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In this talk, | shall report on recent studiesBaBar of the decay channeB® — m¢tv, BT —
mtty, Bt — nttv, Bt — n'ttv, BO - p—¢tv andBt — p%tv. We obtain some of the
most precise values of the total branching fractions ofdteecays, as well as partial branching
fractions as a function af? for the decay channeR® — m¢*v, Bt — n¢tv andB® — p—¢+v.

In particular, the partial branching fractions for tB& — m—¢*v channel allow us to extract
values of the magnitude of the CKM matrix elem@nj,| using three different QCD calculations.
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measured in inclusive semileptorBadecays
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1. Introduction

In the Standard model, quark flavour changes occur througlk imteractions via the coupling
of aW gauge boson. Such couplings are proportional to the rei&&iM matrix [1] elements.
In particular, the probability of & quark to decay into a quark is proportional tgVyp|?. The
unitarity properties of the CKM matrix can be representedhsyso-called “unitarity triangle” in
the p — n complex plane. In this plane, the value|¥fy| is proportional to one of the sides of the
triangle. Considering all the relevant measurementscitiar from the wide band representing the
allowed values ofV,p| that this matrix element is not well known. Its precise measwent would
thus help constrain the description of the weak interastemwell as CP violation.

Values of |V p| were recently reported [2] to b@.954 0.31) x 102 obtained in the study
of the exclusive semileptoniB-decay,B — /v, and(4.27+0.38) x 103 obtained in the inclu-
sive semileptoni@-decay measurements. Should we take this differencerof geriously? This
guestion will be addressed in my talk.

2. Measurement of |Vp|

The measurement ¥p| requires the study of — u transition. Semileptonib — u/v de-
cays are best since they are much easier to understandttbairehan hadronic decays and much
easier to study experimentally than purely leptonic dedassause they are far more abundant.
Exclusive semileptonic decays suchBfs— m ¢tv andBt — n¢+v involve ab — u transition.

The value of|Vyy| is extracted from the partial branching fractiah(g?), measured as a
function ofg?, the momentum transferred squared:

2 TB°|Vub|ZG;2: O 32,2
AB(Q7) = W/qz |Px, |2 £2 () df, (2.1)

min

in which |y, | is a function ofg?:
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Eqg. 2.1 is often written as:
Vub| = /AR (10l (2.3)

whereTtgo = 1.53040.009 ps [3] is theBC lifetime and

= 2418 J2

min

G2 qzmax
A F/q B2 T () 2d P (2.4)

is the normalized theoretical partial decay rate. As candem $n Eq. 2.4A{ depends only on
well-known quantities, except for the values of the(g?) form factor and its uncertainty that are
provided by a QCD calculation in a givert range. It is thus clear that experimental data can
discriminate between vario®@CD calculations by measuring te%(g?) shape precisely.
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Analysis 11— n analysis T— p analysis
Luminosity onY(4S) peak 422.6fbt 349.0fb?
Number ofBB pair events 464 millions 377 millions
o? evaluation (Ps — Pmeson® (P +P,)?
Cut strategy cutsy® dependent NNg? dependent
Cut selection loose cuts tighterv cuts
Signal efficiency 8% to 15% 6% to 7%
Background/signal 115 6.3

B® — mm ¢t yield 11778+ 435 71814279
Number ofc? bins in 7t mode 12 6
Systematic uncertainties full gaussian +lo

Table 1: Comparison of various characteristics for the two analyspsrted in this talk.

Experimentally, the partial branching fractions are gibgnA%(g?) = N;/2&Ng, whereN; is
the number of observed signal events in a gigémange,s; is the efficiency given by the Monte
Carlo (MC) simulation for the same? range and\g is related to the total number tE!B_pairs
observed, taking into account the branching fractions eii#S) decays.

3. Experimental method

In this talk, | shall report on two recent analysesBaBar concerning exclusive charmless
semileptonicB decays. In ther— n analysis [4], we study three decay mod@&® — m ¢*v,
Bt — n¢tv andBt — n'¢*v where we measurg® = (Ps — Prneson2. In the m— p analysis [5],
we study four decay mode®&® — m ¢+v, Bt — n%tv, B® —» p¢tv andBt — p%*tv where
we measure? = (P, + P,)2. | shall concentrate on the study of tBe— /v mode since it leads
to the most precise measurement and allows us to obtainsvefid,,|. And | shall spend most of
my time on therr— n analysis since it is the most recent.

As can be seen in Table 1, we have more events imthe) analysis; the values af® are
determined using two methods which are in principle egeivabut which do lead to variations in
the values off?; the use of loose cuts results in higher signal efficiencies and thus higrgadi
yields but at the expense of a larger background. This langdal allows us to obtain the values
of A% for a larger number of® bins. Finally, the systematic uncertainties are evaluatedmore
conservative fashion in the— n analysis.

