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We present the results of a lattice QCD calculation of theigescalar meson decay constants
fk, fo and fp,, performed withNs = 2 dynamical fermions. The simulation is carried out with
the tree-level improved Symanzik gauge action and with wistéd mass fermionic action at
maximal twist. With respect to our previous study [1], her kave analysed data at three val-
ues of the lattice spacing ¢ 0.10fm,0.09fm, 0.07 fm) and performed the continuum limit, and
we have included a& = 0.09fm data with a lighter quark massf ~ 260MeV) and a larger
volume L ~ 2.7fm), thus having at each lattice spacing> 2.4fm andM;L > 3.6. Our result
for the kaon decay constant fg = (157.5+ 0.8|stat = 3.3|syst) MeV and for the ratiofk / fr =
1.205= 0.006]stat &= 0.025syst, in good agreement with the othidf = 2 andN¢ = 2+ 1 lattice
calculations. For th® andDs meson decay constants we obtéin= (205+ 7|stat £ 7|syst) MeV,

in good agreement with the CLEO-c experimental measurearehivith other recentl; = 2 and

Nt = 2+ 1 lattice calculations, anfb, = (2484 3|stat + 8|syst) MeV that, instead, is 3o be-
low the CLEO-c/BABAR experimental average, confirming thresent tension between lattice
calculations and experimental measurements.
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1. Introduction

We present a lattice QCD determination [2] of the pseudasaakson decay constantg,
fp and fp,, performed at three values of the lattice spacing 0.10fm,0.09fm,0.07fm (corre-
sponding to3 = 3.8,3.9,4.05), with pion masses down td,; ~ 260MeV and volumes such that
L > 2.4fm andM,L > 3.6, at each lattice spacifgThe continuum extrapolation turns out to be
crucial for an accurate determination f and fp, since cutoff effects induced by the charm mass
(~ O(a@2mg) ~ 0.04=-0.09) are not small.

The calculation is based on the gauge field configurationsrgéed by the European Twisted
Mass Collaboration (ETMC) with the tree-level improved Symik gauge action and the twisted
mass action at maximal twist, discussed in detail in ref.\th theNs = 2 dynamical quarks taken
to be degenerate in mass. The use of the twisted mass fermitrespresent calculation turns out
to be beneficial, since the pseudoscalar meson masses amd aetstants, which represent the
basic ingredients of the calculation, are automaticallgrioned atZ'(a) [5], and the determination
of pseudoscalar decay constants does not require thetistiod of any renormalization constant.

In order to investigate the properties of tke D and Dg mesons, we simulate the sea and
valence light ¢/d) quark mass in the rangeZmf™® < i < 0.5mE™®, whereml™® is the physical
strange mass, the valence strange quark mass witdm®”® < us < 1.5m™®, and the valence
charm quark mass within®m™® < i, < 1.5mE™*, beingmE™® the physical charm mass.

The statistical accuracy of the meson correlators is imgatdyy using the so-called “one-end"
stochastic method, implemented in ref. [6], which includspatial sources. Statistical errors on
the meson masses and decay constants are evaluated usjagkthie procedure and statistical
errors on the fit results which are based on data obtained difiarent configuration ensembles
are evaluated using a bootstrap procedure.

In the present analysis we study the dependence of the psmldodecay constants on the
meson masses instead of quark masses, as in our previoysiatfifi] at fixed value of the lattice
spacing. The study in terms of meson masses is simpler héwerevwdata at different values of
the lattice spacing are involved, since it does not reghiedrtroduction of the quark mass renor-
malisation constanZg, = Zp 1), that would be necessary if the analysis were carried oterins
of physical quark masses. The dependence of the decay stmetathe meson masses is studied
simultaneously with the dependence on the lattice spatimgugh a combined fit where terms
of 0(a?) and0'(a® L) are added to the functional forms predicted by Chiral Pbettion Theory
(ChPT). In studying the kaon and ti meson sectors, we have treated the strange quark mass
either as a light quark by using SU(3)-ChPT for kaons and $H&avy Meson ChPT (HMChPT)
for Ds mesons, or by treating only the lighfd quarks as light. In the latter case we use SU(2)-
ChPT and the interpolation to the physical strange quarleifopmed linearly. This is justified,
since our simulated values of the strange quark mass aeajage to the physical strange mass.

