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Searches for flavour changing neutral currents in the top sector
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Flavour Changing Neutral Current (FCNC) processes are forbidden at
tree level in the Standard Model and highly suppressed at higher orders.
This makes FCNC one of the key processes to search for new physics since
any small deviations from the Standard Model expectations could have
a big impact. Both ATLAS and CMS Collaborations have designed a
comprehensive strategy to search for FCNC in top quark physics both in
the production and decay. The strategies followed by both collaborations
are here described, using data from pp collisions at the LHC collected
at a centre of mass energies of 7 and 8 TeV with integrated luminosities
ranging from 5 fb−1 to 20.3 fb−1.
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1 Introduction

In the Standard Model (SM) FCNC processes are forbidden at tree level by the GIM
mechanism and highly suppressed at higher orders. This implies that expected cross
sections for such processes are very small when only considering SM interactions.
Nonetheless different models beyond the SM such as the MSSM, models with 2 Higgs
doublets or models including extensions of the lepton and quark sectors, predict an
increase of several orders of magnitude above the SM expectations, proving a powerful
test for new physics phenomena. Both the ATLAS [1] and CMS [2] collaborations have
defined comprehensive search strategies for FCNC processes both in the production
and decay of the top quark, covering all possible channels associated with FCNC
processes (Z, H, γ and g channels).

2 FCNC processes in the Z boson channel

The ATLAS Collaboration [3] published a search for FCNC processes in the produc-
tion of a tt pair in data collected at

√
s = 8 TeV with an integrated luminosity of

20.3 fb−1. One of the top quarks decays through the usual SM channel (t → bW )
while the other top quark will decay through an FCNC process to Zq. This setup
presents a tri-leptonic topology (both W and Z are required to decay leptonically)
with high missing transverse energy (ET

miss > 20 GeV). Additional requirements are
made in multiplicity of jets (at least 2) and jets tagged as originating from a b-quark
(b-tagged jets). The event is reconstructed by minimising a χ2 which contains infor-
mation from the different reconstructed objects (both top quarks and the W boson)
considering all possible combinations of leptons and jets. Observed upper limits for
the branching-ratio (BR) of t → qZ at a 95% confidence level (C.L.) are set at
7× 10−4.

The CMS Collaboration [4] presents a search for FCNC processes via the Z boson
both in the decay of the top quark, with a tt channel similar to the one previously
described, with the addition of a single-top channel in which the FCNC process
takes place in production. Data collected at

√
s = 8 TeV and with an integrated

luminosity of 19.7 fb−1 were analysed. Both channels focus on a tri-lepton topology,
requiring leptonic decays of the Z boson and the top quark with high missing energy
(ET

miss > 40 GeV). Jets and b-tagged jets multiplicities are used as well in both
channels. Two boosted-decision trees (BDT) are defined using kinematic variables
from the Z boson, top quark and jets and b-tagged jets to better differentiate signal
from background. The output of the BDTs are used as discriminant variables and
observed upper limits are set, at a 95% C.L., for BRs above 2.2 × 10−4 (4.9 × 10−4)
for the t → Zu (t → Zc) channel. Figure 1 (top-left) shows the the excluded region
as a function of the BRs to the c and u channels.
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3 FCNC processes in the Higgs boson channel

When considering FCNC processes where the top quark decays through a Higgs boson
both ATLAS [5] and CMS [6] follow a similar strategy. The searches are designed to
identify a pair of top quarks in which one of them decays through the usual SM channel
while the other one decays through the FCNC decay. Both collaborations present
results for data collected at

√
s = 8 TeV with an integrated luminosity of 20.3 fb−1

and 19.7 fb−1 for ATLAS and CMS respectively. Different topologies are studied,
being sensitive to three different decay channels of the Higgs boson: topologies with
high multiplicity of jets and b-jets (sensitive to the H → bb decay channel), multi-
leptonic topologies (sensitive to H → W+W− and H → τ+τ−) and the di-photon
channel (sensitive to H → γγ). The three channels are then combined to get the final
results.

For the H → bb channel in ATLAS, two probability density functions (PDF) are
defined based on kinematical information from the different reconstructed objects
which are combined into a discriminant variable (D(x)) which allows to differentiate
signal from background. In CMS two different multi-variate analyses are used. First,
a BDT is used to select the best combination of objects to reconstruct the top quark
decay and once the event has been reconstructed, a neural-network is used to define a
template fit allowing the extraction of signal from background. For the multi-leptonic
channel, ATLAS reinterprets the results shown in Ref. [7] with small modifications
to ensure orthogonality between the different channels. The analysis is divided in
different categories based on the multiplicity of leptons, jets and taus. In CMS the
analysis is focused in the H → W+W− channel, defining a tri-lepton and a same-sign
di-lepton channel which are later combined. The di-photon channel is the cleanest of
all three due to the pair of high-pT photons in the final state. A similar strategy is
followed by ATLAS and CMS, defining two different channels based on the decay of
the W boson from the top quark decay: a hadronic channel with higher statistics in
which the mγγ spectrum is used as discriminant variable and a multi-lepton channel
in which a counting experiment is done.

