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1. Introduction and current status

The precise determination §fp| is of high interest in understanding the physics of the quark
flavor sector, which provides a unique window on CP violatéond on particles at mass scales
well beyond the reach of the highest energy acceleratomnil&zonic B decays allow relatively
clean measurements, and theoretical tools enable de@ygakiulations with uncertainties that
can be meaningfully estimated. The total inclusive serulejs decay rate to charmless final
states[” (B_—> Xyev) can be reliably calculated using an operator product expar®own as the
Heavy Quark Expansion (HQE). Measuring this fully incleshate, however, presents a daunting
challenge due to abundant semileptonic decays to charnmadfiatesB — Xcev. This large &50)
background is suppressed kinematically using the chagggdn momentuny,, the invariant mass
of the accompanying hadromy, theg? of the /v system, the light-cone variabR, = Ex — |px|,
or some combination of these. White can be determined by selecting charged leptons, the other
quantities require reconstrution of all visib¥§4S) decay products, which reduces the yield by a
factor of several hundred. Placing kinematic restrictionghe decays make calculations sensitive
to the non-perturbative shape functions that describ® tipeark distribution in thé8 meson. The
clean region for theory is difficult for experiment and vieersa.

All decay rate calculations are based on the HQE, but autsedifferent prescriptions for
the treatment of the shape function and the renormalizatobreme. An early approach (DN[1])
used&'(as) corrections to the triple-differential decay distributin leading-order HQE and a
convolution of the parton-level spectrum with a parameegtishape function. This model is the
basis for the simulations of inclusive semileptoBaecays that BaBar and Belle have used in
their measurements of partial rates. It has been superdgdadalculation (BLNP[2]) that incor-
porates higher-order perturbative and power correctiorthé shape-function mass renormaliza-
tion scheme, and introduces additional shape functionsitateading orders. Another approach
(GGOUI3]) based on the known higher-order corrections tiseskinetic mass renormalization
scheme and absorbs all sub-leading shape functions int@fotheee g>-dependent shape func-
tions. A third approach (DGE[4]), in thdSrenormalization scheme, uses an NNLO resummation
of soft gluons to calculate the shape function.

Experiments have measured partial decay rates for inelisiv> X,ev transitions in a vari-
ety of kinematic regions. These measurements, along wélildcay rate calculations introduced
above, result in the/p| values given in Table 1. The results from the three calauiatare consis-
tent within the stated theoretical uncertainties, as aselt®from the different kinematic regions.
The single largest (and correlated) parametric unceytaintthe average is from thequark mass,
which contributes- 2%. Other sources of common systematic uncertainty conme $tdl higher-
order corrections to the rate, from the shape function{®), feom the experimental treatment of
hadronization and the modeling of semileptoBidecays.

The |Vp| values obtained from inclusive semileptonic decays argifsigntly higher than
those determined in the exclusive deéy» v (see Ref. [5]). This latter decay is cleaner experi-
mentally and relies on a different set of theoretical tohkttice QCD). A gap of 2-8 between the
inclusive and exclusive results has persisted for yearseiRly, the determination d¥p|/|Veo|
from Ap semileptonic decays [12] also points to a smaller value\gyl. The resolution of this
inclusive-exclusive difference is a high priority for hgalavour physics.
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Table 1: Determinations ofV,,| and their average.

The first error is experimental, the sd®rirom

theoretical and parameteric uncertainties (from Ref. [5])

Ref. cut (GeV) BLNP GGOU DGE
[6] Ee>21 428+5073 421+497%3 390+£457 5%
[7] Ec—? 453+22%32 notavailable 41720128
38 29
[8] Ee>20 454426727 4504+26° 1% 434425% 722
33 25 25
O] Ee>19 493+4673) 493+46731) 485+45" 31
[10] ngzjl?? 430423738 432+23"7 30 427+227 %0
[10] P. <066 415+25728 424426°32 424426+ %
27 32 32
[10] mx <155 430+20°728 429+20°72 453+21+2%
27 22 22
[10] E/>1 43242471 442424+ 9 446+247 1
21 11 13
[11] E/>1 449427720 460+27710 463+28* %
22 11 13
HFAG average 4451655 451+16" 12 452+16' 12

2. New BaBar result

The measurements in Table 1 were all published by 2012. A neasarement from BaBar
has recently been submitted for publication[13]. The asialyses the full BaBar dataset - 467M
e"e” — Y(4S) — BB events and an additional 44.4fhcollected belowBB threshold. Events with
electrons satisfyindee > 0.8GeV in theY(4S) frame are selected, and a simple neural network
is used to suppress the contribution froan(q = d,u, s,c) continuum annihilations. The electron
momentum spectrum, in bins of 50MeV, is fitted to a sum of ¢bations. The continuum con-
tribution is described by a 6-parameter empirical functeomd the spectrum fror¥(4S) decays is
modeled as the sum of distinct contributions from sevBrak X.ev decay modes (specified be-
low), from secondary electrons (primarily— c(c) — e*) and from signaB — X.ev decays. The
models are built from decays generated with the EvtGen [ad]HTSET [15] programs and put
through detailed simulation and reconstruction steps.régmn near the endpoint of the electron
momentum spectrum is highly sensitive to the modeling ofstiegpe function; to reduce this sen-
sitivity, all events with 21 < Ex < 2.7GeV are placed in one “wide bin” when performing the fit
described below.

