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Abstract 

We present preliminary measurements of branching fractions for the exclusive 
B semileptonic decays, J3o ~ v+e-ii and J3o ~ v•+e-ii. The data sample 
corresponds to 2.7 fb-1 of integrated luminosity obtained in asymmetric e+e­
collisions at .fi = 10.58 GeV at the REKB collider and recorded with the 
Belle detector. The following exclusive B semileptonic branching fractions are 
obta;ned: B(B0 -> v+e-;;) = 2.07±0.21 ±0.31 (%)and B(B'-> v•+e-;;) = 
4.74 ± 0.25 ± 0.51 (%). 
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I. INTRODUCTION 

In the Standard Model (SM) of electroweak interactions, the elements of the Cabibbo­
Kobayashi-Maskawa (CKM) quark mixing matrix [1] are constrained only by unitarity. 
Therefore, experimentally measuring the precise values of the CKM matrix elements is 
important for understanding the phenomenology of weak interactions. In particular, it is 
important to test the SM description of CP violation in B decay. 

The exclusive semileptonic decays .8° --)> n+e-v and go --)> n*+e-v are among the 
cleanest modes to measure the CKM matrix element IVcbl when interpreted in the framework 
of heavy quark effective theory (HQET) [2]. The jjo--> v+e-v decay is preferred to B- --> 
noe-l! because it has much less feed·down background from excited charm meson states. 
For go -t n•+e-v, the signal is very clean using the n• - n mass--difference. Moreover, 
since the branching ratio is large, the statistical uncertainty is relatively small. 

In this paper, we present preliminary measurements of the branching ratios for the exclu· 
sive B semileptonic decays, go--)> n+e-v and go-+ n•+e-v, using a data sample obtained 
in asymmetric e+e- collisions at .jS = 10.58 GeV at the KEKB collider [3] and recorded 
with the Belle detector (4]. With good particle identification and vertexing capability as 
well as a potential for very large statistics, the Belle experiment will improve the precision 
in the measurements of go-t n+e-v and jjo--)> n•+e-v, and eventually of IVcbl· 

II. BELLE DETECTOR 

The event sample used for this study corresponds to an integrated luminosity of 2.7 fb-I 
accumulated at the T(4S) resonance and recorded in the Belle detector at the KEKB e+e­
collider. An event sample of 0.6 fb- 1 integrated luminosity taken 60 MeV below the T(4S) 
resonance was also used as a control sample to check the continuum background estimation. 

The Belle detector is a large solid-angle spectrometer based on a 1.5 T superconducting 
solenoid magnet. Tracking and momentum measurements of charged particles are performed 
with a 3·layer double-sided silicon vertex detector (SVD) {5] and a cylindrical drift chamber 
(CDC) [6]. The charged particle acceptance covers the laboratory polar angle range between 
8 = 17° and 150° corresponding to about 90% of the full solid angle in the center·Of·mass 
frame. A Kalman filtering technique is used to determine the optimal track parameters. 

Hadron identification is provided by specific ionization (dE f dx) measurements in the 
CDC, Cherenkov threshold measurements in the aerogel Cherenkov counters (ACC) (7], 
and a cylindrical array of 128 time-of-flight scintillation counters (TOF) [8]. This provides 
separation of kaons and pions in the momentum range up to 4 GeV fc. To determine the 
hadron identification efficiency and fake rates, we use kinematically selected n•+ --)> n°1r+ 
and subsequent n° --)> K-1r+ decays. 

Electrons are identified by using a likelihood function that includes the following in­
formation: the ratio of energy measured by electromagnetic calorimeter (ECL, consisting 
of 8736 Csl crystals [9]) and the momentum determined by the CDC, the ratio of energy 
deposited in 9 crystals and 25 crystals around the cluster centroid at the calorimeter, close 
matching between the extrapolated track position and the cluster position, dEfdx measured 
by the CDC, light yield in the ACC and the TOF information. Muons are identified with 
a resistive plate chamber system interspersed in the iron return yoke of the magnet (KLM) 
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[10] by comparing the calculated track range with the measured range, and by determining 
the x2 of the KLM hits with respect to the track extrapolated with Kalman filtering. 

