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Abstract. We present a search for the B~ — K~ vv, B~ — 7~ v and B~ — u~ U decays in a data sample
of 82 fb™! collected at the 7'(4S5) resonance with the BABAR detector at the SLAC PEP-II asymmetric
B Factory. We find no evidence of signal for such decays and for all of them we set a 90% C.L. upper
limit. For the B~ — K~ ¥ decay we set a 90% C.L. upper limit of B(B~ — K~ vP) < 7.0 x 107°. For the
B~ — 777 decay we set a 90% C.L. upper limit of B(B~ — 77 7) < 4.1 x 10™*. For the B~ — 1~ ¥ decay
we set a 90% C.L. upper limit of B(B™ — p~7) < 6.6 X 107, All results are preliminary.

PACS. ete™ collisions — Rare B meson decays

1 Introduction

We present a search for the B~ — K vv [1], B~ —
777 23] and B~ — p~ 7 [ decays (charged conjugate
modes are implied) in a data sample of 82 b~ collected
at the 7°(4S5) resonance with the BABAR detector at the
SLAC PEP-II asymmetric B Factory [5].

The B~ — K vv decay proceeds via the flavour-
changing neutral-current (FCNC) b — svv described at
one-loop level in the Standard Model (SM) by “penguin”
and “box” diagrams shown in Fig.[Il The SM expectation

Fig. 1. Electroweak penguin (e~ left) and box (e right) Feyn-
man diagrams for the process b — svv predicted by the SM

for B~ — K~ vv branching fraction is B(B~ — K~ vv) ~
4 % 1076,

The purely leptonic decay B~ — £~ 7 is sensitive to the
Cabibbo-Kobayashi-Maskawa matrix element V,;, and the
B meson decay constant fg, known only from theory [6].
In the SM the amplitude of the process is due to the an-
nihilation of the B meson quark content into a virtual
W boson (Fig.[2). The resulting expression of the bran-
ching fraction is:

_ . Gimp , m} 2 2 2
BB~ = (D)= o m; l—m—QB felVwl“1B,
(1)
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Fig. 2. The purely leptonic B decay proceeds via quark anni-
hilation into a W boson

where G is the Fermi coupling constant, m; and mp are
the lepton and the B meson masses, 7 is the B~ lifetime.
The muon channel is experimentally simpler (a monochro-
matic muon in the B rest frame) but the helicity sup-
pression makes the process quite rare ( B(B~ — p~7) ~
4 %1077 ). The 7 channel is more abundant (SM expecta-
tion from PDG 2002 [7] is B(B~ — 77 7) ~ 9 x 107°) but
the presence of two or three undetectable neutrinos in the
final state makes the background rejection an experimen-
tal challenge. We find no evidence of signal and for each
of them we set an upper limit at the 90% confidence level

(C.L..

2 Samples definition

The searches for B~ — K~ vv and B~ — 7~ 7 are both
performed on two different and statistically independent
samples. This allows to combine the upper limits set on
each sample. The first is the e~ hadronic sample in which
one of the B mesons (tag B) from the 1°(4S) decay is
reconstructed in a set of hadronic modes. They can be
summarized as B¥ — D™ X% where D™*) is a charmed
meson and X7 is a system of charged and neutral hadrons
composed by n;7t + no K+ + ngn® + ng K% (ny = 1,...5,
ng =0,..2, ng = 0,...2 and ny = 0,1) and having total
charge equal to £1. The D*0 is reconstructed in the de-
cay mode D7 and the D° candidate is reconstructed in
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Fig. 3. Fit to the mgs distribution

