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Using the ARGUS detector at the e+e- storage ring DORIS II at DESY we have updated our result on charmless semileptonic 

B decays and searched for direct evidence for b-u transitions through reconstruction of complete events. This approach has 

successfully identified two I”( 4s) events which contain B meson decays to a non-charm final state. In one case, a B” meson is 

found in the channel x+u-0, while in the other a decay B+ -qt+v is seen. These events show that the previously observed signal 

of charmless semileptonic B decays is due to b+u transitions from which we obtain 1 Vu,/ Vcb I= 0.1 1 ? 0.0 12 using the model of 

Altarelli et al. 

Leptons with momenta beyond the kinematic limit 
for b--+&-9 transitions #’ have been observed in 
I’(4S) decays [ 1,2]. These are thought to originate 
from b+uQ-9 transitions, thereby implying that the 
Kobayashi-Maskawa matrix element I’,,, is non-zero. 
This conclusion has important consequences for the 
standard model description of the origin of CP vio- 
lation, which requires a finite value for V,, [ 3 1. The 
direct observation of b-+u transitions through recon- 
struction of exclusive B decays has not been success- 
ful so far [4,5]. 

In this paper, we report on an update of our inclu- 
sive analysis of b-+&v decays [ 1 ] and on a search 
for exclusive decays of this type using the ARGUS 
detector at the e+e- storage ring DORIS II. An at- 
tempt to determine branching fractions for exclusive 
semileptonic decays has only led to the upper limits 
BR(B-+p’lL-O) < 1.1 x 10e3 and BR(B’+x+P-o) 
< 0.9 x 1 0d3 with 90% CL. Details of this analysis, 
based on the missing mass squared technique [ 61 and 
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on strong continuum-suppressing cuts, can be found 
in ref. [ 7 1. The model depending V,, limits deduced 
from this result, e.g. ( Vu, 1 -c 0.007 (90% CL) using the 
model of WSB [ 81 are higher than the measured value 

for Iv,bl [Il. 
The new inclusive analysis uses a sample contain- 

ing 202 000 r( 4s) decays collected during the period 
1983 to 1989 and corresponding to an integrated lu- 
minosity of 237 pb-‘. The analysis leads to an up- 

dated value of BR(B+XJ!+v, 2.3~~~~2.6 GeVlc) / 
BR(B+XIL+v,2.0<p,<2.3 GeV/c) and forms the 
basis of a further investigation, which explicitly dem- 
onstrates that there are bAu transitions beyond the 
kinematic limit for b-+c transitions through the com- 
plete reconstruction of two r(4S)+BB” events. In 
both cases, one of the B mesons is seen in a semilep- 
tonic channel containing non-charmed hadrons. The 
continuum sample for this analysis consists of 98 pb- ’ 
collected at center-of-mass energies about 100 MeV 

below the Y(4S) mass. The ARGUS detector and its 
particle identification capabilities have been de- 
scribed in detail elsewhere [ 9 1. Event selection cri- 
teria are similar to those described in our published 
study of inclusive leptons from I’( 4s) decays [ 11. 

In the search for semileptonic b-+u transitions, 
background events containing leptons originating 
from the e+e- continuum or from b-tc transitions 
must be strongly suppressed. This is achieved either 
by requiring a single fast lepton, and applying addi- 
tional restrictions on event topology and missing mo- 
mentum, or demanding two leptons. We concentrate 
first on the single-lepton sample, and return to the 
dilepton events below. Signal events for b-+u transi- 
tions were selected by requiring a single lepton with 
momentum between 2.3 and 2.6 GeV/c, where the 
contribution from b-+c transitions is small. As dem- 
onstrated in our previous paper [ 11, the dominant 
source of continuum background in this region can 
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be sharply reduced by exploiting the different topol- 
ogies of continuum and T(4S) events, and by using 
the fact that the presence of an energetic neutrino in 
the decay B-+X,Q+v manifests itself as large missing 
momentum in the event. The topology requirement 
was implemented in the original study by demanding 
a large sum of momentum transverse to the lepton, 
in a restricted angular region perpendicular to the 
lepton direction. The probability that the event con- 
tained an energetic neutrino was greatly enhanced by 
demanding that the missing momentum, Pmiss, ex- 
ceeded 1.0 GeV/c. Furthermore, the neutrino and 
charged lepton were forced to be back-to-back by re- 
quiring the angle p between the lepton and missing 
momentum direction to satisfy cos P-C -0.5. 