III. EVENT SELECTION AND ANALYSIS PROCEDURE 

A. Background sources 

In both the J3o --7 v+ e-V and 13° --7 D•+ e-;; analyses, the background sources fall into 
five categories: combinatoric, correlated, uncorrelated, continuum and misidentified lepton. 
The event selection procedure is designed to suppress these backgrounds effectively. 

Combinatoric Background The dominant background ·in this analysis is the combina­
toric background in v<•l+ reconstruction. The magnitudes of combinatoric backgrounds are 

estimated using sideband data: the sideband in m(K-n+n+) is used for 13° --7 n+t-v and 
the sideband of m(K-11'+) and the sideband of the mass difference m(K-n+1r+) -m(K-11'+) 
are used for the D* £v analysis. 

Correlated Background If a n<•l+ and a lepton have the same parent B, but do 
not come from the signal decay f3° --7 n<•l+e-v, the event is classified as a correlated 
background. Processes such as B0 --7 D**£v and n<•l1rfv contribute to this source. The 
decay .8° --7 n•+p-v is also a correlated background source forB --7 D+tv. To estimate 

this background, we use a Monte Carlo (MC) sample which is based on the ISGW2 model 
[12]. 

Uncorrelated Background Uncorrelated backgrounds are events with a real n<•l from 

the decay of one B meson and a real lepton from the opposite B. We also use MC simulation 
to estimate this background. Due to the charge correlation with the n<•), the lepton in 
this background is usually from a secondary decay, and is somewhat suppressed by the 
momentum cut required for leptons. 

Misidentified lepton background In this case, a hadron track is misidentified as a 
lepton. Its magnitude is estimated from real data: we treat each hadron candidate track 
as if it were a signal lepton and weight its contribution according to the misidentification 
probability measured using kinematically identified hadron tracks in real data. 

Continuum background The e+e- --7 qq continuum background is estimated using 

MC continuum events. VVe also check that this estimate is statistically consistent with 
off-resonance data. 

B. The f3° --t D+ e- ii mode 

We analyze the decay mode 13° --7 D+e-v, where the D+ subsequently decays to 
K-n+n+. Charge-conjugate modes are implied throughout this paper. The analysis of 
this decay mode is based on the neutrino reconstruction method, which exploits the her­
meticity of the detector and near zero value of neutrino mass. This method was originally 
developed by the CLEO Collaboration for the measurement of B --7 1r£v and p(w)£v decays 
{13}. In each event, we measure the missing energy, Em;ss, and missing momentum, f!miss and 
require: 

M~iss = E~iss - P~iss ~ 0. (1) 
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In principle, this selects events where there is only one undetected particle in the event and 
that missing particle is the neutrino. Usually, neutrinos are produced together with charged 

leptons (e or J.t). Therefore, two or more charged leptons in an event implies that there might 
be more than one neutrino missing, in which case we cannot assume that the missing mass 
is close to zero. For this reason, we select events with only one identified lepton. Leptons 
are required to have pLab > 0.8 GeV Jc. This requirement helps reduce backgrounds from 
hadrons misidentified as leptons and random combinations of leptons and D mesons. 

For hadronic event selection, we require that each event have at least 5 well-reconstructed 
charged tracks, a total visible energy of at least 0.15 times the center-of-mass (CM) energy 
and an event vertex that is consistent with the known interaction point. Continuum back­
ground events are suppressed by requiring the normalized 2nd Fox-Wolfram moment (R2) 

[11] to be less than 0.4. For those events surviving the single-lepton event selection, this cut 

removes 19% of the continuum events while keeping 99% of the signal. 
The D+ candidates are reconstructed in the D+ --7 K-n+n+ decay channel. Kaons are 

required to be positively identified by the hadron identification devices described in Sec. II. 
In addition, we require kaons not to be positively identified as either a lepton or a proton. 
If a charged particle is not positively identified as a lepton, kaon, or proton, we treat it as 
a pion. The three charged tracks in the K-1r+1r+ candidate are then kinematically fit to a 
D+ decay vertex and we require that the impact parameter of each track with respect to 
the vertex location be consistent with zero. 

