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Processes with Flavour Changing Neutral Currents (FCNC) are highly suppressed in the Standard

Model (SM). Any anomalous enhancements of observed rates ofthese processes could point to

the existence of new physics. At the LHC, top quark provides an unique environment to look

for these anomalies in events with the production of single top quark and top quark pairs. An

overview of the latest results from the ATLAS and the CMS experiments is given. No significant

deviation from SM expectation is observed.
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1. Introduction

Flavour Changing Neutral Current (FCNC) processes are forbidden at tree level in the Standard
Model (SM) by the Glashow-Iliopoulus-Maiani (GIM) mechanism [1] and are highly suppressed in
the higher orders via penguin and box diagrams. However, FCNC processes could be significantly
enhanced assuming a contribution from the new particles predicted in various beyond the Standard
Model (BSM) scenarios directly at tree level. A study of FCNCinteractions allows one to probe
the new physics by looking for deviations in data from the extremely small predicted yields for
such processes.

Search for FCNC processes in association with a top quark is particularly interesting due to its
distinctive properties. Top quark is the heaviest elementary particle ever discovered and it is usually
considered to have better sensitivity to BSM physics searches due to its large mass. A short decay
time that allows a top quark to decay before any hadronisation takes place, results in a relatively
clean experimental signature in a detector. One could look for FCNC interactions in the top quark
pair production with a top quark decaying via the FCNC vertex, while the other possibility is to
search for FCNC single top production. The latter is important to probe the FCNC couplings with
an up-type quark, the production of which is enhanced by the parton distribution function in a
proton.

FCNC processes with the top quark assumes an interaction of atop quark with either up or
charm-type quark and Z,γ , Higgs boson or gluon. The Lagrangian of such interactions,expressed
in terms of FCNC couplings, can be written as:
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+h.c.,

whereκgqt , κzqt , κγqt andκHqt are FCNC couplings with gluon, Z,γ and Higgs boson, respectively.

FCNC processes were searched for at LEP2 [2, 3, 4, 5], HERA [6,7] and Tevatron [8, 9]
Results which are presented in this report are obtained fromthe ATLAS and the CMS experiments
with the data collected at the LHC at the center-of-mass energy of 7 and 8 TeV.

2. Search for gqt

The search for single top production via FCNCgqt coupling (gq → t) is performed at ATLAS
at 8 TeV with 20 fb−1 of data in the final state of one isolated lepton and one b-tagged jet [10].
Event selection criteria are based on a multivariate analysis approach to discriminate signal and
background events. The dominant background is W+jets production which is predicted from Monte
Carlo. The observed upper limits on the coupling strengths at 95% CL are measured to beκgut/Λ <
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0.58·10−2 TeV−1 andκgct/Λ < 1.3·10−2 TeV−1. The observed (expected) limits on the branching
ratios areB(t → gu) < 0.0040(0.0035)% andB(t → gc) < 0.017(0.015)%.

Thegqt coupling is also probed at CMS in single top production with an additional jet in the
final state (qq̄ → tc̄, gg → tc, cq̄ → tq̄, cg → tg, and similar processes with charm quark replaced
with up quark) [11]. This search uses 5 fb−1 of 7 TeV data and is based on a Bayesian Neural
Network technique to suppress background contributions. The distribution is fit to data and the
result is used to set an exclusion limit on the coupling ofκgut/Λ < 1.8·10−2 TeV−1 andκgct/Λ <

5.6 ·10−2 TeV−1. The largest contribution from background processes comesfrom tt̄ events and
is validated in data. The observed (expected) limits on the branching ratios areB(t → gu) <

0.036(0.016)% andB(t → gc) < 0.34(0.11)%.

3. Search for Zqt

FCNC processes viaZqt coupling (pp → tt̄ → bW qZ, q = u,c) are searched for at ATLAS
in tt̄ events with 20 fb−1 of data collected at 8 TeV [12]. Analysis is done with the selection of
events containing three isolated leptons and one or two b-tagged jets. The dominant WZ andtt̄+V
(V=W,Z) backgrounds are validated in control regions and QCD multijet background is estimated
from data. The observed (expected) upper limit on the branching ratio for Zqt (q=u,c) isB(t →
Zq) < 0.07(0.08)%.

