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1. Introduction

The relevance of lattice calculations of quantities involMBignesons is derived not only from
their contribution to the extraction of Standard Model (SM) parameters withgrigcision, but also
from their potential to unveil New Physics (NP) effects and put congtraim Beyond the Standard
Model (BSM) theories. This program must be carried out together widthaming in mind existing
and future experimental measurements. Experimental errors of most@¢vant quantities are
now at the few percent level, we thus need determinations of the weak matrie®ts involved in
those processes with matching precision.

Accuracy in lattice calculations requires control over all the sourceygiématic error. In
particular, it is essential to take into account vacuum polarization effecsréalistic way, i.e.,
including up, down and strange sea quarks on the gauge configutajereration. The up and
down quarks are usually taken to be degenerate, so those simulatioatearedto aiNs =2+ 1.
Two lattice collaborations (FNAL/MILC and ETMC) are now generating agunfations which
also include the effects of charm quarks on the Bgas 2+ 1+ 1. The first preliminary results for
flavour quantities on those configurations are starting to appear agbaeksicrthese proceedings.

In the next Sections | will discuss the latest results for non-perturbatigetities relevant for
B physics from lattice QCD calculations with all sources of systematic errareaded. Among
other things, that means that | will focus on simulations With=2+1 andNs =2+ 1+ 1 sea
quarks.

1.1 Heavy quarkson thelattice

Simulating heavy quarks on the lattice implies having to deal with discretizatiorsezro
tering in powers of the mass in lattice unigsng. These corrections are not negligible at typical
lattice spacinga. Forc-quarks, the best strategy is improving the lattice actions to sup(aessg"”
corrections and thus keep those corrections under control. Followingtthiegy, HPQCD is us-
ing the HISQ formulation, especially designed to describe charm physid€8MC is using the
twisted mass (tm) and the Osterwalder-Seiler (OS) formulations.bHugiark, however, can not
be simulated with its physical mass on present lattices even with improved asiiwes, typically,
am, > 1. There are two approaches that have been used to solve this prolheutating the
heavy quarks with effective theories and performing relativistic simulatiotisimproved actions
but with smaller masses than the physical bottom mass (but the same ordgeothan the charm
mass) and then extrapolate those results up to the physical he first approach is being used
by the Alpha (heavy-quark effective theory, HQET), HPQCD (nelativistic QCD, NRQCD),
FNAL/MILC (Fermilab action), and RBC/UKQCD (non-peturbatively rel&tc heavy-quark ac-
tion) ! collaborations. One of the dominant systematic error in these calculations ési¢has-
sociated with the use of an effective theory. The collaborations that f@loslativistic approach
for b—quarks and whose results | will mention here are ETMC (tm action) and HIP(HISQ
action).

1The Fermilab action starts with an improved Wilson action, which has the saawy lquark limit as QCD. With
the Fermilab interpretation in terms of HQET this action can accurately dedzabd c without errors that grow as
(amp)". The non-peturtatively relativistic heavy-quark action is a variant offésenilab action but with parameters
tuned perturbatively.
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2. Decay constants

Unitarity Triangle fits are very sensitive fg and processes with potential to reveal NP effects
depend orfg or fg,, SO any improvement in the decay constant calculations is very important.

Decay constants come from simple matrix eleme(@|Bg) = Mg, fg,, which can be cal-
culated on the lattice with high precision. The accuracy achieved is eveertigtratios of these
guantities, since many systematic uncertainties and statistical fluctuations artizdly or com-
pletely between numerator and denominator. There have been threeNattic2 4 1 calculations
of this parameter in the last two years by the HPQCD [1, 2] and the FNAL/MR]Ccollab-
orations, which have significantly reduced previous errors. The HPQ@laboration has also
performed this year the first calculation including simulations at the physataés of the light
quark masses and including effects froraea quarks [4]. The fact that the two most precise cal-
culations of fg,, the ones in Ref. [1] and Ref. [4], that employ a relativistic and nortiveséc
description of thé quarks respectively and are statistically independent, are in a veryagped-
ment (fs, = 224(4) MeV vs fg, = 224(5) MeV ), is an excellent check of lattice techniques. The
world averages, including the results in Refs. [1, 3, 4], are [4]

fBe

fgr = 1853)MeV, fa, = 2253)MeV, (= =121§8). (2.1)
B+
The result forfg+ in Eq. (2.1) corresponds to the SM rate [4]:
! 2%’r(B* — TV) = 6.05(20). (2.2)
[Vub|

The direct comparison of Eq. (2.2) with experimental measurements Bfigmonic decay widti
is problematic due to the need of the value of the CKM matrix elef\gpt (whose inclusive and
exclusive determinations disagree at tlee 18vel) and the~ 20 disagreement of BaBar [5] and
Belle’s [6] measurements. Nevertheless, Belle new result seems to allewdatntion between
theory and experiment previously observed.

