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As a consistency check of the staggered-fermion fourth-&pproximation, we analyze the
and fq correlators, including the effects of two-meson tastetiplglt intermediate states. Rooted
staggered chiral perturbation theory describes the danions from the pseudoscalar taste mul-
tiplets in terms of only a few low energy constants, whichenhail been previously determined
by the MILC collaboration. In previous work one of us (Predel) showed that the two-meson
“bubble” contributions could explain the observed anoswmln the lattice data for the isovector
ag channel. In the present work we extend this analysis tofghehannel. On a MILC collab-
oration lattice ensemble at 0.12 fm with+2L flavors of Asqtad-improved staggered fermions,
we have made new measurements of correlators in both clsafuned variety of momenta. A
fit to these correlators gives low energy constants thate@asanably consistent with previous
determinations by the MILC collaboration.
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1. Introduction

When up and down quark masses are sufficiently light, theeidov @g) and isosinglet {p)
scalar meson correlators are dominated at large distarycegosbody states composed of K,
andn. In the lattice staggered fermion formulation, residuatfi®n doubling results in a sixteen-
member taste multiplet for each meson. When this symmetryolsen at nonzero lattice spacing,
the multiplet is split, resulting in a proliferation of twmedy intermediate states, thereby complicat-
ing the analysis of the correlators. To make matters worseyrof these states are lattice artifacts
with unphysical masses, and some have ghost (negativehtseijhus we see nonlocalities in the
form of unphysical long-range contributions to the con@ils, and we see violations of unitarity
in the form of unphysical and negative norm intermediatéestaSuch artifacts are expected to
disappear in the continuum limit.

Fortunately, these complexities are described by stadgsrieal perturbation theory §&T).
The rooted version of this theory x®T) [1, 2] provides a strict framework in which to analyze
these two-body contributions in terms of just a few low egargnstants — constants that are also
determined in an independent staggered chiral analysieopseudoscalar meson masses and
decay constants [3].

Thus the study of scalar correlators provides an explicingxe of the anticipated diseases
of the fourth-root approximation and the manner in whichtythee cured in the continuum limit.
Further, it provides another test of the ability ofyfST to model rooted staggered fermion QCD.
Previous tests include the aforementioned fits to the pssatlr meson masses and decay con-
stants and a comparison of the topological susceptibiligasared in rooted staggered fermion
QCD and in rgPT[4].

2. Pseudoscalar meson multiplet

Theag channel was studied in recent years in staggered fermion GBe MILC collabora-
tion [5] and UKQCD collaboration [6]. Both groups found tliae correlator appeared to contain
states with energies well below possible combinations ofAmmesons. At Lattice 2005 one of
us showed that P T provides a simple explanation [7, 8]. In Fig. 1 we showetasdlittings of
the low-lying pseudoscalar mesons for the MIBG= 0.125 fm ensemble, as predicted inyfST.

In the case of the pion the predictions were confirmed irclattheasurements [5, 9]. Of particular
concern are thg andn’ multiplets. They are mixed by the anomaly. But the anomaly iaste
singlet. So only the taste-singlet members are proper dateti for the physical states. The other
taste members are unmixed at tree level. We have arbitdatigled the lighter member and
heavier memben’. The taste-axial-vector and vector hairpin couplings rhixnj’s weakly. We
ignore that effect in the figure, but take it fully into accoumour analysis.

Now, let us examine the various two-meson contributionsié@g correlator. In proper QCD
the lowest intermediate state has mags+ m,. In staggered QCD the physica} is a taste
singlet, so we need to examine the various two-meson catitits to the taste-singlet correlator.
Taste symmetry requires that both pseudoscalar mesons imexmediate state have the same
taste assignment. In particular, thlg intermediate states include a taste-pseudoscalar pioa and
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Figure 1: Taste multiplets fort, K, n, andn’ for the study ensemble. The letters indicate the taste syngme
assignments, grouped as predicted by Lee and Sharpe [10].

taste-pseudoscalar eta with a mass equal to twice the @Gotdgion mass. Other taste pairs are
similarly light. Thus we expect an anomalous low energy igbuation to the correlator.

