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1. Introduction

The Standard Model (SM) can be treated as an effective field theory (EFT) below a heavy
new-physics energy scale A > vgw, with effects captured by higher-dimensional, gauge-invariant
operators, where vgw is Electroweak scale. In the SM Effective Field Theory (SMEFT), a convenient
choice is the Warsaw basis of dimension-six operators, so that to O(1/A?) in the Lagrangian
L =Lsm+ 2, %Ol- + .... where Wilson coefficients C; encode deviations from the SM and
typically induce corrections that grow with energy ~ E2/A2. Top-quark processes at the LHC [1]
are especially sensitive to dimension-six operators that modify top-gauge, top-Higgs, and four-
fermion interactions, due to the large top-quark Yukawa coupling and high production rates in
proton-proton (pp) collisions at a centre-of mass energy of /s = 13 TeV. Using the full Run-2
dataset totalling about 140 fb~! collected from 2015-1028 recorded by the ATLAS detector [2],
we probe SMEFT effects in top-quark interactions by fitting the relevant operator coefficients to
distributions of sensitive observables in top-quark and 7 events.

2. Effective Field Theory at the LHC

The results discussed in this proceedings employ the SMEFT framework at dimension-six in
the Warsaw basis, ensuring a complete, gauge-invariant set of operators. In practice, incorporating
EFT effects in LHC analyses requires dedicated Monte Carlo (MC) simulations. All the anal-
yses summarised here used additional MC simulation samples including dimension-six operator
contributions, generated with MadGraph [3] v2.6 interfaced to Pythia 8 [4].

Event reweighting with MadGraph was used to efficiently obtain kinematic distributions for
different C; values without regenerating events. Both linear and quadratic terms in the Wilson
coefficients were included to capture interference and pure BSM effects. EFT interpretations
employed either a profile-likelihood fit (treating C;/A? as fit parameters) or a Bayesian approach
using EFTfitter [5], extracting constraints on the coefficients while accounting for correlations and
uncertainties.

Three recent ATLAS analyses are summarised in this note: a single-top t-channel measurement,
a tty study probing top-photon couplings, and a same-sign ¢z search for four-fermion contact
interactions. These analyses employ control regions (CRs) to constrain backgrounds and neural-
network (NN) discriminants to enhance sensitivity.'?? Each analysis performs a simultaneous fit
to Signal Region (SR) and CR data with profiled nuisance parameters.* No significant deviations
from the SM are observed; 95% confidence limits (CLs) limits are set on the relevant SMEFT
coeflicients.

ISingle-top-quark ¢-channel: an NN trained against 77 and W+jets; the NN output in two charge channels (£* and £7)
forms the final discriminant in a profile-likelihood fit.

2tfy: an NN separates prompt photons from photons from top-quark decays or fakes, defining multiple regions (1 SR
and 3 CRs in the single-lepton channel; signal/background split in the dilepton channel).

3Same-sign r7: a two-stage NN (first per operator hypothesis to form c;,-like vs. cogq-like categories, then a
signal-background NN within each category) yields near-orthogonal sensitivity to the three Wilson coefficients.

“Dominant experimental uncertainties: JES/JER, b-tagging (and mistag) efficiencies, and lepton efficiencies. Major
modelling uncertainties: QCD scales, parton shower/hadronisation, and PDFs; CR data constrain them where possible.
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3. Results

Single Top-quark 7-Channel Production at 13 TeV (SMEFT Interpretation)

The production of single top quarks via the z-channel exchange of a W boson is the most
prevalent single-top-quark process at the LHC. The analysis measured the inclusive cross-sections
for single top quark and single anti-top quark production in the #-channel, finding o-(¢zg) ~ 137 pb
and o (fq) = 84 pb, respectively [6], where g denotes a light up- or down-type spectator quark.
These results, as well as their ratio R; = o (tq) /o (fq) = 1.636 +0.036, are in good agreement with
next-to-next-to-leading-order (NNLO) QCD predictions. Having validated the SM expectation, the
analysis then interpreted the measurements in terms of the SMEFT framework.