The components used to describe Bie> Xcev spectrum aré8 — Dev, B — D*ev, B —

D® eV, B— D**ev andB — D'¥ev; the last of these corresponds to the radial excitations of
the D and D* mesons. The signd — X.ev inclusive decays are initially generated using the
DN model, and decays to resonant final stadésey¢ whereXg = 1,1, p,n’, ) are mixed in to
preserve, as much as possible, the model distributiogf-Be-my space. TheE, distribution is
reweighted to represent the other (BLNP, GGOU, DGE) modéle parameteric input used in
the model calculations is described fully in Ref. [13]; triues used fom, and u2 come from
Ref. [16].

A simultaneous fit to the spectra from thfe4S) and below-resonance samples determines the
parameters of the continuum function and the normalizatiointhe B decay components. The
fit imposes two additional Gaussian constraints, on the cdtthe on/off-resonancegq data sam-
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ples and on the measured branching fractionBor Dev. The fit is performed for each of the
aforementioned models and for different choices of parariteinput. Systematic uncertainties are
evaluated for experimental effects (backgrounds, effaém..), for parametric uncertaintie®yy,
U2, as) and for theoretical uncertainties.

Results for a representative set of input choices are list@dble 2. The corresponding spec-
tra, after subtraction of the continuum aBdbackgrounds based on the fit, are shown in Figure 1.
The results supersede the previous BaBar electron spenteasurement [8], and giye,| values
that are below the inclusive averages shown in Table 1.

Figure 1d shows the four model spectra on the same plot; thiemit clear that the normal-
ization of theB — X,ev component is largely determined by the rate in the wide bimene the
signal to background is largest. The shape of the signatrsme@ssumed in the fit has a significant
impact on the determination of the partial branching fi@gtin particular when the fit includes re-
gions dominated b§—> Xcev background. In this analysis, the saBie> X,ev model was used
to determine a partial branching fraction and to extractatveespondingVyp| value. This is in
contrast to théV,p| values listed in Table 1, where &i,| values for a given measurement are re-
calulated based on a published partial branching fractiahwas determined using a single model
(typically DN).

The new BaBar analysis illustrates the importance of modpkddence in measured partial
rates that include regions dominated by background fBom X.ev decays. This issue is likely to
affect other measurements, in particular those that claimdasure the — X.ev partial rate for
E, > 1GeV, which currently dominate the averages quoted in Thble

Table 2: Results for the partial branching fractiakBF) and|V,,| from fits to the inclusive electron spectrum
in BaBar [13]. The two uncertainties &BF are experimental and theoretical, respectively. Theretisted
on |Vyp| are due to experiment (first), theory (last), and the shapetiion (second of three, where present).

ABFx10° ABFx10° V| x 10° V| x 10°
model | Ec>0.8(GeV) Ee>2.1(GeV) Ee > 0.8(GeV) Ee > 2.1(GeV)
DN 1.404+0.087021  0.33£0.02705] | 3.79+£0.11792 7308  3.764+0.107053 *01L
DGE | 1.43+0.08 033+0.02 3.85+0.11 3% 382+010 538
GGOU | 1.554+0.08733% 0.344+0.02705} | 3.96+0.107918 720  3.924+0.107018 92!
BLNP | 227+0.137912 0.40+£0.02759] | 456+0.1373337918 451+0.127533 03¢

3. Discussion

As demonstrated in the recent BaBar analysis, the detetiminaf partial branching fractions
for B — X.ev has model dependence that can be significant when inclueigigns of phase space
dominated byB — X.eV. The extent to which published measurements are affectéhisbis hard
to estimate;future measurements should account for this model dependence when determining
[Vup|. Measuring the signal rate in background-dominated regisrfraught with difficulty. A
more promising approach is to embrace the shape functioendiemce, using the precise spectra
that can be obtained in the regions wheres Xcev decays are suppressed, to perform a global
fit to these spectra (and those fram— sy), thereby constraining the shape function as much as
possible with experimental data. This approach is beingymd by independent groups [17, 18].
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Figure 1: BaBar electron momentum spectra [13] (points) and caledlahape (histogram) f& — X,ev

in theY(4S) rest frame after subtracting backgrounds, for the (a) BUBNRGGOU and (c) DGE models. The
fit uses electrons in the range30< Ec < 2.7 GeV and combines all entries in the regioth 2 Ec < 2.7 GeV
into one bin. Panel (d) shows a comparison of the model sp&dth normalization determined by the
fits; from highest to lowest, the dashed curve is for BLNP,db#ed curve for GGOU, and the solid and
dash-dotted curves, which overlap, for DN and DGE, respelgti
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Additional supporting measurements will be valuable tadvatharacterize the impact of weak
annihilation, ss production in hadronization, the modeling of exclusivetegan B — X,ev and
backgrounds fronB — X.ev decays. For a discussion of these issues see Ref. [19].
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