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We report on a search for B — ptpu~ and Bg — utp~ decays in pp collisions at /s = 1.96 TeV
using 171 pb~! and 240 pb~! of data collected respectively by the CDF and DO experiments at the
Fermilab Tevatron Collider. The decay rates of these rare processes are sensitive to contributions

from physics beyond the Standard Model.

The results from the two experiments are a combined

branching fraction limit of B(BY — ptp~) < 2.7 x 1077 and a limit from the CDF experiment of
B(BY — pTp~) < 1.5 x 1077 at 90% confidence level.

1 Introduction

We report on a search for B — ptpu~ !

and BY — ptu~ decays using the upgraded
CDF II and DO detectors at the Tevatron pp
collider. More detailed explanations of the
analysis can be found in Refs.2.

The rare flavor-changing neutral previ-
ously decay B® — utu~ is one of the most
sensitive probes to physics beyond the Stan-
dard Model (SM)3 4 5 6. The decay has
not been observed and is currently limited
to B(BY — utp~) < 2.0 x 107¢ at 90%
confidence level (CL) 7, while the SM pre-
diction is (3.5 £ 0.9) x 1079 8. The limit
on the related branching ratio, B(BY —
ptp™) < 1.6 x 1077 °, is approximately
1000 times larger than its SM expectation.
The B(B? — putpu~™) can be significantly en-
hanced in various supersymmetric (SUSY)
extensions of the SM. Minimal supergravity
models at large tan 3 * 5 6 predict B(BY —
ptp=) < O(1077) in regions of parame-
ter space consistent with the observed muon
g —2 10 and also with the observed relic den-
sity of cold dark matter 1'. SO(10) mod-
els 12
trino masses, predict a branching ratio as
large as 10~% in regions of parameter space
consistent with these same experimental con-
straints. R-parity violating SUSY models
can also accommodate B(B? — u* ™) up to

, which naturally accommodate neu-

1079 5. Correspondingly, the B(BY — ptpu™)
can be enhanced by the same models. Even
modest improvements to the experimental
limits can significantly restrict the available
parameter space of these models.

2 Detectors

The CDF II detector consists of a mag-
netic spectrometer surrounded by calorime-
ters and muon chambers and is described
in detail in Ref.!3. Critical components
of the CDF II detector for this analysis
are a five-layer silicon microstrip detector
(SVX II) which provides precise tracking in-
formation near the beamline'#, a large area
drift chamber(COT) with 96 measurement
layers'®, and four layers of planar drift cham-
bers (CMU)!® which detect muons in the
psudorapidity range n < 0.6 and an addi-
tional four layers of planar drift chambers
(CMP) which instrument 0.6 m of steel out-
side the magnet return yoke!”. The DO de-
tector is similarly designed, though with a
smaller tracking volume and more extensive
angular muon and tracking coverage!'8. The
DO central tracking system consists of a sil-
icon microstrip tracker(SMT) and a central
fiber track(CFT). The muon detector con-
sists of tracking detectors and scintillation
trigger counters in front of toroidal magnets,
followed by two more similar layers, after the
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toroids, which track muons in the psudora-
pidity range n < 2.0

3 Trigger and Preselection

The CDF experiment uses data correspond-
ing to an integrated luminosity of £ =171+
10 pb~'19 while the DO uses £ = 240pb~'.
The data used in this analysis in both ex-
periments are selected by dimuon triggers.
The CDF and DO analysis use multiple trig-
ger paths that are subdivided by the detector
subsystem which trigger the muons. An ex-
ample of a typical trigger is the CDF detec-
tors two CMU muon trigger where the muon
candidates must have transverse momentum,
pr > 1.5 GeV/c. In addition, the two tracks
must originate from the same vertex, be op-
positely charged, and have an opening angle
inconsistent with a cosmic ray event. Finally,
the invariant mass of the muon pair must sat-
isfy M,+,- < 6 GeV/c2.

Both experiments apply a preselection to
the triggered data to form a reduced dataset
for the analysis. CDF requires the muon
candidates to have py > 2 GeV/e, the vec-
tor sum of the muon momenta must sat-
isfy |ﬁ¥+”_| > 6 GeV/c and applies qual-
ity cuts to the muon chamber hit to track
matching and the two track vertex. Simi-
larly DO requires the muon candidates to have
pr > 2.5 GeV/e, |ﬁ:},‘+”_| > 5 GeV/c and ap-
plies muon hit to track matching and vertex
quality cuts.

4 Optimization of Analysis Cuts

Both experiments use a ‘blind” analysis tech-
nique is used to determine the optimal se-
lection criteria. In each case a set of se-
lection criteria are optimized base on simu-
lated signal events and data sideband events.
The selection criteria used in the CDF anal-
ysis are:
pair (M,+,-); the B-candidate proper decay
length (\); the opening angle (A®) between

the invariant mass of the muon
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Figure 1. Arbitrarily normalized distributions of the
discriminating variables for events in our background-
dominated data sample (solid) compared to Monte
Carlo B — utu~ events (dashed).
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Figure 2. L.y significance after the preselection for
signal MC an data events from the sidebands. The
arrow indicates the cut value that was obtained af-
ter optimization. The normalization is done on the
number of signal MC an sideband events after prese-
lection.

the B-hadron flight direction (estimated as
the vector ﬁ}ﬁ“_) and the vector Lz; and
the B-candidate track isolation (I)?°(see fig-
ure 1). DO uses a similar set of variables
only replacing A with transverse decay length
significance Lgy /0Ly, (see figure 2). In opti-
mizing the selection variables CDF optimizes
the uncorrelated variables separately while
DO uses a random grid search over all vari-
ables.

The optimal selection criteria in the CDF
analysis are determined to be a £80 MeV /c?
search window around the B? mass, A >
200 pm, A® < 0.10 rad and I > 0.65.
The criteria used in the DO analysis are
a £180 MeV/c? search window around the
BY mass, L;,/0L,, > 1847 um, A® <
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0.203 rad and I > 0.56. The expected back-
ground in the signal window is 1.1 + 0.3 and
3.7+1.1 for the CDF and DO analysis respec-
tively.

5 Results

With these criteria one event survives the
CDF analysis(see fig. 3) and 4 events sur-
vive the DO analysis(see fig. 4) consistent
with the background expectations. The CDF
events lies in both the BY and BY search win-
dows. We derive 90% (95%) CL limits of
B(BY - ptp™) < 58 x 1077 (7.5 x 1077)
and B(BY — ptp~) <1.5x10°7 (1.9x10°7)
for CDF and B(BY — ptp~) < 3.8 x 1077
(4.6 x 10~7) for DO. The CDF limits used
an older value of f;. Using the same value as
used by D) the CDF limit would be B(BY —
ptp™) < 54 x 1077 (7.1 x 10~7). The two
B(B?% — p*p~) limits can be combined using
a Bayesian technique giving a combined limit
of B(BY — utpu=) <2.7x 1077 (3.4 x 1077)
which is considerably better than the single
limits. The new BY — y*u~ combined limit
improves the previous limit” by a factor of
eight and significantly reduces the allowed
parameter space of R-parity violating and
S0O(10) SUSY models®>'2. The B — ptpu~
limit is slightly better than the recent pub-
lished limit from the Belle Collaboration®.
We expect significant improvements to this
analysis as we work to increase the signal
acceptance and reduce background contribu-
tions. In addition both experiments already
have collected significantly more data.
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