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The current status of inclusive |Vub | determinations is presented, along with a new |Vub | determination from the BaBar collaboration based on the inclusive electron momentum spectrum.
The importance of accounting for the dependence of measured partial branching fractions on
the modeling of the B̄ → Xu eν̄ decay is emphasized. Measurements and methods for use at future
experiments are briefly discussed.
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1. Introduction and current status
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The precise determination of |Vub | is of high interest in understanding the physics of the quark
flavor sector, which provides a unique window on CP violation and on particles at mass scales
well beyond the reach of the highest energy accelerators. Semileptonic B decays allow relatively
clean measurements, and theoretical tools enable decay rate calculations with uncertainties that
can be meaningfully estimated. The total inclusive semileptonic decay rate to charmless final
states, Γ(B̄ → Xu eν̄ ) can be reliably calculated using an operator product expansion known as the
Heavy Quark Expansion (HQE). Measuring this fully inclusive rate, however, presents a daunting
challenge due to abundant semileptonic decays to charmed final states, B̄ → Xc eν̄ . This large (×50)
background is suppressed kinematically using the charged lepton momentum, pℓ , the invariant mass
of the accompanying hadron, mX , the q2 of the ℓν̄ system, the light-cone variable P+ = EX − |~pX |,
or some combination of these. While pℓ can be determined by selecting charged leptons, the other
quantities require reconstrution of all visible ϒ(4S) decay products, which reduces the yield by a
factor of several hundred. Placing kinematic restrictions on the decays make calculations sensitive
to the non-perturbative shape functions that describe the b quark distribution in the B meson. The
clean region for theory is difficult for experiment and vice-versa.
All decay rate calculations are based on the HQE, but authors use different prescriptions for
the treatment of the shape function and the renormalization scheme. An early approach (DN[1])
used O(αs ) corrections to the triple-differential decay distribution in leading-order HQE and a
convolution of the parton-level spectrum with a parameterized shape function. This model is the
basis for the simulations of inclusive semileptonic B decays that BaBar and Belle have used in
their measurements of partial rates. It has been superceded by a calculation (BLNP[2]) that incorporates higher-order perturbative and power corrections in the shape-function mass renormalization scheme, and introduces additional shape functions at sub-leading orders. Another approach
(GGOU[3]) based on the known higher-order corrections uses the kinetic mass renormalization
scheme and absorbs all sub-leading shape functions into one of three q2 -dependent shape functions. A third approach (DGE[4]), in the MS renormalization scheme, uses an NNLO resummation
of soft gluons to calculate the shape function.
Experiments have measured partial decay rates for inclusive B̄ → Xu eν̄ transitions in a variety of kinematic regions. These measurements, along with the decay rate calculations introduced
above, result in the |Vub | values given in Table 1. The results from the three calculations are consistent within the stated theoretical uncertainties, as are results from the different kinematic regions.
The single largest (and correlated) parametric uncertainty on the average is from the b quark mass,
which contributes ∼ 2%. Other sources of common systematic uncertainty come from still higherorder corrections to the rate, from the shape function(s), and from the experimental treatment of
hadronization and the modeling of semileptonic B decays.
The |Vub | values obtained from inclusive semileptonic decays are significantly higher than
those determined in the exclusive decay B̄ → π ℓν̄ (see Ref. [5]). This latter decay is cleaner experimentally and relies on a different set of theoretical tools (Lattice QCD). A gap of 2-3σ between the
inclusive and exclusive results has persisted for years. Recently, the determination of |Vub |/|Vcb |
from Λb semileptonic decays [12] also points to a smaller value for |Vub |. The resolution of this
inclusive-exclusive difference is a high priority for heavy flavour physics.
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Table 1: Determinations of |Vub | and their average. The first error is experimental, the second is from
theoretical and parameteric uncertainties (from Ref. [5]).

cut (GeV)
Ee > 2.1
Ee – q2
Ee > 2.0
Ee > 1.9
2

q >8
[10]
mX <1.7
[10] P+ < 0.66
[10] mX < 1.55
[10]
Eℓ > 1
[11]
Eℓ > 1
HFAG average

