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The determination of the Cabibbo-Kobayashi-Maskawa element V., from inclusive semilep-
tonic B decays has been recently updated [1] with the inclusion of new O(a?) contributions to the
width and to the relation between the b quark mass in the MS and in the kinetic scheme [2], leading
to

[Vep| = 42.16(51) x 1073,

with a 30% reduction in the total uncertainty. Indeed, the three-loop calculation brings the per-
turbative effects under better control. The new value for |V, | implies a ~ 40 tension with the
determination based on B — D*{v data and lattice QCD [3]. The detailed results of the fit to
inclusive semileptonic data can be found in Table I of Ref. [1]. In these proceedings we employ
them to provide updated estimates of the total semileptonic widths of the B and Aj, which can be
useful in semileptonic studies and in the determination of f;/f; at LHCb.

1. The semileptonic width

As is well-known, the semileptonic width can be written as a double expansion in @ and
Aqcp/mp,

1 u%(Bg) U (Bg)
Ta(By) = Tof(p) |1+ aias + aza? + aza; - (E_Plas) 0 4 (g0 + g1as) =< 2q
p3,(Bg) P o(Bg) ’ ’ =
+ (do + dyag) 251 — g +]
m, m,

where a; = as(mp)/m and the subscript g accounts for the down, up or strange spectator quark
in the meson. The ellipses stand for higher order contributions not included in the reference fit
of [1]. We adopt the kinetic scheme for the b quark mass and for the expectation values u2, ,u%;,
pi) and p3LS, with cutoff u = 1 GeV. Unlike the perturbative corrections, the latter depend on the
spectator quark and differ between B = B, and B,. The charm quark mass is evaluated in the MS
scheme at 2 GeV. The current experimental data on the moments of the kinematic distributions in
semileptonic B decays allow us to extract the non-perturbative parameters for a light spectator, see
Table I of Ref. [1]. As similar experimental data are not yet available for B decays, to estimate
I'q(Bs) one has to resort to the Heavy Quark Expansion (HQE) of meson masses and to the heavy
quark sum rules [4]. In the following, we update the analysis of Ref. [4] using the results of Ref. [1],
the latest PDG values for the meson masses [5], and recent lattice QCD data on meson masses
obtained with both d and s spectators [6, 7].

Before diving into the discussion, we report the contribution of the various non-perturbative
parameters to the B semileptonic width based on [1], relative to the lowest order B width:

0uTa® _ oy, DB s

1—‘sl(B) T 9( ) 0’ I_‘sl(B) T ( ) o
2 1B w2 o 2
T PO TR T ®

Notice that the expectation values in (1) refer to physical B mesons and not to their infinite mass
limit.
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2. SU(3) breaking effects in the HQE parameters

We now follow closely the arguments of Ref. [4]. For later convenience, we recall here the
HQE for the heavy hadron masses

fi%(H) - cg fig;(H) +0( 1 )

2
my,

MH:mb +/_\(H)+ (3)

2myp
where ﬂfr  (H) are the expectation values in the infinite mass limit for the heavy quark. For H = B
they are related to the quantities entering Eq. (1) by u2 (B) = fi4(B) — (03 . + 1/2per)/mb and
uzG(B) = ﬂé(B) +(pd + pi +1/ Zpic)/mb, where the power suppressed contributions are given
by expectation values of non-local operators that also appear in the O(1/ mi) terms of Eq. (3).
The expectation value of ﬂé can be extracted from the hyperfine splitting,
fig(Bs) _mpy—m

G ~ BT B 1 084+0.04, )
G(B) mp+ —mp

up to power corrections. On the other hand, the HQE fits to meson masses computed on the lattice
for different heavy quark masses and g = d, s [6, 7] give

A2(By)
AZ(B)

The fits of [6, 7] also find large power corrections to (4), subject to substantial SU(3) breaking.

~1.20+0.10. )

The numerical value given in (4) should therefore be considered with care. Moreover, what enters
Eq. (1) are the expectation values in the physical mesons, while those appearing in the HQE of the
meson masses refer to the infinite mass limit. We therefore average the values in Eq. (4) and Eq. (6)
and assign a large uncertainty that covers both values:

2
B
“Cz;( ) 1.14 £ 0.10. (6)
ug (B)
Recalling Eq. (2), we then expect
l—‘sl(Bs)
=(-04+0.3)%. 7
W Ty(p) OO @

Let us now consider the spin-averaged masses, defined by

3mp++mp
4 b

and similarly for different spectators, in terms of which we get

®)

mp =

Amp =g, —mp=(89.9+1.2)MeV, Amp =mp, —mp =(101.1£0.3)MeV.  (9)

