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Measurements of partial rates of inclusive charmless sgtahicB meson decays3 — Xylv;,
using the lepton endpoint and full reconstructiBrmeson tag methods are presented. The
lepton endpoint method yields a partial branching measentnn the momentum interval
1.9 < pi/GeV/c < 2.6 as measured in the rest frame of @s). The full reconstructiorB-
meson tag method measures partial branching fractionsée thinematic regions: the hadronic
massMx < 1.7 GeV/c?; the dilepton mass squared < 8 Ge\V?/c? andMy < 1.7 GeV/c?; and
the hadronic light cone variabR, = (Ex — |px|) < 0.66 GeV/c, all given a loose requirement
on the prompt lepton momentupn > 1.0 GeV/c measured in the rest frame of thfé4S). Using
these measurements we extract values for the CKM matrixeziéjv,,| using an the BLNP [6]
inclusive generator, which is constrained using data froenBelle measurement of the photon
energy spectrum d8 — Xgy. The signal region used for the endpoint method is the lowest
mentum cutoff ever achieved to date. The extractiofvgf] usingP; is the first of its kind. The
data used was collected by the Belle detector at the KEKB amtnice™ e~ collider.
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1. Introduction

The magnitude of the Cabibbo-Kobayashi-Maskawa (CKM) matiement|V,| is a funda-
mental parameter of the Standard Model (SM). A knowledgeso¥alue is crucial to the under-
standing ofCP violation within the SM, which is underpinned by knowleddete Unitarity Trian-
gle (UT). Recent precise measurements of UT agg{f) has highlighted the need to improve the
precision inVy|. The value ofV,,| can be extracted from the measured rate of charmless semilep
tonic B-meson decayB — X,lv; in a kinematic region that has to be chosen to negate the timpac
of the large background from the charmed semilept@ineson decayB — Xl v,. We report on
two new results of inclusivé/,,| at Belle: the endpoint and full reconstructiBrtag analyses [1].
They respectively utilise ON (OFF) data samples of 27:{p fb—1) and 253 fb1(28 fb~1) on (60
MeV below) theY(4S) resonance collected by the Belle detector at the KEKB asytntrenergy
ete collider [2].

2. Lepton endpoint

The method consists of measuring the spectrum of electiotidates with momentum in the
range 15— 3.5 GeV/c, which includes both signal and sideband regions. Tracksmacceptance
of the barrel calorimeter are identified as electrons ugsifgyination from the various Belle sub-
detectors. The main background, hadronic continuum psese6™ e~ — qq whereq = u,d,s,c)
processes are suppressed via the use of a Fisher discriroingdrtual calorimeter type variables.
The Fisher discriminant selection criteria depend on a daayb tag variable that exploits the
presence of lepton-kaon charge correlations only evidestgnal events. The variables and as-
sociated cuts were chosen to minimise the relative stalséirror whilst reducing the model de-
pendence. The Monte Carlo (MC) determined signal recoctitru efficiency is(18+ 1)%, with
main uncertainties from: event selection (4%); and modpedence (2%). ThB — X,eve signal
is extracted in the momentum regior®% 2.6 GeV/c, while a lower range, from.5— 1.9 GeV/c,
is examined with the aid of a large MC sampleRB events, to evaluate the contribution from
B — Xcev, which is then extrapolated to the signal region. The contin background is evaluated
using the OFF data set, which is scaled appropiately, argsaroecked via comparison of ON
and OFF spectra in the momentum interva8 2 3.5 GeVk. We measure the partial branching
of A% = (8.9840.39+ 1.62) x 10~* in the momentum interval 1.9-2.6 GaM¢orrected for final
state radiation effects where the first error is statistioal the second is systematic. The error is
dominated by the uncertainty in tle— X.eve background, which is limited by our knowledge of
the D* form factor. Fig 1(a) shows the ON and scaled OFF momenturttispalong with the to-
tal background and Fig 1(b) shows the subsequent backgmsulricacted and efficiency corrected
spectrum, revealing the contribution Bf— X, eve.

