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1. Introduction

Lattice calculations allow us to study hadronic properfiesn first principles. One of the
great challenges of lattice QCD, however, is that the playdight quark masses, in particular the
physical up and down sea quark masses, are numericallyeissibte with present hardware. We
thus rely on (partially quenched) chiral extrapolationggét to the physical light quark regime
from simulations with unphysically heavy quarks. We ca astermine the low energy constants
(LECs) [1], aka Gasser-Leutwyler coefficients, which appear in the chiedrangian, from these
partially quenched simulations provided the systematiorerare treated properly and the correct
number of fermion flavors are used [2].

Domain wall fermions (DWF) have the advantages of nearl\ceghiral symmetries with a
moderate extent in the fifth dimension and a continuum-likieat perturbation theory. The resid-
ual chiral symmetry breaking of DWF, quantified mgs [3], comes in as an additive constant to
the quark masses at the lowest order approximation. Theogmpint of the rational hybrid Monte
Carlo (RHMC) technique [4], free of finite step-size err@isp gives us better control over system-
atic errors. It thus makes possible a direct comparison ohomerical results with the predictions
of chiral perturbation theory. This proceeding focuses eetafN; = 2+ 1 DWF simulations on
16° x 32 x 8 lattices with a lattice spacing of 1.6(1) GeV. After detajlthe simulation parameters,
| present results for the masses and decay constants ofdbdqgecalar mesons. Preliminary chiral
fits up to next-to-leading order (NLO) on these quantitiesstaen given. A rough investigation of
the effect of nondegeneracy is also described.

2. Simulation details

The gauge action used in our simulation can be written in éreegal form [5]:

SV = —% ((1—801) Z PUJyxuv +C1 Z R[U]X,W> (2.2)
XU,V XUV

We generated three sets of31632 x 8 gauge configurations with the DBW?2 action, in which

c; = —1.4069, atB = 0.72. Two light sea quarks with equal massand one strange quark with

massmg were included in the fermion determinant. The RHMC algaonittvas used to update

the gauge fields. All the data was generated on QCDOC machin€slumbia, the RBRC and

Edinburgh.

Valence measurements with two degenerate quarks of up tibeBedit massesy, were per-
formed on these lattices. Nondegenerate valence measuisemigh light quark masses of 0.005,
0.01, 0.015, 0.02 and a heavy quark mass of 0.04 were alsofdome = 0.01 and 002. We
skipped the first 1000 trajectories for thermalization arehsuredhoint-point meson correlators
thereafter. Table 1 shows the relevant parameters for #eoland measurements. The integrated
autocorrelation time was determined to be on the order 0630 trajectories. Thus we binned
the data into blocks of 100 trajectories prior to statistggwlysis to account for the autocorrelations
in a robust fashion. All the quantities are in lattice unitdéass noted.

The residual chiral symmetry breaking turns out to be quatgd at this coupling. When
extrapolated to the dynamical chiral limit({ = 0),

Myes = 0.0106(1) (2.2)
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Table 1: Simulation parametersdt is the step size in molecular dynamics integration ansl the total
length in one trajectory. Data for thig = 0.01 and 002 ensembles used in this proceeding reflects twice as
much statistics as that in the talk given at the conference.

(my,ms) Ls Ms Ot T Eﬁc #traj. my # meas.(deg;nondeq)

(0.01,0.04) 8 1.8 0.02 0.5 66% 6000 0.0850.04 500; 250

(0.02,0.04) 8 1.8 0.0185 0.5 70% 6000 0.06%.04 1000; 500

(0.04,0.04) 8 1.8 0.02 0.5 65% 3395 0.02,0.03,0.04 479, -

which is comparable to the input light sea quark mass. Ndtiatjthe coupling is fairly large and

Ls is rather small, it is not surprising to have a lamggs. For hadronic observables like meson
masses and decay constants, we tnaat as a shift to the input quark masses and neglect other
possible higher-order effects.

3. Preliminary Results

The pseudoscalar masses and decay constants can be extranieboth the pseudoscalar
and axialvector correlators [3]. Here emphasis will be gite the results from the pseudoscalar
channel, since they give smaller statistical errors tharattialvector correlators.

M and the chiral fits. The next-to-leading order (NLO) quark mass dependenceegbtbu-
doscalar masses in B@T with N flavors of sea quark has been computed generally [2]. With 2+1
flavors of sea quark and two degenerate valence quarks, el simplifies to

16N — 16
M2 = Xv{1+ ?(ZLG —La)x+ ﬁ(ZLs —Ls)xv

(Xv—=X)(Xv —Xs)

1 [ZXV_X|_XS

+ lo — lo
(xv—Xx)(Xv—Xs) (Xn —X1)(Xn — Xs)
+ 1+lo + lo 3.1
X —Xr (1+logxv) v —x 2 X0 gxn}} 3.1)

where xx = 2Bm,, x=V, |, s, or n, x; = 3(Xi +2xs) and X = 3(2xi + Xs). Here we have
explicitly taken the chiral scale to be 1 GeV. For DWF, the segsshould all be shifted s
Thus to leading order in the valence quark masss= 2B(my + Myes).

