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Quark condensate and pseudoscalar decay constant in taklichit are the principal order pa-
rameters of spontaneous chiral symmetry breakingy®Bn QCD. Yet their three flavor values
are still only weakly constrained by analyses using expeniial data. We try to obtain such con-
straints by statistical methods from the decay width offhe " 1~ i° decay in the framework
of resummed chiral perturbation theory . We rely on recetitneges of the isospin violating
parameteR, which is proportional to the difference of thiandd quark masses. Alternatively,
by the same methods, we try to extract informatiorRon
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Constraints on QCD order parameters fromn — 31T

Quark condensate and pseudoscalar decay constant in the chiral &értitegprincipal order
parameters of spontaneous chiral symmetry breaking in QCD [1]. Yetttireie flavor values are
still only weakly constrained by analyses using experimental data [2, &).tr¥\to obtain such
constraints by statistical methods from the decay width ofithe " 1~ 11° decay [4, 5, 6] in the
framework of resummed chiral perturbation theory [2]. We rely on reestimates of the isospin
violating parameteR [7], which is proportional to the difference of theandd quark masses.
Alternatively, by the same methods, we try to extract information on R.

Our calculation closely follows the procedure outlined in [8]. In accord g method,
leading order low energy constants (LECSs) are expressed in termavdrient free parameters
:'i’27 X:@, VZE, R= (ms—m) ’
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whereF is the pseudoscalar decay constant in the chiral lilnits the chiral condensate and
m=(my+my)/2. We fixr=27.8+ 1.0, an averaged value extracted from lattice results [9].

We use two approaches to deal wiRh In the first one we assume it to be a known quantity.
We use the valu®=37.8+ 3.3, obtained from a dispersive analysispf> 3T [7]. Alternatively,
we leaveR free, or more precisely, assume it to be in a wide raRge(20,60).

At next-to-leading order, the LEQs;-Lg are algebraically reparametrized using chiral expan-
sions of two point Green functions. Fbi-Ls we use the estimate described in [10]. Thg®)
and higher order LECs, notorious for their abundance, are collecedelatively smaller number
of higher order remainders.

We use a statistical analysis based on Bayes’ theorem [2]

PP
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whereP(X;|I"exp) is the probability density of the parameters and remainders, denodaving
a specific value given the observed experimental widthy=296+16eV [4]. P(Fexp|X) is the
known probability density of observirgeyp in an experiment under the assumption that the values

of X; are known )
exp| Tew= 0]
OexpV/ 2TT Uezxp
P(X) is the prior probability distribution oX;. We use it to implement the theoretical uncertainties

connected with our parameters and remainders. The treatment of remadased on general
arguments about the convergence of the chiral series, leading to

z

P(MexplXi) =

G =G2+69+A% A9 <1016,

whereG stands for any of our 2- or 4-point Green functions, which generateimainders. This
we statistically implement as a normal probability distribution. We use Monte Cariplsey with
10* samples per grid element for the integration, the total number of samples-bdiéfy

The obtained probability density distributions can be found in figures 1 aAd 2an be seen,
our first results have shown that the— rrt m n® decay width is sensitive t& andZ. A large
portion of the parameter space can be excludee?a®do C.L., given information abowR. It seems
Y=X/Z>1is preferred, therefore we have a specific tes¥far preparation.
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Figure 1. Probability densityP(X, Z|I exp) for R=37.8+3.3
highlighted area - regions witliax< 0.75 and¥pin >2 (Y =X/Z): excluded ap=96.4%=2.1 C.L.

Figure 2: Probability densityP(R, Z|exp) for X € (0,0.9)

highlighted areasZ>0.5 andR>40: excluded ap=95.0%=2.@ C.L.
-Z>0.7 andR>32: excluded ap=94.6%=1.% C.L.
-Z2<0.1: excluded ap=97.8%=2.% C.L.

As expected, it's hard to constraiwithout information onX andZ, we have thus obtained
conditional constraints. Assuming>0.5 excludes the regioR>40 at 2.ao C.L. andZ>0.7
excludeR>32 at 1.9 C.L. Z<0.1 can be excluded at 203C.L.

As an outlook, we work on an in depth statistical stability test of the Monte Cartgping
and plan to extend the analysis to more parameters and include a wider faxgeidmental data.
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