To enlarge the available sample further, and alter- 
native analysis has been devised which increases the 
overall acceptance for b+u leptons. This is achieved 
by first exchanging the topological cut with a require- 
ment that the cosine of the angle (Y between the direc- 
tion of the lepton and the thrust axis of the rest of the 
event satisfies ) cos a I < 0.75. As demonstrated in fig. 
1, continuum events are strongly peaked near 
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Fig. 1. Distribution of cos (Y for direct r( 4s) decays (points with 

error bars), continuum events (shaded histogram, before scaling 

by the luminosity ratio 2.42), and Monte Carlo generated T(4S) 

events where one B decays via B”~p”Pv (open histogram, nor- 

malized to the direct T(4S) data). (Y is the angle between the 

direction of the lepton (3.2 ~p~c2.6) and the thrust axis of the 

rest of the event. 

1 cos (Y 1 = 1, reflecting the two-jet topology of these 

events, in contrast to the uniform distribution of 

Y’(4S) events. Secondly, the requirement that the 

lepton and the missing momentum be back-to-back 

was replaced by a restriction that the squared mass of 

the hadronic system recoiling against the lepton and 

missing momentum, Mi z [Ebeam -Ep- -Pmlss12 - 

[pp- +Pmiss12, must lie in the interval ]Mi 1 < 1.5 

GeV ‘/c4. The detection efficiency for events which 

pass either the original, or the modified requirements 

amounts to (50 * 7)%. 

The lepton spectrum for events which satisfy either 

our original or the revised selection criteria is shown 

in fig. 2 for direct Y( 4s) decays and continuum data, 

respectively. In the signal region, defined as lepton 

momenta between 2.3 and 2.6 GeV/c, 109 leptons 

are observed in the l’( 4s) data. To obtain the num- 

ber of leptons from direct r( 4s) decays the contin- 
uum contribution has to be subtracted. This contri- 
bution is determined from the continuum data taking 
into account the different luminosities and center-of- 
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Fig. 2. Lepton momentum spectra for (a) T(4S) data after con- 
tinuum subtraction and (b) scaled continuum. 
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mass energies for continuum and Y( 4s) data (table 
1). Contributions from the tail of the b-+&-v pro- 
cess are small; the same is true for contributions from 
faked leptons and from J/v production in B decays 
where the J/~+I decays into a lepton pair of which only 
one lepton is observed (table 1). 

An updated analysis of the dilepton events [ 1 ] re- 
sults in 23 events having a lepton with momentum 
between 2.3 and 2.6 GeVlc which mainly come from 
b+u transitions (fig. 3 and table 1). Combining the 
single lepton sample with the dilepton one (fig. 4) 
there remains, after subtraction of all backgrounds, a 
combined signal of 77.1? 13.4 events from charm- 
less B decays, containing a lepton with momentum in 
the range 2.3 <pe- < 2.6 GeV/c (table 1). The shape 
of the spectrum in this interval is compatible with the 
predictions for semileptonic b-+&-v decays [ 8,1 O- 
121. However, using only this restricted portion of 
the full momentum spectrum, it is not possible to dis- 
criminate between the available models. Events con- 
taining electrons or muons contribute about the same 
number of events to the signal, as expected from their 
similar acceptances. The observed lepton rate for b+u 
transitions in the momentum interval of 2.3 <pa - 
< 2.6 GeV/c can be compared to the lepton rate from 
Y(4S) decays in the range 2.O<p,- ~2.3 GeVlc: 

BR(B-+X,Q+v, 2.3~~~ ~2.6 GeVlc) 

BR(B+XQ+v, 2.0~~~ x2.3 GeV/c) 

=(5.4?0.9?0.8)%, 

where the first error is determined from the errors on 
the event rates and the second error is due to the un- 
certainty in the detection efficiency. From this result 
the ratio I Vu,/ Vcb) can be calculated using model 
predictions for the semileptonic decay rates and lep- 
ton momentum spectra for b-+&-v and b--&-v. 
Using the ACM model [ lo] we obtain ] V,,/ 
Vcb I = 0. 1 1 + 0.0 12. Similar results are found using the 

WBS [8] (I Vub/VcVcbI =0.13?0.015) andKSmodels 
[ll] (IV,,/~~~I=O.11+0.012), while the GISW 
prediction [ 121 yields a much larger value ( ) Vub/ 
V,,l =0.20&0.023). 

