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109

Production ofmesonmolecules in ultra-peripheral heavy ion col-
lisions

Author: Fernando César Silva Santos Sobrinho1

1 Universidade de São Paulo

Corresponding Author: fcsobrinho@usp.br

In this work we present a calculation of exotic charmonium production in ultra-peripheral collisions,
in which the exotic state is explicitly treated as a meson molecule. Our formalism is general but we
focus on the lightest possible exotic charmonium state: a D+D− molecular bound state. It was
proposed some time ago and it has been the object of experimental searches. Here we study the
production of the open charm pair in the process γγ → D+D−. Then we use a prescription to
project the free pair |D+D−⟩ onto a bound state at the amplitude level and compute the cross section
of the process γ → B (whereB is the bound state). Finally, we convolute this last cross section with
the equivalent photon distributions coming from the projectile and target in an ultra-peripheral
collision and find the AA→ AAB cross section, which, for PbPb collisions at

√
s = 5.02 TeV, is of

the order of 3 µb.

101

Study of the first excited state of the 4He nucleus in coupled-
channels Halo EFT
Author: Vinícius Ader1

Co-author: Renato Higa 2

1 University of São Paulo
2 Universidade de São Paulo

Corresponding Author: viniciusader@usp.br

This work focuses on investigating the first excited state (Jπ = 0+) of the 4He nucleus, the α-
particle. This excited state, probably associated with a four-body Efimov state, is found between
the p + 3H and n + 3He thresholds, allowing for the use of coupled-channels formalism. It is
thought to have a 3 + 1 halo structure, making it suitable for investigation using a Halo effective
field theory framework. This resonance may influence the 3H(p, e+e−)3He reaction and shed light
on the ATOMKI anomaly reported by Krasznahorkay et al., where an excess of produced lepton
pairs suggests the existence of a new boson, with an approximate mass of 17 MeV, and that can be a
possible candidate for dark matter.

27

Decay widths of an N* state with hidden strangeness
Authors: Breno Agatao Garcia1; Alberto Martínez Torres1; Kanchan Pradeepkumar Khemchandani2; Alonso Vertel
Nieto1

1 Universidade de São Paulo
2 Universidade Federal de São Paulo
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Corresponding Author: breno.agatao.garcia@usp.br

The study of exotic hadrons and their properties has recently experienced a colossal boom. The devel-
opment in this area is so tremendous that studying exotic hadrons has become one of the main, and
more prolific, research lines at experimental facilities like BES and LHC. There is an intrinsic chal-
lenge when studying these particles as they belong to the non-perturbative region of QCD. The use
of effective Lagrangians to study hadron systems at such energies is a very powerful tool nowadays.
By using these Lagrangians with the relevant symmetries for the system is possible to calculate the
corresponding T -matrix in a coupled channel approach and obtain physical observables such as in-
variant mass distributions, cross sections and decay widths. In particular, through the vector meson
and baryon dynamics was observed a N∗ resonance, thus isospin 1/2, with spin-parity JP = 3

2

−,

massMN∗ = 2071MeV and decay width ΓN∗

2
= 70MeV. The properties of this state were in agree-

ment with those of the N∗(2080) listed by the PDG, however, nowadays, this entry among others
nucleonic resonances have been compacted into the N∗(2120) state. The interesting fact of the above
mentioned state is that it can be the hidden-strange partner of some of the Pc states recently discov-
ered by the LHCb collaboration. In order to further investigate the properties of the N∗ resonance,
or Ps state, we calculate the decay widths to pseudoscalar meson and baryonic resonance as a conse-
quence of the exotic nature of the state. In the same way, it is possible to obtain the decay widths to
pseudoscalar meson and baryon channels. Once obtained, it is possible to determine which invariant
mass of two hadrons could be the most promising to observe the properties of the Ps state.

93

Infrared dynamics of the three and four-gluon vertices
Author: Arlene Cristina Aguilar1

1 University of Campinas - Unicamp

Corresponding Author: aguilar@ifi.unicamp.br

In this talk, we present recent results on the transversely-projected three- and four-gluon vertices.
Our approach is based on the one-loop dressed Schwinger-Dyson equations derived from the nPI ef-
fective action. The key hypothesis in both cases is the planar degeneracy property of these vertices,
which becomes apparent when the Bose symmetry of the vertices are properly exploited. The planar
degeneracy enables a particularly simple parametrization of the vertices, reducing their kinematic
dependence to essentially a single variable. The primary outcome of these considerations is a highly
compact description of the both vertices, which can significantly simplify the nonperturbative ap-
plications involving them. In addition, our results reveal a considerable suppression relative to their
tree-level counterparts, and show excellent agreement with available lattice simulations.

72

Production of D+D− molecules in ultra-peripheral Pb-Pb colli-
sions
Author: Celsina Azevedo1

1 University of Sao Paulo

Corresponding Author: cazevedo@if.usp.br

In this workwe discuss exotic charmoniumproduction by photon-photon interactions in ultraperiph-
eral heavy ion collisions. We are interested in the production of the boundmolecular state (D+D−).
Our calculations are performed in the impact parameter space, where we consider different levels
of precision for the treatment of the absorptive effects and for the nuclear form factor. Additionally,
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we use an analytical expression for the photoproduction cross section of the bound state. We present
our predictions for the total cross section of the production process AA → AA (D+D−) and the
rapidity distribution in PbPb collisions at LHC energies

(√
sNN = 5.02TeV

)
.