Two dimension-six operators are considered that could modify z-channel production: a four-
quark contact interaction 02 ; and an operator Ofb 0 coupling the third-generation left-handed quark
doublet to the Higgs field. To search for these effects, signal events were simulated for several values
of the Wilson coeflicients C (32; and C (3/,, 0 and passed through the full analysis selection and NN
classification. The predicted yield in each bin of the NN output was parametrized as a quadratic
function of the coefficients, which was used to morph’ the templates continuously as C; vary. The
profile-likelihood scan indicates no statistically significant preference for non-zero C;. The fit thus
set 95% CLs: C3Q’; /A in [<0.37;+0.06] TeV~2, and C3, /A% in [~0.87; +1.42] TeV =2, using the
convention A = 1 TeV for the coefficient units. These limits, obtained from a two-parameter fit
(with Ofp 0 affecting only the normalization), indicate no evidence of BSM contributions.

The result can also be translated into a direct constraint on the Cabibbo-Kobayashi-Maskawa
(CKM) [7, 8] matrix element V;;. Under the assumption that any deviation is due solely to an
altered tWb coupling, the measured single-top-quark cross-section implies |V, | > 0.95 at 95% CL
as shown in Figure 1 — which confirms measurements made of V;;, in direct top decays.
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Figure 1: Confidence contours from maximum-likelihood scans in (a) the fry|V;iq| vs. fLv|Vis| plane, and
(b) the frv|Vis| vs. fLv|Vip| plane. Shaded bands show the 68% and 95% confidence levels. The heat map
indicates Aln £ relative to the global minimum, marked by the red cross [6].

Associated 17y Production (Probing Top-quark-Photon Couplings)

SInterpolation of predicted distributions across parameter points, enabling continuous likelihood evaluation.



Overview of EFT-based searches involving top quarks at ATLAS Mariam Chitishvili

The production of a top—antitop quark pair in association with a photon (¢fy) provides direct
information on the electroweak couplings of the top quark, in particular its electromagnetic dipole
moments. The ATLAS ¢y measurement [9] selected events with either one lepton or two opposite-
sign leptons from the #f decays, plus at least one energetic photon. To enhance sensitivity to
radiation in the top-quark production phase rather than in decays, events where the photon likely
came from a top-quark decay were treated as a background component. Kinematic selections and
an NN-based classifier were used to preferentially select photons emitted from an initial-state quark
or the top quark itself. The result was an inclusive ¢fy cross-section measurement (for a photon
pt > 20 GeV in a fiducial phase space), as well as several differential distributions. Crucially, the
photon transverse momentum ( p%’ ) distribution is very sensitive to anomalous top-photon couplings:
new physics contributing a (fo#”t) F,,, dipole operator would enhance the high-pr tail of the photon
spectrum.

The measured do/ dp% was found to be in good agreement with SM predictions over the
range up to 500 GeV. Using the unfolding® of this spectrum, the analysis performed an EFT fit to
constrain the Wilson coefficients C,;y and C,p (which in combination determine the physical top-
quark—photon and top-quark—Z couplings: C;, = swCyw + cwC;g, etc.). Both real and imaginary
parts of these complex dipole Wilson coefficients were allowed in the fit. A simultaneous fit was
done across the single-lepton and dilepton channels, using the binned p% distribution as the key
observable. No significant non-zero C;w or C;p was required by the data. The best-fit values were
consistent with the SM prediction of zero anomalous dipole. The 95% CLs obtained in units of
TeV~2 for each of C,w, Cirw., Cig, Cirp are presented in Figure 2. The combined fit (including the
t7Z data) yielded roughly C,w/A? € [-1.1;2.5] TeV~2 and C,z/A* € [—0.68;1.4] TeV~2 at 95%
CL, with all intervals containing zero. The combination broke degeneracies between C;w and C;p,
improving the limits on each by roughly 20%. For instance, the allowed 95% CL range for C;w
was tightened by about a fifth with the combined fit. The combined fit also confirmed no sign of
CP-violating top-quark couplings.
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Figure 2: Two-dimensional marginalised posteriors from the quadratic fit: (a) for C;, and (b) for C;z,
showing the 68% and 95% credible intervals [9].

