because
this formalism has no ambiguity in quark-flavor interprietat We note that a similar attempt is
being made [4] with the staggered quark formalism.

2. Gauge configuration generation

For the lattice action, we employ the renormalization gr(R@) improved Iwasaki gauge ac-
tion and the clover quark action with the improvement coigffitcsyy determined non-perturbatively
for the RG action [5]. The choice of the gauge action is made/tid a first-order phase transition
(lattice artifact) observed for the plaguette gauge adédn

Configurations are generated with the Polynomial Hybrid tdoGarlo (PHMC) algorithm.
(See Ref.[7] for our implementation.) The time s@pin the molecular dynamics and the order
Npoly Of Chebyshev polynomial used for an approximation of quaatedninant are chosen such
that the HMC and the global Metropolis acceptance rate aeki85% and 90%, respectively.

Simulations are performed at three values of the couplimgtzmt chosen so that the square
of the lattice spacing? is placed at an even interval. The physical volume is fixeat fm)3.
Simulation parameters are listed in Table 1. At each cogphme generate configurations for
ten combinations of hopping parametéksgq, Ks), five for the ud quark mass taken in the range
mps/my ~ 0.6 —0.78 and two for the strange quark mass chosen aroggm, ~ 0.7. Gauge
configuration generation has already been finished at thedarser lattices. We plan to continue
the on-going simulation at the finest lattice up to 6000 ttajees.
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3. Measurement and analysis

Measurements are performed at every 10 trajectories. Wefifirthe configuration to the
Coulomb gauge and then calculate quark propagators fonealguark masses taken equal to one
of sea quark masses, using point and exponentially smeawedes and sinks. For analysis, we use
the combination of smeared source and point sink, becaukedhig combination effective masses
reach a plateau earliest and the statistical error is thleshaMeson masses and quark masses are
determined from single magg fits to correlatorgP(t)P(0)), (V (t)V(0)) and(A4(t)P(0)), where
P, V and A, denote the pseudoscalar, the vector and the one-@{@p-improved axial-vector
current, respectively. We include correlations in time igutore correlation among correlators.
Errors are estimated by the binned jackknife method witmaskie of 100 trajectories.

Chiral fits are made to light-light, light-strange and styesstrange meson masses simultane-
ously ignoring their correlations, using a quadratic polyral function in terms of the sea and
valence quark masses.For chiral fits, we use two definitions of the quark mass. Ortaéasvec-
tor Ward identity (VWI) quark mass defined bgf"' = (1/k — 1/k.)/2, wherek is the critical
hopping parameter at whiahps at kK, = Ks = Kval = K¢ vanishes. The other is the axial-vector
Ward identity (AWI) quark mass defined g"V' = 0,A;(x)/(2P(x)). The lattice spacing, the
meson masses amg;"V' at the physical point are determined from the chiral fit imrteiof my ',
while mgV'! at the physical point are from the chiral fit in termsrf”!. The lattice spacing and
the meson masses obtained from the latter chiral fit are st@msiwith those from the former.

For the physical point, we consider two cases. One is calieél danput” in which we take the
experimental valuesy; = 0.1350 GeV,m, = 0.7684 GeV andn = 0.4977 GeV as inputs. The
other is “g-input” in which mg, m, andm, = 1.0194 GeV are taken as inputs. The lattice spacings
determined from th&- and ¢- inputs are consistent with each other, as shown in Table 1.

4. Light meson spectrum

We evaluate the meson masses in the continuum limit extipglthe data linearly im?
at two coarser lattices, for which runs and measurementsarpleted. The results shown in
Fig. 1 are consistent with experiment though errors arélatgie. TakingK* with K-input as
an example, the linear fit is given biyk: = mo(1+ c(Agcp - @)?) with mg = 897(10) MeV and
¢ = —1.38(78) where we assumeflgcp = 200 MeV. The O(1) magnitude of the coefficienis
reasonable, albeit apparently larger scaling violatiospimewhat disappointing, in comparison to
guenched(triangles) arid; = 2(squares) data [2] which are based on only the tadpoleeineglr
action. The points at the finest lattice spacing are basedaasunements for 3000 trajectories.
Statistics are still low. We hope we continue simulationsaufine full 6000 trajectories and clarify
the continuum extrapolation in the near future.

