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T 88.1 Fri 9:00 KH 00.011
Measurement of ¢t spin correlations using Run 2 and 3
data with the ATLAS detector — DiprararRNA Biswas, CAR-
oLINA CosTta, MARKUS CRISTINZIANI, CARMEN DieEz Parpos, Ivor
FLECK, GABRIEL GOMES, JAN JoacHIM HAHN, eNikoLAOs KAMARAS,
Vapim KosTyukHIN, NiLs BENEDIKT KRENGEL, AUSTIN OLsSON, INES
PinTO, SEBASTIAN RENTSCHLER, ELISABETH ScHOPF, KATHARINA
Voss, WoLrgang WaLkowliak, and ApAM WARNERBRING — Ex-
perimentelle Teilchenphysik, Center for Particle Physics Siegen, Uni-
versitat Siegen

The top quark is the heaviest known elementary particle and decays
before hadronization. Consequently, measurements of the angular dis-
tributions of top quark decay products provide direct access to the top
quark’s spin, enabling a precise test of perturbative Quantum Chromo-
dynamics in top-antitop quark pair (¢f) production. This contribution
presents studies towards the measurement of tf spin correlations us-
ing the Run 2 and Run 3 datasets collected with the ATLAS detector
from proton-proton collisions at a centre-of-mass energy of 13 TeV and
13.6 TeV, respectively. The analysis focuses on the dilepton decay
channel, requiring two leptons of opposite charge (electrons or muons)
and at least two jets, with at least two identified as originating from
a b-quark. To reconstruct the top quark kinematics and subsequently
the angular distributions of the decay products, several top reconstruc-
tion methods are employed. The tf spin correlation coefficients will
be extracted from these angular distributions using a standard profile
likelihood fit for unfolding to both parton and particle level.

T 88.2 Fri 9:15 KH 00.011
Quantum entanglement in top-quark pairs using events with
large transverse momentum with the ATLAS detector —
oCHIARA DEPONTE and ANDREA KNUE — Technische Universitét
Dortmund, Deutschland

Quantum entanglement of top-quark pairs is studied by measuring the
full spin density matrix using data recorded with the ATLAS experi-
ment in Run 2. Since top quarks have a very short lifetime, their spin
information is transferred to its decay products. The angular distri-
butions of these particles in a helicity-based coordinate system in the
tt rest frame are then used to measure the entries of the spin density
matrix. After the reconstruction of the full ¢£ event, Profile Likelihood
Unfolding is performed to remove detector and reconstruction effects.
Entanglement is predicted at the ¢f production threshold and for high
M;z. The presented analysis is performed in a phase-space region with
high top-quark velocities and production angles. In this region the ex-
pected number of events is low so the analysis is statistically limited.
Therefore, the single-lepton channel is used to find a balance between
statistical and systematic uncertainties. This talk focuses on studies
regarding the size of the jet-related systematic uncertainties.

T 88.3 Fri 9:30 KH 00.011
Quantum Spin Correlations at Colliders — eMoONIKA ALEXAN-
DRA WUsT and THORSTEN OHL — University of Wiirzburg, Institute
of Theoretical Physics and Astrophysics, Wiirzburg

The study of beyond-classical correlations in final states at colliders
has received a lot of attention recently. For example, entanglement
of particle pairs has been observed at the LHC. Most importantly,
measurements of such correlations provide new tests of the Standard
Model. More complicated final states are being studied and future col-
liders with polarized initial states will boost the interest even further.
Experimentally, the challenge is to reconstruct the spin-density matrix
of a final state from phase space distributions. As a practical mat-
ter, the computation of spin-density matrices is beyond the reach of
analytical calculations for multi-particle final states. While the event
generator WHIZARD has computed the spin density matrix from the
beginning, most of it is projected out in the common event formats.
We present first results from an automated framework for the com-
putation of general density matrices and quantum observables using
event samples generated by WHizarD. We discuss applications for
spin-1/2 (qubit) and spin-1 (qutrit) particles in bipartite and tripar-
tite quantum states at colliders. Analytic calculations are used to test
components of WHIZARD matrix elements that have not been tested
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by comparing cross sections and classical correlations.