Ref. [4] also provides numbers for the charged and neutral modes

fg = 184(4) MeV,  fgo = 1884) MeV. (2.3)

3. Semileptonic decays

3.1 Extraction of CKM matrix elements |Vyp| and [Vgp|

There exist~ 2 — 30 tensions between the inclusive and the exclusive determinations of both
IVub| @and [Vgp|. In addition to experimental measurements on, for exantple; mv andB —
D(D*)lv, respectively, the exclusive determination of those CKM elements neeguasform
factors that can be calculated with high precision using lattice QCD techniques

There have not been new lattice QCD calculations of the form factorsibiegctheB — v
decay since 2008 [7], although several analyses are in progrest/$ihg the lattice results in
Ref. [7] and the latest experimental data [Blub|exciusive = (3.234 0.30) - 1073, A promising

2See the talk by Y. Horii’s talk in this conference for a review on experinienéasurements
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alternative for the exclusive extraction M,p| is the decayBs — Klv, whose branching fraction
is expected to be measured by LHCb and Bellell. The form factors ibesgithis process can
be calculated on the lattice more accurately than thos® fer rlv since the spectator quark is
heavier, as quarks instead of d. Preliminary results using a non-relativistic descriptionbof
guarks can be found in [10].

For the exclusive determination ¢fcp|, the state-of-the art calculation of the relevant form
factors is the FNAL/MILC analysis in [11], which studies the de&y D*lv at zero recoil. The
updated result is [12]Vep| = (39.544 0.504 0.74) - 10-3, where the first error is experimental
and the second one the uncertainty in the lattice calculation of the form fadiggs can also
be extracted from the proceBs— DIlv. However, in order to match the precision achieved with
B — D*lv, one needs to study this process at non-zero recoil. The FNAL/MIU@hmration is
doing an extensive study of boBr— D*lv andB — Dlv decays at zero and non-zero recoil [13],
providing two independent modes for the extraction\@§|. This study will also provide checks
of the shape of the form factors, in addition|¥@p|.

For a more detailed discussion on the determinatiofVgfl and |Vcp| both exclusively and
inclusively, see the talk by G. Ricciardi in these proceedings [12].

The FNAL/MILC collaboration recently analyzed a subset of tigeir DIv data to calculate
the ratio of branching fractionR(D) = #r(B — Dtv)/%r (B — Dlv) = 0.316(14) [14]. Their
value is~ 1.70 smaller than the recent experimental measurement by the BaBar collab¢t&iion
They found that the value of the ratio is very sensitive to differences is¢hkar form factor, so
one should be cautious in using indirect estimates of the form factors toraionslP models in
other decay channels suchBs~ D*tv [14]. Given the present tensions, not only R(iD) but
for R(D*), and the possible indications of NP that could be extracted from a combiradybes of
both set of decays, unquenched lattice QCD calculations of those two satiosd be a priority.
Together with a determination ¢;,| and the shape of the form factors describg> D(D*)Iv
decays, the final FNAL/MILC analysis including the complete set of data Wgb provide an
improved determination dR(D) as well as a calculation &(D*). Current experimental measure-
ments of these ratios are statistics-limited, so Belle Il and SuperB should sagitificeduce the
errors of those measurements.

3.2 B raredecays

There is an active effort [16] to constrain NP using experimental refart8 — KI*|~ and
other rareB decays. After this conference, the HPQCD collaboration has publisleefir$h un-
quenched lattice QCD calculation of the form factorsBors> KI*1~ in and beyond the SM [17].
In Ref. [18], the same authors report /(B — KI*1~) in ¢? bins used by experiment, calculate
ratios of branching fractions fdr= e, u, t and the “flat term” in the angular distribution, and com-
pare the differential branching fractiods? /dc? (B — K171~) with experimental measurements by
Belle, BaBar, CDF, and LHCb. The FNAL/MILC collaboration is working@similar project but
using a different -although also based on an effective theory - igéiser for theb quarks. They
present preliminary results from this analysis in Ref. [19].

Another process of interest for the studies in Refs. [1@ is K*| | ~. The fact that there is
an unstable vector meson in the final state complicates the analysis of thisotettegylattice and



Lattice QCD in B Physics Elvira Gamiz

HPQCD FNAL/MILC  RBC/UKQCD
3 1.258(33)  1.27(6) 1.13(12)
Bg./Bg, 1.05(7) 1.06(11) -

HPQCD: fg,\/Bg, = 266(6)(17) MeV, Bg, = 1.33(6)
HPQCD: fg, \/Bg, = 216(9)(13) MeV, Bg, = 1.26(11)

Table 1. B—meson mixing parameters. is defined as the ratio of the parameters in the second armtl thir
rows. In the case where there are two errors, the first onatistital and the second one systematic.

there is not an unquenched calculation of the relevant form factor®\gek in progress with 2-1
flavours of sea quarks by the Cambridge group can be found in R®f. [2

