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1. Introduction

Investigating the flavor structure of the Standard Model (SM) is importamit§ own sake;
however, it is even more interesting since it can lead to physics beyondvthEuthermore, the
data accumulations and new analysis emerging from the LHC suggest nobraae that the
Higgs is very close to the SM Higgs. They even do not find any hint of nentigtes yet. In this
situation, precise understanding of the SM in the flavor sector become<nitaral.

Decay constants of heavy-light pseudoscalar mesons have beeml $todidattice QCD for
quite some time. We can determine the corresponding CKM matrix elements by cogniauay
constants from theory and decay rates from experiments. Moreo¥esy cconstants are basic
quantities related to many hadronic quantities. For instaficis,an important input parameter for
inclusive determinations of the CKM matrix elements. The decay constantdsmabheaused for
testing the lattice formalism, since the calculations have typically smaller errote@pdocedures
are relatively straightforward.

This paper presents new calculationsBoBs, D andDs meson decay constants from HPQCD.
We have completed the projects, and published the results in two pHpfis Bd[ essentially this
proceeding consists of a brief summary of the two papers and a discuégtogir impact on the
CKM matrix elementdVeq| and|Ves|.

2. B and Bs meson decay constants

We used the MILC AsqTadl; = 2+ 1 gauge configurations with NRQCD (Nonrelativistic
QCD) b quarks for this project. The previous HPQCD calculatipp [3] used Additdt and
strange valence quarks; however, in this work we used the highly impsiaggered quark (HISQ)
action for the valence quarks. The HISQ action has much smaller discretieffiécts, so one can
expect improvements in the continuum extrapolation errors. We include oreeansemble (FO);
40° x 96 with m /ms = 0.0031/0.031, which is a more-chiral fine ensemble. Details of the lattice
configurations are in Taf]. 1.

Moreover, this calculation is done with the new scale parametalues. HPQCD was using
ry = 0.321(5) fm extracted fromy splittings [#]. In 2010 HPQCD published a much more accurate
r; determinationr; = 0.313323) fm, based on several physical quantities and an improved con-
tinuum extrapolation with 5 lattice spacing$ [5]. We needed to re-tune vatpraz& masses due to
the scale changes, and updating for such different new settings i treeraain purposes of this
analysis. We used the spin averagehass to tune the bare bottom quark mass, and (fictitigys)
for the strange quark mass. F[¢. 1 shows the tunindf@left) ands (right) quarks. As one can
see, our physical target meson mass has a large error compared toittimde of the alignment
of the tuning measurements. We found that it is important to tune quark massésefy up to
the statistical errors an /a errors of the tuning measurements. This precise tuning ensures correct
estimation fory? of chiral and continuum extrapolation. If one has large deviations betivee
tuning measurements more than its statistical errors, then the chiral and com&@xtrapolations
may suffer from additional systematic errors.

We calculated operator matching factors in full QCD at one-loop throudérots, %, %

ads, andaSAQMCD. These matching calculations were presented separately at this coef{erive
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Set‘ ri/a ‘ m /ms (sea) ‘ Neont ‘ Ntsrc‘ L3 x Ny ‘

Cl | 2.647| 0.005/0.050| 1200 | 2 | 24°x64
C2 | 2.618| 0.010/0.050| 1200| 2 | 20°x64
C3 | 2.644| 0.020/0.050| 600 | 2 | 20°x64
FO | 3.695| 0.0031/0.031 600 | 4 | 40°x96
F1 | 3.699| 0.0062/0.031 1200 | 4 | 28®x96
F2 | 3.712| 0.0124/0.031 600 | 4 | 28x96

Table 1. Simulation details on three “coarse” and three “fine” MILCqAad ensemblesNgnt is the
number of the configurations that were used in the simulatiodN;g¢ is the number of time sources per
configuration.
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Figure 1: Tuning of theb (left) ands (right) quark masses.

also employed random-wall sources for the HISQ propagators andsi@awsnearing sources for
the NRQCD propagators.
Including all statistical and systematic errors, we obtained

fg = 0.191(9)GeV, fg, = 0.228(10)GeV, (2.1)
and ‘
fBS —1.188(18). (2.2)
B

These calculations are a definite improvement on our previous calculdipis f 0.190(13)GeV,

fg, = 0.231(15)GeV, andfg,/ fg = 1.226(26). The largest source of errors is the operator match-
ing error for the decay constants. The rafigg/ fz has very small errors, since most of the matching
factors are canceled.

If one calculates the decay constants without matching factors, one ealide around 5 %
errors down to k- 2 % errors. Recently, HPQCD has calculafgdwithout matching factord]7],
and obtaineds, = 0.2254)GeV with only 1.8 % errors. Essentially, this very precise calculation
utilizes the HISQ action for thie quark. The HISQ action can be used to simulate the charm quark,
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Figure 2: Comparisons of results fdiz (left) and fg, (right) from this analysis, previous HPQCD, Fermi-
lab/MILC and ETM collaborations.

but for the bottom quark it is very difficult with current technology. Thever idea was that in
fact we can simulate a heavy quark heavier than the charm quark but fiigatethe bottom quark.
Once one gets heavy meson correlators depending on multiple heavymassks, then one can
extrapolate to the physical bottom quark mass. In this way, one can detdhmaidecay constants
without matching factors.