We also impose a cut on Pv+ in order to suppress feed-down background from B --7 

D•tv, etc. In Fig. 1, we show several MC distributions of Pv+ (at the generator level) for 
various sources of D+ production: from 13° --7 v+e-v (top), from J3o--+ D•+e-v (middle) 

and from other B decays (bottom). We require 1.0 < Pv+ < 2.5 GeV Jc. The low side 
limit provides a substantial suppression of feed-down background and the high side limit is 
effective in suppressing continuum background. The momentum requirement removes 44% 
of BB background, 29% of continuum background while retaining 96% of the [)0 --7 D+£-v 

signal. Figure 2 shows the D+ candidate invariant mass distribution for events satisfying 
the above-mentioned selection criteria. \Ve select K 1r1r combinations where the invariant 
mass is within 3a of the nominal D+ mass. 

To reduce the feed-down background from B --7 n•+tv decays, we reject D+ candidates 
that are consistent with being produced in the decay v•+ --7 D+1r0 • We select 1r0 mesons 
by requiring that the two photon invariant mass is within 3a of the nominal1r0 mass, where 
the energy of each photon is required to be greater than 20 MeV. We calculate the mass 

difference MK-w+w+rro - MK-1r+w+ and if it is within 3a of the nominal value for a D*~ 
decay, that n+ candidate is vetoed. This removes 38% of n•+ feed-down background while 
retaining 96% Of jjO --7 D+£-v signal. 

Using the hermeticity of the Belle detector, we extract information on the neutrino from 

the missing momentum and energy in each event. In the center of mass frame, the total 
momentum of the system is zero, and the total energy is the sum of the two beam energies. 
The missing energy, momentum and missing mass are calculated as follows: 

Emiss = 2Ebeam - EEi, 

Pmiss = -Ef!i, 

M~iss = E~iss - P~iss> 
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FIG. 1. The MC event-generator v+ momentum distributions in the 'X'(4S) rest frame. The 
top histogram is forD+ from B -t v+tv, the middle forB -t D•tv, and the bottom for other B 
decays. 

where the sum is over all reconstructed particles i in the event. If the only undetected 
particle in an event is a neutrino, the missing momentum and energy can be attributed to 
the neutrino in which case the missing mass should be consistent with zero. 

In calculating the missing energy and momentum, we identify each charged particle using 
the lepton and hadron identification devices. We also add the neutral showers recorded in 
the ECL that are not matched to any charged track. Moreover, we require that the shower 
shape is consistent with that of a photon and the deposited energy is greater than 30 MeV 
for the barrel region and 50 MeV for the endcap. 

For the Emiss and ~iss measurements, it is crucial to reconstruct all the particles produced 
in the event. Since the initial state is charge-neutral, we should have a net charge of zero 
if we detect all the particles and nothing extra. Hence, we require that the net charge, t:l.Q 
in the event should be close to zero to reject events with other missing charged particles. 
In Table I, we compare the effects of a !l:l.Q[ requirement on the resolution of the missing 
momentum for signal MC. In this table, the resolution and shift values are obtained by fitting 
the distribution of Pmtss - Pv with a Gaussian shape, where Pv is the generated momentum 
3-vector of the signal neutrino. In the MC, 81% (77%) of signal (background) events survive 
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FIG. 2. The invariant mass distribution for D+ -t K-71"+71"+ candidates, fitted to a Gaussian 
signal plus a linear background function. 

Jl:.QI ::; 1 requirement, while 41% (36%) of signal (background) events satisfy l!.Q = 0. 
Moreover, the Pmiss resolution for b.Q = 0 events is not significantly better than that for 
Jl:.QJ = 1 events, hence we select events with Jl:.QJ ::; 1. 

Sometimes a particle escapes the Belle detector and leaves undetected energy and mo­
mentum in the event. Most often this happens when the missing particle (not necessarily a 
neutrino) goes down the beampipe. To reject the events with such missing particles making 
significant contributions to Emiss and ~iss. we require I cos9pm; .. l < 0.9 in the CM frame. 
The MC simulation shows that 88% (86%) of signal (background) events pass this cut. 