4. Neutral B—meson mixing

It has been argued that differences observed between measurefreame flavor observables
and the corresponding SM predictions may be due to BSM physics afféabtngeutraB-meson
mixing processes [21, 22]. Although the most recent analysis [23, i2dn@easurements [25]
seem to indicate that there are not large BSM contribution to neBtnaéson mixing, the future
will bring new twists, and precise calculations of the non-perturbativetinparametrizing the
mixing in the SM and beyond are necessary for a thorough understapidiprk flavor physics.
The current status dfis = 2+ 1 lattice calculations of the non-perturbative quantities parametriz-
ing the mass differences between the heavy and the light mass eigenstaldsﬂmeth and B
systems, as well as the SU(3) breaking ratjds summarized in Tab. 1. The HPQCD [26] and
FNAL/MILC [27] collaborations use the same light quark formulation, butfeedent description
for theb quarks. The exploratory study by the RBC/UKQCD collaboration usegyhgaarks in
the static limit [28]. The average of the results in Tab. 1§agives the valu€ = 1.251+ 0.032.
The calculations whose results are shown in Tab. 1 were not optimized &cietkie bag parameters
but rather the matrix elements, so the errors for the bag parameters dgnifieastly reduced to
about a 3% error in on-going calculations.

There is not yet a finalized calculation of the matrix elements needed for therdeation of
the decay width differenceAJ g s, in the continuum limit and wittNs = 2+-1 flavors of sea quarks,
but preliminary results for the relevant matrix elements by FNAL/MILC candumd in [29].

Beyond the SM the mixing parameters can have contributions &&®m 2 four-fermion oper-
ators which do not contribute in the SM. The matrix elements of the five opsriattine complete
basis describing\B = 2 processes, together with the Wilson coefficients for those operaters ca
culated in a particular BSM theory and the experimental measurements of the patameters,
can provide very useful constraints on that BSM theory. Again, themdtisx final unquenched
lattice calculation of the matrix elements of all the operators indRe- 2 effective hamiltonian,
but FNAL/MILC presented preliminary results for the complete basis in [29].

The authors of Ref. [30] suggested that the branching fractions oateelecay8; — u* -
(for g = s,d) could be determined from the experimental measurement of the massrui#fare
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the neutraBy-meson systen\Mg, and the lattice calculation of the bag paramé@rusing

Br(Bg— UTHT) % a 2 oY2(x) 1
AN _T(Bq)GnnB <4n1vlwsinza,v> b S0 éq. 4.1)

In order to compare experimental measurements and the theory predictiche fdecay rate of

BY, one must include the effects of a non-vanishixigs [31]. This can be done in the SM by
rescaling the theory prediction by (Il —ys), whereys = 18, Al's/2 [31]. Multiplying Eq. (4.1) by

this factor for theBY — u*u~ decay and using the HPQCD determination of the bag parameters

Bg, = 1.33(6) one gets [32]

PBr(Bs— )|y, = (3.71£0.17) x 1079,
PBr(Bg— uu") = (1.03+0.09) x 1010, (4.2)

The direct calculation of these branching fractions has become competitivéhe one in
(4.2) [33] thanks to the recent improvements in the calculation oBthgeson decay constants on
the lattice summarized in Sec. 2. Including the correction factot + ys) for the Bs — putpu~
decay rate one gefs

PBr(Bs— u )|y, = (3.56+0.18)-10°°,
PBr(Bg — uu~) = (1.01+0.10)-10 10, (4.3)

The agreement between the two set of numbers in (4.2) and (4.3) is excdllés gives us con-
fidence in the SM prediction for these branching fractions, and this @rdewill increase when
we have results for the bag parameters entering in (4.2) from the on-lgiicg calculations de-
scribed above. This is very important since LHC is approaching the Stgiens, with the first
evidence for one of these two processes recently reported by LHGb The LHCb measure-
ment [34],2r (Bs — pu*pu~) = (3.2°73) - 109, is consistent with the SM prediction in Egs. (4.2)
and (4.3).

For a more detailed discussion on the rare proceBges p*u~ and their impact in phe-
nomenology, see the talks by W. Altmannshofer [35], J. Girrbach [3&],R. Knegjens [37] in
these proceedings.

5. Conclusions

Lattice QCD calculations of non-perturbative parameters relevar flavour phenomenol-
ogy have achieved accuracies at the per-cent level for many keyities The agreement between
results from different collaborations for the same quantities also allows aorian check of lat-
tice methods, although it is still limited to a few quantities and two collaborations. bfditeese
checks will be possible in the near future when several collaboratioisk timeir on-going analy-
ses. For the next two years we expect new results from the FNAL/MATB®), and RBC/UKQCD
collaborations for decay constaB — B° mixing, andB — i v.

3The value forr(Bs — u+u~) is taken from Ref. [32].
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The firstNs = 24 1 results for meson masses and decay constants using a relativisticcpproa
are very promising. The next step in this direction will be the calculation of moneplicated
quantities such as semileptonic form factors and neutral meson mixing parsumigte first cal-
culations with data simulated directly at the physical light quark masses (instée@vier ones)
has also appeared in the last year. This will reduce the systematic essoated with the chiral
extrapolations, especially in quantities involviBgnesons, where light quarks are in the valence
sector.

The reduction of the dominant sources of errors will make necessalgtfice calculation to
include some uncertainties which were subdominant until now like isospikibggaelectromag-
netic effects, or dynamical charm quarks. Another target for latticaulzlons is going beyond
gold-platted quantities and develop methods to calculate more demanding quéngtidsdecay
to resonances, non-local operators, ...).
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