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Plenary session THURSDAY

Studies of Mesons in Quark Model and Beyond: from Belle
to BelleII
EIDELMAN, Simon1

1Budker Institute of Nuclear Physics SB RAS and Novosibirsk State University and
Lebedev Physical Institute RAS

for the Belle/BelleII Collaboration

Corresponding Author(s): simon.eidelman@cern.ch

We give a review of selected results on meson studies at Belle. Mechanisms of meson
production are presented for conventional light and heavy mesons as well as for so called
XYZ states. Examples of new states discovered at Belle are given. Also discussed are
expectations for future experiments at BelleII.

Pentaquarks+exotic baryonic states
SKIDMORE, Nicola1

1Physikalisches Institut, Heidelberg

for the LHCb Collaboration

Corresponding Author(s): nicola.skidmore@cern.ch

In 2015 LHCb reported the discovery of two pentaquark resonances in the decay of
lambda b baryons. Various interpretations into the nature of these pentaquarks predict
that they are in fact part of a larger multiplet of exotic states. Searches for these states,
as well as further exotic hadrons that do not conform to the established quark-anti-quark
meson and three-quark baryon model are a main focus for heavy flavour experiments.
LHCb is in a unique position to study a wide range of decay modes for multiple b-hadron
species. The latest results of these studies from LHCb are presented.

Exotics@BESIII
FARINELLI, Riccardo1

1University and INFN Ferrara (Italy)

for the BESIII Collaboration

Corresponding Author(s): riccardo.farinelli@fe.infn.it
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With about 12 fb−1 collected, useful data set for XY Z new resonances, BESIII continues
the exploration of these exotic charmonium-like states. In these talk, recent results of
the measurements of the line-shape of e+e− → ? ? ?(3686), K+K− J/?, and ? ? D0D∗−,
as well as the JP determination of Zc(3900) and Zc(3900) observation in e+e− → ?c1/2
at W = 4.6 GeV will be presented. Present Belle data on the candidate charmed
baryonium Y (4660) are barely in agreement with present BESIII data above the e+e− →
?c[U+F020]?cbar threshold. These data will be shortly discussed. A BEPCII upgrade
has been funded, that will allow to settle this open question.

Physics opportunities with meson beams
Author(s): BRISCOE, William1

Co-author(s): STRAKOVSKY, Igor2

1The George Washington Unoversity
2The George Washington University

Corresponding Author(s): briscoe@gwu.edu

A secondary beam of neutral kaons has been proposed for Hall D at Jefferson Lab; this
beam line is to be used with the GlueX experimental setup for strange hadron spectroscopy.
A flux on the order of 3× 104 KL/s will allow a broad range of measurements to be made
by improving the statistics of previous data obtained on hydrogen targets by three orders
of magnitude. Use of a deuteron target will provide first measurements on the neutron.
This talk will present the opportunities for new physics afforded by this proposed beam
line.

FAIR - overview
GIUBELLINO, Paolo1

1FAIR Darmstadt
Corresponding Author(s): paolo.giubellino@cern.ch

TBA

Pauli blocking in the pion gas - a lesson for compact star
physics
BLASCHKE, David1

1JINR Dubna and University of Wroclaw
Corresponding Author(s): david.blaschke@gmail.com

We show that the Φ-derivable formulation of the cluster virial expansion for quark–hadron
matter contains the quark Pauli blocking effect in the lowest order expansion with respect
to the backreaction of hadrons on the quark dynamics.
We discuss two examples for the application of the approach. First the quark Pauli
blocking in the pion gas is shown to explain the repulsive I = 2 phase shift near
threshold and its almost perfect cancellation with the attractive I = 0 channel. Second,
the quark Pauli blocking in nuclear matter is shown to be in good agreement with
repulsive, density-dependent interactions in density functionals of the Skyrme type.
The relationship to modern excluded volume approaches to nuclear and neutron star
matter at supersaturation densities is demonstrated and consequences for compact star
phenomenology are discussed.
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The CLAS12 experiment: status and plans
GUO, Lei1

1Florida International University

for the CLAS Collaboration

Corresponding Author(s): leguo@fiu.edu

The CLAS12 experiment in Hall B at Jefferson Lab aims at investigating the hadron
structure and spectrum by making use of the 12 GeV electron beam provided by the
CEBAF accelerator. The CLAS12 physics program includes the study of the 3D structure
of the nucleon, the study of the baryon and meson spectrum and structure, the search
for exotic states and the study of quark hadronization and nuclear effects. This broad
program is accessible thanks to the excellent acceptance and resolution of the CLAS12
spectrometer, a multi-detector system designed to detect and identify both charged and
neutral particles over a large portion of the solid angle. In this talk, the status and plans
for the experiment will be reviewed.
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Parallel session A1

The onsets of deconfinement and fireball of NA61/SHINE
LARSEN, Dag1

1Jagiellonian University (PL)

for the NA61/SHINE Collaboration

Corresponding Author(s): dag.larsen@cern.ch

The NA61/SHINE experiment at the CERN SPS is pursuing a rich programme on strong
interactions, covering the study of the onset of deconfinement and aims to discover the
critical point of the strongly interacting matter by performing an energy and system-size
scan at the full CERN SPS momentum range. These scans of p+p, p+Pb, Be+Be, Ar+Sc
and Pb+Pb have been mostly completed with Xe+La last year (more Pb+Pb to be taken
this year).
Results from the different reactions are now emerging. As a surprise, some measurements
did not scale smoothly. In particular, for the K+/π+ ratio, Be+Be collisions behaved
similarly to p+p (as a superposition of nucleon collisions), while Ar+Sc was closer to
Pb+Pb collisions. This step can not be explained by the onset of deconfinement and may
indicate that there is also an onset of a fireball in relativistic heavy ion collisions. A review
of the results, as well as possible interpretation, will be presented. The theoretical models
(SMES, PHSD) describe the onset of deconfinement at the heaviest system relatively well.
However, no model describes the behavior of data at previously unmeasured collisions of
light and intermediate size ions. The onset of the fireball is not described by any model.

Searches for heavy neutral lepton production and lepton
flavour violation in kaon decays at the NA62 experiment
LAZZERONI, Cristina1

1University of Birmingham

for the NA62 Collaboration

Corresponding Author(s): roberta.volpe@cern.ch

Searches for heavy neutral lepton (HNL) production in charged kaon decays using the data
collected by the NA62 experiment at CERN are reported. Upper limits are established
on the elements of the extended neutrino mixing matrix for heavy neutral lepton mass in
the range 130-450 MeV, improving on the results from previous HNL production searches.
The status and prospects of searches for lepton flavor and lepton number violation in
kaon decays at the NA62 experiment is also presented.
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The Y (4260) and Y (4360) enhancements within coupled chan-
nels
Author(s): COITO, Susana1

Co-author(s): GIACOSA, Francesco2

1Institute of Physics, Jan Kochanowski University
2Frankfurt University

Corresponding Author(s): susanascoito@yahoo.com

Puzzling structures have been observed in the charmonium energy region, namely the
Y (4260) and the Y (4360), which decay channels are poorly understood, in spite of their
large widths. The proximity of nearby hadronic thresholds suggests that they play an
important role in the formation of the enhancements. We present an unitarized effective
Lagrangian model, where mesonic loops and the ψ(4160) interplay to generate line-shapes
at the same energy region.

Light Hadron Spectroscopy @ BESIII
XIONG, Xian1

1IHEP (Beijing, China)

for the BESIII Collaboration

Corresponding Author(s): xiongxa@ihep.ac.cn

The unambiguous identification and systematic study of bound states beyond the con-
stituent quark degrees of freedom, e.g., multiquark states or states with gluonic degrees
of freedom (hybrids, glueballs) would provide validation of and valuable input to the
quantitative understanding of QCD. Hadron spectroscopy is one of the most important
physics goals of BESIII. Since 2009, BESIII has collected 1.3× 109 J/ψ and 4.5× 108

of ψ′, which are the world’s largest data samples of J/ψ and ψ′ from e+e− collision.
Radiative decays of charmonium provide a gluon-rich environment and are therefore
regarded as one of the most promising hunting grounds for gluonic excitations. Significant
progress in the light-quark sector have been made with the unprecedented high statistics
data sets. Several recent results on light hadron spectroscopy and light hadron decays
will be reported, including:

1. Studies of glueballs in J/ψ radiative decays;

2. Observations of X(1835) and η(1475) in J/ψ → γγφ;

3. Search for 1−+ exotic in χc1 → ηππ;

4. Search for charged-strangeonium Zs;

5. Observation of the helicity-selection-rule suppressed decay of the χc2.

Photon Beam Asymmetry Measurement from the γn →
K+Σ− Reaction
Author(s): MUNEVAR, Edwin1

Co-author(s): NADEL-TURONSKI, Pawel2 ; FELDMAN, Jerry3
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1Universidad Distrital Francisco José de Caldas
2Jefferson Laboratory
3The George Washington University

for the CLAS Collaboration - Hall B, Jefferson Laboratory Collaboration

Corresponding Author(s): emunevare@udistrital.edu.co

Strangeness channels are important in the experimental search for missing baryon
resonances. Phenomenological reaction models for the extraction of resonance parameters,
such as coupled-channels analyses, require data for many observables, in different channels,
and on different targets. The analysis presented in this work is the first measurement
of the beam asymmetry over a wide range in the kaon azimuthal center-of-mass angle
(which is essential for accessing the s-channel contribution) for the exclusive γn→ K+Σ−
reaction, using the deuteron as a quasi-free neutron target. The data used were from
the CLAS g13b run period (experiment E06-103) at Jefferson Lab, which used linearly
polarized tagged real photons with energies between 1.1 and 2.3 GeV. Results are shown
for photon energies between 1.7 and 2.3 GeV. They agree well (within uncertainties) with
the beam asymmetries obtained at LEPS for forward angles.
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Parallel session B1

Theoretical analysis of the γ(∗)γ → π0η process
Author(s): DEINEKA, Oleksandra1

Co-author(s): DANILKIN, Igor1 ; VANDERHAEGHEN, Marc1

1Institut für Kernphysik & PRISMA Cluster of Excellence, Johannes Gutenberg Uni-
versität Mainz

Corresponding Author(s): deineka@uni-mainz.de

We present a theoretical study of the γγ → πη process from the threshold up to 1.4 GeV
in the πη invariant mass. For the s-wave a0(980) resonance state we adopt a dispersive
formalism using a coupled-channel Omn\‘es representation, while the d-wave a2(1320)
state is described as a Breit-Wigner resonance. An analytic continuation to the a0(980)
pole position allows us to extract its two-photon decay width as Γa0→γγ = 0.27(4) keV.
[Phys. Rev. D 96, 114018]. As an extension of our work, the preliminary results for the
single virtual case will be shown.

Various types of theoretical uncertainties by the examples
of the elastic nucleon-deuteron scattering observables
Author(s): VOLKOTRUB, Yuriy1

Co-author(s): GOLAK, Jacek1 ; TOPOLNICKI, Kacper1 ; WITAŁA, Henryk1 ; SKIBIŃSKI,
Roman2

1Jagiellonian university
2Jagiellonian University

Corresponding Author(s): yuriy.volkotrub@doctoral.uj.edu.pl

An estimation of the theoretical uncertainties present in the nuclear physics is an
interesting issue. The necessity of reliable estimation of theoretical errors origins in
a growing precision of experimental data as well as in the fact that currently, we are
often in the position to study details of underlying physics. A study of the nuclear
interaction within the elastic nucleon-deuteron (Nd) scattering can be a good example:
while the two-nucleon potential is well known, the details of the three-nucleon force are
still not clear. The elastic Nd scattering at energies up to 200 MeV can be used to study
the three-nucleon interaction but to draw final conclusions based on the comparison of
theoretical predictions and data estimation of theoretical uncertainties is necessary.
There are different types of theoretical uncertainties of the elastic Nd scattering observ-
ables. We are interested here in (a) the statistical errors arising from a propagation
of uncertainties of parameters of two-nucleon interaction to three-nucleon system, (b)
the truncation errors present for chiral interactions, (c) the regulator dependence also
connected to chiral forces, (d) the numerical uncertainties as well as the uncertainties
bound with the computational scheme used, and last but not least, in (e) the uncer-
tainties arising from using the various models of nuclear interaction. It will be shown
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that the latter ones are a dominant source of uncertainties of modern predictions for the
three-nucleon scattering observables.
To perform above studies we employ the One-Pion-Exchange Gaussian (OPE-Gaussian)
nucleon-nucleon potential [1], for which the covariance matrix of its parameters are known.
Among other interactions we also use the chiral forces at the fifth order of chiral expansion
(N4LO) recently derived by the Moscow(Idaho)-Salamanca [2] and the Bochum-Bonn [3]
groups. We use the Faddeev approach [4] to obtain the elastic Nd scattering cross section
and various polarization observables. A systematic comparison of the various theoretical
uncertainties and their dependence on the reaction energy as well as a comparison of the
predictions with data will be discussed.
[1] R.Navarro Perez, J.E.Amaro, and E.Ruiz Arriola, Phys. Rev. C89, 064006 (2014).
[2] E.Epelbaum, H.Krebs, and Ulf-G.Meißner, Phys. Rev. Lett. 115, 122301 (2015).
[3] D.R.Entem, R.Machleidt, and Y.Nosyk, Phys. Rev. C96, 024004 (2017).
[4] W.Glöckle et al., Phys. Rept. 274, 107 (1996).

Resonance behaviours of the reactions pp→ {pp}sπ0 and pd→
pdππ in the GeV region
UZIKOV, Yuriy1

1Joint Institute for Nuclear Researches

Corresponding Author(s): uzikov@jinr.ru

Recently differential cross section and vector analyzing power Ay of the one pion produc-
tion reaction pp→ ppsπ

0, where pps denotes the pp-pair in the 1S0 state, were measured
by ANKE@COSY [1] at proton beam energies 0.3-0.8 GeV. A resonance behavior of the
differential cross section was observed at 0.5-0.8 GeV. This behavior and measured Ay
were described using fit by two isovector Breit-Wigner resonances in the 3P0 and 3P2
states. The contribution of the ∆-isobar mechanism in this reaction was studied in [2].
The parameters for the coupling constants and vertex form factors which were used to
explain the COSY data on the reaction dp→ ppsπN [3] are applied here. The calculated
energy dependence of the differential cross section of the reaction pp → ppsπ at zero
angle of the pion is in qualitative agreement in shape with the data at energy 0.35-0.8
MeV. It is shown that main contribution is made by three partial waves of the pp-channel:
3P0, 3P2, 3F2. The model explains the position of the peak observed at 0.6 GeV and
zero diproton scattering angle but underestimates its absolute value. Furthermore, the
∆-mechanism fails to describe the analyzing power Ay.
Resonance structure was observed by ANKE@COSY also in the behavior of the differential
cross section of the two-pion production reaction pd → pdX at beam energies 0.8-2.0
GeV with high transferred momentum to the deuteron at small scattering angles of the
final proton and deuteron (see a talk by D.Tsirkov at this conference). The dππ invariant
masses of the observed peaks are close to 2.380 GeV that is the mass of isoscalar two-
baryon resonance DIJ = D03 observed by WASA@COSY in the reaction pn→ dπ0π0 [4],
while the width is by a factor of ∼ 1.5 larger than for the D03. One possible mechanism
of the reaction pn→ dπ0π0 suggested in the paper [5] involves two dibaryon resonances,
D03 and D12. We modify this model by inclusion of the σ-meson exchange between the
proton and deuteron and apply it to the process pd→ pdX.

[1] V.I.Komarov et al. (ANKE@COSY Collab.) Phys. Rev. C 93, 065206 (2016).
[2] Yu.N. Uzikov, Izv. RAN. Ser. Fiz. v.81, 815 (2017) [Bull. Rus. Ac. Sc. 81, 739
(2017)].
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[3] Yu.N. Uzikov, J. Haidenbauer, C. Wilkin, PoS (Baldin ISHEPP XXII) 093 (arXiv:1502.04675
[nucl-th]).
[4] P. Adlarson et al. (WASA@COSY Collab.), Phys. Rev. Lett. 106, 242302 (2011).
[5] M.N. Platonova, V.I. Kukulin, Phys. Rev. C 87, 025202 (2013).

Covariant vector meson-vector meson interaction and dy-
namically generated resonances
Author(s): GULMEZ, Dilege1

Co-author(s): GUO, Feng-Kun2 ; MEISSNER, Ulf G.3 ; DU, Meng-Lin4 ; WANG, Qian1

1Helmholtz Institut, University of Bonn
2Institute of Theoretical Physics, CAS
3University of Bonn - Forschungszentrum Jülich
4Helmholtz-Institut, University of Bonn

Corresponding Author(s): dilegegulmez@gmail.com

We do the analysis of the covariant vector meson-vector meson scattering in a unitarized
SU(3) chiral theory with the lowest lying vector meson octet. We demonstrate that the
left-hand cuts would cross over the right-hand cuts for the coupled-channel unitarization
with the on-shell factorization approach of Bethe-Salpeter equation. Therefore, first
iterated solution to N/D method is employed to overcome the difficulties of the on-
shell factorization of Bethe-Salpeter equation. We investigate the possible dynamically
generated resonances and bound states. A comparison with the extreme non-relativistic
calculation, free of left-hand cuts, is provided. This comparison is important since in
the extreme non-relativistic approach some of the bound states are far away from the
threshold. In the full covariant form, we have shown some of those bound states do not
appear and some resonances are problematic to work within this scheme.

