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We measure the pion mass and decay constant on ensemblastgéney the Wuppertal-
Budapest Collaboration, and extract the NLO Iow-energystmtsl_g and |, of SU(2) chiral
perturbation theory. The data are generated in 2+1 flavoulaiions with Symanzik glue and
2-fold stout-smeared staggered fermions, with pion magsgsng from 135 MeV to 400 MeV,
lattice scales between 0.7 GeV and 2.0 GeV, amdept at its physical value. Furthermore, by
excluding the lightest mass points, we are able to test tiebilty of SU(2) chPT as a tool to
extrapolate towards the physical point from higher pionseas
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1. Introduction

Chiral perturbation theory (chPT)][{} 2] is a widely used tool in many phenological
applications and also helpful to guide an extrapolation to lighter quark masdatice-QCD
simulations. Here we will report on a determination of the NLO low-energ\si@mts (LECS)_g
andl, which appear in the light quark mass dependence of the pseudo-scalam masses and
decay constants in SU(2) chPT.

We analyze configurations generated by the Wuppertal-Budapest Qraitain [3[#]5[ 1|7 8]
using the Symanzik glue and 2-fold stout-smeared staggered fermion amtm@+1 flavor QCD-
simulation. The mass of the single flavor has been kept at the value of tsghstrange quark
mass, whereas the two degenerate lighter quark masses have beerswahighat light meson
masses in the range of 135 to 440 MeV were simulated. The simulations wévenest at five
different gauge coupling8, resulting in lattice scales between 0.7 and 2.0 GeV (see next section
for details on how the scale has been determined). Thable 1 summarizes stragafameters of
the simulations.

The 2-fold stout-smeared version of the staggered quark action haglmen to be advan-
tageous(]7] in reducing the inevitable taste-breaking of staggered feforionlations. Therefore,
in this work we only consider the pseudo-scalar mesons with taste npgisiken measuring me-
son masses or decay constants. Details of the computation of these quaiitibes@ported in a
forthcoming publication.

2. Scale setting and physical quark masses

To set the scale at each simulated gauge cougfirand identify the physical point, i.e. the
average up/down quark mas#’hys: (my +my)/2 corresponding to a pion in the isospin limit
with an estimated mass ofl; = 1348MeV [g], we use a two-step procedure. First, we ex-
trapolate the ratigaM )?/(afy)? of the squared meson masses and decay constais/ttf =
(1348 MeV/13041MeV)? = 1.06846, where we also used the PDG-valye- 13041 MeV [IQ].

In that wayanf™*is obtained. In the second step, we extrapcéfteto this quark mass value and
obtain the lattice scale with the help of the PDG-value figr For the extrapolation we used two
different ansatze: a quadratic and a rational (linear in numerator amahdeator) fit form. An
example of these extrapolations is shown for the ensemb|@s=a8.85 in Fig.[]. There, like for
all otherf-values as well, the heaviest quark mass point has been excluddtdngeisua fit range
of approx.am /anf™* < 8.0 (corresponding td4; < 390MeV). We stress that here, like in the
chiral fits to be discussed below, the data has been corrected for fihitee@ffects beforehand,

B 1/a[GeV] m /mP™* (approx.) (L/a)*x (T/a)
3.45 0.69 1.0,3.0,5.0,7.0,9.0 9432 -12 % 28
3.55 0.91 1.0,3.5,5.0,7.0,9.0 9432 -12x 28
3.67 1.31 1.0,4.0,6.0,7.5,9.5 BR48 — 14 x 32
3.75 1.62 1.0, 4.0, 6.0, 8.0, 10.0 %064 — 16 x 32

3.85 2.04 1.0,1.4,2.0,4.0,6.0,8.0,10.0 2484 — 24 x 48
Table 1: Simulated lattice ensembles: gauge coupljhdattice spacing la, simulated quark masses,
and range of lattice sizes.
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Figure 1: Left panel:ratio (aM )2/(afy )2 extrapolated td2/f2 — 1.06846 to obtairanf™?, right panel:
afy extrapolated t(anfhys to obtain Ya; both atf = 3.85.

by means of using the two- and three-loop resummed formulde]of [11] fpidhedecay constants
and masses, respectively. Our spatial lattice volubiese in the rangé4.7fm)2 — (6.8 fm)3 with
a minimalM; L = 3.2, ensuring that the finite volume corrections within our fit ranges are at mos
at the order of 1 per cent for the decay constants and even less foeden masses.

By fixing 1/a andarr{Jhys in the way described above, the meson masses and decay constants
show no discretization effects at all directly at the physical point andameassume those effects
to be small (since of higher order in the quark masses and/or lattice spacthg)vicinity of the
physical point, i.e. in the mass range covered by our fits. Such discretizdterts, of course, are
present in other observables, which are not considered in this work.