88

B+ decay toK+ηη with (ηη) from the DD̄(3720) bound state
Author: Pedro Brandão1

Co-authors: Eulogio Oset 2; Jing Song 3; Luciano Melo Abreu 1

1 Universidade Federal de Bahia
2 IFIC, CSIC University of Valencia
3 Beihang University

Corresponding Author: pedrocsb@hotmail.com

We search for aB decay mode where one can find a peak for aDD̄ bound state predicted in effective
theories and in Lattice QCD calculations, which has also been claimed from some reactions that
show an accumulated strength in DD̄ production at threshold. We find a good candidate in the
B+ → K+ηη reaction, by looking at the ηη mass distribution. The choice of ηη to see the peak is
based on results of calculations that find the ηη among the light pseudoscalar channels with stronger
coupling to theDD̄ bound state. We find a neat peak around the predicted mass of that state in the
ηηmass distribution, with an integrated branching ratio forB+ → K+(DD̄, bound) ; (DD̄, bound)
→ ηη of the order of 1.5× 10−4, a large number for hadronic B decays, which should motivate its
experimental search.

59

Hadron Physics Opportunities at ELSA
Author: Kai-Thomas Brinkmann1

1 JLU Gießen, II. Physik

Corresponding Author: kai-thomas.brinkmann@exp2.physik.uni-giessen.de

The ELSA electron accelerator at Bonn university, Germany, has a long record of contributions to
hadron physics with electromagnetic probes, electrons up to 3.2 GeV beam energy and photons
from bremsstrahlung conversion including polarization degrees of freedom. In particular, the ex-
periments (currently the BGO-OD setup and CB- ELSA/TAPS) allow to measure across the baryon
spectrum. An up-to-date account of the status will be given elsewhere [J. Hartmann, this work-
shop]. This presentation will introduce the planned experiments utilizing an improved setup around
the recently upgraded Crystal Barrel calorimeter. The high-resolution endcap setup of the planned
PANDA experiment at the future FAIR complex is close to completion and will soon be available for
experiments in Bonn, where it will replace the TAPS BaF calorimetry of photons in forward direc-
tion. Additionally, high-resolution tracking close to the interaction point of the photon beam with
the liquid-hydrogen target and forward spectroscopy in a magnetic dipole field will facilitate identi-
fication of hyperons and kaons, so that the baryon spectroscopy program can be extended into the
strangeness sector, where results are still sparse and first experience has already been gathered in
previous setups, recently with BGO-OD. Details on the status of detector commissioning, plans and
ideas for the physics program will be given.

64
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Production of fully-heavy tetraquark states through the double
parton scattering mechanism in pp and pA collisions
Author: Fabiana Carvalho1

Co-authors: Joao Victor Cerqueira de Oliveira 2; Luciano Melo Abreu 2; Victor Gonçalves 3

1 Universidade Federal de São Paulo
2 Universidade Federal de Bahia
3 Universidade Federal de Pelotas

CorrespondingAuthors: cerqueirs@gmail.com, barros@ufpel.edu.br, luciano.abreu@ufba.br, fcarvalho08@unifesp.br

The production of fully - heavy tetraquark states in proton-proton (pp) and proton - nucleus (pA)
collisions at the center-of-mass energies of the Large Hadron Collider (LHC) and at the Future Cir-
cular Collider (FCC) is investigated considering that these states are produced through the double
parton scattering mechanism. We estimate the cross sections for the T4c, T4b and T2b2c states and
present predictions for pp, pCa and pPb collisions considering the rapidity ranges covered by cen-
tral and forward detectors. We demonstrate that the cross sections for pA collisions are enhanced in
comparison to the pp predictions scaled by the atomic number. Moreover, our results indicate that a
search of these exotic states is, in principle, feasible in the future runs of the LHC and FCC.

94

Exploring the covariant form factor for spin-1 particles
Author: João Pacheco De Melo1

1 Universidade Cidade de São Paulo

Corresponding Author: joao.mello@cruzeirodosul.edu.br

The spin-1 particles is an admirable two quarks bound state system to understand electromagnetic
properties from hadronic states. These systems are generally relativistic, and therefore need an
approach using quantum field theory. In the present work, we will use both the quantum field
theory at the instant form, as well, quantum field theory on the light-front˜(LFQFT). In general, it is
used to calculate the electromagnetic properties of spin-1 vector particles in the LFQFT formalism,
with the plus component of the electromagnetic current. In the present work, we used, in addition
to the plus component of the electromagnetic current; the minus component of the current, and
we use that components o the current, to extract the covariant form factors; showing that to have
an equivalence between these we need to add non-valence terms to the electromagnetic current, in
order to restore the covariance, and obtain exactly the same results when using the instant form
quantum field theory.