Near threshold kaon-kaon interactions in the reactions e+e− →
K+K−γ and e+e− → K0K̄0γ

Author(s): LEŚNIAK, Leonard1

Co-author(s): MORAWSKI, Filip2 ; SILARSKI, Michał2 ; SOBCZUK, Franciszek2

1Institute of Physics, Jagiellonian University, Cracow,Poland
2Institute of Physics, Jagiellonian University, Cracow, Poland

Corresponding Author(s): leonard.lesniak@ifj.edu.pl

The strong interactions between pairs of the K+K− and K0K̄0 mesons can be studied
in the radiative decays of φ(1020) mesons. We present a theoretical model of the
reactions e+e− → K+K−γ and e+e− → K0K̄0γ. The K+K− and K0K̄0 effective mass
dependence of the differential cross sections is derived. The kaon and photon angular
distributions and the branching fractions for the two radiative phi decays are calculated.
Numerical results corresponding to different parameterizations of the KK̄ interaction
amplitudes are given.
The model can be generalized to treat other reactions with two pseudoscalar mesons
accompanying photon in the final states formed in the collisions of the e+e− beams. A
determination of the parameters of the scalar resonances a0(980) and f0(980) in the
combined experimental analyses of several coupled channel reactions is then possible.
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Parallel session A2

Recent results of quarkonium and heavy flavour meson pro-
duction at ATLAS
SONG, Weimin1

1Particle Physics Department, Rutherford-Appleton Laboratory

for the ATLAS Collaboration

Corresponding Author(s): wesong@cern.ch

Heavy quark spectroscopy and exotic states are studied with the ATLAS detector, mainly
thorough final states containing muon pairs from J/ψ decays from both proton-proton,
proton-lead and lead-lead collisions. This talk will summarise recent results from ATLAS,
including production of quarkonium and heavy flavour, searches for exotic states and
measurements of decay properties in open beauty production.

Study of the possible role of triangle singularities in B− →
D∗0π−π0η and B− → D∗0π−π+π−

Author(s): PAVAO, Rafael1
Co-author(s): SHUNTARO, Sakai2 ; EULOGIO, Oset3

1Valencia University, IFIC (Instituto de Física Corpuscular)
2IFIC
3University of Valencia, IFIC

Corresponding Author(s): rpavao@ific.uv.es

Studying the effects of triangle singularities in hadronic processes is of the utmost
importance since they can originate peaks that may wrongfully be associated with
resonances. In this work, the role of the triangle mechanism in the decays B− →
D∗0π−π0η and B− → D∗0π−π+π− is explored. Here, the singularity appears when B−
decays into D∗K∗0K−, then K∗0 decays into K+ through pion emission, and K−K+

fuse together forming either the a0(980) or f0(980) which then decays into π0η or π+π−,
respectively. As a result, the K∗K+K- loop generates a peak in the invariant mass of
π−a0 or π−f0 around 1420 MeV. The branching ratios that come from this peak are
Br(B− → D∗0π−a0; a0 → π0η) = (1.66 ± 0.45) × 10−6 and Br(B− → D∗0π−f0; f0 →
π+π−) = (2.82 ± 0.75) × 10−6, which are well within the measurable range. Thus,
this work makes interesting predictions about an effect of a triangle singularity in an
experiment that is feasible in the present experimental facilities.
Based on: Eur. Phys. J. C 77 (2017) no.9, 599

New Results on Charmonium like states at Belle

13
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LALWANI, Kavita1

1Malaviya National Institute of Technology Jaipur

for the Kavita Lalwani for the Belle Collaboration Collaboration

Corresponding Author(s): kavita.phy@mnit.ac.in

The Belle experiment, the first generation B factory using e+e− asymmetric collider at
the KEKB in KEK Japan, has collected a total data sample of 710 fb−1 at the center of
mass energy of the Υ(4S). Belle has played a leading role in the charmonium spectroscopy
by finding many new charmonium(-like) states. In this talk, new measurement results
on the angular analysis of e+e− → D∗+D∗− process near the open charm threshold
will be presented. The recent results on the observation of new charmonium like-state
produced in e+e− → J/ψDD̄ will also be discussed. In addition, the results on the first
observation of the Ξc(2930)0 charmed-strange baryon will be presented, where Ξc(2930)0

is found in its decay to K−Λ+
c in B− → K−Λ+

c Λ̄−c decays. Further, analysis efforts for
the precision measurement of the branching ratio of B− → K−Λ+

c Λ̄−c and to search for
the charmonium-like state Y (4660) and its spin partner Yn in the invariant mass spectrum
of Λ+

c Λ̄−c will also be discussed. The measurement results of the absolute branching
fractions of B+ → Xcc̄K

+ and B+ → D̄∗0π+ decays will also be discussed, where Xcc̄

denotes ηc, J/ψ, χc0, χc1, ηc(2S), ψ(2S), ψ(3770), X(3872) and X(3915).
Further, the analysis results for the search of Zc pair production in Υ(1S) and Υ(2S)
decays and in the e+e− annihilation will be presented at the center of mass energies of
10.52, 10.58 and 10.867 GeV with Belle experiment.

Charm physics prospects at the Belle II experiment
STARIC, Marko1

1J. Stefan Institute

for the Belle II Collaboration

Corresponding Author(s): marko.staric@ijs.si

The Belle II experiment is a substantial upgrade of the Belle detector and will operate
at the SuperKEKB energy-asymmetric e+e− collider. The accelerator has already
successfully completed the first phase of commissioning in 2016 and first electron-positron
collisions in Belle II are expected for April 2018. The design luminosity of SuperKEKB
is 8× 1035 cm−2s−1 and the Belle II experiment aims to record 50 ab−1 of data, a factor
of 50 more than the Belle experiment. In this presentation, we will discuss the expected
sensitivity of Belle II for CPV measurements and New Physics searches in the charm
sector. Alternative flavor-tagging techniques have been developed, a novel flavor-tagging
method of prompt D0s will be presented. Finally, we will present the impact of the
improved tracking at Belle II, that will allow to significantly increase the precision of
time-dependent measurements. This abstract is presented on behalf of the Belle II
collaboration; if accepted the Speakers Committee will assign the talk to a speaker.
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Parallel session B2

Kaonic deuterium from realistic antikaon-nucleon interac-
tion
HYODO, Tetsuo1

1Yukawa Institute for Theoretical Physics

Corresponding Author(s): hyodo@yukawa.kyoto-u.ac.jp

The antikaon plays an interesting role in low-energy QCD, reflecting the spontaneous
and explicit breaking of chiral SU(3) symmetry. In this talk, we present the current
status of theoretical studies of the kaonic deuterium from the viewpoint of few-body
calculations. After the introduction of recent developments of the realistic antikaon-
nucleon interactions, we show the results of accurate three-body calculations for the
spectrum of kaonic deuterium using a realistic antikaon-nucleon interaction. Examining
the sensitivity of the I = 1 component of the two-body interaction, we discuss the
future perspective in relation with the forthcoming experiments of J-PARC E57 and
SIDDHARTA-2.

Spectroscopy of kaonic atoms at DAFNE and J-PARC
MARTON, Johann1

1Stefan Meyer Institute, austrian Academy of Sciences

for the SIDDHARTA Collaboration

Corresponding Author(s): johann.marton@oeaw.ac.at

The interaction of antikaons (K-) with nucleons and nuclei in the low-energy regime
represents a very active research field in hadron physics. A unique and rather direct
experimental access to the antikaon-nucleon scattering lengths is provided by precision
X-ray spectroscopy of transitions in low-lying states in the lightest kaonic atoms (i.e.
kaonic hydrogen and deuterium). In the SIDDHARTA experiment at the electron-
positron collider DAFNE of LNF-INFN we measured the most precise values of the
strong interaction observables in conic hydrogen. The strong interaction on the 1s ground
state of the electromagnetically bound K-p atom causes an energy shift and broadening
of the 1s state. SIDDHARTA will extend the spectroscopy to kaonic deuterium to get
access to the antikaon-neutron interaction and thus the isospin dependent scattering
lengths. At J-PARC a kaon beam is used in a complementary experiment with a different
setup for spectroscopy of kaonic deuterium atoms. The talk will give an overview of
the of the upcoming experiments SIDDHARTA and the complementary experiment at
J-PARC.Furthermore, the implications of the experiments for the theory of low-energy
strong interaction with strangeness will be discussed.
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New Insights on Low Energy πN Scattering Amplitudes
WANG, Yufei1

1School of physics, Peking University
Corresponding Author(s): 1401110076@pku.edu.cn

The S- and P - wave phase shifts of low-energy pion-nucleon scatterings are analysed
using production representation of partial wave S matrix, in which they are decomposed
into various terms contributing either from poles or branch cuts. We estimate the
left-hand cut contributions with the help of tree-level perturbative amplitudes derived in
relativistic baryon chiral perturbation theory up to O(p2). It is found that in S11 and P11
channels, contributions from known resonances and cuts are far from enough to saturate
experimental phase shift data – strongly indicating contributions from low lying poles
undiscovered before, and we fully explore possible physics behind. On the other side, no
serious disagreements are observed in the other channels.

Dipole Dynamical Polarizabilities from proton Real Comp-
ton Scattering data
Author(s): PASQUINI, Barbara1

Co-author(s): PEDRONI, Paolo2 ; SCONFIETTI, Stefano3

1Universita’ degli Studi di Pavia - Dipartimento di Fisica & INFN - Pavia
2INFN - Pavia
3Universita’ degli studi di Pavia - Dipartimento di Fisica & INFN - Pavia

Corresponding Author(s): stefano.sconfietti@gmail.com

I will discuss the results of a recent work on the extraction of the dipole dynamic
polarizabilities (DDPs) from proton Real Compton Scattering (RCS) data below pion
production threshold. The dynamical polarizabilities are energy dependent functions
which parametrize the response of the internal degrees of freedom of the proton to an
external, real-photon field of arbitrary energy. As such, they contain enriched information
with respect to the static polarizabilities defined in the limit of zero-frequency photon
field.
I will introduce the theoretical framework, which combines dispersion relations and the
low-energy expansion and multipole decomposition of the scattering amplitude, focusing
the attention on the electric and magnetic DDPs.
Furthermore, I will discuss the statistical analysis, based on the parametric bootstrap
technique. These statistical tools have been applied for the first time to analyze RCS
data, and have been crucial to overcome problems inherent to the analysis of the available
data set. I will present the main advantages of this fitting method, including preliminary
results about the statistical interpretation of the χ2 function when also systematical
errors are taken into account. Finally, I will show new results for the extraction of
the static polarizabilities αE1 and βM1, using subtracted dispersion relations and the
bootstrap technique.
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Tetra and pentaquarks from the molecular perspective
OSET, Eulogio1

1University of Valencia

Corresponding Author(s): oset@ific.uv.es

The interaction between hadrons has sometimes the consequence that bound states and
resonances are formed, involving four quarks for mesons and five quarks for baryons,
although they cluster in the form of more elementary mesons and baryons. I select
two examples: the D∗D̄∗, D∗sD̄∗s interaction leading to some XY Z states in the region
of 4000 MeV and the interaction of ξK̄ and coupled channels to give the Ωc states,
in good agreement with some of the recently found experimental states by the LHCb
collaboration. Similarly, I shall show predictions for Ωb states. Finally, I shall show
results for the B+→ J/ψΦK+ decay, comparing results for the ΦJ/ψ mass distribution
with the measurements and analysis of LHCb, showing the role of the X(4140) and
X(4160) resonances and reinterpreting the experimental results.

Exotic atoms by the DIRAC experiment
ZHABITSKY, Mikhail1

1Joint Institute for Nuclear Research, Dubna

for the DIRAC Collaboration

Corresponding Author(s): mikhail.zhabitsky@jinr.ru

DIRAC is an experiment which aims to study double-exotic atoms formed by π- and
K-mesons to check the QCD predictions. DIRAC is a fixed target experiment which
uses the proton beam, extracted from the CERN Proton Synchrotron at 24 GeV/c.
Exotic hydrogen-like atoms are generated in relativistic proton-nuclei collisions and later
identified through characteristic ("atomic”) pairs of mesons with low relative momenta.
Atomic pairs originate from the ionization of exotic atoms in collisions with ordinary
atoms in thin dense foils. The ionization process is competitive to annihilation of exotic
atoms due to strong interaction. Thus the study of exotic atoms reveals parameters of
the strong interaction of pions and kaons at low energy. There is an accurate relation
between π+π− atom lifetime and a difference of S-wave pion-pion scattering lengths
with isospin 0 (a0) and 2 (a2). A similar relation connects the lifetime of πK atom to
pion-kaon scattering lengths with isospin 1/2 and 3/2. The values of above mentioned
scattering lengths are predicted with high precision by low energy QCD theories, i.e.
chiral perturbation theory (χPT) and lattice gauge theory (LQCD). Lifetimes of π+π−

and πK atoms, predicted by theory, are of the order 10−15 s.
In 2017 DIRAC reported the measurement of the πK atom lifetime in the ground state
based on statistics of about 350 ionized πK atoms. This lifetime measurement leads to
the deduced value of the S-wave isospin-odd πK scattering length |a−0 | = 1

3 |a1/2−a3/2| =
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(0.072+0.031
−0.020)M−1

π . Earlier the collaboration measured the π+π− atom (pionium) lifetime
with 9% precision.
The DIRAC collaboration collected data towards observation of long-lived (metastable)
states of pionium. The observation of long-lived states opens the possibility to measure the
energy difference between ns and np states and to determine the value of the combination
(2a0 + a2) of S-wave ππ scattering lengths. The experiment uses a two-foil method: after
production in the beryllium foil, the atoms propagate through a permanent magnetic field
to reach the ionization foil, made of platinum. The distance of about 10 cm between foils
is large enough for ns-states to vanish due to annihilation. The lifetime of states with
l > 0 is defined by radiative de-excitation into ns-states, followed by annihilation: typical
lifetimes are of the order 10−11 s, depending on the atomic state. Only π+π− atoms in
states with non-zero angular momentum can get into the ionization foil. We report the
observation of long-lived (metastable) states of π+π− atoms and the measurement of
their lifetime.

Latest Results from GlueX
BRITTON, Thomas1

1GlueX

for the GlueX Collaboration

Corresponding Author(s): tbritton@jlab.org

The GlueX experiment is housed in the newest experimental hall at the Thomas Jefferson
National Accelerator facility in Newport News, Virginia. It was successfully commissioned
in 2015 and is in its third year of data taking. GlueX uses a 12 GeV electron beam
incident on a diamond radiator, producing a linearly polarized, coherent Bremsstrahlung
photon beam. The ultimate goal of GlueX is to search for exotic hybrid mesons (e.g. qqg),
with either exotic or conventional quantum numbers, whose existence, or lack thereof,
would allow for the exploration of the gluon-gluon coupling present in QCD through the
manifestation of hadrons with gluonic degrees of freedom. Photo-production at these
energies is fairly unexplored and the polarization allows GlueX to discriminate between
various production mechanisms which may be an effective way to identify such exotic
hybrid mesons. In addition to exotic mesons, GlueX will also be poised to map out the
conventional meson spectrum and to study the spectrum of excited vector mesons, which
are often poorly understood. In this talk, we will present an overview of the GlueX
experiment, its goals, current physics results, and future plans.

Recent results of the pion-nucleon scattering and the widths
of the delta and Roper resonances in BChPT
GEGELIA, Jambul1

1IAS/IKP, FZ Juelich

Corresponding Author(s): j.gegelia@fz-juelich.de

Recent calculations of the pion-nucleon scattering in covariant baryon chiral perturbation
theory with explicit ∆ resonances will be presented. Two-loop results of the widths of the
∆- and Roper resonances will be discussed in the framework of an effective field theory
with nucleons, pions and the Roper and ∆ resonances as dynamical degrees of freedom.
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η meson physics with WASA-at-COSY
HÜSKEN, Nils1

1WWU Münster

for the WASA-at-COSY Collaboration

Corresponding Author(s): n_hues02@uni-muenster.de

The study of η mesons has been one of the main objectives of the WASA experiment,
ever since its relocation to the accelerator complex COSY at the Research Center Jülich.
As the interaction of η mesons with nucleons is attractive in s-wave, with the S11(1535)
resonance situated close to the ηN threshold, studying the properties of ηN and ηA

interactions has long been an active research topic. With the η meson being uncharged
and short-lived, such studies are best performed in nucleon-nucleon and nucleon-nucleus
collisions containing an η meson in the final state. With both COSY and an internal
pellet target being able to provide protons as well as deuterons, η meson production
can be studied in various reactions, most notably the proton-deuteron fusion. Here,
experimental evidence for a strong final state interaction in the η 3He system has lead to
an ongoing discussion of a potential η-nucleus bound state.
Another major part of the η physics program with WASA-at-COSY is the search for rare
or forbidden decays. The η meson, possessing no allowed strong decays, provides ideal
surroundings to search for both rare standard model processes and symmetry violating
decays potentially involving beyond standard model physics. Two dedicated datasets,
containing 30× 106 η mesons in pd→ 3Heη and 500× 106 η mesons in pp→ ppη, allow
precision studies of standard model decays and stringent limits on symmetry violating
processes. Recent results on η meson physics with the WASA-at-COSY experiment will
be discussed.