Both analyses use an untagged technique. This means tlyabromlof theB mesons of the
BB pair produced in the decay of thE&4S) resonance is reconstructed. Since the direction of the
B meson momentum is not known precisely, we compute the vaiigsin the Y-average frame
approximation [4]. This leads to an improvefl resolution (0.51GeV?) over that obtained using
the usualy(4S) frame. The two-dimensional distribution of true versusorestructed values af?
yields a detector response matrix which is used to unfoldrtbasuredy® distribution onto the true
¢? distribution, thereby correcting these values for the metriction effects. Similar results are
obtained in the two analyses for théresolution.
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Figure1l: Projections of the data and fitted results Figure 2:  Projections of the data and fitted re-
for theB? — ¢+ v decays, in the signal-enhanced sults for theBt — n()¢*v decays, in the signal-
region: (a,b)mgs with —0.16 < AE < 0.20 GeV; enhanced region: (a,bjes with —0.16 < AE <
and (c,d)AE with mgs > 5.268 GeV. The distri- 0.20 GeV, and (c,dAE with mgs > 5.268 GeV. The
butions (a,c) and (b,d) are projections fgr < 16  distributions (a,c) and (b,d) are projections for the
GeV? and forg® > 16 Ge\?, respectively. —n Bt — n¢tv andBt — n'¢*v decays, respectively,
analysis) both forg? < 16 Ge\A (rm— n analysis)

Intherr— n analysis, the candidate selections are optimized to magithe ratids/ \ﬂS+ B),
whereSis the number of signal events aBds the total number of background events. The use
of four cuts that are?-dependent lead to a reconstruction efficiency which is acshiy varying
function of g°>. Backgrounds can be broadly grouped into three main cadsgodecays arising
from b — ulv transitions (other than the signal), decays in oBBrevents (excludingy — w/v)
and decays in continuum events. For Bfe— 7~ ¢*v mode only, in which there are many events,
each of the first two categories is further split into a baokgd category where the pion and the
lepton come from the decay of the safgeand a background category where the pion and the
lepton come from the decay of differeBtmesons. Given the sufficient number of events in the
m— n analysis for thet ¢*v decay mode, the data samples can be subdivided in 12 bifsforf
the signal and 2 bins for each of the five background categjof®r therr— p analysis and the
n")¢v modes, a smaller number of events leads us to restrict théewaif bins used in the fit.

We use the\E-mggs histograms, obtained from the MC simulation as two-dimemsi proba-
bility density functions (PDFs), in our fit to the data, toraxt the yields of the signal and back-
grounds as a function af. We show in Fig. JAE andmgs fit projections in the signal-enhanced
region forB® — ¢ v decays in two ranges af corresponding to the sum of eight bins below
and four bins above? = 16 Ge\?, respectively. The data and the fit results are in good agraem
Fit projections foB™ — n)¢*v decays, only available belog? = 16 Ge\? are shown in Fig. 2.
Table 2 shows the total fitted yields in the fgfi range for the signal and each background category
as well as theg? values and degrees of freedom for the overall fit region. Neelfvalues are given
by the MC simulation. The normalized values)df are entirely reasonable.
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Decay mode m ity netv n'etv

Signal 11778: 435 888+ 98 141446
b — ulv 27793+ 929 2201 fixed) 204( fixed)
OtherBB 80185+ 963 17429+ 247 2660+ 82
Continuum 2779&:814 3435E 195 517 fixed)
MC events 147546 467 23953t 183 3522+ 68
Data events 147520384 23952t 155 351A59
x2ndf 411/386 5¢/52 19/17

Table2: Fitted yields in the full? range for the signal and each background category, totabruof MC

and data events, and valuesydffor the fitted region in ther— n analysis.

Decay mode m ity netv n'etv
o? range (Ge¥) 0°<12 g°<16 q°>16 full g° range 0°<16 0°<16
Yield 6541.6 8422.1 3355.4 11777.6 887.9 141.0
BF (104 0.83 1.09 0.33 1.42 0.36 0.24
Fit error 3.9 3.7 35 12.5 32.8
Detector effects 3.1 35 6.1 8.0 8.8
Continuum bkg 2.3 1.9 4.0 0.3 7.1
B — Xufv bkg 2.0 1.7 2.0 7.6 6.7
B — Xclv bkg 0.6 0.7 1.0 1.2 2.6
Other effects 2.3 2.2 3.2 3.4 4.6
Total uncertainty 6.3 6.2 12.0 17.0 35.8

Table3: Values of signal yieldsh%(q?) and their relative uncertainties (%) 8 — m¢*v, BT — nttv
andB* — n'¢*v decays in ther— n analysis.