A variable cos88 _m is defined as the cosine of the angle between PtJO and Pv+t-(= 
Po+ + Pt-), and it satisfies the following kinematic relation: 

2EsEDt - M~ - Mbt 
cosOs-Dt = 2JvsiiPDtl (2) 

Figure 3 shows the cos8s-m distribution. The top figure shows the on-resonance data 
(points with error bars) with generic BB MC overlayed, and the bottom figure shows the 
signal MC. In making these plots, the event selection procedures up to D+ reconstruction and 
the corresponding invariant mass cut are imposed. The signal events are mostly distributed 
within the physically allowed region I cosOs-ml < 1, while the background events extend to 
a much wider range. We require that candidates have I cos 9s-ml < 1. 
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TABLE I. Effects of 1.6.QI cut on the Pmiss resolution for signal MC 

resolution (MeV) 
shift (MeV) 

lt.QI o: 1 
469±18 
164±19 

no requirement 
487±17 
195±18 

TABLE II. Summary of efficiencies and SfN ratio after all cuts. (.8° _,. n+£-fi mode) 

channel 

~ 

e 

S/N 
1.149 
1.148 

efficiency 
2.159% 
2.258% 

Since we expect the missing decay products in signal events to be consistent with a 
single neutrino, we impose the requirement that the missing mass of the event should be 
close to zero. Therefore, we require _-2.0 < M!iss < 3.0 GeV2 /c4

• Figure 4 shows the M!iss 
distributions for data (points with error bars) and ~1C events (open histogram). 

Since the resolution of the momentum measurement is better than that of energy: we 
take (Ep,Po) = (IPmissi.Pmiss) as the 4-momentum of the neutrino. Combining the energy­
momentum 4-vectors for the reconstructed n+ meson, the signal lepton and the neutrino, 
and using the constraint of energy-momentum conservation, we obtain the variables for full 
B decay reconstruction, i.e. the beam constrained mass M8 and the energy difference D._E 
defined as below: 

tlE = E..,m- (Ev+ + E,- +E.), 

Ms = JE~ -!Pv+ +Pi- +aPol2• 

(3) 

(4) 

We select events with b.E close to 0, by requiring -0.2 < b.E < 1 (GeV) and impose that 
condition D.E = 0 with a= 1 + D.E/EP as shown in the Eq. 4, in the calculation of M8 . 

After all cuts are applied, we measure the yield in the Ms signal region defined as 
Ms > 5.24 GeVJt?. Figure 5 shows the Ms distributions after all other event selection 
criteria. The points with error bars represent on-resonance data. Here the combinatoric 
background is already subtracted. Also displayed in the figure are various background 
components. Table II shows the signal efficiency and the corresponding signal-to-background 
(SJN) ratio after all cuts are applied. In calculating the SJN ratio in Table II, it is assumed 
that B(B0 --> v+e-v) = 2%. 

Table III lists the number of signal events and estimated backgrounds in the signal 
region, after all event selection criteria are applied. Using the signal efficiency € = 2.21% 
and sub-decay branching ratio B(D+ -t x-n+n+) = 9.0% !15], we obtain the branching 
ratio B(.i3° -t n+e-v) = (2.07 ± 0.21)%, where the error is statistical only. 
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TABLE III. The number of signal and backgrounds in the signal region after all event selection 
criteria are applied. (Jio -t n+t-v mode) 

total yield 431±20.8 
combinatoric 121±11.0 
correlated 60.1 
uncorrelated 7.5 
continuum 5.9 
fake lepton 7.0±0.48 
Signal Events 229.5±23.5 
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• 
cos&..., 

FIG. 3. The cos9s-m distributions (top) for data (points with error bar)and MC events (his­
togram} and (bottom) for jjo --t v+rv signal MC events. The shaded component is the continuum 
and fake lepton background, the hatched histogram is the combinatoric background, the vertical 
hatched histogram is the uncorrelated background, and the crosshatched histogram shows the 
correlated badcground. 
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FIG. 4. M!iss distributions (top) for data (points with error bar)and MC events {histogram) 
and (bottom) for Bo -t D+e-v signal MC events. The histogram shading and normalization is 
the same as that in FIG. 3. 
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FIG. 5. The MB distribution and MC predicted backgrounds for the J3o """'* D+e-v mode. The 
points with error bars show the sideband and fake lepton subtracted data and the MC predicted 
backgrounds are shown as the histograms (shaded with the same convention as FIG. 3). 
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c. The J3o """'* D•+e-v mode 