Search for K+ → π+νν at NA62
LAZZERONI, Cristina1

1University of Birmingham

for the NA62 Collaboration

Corresponding Author(s): nicolas.lurkin@cern.ch

The decay K+ → π+νν, with a very precisely predicted branching ratio of less than
10−10, is one of the best candidates to reveal indirect effects of new physics at the highest
mass scales. The NA62 experiment at CERN SPS is designed to measure the branching
ratio of the K+ → p+ nn with a decay-in-flight technique, novel for this channel. NA62
took data in 2016, 2017 and another year run is scheduled in 2018. Statistics collected
in 2016 allows NA62 to reach the Standard Model sensitivity for K+ → π+νν, entering
the domain of 10−10 single event sensitivity and showing the proof of principle of the
experiment. The K+ → π+νν analysis data is reviewed and the preliminary result from
the 2016 dataset presented.

Time-Like Baryon Transitions studies with HADES
RAMSTEIN, Beatrice1
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1Institut de Physique Nucleaire Orsay

for the HADES Collaboration

Corresponding Author(s): ramstein@ipno.in2p3.fr

The High Acceptance Di-Electron Spectrometer (HADES) [1] installed at GSI is a versatile
detector, which was originally designed to study medium effects in e+e− production in
heavy-ion reactions in the SIS-18 energy range (1-2 GeV/nucleon). Its excellent particle
identification capabilities allowed for a systematic investigation of dielectron, strange
particles and pion production in proton, deuteron or heavy-ion induced reactions on
proton or nucleus. The obtained dilepton spectra measured at various beam energies
show important contributions from baryon resonance decays (R→ Ne+e−) and a strong
influence of the intermediate vector mesons (ρ/ω/φ) in the corresponding time-like
electromagnetic form factors.
In order to directly access such transitions, HADES has started a dedicated pion-nucleon
program using the pion beam line at GSI [2]. For the first time, combined measurements
of hadronic and dielectron final states have been performed in π −N reactions in the
second resonance region, using polyethylene and carbon targets. While providing new
determi- nations of the baryon-meson couplings, the results allow to investigate the
validity of the Vector Dominance Model for baryon transitions and the helicity structure
of the time like electromagnetic baryon transitions, paving the way for more precise
future measurements.
The results of the HADES collaboration obtained with proton and pion beams will be
presented, with emphasis on the connection with the HADES hadronic matter program.
Prospects for HADES measurements at SIS-18 in the near future within the FAIR-Phase0
programme and later on at SIS-100 (FAIR) will also be discussed.
References:
[1] G. Agakishiev et al. (HADES collaboration), Eur. Phys. J. A41 (2009) 243.
[2] J. Adamczewski-Musch et al. (HADES collaboration), Eur. Phys. J. A53 (2017) 188.

The meson production reactions: the analysis methods and
recent results
SARANTSEV, Andrey1

1Bonn University

for the Bonn-Gatchina Collaboration

Corresponding Author(s): andsar@hiskp.uni-bonn.de

The analysis methods for the meson pion-induced and photo-production methods are
discussed. The resent results from the Bonn-Gatchina group are presented and compared
with the results of other partial wave analysis groups.
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XYZ states at LHCb
KUCHARCZYK, Marcin1

1IFJ PAN

for the LHCb Collaboration

Corresponding Author(s): marcin.kucharczyk@cern.ch

The latest years have observed a resurrection of interest in searches for exotic states
motivated by precision spectroscopy studies of beauty and charm hadrons providing the
observation of several exotic states. The latest results on spectroscopy of conventional
and exotic hadrons are reviewed, using the pp collisions data collected by the LHCb
experiment. These are e.g. the discovery of the first charmonium pentaquark states in
the J/Psi p system or the confirmation of the resonant nature of the Z(4430)- mesonic
state. LHCb has also made significant contributions to the determination of the quantum
numbers of the X(3872) state and excluded the existence of the X(5568) tetraquark
candidate. Interest in heavy hadron spectroscopy has increased dramatically with the
new LHCb results.

Semileptonic B meson decays: recent results and their im-
plications
Author(s): MARCELLO, Rotondo1

Co-author(s): ANULLI, fabio2

1INFN - LNF Frascati
2INFN Roma

for the BaBar Collaboration

Corresponding Author(s): marcello.rotondo@lnf.infn.it

The semileptonic decays of the B meson play a crucial role in the determination of the
magnitude of the Vub and Vcb Cabibbo-Kobayashi-Maskawa matrix elements. These
parameters are measured with high precision using inclusive or exclusive techniques.
These two complementary approaches rely on very different theoretical frameworks and
experimental techniques, allowing important cross-checks. Despite the huge improvements
in the understanding of semileptonic B decays gained in the last ten years, for both
Vub and Vcb there are discrepancies at 3-sigma level, between inclusive and exclusive
determinations, that have not been understood yet. Very recent experimental results
and theoretical developments, start to shed light on this important long-standing puzzle.
I will review the recent measurements from BaBar and their implications concerning this
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puzzle, and in relation with the recently observed anomalies in semi-tauonic B decays
resulting from the combination of measurements performed by BaBar, Belle and LHCb.

Measurement of azimuthal correlations of D mesons with
charged particles in pp collisions at

√
s = 13 TeV with ALICE

at the LHC
NAIK, Bharati1

1Indian Institute of Technology Bombay, India

for the ALICE Collaboration

Corresponding Author(s): bharati.naik@cern.ch

The ALICE (A Large Ion Collider Experiment) detector at the LHC is dedicated to
the study of the properties of the hot and dense QCD matter (Quark Gluons Plasma)
produced in the nucleus-nucleus collisions at high energy. The heavy quarks (charm and
beauty), having a large masses, are produced in the hard-parton scattering in the early
stages of the collision. Therefore, they experience the whole evolution of the hot and
dense medium, representing an important tool for its characterization.
The study of angular correlations between D mesons and charged particles in Pb-Pb
collisions gives insight about the energy loss of charm quark and the medium-induced
modification of its fragmentation into jets. Moreover, in pp collisions helps understanding
the production mechanisms, fragmentation and hadronization of charm quarks and acts
as a reference for p-Pb and Pb-Pb measurements.
In this talk, the measurement of azimuthal correlations between D0 meson and charged
particles in pp collisions at

√
s = 13 TeV is presented. The comparison of results with√

s = 7 TeV results gives the collisional energy dependence of correlations. The data are
also be compared with simulations results performed with different event generators.

Baryon-baryon femtoscopy in pp and p-A collisions (ALICE
collaboration)
MANTOVANI SARTI, Valentina1

1TUM

for the ALICE Collaboration

Corresponding Author(s): valentina.mantovani-sarti@tum.de

Femtoscopy is a method relating particle correlations to their emission source and
interaction potential. Applying this technique to a small collision system, such as pp,
has the advantage of probing the inner part of the interaction potential. In order to
allow for an accurate determination of the correlation function for small sources, we
have developed a new C++ analysis tool called “Correlation Analysis Tool using the
Schrödinger equation” (CATS), which will be presented in this talk.
We present ALICE results on baryon-baryon correlations obtained from the RUN 2
operation of the LHC in pp collisions at 13 TeV and p-Pb collisions at 5.02 TeV. The
statistics of RUN 2 data provide a higher precision in the analysis of the p-p, p-Λ and
Λ-Λ correlations, and additionally make it possible to probe the interaction of more
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exotic pairs like p-Ξ. Thanks to ongoing collaborations with theory groups working on
chiral and lattice calculations we are in the position to compare the predicted correlation
functions with the experimental data.

Polarimetry for an Electric-Dipole-Moment measurement at
COSY and beyond
ŻUREK, Maria1

1Forschungszentrum Jülich

for the JEDI Collaboration

Corresponding Author(s): m.zurek@fz-juelich.de

Understanding the origin of the matter-antimatter imbalance in the universe is one of
the grand challenges of modern physics. One of the necessary conditions is the violation
of CP symmetry. Predictions given by the Standard Model fail to explain the observed
preponderance of matter by orders of magnitude. Therefore, new sources of CP violation,
coming from outside the Standard Model, are needed. They can manifest themselves in
Electric Dipole Moments (EDM) of elementary particles.
The efforts of the Jülich Electric Dipole Moment Investigations (JEDI) Collaboration
concentrate on a direct measurement of EDMs of charged hadrons (protons and deuterons).
Currently, the focus of the project is on the development of the required technologies for
a dedicated storage-ring experiment and the preparation of a first precursor measurement
at the Cooler Synchrotron (COSY).
The principle of the EDM measurement is based on the observation of the time develop-
ment of the miniscule vertical-polarization buildup of the horizontally-polarized beam,
due to the interaction of a finite EDM with a radial electric field. The key challenge is a
sensitive and efficient determination of the tiny change of the polarization.
The polarization measurement exploits elastic scattering of the beam particles on a
carbon target. The design of the dedicated polarimeter requires a solid database. The
corresponding measurements have been started at COSY, and preliminary results from
the experiment on deuteron-carbon scattering will be shown.
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Conventional and exotic meson states in the DSE/BSE frame-
work
FISCHER, Christian1

1JLU Giessen

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

We summarize recent results on the spectrum and form factors of conventional and
exotic meson states in the DSE/BSE framework. We contrast states with conventional
and exotic quantum numbers and outline the ability of the framework to accommodate
for hybrid, tetraquark and glueball states. We furthermore report on recent technical
progress allowing the consistent treatment of strong and electromagnetic meson decays
and discuss possible applications.

The role of isospin filtering reactions in the S = −1 sector.
MAGAS, Volodymyr1 ; RAMOS, Angels1 ; FEIJOO, Albert2

1University of Barcelona
2Nuclear Physics Institute, 25068 Rez, Czech Republic

Corresponding Author(s): feijoo@fqa.ub.edu

The plausible explanation of the Λ(1405) resonance as a molecular state arising from
coupled channel meson-baryon re-scattering in the strangeness S = −1 sector employing
the lowest order chiral Lagrangian is one of the most important successes of Unitaritzed
Chiral Perturbation Theory (UChPT). Despite this theoretical breakthrough, the aim for
more precise calculations led the community to extend this approach with the inclusion
of higher order terms and to explore higher energies. Unfortunately, the parameters
of these higher-order terms are not fixed by the symmetries of the underlying theory,
thus making the experimental fitting procedures to play a key role. In our previous
studies [1,2], the relevance of the next-to-leading order (NLO) terms as well as the Born
terms of the Chiral SU(3) Lagrangian for the KΞ channels was proved establishing the
experimental K−p → KΞ cross-section data as a very important ingredient to obtain
more reliable values of the NLO parameters. The analysis of the isospin components
of the K−p→ KΞ cross-section for different parametrizations in [2] revealed the need
to explore reactions acting as isospin selectors. Motivated by the previous findings, we
present results of a new fit which includes additional experimental data from the reactions
K−p→ ηΛ(I = 0), ηΣ0(I = 1) [3] and analyse their effect on the NLO parameters. In
addition, we give predictions for other isospin filtering processes whose measurement
would provide valuable constraints on the chiral models, namely, the K0

Lp → K+Ξ0

reaction, which is an I = 1 filtering process and is planned to be measured at JLab, and
the weak Λb decay into a J/Ψ and the I = 0 component of a S = −1 meson-baryon [4].
The stability and the accuracy of all the parameters involved in the model have been
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examined by means of the explicit inclusion of Λ(1890),Σ(2030) and Σ(2250) resonances
into the channels estimated to be sensitive to the NLO terms.
[1] A. Feijoo, V. K. Magas and A. Ramos, Phys. Rev.C 92, 015206 (2015).
[2] A. Ramos, A. Feijoo and V. K. Magas, Nucl. Phys. A 954, 58 (2016).
[3] A. Starostin et al. (Crystal Ball Collaboration), Phys. Rev. C 64, 055205 (2001); D.
F. Baxter et al., Nucl. Phys. B 67, 125 (1973); A. Berthon et al., Nuovo Cim. A 21, 146
(1974).
[4] A. Feijoo, V. K. Magas, A. Ramos and E. Oset, Phys. Rev. D 92, no.7, 076015 (2015);
Erratum: Phys. Rev. D 95, no.3, 039905 (2017).

Ab-initio calculations of eta-nuclear quasi-bound states
Author(s): SCHÄFER, Martin1

Co-author(s): GAL, Avraham2 ; MARES, Jiri3 ; FRIEDMAN, Eliahu2 ; BARNEA, Nir2

1Nuclear Physics Institute, Rez, CAS; CTU in Prague, Faculty of Nuclear Sciences and
Physical Engineering

2Racah Institute of Physics, The Hebrew University, Jerusalem, Israel
3Nuclear Physics Institute, Rez, CAS

Corresponding Author(s): m.schafer@ujf.cas.cz

We report on ongoing studies of in-medium η N interactions and η-nuclear quasi-bound
states in few-nucleon systems, accounting self-consistently for the ηN and η-nucleus
subthreshold dynamics and extending the few-body calculations of η quasi-bound states
in 3He and 4He [1,2,3]. Our new ab-initio self-consistent calculations of the lightest
η-nuclear systems, including for the first time 6

η Li and 7
ηLi, were performed within the

Stochastic Variational Method. Input ηN scattering amplitudes for these calculations were
constructed within coupled-channel meson-baryon interaction models that incorporate
the N∗(1535) resonance. It was found that the ηd system is not bound in any of the
models considered, and 3

ηHe and 4
ηHe are likely to be nearly or just bound [1,2,3], while 6

ηLi
and 7

ηLi are bound. The connection between our few-body calculations and optical-model
calculations in heavier systems [4,5] will be discussed as well.
[1] N. Barnea, E. Friedman, A. Gal, PLB 747 (2015) 345.
[2] N. Barnea, B. Bazak, E. Friedman, A. Gal, PLB 771 (2017) 297, PLB 775 (2017) 364
(E).
[3] N. Barnea, E. Friedman, A. Gal, NPA 968 (2017) 35.
[4] E. Friedman, A. Gal, J. Mares, PLB 725 (2013) 334.
[5] A. Cieply, E. Friedman, A. Gal, J. Mares, NPA 925 (2014) 126.

The most correct ρ0(770) meson mass and width values
Author(s): DUBNICKA, Stanislav1

Co-author(s): BARTOŠ, Erik2 ; LIPTAJ, Andrej3 ; DUBNICKOVA, Anna Zuzana4 ;
KAMIŃSKI, Robert5

1Inst of Physics SAS
2Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia
3Institute of Physics, Slovak Academy of Sciences, Dubravska cesta 9, 845 11 Bratislava

45, Slovak Republic
4Comenius University
5Institute of Nuclear Physics PAN, Kraków
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Corresponding Author(s): fyzidubn@savba.sk

It is clearly demonstrated that Gounaris-Sakurai pion EM FF model at the elastic region
is not enough accurate for a determination of the ρ0(770) parameters. Then in no case it
can be exploited even for a determination of the excited ρ(770) parameters from whatever
precise data on the e+e− → π+π− and τ− → π−π0ντ processes.

There is only one set of the correct values of fF , fD and
fS coupling constants in SU(3) invariant Lagrangian of the
vector-meson-baryon interactions
Author(s): BARTOŠ, Erik1

Co-author(s): ADAMUSCIN, Cyril1 ; DUBNICKA, Stanislav2 ; DUBNICKOVA, Anna
Zuzana3

1Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia
2Inst of Physics SAS
3Comenius University

Corresponding Author(s): erik.bartos@savba.sk

One can prove, ther is generally eight various ω − φ mixings forms in elementary particle
physics, which on one side give different forms of the vector-meson-nucleon coupling
constants through fF , fD and fS in SU(3) invariant Lagrangian of the vector-meson-
baryon interactions, and on the other side different signs of the universal vector-meson
coupling constants fρ, fω and fφ. Identical set of numerical values of fF , fD and fS
is evaluated only in that case, if the same ω − φ mixing is applied to a derivation of
the vector-meson-nucleon coupling constant forms and also to the signs of the universal
vector-meson coupling constants fρ, fω and fφ.
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Excitation of d∗(2380) dibaryon in the coherent pd → pdππ
channel at ANKE
Author(s): KOMAROV, Vladimir1 ; TSIRKOV, Dmitry1

Co-author(s): AZARYAN, Tatiana1 ; DYMOV, Sergey2 ; KUNSAFINA, Ainur1 ; KUR-
MANALIYEV, Zhanibek1 ; UZIKOV, Yury1

1JINR
2FZ Juelich

for the ANKE Collaboration

Corresponding Author(s): cyrkov@jinr.ru

The reaction p + d → p + d + X was studied at 0.8–2.0 GeV proton beam energies
with the ANKE magnetic spectrometer at the COSY synchrotron storage ring. The
proton-deuteron pairs emerging with high momenta, 0.6–1.8 GeV/c, were detected at
small angles with respect to the proton beam. Distribution above the reaction missing
mass Mx reveals a local enhancement near the threshold of the pion pair production
specific to the so-called ABC effect. The enhancement has a structure of a narrow
bump placed above a smooth continuum. The invariant mass of the dππ system in
this enhancement region exhibits a resonance-like peak at Mdππ ≈ 2.36 GeV/c2 with
the width Γ ≈ 0.10 GeV/c2, corresponding to the excitation of the d∗(2380) dibaryon
resonance. A possible interpretation of these features is discussed.

d∗(2380) in a chiral constituent quark model
Author(s): HUANG, Fei1
Co-author(s): DONG, Yu-Bing2 ; SHEN, Peng-Nian2 ; ZHANG, Zong-Ye2

1University of Chinese Academy of Sciences
2Instituent of High Energy Physics, Chinese Academy of Sciences

Corresponding Author(s): huangfei@ucas.ac.cn

In this talk, I briefly summarize our progress made in the study of the structure and
decay properties of the d∗(2380), a dibaryon state recently reported by the WASA@COSY
Collaboration. We studied the d∗(2380) in a chiral quark model by performing a RGM
dynamical investigation of the coupled-channel ∆∆ + CC interaction. The mass of
d∗(2380) is properly reproduced and the results show that the d∗(2380) is a compact
six-quark cluster dominated by about 2/3 CC component. The obtained wave function
is applied to study the single-pion and double-pion decays, and the calculated partial
decay widths are in agreement with the experimental data. The charge distribution of
d∗(2380) is also calculated and discussed, which is expected to be able to distinguish
various pictures of the structure of d∗(2380).
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Structure and Width of the d*(2380) Dibaryon
GAL, Avraham1

1Hebrew University, Jerusalem, ISRAEL
Corresponding Author(s): avragal@savion.huji.ac.il

We discuss the structure and width of the recently established d∗(2380) dibaryon, con-
fronting the consequences of the Gal-Garcilazo Pion Assisted Dibaryons hadronic model
with those of quark motivated calculations. In particular, its relatively small width of
about 70 MeV favors hadronic structure for the d∗(2380) dibaryon rather than a six-quark
compact structure [1].
[1] A. Gal, Phys. Lett. B 769 (2017) 436.