96

The structure of the pion in Minkowski space
Author: Wayne de Paula1

1 Instituto Tecnologico de Aeronautica

Corresponding Author: wayne@ita.br

In this seminar I will analyze the structure of the pion obtained from a dynamical model based on the
solution of the Bethe-Salpeter equation in Minkowski space. The components of the Bethe-Salpeter
amplitude are written in terms of the Nakanishi integral representation. The interaction kernel has
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massive quark and gluon propagators and an extended quark-gluon vertex. Within this model, we
obtain the pion weak decay constant, the valence probability, the LF-momentum distributions, the
distribution amplitudes, the probability densities both in the LF-momentum space and the 3D space
given by the Cartesian product of the covariant Ioffe-time and transverse coordinates [1]. We also
calculate hadronic observables as the pion electromagnetic form factor [2], the parton distribution
function [3] and the unpolarized transverse momentum distribution[4].

References:
1. W. de Paula, E. Ydrefors, J. H. Alvarenga Nogueira, T. Frederico and G. Salme, Phys. Rev. D 103
(2021) no.1, 0140022. E. Ydrefors, W. de Paula, J. H. A. Nogueira, T. Frederico and G. Salme, Phys.
Lett. B 820 (2021) 136494
3. W. de Paula, E. Ydrefors, J. H. Alvarenga Nogueira, T. Frederico and G. Salme, Phys. Rev. D 105
(2022) L071505
4. W. de Paula, T. Frederico and G. Salme, Eur. Phys. J. C (2023) 83, 985

97

Exploring theDyson-Schwinger equations and the pion inMinkowski

Author: Dyana Duarte1

1 Universidade Federal de Santa Maria

Corresponding Author: dyana.duarte@ufsm.br

In recent years, significant efforts have been developed to formulate and solve the Bethe-Salpeter
and Dyson-Schwinger equations (DSE) directly in Minkowski space, in contrast to the usual proce-
dure of formulation in the Euclidean space and subsequent extension to Minkowski space, which
is the approach used in lattice gauge theories. In this talk, the solution for the Dyson-Schwinger
equation (DSE) in Minkowski space for the quark propagator in a QCD-inspired model is presented,
with a focus on the realization of dynamical chiral symmetry breaking (DCSB) in the large coupling
regime. It will be shown that this simple model offers the possibility of the exploration of many
different physical problems, such as the chiral symmetry breaking region, and could provide a phe-
nomenological model for the pion, its observables, and momentum distributions.

113

Introduction W.E. Heraeus director and organizers
Authors: Bruno El-Bennich1; Stefan Jorda2; Ulrich Wiedner3

1 Federal University of São Paulo
2 Wilhelm und Else Heraeus Foundation
3 Ruhr-Universität Bochum

Corresponding Authors: ulrich.wiedner@rub.de, jorda@we-heraeus-stiftung.de, bennich@unifesp.br

71

QCD matter in strong electric fields
Author: Ricardo Farias1
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1 Universidade Federal de Santa Maria

Corresponding Author: ricardo.farias@ufsm.br

Currently, the effect of strong magnetic fields on the QCD phase diagram in the (T × eB) plane is
well-established, thanks to extensive research using effective QCD models and lattice simulations.
However, the situation is different when it comes to incorporating electric fields. Electric fields make
the QCD action complex, making standard lattice simulations impractical. To tackle this issue, alter-
native methods have been proposed, such as using imaginary electric fields and Taylor expansions.
There is a noted discrepancy between the predictions of effective models of QCD and lattice simula-
tions regarding the behavior of the deconfinement phase transition. While models predict a decrease
in the pseudocritical temperature as the electric field grows, lattice simulations suggest an increase.
In this presentation, we will outline the problem and share our recent findings on the impact of a
strong electric field on the deconfinement and chiral transitions, using different effective models of
QCD.

92

Exotic mesons with functional methods
Author: Christian Fischer1

1 JLU Gießen

Corresponding Author: christian.fischer@physik.uni-giessen.de

We summarize recent results for exotic mesons, i.e. glueballs and four-quark states, using functional
methods. We explain the generation and present results for the spectrum of glueballs in pure Yang-
Mills theory and discuss prospects for full QCD results. We furthermore discuss the spectrum and the
internal structure of open flavour four-quark states in the charm and bottom energy region.

82

Nucleon structure in Minkowski space
Author: Tobias Frederico1

1 Instituto Tecnologico de Aeronautica

Corresponding Author: tobias@ita.br

I will review the application of few-body methods to explore the structure of light hadrons in
Minkowski space. The description of the nucleon is based on the solution of the Bethe-Salpeter equa-
tion in Minkowski space built with phenomenological kernels. In particular, it will be presented a
quantitative exploration of the proton properties obtained by solving the projected Faddeev-Bethe-
Salpeter equation onto the light-front. The proton valence parton distribution, transverse momen-
tum distributions and the image of the valence state on the null-plane will be shown. In addition, it
will be discussed the solution of the Bethe-Salpeter equation inMinkowski space for a quark-diquark
model obtained with the one-gluon exchange kernel, as well as its ultraviolet properties in covariant
gauges. Some future prospects of research will be provided.