As a consistency check, we fit our results m,% to the linear form

MZ = 2B(my + Myeg) +C (3.2)

wheremsis the residual mass at the valence chiral limi; (— 0),i.e,, 0.0111(1), 0.0113(1) and
0.0122(1) formy = 0.01, Q02 and 004 respectively. We would expeCtto vanish if the lowest-
order approximation is good enough. Independent lineafdiithe pion masses with different sea
quarks are shown in the left panel of Figure 1. The two heawesses were excluded from the
fit except form = 0.04 where all the available data were used. In all the cdddss quite close
to zero whemm, = —myes. The larger deviation from 0 fan, = 0.02 may be due to higher order
corrections fromxPT or &(a?) violations of chiral symmetry, which need to be further istigated.
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Figure 1: LEFT: M2 vs. my in the pseudoscalar chann&®|GHT: M2/(my 4+ Mes) VS. My. The lines
are fits to the mass range [0.005,0.03]. Filled symbols aet aggmbols represent data from measurements
with degenerate and nondegenerate quarks, respectingig.the average of two valence quark masses.

We also shovM,ZT/(rm +Myes) as a function ofmy in the right panel of Figure 1. Nonlinearities
are evident in all the datasets. The solid lines are theghgrtjuenched NLO fit to Eq. 3.1 with
sea gquark mass fixed. We chose the fitting range to be [0.03%.,0n the fit, the value of ; at
m = my = —Mmes from the dynamical linear extrapolation was used as thetifgouf, while in
principle the limit ofms — —myes Should also be taken to obtain the value forAs can be seen,
for m = 0.01 the curve does go through all the data. Fp&= 0.02 the NLO fit represents the data
well, for all but the heaviest valence masses, where diifggs of about one standard deviation are
seen. As will be shown later, the NLO fit fig; also has the same problem.

fr and the chiral fits. We use the definition of; in which its physical value is about 130
MeV. When two degenerate valence quarks are used, the NL®@ degendence of; can be
simplified to [2, 6]

XvE+X Xv+tXs,_  XvTtXs
[(XV—FXI)IOQ 5t 7>5 log > }}(3-3)

8 — 1
fr = f{l—I- ﬁ(NL4X+L5XV) T

We show the results fof;; from the pseudoscalar correlators in Figure 2. The datapbewve
obvious curvatures, especially fox = 0.02. The straight lines fit the data poorly. We also fit the
m = 0.01 andm = 0.02 data independently to Eq. 3.3 using the valueB8 fifom the NLO fit
of M2 as an input. Two fitting ranges were used: [0.005,0.025] &r@Dp,0.03]. Fom = 0.01,
the fitting results do not depend on the fitting range we cho&sen a fit to the first five points
reproduces the data at heavier quark masses quite well. \roytlis is not the case fon = 0.02,
where the fit curve misses the data points at heavier magsiesespecially obvious for the fit to
the range [0.005,0.025]. Similar behaviors were obsemédt i= 2 DWF simulations [7], where,
instead of fitting data with different sea quarks indepetgesimultaneous fits td,; from different
sea quarks were performed.

Remarks. We cannot conclude here that we have found a signal of clugal. | The nonlin-
earities we see for bollvfl,zT and f; may also be attributed to finite-volume corrections, zeawen
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Figure 2: f; with linear and NLO fits to mass range [0.005,0.025] and [B,0®3] form = 0.01 (left)
andm = 0.02 (right) datasets. Filled symbols and open symbols reptegata from measurements with
degenerate and nondegenerate quarks, respectinglg. the average of two valence quark masses.

effects or uncertainties in the residual mass. For the lqugek masses we used, NNLO contribu-
tions may already be important, especially fgr More thorough investigations of these systematic
effects are needed to justify our NLO fits.

4. Effect of nondegeneracy

We also explored the possible effects of nondegeneratdsg)irathe pseudoscalar masses and
decay constants. Suppose we have two sets of valence nmeasiiseon the same lattices. One uses
two degenerate quarkeng = mg = my) and the other uses two nondegenerate quarksA mg,
my = M™T8) | eading ordelxPT predicts, for the pseudoscalar massés= B(ma + mg). If we
take the nondegenerate dynamical poinig € m;, mg = mg) and the matching degenerate points
(Mmy + Myes = %’“ES) to extrapolate to the light sea quark limihy(— —myeg), we would expect
the results to be the same assuming the higher order comecdire small. This gives us rough
estimates of the kaon mass from both the degenerate andgenetate valence quarks. The same
comparison can also be done for the pseudoscalar decayantsstWe show the comparisons in
Figure 3. The two extrapolations gave quite consistentiteesuthin errors.

5. Summary and Outlook

Our present data are still statistically limited. Furtheprovements are needed to reduce the
statistical uncertainties in the determinationdvgf and f;. In the meanwhile, better estimates of
the systematic effects coming from finite volume, finitei¢t@ispacing and residual chiral symmetry
breaking are necessary to justify our chiral fits and deteenhiECs. For the work reported here,
the smallesML is 4.2, which should make the finite volume corrections fevepet effects. The
ongoing 24 x 64 x 16 simulations with 2+1 dynamical flavors of DWF on QCDOC witbvide
us better opportunities to probe the chiral limit of variquigysical quantities.
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Figure 3: Estimate the effects of nondegeneracy.
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