The spin-averaged masses admit the expansions

N

_ - [i2(By
%B:mb+A+ A (B )+0(1/ m7), mp zmb+As+%+O(l/mi), (10)
mp
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and similarly for the D system, with the replacement m; — m.. We can now use Eq. (9) and
Eq. (10) to extract the values for Ay — A and /2 (By) — % (B),

- mpAmpg — m.Amp 2mpme

As-A= == o =" fix(Bs) = f1x(B) = == (Amp — Amp) . (11)
Using the values of my, . extracted in [1], we find
As — A ~ 86 MeV, 2 (By) — % (B) ~ 0.032GeV?>. (12)
This should be compared with the results reported in Ref. [7]:
Ay — A ~ (84 +20) MeV, G2 (By) — fi%(B) =~ 0.11 £ 0.03 GeV>. (13)

The discrepancy in i (B,) — ji%(B) might again be explained by higher power corrections, which
are neglected in the derivation of Eq. (12). We take this and the different definition of the HQE
parameters in (1, 10) into account and use

u2(Bs) — 2 (B) = (0.1 £0.1) GeV>. (14)
‘We can then estimate Fy(B.)
siI\Dys

=(-0.2+0.1)%. 15

,u%, I_‘sl(B) ( ) ’ ( )

Let us now consider the contributions proportional to p3D. Using the QCD equations of motion
and the vacuum saturation approximation one expects
2
p3D(BS) N stmBs
p3,(B) famp
where the value fg /fp = 1.206 +0.023 has been used [10]. We can also use the heavy quark sum
rules to estimate the same ratio

P (Bs) _ (ﬂiws)
p3(B)  \ uz(B)

where we employed (14) and the results of [1]. Averaging the values in Eq. (16) and Eq. (17) we

=1.48 £0.06, (16)

2 -
A
) A 130x0.100, (17)
A

arrive at 5
Pp(Bs)

Py (B)

The fits of Refs. [6, 7] do not extract p3D, but a linear combination of different terms:

~1.39+0.15. (18)

P (Bs) + p3 - (Bs) — p3(By)
P (B) + p3-(B) — p3(B)

=1.33+0.25, 19)

which confirms a sizeable increase of the 1/ mz terms. In summary, the impact of Eq. (18) on the
semileptonic width is quantifiable as

s Iﬁsl(Bs)
Pp Fsl(B)

= (~1.2£0.6)%. (20)
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Since the impact of pi  on the rate is rather small, we will not discuss its SU(3) breaking. Con-
cerning higher power corrections, we have indications that O(1/ m4Q) and O(1/ mSQ) are suppressed
with respect to lower power corrections [11], but they might be more sensitive to SU(3) breaking.
We therefore assign an additional 0.5% uncertainty to the ratio of the semileptonic widths, which
together with Eqs. (7,14,20) leads to our final estimate

Iﬁsl(Bs) _

1=—-(1.8+0.8)%. 21
Iﬁsl(Bd) ( * ) ( )

3. The A, case

The Aj case can be dealt with in a similar fashion, keeping in mind that in the A; baryon ,uZG
and p% ¢ vanish at the leading order in 1/my,. Subtracting these terms will give the largest difference
in the semileptonic width. From the fit in Ref. [1] we get

5#érsl(3) + 6p3LSFsl(B)
Fsl(B)

=—(3.5+0.6)%. (22)

For the other contributions we basically confirm the estimates of Ref. [4] (see also [14]) and find

Ty(A Ta(A
2 “(b)=poziom%, %gbmb)
e 1—‘sl(B) Drsl(Bd)

=(0.8+1.3)%. (23)

Putting together the above results and including an additional 0.7% uncertainty due to subleading
effects of the chromomagnetic operator and to higher power corrections, we find

Iﬂsl(Ab)
1—‘sl(Bd)

where the large uncertainty is dominated by the value of p;’) (Ap).

—1=(4.1+1.6)%, (24)

4. Summary

We have estimated the By and Aj;, semileptonic widths, updating Ref.[4] in various ways. These
semileptonic widths are an important input in a few LHCb analyses. The leading uncertainty in our
estimates is related to the Darwin term p}) and only a better knowledge of this parameter in the By
and Ap, can improve them. In particular, a measurement of the moments of kinematic distributions
such as the hadronic mass distribution in B semileptonic decays at LHCb could improve the current
theoretical prediction of T'g(Bj).

The inclusive semileptonic width can now also be computed on the lattice [12, 13], but we do
not have yet results for physical values of m;, and a complete assessment of the lattice systematic
uncertainties is still missing. In the future, however, the ratio I'q(B;)/I's1(B) might be determined
with an accuracy similar or better than in (21) as many systematic uncertainties will cancel out
between numerator and denominator. For what concerns the Aj, semileptonic width, an improvement
could come from a study similar to that of Ref. [6] for heavy baryons.

This work is supported in part by the Italian Ministry of Research (MIUR) under grant PRIN
20172LNEEZ.
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