74

Testing Chiral PerturbationTheory in Soft Hadron-Photon Reac-
tions at COMPASS and AMBER
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Author: Jan Friedrich1

1 Technische Universitaet Muenchen (DE)

Corresponding Author: jan@tum.de

In meson-photon collisions resonances may be formed, such as the ρ(770) or a2(1320) for pions,
andK∗(892) when kaons collide with photons. For low collision energies, chiral dynamics governs
the process, eventually leading to final states with additional mesons that do not come from resanace
decays. The production of an additional pi0 is determined by the chiral anomaly, and its value is an
important test for chiral perturbation theory.

At COMPASS, such meson-photon collisions can be realized in Primakoff processes, initiated by the
high-energy hadron beam from the CERN Super Proton Synchrotron on nuclear targets. The energy
is sufficiently high such that the full spectrum including the formed resonances and their interference
with the non-resonant contributions is visible. This allows for a determination of the chiral anomaly
and radiatve widths of resonances with a new level of precision. The investigations are foreseen to
be continued with the new possibilities of AMBER, the successor experiment of COMPASS at the
same beamline of the SPS.

61

Production of exotic systems by photon-induced interactions at
the LHC and EIC: Recent results and prospects
Author: Victor Gonçalves1

1 Universidade Federal de Pelotas

Corresponding Author: barros@ufpel.edu.br

In this contribution, I will present a brief review of the recent results that demonstrate that the study
of particle production by photon - induced interactions at the Large Hadron Collider (LHC) can be
used to improve our understanding about exotic systems as, e.g., tetraquarks and pentaquarks. In
addition, prospects to investigate these particles in the future electron-ion collider (EIC) will also be
discussed.

86

AcceleratingCoupledChannelAnalysesUsing thePAWIANFrame-
work
Author: Frederike Hanisch1

Co-authors: Bertram Kopf 1; Fritz-Herbert Heinsius 1; Meike Küßner 2; Ulrich Wiedner 1

1 Ruhr-Universität Bochum
2 Universität Bonn

CorrespondingAuthors: ulrich.wiedner@cern.ch, mkuessner@ep1.rub.de, fritz-herbert.heinsius@cern.ch, bertram@ep1.rub.de,
fhanisch@ep1.rub.de

Over recent decades, the continuous increase of experimental data in high-energy physics applica-
tions has led to significant demand in computational resources. In particular, the time-consuming
coupled channel analyses, which sometimes require fits with several hundred free parameters ex-
tending over several weeks, are an area where such optimization is of great value. To address this is-
sue, we are currently integrating various AI tools into PAWIAN (PArtial Wave Interactive ANalysis),
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a software package developed at Ruhr-University Bochum for conducting partial wave analysis more
efficiently. PAWIAN’s architecture enables the simultaneous analysis of data from various hadron
physics experiments and supports sophisticated dynamical models such as K-matrix formalism and
tensor formalism. These efforts include improvements within the minimization procedure by chang-
ing from numerical methods towards automatic differentiation within the intermediate derivative
computations. With this we intend to not only speed up each minimization step but also avoid in-
stabilities due to the higher precision of the derivatives compared to numerical results. By utilizing
ADAM (Adaptive Movement Estimation Algorithm), problems such as slow convergence and local
minima are intended to be resolved. Furthermore, we are working on pseudo-event binning, where
events are grouped to optimize the number of function evaluations without losing precision. Prelim-
inary results of these efforts and specific benchmark cases regarding the implementation of these AI
techniques will be presented.

62

Molecular states from effective field theory
Author: Renato Higa1

1 University of São Paulo

Corresponding Author: higa@if.usp.br

The last 20 years are being highlighted by theoretical and experimental endeavours towards under-
standing all possible hadronic structures allowed by QCD. Since the discovery of the exotic meson
X(3872) by the Belle Collaboration, a handful amount of other exotic hadrons with unexpected
properties appeared in particle accelerations around the world. As for their elusive structure, one
of the most popular and successful explanations is of a weakly-bound, molecule-like state made of
other conventional hadrons.

Weakly-boundmolecular structures play a driving role in low-energy nuclear and cold-atom physics.
The main physics and associated phenomena have been successfully addressed with short-range
contact interactions, especially in the framework of effective field theories, with the emergence of
universal correlations associated with the Efimov effect. In this talk I will introduce the counter-
intuitive Efimov effect and the related correlations that appear in systems with two, three, and four
particles.

95

Understanding vector-quarkonia: from bottomonium to charmo-
nium
Author: Nils Hüsken1

1 JGU Mainz

Corresponding Author: nhuesken@uni-mainz.de

In recent years, a large number of charmonium- and bottomonum-like states have been found in
experiments like LHCb, BESIII, Belle(II) and BaBar. While some, like the charged charmonium-like
Zc(3900), are openly exotic, vector mesons like the bottomonium-like Y(10753) or the charmo-
niumlike psi(4230) and psi(4360) are more difficult to interpret. Strong signals in hidden-charm
(hiddenbottom) decays alongside the absence of matching states in potential model calculations are
frequent arguments for an exotic interpretation, although suprisingly little is known about conven-
tional vector quarkonia above open-flavour threshold. Here, I will present the first global, unitary
analysis of e+e-to bb and the work towards a global analysis of e + e - to cc.
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68

Dibaryons and Hyperon EM Form Factors
Author: Tord Johansson1

1 Uppsala University

Corresponding Author: tord.johansson@tsl.uu.se

In this talk I will make a short summary of the history of dibaryons, i.e. resonant states containing
six quarks. Dibaryons are looked at sceptically (apart from the deuteron) because of the many states
that have been predicted by theory and claimed in experiments that did not survive more careful
investigations. I will give one example of an almost discovery and present a relatively recent discov-
ery by the WASA@COSY experiment that has survived all tests, the d∗(2380). I will also discuss
very recent result on hyperon time-like electromagnetic form factors from the BESIII experiment via
e+e− → Ȳ Y reactions, where Y denotes a hyperon, both in the strange and charm quark sector.
These results show interesting and unexpected features that so far are unexplained.

