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_ast few years: new analyses of B-factories data, new calculations of FFs by sev
attice collaborations and with light-cone sum rules, rising to the challenges of a

precision measurement. This plot deesrel3ect all developments.




The importance oy

The most important CKM unitarity i Y / \
test Is the Unitarity Triangle (UT) 7\

Vb plays an important role in UT
e L dVarlest
and In the prediction of FCNC:

0.5

o< Vo Vis |2 = |[Vepl® 1+ O(1 %)

where It often dominates the
theoretical uncertainty.

Vun/Veb constrains directly the UT T

Our inability to determine precisely V.o hampers significantly NP searches



INCLUSIVE DECAYS: BASICS
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Simple idea: Iinclusive decays do not depend on Pnal state, long distance
dynamics of the B meson factorizes. An OPE allows us to express it in terms
meson matrix elements of local operators

The Wilson coefbcients are perturbative, matrix elements of local ops
parameterize non-pert physmsuble series in  as;, A/mp

Lowest order: decay of a freelinear! /m,absent. Depends onp® 2
parameters at O(1/m), 2 more at O(1/m)...



INCLUSIVE SEMILEPTONIC B DECAY

Inclusive observables are double seriggmg and"
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Reliability of the method depends on our control of higher order effects. Quarl
hadron duality violation would manifest as inconsistency in the pt.

1 (1) =

1
2M,

Current HFLAWKinetic schemébdt includes all correctio! 2, ! S/mg,l/rnS), me

constraint from sum rules/lattice



EXTRACTION OF THE OPBARAMETERS

H SREEIU hadronic mass spectrum
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Globalshapeparameters (Prst moments of the distributions, various lov
cut onEB) tell us about mmcand the B structure, totadte about |\

OPE parameters describe universal properties of the B meson and of
quarks# useful in many applications (rare decays,V



THE KINETIC SCHEME: stitman, uratsevvainsn
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Czarnecki, Melnikov, Uraltsev hep-ph/97083

Provides a short-distance, renormalon free debPnition of heavy quaakaaHE
parameters, by introducing a Wilson cuibffGeMo factor out IR physics. This can
pe realised in different ways, beyond 1-loop SV sum rules are most practical (see

MatteoOs talk)

The kinetic mass is one of a family of renormalon subtracted masses (PS, MRSE
only in this case the debPnition is tailored on the HQE, although not Lorentz invarie

3-loop conversion now availab®s.06487

The expansion for gs truncated a®(1/my), howeverO( smy?) vanistaccording to
hep-ph/0302262Me do not re-expand ip/my


https://arxiv.org/abs/2005.06487
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Theoretical correlations
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Correlations between theory errors of *
moments with different cuts difbcultto  **°
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1.100% correlations (unrealistic but us in 2010)) MM I3GeV”
2. corr. computed from low-order expressions Schwanda, PG 1307.4551

3. constant factor 0«<1 for 100MeV step
4.same as 3. but larger for larger cuts

always assume different central moments uncorrelated



CHARM MASS DETERMINATIONS
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Schwanda, PG 1307.455.
Remarkable improvement in recent years.

m. can be used as precise input to fix my
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CHARM MASS DETERMINATIONSDAY
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FIT RESULTS
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agreement with recent lattice
and sum rules results



INDIRECT m DETERMINATION

This work - — =
Kuehn et al. 12009" - —
Bodenstein et al. 12012" - ——

PREED A — PDG 2020/FLAG:

Penin, Zerf 12014" - ey
Beneke et al. 12014" - | ' ! mb(rrb):4 . 198(12)69\/
HPQCD,NRQCD 12014" |- | | :
Hoang et al. 12012" |
Lucha et al. 12013" -

410 415 420 425 430
My !my" 1GeV"
Alberti, Healey, Nandi, PG, 1411.6560

The bt givempkin(1 GeV)=4.553(20)GeV

scheme translation error (2loapkin(1GeVyEmp(mp)+0.313)GeV

mp(mp)=4.183(37)GeV
Conversely, we can use as external input to improve precision\Gm



HIGHER POWER CORRECTIONR

Proliferation of non-pert parameters and powers of dianting 1/ At 1/my?

