
Search for Single Top Quark Production via Flavour
Changing Neutral Currents in 8TeV ATLAS data

Motivation

In the Standard Model (SM) single top quarks are produced via charged current interactions with the
W boson. Transitions between top quarks and other quark flavours mediated by neutral gauge
bosons, so-called Flavour Changing Neutral Currents (FCNC), are forbidden at tree level and highly
suppressed at higher orders due to the Glashow-Iliopoulos-Maiani (GIM) mechanism. However, there
exist several extensions to the SM or new physics models, which significantly enhance rates of FCNC
processes compared to the Standard Model predictions [1].

SM 2HDM-III MSSM R-MSSM TC2
t→qg 4.6 · 10−12 10−4 10−4 10−3 10−5

t→qγ 4.6 · 10−14 10−7 10−6 10−5 10−7

t→qZ 1.0 · 10−14 10−6 10−6 10−4 10−5

SM predictions of top quark FCNC decay branching ratios compared to values predicted by several new physics models [1].

Many of these models allow for this, e.g. by permitting FCNC interactions already at tree level
and/or introducing new particles in higher order loop diagrams. Therefore any observation of such
processes would be a strong indirect indicator for new physics.

Methods

Data collected with the ATLAS detector in 2012 at a center-of-mass energy of
√
s = 8TeV are

used and searched for FCNC events in which a light quark (u or c) interacts with a gluon to produce
a single top quark, either with or without the associated production of another light quark or gluon.

Candidate events of top quarks decaying leptonically are selected and classified into signal- and
background-like events using a neural network. If no signal is observed in the neural network
output distributions, new upper limits on the production cross-sections multiplied by the t → Wb
branching fraction and on the coupling strengths of the involved FCNC interactions can be placed.

Details: Signal MC, Neural Network Training & Limit Setting

In 2012 a new MC generator (MEtop) [3] for simulation of the
inclusive direct single top production via strong FCNCs at NLO
approximation became available. In former analyses searching for
strong FCNC direct top production processes in 2011 ATLAS
data [2] so far only leading order generators were used.

Due to the higher integrated luminosity of Lint > 27 fb−1 and
hence statistics available from the 2012 LHC run, the currently
existing limits are expected to be improved significantly within
this analysis. This is further supported by higher cross sections
for these processes from NLO calculations and the increased
center of mass energy of 8TeV for collisions at the LHC in 2012.

The neural network is trained with signal and background events
with a 50:50 ratio. Different background processes are weighted
according to their number of expected events. The network
setup consists of one input node for each input variable and one
bias node, an arbitrary number of hidden nodes and one output
node. In a preprocessing step the input variables are decorrelated
and their significances are determined (see table).

Variable Significance (σ)
qlep 20.7
∆R(lep,b-jet) 15.6

pT
b-jet 13.8

pT
light-jet 12.4

mT
W 11.5

pT
W 10.6

ηb-jet 9.2

pT
lep 6.1

∆φ(lep,b-jet) 6.0
∆R(light-jet,ν) 4.2
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Most significant variables used as input to the neural network ordered by their
importance (left) and preliminary output distributions from the neural network
training using MC evets, normalized to unit area (right).

The resulting output distributions from the neural network
training normalized to unit area are shown in the figure above.
The upper figure on the right shows the neural network output
distribution from the former 2011 analysis [2] after application
on data, normalized to the number of observed events and with
an assumed signal cross section of 100 pb for better visibility.

Similar to [2] a Bayesian statistical analysis using a binned
likelihood method will be applied to the neural network output
distributions. Systematic uncertainties are accounted for using a
direct sampling approach. The posterior density function (pdf) is
obtained by averaging over the individual likelihood distribution
obtained for each sample and gives the probability of the signal

Neural network output distribution after application on 2011 data [2].

hypothesis as a function of the signal cross-section, see lower
figure on the right. Hence by integrating the pdf an upper limit
on the cross-section can be set and limits on the coupling
strengths of the involved FCNC interactions be derived (cf.
results from [2] in the right figure below).

Posterior probability function for observed upper limit at 95% C.L. (left)
and upper limit on the coupling constants κugt/Λ and κcgt/Λ. (right) [2]

Further Work Topics

During 2010 and 2011 the focus of work within the PhD project was on hardware related topics.
These mainly consisted in the development, construction and characterization of prototypes of
Silicon Strip Detector modules, aimed for the upgrade of the current ATLAS Inner Detector to
enable it for operation at a possible future High-Luminosity-LHC (HL-LHC).
Since the beginning of the work various setups for detector module assembly and read-out, testing
of sensors and other related electronics were installed. Several fuctional module prototypes for the
barrel part of the future ATLAS Silicon Strip Detector were constructed and successfully tested.
Similar setups for the assembly and testing of modules for the end-caps of the future
ATLAS Silicon Strip Detector are currently in development.
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