67

Hybrids and other exotic mesons in the light-quark sector
Author: Bernhard Ketzer1

1 University of Bonn

Corresponding Author: bernhard.ketzer@cern.ch

Author: Bernhard Ketzer
The unambiguous detection of exotic non-qqbar states and their identification in terms of quark and
gluonic degrees of freedom is one of the most ambitious goals of hadron spectroscopy. In the charm-
and bottom-quark regime, many of the new X,Y, Z states are believed to be of exotic nature, but
until now the internal structure of almost all of them is still a matter of debate. One of the reasons
for this is that all of the newly discovered states have quantum numbers that can in principle also
be formed by a qqbar pair.

States with spin-exotic quantumnumbers provide a smoking gun of non-qqbar configurations. In the
light-quark sector, though generally believed to be more challenging both experimentally and theo-
retically because of the wide and overlapping nature of states, several signals with spin-exotic quan-
tum numbers have been claimed in the past. High-statistics data from the COMPASS-experiment
have settled a decade-long dispute on the resonant nature of some of these. Together with theory
predictions, the π1(1600) is now generally accepted as the lightest hybrid meson in nature. Very
recently, BESIII has announced the discovery of the η1(1855), which may be the isoscalar partner
of the π1(1600). In order to fully understand the spectrum of light hybrid mesons, further work on
branching ratios and the identification of possible strange partners in the multiplet are needed. The
talk will summarize the status of exotic-meson searches in the light-quark sector and discuss future
plans in this direction.

63

Exotic three-meson molecular states
Author: Kanchan Pradeepkumar Khemchandani1

1 Universidade Federal de São Paulo
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Corresponding Author: kanchan.khemchandani@unifesp.br

In this talk I discuss the formation of molecular resonances of three-hadrons. We solve Faddeev
equations for three-meson systems or that of two-meson and one baryon. We find a special char-
acteristics of the dynamics in such systems, which is a cancellation of the different amplitudes of
three-body forces. I will show the results of some of our recent studies.

23

The PANDA Forward-Endcap EMC Test-Beamtime @COSY
Author: Jonas Kohlen1

1 Universität Bonn

Corresponding Author: kohlen@hiskp.uni-bonn.de

The PANDA experiment at FAIR will in future provide outstanding
data to advance the field of hadron spectroscopy.

One of its essential detector components, the forward endcap
(FWEC) of the electromagnetic calorimeter was recently
tested at the COSY accelerator, equipped with 20% of its
crystals under final operation conditions.

The test beamtimes conducted in August and September 2023 with a
2.74 GeV/c proton beam and a plastic target, collected extensive
data via full waveform readout.
Key achievements included e.g. a stable operation of the FWEC
at -25℃ and its first measurement of a π0-signal
decaying into two photons, which will also be essential for
calibration of the detector system.

This poster presents the FWEC assembly process, data pre-processing,
and reconstruction using PandaRoot, leading to the observation of
the π0 signal.

32

Measurement ofΣ+K0 and η photoproductionwith theCBELSA/TAPS
experiment
Author: Nicolas Kolanus1

1 Universität Bonn

Corresponding Author: kolanus@hiskp.uni-bonn.de

The CBELSA/TAPS experiment is especially well suited to measure photons from neutral meson
decays to study N∗- and ∆∗-resonances which are created via photoproduction off the nucleon.
Investigating triple neutral pion photoproduction, the kaon-hyperon final state, Σ+K0, as well as
the photoproduction of η mesons decaying into 3π0 can be studied.

The photoproduction of neutral kaons is of particular interest as the t-channel kaon exchange is
suppressed which makes the channel more sensitive to resonant s-channel contributions. Data in
the γp→ Σ+K0 channel is, however, still scarce.
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A challenge in the analysis presented, is the careful separation of the Σ+K0 → p3π0-signal from
other triple neutral pion events not originating from kaon photoproduction.

This contribution in form of a poster will focus on the selection of γp → p3π0 events and discuss
preliminary results in the Σ+K0 and η photoproduction channels.

76

J/ψ-nucleon and J/ψ-pion interactions
Author: Gastao Krein1

1 Instituto de Física Teórica - Universidade Estadual Paulista

Corresponding Author: gastao.krein@unesp.br

80

Accelerating Monte Carlo Simulations Using Neural Networks

Author: Lisa Krümmel1

1 Ruhr-Universität Bochum

Corresponding Author: lkruemmel@ep1.rub.de

In recent times, the amount of data collected from high-energy experiments has increased contin-
uously. In order to match this amount of data, significantly more Monte Carlo data is required as
well. These simulations often take a long time and occupy a lot of computing power. For complex
simulation steps, such as the simulation of electromagnetic calorimeters, neural networks can offer
considerable acceleration and thus make these steps not only faster, but also more resource-efficient.
In this talk, use cases of neural networks in Monte Carlo simulations are presented and the develop-
ment is explained using the forward endcap of the EMC of the PANDA experiment. Furthermore,
possibilities are presented to use the results of complex partial wave analyses to produce Monte
Carlo events more accurately and faster.

