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1. Introduction

Heavy flavour physics plays a dominant role in testing the&ied Model (SM) and searching
for New Physics (NP) effects, giving information which isygplementary to direct searches in col-
liders. Some tensions between experimental measurenmahtheoretical predictions have started
to show up in several flavour observables like(8B) or the like-sign dimuon charge asymmetry,
and in Unitarity Triangle (UT) analyses. Understanding ohigin of these discrepancies is cru-
cial for the flavour program. In order to test the CKM desaoiptof the experimentally measured
CP-violating and flavour changing processes, we need asprédeitermination of the weak matrix
elements involved in those processes. Lattice QCD can geaviose theoretical inputs from first
principles and with errors at a few percent level. Accuratiattice calculations requires control
over all the sources of systematic errors. In particulag @ssential to take into account vacuum
polarization effects in a realistic way. In these procegsgihsummarize results from new lattice
QCD calculations relevant for the heavy flavour program thelude effects of at least up and
down sea quarkd\; = 2,2+ 1,2+ 1+ 1). In all the calculations quoted in here the main system-
atic sources of error have been analyzed except for theteffssociated to quenching the strange
quark.

Simulating heavy quarks on the lattice implies having tol déth discretization errors en-
tering in powers of the mass in lattice unigsng. These corrections are not negligible at typical
lattice spacings. This is particularly dangerous for bottom, for which tygdlg am, > 1, so ef-
fective theories like heavy quark effective theory (HQE®ed by ETMC or the non-relativistic
approach (NRQCD) used by HPQCD are still the most adequateefivork to describb quarks
on the lattice. For charm, the best strategy is improvinddtie actions to suppregany)" cor-
rections and thus keep those corrections under contrdbwiolg this strategy, HPQCD is using the
Hisq formulation, especially designed to describe chargsigls, and ETMC is using the twisted
mass (tm) and the Osterwalder-Seiler (OS) formulation® Hérmilab action used farandb by
the FNAL/MILC collaboration starts with an improved Wilsation, which has the same heavy
quark limit as QCD. With the Fermilab interpretation in teref HQET this action can accurately
describeb andc without errors that grow agamg)".

All the calculations mentioned in here are quoting resuliaimed after extrapolations to the
continuum (at least three lattice spacings) and physicatkgmasses. For a more detailed review,
including more technical discussions and references faeexample, [1].

2. Decay constants

The current status of the disagreement between the latticellation and the experimental
measurement of the decay constést, which has generated a vivid interest since 2007, has been
discussed in this conference by M. Della Morte [2]. Here t jist the most recent values &,
and fp from unquenched lattice calculation in Tab. 1.

A similar comparison can be done fBreptonic decays (which could be a sensitive probe of
effects from charged Higgs bosons). In this case the coocluepends on which value M| we
use to make the comparison between the average of numbeab.ith and the experimental average
#A(B~ — 17V) = (L72323) (BaBar and Belle) [3]. Using the average of exclusive antlisice
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Collaboration fo(MeV) fp (MeV) fg(MeV) fg (MeV) fs./fs
HPQCD (Nt =2+1) 206.3(4.3) 248.0(2.5) 197(13) 240(16)** 1.226(26)
FNAL/MILC* (Nf =2+1)  220(9) 261(9) 212(8) 256(8) 1.21(2)
ETMC (Nf = 2) 197(9) 244(8) 194(16) 235(12) -
ETMC (Nf =2+ 1+ 1) 204(3) 250(3) - - -

Table 1: Values ofD andB meson decay constants from lattice QCD calculatichiabels preliminary
results (Lattice 2010) and preliminary results (Lattice 2010) with only statist. eg6** means published
results but with the lattice scate changed to the new value calculated by the HPQCD collalmorati

decays [Vub| = (3.974 0.55) x 1073) there is a reasonable agreemen8¢) between lattice and
experiment, while taken the exclusive value leads to 230 disagreement. UT fits are very
sensitive to the value diz and different processes with potential to show up NP efféefsend on
fg or fg,, SO any improvement in the decay constants calculationselisag/in the understanding
of the |Vyp|° /M| disagreement is very important.

3. Semileptonic decays: extraction of CKM matrix elements

The semileptonic modeld® — Klv andD — mlv are very useful not only to extract the val-
ues of the CKM matrix element¥.qq)|, but to test lattice QCD techniques and methodology by

comparing the shape of the corresponding form fact&g") (¢?) to experimental data. There has
been a new calculation dPX (g? = 0) this year by the HPQCD collaboration [4] which consider-
ably reduces previous errorE2X (0) = 0.747(19) — |Ves| = 0.961(11)(24), where the first error is
experimental and second one is the lattice error. The FNALOVand ETMC collaborations are
also working in those decays and some examples of theimpirelry results are given in Fig. 1.
These results are very encouraging since they show a peity ggreement with experiment.
Another new result this year is the update of the FNAL/MILdcadation of the form factor
ha, (1) needed for the extraction dfcp| from experimental data o8 — D*|v [5]. This calculation
reduces the theory error to the level of the experimental phg = 39.7(7)(7) x 10-3, mainly
thanks to improved statistics and the addition of one (snjalattice spacing. AgainVy| is a

Consistency of lattice and experimeribad> riv form factor shapes
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Figure 1: Comparison of experimental and lattice data Ebsemileptonic decays form factors from the
ETMC (plot courtesy of S. Di Vita) and FNAL/MILC collaboratis.

INew results from Belle foB — rlv seems to point out to an exclusive valug\df,| closer to the inclusive one.
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collaboration fBS\/B:S(MeV) fg, \/Bigd (MeV) '3 status
HPQCD 276(6)(18) 224(9)(12) 1.258(33) final

FNAL/MILC underway underway 1.21(5) preliminary

RBC/UKQCD - - 1.13(12) exploratory

Table 2: B—meson mixing parameteré.is defined as the ratio of the parameters in columns 2 and Beln t
case where there are two errors, the first one is statistichifee second one systematic.

crucial ingredient for UT analyses, so it would be very reinfng having more lattice calculations
of this CKM matrix element, in particular if we take into acet the fact that in this case there is
also a discrepancy with inclusive determinations.

4. Neutral B—meson mixing

The theory-experiment disagreements mentioned beformatigating an increasing interest
on the possible impact of NP in neutf&lmixing. The theoretical errors associated to the cal-
culation of the non-perturbativB mixing parameters, especially the rafoare one of the most
important limiting factors in, for example, UT studies. Togrent status of unquenched lattice
calculations of those parameters is summarized in Tab. EPnumbers are corrected for their
new, more accurate, value of the lattice saaleln the exploratory study by the RBC/UKQCD in
that table heavy quarks are static [6]. But studies usingstaticb by that collaboration, that will
also produce values fdg sa) Bg " and will sensibly reduce the error, are underway.

In the near future we will have thus several calculationshatercent level with different
lattice formulations for both light and heavy quarks.

5. Conclusions

The precise calculation of heavy flavour parameters usitigdeQCD is having and will have
a very important impact in flavour physics and thus in thedeéor NP. There has recently been
important progress on lattice calculations involving chaguarks as discussed here. We need
further improvement in th& sector, where the use of effective theories increase sgsieBrrors.
Very precise values for leptonic decays and neutral mix@agmeters are starting to be available,
but studies using different fermion formulations are dade and will constitute very important
consistency checks. Some collaborations (for example, GIP@Qsing the Hisq action) are also
starting to perform relativistic simulations bfguarks.
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