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LATTICE VS HQE

> Lattice can calculate I'(B — X Iv)) end extract |V, |".

» But before reaching 1-2% precision, how do we use lattice to improve the precision in the
predictions obtained with the Heavy Quark Expansion (HQE)?

» The extraction of HQE parameters ,u]%, ,u(z;, pg, pgs are relevant not only for I (B — X /D))
and |V, | butalso for |V , |, 75, I'(B — X.y), (B — X/II) etc.

» Which quantities should be calculated on the lattice to improve the precision in
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POSSIBLE STRATEGIES

» In the OPE we usually consider moments of the differential distributions
» Perform global fits of semileptonic decays on lattice data
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«0 = E, : energy of the charged lepton
0 = M)Z( : hadronic invariant mass

« (0 = q2 : leptonic invariant mass
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Centralized moments: lattice “VS" continuum

Preliminary results - feasibility study.
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Lattice data (after extrapolation to the physical world) can be used to extract HQET
parameters used in the OPE expansion
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» Different moments have
different sensitivities to
the power corrections
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» First moments are rather
Insensitive on power
corrections
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» Can lattice substantially improve the precision?
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COMPLEMENTARITY BETWEEN OBSERVABLES

oo o » Moments exhibit “flat directions” in the space of HQE
o parameters.
- [ 0One Cut
095 0012023 Default c )
» Use “orthogonal observables” to break the degeneracy
| and improve the sensitivity of the fits on the HQE
0.20+
| | » It can be beneficial to keep separated the V and A
s [/ %/ i currents for all moments.
= j
b » Consider also scalar and pseudo-scalar currents.
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FORWARD-BACKWARD ASYMMETRIES

JO dI’ IO dl 0.45
_ J=1dz —1 dz 0.40-
FB —
Od_F+JOd_F 0.35_“'
—1 dz —1 dz

0.30-

- | N
S 0.25-
0.20-
0.15-
0.10-
0.05 -
1.2-

9
© 1.0

0.8 — ! ! T T T T T
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
Z

Turczyk, JHEP 04 (2016) 131
Herren, SciPost Phys. 14 (2023) 020

11



Centralized moments: lattice “VS" continuum

Preliminary results - feasibility study.
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2 1 7 2T N2
BOTTOM AND CHARM MASSES e.g. Mz =5y (BILGDYD,|B)

> my, must be physical to extract the HQE parameters 42, p2, ... are independent on m, |
whowever they depend on My ;

» Physical or unphysical charm mass? /
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» HQET estimate: Mp=m.+ A+ + 0| —

2m, mg

» With m, < mfhys, lattice should provide reference value for m,_!
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SMALL VELOCITY SUM RULES

Bigi, Shifman, Uraltsev, Vainshtein, Phys.Rev.D 56 (1997) 4017

Excitation energy of the X system

Maximum energy of the dilepton system

g™ = Mg —\/ M+ q°

T//tﬁ 1 GeV ”




SMALL VELQOCITY SUM RULES

2 N 2 e 3 A2 » SV sum rules are independent
Ii(q”, 1) = Ip(q ).A(ﬂ) +0(lq ", Agep) on the current (S.V.A)

» (Can lattice verify these

3
L(q*, p) = Io(qz)'//@%(ﬂ) +0(1q]", Adcp)  relations?
» (Can one extract ,u]%, pg by

13((12’ 1) = I()((lz).pg(//t) + O(|q \3 , AZ(SCD) studying the limit |q| — O

and Mgy — 00

Note: the HQE parameters extracted here are in m, — oo limit
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