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By means of QCD simulations on the lattice, we compute th@liog of the heavy-light mesons
to a soft pion in the static heavy quark limit. The gauge fi@dfigurations used in this calcula-
tions include the effect dfi; = 2 dynamical Wilson quarks, while for the static quark progtag
we use its improved form (so called HYP). On the basis of osulte we obtain that the coupling
§ = 0.44+0.03"397 where the second error is flat (not gaussian).
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1. Introduction

Heavy Quark Effective Theory (HQET) is an effective theotyieh offers in its static limit (i.e.
with just the first term of the expansion ifirhg of the QCD Lagrangian) a simplified framework to
solve the non-perturbative dynamics of light degrees adagn in the heavy-light systems. That
dynamics is constrained by heavy quark symmetry (HQS): llired to the heavy quark flavor
and its spin. As a result the total angular momentum of thet kitpgrees of freedom becomes a
good quantum numbejg) and therefore the physical heavy-light mesons come infdegsnerate
doublets.

In phenomenological applications the most interestingrimtion involves the lowest lying
doublet, the one witrjf = (1/2)~, consisting of a pseudoscalar and a vector meson, sudyas (
By) or (Dg, Dg) states, wherg € {u,d,s}. When studying any phenomenologically interesting
qguantity from the QCD simulations on the lattice that inéacheavy-light mesons (decay con-
stants, various form factors, bag parameters and so on)pfote major sources of systematic
uncertainty is related to the necessity to make chiral prtedions. Indeed simulations at the
physical point are out of reach, despite a lot of recent imgmrents [1]: the lightest masses used
in fully controlled simulations are in the range, ~ 5—10m, 4. Since the QCD dynamics with
very light quarks is bound to be strongly affected by the@ffeof spontaneous chiral symmetry
breaking, a more suitable (theoretically more controqlwvay to guide such extrapolations is by
using the expressions derived in heavy meson chiral patiorbtheory (HMChPT), which is an
effective theory built on the combination of HQS and the ¢ppaous chiral symmetry breaking
[SU(Nf)L ® I (Nf)r — U (N¢)y]. Its Lagrangian is given by [2]

1 i
DiaHo = 0"Ha— My [ 70uE + 80,8 Toa, AR = 5[70u8 — 048 Man . (1.2)
where
1+v, .,
Ha(V) = — [P AV)yu —P3(V)ys] (1.3)

is the heavy meson doublet field containing the pseudosd@ér), and the vector meson field,
P*2(v). In the above formulae, the indicesb run over the light quark flavors = exp(i®/f),
with @ being the matrix o(Nf2 — 1) pseudo-Goldstone bosons, and fs the pion decay constant
in the chiral limit. We see that the term connecting the Golds boson4 ;) with the heavy-meson
doublet H(v)] is proportional to the coupling, Which will therefore enter into every expression
related to physics of heavy-light mesons wijfh= (1/2)~ when the chiral loop corrections are
included. In the rest of the proceedings we will summarisattas have been reported in [3]
concerning the computation gf ~

2. Extraction of § by numerical simulations

Since the charm quark is not very heavy, the use of the expetatly known [4] value of
by = 22e/MoMo V2 to fix the value ofy°coupling and its use in chiral extrapolations of the quiasti
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Figure 1: Sketch of the 2-pts and 3-pts static light correlation fiomg. Single lines refer to light quark
propagators, double line to static quark propagators vgngg ovals refer to smeared interpolating fields.

relevant toB-physics phenomenology may be dangerous mainly because gfotentially large
0 (1/mp)-corrections. Unfortunately the decBy — Brris kinematically forbidden and therefore,
to determine the size af, wWe have to resort to a non-perturbative approach to QCDk&ihbr
the computation of the heavy-to-light form factors, QCD sues proved to be inadequate when
computinggp-pr, Most likely because of the use of double dispersion relatiwhen the radial
excitations should be explicitly included in the analysis, claimed in [5]. Therefore we have
estimatedy from lattice simulations witiNs = 2 flavours of dynamical quarks. From the definition
of the couplinggy+Hr

(H(p)m(a)|H*(P',€1)) = OH-Hr G- &r, d=pP —p, (2.1)

and the expression of the matrix eleméht|/A,|H*), with AH = qy*y°q, in terms of the form
factorsA,i=1,2,3

. £ - €
(HOPIAIH (.0 = 2mvho(e) 22+ (ma-+ i acP) (of — S22
q-é& / m|2—|*_Mlg| >
Ao(oP)——2— ( pH M AgH 2.2
MRS R (p +p z ) (2.2)
one can write that in the soft pion limit
A
¥
(D) A IH () = Gy o Tt (2:3)

Finally, withg=p= P =0, (H|A'|H*(&))) = (M, + my)A1(0)€} . This kinematical situation is
physically meaningful in static limit of HQETH andH* are degenerate in mass) and we conclude
thatd'is given byA; (0).