four decay modes: D® — K+n—, Ktn =70, K*n—ntrn—,
ng*wf The tag B is identified using two beam constrai-
ned kinematic variables, AF and the energy substituted
mass mgg. They are defined as AE = E} — Epeam and
mes = \/[(s/2 + pi - pB)2/E?] — |pB|?, Where E} is the
energy of the B meson and Ejpeqy, is the beam energy,
both in the 1'(4S) frame, /s is the total energy of the
ete” system in the 1°(4S5) rest frame, and (E;, p;) and
(Eg,pB) are the four-momenta of the ete™ system and
the reconstructed B candidate respectively, both in the
laboratory frame. Fig. Bl shows a fit to the mgg distribu-
tion. All remaining tracks and neutral objects are associa-
ted with the recoiling B (signal side). The second sample
is the e~ semi-leptonic sample defined by one B* meson
decaying in D°¢*v,X final state where X is either a pho-
ton, 7° or nothing. The two samples are mutually exclu-
sive and therefore statistically independent. In both cases
there is a strong suppression of the continuum and com-
binatorial background but the reconstruction efficiency is
of the order of 0.25 — 0.30%.

3 Search for the B~ — K~ vv decay

The search for B~ — K~ v¥ is based on the hadronic sam-
ple (Sect.[2). The tag B yield is obtained from the peaking
component of the mgg distribution. The signal region is
defined by 5.272GeV/c?> < mps < 5.288 GeV/c?. Events
in the region 5.225 GeV/c? < mgs < 5.265 GeV/c? are re-
tained for background studies. Combinatorial and conti-
nuum background are reduced by cutting on the thrust
angle ©T and the |cos©T|. Candidate events are required
to have one signal-side charged track identified as a kaon
having momentum in the center-of-mass (CM) frame grea-
ter than 1.5 GeV/c. A veto on 7¥ candidates is imposed. In
addition, cuts on the signal-side residual neutral energy,
FEeyrtra, and the direction of the missing momentum vec-
tor in the CM-frame are applied. The overall efficiency
is €10t = (0.046 £ 0.005)%. The uncertainty on the effi-
ciency is due to both statistics and systematics. Backgro-
unds consist primarily of BT B~ events in which additio-
nal particles are not reconstructed. Three events have been
observed in the signal region, with an expected backgro-
und 2.7 4+ 0.8. The limit B(B~ — K~ vv) < 1.05 x 1074
is set. This analysis can be combined with the result of
a preliminary BABAR search for B~ — K~ vv reported
in [8], based on a sample of 50.7fb~" of data using the
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Fig. 5. Distributions of the confidence level (e left) and li-
kelihood ratio (e~ right) as a function of B(B~ — 7~ 7). The
dashed (solid) curve corresponds to the case in which the uncer-
tainty on the expected background is included (not included)

semi-leptonic sample (see Sect.[2)). This analysis yielded a
limit of B(B~ — K~ vv) < 9.4 x 10-5 at the 90% C.L.
A combined limit of B(B~ — K~ v7) < 7.0 x 107° at the
90% C.L. is obtained.

4 Search for the B~ — 7~ v decay

Two analysis have been performed. One using the hadro-
nic sample and the other one using the semi-leptonic sam-
ple, as described in Sect. 2l Since the two samples are
statistically independent, the results have been combined.

4.1 Search for B~ — 7~ v using the hadronic sample

We define the signal region on the tag B side to be
—0.09 < AE < 0.06 GeV and mgg > 5.27 GeV/c? and we
use the events contained in the sideband 5.21 < mgg <
5.26 GeV/c? as a control sample for continuum and com-
binatorial background. In the events where a tag B is
reconstructed we search for decays of the recoil B in a 7
plus a neutrino; the 7 lepton is identified in the following
decay channels: 77 — e" vV, 77 — VU, T — WU,
7= = 7 7%, 7= — m 7wtr . Three preselctions are
established according to the 7 decay channels under study.
We require one track and no 7° or one track and one 7% or
three traks and no 7°. The selected track is not identi-
fied as kaon and must be identified as lepton or a pion.
Additional cuts are applied on missing momentum, resi-
dual neutral energy, track momentum and invariant mas-
ses. Backgrounds are mainly from V,, events. The signal
selection efficiency is 11.3%. A likelihood ratio estimator is
used to combine more channels. The total expected back-
ground is 37.6 4.7 & 1.5 and the selected events are 35.
The limit we set is B(B~ — 777) < 7.7 x 10~%. Figure {
shows the C.L. and likelihood ratio distributions.
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Fig. 6. Residual neutral energy spectrum and the fit of the
likelihood function to the spectrum. Dots are the data, the
black line is the global fit, the red line is the background shape
fit and the blue line is the signal shape fit

