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Based on 660 fb~! of data collected in e*e™ collisions at the centre-of-mass energy of the Y(4S)
resonance and 60 MeV below by the Belle detector at the KEKB collider, we search for flavour-
changing neutral current decays D° — u*u~ and D — e*e™, and for lepton-flavour violating
decays D° — et ¥,
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1. Introduction

In the standard model (SM) the flavour-changing neutral current (FCNC) decays DY — ete”
and D° — putu~ [1] are highly suppressed by the Glashow-Iliopoulos-Maiani mechanism [2].
Branching fractions for such modes in the SM are around 10~!3, considering long distance contri-
butions [3]. The SM forbids lepton-flavour violating (LFV) decays D° — ¢* T, however they are
possible in extensions of the SM with massive neutrinos and the branching fractions in such cases
are expected to be of the order of 10~1% [3]. At the current experimental sensitivity we are unable
to observe any of these decays.

Contributions from new physics (NP) scenarios can enhance FCNC branching fractions by
many orders of magnitude. For example, R-parity violating supersymmetry can enhance the branch-
ing fractions of D° — ete~ and D° — ptu~ up to 10712 and 1078, respectively [4]. The current
experimental sensitivity is close to the latter prediction. As a way to explain the small discrepancy
between the measured value of the Dy meson decay constant and the prediction of lattice QCD so
far unobserved leptoquarks were suggested [5]. To comply with constraints from charm physics
and ascribe the decay constant discrepancy to a leptoquark contribution, % (DO —ut ,LF) should
be enhanced up to 8 x 1077 [6].

2. Measurement

Based on a data sample of 660fb~! of data recorded by the Belle detector at the KEKB collider,
we searched for the decays D° — u*u~, D® — ete™ and D° — e*uT. To reduce combinatorial
background we consider in the analysis only D° mesons coming from ¢ - quark production in the

continuum e™

e~ — cc. Only D° mesons coming form D** — D" decays are considered, since
this considerably improves the purity of the reconstructed samples. To cancel various systematic
uncertainties we normalise the sensitivity of our search to topologically similar D° — 777~ decays.
The signal efficiencies &y and &€z, are evaluated using signal Monte Carlo simulation, based on
EVTGEN [8] and GEANT?3 [9].

In order to avoid biases, a blind analysis technique has been adopted. The decays we are
searching for D — ¢*¢~ decays are not expected to be observed at the current sensitivity, con-
sequently we maximise the figure-of-merit, .# = &y /NuyL, where &, denotes the efficiency for
reconstructing D° — ¢T¢~ decays, and Ny is the Poisson average of Feldman-Cousins 90% con-
fidence level upper limits on the number of observed signal events that would be obtained with the
expected background and no signal [12].

We categorize the background into two groups: (1) a smooth combinatorial background, and
(2) a peaking background from the misidentification of D® — 77~ decays. The sideband region
is used to determine the number of combinatorial background events in the signal region.

The signal like background due to misidentification of D’ — 7+ 7~ decays is estimated in two
steps. Firstly, we reconstruct D — 7+ 7~ decays in data so that the pion mass is replaced with the
lepton mass. Secondly, each event is weighted with the pion-lepton misidentification probability
and pion identification efficiency. The misidentification probabilities and efficiencies are measured
in data using D** — D° 77, D° — K~z decays, binned in particle momentum p and cosine of
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polar angle. We find only a significant contribution of the misidentification of D° — 7+ 7~ decays
in the D® — u*u~ decay channel (1.8 events).
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Figure 1: The invariant mass distributions for (a) D° — u*u=, (b) D — e*e™, and (c) D — e*uT.
Superimposed on the data (open histograms) are the estimated distribution for combinatorial background
(filled histogram), the misidentification of DY — mtm~ (cross-hatched histogram), and the signal if the
branching fractions were equal to the 90% confidence level upper limit (single hatched histogram). The
dashed vertical lines indicate the optimised signal window [10].

Figure 1 shows the invariant mass distributions after applying the optimised event selection
criteria. We find in the signal region two candidates in the D — pu*u~, zero candidates in the
DY — ete™ and three candidates in the DY — e*uT decay mode; the estimated backgrounds
(3.1£0.1, 1.7+0.2, and 2.6 £0.2 events respectively) are consistent with the yields in the sig-
nal window. For the means of normalisation a binned maximum likelihood fit is used to determine
the number of D° — 7+ 7~ candidates. We use the programme pole. f [11], which extends the
Feldman-Cousins method [12] by the inclusion of systematic uncertainties, to calculate the branch-
ing fraction upper limits.

3. Conclusion

Using the Belle detector we have searched for the FCNC decays D° — ptu~ and D° — ete™,
and the LFV decays D — ¢*u¥ and have found no evidence of these decays. The upper lim-
its on the branching fractions at the 90% confidence level are % (DO — ,LL*,u*) <14x1077,
B (DO — e*e*) <7.9x107% and & (DO — eipﬁ) < 2.6x 1077 [10]. In comparison to previ-
ously published results [7] our results represent an improvement by factor of 9 for D — u*u~
decay, by a factor of 15 for D® — e¢*e~ decay and by a factor of 3 for D° — e* ¥ decay. The
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CDF collaboration has recently published a result on the upper limit for the DY — u*u~ branch-
ing fraction [13]; however our result still remain lower and can further constrain the parameters of
NP scenarios. The result brings some tension into the explanation of the anomaly in the measured
D} — utv width with a leptoquark contribution [6].
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