3 lattice spacings have been considered with several sek masses to make chiral extrapo-
lation. We have performed our computation on publicaly lat#e ensembles [6] -[8] whose main
characteristics are that the lattice spacing is smaller @ fm,mg € [ms/4, 1.5m¢] and the volume
is between 1.5 and 2.5 fm. We have computed 2-pts and 3-ptslation functionsC(? (tx) and
c® (tx,ty), schematically drawn in Figure 1, from which one extracts éffective energysy =

@ (t+1) : c_ COty L)
|n<C ( )‘ , the couplingZ” = (O|P|H) andg'= — %
C@1) /liso piing (OIPIH) 9= F7e t,>>0,t—t,>0

In order to suppress more strongly the coupling with radigitations with have used smeared
interpolating fieldP(Vi)(%,t) = Syh(X,)®(X— )y q(y,1).

All our fits to extractg’from R are made on the common interval,<5t, < 8. The final
ingredient necessary to relate the results of our calanat the continuum limit is the appropriate

= R(t ty) |, 04, 0-
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axial current renormalization. We prefer to apply the samecgdure to all our data sets and
determine non-perturbatively the axial renormalizationstant from hadronic Ward identities [9].

The last step to reach the coupliggwhich is our final goal, is to make the extrapolation to
the chiral limit. To that end we attempt either a simple linfiaor a fit guided by the expression
derived in HMChPT [10], i.e., ,

6% = Gin (1+cinmg) , =G0 |1 %nﬁlog(nﬁ) +com?| (2.4)
whereqj is then the soft pion coupling that is to be used in applyirgHiMChPT formulae when
extrapolating the phenomenologically interesting queesticomputed on the lattice to the physical
light quark mass limit. From Figure 2 it is obvious that thask is quite difficult if one is doing
it separately for eacfs. Thus, performing a global fit of all our data, without intcmihg &'(a?)
terms in the formula because of rather large statisticakdainties, we obtain

Gin = 0.51£0.04, Gj, = (0.21+0.12) GeV 1, (2.5)
while with the HMChPT formula we have
Go = 0.44+0.03, o= (0.40+£0.12) GeV 1. (2.6)

Another possibility is to exclude the data witlf, > 0.6 Ge\2, which givesgy = 0.46+0.04. We
also checked that our resultiigg iS insensitive to the variation df € (120, 132) MeV, latter being
fﬁhys. Our result is in good agreement with a first unquenched tzlon performed on coarser
lattices @ > 0.15 fm) [11] where all to all propagator techniques have bessaun order to reduce
statistical fluctuations. It is also in very good agreemeith\§ extracted from a quite different
approach based on the measuremer wfeson axial charge distribution [12].

3. Conclusions

We have reported on the results of our calculations of the@oh coupling to the lowest
lying doublet of static heavy-light mesons. From our corafiahs, in which we use the fully
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Figure2: §q computed from the ratio R for all of our lattice data setspiadiccounting for the axial current
renormalization constants computed on the same ensenflgasige field configurations. They are plotted
as a function of the light pseudoscalar meson (“pion") mgaased (inGeV?).
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unquenched set-up and three different sets of gauge fiefijacations, all produced with Wilson
gauge and fermion actions, we obtain tigat="0.44+ 0.03'33/. The second error reflects the
uncertainty due to chiral extrapolation and it is the défere between the results of linear fit and
the fit in which HMChPT is used. On the more qualitative leweel; results show/confirm that this
coupling is smaller in the static limit than what is obtaiwdaen the heavy quark is propagating and
is of the mass equal to that of the physical charm quggile:m= 0.68+0.07 [13]. It is intriguing
that the<'(1/m) corrections are quite large for the quantity in which thevyeguark contributes
only as a spectator. An obvious perspective concerningdtermination ofyg is to further reduce
the errors, both statistical (by using the “all-to-all" pemator technique, like in ref. [11]), and
the systematic ones, in particular those associated withl@xtrapolations and the contribution
of excited states to 3pts Green functions: for the lattermight solve a Generalised Eigenvalue
Problem, as recently discussed fgrin [14].
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