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The decayB? — u*u~ is very sensitive to contributions from new physics proeesdhus the
Tevatron and LHC experiments are hunting for an observatfaBl — u*u~ signal. In this
article the updated search 8 — u*u~ andB® — u*u~ by the CDF experiment is presented.
The CDF result was received with great interest because@ssxver the background expecta-
tion is seen, although of modest statistical significanabsdifi consistent with the prediction of
a standard model signal and other experimental results.
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The flavor-changing neutral current decd8&s— p*u~ andB® — p*u~ are strongly sup-
pressed in the standard model (SM) because they requirernigtier diagrams. Their branching
ratios are predicted to b@.240.2) x 102 and (1.040.1) x 10~1°, respectively [1]. Physics
beyond the SM could significantly alter these values, maktiegdecays a sensitive probe for new
physics. So far thB?s> — utu~ decay was not observed in any experiment and the upper limits
on the branching ratios provide stringent constraints erptrameter space of several new physics
models.

Using a data sample of 7 b collected at the Tevatropp collider, the CDF experiment pre-
sented an updated search By — u*u~ andB® — u*u~ decays [2]. Compared to the previous
CDF result [3] based on a data sample of 2%the sensitivity is improved by the increased inte-
grated luminosity, an extended muon trigger acceptancka amore powerful signal-to-background
discrimination.

Muons are detected by two types of chambers in the centrala(@dity region ofin| < 0.6
and in the forward (F) region of 6 < |n| < 1. Dimuon events are triggered by a pair of muons with
either both muons in the central region (CC) or one in theraéand one in the forward region
(CF). Animproved understanding of the trigger performaalé@ved to increase the acceptance by
20% compared to the previous analysis which excluded regibrapidly changing efficiency.

The two muon tracks are fitted to a common vertex and basangrements [3] are applied.
In the remaining sample, the dimuon invariant mass sigrgibnefrom 5.169 to 5.469 GeV is
blinded and the final selection is optimized using simulatigghal events and background events
from mass sidebands. With a neural network [4] of 14 inpulaides the background could be
suppressed about twice as efficiently as in the previougy/sisdior the same signal acceptance.
Overtraining was avoided by using statistically independeining and validation samples. It was
checked that the neural network selection does not bias #ss miistribution and, usinB™ —
J/WK* decays, that the distribution of the network outpt, is well described by the simulation.

To exploit the varying signal-to-background ratio as a fiorc of vy and dimuon invariant
mass,M+ -, the data is split into bins in both variables. An optimization the expected up-
per limit yields eight bins invy and five bins inM,;+,-. Expected background rates and signal
efficiencies are calculated for each of the 40 bins for the G€C@F sample.

Since the combinatorial background has a smooth dependeridy; -, it is estimated by an
extrapolation from the mass sidebands to the signal reggorga linear function. The sideband
region is restricted t,+,- > 5 GeV to avoid contributions fror® — p*p~X events. Back-
ground fromB meson decays to two hadrons that are misidentified as muand peak in the
signal region. Its contribution is estimated by taking tlmeknatic distribution from simulation,
the normalization from known branching ratios, and momendependent misidentification prob-
abilities measured iD® — K~ rt decays. TheB?s) — h™h'~ background yield is highest in the
most sensitive neural network bin. In tB& search window of the CC sample it is comparable to
the combinatorial background in this bin. TB% — h™W~ contribution in theB? search window
is about an order of magnitude lower. The background estimatocedure was verified on control
samples consisting of muon pairs with like-sign changeh wegative proper decay time, or with
relaxed muon identification requirements.

With the background estimate at hand, one can determineheshttte data is consistent with
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Figure 1: Number of observed events in tB& search region versig,;+ - andvy for the CC (top) and CF
(bottom) sample compared to the background estimation.sysematic uncertainty on the background is
indicated by the hatched area.

background only or whether there is an excess. To obtain @titatave result on th8?5> — Ut
branching ratio in the form of a limit or measurement, thenalgyield is normalized to the number
of Bt — J/YK™ decays which are kinematically similar. The relative efficy is determined
using simulation and muon reconstruction efficiencies meagbkin data. Based on these numbers
1.9 BY signal events are expected in the CC+CF sample in the SM.iF hie first time a non-
negligible contribution from the SM signal is expected iB%— u* u~ search at the Tevatron.

The unblinded data for thB° search window is shown in Fig. 1. It is well consistent with th
background estimation and a 95% C.L. limit@f(B° — u*u~) < 6.0 x 10° is obtained.

In the highesty bin of theB2 search window the data shows an excess over the background
estimate as can be seen in Fig. 2. The level of agreementlisaéyd using a likelihood ratio whose
expected distribution is determined with pseudoexpertmefRor the background only hypothesis
a p-value of 0.27% is calculated. Taking into account the $htribution, it increases to 1.9%.

Since the third highesty bin in the CC sample also shows an excess, the analysis vedalbar
checked for effects which could produce such a peak. Peﬂ%&p@ h*h'~ background is unlikely
because it is not seen in B2 search window. ABJ — T~ signal at this bin is also unlikely
because they distribution is well modeled by the simulation 8 — J/@K™ decays. Peaking
combinatorial background would have been discovered irséection cross-checks or shown up
in theB® — putu~ search. Thus a statistical fluctuation in the third highgsbin is the most
likely explanation. Given the large number of 80 bins coesed in this analysis such a deviation
can be expected. If only the two highasj bins are used to evaluate the agreement with the
background expectation, p-values of 0.66% and 4.1% arenalotdor the background-only and
background+SM hypotheses, respectively.
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Figure 2: Number of observed events in tB& search region versud,+,~ andvy for the CC (top) and
CF (bottom) sample compared to the background+SM signiahasbn. The systematic uncertainty on the
background is indicated by the hatched area.

Given the marginal agreement with the background-only thgsis, CDF performs a mea-
surement of (B — ptu~) = 1.875% x 1078 and sets a 90% C.L. interval ofé#x 10°° <
B(BY — putu~) < 3.9x10°8 This result is consistent with the 90% C.L. limits quoted by
CMS [5] and LHCDb [6]. Although the excess is of modest stitigtsignificance, it is likely that
BY — utu~ signal events contribute to the observed data. In this séese be regarded a first
indication of aB — u*u~ signal which should not be confused with a claim for new ptg/si
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