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We present new results fdg+ and fp+ from the MILC 2+ 1 flavora = 0.09fm “fine” lattice.

We use clover heavy quarks in the Fermilab interpretation and improved staggered light quarks.
Lattice results from partially quenched QCD fix the parameters of staggered chiral perturbation
theory which is used in the extrapolation to the physical decay constants.
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affm] am, am B ri/a configs  #my
0.09 0031 Q0031 708 371(1) 435 11
0.0062 709 369(1) 557 8
0.0124 711 371(1) 518 10

Table 1: Properties of the MILC fine lattice gauge ensembles and the number of light valence quarks.

1. Introduction

When compared to precise experimental results,Cthmeson decay constants are a critical
check of lattice methods need fés. In Referencel] we predictedfp+ = 201+ 3+17 MeV in
good agreement with the CLEO measuremignt= 223+ 17+ 3 MeV revealed just days late?]

Our value fp, = 249+ 3+ 16 MeV also agrees with the recent experimental result288+ 7
from CLEO [3].

The analysis in Referencé][is based on results from the MILE= 0.12 fm “coarse” lattice
and a subset of present results fromahe 0.09 fm “fine” lattice. Since then, we have significantly
extended the analysis of the fine lattice: we have compftigeoh all three ensembles listed in
Table1, extended th® meson calculation to the = 7.08 ensemble, and increased the number of
light valence quark mass values from five to ten forfthe 7.11 ensemble.

Numerical work continues for the coarse lattice. Statistics are being increased at two lightest
sea quark masses, tiieanalysis is being extended to a second quark mass near charrB, and
meson computations are underway. Decay constant computations are also being repeated at a
third, coarser lattice spacing= 0.15 fm, to investigate finite lattice spacing effects.

We are presently computing nonperturbative renormalization factors for the light-quark vector
current at all three lattice spacings. We refrain from quoting values for the decay constants until the
renormalizations are complete. This work instead concentrates on ratios of decay constants from
the fine lattice. We will present a complete analysis including all three lattice spacings in future
publications.

New in this work are ratios d8 meson decay constants. Precise determinatioffig, dg, and
the ratio fg,/ fg are inputs used to study the Standard Model picturB—B_fand Bs-Bs mixing. A
study of the mixing matrix elements on the MILC lattices is being presented at this confedgnce [

2. Simulation details

Properties of the MILCa = 0.09 fm three-flavor gauge ensembles used in this analysis are
listed in Tablel. The mass of the two equal-mass light sea quarks isThe third, heavier sea
guark has a mags, around the strange quark mass. Upsilon spectroscopy tells us the heavy quark
potential scale; = 0.317(7) fm [5].

Staggered valence quarks have masses in the radgs € my < m,. The last column of
Tablel lists the number of valence quark mass values. For each of the charm and bottom systems,
a single chiral extrapolation (see Segtis done taking as inputs the heavy-light decay constants
computed at all 29 combinations of valence and sea quarks.
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The decay constarfty, for a mesorHy is defined by

(0] Ay | Hy(p)) = ifnypy - (2.1)

The combinatio, = fu, /My, emerges from a combined fit to 2-pt functions

Colt) = (Of, (t) On,(0)) (2.2)
Ca,(t) = <A4(t) OHq(0)> , (2.3)

whereOy, is a smeared or local pseudoscalar meson operator.
The axial current renormalization is taken to be

zgq — p,gq A /zSAQz{}f . (2.4)

The factorsZ\f,‘lf are computed nonperturbatively while the facpgﬁ“ is known to one-loop order
and is close to unityd].

3. NLO StaggeredyPT
With staggered quarks the (squared) pseudoscalar meson masses are split
M2, ; = (Mg +my)p +a2A; | 3.1)

wherem,, my are quark masses, and the (sixteen) mesons are labeled by their taste representation
E=PAT,V,l andAp =0.
At next to leading order iy PT the expression for the decay constants is

Py = P [14Afy (Mg, M, my) + pr (Mg, M, my)] (3.2)

wherem, andm are sea quark masses anglis the valence quark mass.
With staggered quarks, the logarithmic terms &fe [

14308z

Afn = 2(4nfy)2

[hq -+, + a2 (SahG + &) hY)] - (3.3)
Taste breaking effects arise in tﬁ@ hg functions at finitea from the meson mass splittings and
the 8, and &, terms. Finitea effects dilute the logarithmic behavior, however, the QCD “chiral
logarithm” is recovered in the continuum limit.