In each analysis, the systematic uncertainties are estihfedm the variations of the result-
ing partial BF values (or total BF values f8 — n’¢/*tv decays) when the data are re-analyzed
with different simulation parameters and reweightingsthimrr— n analysis, for each parameter,
we use the full MC dataset to generate n&rmgg distributions (“MC event samples”) by vary-
ing randomly only the parameter of interest over a complet@d) gaussian distribution whose
standard deviation is given by the uncertainty on the spepidrameter under investigation. One
hundred such samples are generated for each parametertdimees due td counting and final
state radiation are estimated by generating only one safBplth MC sample is analyzed the same
way as real data to determine values\s#(q?) (or total BF values foB* — n’¢*v decays). The
contribution of the parameter to the systematic uncestaggiven by the RMS value of the distri-
bution of these values over the one hundred samples. A ceaderersion of all the uncertainties
is given in Table 3 together with signal yields and partiakBirselectedy’ ranges.
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Figure 3.  Partial A%Z(g?) spectrum in 12 bins Figure4: PartialA%(g?) spectrum in 6 bins off

of g? for B — m¢*v decays in ther—n anal- for B — m¢*v decays in ther— p analysis. The
ysis. The solid green and black curves show theed curve represents the simultaneous fit to two data
result of the fit to the data of the BK [6] and points and four theoretical points produced with the
BGL [7] parametrizations, respectively. The dataFNAL LQCD calculation (magenta, closed trian-
are also compared to unquenched LQCD calculagles).

tions (HPQCD [8], FNAL [9]) and an LCSR calcu-

lation [10].

4. Results

The experimentah%(q?) distributions forB® — 11 ¢*v decays are displayed in Fig. 3 for the
11— n analysis, together with two parametrizations and three @@lbulations, and in Fig 4 for
the m— p analysis, combining the charged and neutral pion chanas$siming isospin symmetry.
The BGL expansion gives an excellent fit to the data obtaindtde r— n analysis. From this fit
extrapolated t@? = 0, we obtain the value d¥f, (0)| in the T— n analysis. This value differs
from the one obtained in the— p analysis since the experimental distributions do looKetiént.
However, the individual values of the partial branchingcfiens are indeed consistent with each
other for the two analyses. The comparison between theahyemperiment in theig? ranges of
validity shows that all three calculations are compatibiththe data.

We obtain the total BFs#(B® — m ¢Tv) = (1.42+ 0.055t4t £ 0.085ys1) x 1074, (BT —
NeTv) = (0.364 0.05¢a % 0.04sys) x 104 and (BT — n'¢Fv) = (0.24=4 0.08stat = 0.035ys1) X
10~#in therr— n analysis, and8(B° — ¢+ v) = (1.41+ 0054t = 0.07sys) x 10~# and%(B° —

P ¢tv) = (1.754 0.1564t £ 0.27sys1) X 10~%in the T— p analysis. Values of/p| obtained in our
two analyses are given in Table 4. They range fi@i — 3.8) x 1073,

Since, in theT— p analysis, the number of data points is limited to two abgfe 16 Ge\?, the
range of validity of the LQCD calculations, it was deemedirddse to undertake a simultaneous
fit of theoretical and experimental points to extract a vaitip/,p|. Using the FNAL calculations,
we obtain in that case a lower value|¥fp|, (2.95+ 0.31) x 103,
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Analysis m—n m—p
HPQCD [8] @ > 16 Ge\?) 3.24+£0.13+0.161537 3.21+£0.17932
FNAL [9] (2 > 16 Ge\®) 3.14+0.12+0.16'333 3.07+0.16" 232
LCSR[10] @ < 12 GeV®) 3.70+£0.074+0.09"334 3.78+£0.13"2%5
Vubf(0)] (8.64 0.3stat £ 0.3ys) X 1074 (10.8+0.6) x 10°*

Table4: Values of|V,p| x 10~23 derived from the form-factor calculations for tB& — m¢+v decays. The
three uncertainties oW are statistical, systematic and theoretical, respegtivel

5. Summary

It is estimated that there is less than 20% overlap in thetlaevent samples between the two
analyses reported in this talk for tB8 — 71 ¢*v decay channel. It is thus very satisfying to note
that there is excellent agreement between the results daivh@nalyses. The values of the total
BFs obtained in our work are the most precise total BFs todate value of the total BF foB™ —
n'¢+v, with a significance of g, is an order of magnitude smaller thanthe CLEO result [1hp T
value of the ratigZ (B — n'¢t*v)/# (Bt — nttv) = 0.67+0.2454+ 0.115ys allows an important
gluonic singlet contribution to thg’ form factor. The three values ¢¥,,| are all acceptable
according to the data. Two of them [8, 10] are consistenthiwitarge theoretical uncertainties,
with the value measured in inclusive semileptoBidecays:Vyp| = (4.274 0.38) x 1073 [3].
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