3. Fitsto NLO SU(2) chPT

The quark mass dependence of the finite-volume corrected data for tlom mmesses and
decay constants is fitted simultaneously at diffef@malues using the NLO-SU(2) chPT formulae

1) Xi Xi
M|2| = <a> (a.'\/lll)2 = XI |:1+ 167‘[2f2|Og/\%} N (31)
_ (1 _ X X
fi = (a) (afy) = f [l 8n2fZIOg/\§} : (3.2)

am
anf)hys’

where we made use of the already determinga dnd arrf’hyS to scale the quark masses and the
meson masses and decay constants measured in lattice units. This fit Hesdf@arameters: two
NLO low-energy scalefs, A4, the decay constant in the SU(2) chiral limiand the renormaliza-
tion scheme-independent combinat(@ﬁsrrf’hys) of the LO low-energy constaiand the physical
quark massn’"™®,

We would like to point out that the chiral fit formulae do not include any tastalking effects,
i.e., we did not use staggered chPT. This seems justified to us, since welyaeoosideringys-
taste mesons as mentioned above and use these to define our scaling yraiether physical

X = 2Bm = (2BnP™9)

(3.3)
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point. In other words, since the meson mass and decay constant at #iegbppint were used to
set the quark masses and lattice scales, no discretization or taste brddtgyaze present in the
chPT formulae fonlvlﬁ and f;; as discussed above. Furthermore, taste breaking effects arededuce
anyway by the choice of the fermion action as mentioned above.

The top panels of Fid] 2 show the combined fits including the data at all latticingisaand
for meson masses in the range of 135 to 390 MeV. (Here and for all foltppliots we mark data
points included in the fit by circles, while those not included in the fit are naabgediamonds.)
As one can already see by eye, the description of the data by the fit iatisfastory, resulting in
ax?/d.of. ~4.3. As expected, the fit quality measured, e.g.xByd.o.f. improves continuously
when reducing the upper bound of the meson mass range. The middleop&igl[2 shows the
fit to all meson masses in the range 135MeW, < 275MeV giving an acceptablg?/d.o.f. ~
1.0. A similar improvement can be achieved by excluding the two coarsest latseenbles from
the fit, i.e., limiting J/a > 1.3GeV. The bottom panel of Fi§j] 2 shows an example of such a fit
with 135MeV < M;; < 340MeV resulting inx?/d.o.f. ~ 1.7 (this number has to be compared
to x?/d.o.f. ~ 2.6 for the same mass range and usingBll Applying both kinds of cuts, i.e.
135MeV< My < 275MeV and Ya > 1.3GeV, eventually gives g?/d.o.f. ~0.8.

Here we are mainly interested in the SU(2) low-energy const_grasdlz which are related
to the low-energy scaleAs, A4, respectively. Therefore, in Fi§] 3 we show the fitted values for
these parameters obtained with different fit ranges. We also displayttbefzdf as obtained
from the various fits. Whereas fg (left panel), if at all, one could identify a shift in the result
depending on whether or not the two coarsest lattices ensemble areezkdiod, and fn/f one
observes a clear dependency on the fitted mass range, while the infofeexeuding coarser
lattice ensembles seems to have only a marginal effect. Eventually, we qumie r@sult for the
low-energy constants the central value and statistical error obtainedfi@fit range 135Me\K
M) < 275MeV, 1/a> 1.3GeV and take the variation with respect to that value from other fits
including the nearly physical points (data marked by asterisks in[Fig. 3umestimate for the
systematic error, so that we obtain:

l3 = 2.90(1)sta(17)syst, la = 4.04(048)staf13)syst, fr/f = 1.062707)staf24)syst.  (3.4)

Since often lattice data from meson masses larger than the phiysiaak extrapolated to the
physical point using SU(2) chPT, we also investigated fit ranges erxgjute physical point. In
Fig. B the fits for the meson decay constant are shown for 230 M&\; < 340MeV (left panel)
and 230MeV< M;; < 390MeV (right panel). As one can see in the close-up view of the region
near the physical point, the value fty extrapolated from such a fit is belok&" ~ 128(1) MeV)
the values simulated near the physical point. As one can see from| Figoiﬂ aled f/f are
significantly changing, once the nearly physical points are excludedte fit range.