2Mgmy = ( ) =Marms = 92<§’ £0)
2Mgms, = < > 2Mait = 5°(5- (B 8)
Mo — g (B 2Mpm; = g((S - P)(P- B))
J 2Mgmg = g((S - B)()?)
2Mpmy = g(p - rot B) 2Mgme = g(A(G - B))

o
Mannel, Turczyk,Uraltse¥009.4622

can be estimated lywest Lying State R4
Saturation (LLSA) approx b{/ t?uncating LI Z(B\Oﬂn)(n\OﬂB)

n :
see also Heinonen,Manne407.4384

and relating higher dimensional to lower dimensional matrix elements, e.g.
3 N 3 | "
13="p2 135=-"p%F " ~04GeV
excitation energy to P-wave states. LLSA might set the scale of effect, but large corrections
LLSA have been found in some case$266e2296ln LLSAgood convergence of the HQE.

We used LLSA as loose constraint (60% gaussian uncertainty, dimensional estimate for
vanishing matrix elements) in the bt including higher powers



SENSITIVITY TO HIGHER POWER CORRECTIONS
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DEPENDENCE ON LLSA UNCERTAINTY
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we rescale all LLSA uncertainties by a factor |



PROSPECTS for INCLUSINE

Theoretical uncertainties generally larger than experimental ones

O(" /mp3) calculation completed for widtflannel, Pivovarofy progress
for the momentss. Nandi, PG)

3loop relation between MS and kin scheme just completeds4s7
It can be used to improve the precision of thanmput

O(asd) corrections to total width feasible, needed for 1% uncertainty

Electroweak (QED) corrections require attention

New observables in view of Belle-1l: FB asymmetry proposed by S.’]

could be measured already by Babar and Belle hiowgents (Fael,
Mannel,Vos)E

Lattice QCD Is the next frontier



Melis, Simula, PG 1704.061C

MESON MASSES FROM ETMC
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on the lattice one can compute mesons for arbitrary quark masses
see also Kronfeld & Simone hep-ph/0006345, 1802.042¢

We used both pseudoscalar and vector mesons

Direct 2+1+1 simulation, a=0.62-0.89 fmgAR210-450 MeV, heavy masses
from m:to 3m, ETM ratio method with extrapolation to static point.

Kinetic scheme with cutoff at 1GeV, good sensitivity up focbimections

Results consistent with s.|. bts, improvements under way, also following
3loop calculation of pole-kinetic mass relation



INCLUSIVE SL DECAYS ON THE LATTI(

Hashimoto, PG 2005.13730
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4point functions on the lattice are related to the hadronic tensor in euclide:
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K approximated by polynomial K (H, q) = ko(q) + ki(q)e' ¥ +aa4 ky(q)e V7




A PILOT NUMERICAL STUDY

: Hashimoto_, PG 2005.13730
Smeared spectral functions can be computed on the Isdticesa704.08993

Using Chebychev polynomials to approx the kex+ieRavour:

T os o — e of Moebius domain wall fermions with 1/a=3.6GeV, one
AT o Mgs=3.45 GeV, i.e.2.70GeV mrme—~1.7GeV only
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CONCLUSIONS

Inclusive s.|. B decays appear in a good shape: they can be
iImproved by higher order calculations, lattice studies and n
data from Belle Il, as well as improved determinations of m

and m

The recent 3loop calculation makes it possible to employ
precise determinations o mm the kinetic scheme, looking
forward to 3loop corrections to the width

Inclusive/ExclusiVe tension remains, but weaker. Hopefully,
will disappear. LQCD is likely to decide the fate ofdheV

puzzle