2. Determination of the kaon decay constant

Fit based on SU(3)-ChPT

IThe results of a lattice calculation of the vector and temsaray constants in the kaon sector, performed with
N¢ = 2 twisted mass QCD by a subgroup of our ETM Collaborationghzen recently presented in ref. [3].
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Figure 1: Lattice results forofx = rofps(i, i, Us) as a function of the simulated pion meson mass square
(romy)? = (roMps(i, i, 14y))?. We display data withus fixed to the simulated mass that corresponds to a
ssmeson of masgMps( i, Us, Us) = 1.63. The dashed (dotted) curves represent the SU(3)- (SU(BRIC
extrapolation to the physical pion mass, both at fixed lat§pacing (upper curves) and in the continuum
limit (lower curve). The shift of the physical results, squéSU(3)) and diamond (SU(2)) dots, below the
continuum limit curves comes from the interpolation to thggical strange quark mass.
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We perform a combined fit of the data available for the psetalas decay constants at the three
values of the lattice spacing, by using the functional fomedited by continuum NLO SU(3)-
ChPT with the addition of aw’(a?) and ¢'(a? us) term. The expansion fofps(Usea u\gf,u(?),

Vi

wherelseaand U\E:liz) denote generically the sea and valence quark masses ieglyeceads
a2 a 3 &
ro fes(ty, i, ps) = rof- 1+AS +Ans Gss) (1= z&nIn&n — - Inéss—GisIn 285
0 0
+by & + bsfss) (2.1)

with the variablest’s expressed as a function of meson masse&jas M3g(L, i, 1)/ (47tf)2.
The parametef is one of the low energy constants (LECs) entering the chagfangian at the LO,
b, andbssare related to the NLO LEG_g and I:, whereas the coefficientsand A, parameterize
discretization effects. The data for the pion decay cotstés(L, 1, 1), also included in the
analysis, are fitted through the same functional form (2.4 ws = 1. The fit is performed in
units of the Sommer parametey [7], for which values ofry/a at the three lattice spacings have
been extracted in ref. [4] from the analysis of the statieptal. The values ofy and of theu/d
guark mass in the continuum limit are extracted here by ussngxperimental input the pion mass
and decay constant.

We have also tried a fit with NNLO terms proportionalé}f),fszsor &) &ss to take into account
higher order chiral corrections, but their coefficientsfatend to be compatible with zero, showing
that the NLO formula is satisfactory. It is worth noting thatgeneral, NLO SU(3)-ChPT doesn't
describe well the data for the pseudoscalar decay congidathie kaon sector [8, 9]. Indeed, in our
previous analysis [1] performed in terms of quark massesowed that NNLO terms were needed
to fit the data. The difference here is that the analysis ifopaed in terms of meson masses,
where the replacemedt = M,ES/(47Tf)2 effectively resums higher order chiral contributions and
we find that the fit based on NLO SU(3)-ChPT is accurate enoaglescribe the pseudoscalar
decay constant up to the kaon sector [10].
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As far as discretization effects are concerned, they amedidol be at the level of 2% on the
finest lattice. The quality of the combined chiral and camtim extrapolation of the kaon decay
constant is illustrated in fig. 1.

Fit based on SU(2)-ChPT

As recently pointed out in [8], a good accuracy of NLO SU(3)RT is in general not guaranteed
in the kaon sector, where a safer approach consists in agoilde chiral expansion in terms of the
strange quark mass and applying therefore SU(2)-ChPT.rticplar, the SU(2)-ChPT formula for
the decay constant can be obtained from the SU(3)-ChPT ssipreby expanding in the quark
mass ratiqy / s and including the strange quark mass dependence in the 8B(. In order to
have small values fog; /s that justify the use of SU(2)-ChPT, we consider in the anslgsly
data withus in the range of the physical strange quark mass and we exdtidgach value of,
data with values ofy corresponding tél,; > 500 MeV .

In order to perform a combined chiral and continuum extratianh fit, we introduce the terms
taking into account the discretization effects in the fgtformula, that reads
2 2
a_2 +Afna—25ss> [1— §fn In& +b* & |, (2.2)
rs rs 4

ro fps(i, i, s) = ro f®) <1+A’

where the SU(2) LEC$K) andb(®) are functions of the strange quark mass. We can safely assume
a linear dependence on the strange mass, since the simplatedsses are close to the physical
strange quark mass.