4. Fitsto NNLO SU(2) chPT

Extending the SU(2) chPT fit formulae for the meson masses and decstantsito NNLO
(e.g. cf. [9]), in our set-up three new fit parameters have to be addedmbination of the NLO
low-energy constantg, I_z: I_lz = (7I_1+ 8I_2)/15 and two parameters for NNLO-LEGs,, K;.
Again fitting our data for the meson masses and decay constants at \@rsims/itaneously now
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Figure2: Combined NLO SU(2) chPT fits with various fit ranges. Téie panelsshow the decay constants
fi, theright panelsthe squared meson massé$ divided by the quark mass ratam /an{™>. The fit
ranges aretop: all 8, 135MeV< M, < 390MeV,middle: all 3, 135MeV< M, < 275MeV,bottom:only
1/a>1.35GeV, 135Me\< M;; < 340MeV.

using the NNLO fit formulae without any constraints on the fit parameters {(@tah) leads to an
unnatural order of the NLO- compared to the NNLO-contribution as caeber from the left panel
of Fig. . There the black line denotes the full fit up to NNLO and the red limgtbie contribution

up to NLO, the large difference between the two being the NNLO-contribufibee situation can
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Figure 3: LECs obtained from NLO SU(2) chPT fits with different fit raisgéeft panel: I_3 middle panel:
la, right panel: f;/f. Blue pointdenote fits where fla > 1.35GeV,red pointsfits where all are included.
Fits including the nearly physical points are marked byaaterisk The solid, dashedand dashed-dotted
linesdisplay the central value, statistical and combined (atad.syst.) error, resp., of our quoted results.
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Figure 4: Two examples for NLO SU(2) chPT fits excluding the nearly ptgispoints (only fy is
shown here). Left panel: 230MeV < M;; < 340MeV, right panel: 230MeV < M;; < 390MeV; both
1/a>1.35GeV.

be improved by using priors for some of the fit parameters, e.g., using@ptanological estimate
for I, = 2.1+ 0.3 as can be obtained from values quotedl_ior_z in [[L3]. A fit using such a prior
is shown in the right panel of Fifj] 5, which describes the data well and heasonable ordering
of the NLO- compared to NNLO-contribution. Still we refrain from using NDBHChPT as long as
we do not have enough data in the light quark mass region to constraiffitsuefthout having to
rely on additional input used for priors on the fit parameters. But it isswang to us, that by using
such priors, a NNLO-fit results in NLO-LECs comparable to those fouradimNLO-fits.

5. Conclusions

From our NLO SU(2) chPT fits to meson masses and decay constants atkasistaggered
2+1 flavor lattice simulations of QCD, we quote the following set of LECs (sge(E#)) as our
preliminary result:

I3 = 2.90+0.20, |4 = 4.04+0.14, f,/f = 1.0627+0.0025,
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Figure 5. Two examples for NNLO SU(2) chPT fits (onffy is shown here)Left panel: without priors,
right panel: using priorl12 = 2.1+ 0.3. Both use al3 and 135MeV< M;; < 340MeV.

These values are in good agreement with other recent lattice determinatitE<Cs, for
example the FLAG-repor{][9] quotds = 3.2+ 0.8 and fr/f = 1.073(15) as lattice averages,
while due to some tension in the results no valuelfois quoted at the moment. Our findings
also agree well with the phenomenological estimeb_qges 29+24 andlz =4.4+0.2 [i3] and
fr/f =1.07194+0.0052 [1B[P].

For a forthcoming publication we hope to have additional data points availaligaquark
masses corresponding to meson masses between 135 and 275 MeV.etddleabout our chiral
fits will be reported there as well.

The speaker acknowledges support from the DFG SFB/TR 55 and EAgRant PITN-GA-
2009-238353 (ITN STRONGnet).

References

[1] J. Gasser and H. Leutwyler, Annals Ph$58, 142 (1984).
[2] J. Gasser and H. Leutwyler, Nucl.Ph¥250, 465 (1985).
[3] Wuppertal-Budapest Collaboration, Y. Aoki al, Nature443, 675 (2006), arXiv:hep-lat/0611014.

[4] Wuppertal-Budapest Collaboration, Y. Aoki al, Phys.LettB643, 46 (2006),
arXiv:hep-lat/0609068.

[5] Wuppertal-Budapest Collaboration, Y. Aoéd al, JHEP0601, 089 (2006), arXiv:hep-lat/0510084.
[6] Wuppertal-Budapest Collaboration, Y. Aodd al, JHEP0906, 088 (2009), arXiv:0903.4155.
[7] S. Borsanyiet al, JHEP1009, 073 (2010), arXiv:1005.3508.
[8] S. Borsanyiet al, JHEP1011, 077 (2010), arXiv:1007.2580.
[9] G. Colangelcet al, Eur.Phys.JC71, 1695 (2011), arXiv:1011.4408.
[10] Particle Data Group, K. Nakamuea al, J.Phys.G537, 075021 (2010).
[11] G. Colangelo, S. Diirr, and C. Haefeli, Nucl.PhB321, 136 (2005), arXiv:hep-lat/0503014.
[12] G. Colangelo, J. Gasser, and H. Leutwyler, Nucl.PB@E3, 125 (2001), arXiv:hep-ph/0103088.
[13] G. Colangelo and S. Durr, Eur.PhysCB3, 543 (2004), arXiv:hep-lat/0311023.