6Correction of detector effects by inverting a response matrix with regularization to control variance, accounting for
migrations and efficiencies.
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Same-Sign Top-Quark Pair Production via Four-Fermion Operators

The production of two same-sign top quarks is essentially forbidden in the SM at tree-level.
Observation of same-charge 7z (or #7) events above the very small background rate at the LHC [10]
would therefore be an unambiguous sign of new physics. In SMEFT, such an interaction is captured
by a dimension-six four-quark operator.

Events with two same-charge leptons (electron or muon) and at least two b-tagged jets were
selected, the characteristic signature of same-sign ¢z production. The main backgrounds—tW, tfZ,
rare titf, and non-prompt or misidentified leptons—were constrained with control regions. Two
signal regions (SR** and SR~ ") were further divided using neural-network outputs. A two-step NN
(D
t

u

approach first separated right-handed (O,,’) from left-handed (O(Ql(’f)) operator—like events, then
distinguished signal from background within each category. This structure maximized sensitivity

across operator types by exploiting differences in event kinematics and topology.

After performing a profile likelihood fit to the binned NN outputs (simultaneously across
four SRs and nine CRs), no excess above the SM background prediction was found. The data
in all regions were well-described by the background-only fit. The analysis therefore set upper
limits on the new physics contribution. At 95% CL, the total same-sign #¢ production cross-
section is limited to o-(pp — tt + i) < 1.6 tb. In the SMEFT context, limits were placed on
three independent four-fermion operator coefficients. In the Warsaw basis these can be chosen as
O;;) = (fRyuur)(try*ur), O(le)t = (Q_Ly,,QL)(ﬁRy'“uR), and 0834 A single fit varying all three
corresponding Wilson coefficients Ct(,i), C (Ql lj ,C (QS; simultaneously, shown in Figure 3, found no
evidence of non-zero values. The 95% CL intervals were determined to be: |Ct(,i)| <0.68x 1072,
IC(Q13| <2.0x1072, |Cg£| < 4.1 x 1072, where the coefficients are given in units of TeV~2 (with
A = 1TeV assumed). They dramatically restrict the possibility of flavor-changing new physics in
the top-quark sector: the scale of any four-top-quark contact operator must be well above the TeV

scale for order-unity couplings.
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Figure 3: Two-dimensional likelihood scans for pairs of Wilson coeflicients: (a) ¢;,” vs. ng and (b) e

tu
VS. c(le)l. Observed 68% and 95% CL contours are shown as solid and dashed lines, while the expected limits
are indicated by the inner and outer shaded regions. The best-fit point is marked with a cross, and the SM
prediction with a star. The EFT scale is fixed to A = 1 TeV [10].
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4. Conclusions

ATLAS EFT studies with top quarks show no deviations from the SM, but set incisive bounds.
We highlighted three recent results: (i) precise single-top-quark #-channel measurements constrain a
four-quark operator (C, SQ’;) and a top-qiark—Higgs-boson coupling modifier (C ; Q) atthe 10! TeV 2
level; (ii) t#y data probe the top-quark dipole moments, yielding limits on Re/Im C;w and C;p of
O(1) TeV~2 or tighter, strengthened by a combined fit with /7Z; and (iii) the same-sign ¢¢ search
drives four-fermion coefficients to (1-10) x 1073 TeV~2, implying associated new-physics scales
well beyond the direct reach of the LHC.
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