4.2 Search for B~ — 7~ v using the semi-leptonic
sample

In the events where a tag B is reconstructed we search for
decays of the recoil B in a 7 plus a neutrino; the 7 lepton
is identified in the 7= — e”v¥ and 7~ — p~ vV channels.
Fisrt, we apply a veto on 777~ events. Then we select
the signal events by requiring only one charged track ha-
ving low impact parameter. The track is not identified
as a kaon and is identified as lepton. The residual neu-
tral energy (Ejes¢) is used to model a probability density
function to extract signal and background contributions.
The signal selection efficiency is 22.5%. An extended li-
kelihood fit is performed. In the signal region, defined by
Eiepi < 0.35GeV, the background yield is 258 4 17 is in
agreement with the expectation from extrapolating side-
band data into the Ej.y; signal region, 274 £19. The limit
we set is B(B~ — 777) < 4.9 x 1074,

4.3 Combined limiton B~ — 7~ v

The two independent limits on B~ — 7~ 7 have been
combined using the same stastistical tecnique used in
Sect. 1] to combine more channels. The combined limit
is B(B~ — 777) < 4.1 x 107, A theoretical application
of this result can be found in [9].

5 Search for the B~ — u~v decay

B~ — pu~v is a two-body decay so the muon must be
mono-energetic in the signal B rest frame (B mesons
from 7(4S) — BB decay have a total momentum of
320 MeV/cin the CM-frame). The momentum of the muon
is given by p* ~ mp/2. We select events with one iden-
tified muon candidate. Any other charged tracks or neu-
tral cluster is assigned to the companion B selected using
the kinematic variables AE and energy-substituted mass,
mgs. Events with additional identified leptons are dis-
carded to discriminate against events containing additio-
nal neutrinos. The request on muon candidate momen-
tum to have 2.58 < p* < 2.78 GeV/c is useful to reject
backgrounds that come from B semi-leptonic decays in-
volving b — wupv transitions and from non-resonant qq
(continuum) events where a charged pion is mistakenly
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Fig. 7. Distributions of AF vs mgs in the B~ — p~ 7 Monte
Carlo signal (left) and the data (right). The signal box (side-
band) is represented by the solid (dashed) line

identified as a muon. The cut is asymmetric about the
signal peak due to the decreasing momentum distribu-
tion of the backgrounds. Continuum backgrounds are fur-
ther suppressed using the event shape variables @7 and
|cosOT| (used also in Sect. [J). After applying all selec-
tion criteria and after applying the necessary corrections
to the MC, the B~ — u~ 7 efficiency is determined to be
2.09 £ 0.06(stat) &+ 0.13(syst)%. In the on-resonance data
we find 11 events in the signal box where 5.07]% backgro-
und events are expected. The probability of a background
fluctuation yielding the observed number of events or more
is about 4%.

We set an upper limit on the B~ — p~7 branching
fraction using B(B~ — p~7) < nyr/S where nyy is the
90% C.L. upper limit on the number of signal events ob-
served and S is the sensitivity of the experiment which
is the product of the signal efficiency and the number
of charged B mesons in the sample. To determine the
number of charged B mesons we assume equal production
of B and Bt in 7(4S) decays. Systematic uncertain-
ties are included in the limit. The preliminary result is
B(B~ — p~7) < 6.6 x 1076 at the 90% confidence level.
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