The analytic terms are

1
PH = W[m(mm)wz(mq)} (3.4)
11 ,(3~ 1
b = f1(Ay) [9u<2m ) +a <2A+3A.>] (3.5)
pe = fal1) | Jumy-+22 (35— 201 )| (3.6)
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Figure 1: Chiral extrapolation foffp+ fp, ata= 0.09 fm (red) and aa = 0.12 fm (blue). Only points along
themy = m direction are shown. Error bars are statistical only.

whereA = 1—1625 n:Ag andng: =1,4,6,4,1 foE =P,AT,V,I. TheO(az) terms ensure that the
N\, dependence iy and f, cancels that ohfj,.

Equation 8.2) parameterizes our chiral extrapolations. We fit¢gj| at each lattice spacing
to determine the parameters. Constraints (value and width) fdy:, f;, 5, andd;, come from
xPT for lattice pions and kaon8][ The couplingg3.p,, is constrained by the CLEO measurement.
From heavy-quark flavor symmetry we expggts,, ~ 93.p,- The remaining parameteds f; and
f, are determined in the fit.

To obtain physical results, we sif = 6,;7\, =0,m, — mgandm — (my+my)/2. Thengy,
(¢n,) is found in the limitmg — my ().

4. D meson decay constants

Figurel shows separate meson chiral extrapolations for the coarse and fine lattices. A total
of 60 ¢p, values corresponding to different combinationgw§, m ) are fit for the coarse lattice
and 29 combinations for the fine lattice. For each extrapolation, only the subset of points along the
mq = m direction is shown. Each solid curve denotes thénfituding &2 effects while the broken
curve shows the fit after tha® effects arising in Equations3(1,3.3, 3.6) have been set to zero.
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Figure 2: Chiral extrapolation forfg and fg, ata = 0.09 fm. Only statistical errors are shown.

Physical values of the decay constants correspond to the filled squares. The physiadles
have been projected into the plane of the figure hence they do not lie on top of the fits in this view.
The extrapolations in Figur& are consistent with our published results. We refrain from
updating values forfp+ and fp, until we finish numerical work at the three lattice spacings and
have a complete analysis of systematic effects.
Many systematic effects, common tg and fp,, are expected to cancel in the ratio:

fo./fpr = 1.2140.01+0.04 . (4.1)

The central value and statistical error are from the fine lattice. The ratio from the coarse lattice
agrees within statistical errors. The systematic (second) uncertainty we take to be mainly due to
the chiral extrapolation.

5. B meson decay constants

In Figure2 we present a preliminary chiral extrapolation for Bieneson from the fine lattice.
Again, fitted points corresponding to unequa andm are not visible in this view along the
mq = m direction. Points corresponding to the physical decay constants are indicated by filled
squares. The point correspondingftQ has been projected into the plane of the figure.
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The ratio of decay constants is:
fg,/fg+ = 1.27+0.02+0.06. (5.2)

The chiral extrapolation is a dominant source of uncertainty.

We anticipate many common systematic effects will tend to cancel in ratiBe@D decay
constants. In particular, the common facEjf cancels. Statistical correlations among the decay
constants are propagated through the error analysis by the bootstrap procedure. We consider the
ratios:

fg+ /fp- = 0.9540.03+0.06 (5.2)
fa./ fo, = 0.99+0.02+0.06 (5.3)
R=(fa./fg+)/(fo./for) = +1.04+0.0140.02. (5.4)

The systematic uncertainties for the first two ratios are dominated by a combination of effects from
the uncertainty in tuning of the input bamg andm, masses, heavy quark discretization effects and
uncertainties arising from the chiral extrapolations. A more detailed analysis of systematic effects
is underway. Many systematic effects are further reduced in the double ratib.Bq. (

The deviation of the double ratio in Ecs.€) from unity is a measure of botBU(3) and
heavy-quark flavor symmetry breaking among the decay constants, so it is expected to be small;
R—1=0(ms/m, —ms/m;). Referenceq] estimated the chiral log contribution to be around
—3.3%. Equation%.4) indicates the analytic terms are about twice as large and positive in sign.
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