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1. Introduction

It has been a long standing goal to perform nonperturbative simulatio@® with the
effects of the three light quark flavors fully included. The MILC colladt@n has made signifi-
cant advances towards this goal. Employing an improved staggered farmsdiscalled “asqtad”
fermions [1], simulations with the lightandd quarks, taken to be of equal mass, as light &df
the physical strange quark masghave been achievef [2], while the mass of a third quark flavor
has been kept close to the strange quark mass. These simulations hadobee- some are still
being continued — mainly at two lattice spacings of abmut 0.12 fm anda = 0.09 fm. Some
simulations also used a coarser lattice spacng,0.18 fm. Multiple lattice spacings are needed
to control the extrapolation to the continuum lirat;— 0.

All gauge field ensembles created by the MILC collaboration are made degitabther re-
searchers at the “NERSC Gauge Connection”. They have beenfasedample, by the Fermilab,
HPQCD and UKQCD collaborations for the study of heavy quarkonia aady+light mesons.
The four collaborations joined efforts to validate these QCD simulations by aongpselected,
so-called “gold-plated”i.e. well controlled, quantities computed on the lattice with their experi-
mentally well known values. Agreement within errors of 1-3% was fo{jjhd [3

While we have made simulations with lighter u and d quark masses ffwyith my = m) than
have been reached before, simulations at the physical light quark mlagshas not been possi-
ble so far even with our improved “asqgtad” quarks. Hence chiral ealadéipns — extrapolations
in the light quark mass — are needed to reach the physical value. Due to-tadlex] taste sym-
metry breaking of staggered quarks at finite lattice spacings, for deaextapolations the chiral
perturbation theoryXPT, had to be adapted to the staggered quark formali$RTP[4].

A first set of accurate results for light pseudoscalars, from two latpeeiags, one simula-
tion strange quark mass, and several simulation light quark massgs employing the IPT
formalism for joint chiral and continuums extrapolations, was publisheddd f8]. There, results
were presented for light pseudoscalar (pion and kaon) masses emdamstants, quark mass ra-
tios, and for several Gasser-Leutwyler parametepsRiF. To obtain the quark masses themselves,
one needs renormalization constants. The results, obtained with on&-iaapors computed by
members of the HPQCD and UKQCD collaborations, were published ih [6].

During the last year, our simulations have been expanded in several @aythe coarse =
0.12 fm lattice, a second simulation strange quark nddsas been used, allowing interpolation to
the physical strange quark mass. On the fae,0.09 fm, lattice a simulation with a lighter light
quark massmy ~ 0.1ms, has been started. This run is currently about 1/3 complete.

2. Thelight pseudoscalar sector

The XPT fitting is illustrated in Fig[]1. From such fits we obtain the following (still prelimi-
nary) results for the decay constants:

fr=128140.5+2.8 MeV, fkx = 1535+ 0.5+2.9 MeV, fi/fr=1.1983)(*%),

1The largest uncertainty in the quark masses comes from the perterBitictors. The computation has recently
been extended to two-loopﬂ [7], reducing this error by about a fattr o
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where the errors are from statistics and lattice systematics. With experimatdaltde lattice
QCD value offk/f; can be used to extract the CKM matrix elem¥pd [B]. We obtainVys =
0.2242"11), with an accuracy comparable to the PDG value. For a more extensivessiscwf
the present state of our results in the pion and kaon sectof|see [9].
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Figure 1: lllustration of SXPT fit showing full QCD points forf,; (left) andm2/(mc+m,) (right). Also
shown are the fits extrapolated to the continuum limit, andrpolated to the the physical value of the
strange quark mass.

3. Heavy-light meson physics

In joint work with the Fermilab and HPQCD collaborations, we used our 2«biflgauge
field ensembles to study properties of heavy-light mesons. For the lightoeabpiarks we used
“asqgtad” fermions, while for the heavy ¢ and b quarks we used clovatidas with the so-called
Fermilab interpretatior{ [10]. The use of “asqtad” light fermions allowed g®tmuch closer to the
physical light quark mass values than was achieved before, and &daf made the remaining
chiral extrapolation well controlled. We found J11]

fpr =201+3+17 MeV, fp, =249+ 3+ 16 MeV.
Our result for fp+ was a prediction, being made before CLEO-c announced its measurements
for =223+ 17+ 3 MeV [f3].

We also computed the form factors for the semileptonic de@ys Klv, D — mv [L3]
andB — mv. TheB-decay form factor is needed to extract the CKM matrix elemégptfrom
experiment, while théd-decay form factors can be used for determination¥gfand Vg, or,
since those CKM matrix elements are quite well determined, for a validation of ttiee|CD
calculations. In Fig[]2 we show a comparison of our results with recenturerasnts by the
FOCUS collaboration[[14].

4. Conclusions

Our QCD simulations with 2+1 flavors of quarks have, with all errors weaitialed, reached
hitherto unprecedented accuracy for many quantities. This has pustiesl @CD calculations to
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Figure2: Comparison of the shape of the form facfor(q?)/ f. (0) with experiment[[114].

the point where they can have an impact on current experimental physigeams, for example,
in the determination of the CKM matrix. For a determination of the entire CKM matrix wititéa
QCD, based on the MILC ensembles of gauge field configurations, asthéheoretical input

see [1h].
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