PRECISION 5* 571 COUPLING FROM

THREE FLAVOR LATTICE QCD

SIMON KUBERSKI
WITH ANTOINE GI:ZRARDIN, JOCHEN HEITGER AND RAINER SOMMER

LATTICE 21 JuLy 29, 2021

?\L PHA H | HELMHOLTZ

Collaboration Helmholtz-Institut Mainz



THE B* B COUPLING IN THE STATIC APPROXIMATION

m Interactions of heavy-light mesons and soft pseudo-Goldstone bosons in
Heavy Meson PT at lowest order determined by single low energy constant g,

Liﬁllt\deT =gTr (HaHbAZb7u75) .
m § can be related to the matrix element of the forbidden strong decay B* — B.

m Compute g from matrix element of the light-light axial current

§ = 5{B(0)|44(0)|B;*(0)

with static heavy quarks and extrapolate to chiral light quarks.

m A precise determination of the coupling g is of use in B physics in general and
in particular in the ALPHA HQET program.
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THE B*Bm COUPLING - TECHNICAL CHALLENGES
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m Static quarks introduce significant statistical uncertainties.
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COMPUTATION OF THE MATRIX ELEMENT

m Have to suppress excited states to extract matrix element at short distances.
m Follow similar strategy as in [ALPHA, 1404.6951]: summed GEVP method.

m Obtain matrix of summed three-point functions

DP'(t) = a® Y ((B)), (1) (Ar)k(t1) BI(0)) |

together with the matrix of two-point functions ijpt(t) = (Bi(t)BJT(O»
m Determine the solution of the GEVP

CPY (), (¢, t0) = Mn(t, 1) C?P (to)un(t, to)
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https://inspirehep.net/literature/1292808

COMPUTATION OF THE MATRIX ELEMENT - GEVP

m Extract the effective matrix element via the summed GEVP
[ALPHA, 0902.1265], [ALPHA, 1108.3774] with ¢y = t/2,

(0238~ 0]t
(vn(t), C?P(to)vn(t))

1
Msﬁ(t7t0) = —iat — ‘gnn + O(e—(EN+1—E,L)t)

m Excited states are suppressed with Ex 1 — E, > 1GeV forn =1and N > 3,
contamination by multi-pion states not excluded.

m Construction of the variational basis from smeared quark fields:
» Gaussian smearing with APE smeared gauge links.

» smearing via 3D scalar and spinor fields [Papinutto et al, 1807.08714].
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https://inspirehep.net/literature/812818
https://inspirehep.net/literature/924376
https://inspirehep.net/literature/1683417

2 4+ 1 FLAVOR CLS ENSEMBLES
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m Excellent coverage of the pion mass dependence down to the physical point.

m Determine finite-volume effects from variation of volumes.
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https://inspirehep.net/literature/1328089

COMPUTATION OF THE MATRIX ELEMENT

m Time diluted stochastic sources for the light quarks.
m Sequential propagators for the three-point functions.

m Two HYP static actions to tame the exponential increase of noise-to-signal
ratio [ALPHA, hep-lat/0506008] — test O(a?) effects.

m Determine the renormalized and O(a) improved matrix element

My r=2Zx(1+ baamq + baaTr []\4(1})]\45ff
via
» Renormalization constant Z, [Dalla Brida et al., 1808.09236].

» Improvement coefficients b, ba [Bali et al., 2106.05398], [Bali et al., to appear]
» Critical hopping parameter k... [Gérardin et al., 1811.08209]
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https://inspirehep.net/literature/684315
https://inspirehep.net/literature/1691735
https://inspirehep.net/literature/1868050
https://inspirehep.net/literature/1704298

BARE MATRIX ELEMENTS
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m Representative extraction of
the bare matrix elements at
a ~ 0.064 fm over the full
range of pion masses.

m Fast degradation of the
signal.

m GEVP allows extraction at
short source-sink distance.

m Impact of ¢,,;, is monitored
in global fit.
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EXTRAPOLATION TO THE CHIRAL-CONTINUUM LIMIT

m We determine the effective coupling g.¢ at finite pion mass, lattice spacing and
volume. Parameterization based on [Detmold et al, 1108.5594],

Geft = Gy [1 — (1+232)ylogy + cry + cay® + . .. chiral dependence

. e—mﬂL e—me .
+ 9>2< yO (W) +y0 <(m7rL)3/2> + ... finite volume effects

+cqa® + ... cutoff effects

with y = 7% € {0.013...0.105}, a € {0.065 fm .. 0.087 fin}, m, L € {2.9...6.4},

m Perform global fit to extract g,.
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https://inspirehep.net/literature/925556

CHIRAL-CONTINUUM EXTRAPOLATION
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FINITE VOLUME EFFECTS - GLOBAL FIT
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m No significant influence on chiral-continuum extrapolated result.
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NON-PERTURBATIVE HQET: STATUS
|

m We will be able to determine g, with much improved precision and
better controlled systematics.

m This is the first step in the ALPHA program for B physics
with 2 + 1 flavors of light quarks.

m Non-perturbative finite-volume matching of QCD and HQET at O(1/my,).
m Some data in the effective theory already taken.

m Next step: my, and fB<s). Afterwards: Form factors of B — 7, Bs — K, Bs — Dy
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