In order to show that the excess of high momentum 
leptons (2.3<p,- ~2.6 GeV/c) observed in the 
Y(4S) data do indeed originate from b-+uP-v tran- 
sitions, we have made a systematic attempt to com- 
pletely reconstruct the signal events. On the basis of 
Monte Carlo studies, and our previous experience 
with tagging B decays in the data, the reconstruction 
rate using all B decay channels involving D mesons 
is about 1.6%. Here D meson should be interpreted 
as Do, D+, D*O, D*+ and their charge conjugate states. 
The final state of the B decay was required to contain 
no more than eight charged particles and six photons. 
Therefore we anticipate approximately one complete 
event in our combined single-lepton sample since the 
multiplicity of hadrons is small in the b+uR-O de- 
cays with high momentum leptons. 

As a result of a search for a hadronic B tag in the 
indicated decay modes in the data, one fully recon- 
structed event was found, consistent with this expec- 

Table 1 

Observed single-lepton and dilepton events in the momentum interval 2.3 <pn < 2.6 GeV/c and estimated backgrounds. 

T(4S) Single leptons Dileptons 

e u e u 
52 57 12 11 

backgrounds: 

total background 

continuum (scaled) 10.7 19.9 0.8 0.8 
b-+c 5.5 6.3 1.2 1.3 
J/w 1.0 0.7 0.2 0.1 
fakes 1.3 2.8 0.8 1.5 

18.5L3.1 29.7k4.3 3.0+ 1.0 3.7*0.9 

signal 

combined signal 

33.5k7.8 27.3k8.7 0.9+ 3.6 7.3 ?I 3.4 

77.lk13.4 
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Fig. 3. Lepton momentum spectrum from dilepton events for 

r(4S) (crosses) and scaled continuum (histogram) data. 
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Fig. 4. Combined lepton momentum spectrum for direct r(4S) 

decays; the histogram shows the expected shape of the b-c 
contribution. 

tation. The event is shown in fig. 5, and consists of a 
r( 4s) decay into a pair of Do mesons, indicating that 
one B” meson has oscillated into a B”. Thus, the event 

simultaneously demonstrates the existence of b-+u 

transitions and BOB0 mixing [ 13 1. The hadronic B” 
tag was reconstructed in the mode BO-+D*+p-. The 

second B” meson was seen in the channel B”+ 

x+u-v, representing the first direct observation of a 

b-tu transition. Relevant kinetic quantities for this 

event are listed in table 2. All measurements of inter- 

mediate masses and momenta agree well with ex- 

pected values. The mass of the B meson is obtained 

from an energy constraint fit. 

Possible background sources to this event have been 
evaluated. The probability for mis-interpretation is 

substantially reduced by the existence of a charged 

D* in the event. Also of particular importance is the 

fact that the missing momentum Pmiss= (2.667 

kO.034) GeV/c coincides within errors with the 

missing energy Emiss= (2.711 kO.027) GeV in the 

event. Since the missing momentum vector points 
into the barrel region of the detector, where no inter- 

action is observed, we conclude that the missing par- 

ticle is a neutrino. The u- lepton is well measured, 

with hits in all three layers of the muon chambers. If 

the lepton were actually faked by a hadron, the miss- 

ing particle could also be a non-interacting IL:. How- 
ever, this hypothesis is ruled out for most b-c de- 

cays, since such a hypothetical, high momentum Kf 
would be beyond the kinematic limit for all but a se- 

quence of two-body decays. Since the invariant mass 

formed by a missing Kt with either the soft pion or 
the muon lies outside the charmed hadron region, the 

two-body channels can be safely rejected. The possi- 

bility that this decay proceeds via a “penguin” dia- 

gram in the channel B”%K~rc-x+ cannot be ex- 
cluded, but has a probability of less than 1 0v3 due to 

the smallness of the lepton fake rate and the “pen- 
guin” decay rate [ 14,151. Misreconstruction of a 
continuum process is also very unlikely, with a prob- 
ability estimated to be less than lop3 by measuring 
the fake rate for hadronic B tags in the continuum 
data. 