5. Light quark masses

The physical quark mass is determined for M8 scheme at the scaje = 2 GeV. To do

LChiral fitis one of the important sources of systematic etrBecently, Wilson chiral perturbation theory (WChPT)
has been proposed, in which infrared chiral logarithms anitkfiattice spacing corrections to them for the Wilson guar
action are incorporated. An application of WChPT to blgr= 2+ 1 QCD data is in progress. (See Ref. [8].)
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Figure 1: Continuum extrapolation of meson masses, compared witketfior quenched anbl; = 2
QCD [2]. Note that the quenched ahg = 2 simulations are made with the one-loop perturbative(g)-
improved clover action. Thus extrapolations are made tigéa a.
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Figure 2: Continuum extrapolations of the up and down quark mass defipéhe AWI and VWI K-input).

this, we first translate the quark mass to that in M scheme at scalg = a—* usingZ-factors

determined by tadpole-improved one-loop perturbatiooth§9]. The renormalized quark masses

are then evolved tp = 2 GeV using the four-loop RG-equation.
In principle, the quark mass calculated in our way can I@fg#a) scaling violation since we

use the matching factor and the improvement coefficigmf the axial-vector current determined
by one-loop perturbation theory. We compare in Fig. 2 the wakkjmasses calculated with the

VWI and AWI definitions. They do not agree at all in the continulimit, when they are extrapo-
lated ina. On the other hand, pure quadratic fits yield reasonablyistemg values. This suggests
that terms linear im are small for ud quark masses. Similarly, the pure quadeatiapolations of
the VWI and AWI strange quark masses give a common value inghgénuum limit.

We take the AWI definition to quote the continuum limit foriesates of the quark mass, since

the magnitude of scaling violation is smaller fof""' than formy*!, and thus the error in the

057 /4



Light hadron spectrum and quark masses in 2+1 flavor QCD T. Ishikaw&

50 \ \ \ \ ] 1207717 \ \
. = Quenched,VWI r K-input Quenched,VWI |
s 45L  — M@AWQWAXAA 77777 1 S 110f - MDA N
C L ] () o A \
E 40 F T~ - 0 ] 2. B Nf—_z_‘\’/w
S TE g gechedAwi 3 S 100 |- ey 7]
(0] C H H - Bt 5 < Y
8 351 = E 8 B H STE ~~~~~ N
N T A o i SR sl L oo X Quencheg,ay,
= 30K - =
g 30 Nf=2,AWI{ |2 S XU & .
o5 F 1 " 80 T TR Whe. 0 Nieaa &
£ 25F 2,V £ Nf=2,AWI
s s [ NE2+LVWI Ay, | iy
2.0 Il Il Il Il Il
0 001 002 003 004 005 0 001 002 003 004 005
2 2. 2 2.
a [fm’] a” [fm7]

Figure 3: Continuum extrapolations of the up, down and strange quasses obtained with the-input.
The data at the finest lattice is not included in the contin@xtnapolations. For comparison, results for
guenched andlls = 2 QCD are overlaid.

continuum limit is smaller fomQW', as shown in Fig. 2. Note that this property is also observed
in Nf =2 QCD.

In Fig. 3, we present continuum extrapolations of the up, fand strange quark masses
determined with th&-input. The ud quark mass with thginput agrees with th&-input at each
lattice spacing. For the strange quark massKhand theg-inputs give different values at finite
lattice spacings, but masses are extrapolated to a comrhamiaahe continuum limit, as observed
in Nf = 2 QCD. Thus we estimate the quark masses in the continuurmfiimm a combined fit to
data with theK- and theg-inputs,

mAS(u =2 GeV) = 3.34(23) MeV, mS(u =2 GeV) =86.7(5.9) MeV. (5.1)

In the continuum limit, the quark masses estimated folthe- 2+ 1 QCD do not show deviations
beyond statistical errors from thoseMf = 2 QCD.

6. Conclusions and future plans

In this article we have reported the status of our Wilsorv@tdN; = 2+ 1 simulations. The
spectrum at two lattice spacings, when extrapolated todh&rmwum limit are consistent with ex-
periment. However, the outcome of the on-going runs at thesfilattice spacing a~ 0.076 fm,
which we hope to complete in a half a year or so, is needed foeege conclusion. The same
comment also applies to light quark masses. A shortcomittigeofurrent runs is a relatively large
value of the dynamical up and down quark masses. We hoperig briprovement in our pro-
gram by a combined application of the improved algorithnvjuted by the domain decomposition
idea [10] and an enhanced computing power to be provided ySPBS, the successor to the
CP-PACS computer.

2The VWI quark mass for the ud quarks is negative at our sirmigioints. This originates from a lack of chiral
symmetry of the Wilson quark action. This is another reasquréfer the AWI definition.
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