Are the chiral based K̄N potentials really energy-dependent?

REVAI, Janos1

1MTA Wigner RCP, Inst. for Particle and Nuclaer Physics, Budapest, Hungary
Corresponding Author(s): revai.janos@wigner.mta.hu

It is shown, that the energy dependence of the chiral based K̄N potentials, responsible
for the occurrence of two poles in the I = 0 sector, is the consequence of applying the
on-shell factorization introduced in [1]. When the dynamical equation is solved without
this approximation, the second, unphysical, pole disappears. Accordingly, an energy-
independent K̄N potential was derived, which supports only one pole in the region of
the Λ(1405) resonance. The potential, being energy-independent, is suitable for standard
quantum mechanical calculations in n > 2 systems, including coordinate space variational
approaches, where the energy-dependence leads to serious difficulties.
[1] E. Oset and A. Ramos Nucl.Phys. A 635, 99 (1998).

On the width of ∆ in N∆ and ∆∆ systems
NISKANEN, Jouni1

1Helsinki Institute of Physics, University of Helsinki
Corresponding Author(s): jouni.niskanen@helsinki.fi

In two-nucleon reactions it is rather common usage to take into account the effect of
the ∆(1232) excitation by simply including an additional channel with the ∆−N mass
difference and free ∆ width. In the momentum space propagator this leads to a factor
(E −∆M + iΓ/2)−1 and by its absolute square trivially to a resonant total cross section.
In the coordinate representation ∆M− iΓ/2 would be a repulsive and absorptive constant
potential in the N∆ channel part of the Schrödinger equation. Also in this case the N∆
amplitude tends to maximize at the threshold energy.
This work studied in a simple phenomenological way the effect of the relative kinetic
energy between the two intermediate baryons to see how or if it decreases the effective
decay width of the N∆ and ∆∆ two-baryon systems. Obviously this kinetic portion is
not available for the (internal) pionic decay of the ∆’s. Because, the wave function is
necessarily also spatially constrained (must die asymptotically) the kinetic energy is not
arbitrary, but its average is finite and, therefore, some suppression is expected and found.
Another aspect of kinetic energy, the effect of angular momentum barrier in the N∆
channel is also manifest in coordinate space calculations. Necessarily in higher angular
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momentum states the wave functions are strongly suppressed and this also can be seen
in the widths. The dependence on LN∆ is drastic {\it e.g.} in pp → dπ+ amplitudes
1D2(NN) → 5S2(N∆), 5D2(N∆) and 5G2(N∆). In fact, due to the asymptotically
bounded wave functions, the energy related to the angular momentum barrier is quantized
and leads to rotational series in LN∆, which closely describe the isovector dibaryons.
Similar suppression can be seen also in ∆∆ states. This may have bearance in the context
of the d′(2380) resonance discovered at COSY.
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Recent Hall C results and future plans with the 12 GeV
upgrade
WOOD, Stephen1

1Jefferson Lab
Corresponding Author(s): saw@jlab.org

Hall C at Jefferson Lab has added a new “super” high momentum spectrometer to
complement the recent upgrade of the JLab accelerator to 12 GeV. We will present results
from the pre-upgrade era, including a measurement of the weak charge of the proton,
hypernuclear physics and electro-meson production. After the upgrade, data taking has
resumed with a variety of physics programs using high-intensity electron beams including
a new program of exclusive and semi-inclusive meson (charged pions, neutral pions and
kaons) production. We will report on the prospects for these programs as well as the
continuation of the hypernuclear program in JLab’s Hall A.

Production asymmetry of open charm mesons within un-
favoured fragmentaton scenario
Author(s): MACIUŁA, Rafał1
Co-author(s): SZCZUREK, Antoni2

1Institute of Nuclear Physics PAN
2Institute of Nuclear Physics PAN, Krakow and Rzeszow University, Rzeszow

Corresponding Author(s): rafal.maciula@ifj.edu.pl

We consider unfavoured light quark/antiquark to D meson fragmentation. We discuss
nonperturbative effects for small transverse momenta. The asymmetry for D+ and D−
production measured by the LHCb collaboration provides natural constraints on the
parton (quark/antiquark) fragmentation functions. We find that already a fraction of
q/q̄ → D fragmentation probability is sufficient to account for the measured asymmetry.
We make predictions for similar asymmetry for neutral D mesons. Large D-meson
production asymmetries are found for large xF which is related to dominance of light
quark/antiquark q/q̄ → D fragmentation over the standard c→ D fragmentation. As a
consequence, prompt atmospheric neutrino flux at high neutrino energies can be much
larger than for the conventional c → D fragmentation. The latter can constitute a
sizeable background for the cosmic neutrinos claimed to be observed recently by the
IceCube Observatory. Large rapidity-dependent D+/D− and D0/D̄0 asymmetries are
predicted for low (

√
s = 20 - 100 GeV) energies. The q/q̄ → D fragmentation leads to

enhanced production of D mesons at low energies. At
√
s = 20 GeV the enhancement

factor with respect to the conventional contribution is larger than a factor of five. In the
considered picture the large-xF D mesons are produced dominantly via fragmentation
of light quarks/antiquarks. Predictions for fixed target p+4He collisions relevant for a
fixed target LHCb experiment are presented.

Constituent Quark Models for Hadronic Systems
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GHALENOVI, Zahra1

1Kosar University of Bojnord
Corresponding Author(s): z_ghalenovi@kub.ac.ir

In this work we introduce two different potential models for the hadronic systems such
that the QCD concepts of the quark-quark interactions be satisfied. We present the
simple methods to solve two- and three-body equation of the meson and baryon systems
respectively. The introduced models are studied in the relativistic and non-relativistic
limits.

Transverse momentum spectra of hadrons in p+p collisions
at CERN SPS energies from the UrQMD transport model
OZVENCHUK, Vitalii1

1IFJ PAN
Corresponding Author(s): vitalii.ozvenchuk@ifj.edu.pl

The UrQMD transport model, version 3.4, is used to study the new experimental data
on total yields, rapidity distributions and transverse momentum spectra of π±, K±, p
and p¯ produced in inelastic p+p interactions at SPS energies, recently published by the
NA61/SHINE Collaboration.
The comparison of model predictions to these new measurements is presented as a
function of collision energy for central and forward particle rapidity intervals. In addition,
the inverse slope parameters characterising the transverse momentum distributions are
extracted from the predicted spectra and compared to corresponding values obtained
from experimental distributions, as a function of particle rapidity and collision energy.
A complex pattern of deviations between the experimental data and the UrQMD model
emerges. For charged π mesons, the fair agreement visible at top SPS energies deteriorates
with decreasing energy. For charged K mesons, UrQMD significantly underpredicts
positive kaon production at lower beam momenta. It also underpredicts the central
rapidity proton yield at top collision energy and overpredicts antiproton production at
all considered energies.
We conclude that new experimental data at SPS energies still constitute a challenge for
specific transport models, at least as far as the present version of the UrQMD code is
concerned. In view of the importance of the RHIC BES and SPS energy regime which is
claimed to host the onset of deconfinement from hadronic matter to quark-gluon plasma
in heavy ion collisions, a further discrimination and tuning of model assumptions seems
highly indicated as a new step towards a better understanding of the strong interaction
at high energy.
This work was recently published in Nuclear Physics A Journal (Nucl.Phys. A973 (2018)
104-115).
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Meson transition form factor measurements from A2
HEIJKENSKJÖLD, Lena1

1JGU Mainz

for the A2 Collaboration

Corresponding Author(s): lheijken@uni-mainz.de

A meson transition form factor (TFF) describes the dynamics of the transition between
photons and mesons and hence provides an important probe of the intrinsic structure
of mesons. High statistics measurements of TFFs also play a role for the precision
frontier of the Standard Model (SM). In the SM calculation of the anomalous magnetic
moment of the muon, the largest uncertainty is given by the hadronic part in which the
hadronic Light-by-Light (hLbL) scattering plays a significant role. The largest individual
contribution to the hLbL is an exchange of light pseudoscalar mesons coupling to two
virtual photons. This coupling is in turn described by the corresponding TFF.
The A2 experiment at MAMI provides a high yield of light mesons produced by photo-
induced reactions on protons, which makes the experiment ideal for precision measure-
ments of meson TFFs. The A2 collaboration has recently published results of TFFs
obtained by studies of Dalitz decays of the π0 and η mesons as well as the ω → π0e+e−

decay. For the study of the η′ Dalitz decay, data has been collected and is being analyzed.
And as a future endeavor, A2 will perform a dedicated measurement of the π0 TFF with
statistics increased by several factors compared to the previous A2 result.

A revision of radiative corrections to double-Dalitz decays
Author(s): SANCHEZ-PUERTAS, Pablo1

Co-author(s): KAMPF, Karol1 ; NOVOTNY, Jiri1

1Charles University, Prague
Corresponding Author(s): sanchezp@ipnp.troja.mff.cuni.cz

The transition form factors (TFFs) of pseudoscalar mesons were—and continue to be—an
active field of research, especially in their connection with the hadronic light-by-light
contribution to the muon g-2. A particular aspect which is still a matter of debate
concerns their double-virtual behavior, for which experimental data would be extremely
welcomed in any theoretical approach. A long-time proposed possibility is to study the
double-Dalitz decays of pseudoscalar mesons. Still, given the mild effect that TFFs
play in these decays, a thorough investigation of NLO radiative corrections is extremely
important. In our study, we revise the existing calculation and complete the—so far
missing—full NLO calculation, finding some discrepancies which could be of relevance for
existing and projected pseudocalar meson factories. The calculations can also be used for
the crossing-related process, e+e− → e+e−P , where future measurements are foreseen.
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Work based on arXiv:1801.06067 and selected for PRD Editors’ Suggestion in March
2018 issue.

Radiative corrections in Dalitz decays of π0, η and η′ mesons
Author(s): HUSEK, Tomáš1

Co-author(s): KAMPF, Karol2 ; NOVOTNY, Jiri2 ; LEUPOLD, Stefan3

1IFIC, Universitat de València-CSIC
2Charles University, Prague
3Uppsala University

Corresponding Author(s): thusek@cern.ch

We briefly summarize current experimental and theoretical results on the two important
processes of the low energy hadron physics involving neutral pions: the Dalitz decay
of π0 and the rare decay π0 → e+e−. As novel results we present the complete set
of radiative corrections to the Dalitz decays η(′) → `+`−γ beyond the soft-photon
approximation, i.e. over the whole range of the Dalitz plot and with no restrictions on
the energy of a radiative photon. The corrections inevitably depend on the η(′) → γ∗γ(∗)

transition form factors. For the singly virtual transition form factor appearing e.g. in the
bremsstrahlung correction, recent dispersive calculations are used. For the one-photon-
irreducible contribution at the one-loop level (for the doubly virtual form factor), we use
a vector-meson-dominance-inspired model while taking into account the η-η′ mixing.

Strange Meson Production in Pion-Nucleus Reactions at 1.7
GeV/c
Author(s): WIRTH, Joana1

Co-author(s): FABBIETTI, Laura1

1TU München

for the HADES Collaboration Collaboration

Corresponding Author(s): joana.wirth@tum.de

The production of strange mesons in pion-nucleus reactions allows for a quantitative
investigation of in-medium effects such as re-scattering or absorption processes at well-
defined nuclear density. Overall, 10× 107 and 13× 107 events have been collected with
the HADES detector at the GSI pion beam facility in π− + C and π− +W collisions at
pπ− = 1.7 GeV/c. We present our results on the open and hidden strange meson (K±
and φ) production in cold nuclear matter. Special emphasis will be put on the study of
K− absorption driven by strangeness exchange processes on one (K−N → Y π) or more
nucleons (K−NN → Y N). The data supports K− absorption in the heavier system
(W) by comparing the K−/K+ ratios measured in collisions with heavy targets (W) and
lighter ones (C). In addition, the φ absorption in nuclear medium will be addressed by
comparing the production in both nuclear environments as well as the φ feed-down to
the K− production.
Work supported by the DFG cluster of excellence “Origin and Structure of the Universe”
and SFB 1258.
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Triangle singularity enhancing isospin violation in B̄0
s →

J/ψπ0f0(980) and D+
s → π+π0f0(980)

Author(s): LIANG, Wei-Hong1

Co-author(s): SAKAI, shuntaro2 ; XIE, Ju-Jun3 ; OSET, Eulogio2

1Guangxi Normal University
2University of Valencia
3Institute of Modern Physics, CAS

Corresponding Author(s): liangwh@gxnu.edu.cn

We investigate isospin violation and a0 − f0 mixing in the B̄0
s → J/ψπ0a0(980)(f0(980))

and D+
s → π+π0a0(980)(f0(980)) reactions, where B̄0

s → J/ψπ0f0(980) and D+
s →

π+π0f0(980) are isospin-suppressed while B̄0
s → J/ψπ0a0(980) and D+

s → π+π0a0(980)
are isospin-allowed. The reaction proceeds via a triangle mechanism, with B̄0

s →
J/ψK∗K̄ + c.c. or D+

s → π+K∗K̄, followed by the decay K∗ → Kπ and a further
fusion of KK̄ into the f0(980) or a0(980). We show that the mechanism develops a
singularity around the π0f0(980) or π0a0(980) invariant mass of 1420 MeV where the
π0f0 and π0a0 decay modes are magnified and also the ratio of π0f0 to π0a0 production,
stressing the role of the triangle singularities as a factor to enhance the mixing of the
f0(980) and a0(980) resonances. We calculate absolute rates for the reactions and show
that they are within present measurable range. The measurement of these reactions
would bring further information into the role of triangle singularities in isospin violation
and the a0 − f0 mixing in particular and shed further light into the nature of the low
lying scalar mesons.

a0(980)−f0(980) mixing in χc1→π0f0(980)→π0π+π− and
χc1→π0a0(980)→π0π0η
Author(s): BAYAR, Melahat1

Co-author(s): DEBASTIANI, Vinicious2

1Kocaeli University
2Universidad de Valencia

for the Melahat Bayar and V. R. Debastiani Collaboration

Corresponding Author(s): melahatbayar@gmail.com

We study the isospin breaking in the reactions χc1→π0π+π− and χc1→π0π0η and its
relation to the a0(980)−f0(980) mixing, which was measured by the BESIII Collaboration.
We show that the same theoretical model previously developed to study the χc1→ηπ+π−
reaction (also measured by BESIII), and further explored in the predictions to the
ηc→ηπ+π−, can be successfully employed in the present study. We assume that the χc1
behaves as an SU(3) singlet to find the weight in which trios of pseudoscalars are created,
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followed by the final state interaction of pairs of mesons to describe how the a0(980) and
f0(980) are dynamically generated, using the chiral unitary approach in coupled channels.
The isospin violation is introduced through the use of different masses for the charged
and neutral kaons, either in the propagators of the pairs of mesons created in the χc1
decay, or in the propagators inside the T matrix, constructed through the unitarization
of the scattering and transition amplitudes of pairs of pseudoscalar mesons. We find that
violating isospin inside the T matrix makes the π0η→π+π− amplitude nonzero, which
gives an important contribution and also enhances the effect of the KK¯ term. Also, we
find that in the total amplitude the most important effect is the isospin breaking inside
the T matrix, due to the constructive sum of π0η→π+π− and KK¯→π+π−, which is
essential to get a good agreement with the experimental measurement of the mixing.