BLNP
31
428 ± 50 +
− 36
33
453 ± 22 +
− 38
+ 27
454 ± 26 − 33
27
493 ± 46 +
− 29

GGOU
23
421 ± 49 +
− 33
not available
18
450 ± 26 +
− 25
17
493 ± 46 +
− 22

DGE
26
390 ± 45 +
− 28
28
417 ± 20 +
− 29
+ 23
434 ± 25 − 25
21
485 ± 45 +
− 25

26
430 ± 23 +
− 28
28
415 ± 25 +
− 27
28
430 ± 20 +
− 27
19
432 ± 24 +
− 21
+ 20
449 ± 27 − 22
21
445 ± 16 +
− 22

27
432 ± 23 +
− 30
32
424 ± 26 +
− 32
21
429 ± 20 +
− 22
9
442 ± 24 +
− 11
+ 10
460 ± 27 − 11
12
451 ± 16 +
− 15

20
427 ± 22 +
− 20
37
424 ± 26 +
− 32
24
453 ± 21 +
− 22
13
446 ± 24 +
− 13
+ 13
463 ± 28 − 13
15
452 ± 16 +
− 16

2. New BaBar result
The measurements in Table 1 were all published by 2012. A new measurement from BaBar
has recently been submitted for publication[13]. The analysis uses the full BaBar dataset - 467M
e+ e− → ϒ(4S) → BB̄ events and an additional 44.4fb−1 collected below BB̄ threshold. Events with
electrons satisfying Ee > 0.8 GeV in the ϒ(4S) frame are selected, and a simple neural network
is used to suppress the contribution from qq̄ (q = d, u, s, c) continuum annihilations. The electron
momentum spectrum, in bins of 50 MeV, is fitted to a sum of contributions. The continuum contribution is described by a 6-parameter empirical function, and the spectrum from ϒ(4S) decays is
modeled as the sum of distinct contributions from several B̄ → Xc eν̄ decay modes (specified below), from secondary electrons (primarily b → c(c) → e± ) and from signal B̄ → Xu eν̄ decays. The
models are built from decays generated with the EvtGen [14] and JETSET [15] programs and put
through detailed simulation and reconstruction steps. The region near the endpoint of the electron
momentum spectrum is highly sensitive to the modeling of the shape function; to reduce this sensitivity, all events with 2.1 < Ee < 2.7 GeV are placed in one “wide bin” when performing the fit
described below.
The components used to describe the B̄ → Xc eν̄ spectrum are B̄ → Deν̄ , B̄ → D∗ eν̄ , B̄ →
′
(∗)
D π eν̄ , B̄ → D∗∗ eν̄ and B̄ → D (∗) eν̄ ; the last of these corresponds to the radial excitations of
the D and D∗ mesons. The signal B̄ → Xu eν̄ inclusive decays are initially generated using the
DN model, and decays to resonant final states (XR eν̄ where XR = π , η , ρ , η ′ , ω ) are mixed in to
preserve, as much as possible, the model distribution in q2 -Ee -mX space. The Ee distribution is
reweighted to represent the other (BLNP, GGOU, DGE) models. The parameteric input used in
the model calculations is described fully in Ref. [13]; the values used for mb and µπ2 come from
Ref. [16].
A simultaneous fit to the spectra from the ϒ(4S) and below-resonance samples determines the
parameters of the continuum function and the normalizations of the B decay components. The
fit imposes two additional Gaussian constraints, on the ratio of the on/off-resonance qq data sam2
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Table 2: Results for the partial branching fraction (∆BF) and |Vub | from fits to the inclusive electron spectrum
in BaBar [13]. The two uncertainties on ∆BF are experimental and theoretical, respectively. The errors listed
on |Vub | are due to experiment (first), theory (last), and the shape function (second of three, where present).

model
DN
DGE
GGOU
BLNP

∆BF×103
Ee > 0.8 (GeV)
+0.21
1.40 ± 0.08 −0.15
1.43 ± 0.08
+0.10
1.55 ± 0.08 −0.09
+0.19
2.27 ± 0.13 −0.16