3. Full reconstruction B-meson tag

This method relies on a sample of events where the taggimgBsideson,Byg, is fully re-
constructed, while the semileptonic decay of the signa Bidneson,Bsjg, is identified by the
presence of a high momentum electron or muon. With this samvplare able to construct kine-
matic variables of: the meson madg, the dilepton mass squareg, and the hadronic light-cone
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Figure1: The electron momentum spectrum in ¥i@S) rest frame: (a) ON data (filled circles), scaled OFF
data (open circles), sum of scaled OFF data and estinBBazhckgrounds (histogram). (b) ON data after
subtraction of backgrounds and correction for efficiendieficircles) and model spectrum Bf— X eve
decays with final state radiation (histogram, normalisettiéodata yield in the ® — 2.6 GeV/c momentum
range). (c) Th&, distribution for the selected events, with fitted contribos fromB — X:/vandB — X /v,

(d) P, distribution (symbols with error bars) after subtractBig> X.¢v, with fitted B — X ¢v contribution
(histogram).

momentumP,, which are the best available discriminators of signal asmckhround in inclusive
type|Vu| analyses. ThBgcandidates are reconstructed in the mdgles D(*)rr/p/allD(S*), where
these mesons are further reconstructed in various hadieoy modes. The selectionBfg can-

didates is based on the beam-constrained nMgs= |/E;2, — pi?, and the energy difference,
AE = Ef—E} ., HereE! .= v/5/2~5.290GeV is the beam energy in tée™ center-of-mass
system (cms), angg and EZ are the cms momentum and energy of the reconstrustateson.
B-meson candidates are required to satMdfy: > 5.27 GeV/c? and —0.2 < AE < 0.05GeV. We
require that the event contain exactly one lepton, eithestedn or muon, with momentum greater
than 1GeVc, have zero net charge and have the missing mass squaredteohsvith a neu-
trino hypothesisi—1 < mg, . < 0.5Ge\2/c*. To reduce thé8 — Xl v background, n&* or Kg
candidates should be detected amongst remaining pasiticiee the lepton and tagrmesons
have been identified. Similiarly events with a charged sloand7%), consistent with having
come fromD** decay, are vetoed. We fit tHd, distribution in bins ofMy and P, to form
their respective distributions. These are fitted with MCedmined functions foB — X lv and
B — Xclv components. The latter contribution is subtracted fromdéaea to arrive at the num-
ber of signal events. We measure partial branching fragtiorthree kinematic signal regions:
P, < 0.66 GeV/c, Mx < 1.7 GeV/c?, andMy < 1.7 GeV/c? & ¢? > 8 Ge\?/c?. The corre-
sponding partial branching fractiodsZ are measured to be?, : (1.10+0.10+0.16) x 1073,
My : (1.2440.114+0.12) x 103 andMy /q? : (8.41+0.84+1.03) x 10~4, respectively, where the
first error is statistical and the second is systematic. Thasured®, and corresponding back-
ground subtracted spectra are shown in Figs. 1(c)-(d) ctispb.

4. Myp| Extraction

. . . . . . . 2 o
§ =
[Vub|is obtained directly from the partial branching fractiomggVyp| = AB(B — Xu¢v)/(R-
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Table 1: Predicted partial rateR, and subsequent extracted valueg/gf| using measurements of the partial
branching fraction for various signal regions defined intthe.
Method R(|Vup|?ps™?) Vuo| (10-3)(BLNP)

STAT SYS b—c b—u SF  Theory
Endpointp; | 21.7+3.6752 | 508 +0.11 +0.14 +0.44 +004 +042 *+32°
BtagMyx | 409+75733 | 435 +020 +0.15 +0.13 +005 +040 ‘515
BtagMx&¢? | 21.6+4.0725 | 493 +025 +0.22 +0.15 +0.13 +046 *525
BtagP, |332+6.8733|456 +0.21 4021 +£015 +0.20 +047 318

18), Wheretg = (1.604+0.011) ps is the averagB lifetime. Ris the theoretical prediction of the
partial rate and is calculated for a given signal region byngian inclusiveB — X /v decay
generator [6] based on the latest theoretical studies [3TH§ values oR are given in Table 1,
its errors (SF) are calculated using the shape functionnset{6] parametersn,(SF) = 4.52+
0.07 GeV/c? and u3(SF) = 0.274+0.13 Ge\?/c? and their correlation [5] with the predicted
shapes of th® — Xsy photon energy distributions from Ref. [6]. The theoretiegior onR (th.)

is estimated by varying the subleading shape functionsr (feodels), the matching scalgs,
Hi, 4 and weak annihilation [6]. The extracted values\gf| are given in Table 1, the relative
uncertainties are 13%, 13%, 12% and 14%gprMyx /g%, Mx andP; regions, respectively.

5. Summary

The precision of théV,|determination is better than previous measurements [7hgte the
use of both a larger data sample and improved theoreticdigti@ns [3, 4]. The endpoint method
is a competitive avenue fdv,,| extraction as is the full reconstructi@meson tag method using
the recently toutedP, variable [3].
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