Polarization analysis of antiprotons produced in pA colli-
sions
GRZONKA, Dieter1 ; ALFS, Dominika2

1Forschungszentrum Jülich
2Institut für Kernphysik, Forschungszentrum Jülich

for the P349 Collaboration

Corresponding Author(s): d.grzonka@fz-juelich.de

A polarized antiproton beam would allow for the extraction of more detailed information
in various fields like the structure of hadrons and their interaction but till now, although
possible methods have been discussed since the first antiproton beams were produced [1],
no simple procedure for the preparation of a well defined polarized antiproton beam is
available. The actual favored solution is the spin filter method where a stored unpolarized
antiproton beam is polarized by passing through a polarized target. Due to the spin
dependent interaction one polarization component is depleted and after a certain storage
time a beam polarization is build up. The technique in principle works as shown with
protons but it is rather effortful [2]. A quite simple procedure for the generation of a
polarized antiproton beam could be worked out if antiprotons are produced with some
polarization.
In order to investigate this possibility measurements of the polarization of produced
antiprotons have been started at a CERN/PS testbeam. Secondary particles produced
with the PS beam were transferred through a beam line adjusted to 3.5 GeV/c momentum
to a detection system which includes a liquid hydrogen analyzer target, tracking detectors,
scintillators, a Cherenkov detector to veto the dominant pion background and a DIRC
for the particle identification. The polarization will be determined from the asymmetry
of the elastic antiproton scattering at the liquid hydrogen target in the CNI region for
which the analyzing power is well known. The tracks of beam and scattered particle are
reconstructed from drift chamber signals and the particle identification is done by the
Cherenkov cone in the DIRC.
The data are still under analysis and in order to improve the statistics an additional
measurement is planned for summer 2018. Details on the experiment and the ongoing
data analysis [3,4] will be given.
References:
[1] A. D. Krisch, AIP Conf. Proc. 145 (1986).
[2] W. Augustyniak et al., Phys. Lett. B 718 64-69 (2012).
[3] D. Alfs et al., Acta Phys. Pol. B 48 1983 (2017).
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[4] D. Grzonka et al., Acta Phys. Pol. B 46, 191 (2015).

High spin resonances produced in π+π−π− and π−π0π0 sys-
tems at VES setup
KACHAEV, Igor1

1IHEP, Institute for High Energy Physics, Protvino, Russia

for the VES Collaboration

Corresponding Author(s): igor.katchaev@ihep.ru

A study of high spin resonances produced in π+π−π− and π−π0π0 systems with 29 GeV/c
π− beam on Be target is presented. Above 90 million events for the first one and 32
million events for the second one are collected with VES setup in a wide range of transfer
momentum squared 0 < |t′| < 1 GeV/c2. This is the largest statistics in the word. The
a3(1875) and a4(2050) meson parameters are given and their production mechanism is
discussed.
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Plenary session SATURDAY

Thermal Dileptons and Hadrons in Medium
RAPP, Ralf1

1Texas A&M University

Corresponding Author(s): rapp@comp.tamu.edu

Dilepton radiation from the exploding fireballs formed in energetic collisions of heavy
nuclei provides a unique opportunity to investigate medium modifications of the light
vector mesons. We discuss theoretical calculations of in-medium spectral functions and
how they can help to interpret the experimentally measured dilepton spectra in heavy-ion
collisions over a large range of energies, providing a large coverage of baryon density and
temperature across the QCD phase diagram. In particular, we elaborate on implications
for the restoration of the spontaneously broken chiral symmetry and the transition from
hadronic to partonic the degrees of freedom in hot and dense matter.

The Role of Mesons in Muon g − 2
JEGERLEHNER, Fred1

1DESY Zeuthen/ Humboldt University Berlin Emeritus

Corresponding Author(s): fjeger@physik.hu-berlin.de

The muon anomaly aµ = (gµ − 2)/2 showing a persisting 3 to 4 σ deviation between the
SM prediction and the experiment is one of the most promising signals for physics beyond
the SM. As is well known, the hadronic uncertainties are limiting the accuracy of the
Standard Model prediction. Therefore a big effort is going on to improve the evaluations
of hadronic effects in order to keep up with the 4-fold improved precision expected
from the new Fermilab measurement in the near future. A novel complementary type
experiment planned at J-PARC in Japan, operating with ultracold muons, is expected
to be able to achieve the same accuracy but with completely different systematics. So
exciting times in searching for New Physics are underway. I discuss the role of meson
physics in calculations of the hadronic part of the muon g-2. The improvement is expected
to substantiate the present deviation ∆aNew Physics

µ = ∆aExperiment
µ −∆aStandard Model

µ to
a 6 to 10 standard deviation effect, provided hadronic uncertainties can be reduced by
a factor two. This concerns the hadronic vacuum polarization as well as the hadronic
light-by-light scattering contributions, both to a large extent determined by the low lying
meson spectrum. Better meson production data and progress in modeling meson form
factors could greatly help to improve the precision and reliability of the SM prediction of
aµ and thereby provide more information on what is missing in the SM.

Energy and system dependence of light- and heavy-flavor
hadron production in pp, p-Pb, Xe-Xe and Pb-Pb collisions
at the LHC
OTWINOWSKI, Jacek1
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1IFJ PAN

for the ALICE Collaboration

Corresponding Author(s): jacek.otwinowski@ifj.edu.pl

We report the measurement of light- and heavy-flavor hadron production in central
(|η| < 0.9) and forward (−4.0 < η < −2.5) rapidities in pp (

√
s = 2.76 TeV, 5.02 TeV

and 7 TeV), p-Pb (√sNN = 5.02 TeV), Xe-Xe (√sNN = 5.44 TeV) and Pb-Pb (√sNN =
2.76 TeV and 5.02 TeV) collisions with ALICE at the LHC. We present the transverse
momentum (pT) spectra and pT-integrated yields for different hadron species. The
hadron production for different collision systems is compared as a function of collision
energy, collision centrality or charged particle multiplicity. It allows us to explore the
effect of multiple-parton interactions on hadron production in small systems as well
as to characterize the thermodynamic and transport properties of hot and dense QCD
matter produced in heavy-ion collisions. The measurement of a comprehensive set of
resonances with lifetimes in a wide range of 1-46 fm/c is suitable for a systematic study
of the role of re-scattering and regeneration in the hadronic phase. The pT-integrated
hadron yields are compared to predictions from thermal-statistical models. Hydrodynamic
and recombination models are tested against the measured spectra and particle ratios
(baryon/meson, resonance/non-resonance) at low and intermediate pT. Finally, the pT
spectra measured in p-Pb, Xe-Xe and Pb-Pb collisions are compared to those in pp
collisions in terms of nuclear modification factors and are confronted with the parton
energy loss models.

Highlights from the STAR experiment
ZBROSZCZYK, Hanna1

1Warsaw University of Technology

for the STAR Collaboration

Corresponding Author(s): gos@if.pw.edu.pl

The exploration of QCD phase diagram and study of the dynamics and mechanism
of particle production in heavy-ion collisions is one of the current research interest in
the field of high energy physics. In addition, the search for the QCD critical point in
the phase diagram has been the main motivation to carry out the Beam Energy Scan
program at the Relativistic Heavy Ion Collider (RHIC) facility at BNL. Under this
program Au+Au collisions were recorded at √sNN = 7.7, 11.5, 14.5, 19.6, 27 and 39
GeV by the STAR detector at RHIC. We will present results of the identified particle
production from BES energies. Our study focuses on the extraction of the chemical and
kinetic freeze-out properties of the system and understanding the evolution and dynamics
of particle production.

News from the Lattice
KORCYL, Piotr1

1Jagiellonian University &amp;amp; University of Regensburg
Corresponding Author(s): piotr.korcyl@uj.edu.pl
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In the talk, I will overview the recent progress in Lattice QCD techniques related to
different aspects of meson physics. In particular, I will present calculations of the mass
spectrum, decay constants, pion form factors, moments of meson distribution amplitudes
as well as results from a direct evaluation of meson distribution amplitudes and eventually
results for η/η′ masses and decay constants.

Heavy mesons in the quark model
RODRIGUEZ ENTEM, David1

1University of Salamanca
Corresponding Author(s): entem@usal.es

Since the discovery of the J/Ψ the quark model was very successful describing the
spectrum and properties of heavy mesons including only qq̄ components. However since
2003, with the discovery of the X(3872), many states that can not be accommodated
on the naive quark model have been discovered, and they made unavoidable to include
higher Fock components on the heavy meson states. We will give an overview of the
success of the quark model for heavy mesons and point some of the states that are likely
to be more complicated structures such as meson-meson molecules.
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Poster session

Study of φ(2170) @ BESIII
GAO, Xinlei1

1USTC (Hefei, China)

for the BESIII Collaboration

Corresponding Author(s): gaoxinl@mail.ustc.edu.cn

The φ(2170) maybe a strange partner of Y (4260), and there are a lot of theoretical
interpretations to explain the nature of φ(2170), including a traditional ss̄ state, a ss̄g
hybrid, tetraquark state, ΛΛ̄ bound state, and φKK resonance state. Their predictions
for different exclusive decays may have big discrepancy. However, there are inconsistencies
on mass and width of φ(2170). There are no experimental results on exclusive decay
modes predicted by theory. With 500 pb−1 data collected by the BESIII detector
between 2.0 GeV and 3.08 GeV, we report recent results on line-shape of e+e− →
K+K−/2(K+K−)/φη/φη′/ωπ0/− and also extract resonance parameters by fitting Born
cross sections of exclusive decay modes.

A Coupled-Channel Perspective for the Charmoniumlike
state X(4360)
ANWAR, Muhammad Naeem1

1Institute of Theoretical Physics, Chinese Academy of Sciences

Corresponding Author(s): naeem@itp.ac.cn

Very recently, we studied charmoniumlike state X(4260) in the coupled-channel quark
model [1], where we considered nonperturbative creation of the quark-antiquark pair is
triggered form the QCD vacuum, the so-called 3P0 mechanism [2]. We computed the
probabilities of various charmed meson molecules for the X(4260). Our study indicates
that, even though heavy quark spin symmetry forbids S−wave coupling of D1D̄ to the
3S1 charmonia, viz. ψ(nS), the D wave coupling is allowed and not negligible. We argued
that the X(4260) cannot be a pure molecule but a mixture of a charmonium and various
charmed meson components. We found that the D1D̄ couples strongly to the ψ(nD)
which indicates that in the D1D̄ molecular picture, the charmonium core of X(4260) is
ψ(nD) instead of ψ(nS). The experimental fact that the R ratio has a dip around 4.26
GeV can be well-understood in light of this finding.
In this contribution, we plan to present the extended version of our mentioned study,
where we predict the spin partners of X(4260), which is identified to be the X(4360)
[3]. We compute the probabilities of various charmed meson molecules for the X(4360)
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by including the contributions from intermediate excited charmed mesons [4]. We find
that the channel D1D̄

∗ couples more strongly around the X(4360) mass regime, this
enlighten that the most favourable molecular scenario for X(4360) is the D1D̄

∗. Hence, in
coupled-channel quark model, the X(4360) can be interpreted as the spin partner of the
X(4260). However, our analysis for the X(4360) does not spotlight on its charmonium
core, since the coupling of D1D̄

∗ with ψ(nS) and ψ(nD) is roughly the same around
X(4360) mass.
References:
[1] Y. Lu, M. N. Anwar, and B.-S. Zou, Phys. Rev. D96 no. 11, (2017) 114022.
[2] Y. Lu, M. N. Anwar, and B.-S. Zou, Phys. Rev. D94 no. 3, (2016) 034021.
[3] M. N. Anwar, Y. Lu, and B.-S. Zou, in preparation .
[4] Y. Lu, M. N. Anwar, and B.-S. Zou, Phys. Rev. D95 no. 3, (2017) 034018.

Meson dissociation in hot, dense matter within the Beth-
Uhlenbeck approach
Author(s): SOUDI, Ismail1
Co-author(s): BLASCHKE, David2

1IFT wroclaw
2University of Wroclaw

Corresponding Author(s): ismail.soudi@gmail.com

We investigate the meson dissociation in dense matter at finite temperature within
the Polyakov-loop improved NJL model. To this end we first consider quark-antiquark
correlations in the pion channel within a Beth-Uhlenbeck approach that treats bound
states and scattering continuum on the same footing and encodes the Mott dissociation
in the behaviour of the in-medium phase shifts [1]. The Mott transition is triggered by
the melting of the chiral condensate which entails a drop reduction of the dynamical
quark masses and thus a downwards shift of the scattering continuum which eventually
“eats up” the bound state, transforming it to a resonance in the continuum. In [2] it has
been demonstrated how the backreaction of the pion gas on the chiral condensate can be
taken into account within the Beth-Uhlenbeck approach by adopting a simplified model
of the medium-dependent phase shifts where the scattering continuum was replaced by
an antibound state at the continuum threshold. In the present work [3], we relax this
assumption and improve the ansatz for the continuum phase shift. We also include further
low-lying meson states (kaons, ρ-mesons) and study their influence on the pseudocritical
temperature of the chiral transition.
[1] D. Blaschke et al. Ann. Phys. 348 (2014) 228.
[2] D. Blaschke, A. Dubinin, D. Ebert and A. Friesen, Phys. Part. Nucl.Lett. 15 (2018)
230.
[3] I. Soudi, D. Blaschke, in preparation (2018).

Investigation ofK+ emission from Ru+Ru collisions at 1.65A
GeV with FOPI.
WÓJCIK, Dominika1 ; PIASECKI, Krzysztof1

1Institute of Experimental Physics, University of Warsaw, Poland

Corresponding Author(s): dw384760@okwf.fuw.edu.pl
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Investigation of kaon production in heavy ion collisions at beam energies around threshold
in the elementary NN collision has often aroused interest due to its sensitivity to the
in-medium modifications of basic hadron properties, like mass and decay constant [1-4].
The FOPI Collaboration has investigated the collisions of Ru+Ru at the beam kinetic
energy of 1.65A GeV. An installation of the RPC-based ToF detector with the good timing
capabilities and granularity enhanced the acceptance of charged kaon measurements [5].
In this contribution, we present the K+ phase space distribution analysis. Our work is a
part of the analysis of hadron emission from the abovementioned collisions, with the aim
to compare the yields to the predictions of the Statistical Model [6].

[1] C. Hartnack et al., Phys. Rep. 510, 119 (2012).
[2] C. Fuchs, Prog. Part. Nucl. Phys. 56, 1 (2006).
[3] P. Gasik et al., Eur. Phys. J. A 52, 177 (2016).
[4] K. Wiśniewski et al., Eur. Phys. J. A 9, 515 (2000).
[5] M. Kiš et al., Nucl. Instr. Meth. A 646, 27 (2011).
[6] A. Andronic, P. Braun-Munzinger, J. Stachel, Nucl. Phys. A 772, 167 (2006).

Open charm measurements at CERN SPS energies with the
new Vertex Detector of the NA61/SHINE experiment
MERZLAYA, Anastasia1

1Jagiellonian University (PL), St Petersburg State University (RU),

for the NA61/SHINE Collaboration

Corresponding Author(s): anastasia.merzlaya@cern.ch

The study of open charm meson production provides an efficient tool for detailed investiga-
tions of the properties of hot and dense matter formed in nucleus-nucleus collisions. The
interpretation of the existing data from the CERN SPS suffers from a lack of knowledge
on the total charm production rate. To overcome this limitation the heavy-ion programme
of the NA61/SHINE experiment at CERN SPS has been expanded to allow for precise
measurements of particles with a short lifetime. A new Vertex Detector, based on the
MIMOSA pixel chip family, was designed and constructed to meet the challenges of open
charm measurements in nucleus-nucleus collisions.
A small-acceptance version of the Vertex Detector, SAVD (Small Acceptance Vertex
Detector), was installed in December 2016 for data taking with Pb+Pb collisions at 150A
GeV/c. An exploratory set of collected data allowed to validate the general concept
of the D0 mesons detection via its D0 → π + K decay channel and delivered the first
indication of open charm observation at SPS energies. In October and November of 2017
a large statistic data set has been taken for Xe+La at the beam momenta of 150A, 75A,
and 40A GeV/c, these data are currently under intense analysis.
The physics motivation behind the open charm measurements at the SPS energies will be
discussed. Moreover, the concept of the SAVD hardware and status of the analysis will
be shown, discussing challenges related to the tracking in the inhomogeneous magnetic
field, as well as the matching of SAVD tracks to TPCs tracks needed for the extraction
of physics results. Also, the future plans of open charm measurements in NA61/SHINE
experiment related to the upgraded version of the Vertex Detector will be presented.
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Production of χc meson pairs with additional emission
Author(s): BABIARZ, Izabela1

Co-author(s): SCHAFER, Wolfgang2 ; SZCZUREK, Antoni3

1Institute of Nuclear Physics, Polish Academy of Science
2IFJ, PAN
3IFJ,PAN

Corresponding Author(s): babiarz.i.m@gmail.com

We discuss production of different pairs of χc mesons with large rapidity separation.
Compared to earlier calculations we include also some extra gluon emissions. The
calculation is done in the collinear approximation. Both partonic and hadronic phase will
be discussed. Both real and virtual corrections are taken into account. Special attention
will be given to large rapidity separations. Several differential distributions will be shown.
Correlations between the two χc mesons will be discussed. The result is important in the
context of enhanced double J/ψ production.

