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1. Introduction

Leptonic decays of charmed mesons were not expected to baramahwhere new physics
might be found. However, new, precise experimental resylitSLEO [1] show unexpectedly high
rates in the decay®s — TV, uv compared to estimates from decay constants in the quenghed a
proximation. The HPQCD collaboration found the effect ofofled) dynamical staggered quarks to
be significantly smaller than the difference between expeni and the quenched calculatiofjst[2]

Is this evidence for new physic [3], is it a statistical fuatton or underestimate of systematics

in the experiment, or is it a systematic effect unaccountedy the errors quoted if][2]? We are
aiming at a precise calculation &6, as well as other observables such as the charm quark mass,
using theN; = 2 CLS configurations which reach small lattice spacings,re/iee charm quark
mass in lattice units is really small. Here we describe festouraging, steps. In particular, we
find small lattice spacing effects for 8)(improved Wilson quarks.

2. The CLScoordinated lattice ssmulations effort

Coordinated Lattice Simulations (CLS) is a community dfforbring together the human and
computer resources of several teams in Europe interestattice QCD. CLS member teams are
located at CERN, in Germany (Berlin, DESY/Zeuthen, Mailtgly (Rome) and Spain (Madrid,
Valencia). All CLS simulations use M. Luscher’s impleméiuta of the DD-HMC algorithm [[4]
to efficiently simulateN; = 2 Wilson QCD with non-perturbative @) improvement on a variety
of computer architectures ranging from PC clusters to thee8kne/P at NIC/Forschungszentrum
Julich.

Table[ll shows the existing CLS ensembles. For this initisdysof heavy quark physics on
these ensembles we will use the D2, E6 and Q4 ensembles intorget an idea of the size of the
sea quark mass and lattice spacing effects.

3. Setting the scale

A final determination of the lattice scale, e.g. wg, is not yet available for the CLS ensem-
bles. In [$] Del Debbicet al. determined the scale on the coarsgst«(5.3) CLS ensembles to
bea= 0.078410) fm via a combination ofrk andmg-. We use this as our value faron the
D2 and E6 ensembles, and run it@e= 5.7 for the Q4 ensemble by means of the sdaleefined
in [ via g?(L*) = 5.5 in the Schrodinger functional scheme. Specifically, wethselinear fit
log(L*/a) = 2.3338+ 1.4025 3 — 5.5) + 0.02.

Since the uncertainty about the scale is an important safregor at > 5.3, and the some-
what unphysical determination of the scale may be congidasea source of an unquantifiable
systematic error even #t= 5.3, a more accurate determination of the scale is certainlyoaity
in order to make accurate predictions.

INote that a relatively new discretization for the charm @sas used.
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4. Measurementsand Analysis

We use 6 time-localized (1) noise sources per configuration to measure the correl@iars
Cap, Cpa andCpp, Where

ny(Xo) = —a3 Z <X12(X)Y21(0)> , (4.1)

Rj = Giys0; andAj; = giyoysa;j, on 61 configurations of D2, 28 configurations of E6, and 31 con
figurations of Q4, performing a fully correlated error arsdyusing the Jackknife method in each
case.

As in [[], we define the effective made(Xo) via

9(Meft (o), X0 —a) _ C(x0—2)
9(Mett(%0), %0) C(x)

(4.2)

whereg(M,x) = e M* - e M(T—%)_ Effective matrix elements are defined as e.g.

| Cpp(Xo0)Meft(Xo)
Gpseff(X0) = \/m - (4.3)

We also define the PCAC quark mass as

3(90+ 95)Cra(Xo) + caadodsCrp(¥o)
Cpp(X0)

(Ms+me) = m(xo) = ; (4.4)
which needs to be renormalized andaDinproved asn(i) = ZaZp (1) (1+ 3 (ba — bp) (mga))m.
In terms of these quantities, the (renormalized) pseudmsdacay constant is defined Bss =
Za(1+ 3ba(mga)) r:fézs.

We use non-perturbative renormalization wherever passihl particular forca [B], Za [H],
Zp [[LQ], andba — bp [[L]. Perturbative (one-loop) renormalization is usedydolt ba, where no
non-perturbative results are available. We translate @&@masses into the RGI masses through
non-perturbative running in the Schrédinger functiondlesoe as in[[70].