T 88.4 Fri 9:45 KH 00.011
Is Assignment All You Need? — eSIEMEN AULICH, KATHARINA
BEeHR, and ELEANOR JONES — DESY, Hamburg, Germany

Many of the recent highlights of particle physics research are related
to top quark physics’. These include both the tests of spin correlations
and quantum effects in pairs of top quarks (¢t), and the observation of
a possible quasi-bound state resonance in the tt invariant mass spec-
trum. Both effects are predominantly studied in dilepton decays in a
mass range close to the production threshold.

Probing this system requires a precise reconstruction of the top
quarks, which is complicated by the presence of the two neutrinos.
While analytical regression strategies primarily focus on inferring the
neutrino momenta, the problem of correctly assigning b-jets to their
parent top quarks remains largely unstudied. However, many of the
sensitive variables used in tf precision measurements depend critically
on the correct assignment of the jets. Inspired by the success of ma-
chine learning architectures in tackling the assignment challenge for
hadronic decay channels, this work investigates using a transformer
model for the dilepton channel. An architecture specifically tailored
to this channels topology is shown to outperform all existing meth-
ods. Furthermore, it is investigated how these efforts can be combined
with neutrino regression methods to offer a full reconstruction pipeline.
Applying these methods to existing and upcoming analyses promises
further enhancements in the sensitivity and precision of searches and
measurements alike.

T 88.5 Fri 10:00 KH 00.011
ML-Based Kinematic Top Quark Reconstruction in
Dileptonic Decays — eMaps HANSEN BaATTRUP!, ALEXAN-
DER  GROHSJEANZ, PEER  STELLDINGER®, and CHRISTIAN
SCHWANENBERGER!? ~ —  !Deutsches  Elektronen-Synchrotron,
Notkestr. 85, 22607 Hamburg, Germany — 2Universitit Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany — 3Hochschule fiir
Angewandte Wissenschaften Hamburg, Berliner Tor 5, 20099 Ham-

burg, Germany

Reconstruction of the full kinematic properties of dileptonic tt events
is important for precision tests of the standard model and also plays a
role for many searches beyond the standard model (BSM). It is intrin-
sically challenging because of the presence of two undetected neutrinos,
leaving the system underconstrained. Conventional analytical meth-
ods rely on assumptions and fixed mass constraints to close the system
of equations. These methods introduce significant biases in important
observables - particularly in the m;z threshold region, which is highly
relevant for both precision measurements and BSM-sensitive analyses.

In this work, we investigate supervised machine-learning-based re-
construction methods using transformer architectures and conditional
generative models. We aim to learn the conditional phase-space dis-
tribution of parton-level quantities given event observables. This will
reduce reconstruction biases while improving resolution relative to tra-
ditional analytical methods.

T 88.6 Fri 10:15 KH 00.011
Enhancing Top-Quark Reconstruction Across Topologies in
ATLAS — eCoNsTANTIN EckaArRDT — DESY, Zeuthen, Germany

Searches for beyond-the-standard-model physics at particle detectors
such as ATLAS often involve top-quark associated events. Top-quark
reconstruction in most searches is typically optimized for a specific
decay topology. By incorporating multiple reconstruction algorithms,
each tailored to different top-decay configurations, one can further ex-
pand the reconstruction reach and improve overall efficiency. This work
presents studies of a range of top-quark reconstruction algorithms de-
veloped for different decay topologies and applied to a variety of physics
cases. These studies are used to guide the further optimization of a
recently launched umbrella tool within ATLAS — THAT (Top Hacker
Across Topologies) — which recommends the most effective reconstruc-
tion algorithm on a per-event basis. Such a tool has the potential
to enhance many different analyses that rely on accurate and efficient
top-quark reconstruction.