60

The light meson regime with coupled-channel analyses
Author: Meike Küßner1

1 Universität Bonn

Corresponding Author: mkuessner@ep1.rub.de

Nowadays, experimentally observed states that are often assigned to the light meson or charmo-
nium sector might indicate an exotic nature. Such exotic particles include e.g. glueballs, hybrids,
and tetraquarks. Not only do these states pose a theoretical challenge, but experimentally it is often
difficult to distinguish exotic and non-exotic matter and to characterise their nature. In such cases,
it helps to compare different production mechanisms and decay patterns. This provides additional
constraints and allows for a coupled channel partial wave analysis to describe the different spectra
simultaneously, respecting unitarity and analyticity. The importance need of adequate models to
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interpret data is rising not only due to rising statistics which enhance the sensitivity towards theo-
retical models. Therefore, gluon-poor two-photon fusion events and gluon-rich hadronic reactions
as e.g. radiative J/ψ decays can be used to disentangle the highly populated light meson spectrum.
�The talk will discuss recent experimental results from coupled channel analyses as and interlink
with modern analysis methods. Special emphasis will be on the models used and the associated
software tools.

91

Flavor quark andmesonmixings from vacuum polarization
Author: Fabio L. Braghin1

1 Universidade Federal de Goiás

Corresponding Author: braghin@ufg.br

By considering a quark-antiquark interaction mediated by one (non perturbative) gluon exchange,
standard techniques are applied to derive effective interactions between meson fields, that are ar-
ranged in U (Nf ) flavor multiplets, and constituent quark currents. A large quark mass (and / or
gluon effective mass) expansion of the quark determinant leads to a wide variety of effective quark-
antiquark / meson interactions. Among them, second order meson mixing interactions and third
order three meson interactions will be presented being responsible for different effects. Meson (fla-
vor) mixing effects arise for non-degenerate quark masses, being somewhat similar to the mixings
obtained by ‘t Hooft determinantal interactions. Sixth order quark interactions break UA(1) symme-
try and they lead to three-meson interactions that also undergo flavor mixings. Some phenomeno-
logical consequences are discussed.

102

Nonperturbative structure of the transversely projected quark-
gluon vertex
Author: Gustavo Linhares1

1 University of Campinas - Unicamp

Corresponding Author: gustavolinhareswow@gmail.com

In this work, we study the quark-gluon vertex in the context of unquenched QCD with two de-
generate light dynamical quarks in the Landau gauge. We determine the eight form factors of the
transversely projected quark-gluon vertex in general kinematics by solving its Schwinger-Dyson
equation, derived from the 3PI effective action formalism. For the analysis, we employ as input the
lattice data for the gluon and quark propagators, as well as for the three-gluon vertex. The classical
form factor was decoupled and solved iteratively, revealing a significant angular dependence and
showing excellent agreement with recent lattice data in the soft-gluon configuration. The remain-
ing form factors are computed through a single integration, confirming a clear hierarchy consistent
with previous results.

58

Final state interactions: the troublemaker
Author: Patricia Magalhães1

Page 12



Hadron spectroscopy and the new unexpected resonances / Book of Abstracts

1 Universidade Estadual de Campinas - UNICAMP

Corresponding Author: p.magalhaes@cern.ch

Hadronic final state interactions (FSI) play a major role in hadronic decays. They can generate new
mechanisms for CP violation in B → 3h decays at low and high mass regions. We explained LHCb
observation for CP violation inD → 2h as a FSI mechanism, contrary to QCD-based approaches that
claim new physics. It is also needed to explain unexpected large branching fractions of some rare
processes and, more recently, we show that we can understand the barionicB → pp̄π andB → pp̄K
opposite angular signature with an FSI model. I will present an overview of those different “trouble-
solver” FSI mechanisms, focusing on our last founds.

89

Short rangeness,mass intervals and other classicalities fromYang-
Mills fields
Author: Adnei Marinho1

1 Universidade Federal Rural da Amazonia

Corresponding Author: admarinho@gmail.com

The Yang-Mills theory is revisited from the point of view of classical configurations starting from
wave modes. This reveals a kind of classical solutions which reconstruct effective Klein-Gordon ex-
citations, along with a new mass generation mechanism. The effective Klein-Gordon equation gives
rise to a set of equations of motion whose solutions may exhibit a confined behavior. Furthermore,
the physical consistencies for the perturbations in the scalar fields arisen from the original theory
may suffice to produce interesting predictions about the mass intervals for the gauge bosons: they
can exist within a causal and a real range, between tachyon and instanton limits.