3. Threshold weights

Explicit expressions were presented in [7, 8] for the twasamecontribution to theg correla-
tor, including all tastes. We have extended this analysibddg correlator [11]. (See also Sec. VI
of Ref. [2] for a description of the result in the one-flavoseg The expressions (not written here)
consist of several two-body threshold contributions witkights depending on the number of fla-
vors and the replica factor [12] needed to correct for theanted taste multiplicity. If we ignore
mixings induced by the taste axial-vector and vector hagpthe weights for the physical+21
flavor case are given in Table 1. In the continuum limit in #aechannel, all thresholds but the
taste-singletrtn become degenerate and the axial-vector and vector hairginga vanish. As is
evident from the table, the weights add up to zero. The glwsshold has eaten the unphysical
thresholds, and only the physical taste-singigtsurvives. In thefy channel, all thetrrthresholds
become degenerate leaving a proper weight of 3 for the thramye assignments for the physical
pions.

For the single-flavor case there is no Goldstone boson, #igcene pseudoscalar is lifted by
the anomaly. Yet at nonzero lattice spacing there is a niedtgf near Goldstone bosons composed
of taste components that are unmixed by the anomaly. In theéncmm limit the two-body thresh-
olds for these states become degenerate and the weights addbtin thefy channel as can be
seen from Table 2. Thus the unphysical states decouple fiizncthiannel.

4. Fitsand Results

Measurements were done on a single ensemble of 510 gaugguratifins of dimension
243 x 64, generated by the MILC collaboration with-2L flavors of staggered quarks of bare mass
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taste ao fo
I 2/3 1/4
10 -15/8 -1
\ 4/8 4/4
T 6/8 6/4
A 4/8 4/4
P 1/8 1/4

Table 1: Two-body threshold weights for-21 flavors in theag and fo channels. Thag weights apply to
the rtn contributions for tasteg PV, A, T, and thefp weights apply to thetrr contributions. Here the taste-
singletn is the physical state. For tlag the weightl0 denotes the contribution from the taste-singlet pion
plus the bare taste-singlgt (unshifted by the anomaly). For tHg the weightl 0 denotes the contribution
from two bare taste-singlet etas.

taste fo
10 —15/8
\Y 4/8
T 6/8
A 4/8
P 1/8

Table 2: Two-body threshold weights for the single flavor cdgehannel. The notation is the same as Table
1.

amyq = 0.005 andams = 0.05 at a lattice spacing of approximately= 0.125 fm. For this ensemble
the pi/rho mass ratio is 0.303.

We measured the correlator of scalar densifigsfor the isovector and isoscalar channels and
for five low-lying total momenta. The correlators were fit to the expressions

Cao(p,t) = fmesonao(pat) + fbubbleao(pat)
Cfo(pvt) = fmesome(pvt) + fbubblefO(pvt)

and where the single-meson contribution is modeled by desjppgje of each parity,

fmesor,ao(pat) = bao(p) exq_EaO(p)t] + bmA(p)(_)t exq_Err,A(p)t] + (Nt _t)
fmesome(p7t) = C05( p, O) + bfo(p) eXp[_EfO(p)t] + bmA(p)(_)t eXp[—E,,,A(p)t] + (Nl —t),

and where the “bubble” or two-meson contributions are tictdy rPT[8, 7, 11]. The meson
contributions require 13 parameters (four for the massasetich for the momentum dependence
of the four coefficients, and one for the zero-momentum vacdisconnected term in thig). For
each meson energy we assume a standard dispersion ré#pph= n? + p>. The meson masses
in the two-meson bubble contributions are fixed from othexcscopic studies plus the known
taste splittings [5, 3]. There remain three low energy camstfrom r§PT, namely,

U =n2/(2myg), Oa=a’dh, & =a'd)
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All three parameters were previously obtained from a study@son masses and decays [3]. We
found it necessary to fix (through a Bayesian prior) the wehtirpin constan®, to the value
obtained in that study. The remaining two constants wene #agusted with only loose priors.

The resulting best fits are shown in Figs. 2, 3, and 4.

quantity our result meson mass, decay
rim2/(2myq) 8.2(1.1) 6.7
o (prior) —0.016(23)

oA —0.056(7) —0.040(6)

Table 3: Comparison of our fit parameters for theyfST low energy constants with results from [3]

The agreement is worse if we used the valueqf in the three-flavor chiral limit£ 4.5)
from those fits, rather than the higher-ordef/(2myq), suggesting, perhaps, that a higher order
calculation of the bubble contribution might improve theesgnent.
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Figure 2: Fit to theag correlator for five momenta.

5. Conclusion

We have found that rooted staggered chiral perturbatiooryhtegether with a couple of ex-
plicit low-lying mesons provides a reasonably consisteapanting of theag and fg correlators
for several low momenta. The spurious long-range speabraponents are lattice artifacts, which
the theory predicts will disappear in the continuum limit.
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Figure 3: Fit to the fg correlator for four momenta.
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