Study of the resonance ψ(4040) and its companion poles
Author(s): PIOTROWSKA, Milena1

Co-author(s): GIACOSA, Francesco2 ; KOVACS, Peter3

1Jan Kochanowski University Kielce
2Frankfurt University
3Wigner RCP

Corresponding Author(s): milena.soltysiak@op.pl

We study the vector state ψ(4040) and its decays into the channels DD, DD∗ and
D∗D∗ by making use a QFT approach. We study the spectral function in the vector
kaonic sector up to 4.2 GeV and we are looking for the pole(s) in the complex plane.
In particular, we perform a fit to the experimental data of the cross-sections of the
reactions e+e− into DD∗ and D∗D∗ and investigate if, besides the standard seed pole
corresponding to ψ(4040), other poles exist. A possibility is to describe the meson
Y (4008) as a dynamically generated companion pole of ψ(4040).

New results on the vector Ay and tensor Ayy and Axx an-
alyzing powers in deuteron-proton elastic scattering at 400-
1800 MeV.
LADYGIN, Vladimir1

1LHEP-JINR

for the DSS Collaboration

Corresponding Author(s): vladygin@jinr.ru

New results on the vector Ay and tensor Ayy and Axx analyzing powers in deuteron-proton
elastic scattering obtained at Nuclotron in the energy range 400-1800 MeV are presented.
These data have been obtained at DSS setup at internal target station at Nuclotron-
JINR using polarized deuteron beam from the new ion source. The preliminary data on
the deuteron analyzing powers in the wide energy range demonstrate the sensitivity to
the short-range spin structure of the nucleon-nucleon correlations.
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Systematic study of the nucleon induced deuteron breakup
at E=13 MeV with the JISP16 potential
Author(s): SOLOVIOV, Volodymyr1

Co-author(s): GOLAK, Jacek2 ; SKIBINSKI, Roman3 ; TOPOLNICKI, Kacper3 ;
VOLKOTRUB, Yuriy3 ; WITALA, Henryk3

1Zakład Teorii Układów Jądrowych /Wydział Fizyki, Astronomii i Informatyki Stosowanej
Uniwersytetu Jagiellońskiego, 30-348 Kraków

2Jagiellonian University, Cracow, Poland
3Jagiellonian University

Corresponding Author(s): vartallerrab@yandex.ru

In the recent paper [1] we have revealed the shortcomings of the JISP16 nucleon-nucleon
interaction [2] leading to a poor description of the nucleon-deuteron elastic scattering
observables at low energies. It can be traced back to the off-the-energy-shell parts of
the P-wave components of this interaction, which responsible for observed discrepancies
between data and theoretical predictions. This in turn shows that the observables used
during the fixing of free parameters of the JISP16 force (i.e. the energies of ground and
selected excited states of some nuclei with A≤16) are not sensitive enough to details of
the nuclear interaction in specific partial waves.
In order to improve the JISP16 model it is necessary to refit the JISP16 force parameters.
It seems reasonable to use for this purpose the nucleon-deuteron elastic scattering and/or
the nucleon induced deuteron breakup data, inasmuch the exact theoretical predictions
for these processes are available.
In this contribution we explore a possibility of using the nucleon induced deuteron breakup
differential cross section to constrain values of the JISP16 parameters. To that end we
calculate, by solving the Faddeev equation [3], the differential cross section for complete
kinematical configurations defined uniquely by five independent variables describing the
final state kinematics. We perform such calculations, at initial nucleon laboratory energy
E=13 MeV, twice: using the JISP16 force or using the standard semi-phenomenological
AV18 nucleon-nucleon potential [4]. It has been already shown that the latter force
delivers a good description of deuteron breakup data [3,5]. We search over the whole
phase space for the kinematical configurations for which the differences between the
JISP16 predictions and the AV18 ones are big, and thus could be used for improving
the JISP16 force. In a proposed poster presentation we will report the obtained results,
compare them with the existing data, and discuss a usefulness of the deuteron breakup
process for fixing free parameters of the JISP16 potential.
[1] R. Skibinski et al., Phys. Rev. C97, 014002 (2018).
[2] A.M.Shirokov, J.P.Vary, A.I.Mazur, and T.A.Weber, Phys. Lett. B644, 33 (2007).
[3] W.Gloeckle, H.Witala, D.Huber, H.Kamada, and J.Golak, Phys. Rept. 274, 107
(1996).
[4] R.B.Wiringa, V.G.J.Stoks, and R.Schiavilla, Phys. Rev. C51, 38 (1995).
[5] J.Kuros-Zolnierczuk et al., Phys. Rev. C66, 024004 (2002).

GPDs of ρmeson from a light-front constituent quark model

SUN, Bao-Dong1

1Institute of High Energy Physics (IHEP), Chinese Academy of Sciences (CAS)

Corresponding Author(s): sunbd@ihep.ac.cn

Page 49



MESON2018 / Book of Abstracts

The work is about the ρ meson unpolarized generalized parton distributions based on
a light-front constituent quark model. The form factors and some other low-energy
observables of the ρ meson are calculated. The contributions to the form factors and
generalized parton distributions from the valence and nonvalence regimes are discussed
and analyzed in detail. Moreover, by employing a Gaussian form wave packet, the
ρ meson impact parameter dependent parton distributions and the impact parameter
dependent form factors are introduced and discussed.

Measurement of the proton scalar polarizabilities at MAMI
MORNACCHI, Edoardo1

1Johannes Gutenberg-Universität Mainz

for the A2 Collaboration Collaboration

Corresponding Author(s): emornacc@uni-mainz.de

The electric (αE1) and magnetic (βM1) scalar polarizabilities describe the response of the
nucleon to an applied electric or magnetic field. They are not only fundamental properties
related to the internal structure and dynamics of the nucleon, but they are important also
in other areas of physics, such as atomic structure. The values of αE1 and βM1 quoted by
the Particle Data Group were determined using data on the unpolarized differential cross-
section of the Compton scattering γp→ γp. The measurement of the beam asymmetry
Σ3 provides an alternative approach to the extraction of the scalar polarizabilities, with
different sensitivity and systematics compared to the unpolarized cross-section. This
asymmetry was measured recently for the first time below the pion photoproduction
threshold by the A2 Collaboration with the Crystal Ball/TAPS experiment at MAMI
(Mainz, Germany). A linearly polarized photon beam impinged on a liquid hydrogen
target and the scattered photons were detected with the Crystal Ball/TAPS setup,
providing almost 4π coverage.
A new high precision measurement of both a unpolarized cross-section and beam asym-
metry Σ3 is ongoing at MAMI and the polarizabilities αE1 and βM1 will be extracted
with unprecedented precision. The impact of the recently obtained and expected results
on the extraction of the scalar polarizabilities will be discussed in this talk.
∗On behalf of the A2 Collaboration at MAMI.

Study of time reversal symmetry in the decay of Ortho-
Positronium atoms using J-PET
Author(s): RAJ, Juhi1
Co-author(s): SILARSKI, Michal2

1Jagiellonian University, Krakow, Poland
2Jagiellonian University

for the J-PET Collaboration

Corresponding Author(s): juhi.nagaraj@gmail.com

The Jagiellonian Positron Emission Tomograph (J-PET) is one of its kind based on
organic scintillators being developed at Jagiellonian University in Krakow, Poland [1,2].
J-PET is an axially symmetric and high acceptance scanner that can be used as a
multi-purpose detector system. It is well suited to pursue tests of discrete symmetries
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in decays of positronium in addition to medical imaging [3,4,5]. J-PET enables the
measurement of the momentum vector ~ki and the polarization vector ~εj of annihilation
photons [4]. Measurement of polarization of high energy photons (511 keV) is a unique
feature of the J-PET detector which allows the study of time reversal symmetry violation
by determining the expectation values of the time reversal symmetry odd operator [4],
(~εj .~ki), (forj 6= i). So far, Time reversal symmetry violation has not been observed
in purely leptonic systems [6]. The best experimental upper limits for CP and CPT
(C-Charge Conjugation, P-Parity, and T-Time) symmetry violation in positronium decay
is set to 0.3×10−3 [7,8]. According to the standard model predictions, photon-photon
interaction or weak interaction can mimic the symmetry violation at the level of 10−9

(photon-photon interaction) and 10−13 (weak interactions) respectively [9-11]. There are
about 6 orders of magnitude difference between the present experimental upper limit
and the standard model predictions [6]. J-PET group aims to improve the sensitivity
for the tests of the time reversal symmetry with respect to the previous experiments in
the leptonic sector. At the turn of 2017 and 2018, a three month experimental run with
the positronium produced in the porous polymer was conducted. The first results of the
analysis will be presented in the poster.

[1] P. Moskal et al., Phys. Med. Biol. 61 (2016)
[2] P. Moskal et al., Nucl. Instr. and Meth. A 764 (2014) 317-321
[3] D. Kamińska et al. Eur. Phys. J. C 76, 445 (2016)
[4] P. Moskal et al., Acta Phys. Polon. B 47, 509 (2016)
[5] A. Gajos et al., Nucl. Instrum. Methods A 819, 54 (2016)
[6] V.A. Kostelecky and N. Russell, January 2018 update to Reviews of Modern Physics
83, 11(2011)
[7] T. Yamazaki, T. Namba, S. Asai, T. Kobayashi, Phys. Rev. Lett. 104, 083401 (2010)
[8] P.A. Vetter, S.J. Freedman, Phys. Rev. Lett. 91, 263401 (2003)
[9] M. S. Sozzi, Discrete Symmetries and CP Violation. From Experiment to Theory,
Oxford University Press (2008)
[10] W. Bernreyther et. al., Z. Phys. C 41, 143 (1988)
[11] B. K. Arbic et. al., Phys. Rev. A 37, 3189 (1988)

Three-nucleon bound state calculations using the "three-
dimensional" formalism
Author(s): TOPOLNICKI, Kacper1

Co-author(s): GOLAK, Jacek2 ; SKIBIŃSKI, Roman1 ; WITAŁA, Henryk1 ; VOLKOTRUB,
Yuriy1 ; SOLOVIOV, Volodymyr3 ; GRASSI, Alessandro1

1Jagiellonian University
2Jagiellonian University, Cracow, Poland
3Zakład Teorii Układów Jądrowych /Wydział Fizyki, Astronomii i Informatyki Stosowanej

Uniwersytetu Jagiellońskiego, 30-348 Kraków
Corresponding Author(s): kacper.topolnicki@uj.edu.pl

An overview of the, so called, “three dimensional” formalism will be presented with an
emphasis on three nucleon bound state calculations. In this approach calculations are
performed without the partial wave decomposition (PWD) of operators - instead the
three dimensional degrees of freedom of the nucleons are used. The ability to avoid PWD
has possible applications in situations where a large amount of partial waves needs to be
used in order to achieve convergence. These situations include scattering calculations at
higher energies and bound state calculations with the Coulomb interaction. Details on
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the improved implementation of three-nucleon forces in the calculations will be given.
Additionally results that use the 3/2 isospin component will be presented.

Contribution of QCD Condensates to the OPE of Green
Functions of Chiral Currents
Author(s): KADAVY, Tomas1

Co-author(s): KAMPF, Karol2 ; NOVOTNY, Jiri2

1Charles University in Prague
2Charles University

Corresponding Author(s): tomas.kadavy@gmail.com

In this talk, basic properties of QCD condensates will be presented, together with theirs
relation to the operator product expansion (OPE) and the two-point and three-point
Green functions constructed of chiral currents. Next, we will discuss our newest results
for contribution of the QCD condensates with dimension D<6 to the Green functions
calculated within the framework of ChPT/RChT, i.e. chiral perturbation theory or
resonance chiral theory. This matching of the OPE and such effective theories can lead
to some coupling constants constraints and, therefore, thus allows us to obtain some
unknown parameters of the chiral/resonance Lagrangian.

The Tests of CP and CPT Asymmetry using J-PET Detec-
tor
Author(s): MOHAMMED, Muhsin1

Co-author(s): GAJOS, Aleksandar1

1Jagiellonian university

for the J-PET collaboration Collaboration

Corresponding Author(s): mohsen_albadrani@yahoo.com, alek.gajos@gmail.com

Abstract
Symmetries under the parity transformation (P), charge-conjugation (C) and time reversal
(T) are of fundamental importance in nuclear and elementary particle physics. Studies
of the observables violating the combined CP symmetry constitute precise tests of the
Standard Model. However, CP violation was observed to date only for systems involving
quarks, raising the importance of searches its manifestations e.g. in purely leptonic
systems.
The 3γ decay of spin-aligned ortho-positronium atoms (o-Ps) can be used to test CP
invariance in such a purely leptonic system. The Jagiellonian Positron Emission Tomo-
graph (J-PET) detection system [1] enables experimental tests of CP and CPT through
measurement of the expectation values of angular correlation operators odd under these
transformations and constructed from (i) spin vector of the ortho-positronium atom, (ii)
co-planar momentum vectors of photons originating from the decay of positronium, and
(iii) linear polarization direction of annihilation photons [2,3].
Precise experimental symmetry tests with J-PET are possible thanks to a dedicated
reconstruction technique of 3γ ortho-positronium decays [4] and a positronium production
chamber including a highly porous aerogel target, whose setup allows for determining
the ortho-positronium spin polarization without the use of external magnetic field [5].
References: [1] E. Czerwiński et al., Acta Phys. Polon. B10, 1961 (2017).
[2] P. Moskal et al., Acta Phys. Polon. B47, 509 (2016).
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[3] D. Kamińska et al., Eur. Phys. J. C76, 445 (2016).
[4] A. Gajos et al., Nucl. Instrum. and Meth. A819, 54 (2016).
[5] M. Mohammed et al., Acta Phys. Polon. A130, 1486 (2017).

S-matrix approach to the hadron gas
LO, Pok Man1

1University of Wroclaw
Corresponding Author(s): pmlo@ift.uni.wroc.pl

In this talk, I shall discuss the S-matrix formulation of statistical mechanics, which
connects the scattering matrix elements to the thermodynamic observables. The approach
allows a consistent treatment of broad resonances and purely repulsive channels, while
correctly implementing the constraints from the chiral perturbation theory. This provides
a useful framework for identifying the limitations of the Hadron Resonance Gas model
and for incorporating additional effects from hadron physics to reliably describing the
thermal medium.
We shall apply the method to study (1) the ρ-meson and (2) the pion-nucleon system. In
the first case, the importance of the non-resonant contribution will be demonstrated in
the correct description of the soft part of the decay pion momentum spectra. For the
latter, we will describe how the natural implementation of the repulsive forces can help
to better understand the lattice QCD result on the baryon electric charge correlation.
Lastly, I discuss some recent progress to include inelastic effects and N > 2-body
scatterings.

Model predictions of hadron production measurements us-
ing proton-carbon interactions at high energies
Author(s): AJAZ, Muhammad1

Co-author(s): ULLAH, Shahid1 ; ALI, Yasir2 ; TABASSUM, Uzma2

1Department of Physics, Abdul Wali Khan University Mardan
2Department of Physics, COMSATS Institute of Information Technology Islamabad

Pakistan
Corresponding Author(s): ajaz@awkum.edu.pk

The primary interactions of protons and the secondary interactions of protons, Kaons
and pions with the target and the beam-line material dominate the uncertainty in the
flux of neutrino beams. Hadron production measurements from a comprehensive set of
interactions which will allow modern neutrino experiments to make more precise neutrino
cross section and oscillation measurements. In this work, comprehensive results on the
double differential yield of π± and k± mesons, protons and antiprotons as a function
of laboratory momentum are presented. These hadrons are produced in proton-carbon
interaction at high energies. EPOS 1.99, EPOS-LHC and QGSJETII-04 models are used
to perform simulations. The simulation results of these three models are compared in
order to conclude about the best model for the description of the particles produced in
primary and secondary interactions at SPS energies. Hadron production measurements
are of significant importance for a precise prediction of the neutrino beam used in the
neutrino experiment and for the interpretation of Extensive Air Shower (EAS) data.

α + d → 6Li + γ astrophysical S-factor and its implications
for Big Bang Nucleosynthesis
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The α+ d→ 6Li + γ radiative capture is studied in order to predict the 6Li primordial
abundance. Within a two-body framework, the α particle and the deuteron are considered
the structureless constituents of 6Li. Five α+ d potentials are used to solve the two-body
problem: four of them are taken from the literature, only one having also a tensor
component. A fifth model is here constructed in order to reproduce, besides the 6Li static
properties as binding energy, magnetic dipole and electric quadrupole moments, also the
S-state asymptotic normalization coefficient (ANC). The two-body bound and scattering
problem is solved with different techniques, in order to minimize the numerical uncertainty
of the present results. The long-wavelength approximation is used, and therefore only the
electric dipole and quadrupole operators are retained. The astrophysical S-factor is found
to be significantly sensitive to the ANC, but in all the cases in good agreement with the
available experimental data. The theoretical uncertainty has been estimated of the order
of few % when the potentials which reproduce the ANC are considered, but increases
up to ' 20% when all the five potential models are retained. The effect of this S-factor
prediction on the 6Li primordial abundance is studied, using the public code PArthENoPE.
For the five models considered here we find 6Li/H= (0.9− 1.8) · 10−14, with the baryon
density parameter in the 3-σ range of Planck 2015 analysis, Ωbh

2 = 0.02226± 0.00023.