Similar analysis with the search forZqt interactions in the final state of three leptons and one
b-tagged jet intt̄ events is performed by CMS with the data of 20 fb−1 at 8 TeV [13]. The dominant
backgrounds, including WZ, WW, ZZ andtt̄+V (V=W,Z) processes, are estimated from data. The
observed (expected) upper limit on the branching ratio isB(t → Zq) < 0.05(0.09)%.

FCNC single top production viaZqt coupling (gq → tZ) is searched for at CMS in the same
final state as in Refs. [12, 13] with using 5 fb−1 of 7 TeV data [14]. A Boosted Decision Tree
discriminator is used to separate the background contributions from the expected signal. The dom-
inant backgrounds are measured in data. The observed upper limits on the coupling strengths are
κZut/Λ < 0.45 TeV−1 andκZct/Λ < 2.27 TeV−1, with the observed (expected) limits on the branch-
ing ratios obtained ofB(t → Zu) < 0.51(0.61)% andB(t → Zc) < 0.11(0.16)%, respectively.

4. Search for γqt

A search forγqt FCNC events (gq → tγ) is done at CMS with 19 fb−1 of 8 TeV data in single
top events with one isolated lepton, one photon and one b-tagged jet in the final state [15]. The main
background withW γ+jets andW +jets events is estimated from data. The observed upper limits
on the coupling strengths areκtuγ/Λ < 0.028 TeV−1 andκtcγ/Λ < 0.094 TeV−1. The observed
(expected) branching ratios limits areB(t → uγ) < 0.02(0.03)% andB(t → cγ) < 0.18(0.26)%.

5. Search for Hqt

FCNC interactions viaHqt couplings could be searched for in several final states depending
on the considered decay of the Higgs boson. At ATLAS and CMSHqt couplings are studied intt̄
events where one of the top quarks decays via FCNC interaction (pp → tt̄ → bW qH, q = u,c).
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The analysis that considers a Higgs decay to a pair of photonsis performed with 5 and 20 fb−1

collected at 7 and 8 TeV data, respectively, by ATLAS. Besides the two photons, the final state
sought for consists of one b-tagged jet and three jets or one isolated lepton and one additional
jet [16]. The main background contribution comes from the di-photon production and is estimated
from data. The observed upper limit on the coupling strengthis obtained ofκtqH < 0.17 (q=u,c).
The observed (expected) branching ratio limit isB(t → qH) < 0.79(0.51)%. The analysis at CMS
which looks at the same final state to search forHqt interactions in di-photon channel uses 20 fb−1

of 8 TeV data [17]. The dominant di-photon non-resonant background is estimated from data. The
observed (expected) branching ratios limits areB(t → uH) < 0.42(0.65)% andB(t → cH) <

0.47(0.71)%.
The search forHqt events with Higgs decay to a pair of b-quarks is done at ATLAS with

20 fb−1 of data collected at 8 TeV [18]. The final state consists of three b-tagged jets and one
isolated lepton. The dominanttt̄ background is estimated from data. The combined (with Refs.[16,
19]) observed (expected) branching ratios limits areB(t → uH) < 0.45(0.29)% andB(t → cH) <

0.46(0.25)%.
The search forHqt events in the final states of three and two same-charge leptons is performed

at CMS with 20 fb−1 of 8 TeV data [20]. The Higgs boson’s decay channels that mainly contribute
to these final states areH → W +W−, ZZ andτ+τ−. The dominant WZ+jets (three leptons) and
fake lepton (same-charge two leptons) backgrounds are estimated from data. The observed upper
limit on the coupling strength isκtqH < 0.18 (q=u,c). The observed (expected) branching ratio limit
is B(t → qH) < 0.93(0.89)%.

6. Conclusion

The recent searches for FCNC processes performed with the ATLAS and the CMS detectors
with the data provided by the LHC at 7 and 8 TeV provided the most stringent limits to date set
on this type of interactions with a top quark. The summary of the current limits on the branching
ratios for the FCNC processes with a top quark are presented in Fig. 1. No evidence for the new
physics is observed yet. The current limits on FCNC couplings are expected to be further improved
with the new data still to be obtained from the LHC at 13 TeV.
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Figure 1: Summary of the current 95% CL limits on the branching ratios for the FCNC (left)t → uX and
(right)→ cX (X=g, Z, γ or H) processes [21]. The grey contour denotes the region excluded by CMS, while
the yellow area represents the region excluded by ATLAS.
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