Of course, we can apply this heavy HISQ method figy but it would be difficult. First of
all, the light quark is much more expensive than the strange quark, arig ¥o& need to perform
additional chiral extrapolation. Thus, for now we fix by combiningfg,/ fg from the NRQCD
analysis andg, from the heavy HISQ analysis;

-1

fg = {fs] x fg' ¥ = 0.1894)GeV. (2.3)
fs NRQCD

This fg result with 2 % total error is the most accurdteavailable today. Comparisons of results

for fg (left) and fg, (right) are shown in Fig[] 2

3. D and Ds meson decay constants

With the same simulation setting shown in Tgb. 1, we determihaddDs meson decay con-
stants. The discretization error of the HISQ action starta(at(amy,)?v?/c?) and@' ((amy) V2 /c?),
and this provides enough accuracy to simulate relativistic charm quarnksrmnt typical lattices.
So, we apply the HISQ action for all valence quarks including the charankquThus, we can
evaluate the decay constants without matching factors, since the HISQ exlitnits the chiral
symmetry in the continuum limit. The decay constant can be written with the headuyaligal
vector currenfy, = Wqy, y5We, with g=sord, as
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Oldry Newrq
fo. | 241(3) | 246(4), 248(3)
fo 207(4) 208(3)

fo./fo | 1.164(11)|  1.187(12)
fa, | 231(15) | 228(10), 225(4)
fg | 190(13) | 191(9), 189(4)
fa./fs | 1.226(26)|  1.188(18)
i 157(2) 159(2)
fr 132(2) 132(2)

Table 2: Decay constants from HPQCD with the old= 0.321(5)fm and the new; = 0.313323)fm. The
unit of the decay constants is MeV, and the ratios are dimeress.

We can express the decay constant in terms of the pseudoscalar ®Shsityq)5W., as we used
for light meson decay constants; and fk,

D = 12 < 0|PSDgq > . (3.2)
Dq
As we did for theB decay constants, we also re-tuned the charm quark mass for the new
ri = 0.313323) fm. We used mass to fix the charm quark mass. HPQCD upddigavith the
newr; in 2010 [§] already, so this work is mainly to upddte with the newr;. Our final results
are

fp = 2083(1.0)¢a. (3.3)ysMeV,  fp, = 2460(0.7)ga.(3.5)ysMeV, (3.3)
and, .
fDS — 1.187(4)ga. (12)5s, (3.4)
D

which show good agreement with our previous determinations.

One interesting question would be what the impact of the scale change if] Jalmmarizes
HPQCD's determinations of the decay constants with the old and new sctde facWe found
no significant effect due to the scale change. (One exception fgfovith the oldr; and the most
accurate result with the nexy.) It appears that for the decay constants re-tuning of quark masses
largely compensates the shift from overall scale change. Thus, pnedibe impact of the scale
change before the actual calculations would be risky. We will investigatarpact of the scale
change further in the future. This study would lead to better estimation ofrsgtiteerrors for the
scale setting.

In Fig.[3, we comparép and fp, results from FNAL/MILC [9], HPQCD [BI[Zp], ETMC[[Zi],
and PACS-CS[[12]. The comparisons include FNAL/MILC’s preliminaryutes withNy = 2+
1+ 1 including simulations at the physical pion mass, and ETMC’s preliminarjtsasith N =
2+ 1+ 1. In their preliminary results, they achieve a good precision that is comlpaiaour best
results, and they show very good agreement with HPQCD.

Combining our decay constant results with branching fractions fromrempets, we can ob-
tain corresponding CKM matrix elements. See fg. 4 for the comparisons|V&or one can
immediately notice that the leptonic determination and the semileptonic determinatiorgaiin
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Figure 3: Comparisons of results foip (left) and fp, (right). The results of this proceeding are shown
under HPQCD 2012.
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Figure 4: Comparisons of results fd¥qqy| (left) and|Ves| (right) from leptonic decays and semileptonic
decays.

agreement. Those two results were obtained with completely different syateifioa both lattice
and experiment analysis, since the decay channels are quite differgatis® highly non-trivial
check for lattice formulation and experiments. Those two lattice determinatiovggptemon-
strate good agreement with the unitarity point as well. Thus, we do not yesigarature of new
physics here yet. We note that now the precision of the lattice determinatidMypfespecially
with the preliminary branching fraction result from BES IIl is actually bettemtithe accuracy
of the determination from neutrino experiments. So far, the PDG quotes tienoeexperiment
result for|Veg|. This is simply because lattice determinations had much larger errors in the past.

For |Ves|, the situation is more interesting. The right plot of Filg. 4 shows that the semilepto
determination and the unitarity point are in good agreement. However, ftegtenic determina-
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tions, it shows some discrepancies depending on the decay channelspanuinents. If we only
consider average leptonic determinations with averages of HFAG, theltheepresents more
than 1o discrepancy between the unitarity point, which is the identical to observatithe dp,
puzzle. Thefp, puzzle [1B] was a 47 tension between experiments and lattice determinations of
fp, in around 2010. The puzzle is no longer a puzzle, since new experinmahtattice analysis
results have moved closer to each other. Now the difference is aboat 1V@hen experiments
determinefp,, they use the unitaritjv/s|. Thus, thefp, puzzle indicates a difference betwe¥g|
from the unitarity point and our determination from the leptonic decasaheson. In Fig[}, we
show the results with two Belle’s 2012 preliminary results, the first i£fpr uv and the second

is for Ds — 1V; these results suggest that we need to wait to see the experiments attaircawere a
racy. It may still be possible to see some discrepancy in determinatidvg|ofnd this could be a
hint for new physics.
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