Luminosity Determination for the Quasi-Free Nuclear Re-
action in the WASA-at-COSY Experiment
Author(s): KHREPTAK, Aleksander1

Co-author(s): SKURZOK, Magdalena1 ; RUNDEL, Oleksandr2 ; MOSKAL, Paweł1

1Jagiellonian University
2IF Jagiellonial University

for the WASA-at-COSY Collaboration

Corresponding Author(s): aleks.khreptak@gmail.com

The scientific aim of our research is experimental confirmation of the existence of mesic-
nucleus: a new exotic kind of nuclear matter consisting of nucleons and mesons. Already
in 1986, Haider and Liu [1] postulated the hypothesis of a η-mesic nucleus. Since then,
many tries have been undertaken to experimentally confirm its existence but without
any conclusive result. The discovery of this new kind of an exotic nuclear matter would
be very important as it might allow for a better understanding of the η meson structure
and its interaction with nucleons [2,3].
Three experiments dedicated to the search of η-mesic helium has been performed by
the WASA-at-COSY Collaboration at the Forschungszentrum Jülich (Germany). The
measurements were carried out with high statistics and high acceptance with the WASA
detection setup in deuteron-deuteron (4He-η) [4,5] and proton-deuteron (3He-η) [6] fusion
reactions.
The measurements were performed using the ramped beam technique. During an
acceleration cycle the luminosity could vary. In order to determine the luminosity
dependence on the beam momentum we used the quasi-elastic proton-proton scattering,
for which the cross sections were already experimentally established. In the proton-
deuteron collisions, the protons from the beam scatter on the protons in the deuteron
target. The neutrons from the deuterons play the role of spectators. The cross-sections
for the elastic proton-proton scattering are taken from the SAID partial-wave analysis
[7].
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The poster will include a description of the simulation of the quasi-free pp→ pp reaction,
the calculation of the integrated luminosity and the determination of the luminosity
dependence of the excess energy.
[1] Q. Haider, L. C. Liu, Phys. Lett., 1986, B 172, 257-260.
[2] T. Inoue, E. Oset, Nucl. Phys., 2002, A 710, 354-370.
[3] S. D. Bass, A. W. Thomas, Acta Phys. Pol., 2010, B 41, 2239-2247.
[4] P. Adlarson, et al., Nucl. Phys. A 959, 102 (2017).
[5] P. Adlarson et al., Phys. Rev. C 87, 035204 (2013).
[6] M. Skurzok, W. Krzemien, O. Rundel and P. Moskal, Acta Phys. Polon., 2016, B 47,
503-508.
[7] http://gwdac.phys.gwu.edu/

Design of a detector for studies of S = -2 baryon interaction
induced by stopped p̄ annihilation
ALFS, Dominika1

1Institut für Kernphysik, Forschungszentrum Jülich

Corresponding Author(s): d.alfs@fz-juelich.de

The experimental determination of the baryon-baryon interaction within the baryon octet
allows for the development of improved hyperon-nucleon potentials and investigation
of SU(3) flavor symmetry. While for the NN-system an extended data base exists, the
hyperon sector is much less explored and studies of strangeness -2 systems are practically
limited to searches for the H-particle [1].
The idea of the experiment is the investigation of the strangeness -2 baryonic interactions
using Ξ baryons [2,3]. The low energy phase space cooled antiproton beam which will be
available from ELENA or FLAIR will allow for initiation of a reaction chain resulting in
the production of a Ξ hyperon with a low recoil momentum down to zero MeV/c. This
can be done by annihilation of stopped antiprotons via the double strangeness exchange
reaction (K̄∗,K(∗)) and further interaction of K̄∗: K̄∗N → KΞ.
Experimentally, complete kinematic reconstruction can be done with a relatively simple
detection setup and efficient triggering is possible due to three delayed decays of the
strange particles and high multiplicity of charged particles in the final state. This,
however, requires a high-resolution tracking system and a well-defined target vertex.
In this contribution, the foreseen detector setup will be presented together with preliminary
results of the MC simulations focusing on the design of the target for the efficient stopping
of antiprotons.

[1] R.L. Jaffe, Phys. Rev. Lett., 38, 195 (1977).
[2] K. Kilian, Proc. 4th LEAR Workshop, Villars-sur-Ollon, Switzerland, 1987, ed. C.
Amsler et al., Harwood Academic Publishers Chur London, 529 (1988).
[3] D. Grzonka, AIP Conference Proceedings 793, 190 (2005).

Drift chamber calibration and particle identification in the
P-349 experiment
Author(s): ZIELIŃSKI, Marcin1

Co-author(s): ALFS, Dominika2 ; GRZONKA, Dieter3
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3Forschungszentrum Jülich

Corresponding Author(s): m.zielinski@uj.edu.pl

The goal of the P-349 experiment is to determine polarization of antiprotons produced
in pA collisions [1]. Experimentally this is done by the measurement of the left-right
asymmetry of elastic antiproton scattering on a liquid hydrogen target in the Coulomb-
nuclear interference region.
According to preliminary calculations, the maximum of the analyzing power Ay equal
to about -4.5% is reached for a four-momentum transfer |t| = 0.003 GeV/c [2] which
corresponds to a scattering angle in the laboratory frame in the range of 10 - 20 mrad.
Therefore, the required track reconstruction precision expected to be sufficient for the
asymmetry determination is equal to about 1 mrad.
The experiment was performed in the PS test beam East Area, CERN in 2014 and 2015
and the data analysis is ongoing [3]. Currently, the main goals are reaching the desired
track reconstruction precision and elimination of the dominant pionic background.
In this contribution the current status of the analysis will be presented with a focus
on the drift chambers calibration, track identifiaction and reconstruction and particle
identification with DIRC.

1. D. Grzonka et al., Acta Phys. Pol. B 46, 191 (2015).

2. J. Haidenbauer, private communication.

3. D. Alfs et al., Acta Phys. Pol. B 48, 1938 (2017).

Feasibility studies of production and electromagnetic decay
studies of hyperons for HADES
NOWAKOWSKI, Krzysztof1 ; KUBOŚ, Joanna2

1Jagiellonian University
2Institute of Nuclear Physics PAS

for the HADES Collaboration

Corresponding Author(s): k.nowakowski@doctoral.uj.edu.pl, joanna.kubos@ifj.edu.pl

The spectrum of excited states of single- and double-strange hyperons is poorly known.
The internal structure of such hyperons is controversially discussed within various models,
e.g. quark, bag and molecular models [1]. The most famous example is Λ(1405). In this
context, radiative decays are predicted to be an ideal tool to discriminate between various
predictions [2]. Moreover, Ξ− production yields measured by the high Acceptance Di-
Electron Spectrometer (HADES) in Ar+KCl@1.76 GeV and p+Nb@3.5GeV experiments
[3] strongly overshoot model predictions and thus require more detailed studies of
elementary collisions.
HADES is a versatile detector installation optimized for dilepton detection and with
excellent tracking capabilities useable for strangeness measurements at SIS18 energies.
HADES has been recently upgraded by an electromagnetic calorimeter, a new RICH
photon detector and a forward detector. All these improvements, combined with the
improved SIS18 operation of proton beams at maximum energy 4.5 GeV, opens up new
experimental possibilities. In our poster, we show results of feasibility studies of the
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cascade production close to the threshold and also the radiative decays of the excited
hyperon states. Two benchmark channels, pp→ Λ(1520)K+p→ Λ(1115)e+e−K+p and
pp → Ξ−K+K+p, have been put into extensive simulations together with the most
significant background channels. We show the results including expected count rates and
signal-to-background ratios.
[1] E. Kaxiras et al., Phys. Rev. D 32, Aug 1985
[2] R.A. Williams et al., Phys. Rev. C 48, 1318 (1993)
[3] G. Agakishiev et al., Phys. Rev. Lett. 103, 132301 (2009)

Study of the performance of FT - EMC combined subsys-
tems by measuring cosmic rays
Author(s): MALIGE, Akshay1

Co-author(s): KORCYL, Grzegorz2 ; RATHOD, NARENDRA3 ; SALABURA, Piotr2

1Jagellionian University
2Jagiellonian University
3JAGIELLONIAN UNIVERSITY

Corresponding Author(s): mailme.akshaym@gmail.com

Straw tube detector developed for the PANDA experiment[1], will be used for tracking
charged particles in the Forward Tracker (FT) for the identification of protons, pions
and kaons based on the energy loss information. It will complement a high precision
electromagnetic calorimetry(EMC), tracking and particle identification in the central
region by means of the target spectrometer.The detector will be operated with interaction
rates up to 20 MHz and read-out by a Data AcQuisition system (DAQ) performing
on-line event selection according to various algorithms[2]. Synchronization Of Data
Acquisition Network (SODAnet) is the protocol used to synchronize individual subsystems
by providing a common clock signal and timestamps. The reconstruction of events out of
many fragments is done with the Burst Building Network. The first tests of the FT-EMC
combined DAQ system, have provided data sets that allow to analyze the performance
of the subsystems for cosmic rays. Those tests allow to evaluate detectors as well as
synchronization and processing systems. The reconstruction of particle tracks has been
developed and crosschecked with the use of both detecting subsystems. The results on
the track reconstruction, spatial resolution and energy loss via Time over Threshold
(TOT) will be presented together with the DAQ performance.

Time Over Threshold as a measure of energy response of
plastic scintillators used in the J-PET detector
SHARMA, Sushil K.1

1Jagiellonian University

for the J-PET Collaboration

Corresponding Author(s): sushil.sharma@uj.edu.pl

Discrete symmetries C (charge conjugation), P (parity) and T (time reversal) have been
studied for decades in order to answer the question of inequality between matter and
antimatter. So far most of such studies were focused on the mesons and nuclei [1,2]. But
studies on discrete symmetries in the leptonic system is very scarce. Jagiellonian-Positron
Emission Tomograph (J-PET) is the first of its kind constitutes of 192 plastic scintillators
arranged in three layers which are positioned in a cylindrical shape [3]. Characteristic
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features of the plastic scintillators (small light attenuation, high angular, and excellent
time resolution) and optimized locally developed data acquisition based on FPGA, justify
the JPET utilization in measuring the expectation values of the symmetry-odd operators
which eventually can be used to test the discrete symmetries in positronium atom decays
[3-7]. In the frame of J-PET, the charge collection is replaced with time over threshold
(TOT) measurements [8,9]. In plastics due to the nonlinearity between energy deposition
by incident gamma quanta and TOT values, there is a strong necessity to develop a
relationship between these two quantities in order to exhaust the utilities of J-PET
detector to study the discrete symmetries [5]. The geometrical acceptance of J-PET
allows studying the scattering of incident gamma. By knowing the incident gamma
energy and its scattering angle, the energy deposition in the scintillator can be estimated.
Thus for a gamma quanta hitting the plastic scintillator one can know its scattering
angle, energy deposition, and corresponding TOT values. Results obtained from the
data analysis aiming to develop the relationship between energy loss by incident gamma
quanta and TOT values in pursuit to study the discrete symmetries will be presented.
[1] J. L. Lees et al., Phys. Rev. Lett. 109(2012) 211801
[2] C.S. Wu et al., Phys.Rev. 105, 1413 (1957)
[3] E. Czerwinski et al., Acta Phys. Polon. B48 no. 10 (2017) 1961
[4] B. C. Hiesmayr, P. Moskal, Nature: Scientific reports 7, 15349 (2017)
[5] P. Moskal et al., Acta Phys. Polon. B 47 (2016) 509
[6] D. Kaminska et al., Eur. Phys. J. C 76(2016) 445
[7] A. Wieczorek et al., PLOS ONE 12(11): e0186728 (2017)
[8] M. Palka et al., JINST 12 (2017) P08001
[9] G. Korcyl et al., Acta Phys. Polon. B 47 (2016) 491

Study of the space charge effect and cross-talk in straw tube
detectors for the PANDA experiment
Author(s): RATHOD, Narendra1

Co-author(s): MALIGE, AKSHAY1 ; SMYRSKI, JERZY1

1The Marian Smoluchowski Institute of Physics, Jagiellonian University, Lojasiewicza
11, 30-348 Krakow, Poland

Corresponding Author(s): nsrathore.rajput@gmail.com

The PANDA experiment will be built at the FAIR facility to perform high precision tests
of the strong interaction through p̄p and p̄-A annihilations. To track charge particles,
PANDA uses two straw tube trackers : cylindrical Central Tracker and planar Forward
Tracker. The PANDA straws consist of very thin (27 µm) aluminized-mylar foil and
are self-supporting thanks to the application of 1 bar over-pressure of the working gas.
The straws will work at very high particle fluxes reaching up to 20 kHz/cm2. We have
studied gas gain drop due to the space charge produced at high rates. For this we
irradiated the straws with X-rays from a strong Fe-55 source. For the studies we used a
prototype straw tube module for the PANDA Forward Tracker. We have also measured
electronic cross-talk between neighbouring straws in the module. Details of the applied
experimental method and obtained results will be presented.

Search for the eta-mesic helium in non-mesonic decays
MOSKAL, Paweł1 ; SKURZOK, Magdalena1 ; KHREPTAK, Oleksandr1 ; RUNDEL,
Oleksandr2

1Jagiellonian University
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The existence of mesic nuclear matter was postulated thirty years ago, however, until
now it has not been confirmed experimentally. In this talk, we will report on the status
of the search for the eta-mesic nuclei with the WASA-at-COSY detector. Such system in
the form of the eta mesic-helium may be created for example in the deuteron-deuteron
or proton-deuteron fusions. The talk will be focused on the status and perspectives of
the search for the eta-mesic helium with the emphasis on new results from the studies of
the non-mesonic decay channels.
P. Adlarson et al., Nucl. Phys. A 959, 102 (2017) 102
P. Adlarson et al., Phys. Rev. Lett. 120 (2018) 022002

Low-energy K−12C→ ΛpR correlated production studies by
AMADEUS
DEL GRANDE, Raffaele1

1LNF-INFN
Corresponding Author(s): raffaele.delgrande@lnf.infn.it

The measurement of the K− multi-nucleon absorptions branching ratios and low-energy
cross sections in both the Λp and Σ0p channels are performed by the AMADEUS
collaboration, exploiting the low-momentum K−pK ∼ 127 MeV/c) beam produced at
the DAΦNE collider. The KLOE 2004-2005 data are analyzed by reconstructing the
Λp final state produced by the K− interactions with the inner wall of the KLOE drift
chamber, which is an almost pure carbon target. Such measurements are fundamental to
investigate the in-medium modification of theK− potential, which is attractive in-medium
due to the partial restoration of chiral symmetry and whose behaviour in the KbarN
subthreshold region is theoretically debated. Possible existence of Kbar-multinucleon
bound state, whose properties are related to the controversial Λ(1405) nature, is also
experimentally debated. In kaon induced reaction the exotic state formation overlaps
with the multi-absorption processes over a broad range of phase space rendering their
measurements mandatory. In this work the yields of the K− two and three nucleon
absorptions (2NA and 3NA) are measured with unprecedented accuracy. The signal
emitted by the intermediate formation of the exotic K−pp bound state, decaying through
the Λp channel, is also critically investigated.
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Open public lecture

Open public lecture: Physics and technology for proton can-
cer therapy
OLKO, Paweł1

1Institute of Nuclear Physics Polish Academy of Sciences, Cracow
Corresponding Author(s): Pawel.Olko@ifj.edu.pl

Cancer is the second killer in Europe leading to about 30% of the number of deaths.
The basic factor which determines the success of radiotherapy of cancer is delivering
the highest possible dose of ionizing radiation to the tumor volume while sparing the
neighboring critical organs and healthy tissues. Protons with energies from about 60 MeV
to 250 MeV are useful for cancer treatment because of the phenomenon of the Bragg
peak i.e. increasing of energy deposition the at the end of protons path in tissue. The
proton energy can be selected in such a way that the particles range slightly exceeds the
position of the tumor, which keeps save healthy tissues laying deeper. A big advantage of
protons is that the unwanted doses to healthy organs are largely reduced as compared to
high energy X-rays used in conventional radiotherapy. This is of particular importance
to pediatric patients in whom the probability of later radiation-induced cancer should be
minimized.
Progress in proton radiotherapy and the fast growing number of Proton Therapy Centers
is closely related to the latest developments in the acceleration techniques, methods of
beam delivery, dosimetry, quality control and diagnostics. One of the most significant
innovations was the introduction of scanning proton beams, which eliminated patient
specific collimators and compensators and allowed for irradiations with excellent dose
distribution. Small superconducting synchrocyclotrons were introduced to reduce the
cost and the space of installation. Intensive research is performed for PET and prompt
gamma-rays verification of the dose delivered, development of the new methods for
dosimetry as well as the patient positioning. The spin-off of research in nuclear and
particle physics opens the new perspectives for improved cancer treatment.
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Plenary session MONDAY

Overview on Strong Interaction from Kaonic Atoms
FRIEDMAN, Eliahu1

1Racah Inst. Physics, Hebrew University, Jerusalem

Corresponding Author(s): elifried@cc.huji.ac.il

Less than a decade after the first observation of X-rays from kaonic atoms, strong
interaction level shifts and widths were measured directly, in addition to transition yields
that indirectly provide informaion on level widths. Experiments between the mid-1970s
and mid-1980s provided good quality data for 24 nuclear species from Li to U, that serve
up to now as the data-base for studies of low energy K− interaction with nuclei. Puzzles
with early results on kaonic atoms of hydrogen and He were resolved by new precision
experiments at KEK and Frascati between 1997 and 2007.
Early optical model analyses indicated departure of potentials from the geometry of charge
distribution of nuclei, thus leading to density-dependent phenomenological interaction
models that produced good fits to the data. Conflicting results were obtained from
attempts to relate experiments to more fundamental K− -nucleon interaction.
As early as in 1971 it was suggetsed that sub-threshold energies were relevant for kaonic
atoms, but only since 2011 a self- consistent sub-threshold kinematics model has been
applied systematically in analyses of kaonic atom data. In the last 10 years several chiral
models for the K−N interaction provided K−N scattering amplitudes based on fits to low
energy K−N data including the latest results for kaonic hydrogen from the SIDDHARTA
collaboration. Potentials based on such amplitudes within the sub-threshold kinematics
model could not fit the kaonic atom data, unless an additional phenomenological term
was included, interpreted as representing multi-nucleon processes. Seven mixed chiral-
phenomenological models produced almost equally good fits to the data although different
models predicted widely different behavior for the K−N amplitudes below threshold.
Very recently it was shown that one could distinguish between different models by
comparing predictions to experimental values of single-nucleon absorption fractions at
threshold. Only two out of seven models tested were able to fit both kaonic atom data
and absorption fractions. This way long-standing ambiguities regarding the K− - nucleus
potentials are now resolved, with consequences for possible binding of K− mesons in
nuclei and possible K− condensation in astrophysical scenarios.

