SMuK 2023 - T

Wednesday

T 84: Theory EW

Time: Wednesday 17:30-19:00

T 84.1 Wed 17:30 HSZ/0204
Polarized cross sections for vector boson production with
Sherpa — eMaRreeN Horpe!, Frank SieGerr!, and MAREK
ScHONHERR? — !nstitute of Nuclear and Particle Physics, Technische
Universitit Dresden — 2Institute for Particle Physics Phenomenology,

Durham University

Polarization of vector bosons started to become an extensively investi-
gated topic in recent years due to its sensitivity to the concrete mecha-
nism of electroweak symmetry breaking and to beyond standard model
physics. The general-purpose Monte-Carlo event generator Sherpa is
used for event simulation of various processes in the analysis of LHC
data. In this talk, an implementation is presented which will enable
the simulation of polarized cross sections for vector bosons in future
releases of Sherpa. Special features like the simulation of all polar-
ized contributions in a single run - including the bulk of their NLO
QCD behavior - and the direct calculation of the interference between
them are discussed. Validation data comparing the new implementa-
tion with literature studies and results from its first applications in
phenomenological analyses will be shown for several processes.

T 84.2 Wed 17:45 HSZ/0204
Soft photon emission at the LHC and the LBK theorem —
eRoGER Barsacu!, DomeENIcO Bonocorg?, and ANNA KuLeszal
— lInstitute of Theoretical Physics, WWU Miinster, D-48149 Miin-
ster, Germany — 2Physik Department T31, Technische Universitit
Miinchen, D-85748, Garching, Germany

The emission of low energetic (soft) photons plays a fundamental role
in the understanding of Quantum Field Theories. However, there ap-
pears to be a discrepancy between the experimental measurements and
the calculations for one-photon emission observables. Furthermore, fu-
ture improvements to the ALICE detector will result in better mea-
surement of soft photon emission, necessitating increasing precision of
theoretical predictions.

For those reasons, we compute the cross-section for processes with a
single photon emission including NLP and one-loop QCD corrections.

T 84.3 Wed 18:00 HSZ/0204
Detection schemes for light-by-light scattering — NAseEr AH-
MADINIAZ, THOMAS COWAN, eSEBASTIAN FRANCHINO-VINAS, JORG
GRENZER, ALEJANDRO LaAso-GARrcia, MicHAL Smip, TomAa ToN-
CIAN, MARIA ANABEL TREJO, and RALF ScHUTZHOLD — Helmholtz-
Zentrum Dresden-Rossendorf, Dresden, Germany

In the theory of Quantum Electrodynamics loop corrections induce
nonlinear interactions for the electromagnetic fields, allowing for effects
such as light-by-light scattering. One of the most promising scenarios
for its experimental detection regards the quantum vacuum diffraction
and birefringence of x-rays at the combined field of two optical lasers.
In this talk, we will theoretically compare various scenarios; as a way
to deal with experimental constraints, we analyze cases in which the
initial and final x-ray photons differ not just in polarization, but also
in propagation direction or energy.

T 84.4 Wed 18:15 HSZ/0204
NLO QCD predictions for polarised WZ production —
eCHRISTOPH HAITZ — Institut fiir Theoretische Physik 2, Julius-
Maximilians Univeritdt Wiirzburg

The double-pole approximation allows the calculation of observables
with polarised virtual particles in a gauge-independent way. One class
of processes where this is particularly useful are gauge-boson pair-
production processes. This method has been very successful for the
study of vector bosons decaying into leptons. The natural step for-
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ward from this is the investigation of hadronically decaying bosons. In
my talk I will discuss the NLO QCD predictions to the production of
a polarised WZ pair where the W boson decays hadronically and the
Z boson leptonically. In particular it will be explained what physical
observables are best suited to discriminate between the different po-
larisation states of the resonant bosons. Furthermore the effects of the
NLO QCD corrections on the differential cross-sections will be elab-
orated, as the corrections can become very large and fundamentally
change the features of the distributions.

T 84.5 Wed 18:30 HSZ/0204
Two-loop Symmetry Restoration in a Chiral Abelian Gauge
Theory in DReg with Non-Anticommuting ~v5 — ePaur KUn-
LER — Institut fiir Kern- und Teilchenphysik, TU Dresden

Dimensional Regularization is a popular and powerful method for
renormalizing gauge theories at the multiloop level. This is due not
least of all to the fact that DReg preserves BRST symmetry for vector-
like theories such as QCD and QED, which not only guarantees that
the renormalized theories make sense as a quantum theory, but it also
tremendously simplifies calculations.

This feature is unavoidably lost in the case of chiral theories like
the electroweak sector of the SM. Technically, this manifests in incon-
sistencies arising from insisting on retaining certain relations valid for
75 in 4-dimensions in the formal D-dimensional space of DReg. One
way out is the BMHV scheme which gives up anti-commutativity and
recommends itself by its consistent treatment generalizable to the mul-
tiloop setting. BRST symmetry is intermediately broken but may be
restored by adding finite, non-invariant counterterms.

In this talk we exemplify our approach to renormalizing chiral gauge
theories in the BMHYV scheme with the aim of applying it to the SM.
Here we present a concrete two-loop calculation of a simple, chiral
Abelian model (based on Belusca-Maito et al., JHEP, Vol. 11, 2021,
2109.11042) with its necessary counterterm structure, and we discuss
the explicit restoration of well-known Ward identities like transversal-
ity of the photon self-energy. In this setting, they are an immediate
test of the restoration (or lack thereof) of the classical symmetry.

T 84.6 Wed 18:45 HSZ/0204
Algebraic Renormalization of abelian chiral Gauge Theo-
ries with non-anticommuting s at the Multi-Loop Level —
eMAaTTHIAS WEISSWANGE — Institut fiir Kern- und Teilchenphysik,
TU Dresden, Dresden, Deutschland

Divergences emerging in quantum corrections need to be handled via
regularization and renormalization. However, treating manifestly 4-
dimensional quantities such as 5 and e#¥?? naively within dimensional
regularization (DReg) may lead to inconsistencies. This constitutes a
problem in chiral gauge theories, such as the electroweak Standard
Model. In order to avoid such inconsistencies, 5 needs to be treated
rigorously as a non-anticommuting object using the Breitenlohner-
Maison/’t Hooft-Veltman (BMHV) scheme within DReg. Employing
the BMHV scheme, however, violates gauge invariance, which subse-
quently needs to be restored using symmetry-restoring counterterms
guaranteed to exist by the methods of algebraic renormalization. These
counterterms may be calculated via special Feynman diagrams with an
insertion of the A-operator, which reflects the breaking of chiral gauge
invariance, using the regularized quantum action principle of DReg.
In the case of an abelian chiral gauge theory this is consistently done
at the multi-loop level, showing that the counterterm structure in the
BMHYV scheme may be written in a very compact form, suitable for
computer implementations. Ultimately, this renormalization proce-
dure will be needed for high-precision calculations of e.g. electroweak
observables.