We study the .B0 -t n•+t-v (l = e, p) decay mode using the subsequent decays 
n•+ -7 n°n+ and no -t K-n+ or no -t K-n+n°. We require the same hadronic event 
selection criteria as described in Sec. IIIB. To suppress background from e+e- -t qij con­
tinuum events, the same cut on the 2nd Fox-Wolfram moment (~ < 0.4) as described in 
Section III B is applied. 

Each event is required to contain at least one electron candidate with the CM momentum 
Pt in the range between 1.0 GeV jc and 2.45 GeV jc, or at least one muon candidate with 
CM momentum in the range between 1.4 GeV /c and 2.45 GeV /c. Hadrons are identified 
using the same method as described in Section III B. Candidate n° mesons are detected 
using pairs of neutral clusters detected in· the ECL that are consistent with being a photon 
and not matched to any charged track. 

After identifying the particles, we search for no signals in the modes n° -t K-n+ 
and no -t K-n+n°. In the first mode, after a K-n+ combination is selected, we use 
kinematic fitting to find the K-n+ vertex position and the momentum vector of each particle 
is recalculated after the fitting. In order to select events with well reconstructed n° decay 
vertices for x-n+ candidates, the impact parameter of each daughter particle was required 
to be less than 0.5 em with respect to the vertex position. 

For the three-body n decay, we first find the vertex position by using only the K-n+ 
tracks in the kinematic fitting, then this vertex position is used in a D0 mass constraint fit 
that includes the n°. A similar requirement on the impact parameter of the K-n+ tracks is 
also imposed. The n°-+ x-n+ candidates must have a K-n+ invariant mass within 3u of 
the nominal D 0 value. The mean and width of the J(--;r+ invariant mass peak in the data 
are 1.865 Ge V / c?- and 6.2 MeV/ c?-, respectively, and are consistent with the Monte Carlo. 

Next we combine D0 candidates with charged pion candidates to fully reconstruct the 
n•+ meson in the mode n•+ -+ D0-;r+. We call this additional pion the slow pion (tr.s) 
because its momentum is less than 225 MeV fc in the Y(4S) CM frame. To improve the 
resolution of the mass difference (&m = MKr.:r~- MKr. or MK1111or.~- MKr.r.o), the D0 -
n; vertex is fitted using the position information of the interaction point (IP). Figure 6 
shows the Om distribution. The peak value of the mass difference is 145.4 MeV jc?- and 
the corresponding width is approximately 400 ke V / c?-. VIe select n•+ candidates in both 
channels by requiring that &m be within 2 MeV /c2 of the peak value. The momentum of 

n•+ candidates must satisfy IPv·lf}E~- M'jy. < 0.5 to be consistent with coming from a 

B decay. We also kinematically fit the n°-lepton vertex, and the lepton momentum vector 
is recalculated requiring that the lepton track originates at this new vertex. 

Similar to the previous section, we have a missing neutrino in the final state and we use 
missing energy and momentum to extract the information on the neutrino. In this analysis, 
however, we use the information on the missing neutrino only to require consistency by 
making a loose cut on MB· For signal events, we expect M~iss = M; = 0, where in the event 
CM frame 

M~,~ = (Pn- PD·t)2 = M~ +ME,.,- 2EnED·t+ 2IPniiPD·tl cosOn.D·t- (5) 

Here Ps and Pv·t are 4-vectors, while P denotes 3-vectors. Although the angle Os,v·t 
between the B and (D•+ + l) momentum direction is unknown, one can neglect the last 
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FIG. 6. The Om distribution. The solid circles represent the distribution after slow pion ver­
texing using the IP profile information while the open triangles show the distribution without 
including the slow pion in the vertex. 