Observed upper limits on the BRs for t→ Hq are set at a 95% C.L. The combi-
nation result for ATLAS exclude BRs above 0.45% (0.46%) for the t→ Hc (t→ Hu)
channel. In the CMS combination BRs are excluded above 0.40% (0.55%) for the
t → Hc (t → Hu) channel. Observed upper limits are also set at 95% C.L. in the
coupling of the tHq vertex: ATLAS excludes |λtHu| > 0.13 and |λtHc| > 0.13 (Fig-
ure 1 (top-right) shows the upper limits as a function of both couplings) and CMS
excludes |λHtu|2 > 9.8× 10−3 and |λHtc |2 > 6.9× 10−3.
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4 FCNC processes in the γ channel

The CMS Collaboration presented a search for the single production of a top quark
in association with a photon via FCNC [8]. Data collected at

√
s = 8 TeV with

an integrated luminosity of 19.8 fb−1 were analysed. The analysis is focused on the
leptonic decay of the top quark when theW boson decays to µν given that this channel
presents a cleaner signature (no electrons are allowed). The topology is characterised
by the presence of a high-pT isolated photon, due to the recoil with the top quark, and
at least one jet with at most one of the jets being a b-tagged jet. Events with more
b-tagged jets are rejected in order to reduce the tt+γ background. Two different multi-
variate techniques are used: first, a neural network is trained to identify Wγ+jets
and W+jets events. Based on the output of this neural network a template fit is done
in data to extract the contribution from both background processes. After that, two
BDTs are used to discriminate signal from background, one for the tγu vertex and
another for tγc. The output of this BDT is used as discriminant variable and upper
limits in the BRs and couplings (κtuγ and κtcγ) are set at a 95% C.L. The BRs above
1.3 × 10−4 (1.7 × 10−3) are excluded for the t → uγ (t → cγ) process. The upper
limits set for the couplings are κtuγ < 0.025 and κtcγ < 0.091.

5 FCNC processes in the gluon channel

When considering FCNC processes in the gluon channel searches are designed to to
target direct top production (u/cg → t) studying FCNC in the production instead of
the decay of the top quark.

The ATLAS Collaboration [9] analysed data collected at
√
s = 8 TeV with an

integrated luminosity of 20.3 fb−1. In this analysis the top quark decays leptonically
and multi-jet background is reduced by requiring the pT of the lepton to satisfy

p`T > 90GeV

(
1− π − |∆φ(`, jet)|

π − 2

)
(1)

In order to differentiate signal from background a neural network is defined with
several input distributions with discriminant power (e.g. transverse mass of the top
quark and the lepton pT). The shape of the output of the neural network is used to
set limit which exclude, with a 95% C.L. BRs above 4× 10−5 (2× 10−4) for t → ug
(t→ cg). The observed upper limits for the couplings (κugt and κcgt) at 95% C.L. are
set at κugt/Λ > 5.8× 10−3TeV−1 and κcgt/Λ > 1.3× 10−2TeV−1. Figure 1 (bottom-
left) shows the excluded region as a function of the couplings.

The CMS Collaboration analysed data collected at 7 and 8 TeV with an integrated
luminosity of 5 fb−1 and 19.7 fb−1 respectively [10]. The analysis is focused on the
leptonic decay of the quark as well requiring one isolated muon rejecting events with
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Figure 1: Excluded regions as a function of the FCNC couplings for different channels:
Z channel (top-left) [4], Higgs boson channel (top-right) [5] and gluon channel from
ATLAS (bottom-left) [9] and CMS (bottom-right) [10].

extra leptons. The event should have 2 or 3 jets with at least one of them tagged as
a b-jet. In order to suppress the multi-jet background a neural is trained recognise it
and a cut is applied on the output of the neural network highly reducing the multi-jet
contamination. After that, two neural networks are trained to differentiate signal from
background, one for the tcg vertex and another for the tug vertex. The output of both
neural networks is used as discriminant variables and observed upper limits are set
on the BRs and couplings (κugt and κcgt) for the FCNC process, excluding, at a 95%
C.L., BRs above 2×10−5 (4.1×10−4) for tug (tcg) vertices and couplings with values
κugt/Λ > 4.1 × 10−2TeV−1 and κcgt/Λ > 1.8 × 10−2TeV−1. Figure 1 (bottom-right)
shows the excluded region as a function of the couplings.
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