107

N ∗ resonances: from hidden strangeness to hidden charm
Author: Alberto Martinez Torres1

1 University of Sao Paulo

Corresponding Author: amartine@if.usp.br

87

Investigating themultiplicities and femtoscopic correlation func-
tions of heavy-flavor and exotic hadrons
Author: Luciano Melo Abreu1

1 Universidade Federal de Bahia

Corresponding Author: luciano.abreu@ufba.br

In this seminar we discuss how the heavy ion collisions (HICs) appear as a promising scenario to
investigate the properties of the non-conventional hadronic states. In the sequence we present some
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of our contributions on this topic, focusing on how to distinguish the intrinsic nature of these ex-
otic states from the relevant observables, such as their multiplicities and femtoscopic correlation
functions.

79

Influence of magnetic field-induced anisotropic gluon pressure
during pre-equilibrium
Author: Ana Mizher1

1 Universidade Cidade de São Paulo

Corresponding Author: anamizher@gmail.com

Magnetic fields of a large intensity can be generated in peripheral high-energy heavy-ion collisions.
Although the intensity drops down fast and, moreover, it is not clear whether the fields last long
enough to induce a magnetization during the quark-gluon plasma phase, most of the models and
simulations predict a significant intensity that lasts up to proper times of order 1 fm after the begin-
ning of the reaction, which is a typical time for the hydrodynamical phase to start. This interval of
time is referred to as the pre-equilibrium stage. One can expect that the evolution of the reaction
during pre-equilibrium is likely to be influenced by these fields. In this work we adopt a strong field
approximation to study the effects of the magnetic field-induced anisotropy in the gluon pressure.
We include this anisotropy within the description obtained by means of effective kinetic theory and
explore the consequences to reach isotropization at proper times of order 1 fm.

66

The X(3872) to ψ(2S) yield ratio in heavy-ion collisions
Author: Fernando Navarra1

1 Universidade de São Paulo

In this work we show how to evaluate the X(3872) to ψ(2S) yield ratio (NX/Nψ(2S)) in PbPb
collisions, taking into account the interactions of the ψ(2S) and X(3872) states with light mesons
in the hadron gas formed at the late stages of these collisions. We employ an effective Lagrangian
approach to estimate the thermally-averaged cross sections for the production and absorption of
the ψ(2S) and use them in the rate equation to determine the time evolution of Nψ(2S). The
multiplicity of these states at the end of mixed phase is obtained from the coalescence model. The
multiplicity ofX(3872), treated as a bound state of (DD̄∗ + c.c.) and also as a compact tetraquark,
was already calculated in previous works. Knowing these yields, we derive predictions for the ratio
NX/Nψ(2S) as a function of the centrality, of the center-of-mass energy and of the charged hadron
multiplicity measured at mid-rapidity [dNch/dη(η < 0.5) ]. Finally, we make predictions for this
ratio in PbPb collisions at √sNN = 5.02 TeV to be measured by the ALICE Collaboration in the
Run 3. This contribution is based on the paper arXiv:2401.11320 and contains more discussion on
the results.

57

Light and Strange Mesons - Spectroscopic Methods and Results

Author: Stephan Paul1
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1 Institut fuer Theoretische Physik, Technical University of Munich

Corresponding Author: stephan.paul@physik.tu-muenchen.de

The COMPASS experiment has collected the largest data set of diffractively produced excitations
using beams of pions and kaons at 190 GeV energy. The search for resonances and new phenomena
among light hadrons has been carried out for decades by partial wave analyses. The large amount of
data available and the availability of large computing power have allowed the development of new
statistical methods. We will present the challenges and the results of several new methods for light
and strange hadrons. Among the new features observed are a strange meson spectrum revealing the
existence of a crypto-exotic state and new excited light mesons up to masses of 2.5 GeV/c2.

84

Quark confinement from an infrared safe approach
Author: Marcela Peláez1

1 Universidad de la República, Uruguay

Corresponding Author: mpelaez@fing.edu.uy

We study the nonabelian dipole problem in the context of a simple semiclassical approach which in-
corporates some essential features of the infrared sector of Yang-Mills theories in the Landau gauge,
in particular, the fact that the running coupling remains of moderate size at infrared scales and
gluons acquire a mass while ghosts remain massless. We obtain a simple flux-tube solution in a
controlled approximation scheme, that we compare to the results of lattice simulations.

98

Modified NJL models and applications
Author: Varese Salvador Timóteo1

1 Universidade Estadual de Campinas - UNICAMP

Corresponding Author: varese@g.unicamp.br

There is a great interest in magnetized hadronic matter due to the intense magnetic fields reported
by experiments in heavy-ion collisions and also present in compact stars. We review some results
obtained with modified NJL models, like condensates, meson masses, magnetization and other ther-
modynamic quantities.

70

Exotic spectroscopy at LHCb
Author: Murilo Santana Rangel1

1 Federal University of Rio de Janeiro (BR)

Corresponding Author: murilo.rangel@cern.ch
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The LHCb experiment, focused on studying heavy-flavor hadrons, provides crucial insights into
the quark binding mechanisms within hadrons and makes valuable contributions to understand-
ing the non-perturbative regime of QCD. In this presentation, we highlight the latest results from
LHCb on exotic hadron spectroscopy, with a particular focus on the diffractive production of these
states.

