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ENP (Exploring New Physics) is a so-called ‘Iniziativa Specifica’ of the INFN ‘Commissione
IV’ (Theoretical Physics), investigating the phenomenology of elementary particles at present and
future colliders, within and beyond the Standard Model.

1 Phenomenology of top quarks, heavy vectors and Axion Like Particles
(G. Corcella)

We worked on top-quark mass determination and uncertainties at the LHC, in particular, the error
due to bottom-quark fragmentation in top decays and the relation between the measured mass,
relying on Monte Carlo simulations, and the pole mass. We also investigated the feasibility to tune
the shower codes to top-quark data, yielding parametrizations, with central values and standard
deviations, in the same manner as in the parton-distribution fits, to be used in possible top-quark
analyses. We followed as ACE (Analysis Consultant and Expert) the ATLAS analysis on the top-
mass extraction by looking at fully leptonic final states, namely the B hadrons decay into muons
and the W’s leptonically. The overall uncertainty in this measurement turned out to be about 800
MeV, with relevant contributions due to fragmentation (200 MeV) and B-hadron decay modelling
(400 MeV).

We studied vector-like quark production at the LHC in a peculiar version of the 331 model,
which is anomaly free, as long as the number of generations is equal to the colour number, and
treats differently the third quark family from the other two, hence justifying the heaviness of the
top quark. Such exotic quarks have charge 4/3 or 5/3 and can decay into singly- and doubly-
charged (scalar or vector) bosons (among the main features of the 331 model) plus heavy quarks
(tops and bottoms). Afterwards, we plan to tackle vector-like quark production at the LHC in a
model-independent approach, hence within Effective Field Theories.

We investigated Axion Like Particle (ALP) production in the environment of the PADME
experiment, namely positrons on a fixed electron target. The process under exam is et e~ — ALP~,
followed by ALP — ~+, and the goal of the analysis is the determination of the reach of PADME
on the discovery of ALPs, in terms of the ALP mass and its couplings to photons and electrons.

2 Higher-order computations of QCD amplitudes (V. Del Duca)

We calculated a family of non-planar master integrals which contribute to the two-loop scattering
amplitudes for Higgs+jet, including heavy-quark mass dependence. Such a computation is relevant
for NNLO inclusive Higgs production and NLO Higgs—+jet.

We tackled the issue of momentum mappings, namely parametrisations of the phase space
that factorise the variables that describe the particles becoming unresolved in some infrared or
collinear limit from the variables that describe an on-shell phase space for the resolved particles.
New momentum mappings were introduced for the purpose of final-collinear and soft counterterms.



The new mappings work with massive particles and an arbitrary number of soft particles or of
clusters of collinear particles.

We proposed an all-loop expression for scattering amplitudes in planar N = 4 super Yang—
Mills theory in multi-Regge kinematics valid for all multiplicities, all helicity configurations and
arbitrary logarithmic accuracy.

We computed in dimensional regularisation the tree-level splitting amplitudes with a parent
quark in the limit with four partons collinear to each other, which is part of NNNLO matrix
elements. We also explored the limit with m massless partons collinear to each other in a bigger
set of n collinear partons, as well as the cases with one gluon or a qgbar pair or two gluons which
are soft in a set of n collinear partons.

3 Double-parton scattering at the LHC (G. Pancheri)

We explored data on double-parton scattering at LHC and different models for the effective cross
section. In particular, we investigated pp — 4 jets or pp — quarkonium pairs processes, showing
that the effective cross section increases with the energy. Special attention was paid to models
including soft-gluon resummation in the partonic impact-parameter space.
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