Therefore the only viable interpretation for this 
event is that we have observed a completely recon- 
structed r( 4s) decay, where one B” meson decays via 
a semileptonic b-+u transition into rr+u-v. The event 
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Fig. 5. Completely reconstructed event containing the decay T(4S) +B”Bo, B”+BO, where one B” decays into x+b-0 and the other into 
D*+p-. 

Table 2 

Kinematic quantities of the event in fig. 5, which contains the 

decay r(4S)+B”Bo, B’-+B”, where one B” decays into x+p-v- 

and the other into D**p-. 

HGeVlc) Mass(MeV/?) cos 0 

0.213+0.003 

2.322 + 0.026 

2.667 kO.034 

0.330+0.021 

2.278kO.013 

0.204 + 0.005 
2.074+0.014 

0.602 +0.045 

2.041 _+O.OlO 

2.002 +o. 159 

0.598 + 0.003 

1.518+0.160 

- 0.423 

0.205 
-0.130 

5277.7 t 3.3 -0.12 

2010.0t 1.0 -0.62 

-0.72 

1767$62 -0.61 

114+17 0.27 

494.2 -+ 4.1 -0.70 

747*33 0.64 

0.43 

127f22 0.69 
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is of remarkable simplicity and represents the first di- 
rect observation of b+ul2-B transitions. 

A second event in our sample can also be fully re- 
constructed, with the exception of a missing soft pho- 
ton. In this case one B meson is found to decay in the 
mode B++wp+v (fig. 6 and table 3). The high mo- 
mentum l.t+ lepton again is well measured with hits 
in all three layers of muon chambers. The observed 
difference between the missing energy and the miss- 
ing momentum in the event is about 100 MeV. The 
missing momentum vector points into the barrel re- 
gion of the detector, where no interaction is ob- 
served, as expected for a neutrino. The second B- 
meson most probably decays into the channel 
D*On+~-rr- where D*“+rroDo. The reconstructed Do 
decays into a well identified, low momentum K- and 
three charged pions. As indicated by the imbalance 
between the missing energy and momentum in the 
event, about 100 MeV of energy from the decay of 
the B- meson is carried away by an unobserved pho- 
ton which is needed to reconstruct the rr” from the 
D*O decay. Other interpretations of the event, where 
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r4S + B+ B- 

B--t D*O in+ id- n- 

I BBB 
L Do x0 

1 YI”Y” 

K- 7~; rr+ TT- 
D D 

Fig. 6. I’(4S) decay into B+B-, B++w~+v, B---*D*%c+K-K-. 

Table 3 

Kinematic quantities ofthe event in fig. 6, T(4S)+B+B-, where 

B++o~+v and B-+D*“~+n-x-. 

p(GeVlc) Mass(MeV/c’) cos0 

B+-+wp+v 

w+7t,+rr;s0 1.517kO.016 809k20 -0.12 

aO-?W, 0.378 kO.049 193k34 0.24 

Ir+ 2.368 k 0.023 -0.03 

V I .34 -0.5 

B-+D”aB+x,~gy, 

Do+K-X+X+ - D D% 1.988+0.007 1853k7 0.24 

K- 0.492 k 0.006 -0.36 

SB’ rr,- x,- 1.902~0.012 1345+ 10 -0.09 

YI 0.105+0.024 0.36 

soft neutral particles are exchanged from one B me- 
son to the other, are possible because of the missing 
photon. However, these alternatives do not change 
the conclusion that this event contains a B meson de- 
cay in a b-u channel. 

In conclusion, we have explicitly shown that 

b+uQ-v transitions are responsible for the excess of 
leptons with momentum above pa=2.3 GeV/c by 
completely reconstructing two r( 4s) events contain- 
ing semileptonic B meson decays into a R+ or w me- 
son. In order to obtain a better measurement of the 
strength of the b+u coupling, more examples of ex- 
clusive b-+uQ-v decays will be needed. Their analysis 
would allow a discrimination between the proposed 
models for b+uQ-v transitions, as has already been 
the case for b-+&v decays [ 161. The precise deter- 
mination of the b+u coupling will then help to clar- 
ify our understanding of the Kobayashi-Maskawa and 
mass matrices. 
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