78

Parton distribution functions and transverse momentum depen-
dence of heavy mesons
Author: Fernando Enrique Serna Algarín1

1 Universidad de Sucre

Corresponding Author: fernando.serna@unisucrevirtual.edu.co

In this talk, we explore the light-front wave functions of heavy quarkonia, , and mesons by deriving
their leading Fock state components from the projections of Bethe-Salpeter wave functions onto
the light front. We focus on computing the leading-twist time-reversal even transverse momentum
distributions and parton distribution functions for these mesons.

77

Studying strong interactions and the hadron spectrum in photo-
production with the GlueX experiment
Author: Matthew Shepherd1

1 Indiana University

Corresponding Author: mashephe@iu.edu

TheGlueXCollaboration, based at Jefferson Lab, has collected a unique set of photon-proton collision
data using linearly polarized photons in the 8-12 GeV energy range. This data set permits a study
of the production dynamics of resonances and searches for new states, including hybrid mesons. I
will present recent results on the production of established light mesons and the J/ψ as well as the
prospects for searching for hybrid mesons in photoproduction. The plans and longterm prospects
for future running of the GlueX experiment will also be discussed.

69

The effects of quark anomalous magnetic moment in the magne-
tized QCD phase diagram
Author: William Tavares1

1 Universidade Estadual do Rio de Janeiro

Corresponding Author: tavares.william@ce.uerj.br

Recently, the quark anomalous magnetic moment (AMM) has been applied in the context of the two-
flavor Nambu–Jona-Lasinio model to explore different aspects of the magnetized phase diagram of
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quantum chromodynamics. By means of the Schwinger ansatz, the quark AMM has been considered
a new parameter, chosen to reproduce the proton and neutron magnetic moments. Then, in the
mean field approximation, some of the model predictions suggest inverse magnetic catalysis at low
temperatures and first-order phase transitions at magnetic fields eB < 1GeV2. However, these
effects are not observed by lattice QCD. In this work, we show analytically and numerically that
the model results are due to regularization prescriptions which entangle vacuum and magnetic field
contributions in the thermodynamical potential. To avoid these problems, we apply the vacuum
magnetic regularization scheme, which enables us to properly separate all the contributions in the
thermodynamical potential. We also show that the Schwinger ansatz is valid only in the limit where
eB/M2

0 ≪ 1, in whichM0 is the vacuum effective quark mass.

30

Charmed mesons production in high multiplicity pPb collisions

Author: Richard Terra1

1 Instituto de Física, Universidade de São Paulo

Corresponding Author: richard.terra@usp.br

In this work we study the influence of proton and lead structures in charmedmesons production. We
investigate the role of the spatial distribution of partons in the proton and in the nuclei by assuming
that the proton has an Y shape. In this configuration, quarks are more at the surface, and gluons
in the inner part of the proton. Going from peripheral to more central, and then to ultra-central
collisions, the production enhancement is given by the high concentration of partons in the center
of the nuclei and since σ(g + g → c + c̄) ≫ σ(q + q̄ → c + c̄), almost all mesons are created
from gluon interactions. These effects can explain the growth seen in the data and corroborates to
stablish the Y picture of the proton, which can be extended to YY (butterfly) configuration to study
heavy tetraquarks spectra.

85

Flavor-singlet meson and glueball mixing in lattice QCD
Author: Juan Andres Urrea Nino1

1 Wuppertal University

Corresponding Author: urreanino@uni-wuppertal.de

A careful study of the low-lying flavor-singlet meson spectrum using lattice QCD can help to better
understand the nature of the current glueball candidates. We use light meson, charmonium, glueball
and two-pion operators to map this spectrum and quantify the mixing between the different states.
We increase the overlap with physical states by using highly improved mesonic and gluonic oper-
ators, which allows us to extract the spectrum and mixing overlaps between the states of interest
and those created by the operators. These overlaps are useful to understand the nature of the states.
The study is done inNf = 3+1 QCD with pion massesmπ ≈ 800, 420 MeV, where the pion mass
tuning is particularly useful to control possible decay channels of the scalar glueball.

90

Amplitude Analysis of τ− → π−π−π+ντ at Belle
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Author: Stefan Wallner1

1 Max Planck Institute for Physics

Corresponding Author: stefan.wallner@cern.ch

We present a partial-wave analysis of τ− → π−π−π+ντ decays using the world’s largest sample of
these decays from the Belle experiment at KEK, Japan; and we discuss challenges of this analysis.
We give preliminary results on light-meson resonances appearing in the π−π−π+system, including
a1(1420), and in the π−π+subsystem, measured using the so-called freed-isobar method; and we
give prospects for spectroscopy measurements at Belle II.

73

B_c-nucleus systembound stateswith/without theCoulomb force

Author: Guilherme Zeminiani1

Co-author: Kazuo Tsushima 2

1 Universidade Cidade de São Paulo
2 University of City of Sao Paulo (UNICID)

Corresponding Authors: kazuo.tsushima@gmail.com, guilherme.zeminiani@gmail.com

We estimate for the first time the bound-state energies and the corresponding coordinate space radial
wave functions ofBc-nucleus systems using amomentum space calculation. We compare the bound-
state energies obtained with and without the Coulomb potential, and discuss the interference effect
of the strong (nuclear) potential in the Coulomb interaction.
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