From fig. 1 it is evident that SU(3)- and SU(2)-ChPT fits yieletwsimilar results 3™ =
(157.9+0.8) MeV and ffu(z) = (157.1+0.7) MeV, with similar statistical uncertainty, and with a
bit smaller chi-squared from SU(2)-ChP¥?(/d.o.f. = 0.8) than from SU(3)-ChPTxy?/d.o.f. =
1.2).
Resultsfor fx and fx/fn
The analyses based on SU(3)- and SU(2)-ChPT provide rekattare in very good agreement and
that have similar statistical uncertainties. We choose/éage them and to quote their deviation
from the average as the systematic uncertainty due to tihal eéxtrapolation. In order to estimate
the uncertainty coming from discretization effects, wesider the difference between the values
taken by the kaon decay constant after performing the camtmlimit and at the finest lattice
spacing, i.e.a~ 0.07fm for B = 4.05. This latter value read& 405 = 1608MeV and turns
out to be~ 2% above the continuum limit result. In the present analyige size effects (FSE)
are estimated by using NLO ChPT [11] and are found to be ribtgign the kaon sector. They
only affect the determination af, from the pion decay constant. As expected in simulationk wit
L > 2.4fm andM;L > 3.6, the FSE in the pion sector are found to be well under cgnésl
confirmed by the comparison of data available at two volurhes 2.0fm andL = 2.7fm, with
a=0.09fm) and by the compatibility between the resultsrfgdetermined here by treating FSE
within NLO ChPT [11] and those obtained in [4] by using theurasned formulae of ref. [12].
Concerning the uncertainty due to the quenching of the dicamtrange quark, we believe that
such an effect is smaller than the other systematic unoéigaiestimated above, as suggested by
the good agreement between reddpt= 2 andNs = 2+ 1 lattice determinations [9].

We thus quote our final results for the kaon decay constantrendatio fx / f

fK - (157.5:‘: 0.8’stat j: 0.4’0hir4 :l: 3.3‘discr_) MeV - (157.5:‘: O.S‘Stat j: 3.3’syst) MeV,
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where the total systematic uncertainty is obtained by agimuadrature the chiral and discretiza-
tion errors. Our result for the ratifk / f; turns out to be in good agreement with most of other
recent lattice determinations [9] based on simulationdy\Wif = 2 andN¢ = 2+ 1 dynamical
fermions and with the average based on the determinatidpséfom K3 decays [13].

3. Determination of the D and D decay constants

In order to determine thB andDg meson decay constants we essentially proceed as for the
kaon sector, that is we analyse simultaneously data atussalues of the lattice spacing, by
performing for the pseudoscalar decay constants combitsedf fihe meson mass dependence and
discretization terms, in units of. The simulated valugs. of the charm quark mass are close to the
physical charm quark mass.@ne™® < 1. < 1.5mE™*), so that the interpolation to the physical
value represents a very safe step. Moreover, at those lalges/of the meson masses the FSE are
completely negligible. On the other hand, the discretimatffects depending on the charm mass
have to be taken into account in the fit, being parameteyicdll’ (a? u2) ~ 0.04+0.09.

The functional forms describing the mass dependence ofdbaydconstants, used to fit the
data in theD andDg sectors are those predicted by the HMChPT where, as in tieeofdise kaon
sector, one can consider two different approaches to tneasttange quark based on SU(2)- and
SU(3)-ChPT, respectively.

We determinefp and fp, by introducing two ratios that exhibit a smoother chiral &abur:

Rl = 7fDS\/m—DS , R2 = fDS\/m—DS . f;-[ . (31)
fk fi fo/Mp

In addition, discretization effects in the rati®» vanish in the limit of exact SU(3) symmetry. In
the ratios the decay constants are multiplied by the squate of the meson masses to reconstruct
the quantities that are finite in the infinite mass limit. TheaMy Quark Effective Theory (HQET),
in fact, predicts for a Heavi{)-light(l) meson: fy/Mui = A+ B/My; + ¢(1/M3,). Though the
charm quark mass is far from the infinite mass limit, in ourlgsia we can safely assume such a
dependence for thB mesons, where only a small interpolation to the physicatrohguark mass
is needed. Moreover, since the contribution ot thiéid correction is small, we consider the
dependence on the light meson masses only in the leadinghgmsing the HMChPT prediction.
Fit based on SU(3)-HM ChPT
Within the analysis based on SU(3)-HMChPT, the functiooairfs used to fit the ratid?; andR»
of eq. (3.1) read

a a 1+ 3¢° 1
r(])-/2 Ry =Cs- <1+C5r—2 +C66 Mcs) : [l— 2 g. <Zfls|n dis + E(fll —2&s9) In Ess>
0

Cy4
roMes’

+ (gal N\ + &sln s + 28 In fss> O +csfss] + (3.2)

a? a2 o (3 1
R, =C7- <1+C11r—2 +0126 (Mcs— Mcl)) . [1%— (14+3§°)- <Zf|| Iné —éisinés — Z(fn
0