term since the B meson is produced almost at rest. Thus we obtain: 

M!iss = M~ + Mb.! - 2EsEv·t 

A cut on M~iss is effective to suppress the iJ -t D .. fii decays, hence we require M;.iss < 1.0. 
The quantity cos8s,v•t is highly correlated with Mmiss. nevertheless we impose the kinematic 
conSistency condition with the requirement I cos8s,v•tl < 1. Figure 7 shows the cos 88 ,0 .,_ 

distribution for signal MC events, generic BB MC events, a~d continuum MC events. 
By attributing the missing energy and momentum to the undetected neutrino and using 

the fact that the sum of energies of the B decay products in the CM frame is equal to the 
beam energy, M8 is calculated as follows: 

,, - - P.-1' Ms = yEbeam -IPv·+ +Pt+ v , 

where Pv is obtained from missing momentum as in Sec. III B. We require M8 > 5.0 GeV jc?. 
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FIG. 7. Cosine of the angle between Band D•£ direction in MC: the top figure is for the signal 
MC events, the middle plot is for generic BB MC events, and the bottom one is for continuum 
MC events. 

The reconstruction efficiencies for 13° ~ n•+e-v decays are calculated using a MC 
event sample that is processed through the full detector simulation and reconstruction, and 
corrected for data/MC differences in hadron and lepton identification. The track-finding 
efficiency is checked with real data by comparing 1J-+ 11'"+7r-7r0 and 1J ~II decays. Table IV 
shows the signal efficiency values for four separate subsamples. The values do not include 
sub-decay branching fractions. Table V shows the number of events in the signal region 
as well as the estimated backgrounds after all. event selection criteria are imposed. The 
numbers are displayed separately for each subsample of the anaiysis. 

The signal yield is determined using the 2-dimensional distribution of C vs. M~i$$1 

where C is the coefficient of cos8s,v·t in Eq. 5 i.e. C = 2lfisllfiv·tl· Figure 8 shows 
a scatter plot of C vs. M~i" for real data, while the four plots in Fig. ·9 correspond to 
signal MC and generic BB MC events. In each plot, the signal region is inside a triangle 
that is the kinematic boundary determined by Eq. 5 [14]. Combining the results of the 
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TABLE IV. Efficiency for each mode where the error contains the systematic uncertainties. 

Mode K-~+ (e-) K-~+ (!'-) K-1T+1T0 (e-) K-1T+1TO (Jt 

efficiency (%) 5.6± 0.39 4.8± 0.43 1.0± 0.07 0.97± 0.09 

four sub-decay modes weighted by their statistical errors, we obtain the branching ratio 
B(B0 -l- n•+e-v) = 4.74 ± 0.25 (%),where the error is statistical only. 

IV. SYSTEMATIC UNCERTAINTIES 

In the 13° -t n+e-v analysis, the systematic uncertainties are studied separately for ad­
ditive and multiplicative terms. The additive terms are related to the background estimation 
while the multiplicative terms are related to obtaining the signal yield and the efficiency. 

For systematic errors related to the signal efficiency, we consider uncertainties in the 
efficiency of the n+ reconstruction with the single lepton condition, hadron identification 
efficiency, the number of BiJ pairs, aD.d the D+ -t K-1r+1r+ branching fraction. Summing 
these uncertainties in quadrature, the relative uncertainty (&B/B) in the branching ratio 
measurement is 11.2% (see Table VI). 

Since we rely on MC simulation to estimate the correlated backgrounds, we vary the rela­
tive fractions of D .. fv and Dnfv within the constraint of the measured inclusive semileptonic 
branching fraction [16] and estimate that the relative error due to correlated background is 
7.8%. Because of a substantial correlation in the charge and momentum between the D+ 
and e-, the amount of uncorrelated background is small Similarly, background from the 
continuum is very small. Hence, even assuming large uncertainties in these backgrounds 
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TABLE V. Summary of the signal yield and background estimation for the J3o--+ n•+t-v mode. 