Id Size affm] «k MD 1 Id Size a[fm] « MD 1
D1 48x24 008 013550 2575 M1 64x32 006 013620 4055
D2 0.13590 2565 M2 0.13630 3772
D3 0.13610 2520 M3 0.13640 2980
D4 0.13620 2505 M4 0.13650 3790
D5 0.13625 2510 M5 0.13660 2570
El 64x32 0.08 013550 2672 P1 96x48 0.04 013620 1702
E2 013590 2512 P2 Q13630 started
E3 013605 2512 P3 Q13640  started
E4 013610 2497 Q4 128x64° 0.04 013640 1450-
E5 013625 2656 Q5 013650 1120
E6 0.13635 4960 Q6 0136575 started

Table1: The existing and running CLS ensembles; ensembles useid stdidy are shown in boldface. The
molecular dynamics time is given in MD units after thermalisation; trajectory lehgs typicallyt = 0.5.
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Figure 1: The quark masd/. (divided by 10 for scale) andb, as a function of Mg — 2m2) on the E6
ensemble, together with the linearly extrapolated valtiéseaphysical point.

5. Preliminary results

5.1 Dg masses and M.

Using two heavy quark masses on each ensemble, and twatightje-quark masses on E6
and Q4, three light/strange quark masses on D2, and ondcadditight quark mass on E6, we
measure the masses of all possible mass combinations ofigs®mliar mesons, as well as the
corresponding PCAC quark masses. From the latter, we extradRGl masdM. as described in
[0, 21

To extract a physical value fdi; from these data, we first interpoldi linearly as a function
of Mp, to getM, as a function of the light and strange quark masses. Thiseaeais a function of
(mg — %m%) axPT-inspired proxy of the strange quark mass, and extraptdahe physical point
(Mg — 2m2) = 0.236 (GeV¥ as shown in fig[]1.

Our results aréM. = 1694(3)(34) MeV, 1767(15)(35) MeV and 1666(1)(33) MeV oa D2,
E6 and Q4 ensembles, respectively. We note that the latisgireg dependence (the 1% difference
between the D2 and Q4 ensembles) is small, but the sea quaskdapendence (the 4% difference
between the E6 and D2 ensembles) is noticeable.

5.2 Lattice spacing effectsin fp,

To get an estimate of what the lattice spacing effects ondleaydconstant of thBg are likely
to be, we define an (unphysical) reference poimnﬁf = m[ff = 618 MeV,mp = 1968 MeV, to
compare results obtained at different lattice spacingsis phint is realized directly on the D2
ensemble, wherk* f{" = 0.541(16)(11), andL*fff = 0.80512)(16). On the Q4 ensemble, we
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Figure2: Summary plot showing the dependence of our results on thre(péa quark) mass, as well as the
HPQCD result[[Z] and the experimental valﬂe [1] for comparis

need to interpolate imy; to obtainL* f{&f = 0.5789)(12)(6) andL* f" = 0.797(9)(16)(9). The
errors quoted are from statistids, scale setting and interpolation, respectively. We find lhittite
spacing effects are about% in ', but small infze".

5.3 fp, towardsthe physical point

To approach the physical point, we take our lightest pionanasich ism; = 234(10)(3)
MeV on the E6 ensemble.

As for the quark mass, we interpolate linearlynig, = 1968 MeV at fixed(mZ — %m%) A
plot of fp, as a function ofmZ — 2m2) is shown in fig. [[L. Extrapolating to the physical point
(Mg — $m2) = 0.236 (GeV¥, we obtain our preliminary estimate &, = 257(3)(3)(5)(?), where
the question mark denotes unknown systematic errors,dmgjuthose coming from the overall
scale ambiguity and the quenching of the strange and chaankgju

We summarize our preliminary findings fdg, in fig. @, which illustrates that cutoff effects
are small (at least for heavy pions), and that the lightkuaass dependence is also small (at least
on the coarser lattice). The chiral and continuum extrdjmria therefore seem to be well possible.

6. Summary

The CLS effort is now simulating very large and fiNg = 2 lattices, and lattice spacings as
small asa = 0.04 fm have become accessible, making fully relativisticrohguarks feasible. As
simulations are progressing, lighter sea quarks are aigg amulated.
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Our preliminary study of th®g system indicates that cutoff effects are small and unddraion
but a more precise scale determination is a priority in otdegliminate an important source of
systematic error.

With better statistics and more sea and valence quark masseme, we expect to be able to
perform an accurate determination fgf in the near future.
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