—2&ss)Inéss) + (—an Iné + &isInéis + %:fn In fss) +Cgé) +Cgfss} + (\;—ZO (Mics_ Micl) 7
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Figure 2. Lattice results for the rati® defined in the text, as a function of the pion mass squgre=
Mps(1i, 1, 1y )?, in units ofrg. We display data witlus andy fixed to the simulated masses that correspond
to assand éDs meson of massesMps( L, Us, Uis) = 1.63 androMcs = roMps( L, Us, Hc) = 4.41. The dashed
(dotted) curves represent the SU(3)- (SU(2)-) HMChPT @dlation to the physical pion mass, both at fixed
lattice spacing (upper curves) and in the continuum lingw@r curve). The shift of the physical results
below the continuum limit curves comes from the interpofatio the physical strange and charm masses.

where the coefficient€1-Cy, are free fit parameters. The HMChPT parametearinot be deter-
mined from the fit, which is almost insensitive to it, and iggtconstrained tg = 0.5 [14]. By
varyingdin the rangg0.3,0.7] we find that the fit results vary within the statistical unaarty.

The dependence on the pion mass square for the two ftiesd R, is softer than for the
quantitiesfp,,/Mp_ and fp/Mp and is shown foRy in fig. 2.
Fit based on SU(2)-HM ChPT
We obtain the SU(2)-HMChPT formulae for the decay constants consequently for the ratios
R1 andR; from the SU(3)-HMChPT expressions by expandinguifius and including the strange
guark mass dependence in the SU(2) LECs. They read

1/2 a2 a2 3
g "Ri=D1- (1+A1 5 +A2—Mcs ) ( 1+ &iInéy + D28 | + ; (3.3)
re o 4 roMcs
2 2 )
a a 2-9 D 1 1
R>=Dg4 <1+A3% +A4%(MCS— Mcl)) (1— 7 T &g+ D5f||> + r—; (M—cs - M—cl> .

where the coefficient®1, D,, D4 andDs are fitted as linear functions of the strange quark mass.
From fig. 2 it is evident that the SU(3)- and SU(2)-HMChPT fitlg similar results {5”® =
(205+ 7)MeV, 57 = (204 7)MeV and f5°% = (249+ 3)MevV, 5% = (247+ 3)MeV)
with practically the same statistical uncertainty and myaif the fit.
Resultsfor fp, fp, and fp./fp
The analyses based on SU(3)- and SU(2)-HMChPT providetsefrl fp, fp, and for the ratio
fo,/ fo that are in perfect agreement, with very similar statistiozcertainties. As for the kaon
decay constant, we choose to average the SU(3)- and SU(ZHPNVI results and to quote their
deviation from the average as the systematic uncertaintytalthe chiral extrapolation. In order
to quote the uncertainty coming from discretization efeete consider the difference between
the values assumed by, fp, and fp,/fp after the continuum limit has been taken and at the
finest lattice spacing. The latter values rdgth os = 212MeV, fp_|4.05 = 256 MeV, that are~ 3%
above the continuum limit results anidp,/ fp)|4.05 = 1.207 that is 8% below the value in the
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continuum limit. FSE effects are invisible in th& and Dg sectors and can be neglected in the
estimate of the systematic uncertainties. Concerning ticerntainty due to the quenching of the
dynamical strange quark, as for the kaon sector, we belfatestich an effect is smaller than the
other systematic uncertainties conservatively estimabee.
We therefore quote as our final results for li@ndDs decay constants and the rafig,/ fp

fpo= (205:|: 7|stat + 1|chir. + 7|di5cr) MeV = (205:|: 7|stat + 7|syst) MeV,

fp, = (248 3|star £ Lchir. £ 8|discr ) MEV = (248 3|star + 8|syst) MeV, (3.4)

fp./ fo = 1.2114 0.035stat £ 0.003 chir, & 0.004|giscr = 1.211+ 0.035star & 0.005syst -
The result obtained fofp is in very good agreement with the CLEO-c measurement [@]’, =
(2058+8.5+2.5)MeV and with otheNs = 2 andN¢ = 2+ 1 lattice calculations [16]. Even more
interesting is the comparison of odis, result with the experiments and to other lattice results.
The average of the recent CLEO-c [17] and BABAR [18] experitabmeasurements i " =
(277+9)MeV, tipically higher than the values indicated by lattiedoulations and with a possible

explanation as an effect of New Physics [19]. Our result ishim bulk of other recent lattice
determinations [16] and confirms at th&& level the tension with the experimental average.
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