Mode I r~+re-ll r~+r,-ll K-~+~•r·-ll K-1r+7ro(~-) 
-- --

Raw yield 203 ± 14.2 154±12.4 162± 12.7 128±11.3 

Combinatoric 26 ± 3.7 16 ± 2.7 46 ± 6.2 32 ± 5.4 

Correlated 4 2 5 3 

Uncorrelated 2 I I 0 

Lepton fake I 1.7 0.8 1.4 
Continuum I 0 I 0 

Net yield 169±14.7 133±12.7 108 ± 14.2 92 ± 12.5 

TABLE VI. Summary of relative systematic errors (D..B/8) on the B(Bo --7 n+t-v) measure­

ment. 

multiplicative systematic uncertainty (%) 
D+ & single lepton requirement 
hadron ID effi. correction 
Number of BB events 
B(D+ -4 K-1r+1r+) 

additive systematic uncertainty(%) 
correlated background 
other background 
MC adjustment study 

total 

8.7 
2.1 
1.0 
6.7 

7.8 
0.9 
5.8 

15.0 

makes a negligible difference in our result. We vary the lepton misidentification probability 
by 25% from its nominal value and find that the systematic uncertainty is less than 1%. 

To assess the uncertainties in our MC simulation, we vary several performance-related 
parameters in our simulation including the track-finding efficiency, track momentum reso­
lution, photon finding efficiency and energy resolution. Summing each deviation from the 
standard analysis result in quadrature gives a relative uncertainty of 5.8%. 

The resulting relative systematic errors in the measurement of B(iJ0 -t n+e-v) are 
summarized in Table VI. 

For the jjo -t n•+ e- ii analysis, we estimate the systematic errors separately for different 
sub-decay modes. However, some systematic uncertainties are common to all four sub-decay 
modes while others are common to two sub-decay modes; in such cases, we use the common 
values for systematic uncertainties. 

The possible sources of multiplicative systematic uncertainties in this mode are : lepton 
and hadron identification efficiencies, track-finding efficiencies, slow-1r efficiency for D* re­
construction, number of BE pairs in the event sample and the sub-decay branching ratios. 
As in the n+ fv mode, the systematic uncertainties related to background estimation are 
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TABLE VII. Summary of relative systematic errors on the 8(.8° __,. n•+e-v) measurement. 

Error Source 
N(BB) 
B(D*+ -+ D01r+) 

Tracking reconstruction efficiency 
Kaon identification efficiency 
Slow pion efficiency 
Subtotal for common sys. err. 
8(D0 decay) 
Lepton identification efficiency 
Variation of cuts 
Combinatoric background 
Correlated background 
Other background & fake leptons 
Subtotal for non-common sys. err. 

I K-w+e-1 K-,+1'-1 _K-w+w•e-1 

2.0 
0.9 
1.7 
3.6 
2.9 
5.86 I 

!l.B/8(%) 
1.0 
2.0 
3.7 
4.0 
4.4 
7.5 

2.3 6.5 
5.0 2.0 
1.1 1.0 
2.3 3.7 
2.3 4.6 
2.2 2.7 
6.83 I 9.45 I 

K-1r+1rOJ.'-

5.0 
1.1 
3.2 
4.3 
4.3 
10.8 

also considered. In addition, we vary the event selection criteria and take the deviation from 
the standard result as another source of systematic uncertainty. 

The resulting relative systematic errors in the BCB0 -) n•+e-v) measurement are sum­
marized in the Table VII. If we calculate the weighted average as described in Section III C, 
the combined relative systematic error is 10. 7%. 

V.SUMMARY 

From the results in Sections III and IV, we obtain the following preliminary exclusive B 
semileptonic branching fractions: 

!1(B'-+ v+r;;) = 2.01 ± 0.21 ± o.31 (%) 
!1(B'-+ v•+e-;;) = 4.74 ± o.25 ± 0.51 (%) 

where the first error is statistical and the second one is systematic for both measurements. 
These results are consistent with existing measurements. [14,17) 

We have shown that information on an undetected single neutrino can be reliably ex­
tracted by kinematic constraints with the Belle detector. With more data which will be 
accumulated soon, we will apply this method to make precise measurements of the CKM 
matrix elements Vcb and Vub· 
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