∆BF×103
Ee > 2.1 (GeV)
+0.01
0.33 ± 0.02 −0.01
0.33 ± 0.02
+0.01
0.34 ± 0.02 −0.01
+0.01
0.40 ± 0.02 −0.01

|Vub | × 103
Ee > 0.8 (GeV)
+0.29 +0.08
3.79 ± 0.11 −0.22
−0.07
+0.08
3.85 ± 0.11
−0.07
+0.16 +0.04
3.96 ± 0.10 −0.15
−0.08
+0.23 +0.16
4.56 ± 0.13 −0.21
−0.16

|Vub | × 103
Ee > 2.1 (GeV)
+0.29 +0.17
3.76 ± 0.10 −0.22
−0.15
+0.18
3.82 ± 0.10
−0.16
+0.16 +0.17
3.92 ± 0.10 −0.15
−0.25
+0.23 +0.34
4.51 ± 0.12 −0.20
−0.28

3. Discussion
As demonstrated in the recent BaBar analysis, the determination of partial branching fractions
for B̄ → Xu eν̄ has model dependence that can be significant when including regions of phase space
dominated by B̄ → Xc eν̄ . The extent to which published measurements are affected by this is hard
to estimate; future measurements should account for this model dependence when determining
|Vub |. Measuring the signal rate in background-dominated regions is fraught with difficulty. A
more promising approach is to embrace the shape function dependence, using the precise spectra
that can be obtained in the regions where B̄ → Xc eν̄ decays are suppressed, to perform a global
fit to these spectra (and those from b → sγ ), thereby constraining the shape function as much as
possible with experimental data. This approach is being pursued by independent groups [17, 18].
3
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ples and on the measured branching fraction for B̄ → Deν̄ . The fit is performed for each of the
aforementioned models and for different choices of parameteric input. Systematic uncertainties are
evaluated for experimental effects (backgrounds, efficiencies...), for parametric uncertainties (mb ,
µπ2 , αS ) and for theoretical uncertainties.
Results for a representative set of input choices are listed in Table 2. The corresponding spectra, after subtraction of the continuum and B backgrounds based on the fit, are shown in Figure 1.
The results supersede the previous BaBar electron spectrum measurement [8], and give |Vub | values
that are below the inclusive averages shown in Table 1.
Figure 1d shows the four model spectra on the same plot; this makes it clear that the normalization of the B̄ → Xu eν̄ component is largely determined by the rate in the wide bin, where the
signal to background is largest. The shape of the signal spectrum assumed in the fit has a significant
impact on the determination of the partial branching fraction, in particular when the fit includes regions dominated by B̄ → Xc eν̄ background. In this analysis, the same B̄ → Xu eν̄ model was used
to determine a partial branching fraction and to extract the corresponding |Vub | value. This is in
contrast to the |Vub | values listed in Table 1, where all |Vub | values for a given measurement are recalulated based on a published partial branching fraction that was determined using a single model
(typically DN).
The new BaBar analysis illustrates the importance of model dependence in measured partial
rates that include regions dominated by background from B̄ → Xceν̄ decays. This issue is likely to
affect other measurements, in particular those that claim to measure the B̄ → Xu eν̄ partial rate for
Eℓ > 1 GeV, which currently dominate the averages quoted in Table 1.
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Additional supporting measurements will be valuable to better characterize the impact of weak
annihilation, ss̄ production in hadronization, the modeling of exclusive states in B̄ → Xu eν̄ and
backgrounds from B̄ → Xc eν̄ decays. For a discussion of these issues see Ref. [19].
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Figure 1: BaBar electron momentum spectra [13] (points) and calculated shape (histogram) for B̄ → Xu eν̄
in the ϒ(4S) rest frame after subtracting backgrounds, for the (a) BLNP, (b) GGOU and (c) DGE models. The
fit uses electrons in the range 0.8 < Ee < 2.7 GeV and combines all entries in the region 2.1 < Ee < 2.7 GeV
into one bin. Panel (d) shows a comparison of the model spectra with normalization determined by the
fits; from highest to lowest, the dashed curve is for BLNP, the dotted curve for GGOU, and the solid and
dash-dotted curves, which overlap, for DN and DGE, respectively.
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