Low Energy Antikaon-nucleon/nuclei interaction studies by
AMADEUS
PISCICCHIA, Kristian1

1Laboratori Nazionali di Frascati INFN, Centro Fermi

for the AMADEUS Collaboration

Corresponding Author(s): kristian.piscicchia@lnf.infn.it
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The AMADEUS collaboration is performing experimental investigations in the low energy
strangeness QCD sector.
The K− nuclear absorbtion processes on light nuclear targets are studied, taking advantage
of the monochromatic low-momentum negatively charged kaons produced by the DAFNE
collider and exploiting the KLOE detector as an active target. The K− single and
multi-nuclear absorptions on H, 4He, 9Be and 12C, both at-rest and in-flight (for a kaon
momentum of 100 MeV/c), are investigated with the aim to determine the nature of the
controversial Λ(1405), the non-resonant hyperon pion formation amplitude below the
K¯N threshold, the yields and cross sections of K− multi-nucleon absorptions (intimately
related to the antikaon multi-nucleon clusters properties) and the K− scattering cross
sections on light nuclear targets.

Pion Production in NN Collisions and the Issue of Dibaryons
*)
Author(s): SKORODKO, Tatiana1

Co-author(s): CLEMENT, Heinz1 ; MIKHAIL, Bashkanov2

1Physikalisches Institut, Univ. Tuebingen, Germany
2University of Edinburgh, UK
for the WASA-at-COSY Collaboration

Corresponding Author(s): tatjana.skorodko@uni-tuebingen.de

Since pions are the lowest-mass messengers of subnucleonic degrees of freedom, the
production of one or more pions in nucleon-nucleon collision processes is outstandingly
suited to search for resonances in the two-baryon system. Already in the fifties, first
experiments on single-pion production found first indications for a resonance near the ∆N
threshold. But it took until the beginning of this millennium when the first non-trivial,
narrow dibaryon resonance could be established by WASA at COSY. The dibaryon
resonance d∗(2380) with I(JP ) = 0(3+)−− first observed in the double-pionic fusion to
the deuteron – has meanwhile been detected by WASA in all relevant two-pion production
channels. In addition, its resonance pole has been revealed in neutron-proton scattering.
Theoretical calculations describe this state either as a compact hexaquark or a dilute
molecular-like object. Whereas the d∗ decay into two-pion channels does not discriminate
between these two scenarios, the decay into single-pion channels is very discriminatory.
In the hexaquark case, this decay is heavily suppressed with a branching less than 1%.
In the molecular-like case a branching of as much as 18% is expected. In order to clarify
this situation, we have measured the isoscalar single-pion production in the energy region
of d∗(2380). As a result, we find no evidence for such a decay with an upper limit of
9%. This is in support of a compact hexaquark system being the dominant configuration.
Reexamining the pp→ ppπ+π− reaction at higher beam energies we find evidence for an
isotensor dibaryon resonance near the ∆N threshold. It fits very well to the calculations
of Gal and Garcilazo as well as to the predictions of Dyson and Xuong. It is remarkable
that now five out of the six dibaryon states predicted by Dyson and Xuong have been
observed. For the sixth state with I = 3 so far only upper limits have been deduced from
four-pion production, but this needs further, more detailed investigations. Whereas all
these resonances are asymptotically composed of baryons in relative s-wave, ANKE at
COSY has recently found evidence for ∆N resonances, where the two constituents are
in relative p-wave. This demonstrates that there are much more possibilities to form
resonances in the system of two baryons than thought before – and there may be still
many surprises to come in the dibaryon issue.
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Search for the Kaonic Bound State K̄NN at J-PARC
SAKUMA, Fuminori1

1RIKEN

for the the J-PARC E15 collaboration Collaboration

Corresponding Author(s): sakuma@ribf.riken.jp

The possible existence of strongly-bound K̄ nuclear-states has been widely discussed as a
consequence of the strongly attractive K̄N interaction in I = 0 channels. Experimentally,
however, available information is not sufficient to discriminate between a variety of
conflicting interpretations so far. To break through this situation, we have performed an
experimental search for the simplest kaonic nuclear bound state, K̄NN , by the in-flight
K− + 3He reactions at 1 GeV/c (J-PARC E15). The experiment investigates the K̄NN
state both in the formation via 3He(K−, n)X missing-mass spectroscopy and its decay
via invariant-mass spectroscopy using 3He(K−,Λp)n channel.
The physics data-taking was performed at the K1.8BR beam-line in 2013 and 2015.
With the data-set, we have observed a significant bump structure below the K−pp
mass-threshold in the Λp invariant-mass spectrum. In addition, we have successfully
observed Λ(1405)pn final state in K− + 3He reactions by reconstructing π∓Σ±pn events,
which is of special importance to understand the production mechanism of the K̄NN
state such as theoretically predicted Λ(1405)N → K̄NN doorway process.
We will discuss the possible existence of the K̄NN state from both aspects of production
and decay: K̄NN and Λ(1405)N production, and Λp non-mesonic and (πΣ)0p mesonic
decay, respectively.

New results on hadron spectroscopy from JPAC
SZCZEPANIAK, Adam1

1Indiana University/ JLab

for the JPAC Collaboration

Corresponding Author(s): aszczepa@indiana.edu

The mission of the Joint Physics Analysis Center (JPAC) is to provide theoretical support
for analysis and interpretation of data from hadron physics experiments, with primary
focus on the operations at JLab12. In this talk I will give an overview of the projects
and present results of a few key analysis carried out recently at JPAC.

Spectroscopy of Excited Baryon Resonances at CLAS: A
Review of the 6-GeV Program
CREDE, Volker1

1Florida State University
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Corresponding Author(s): crede@fsu.edu

One of the most striking phenomenon of QCD is the formation of the nucleon out
of massless gluons and almost massless quarks. This system of confined quarks and
gluons serves as the basic constituent of ordinary baryonic matter and exhibits the
characteristic spectra of excited states, which are sensitive to the details of quark
confinement. Complementary to nucleon structure studies, nucleon excitations provide
a unique opportunity to explore the many facets of non-perturbative QCD. The last
few years have seen significant progress toward mapping out the nucleon spectrum. The
rapidly growing database of high-quality experimental results on exclusive meson photo-
and electroproduction off the nucleon from experimental facilities around the world allow
us to determine the scattering amplitudes in the underlying reactions and to identify
nucleon resonance contributions with minimal model dependence. In this presentation, I
will review recent results from the experimental program at Jefferson Lab in the 6-GeV
era using the CEBAF Large Acceptance Spectrometer (CLAS) and provide an overview
on our progress in understanding the nucleon resonance spectrum.

COMPASS: Meson Spectroscopy and Low-Energy Meson
Dynamics
FRIEDRICH, Jan1

1TU München

for the COMPASS Collaboration

Corresponding Author(s): jan@tum.de

Within the broad physics programme of the COMPASS collaboration at CERN SPS,
soft reactions of high-energy hadron beams on different nuclear targets are investigated.
Aiming at a better understanding of the strong interaction, novel results range from tests
of chiral symmetry breaking to properties of diffractively produced meson resonances
studied in their multi-particle decays, such as the a1(1420) with unusual properties. The
talk will highlight the challenges of the employed experimental techniques, and as well of
the analysis methods that have to be developed to a large extent along with the analysis
of the world’s largest data sets in the field.

Aspects of Baryon Spectroscopy at ELSA
SCHMIEDEN, Hartmut1

1University of Bonn
Corresponding Author(s): schmieden@physik.uni-bonn.de

Hadron Spectroscopy experienced a renaissance over the last decade in both meson and
baryon sectors, initially triggered by the discovery of the enigmatic X, Y, Z states.
The discussion on unconventional quark-gluon compositions to understand their internal
structure is in meanwhile expanded to other baryonic states in the charm sector, e.g.
the pentaquark candidates observed at LHCb. Old problems and recent findings in the
strange sector may suggest similar structures to exist there as well. In this light, I will
discuss recent results and ongoing experiments at ELSA, especially the new BGO-OD
experiment.
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Mesons in NA61/SHINE
MARCINEK, Antoni1

1IFJ PAN

for the NA61/SHINE Collaboration

Corresponding Author(s): antoni.marcinek@gmail.com

The NA61/SHINE experiment at the CERN SPS pursues a two-fold physics programme:
(1) measurements of hadron spectra in hadron-nucleus collisions for neutrino and cosmic
rays experiments; and (2) study of strongly interacting matter via a two-dimensional
beam momentum and system size scan, including correlations, fluctuations and hadron
spectra. This contribution presents recent results on meson production from both parts
of the programme, which provide important input to tune hadron production models.
The results include spectra of π+, π− and K+, K− mesons in p + p, p+C, Be+Be
and Ar+Sc collisions at 5 beam momenta per nucleon from 20 to 158 GeV/c. They
are compared with predictions of several models, none of which gives a satisfactory
description of the data in all phase space regions. In particular, a surprising system size
dependence of K/π ratio is observed, that cannot be described by any model.
Furthermore, spectra of φ mesons in p + p collisions at 40, 80 and 158 GeV/c, K0

S in
p+C at 31 GeV/c, as well as ρ0, ω and K∗0 in π−+C at 158 GeV/c and 350 GeV/c
are presented. A spectacular failure of considered models is observed for φ, ρ0 and K∗0
production. Also, a very peculiar system size dependence of the longitudinal evolution of
φ production, contrasting with all other measured hadrons, is shown.
Finally, preliminary results on spectator-induced electromagnetic effects in π+, π−
production in Ar+Sc at 150A GeV/c are presented, bringing information on space-time
evolution of the hot and dense matter created in the collision.

Central exclusive production of K+K− pairs in proton-proton
collisions
Author(s): LEBIEDOWICZ, Piotr1

Co-author(s): SZCZUREK, Antoni2 ; NACHTMANN, Otto3

1Institute of Nuclear Physics PAN
2Institute of Nuclear Physics PAN, Krakow and Rzeszow University, Rzeszow
3Universit\"at Heidelberg

Corresponding Author(s): piotr.lebiedowicz@ifj.edu.pl

We discuss central exclusive diffractive production of light mesons in the reactions
pp→ ppπ+π− and pp→ ppK+K−. The calculation is based on a tensor pomeron model
[1] and the amplitudes for the processes are formulated in an effective field-theoretic
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approach. We include a purely diffractive dipion continuum, and the scalar and tensor
resonances decaying into pseudoscalar meson pairs including both pomeron and reggeon
exchanges [2, 3]. We discuss how two pomerons couple to tensor meson f2(1270) and the
interference effects of resonance and dipion continuum. We consider also the ρ0 and Drell-
Söding photoproduction mechanism [4]. We discuss also the pp→ ppπ+π−π+π− reaction
via the intermediate σσ and ρρ states [5] and our recent results on the pp→ ppφφ reaction
which leads to the ppK+K−K+K− final state [6]. The theoretical results are compared
with existing WA102, ISR, COMPASS, STAR, CDF, and CMS experimental data and
predictions for planned or being carried out experiments STAR, ALICE, ATLAS+ALFA,
CMS+TOTEM, LHCb are presented. The distributions in rapidities and transverse
momenta of outgoing protons and pions, the distributions in dimeson invariant mass, in
a special “glueball filter variable”, as well as correlations in the azimuthal angle between
outgoing particles are presented. We show the influence of the experimental cuts on the
integrated cross section and on various differential distributions for outgoing particles.

1. C. Ewerz, M. Maniatis, O. Nachtmann, Annals Phys. 342 (2014) 31

2. P. Lebiedowicz, O. Nachtmann, A. Szczurek, Annals Phys. 344 (2014) 301

3. P. Lebiedowicz, O. Nachtmann, A. Szczurek, Phys. Rev. D93 (2016) 054015

4. P. Lebiedowicz, O. Nachtmann, A. Szczurek, Phys. Rev. D91 (2015) 074023

5. P. Lebiedowicz, O. Nachtmann, A. Szczurek, Phys. Rev. D94 (2016) 034017

6. P. Lebiedowicz, publication in preparation.

New Results On Energy and Momentum Conservation in
Meson Production for A+A Collisions at SPS Energies
Author(s): RYBICKI, Andrzej1
Co-author(s): SZCZUREK, Antoni2 ; KIEŁBOWICZ, Mirosław3

1The Henryk Niewodniczański Institute of Nuclear Physics, Polish Academy of Sciences
2Institute of Nuclear Physics PAN, Krakow and Rzeszow University, Rzeszow
3H. Niewodniczański Institute of Nuclear Physics, Polish Academy of Sciences

Corresponding Author(s): andrzej.rybicki@ifj.edu.pl, kielbowicz.miroslaw@gmail.com

Our presentation will be based on our recent paper [1].
We construct a new, simple model of the heavy ion collision, local in the impact parameter
plane, and appropriate for the SPS energy range. This model can be regarded as a new
realization of the “fire-streak” approach, originally applied to studies of lower energy
nucleus-nucleus reactions.
Starting from local energy and momentum conservation, we nicely describe the centrality
dependence of the light meson rapidity distribution in Pb+Pb collisions at √sNN = 17.3
GeV. In particular, we also explain the broadening of this distribution when going from
central to peripheral collisions.
The results of our calculations are compared with SPS experimental data. We discuss
the resulting implications on the role of energy and momentum conservation for the
dynamics of meson production in heavy ion collisions.
A specific space-time picture emerges, where the longitudinal evolution of the system
strongly depends on the position in the impact parameter (bx, by) plane. In non-central
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collisions, we predict the existence of “streams” of excited matter moving very close to
the spectator system in configuration (x, y, z) space.
This picture is consistent with our earlier findings on the longitudinal evolution of the
system as deduced from electromagnetic effects on charged pion directed flow [2], and can
provide an explanation for specific low-pT phenomena seen in the fragmentation region
of Pb+Pb collisions which we also address in this talk. We present our conclusions on
the link between the initial stages of the A+A collision and the final state observables
connected to strong and electromagnetic phenomena on charged meson emission.
References:
[1] A. Szczurek, M. Kielbowicz and A. Rybicki, Phys. Rev. C 95 (2017), 024908.
[2] A. Rybicki and A. Szczurek, Phys. Rev. C 87 (2013), 054909.

Importance of mesons in light-by-light scattering in ultra-
peripheral lead-lead collisions at the LHC
KŁUSEK-GAWENDA, Mariola1

1Institute of Nuclear Physics PAN,
Corresponding Author(s): mariola.klusek@ifj.edu.pl

We will report on our results for light-by-light scattering in ultraperipheral lead-lead
collisions at the LHC. We calculate cross section for the elementary γγ → γγ subprocess
taking into account the following contributions:

• box mechanisms with leptons and quarks in the loops,

• s-channel γγ → pseudoscalar/scalar/tensor mesons which contribute to the γγ → γγ

process and

• background from γγ → π0(→ γγ)π0(→ γγ) process.

Our calculations of the corresponding UPC process are based on equivalent photon
approximation in the impact parameter space. We use so-called realistic charge form
factor of nuclei which is a Fourier transform of the charge distribution in nuclei. Our
estimate shows that the γγ → γγ collisions can be measured at the LHC by ALICE and
LHCb experiments for diphoton invariant mass > 2 GeV. We also discuss a possibility to
study the γγ → η, η0→ γγ resonance scattering at the LHC. In our calculations we try
to include several conditions and experimental limitation on, e.g. photon pseudorapidity,
transverse momentum and energy of outgoing photons as well as experimental energy
resolution. We predict that the γγ → η, η0→ γγ resonance scattering can be measured
with rather good statistics. We will present many interesting differential distributions.
We will discuss several trials how to reduce the π0π0 background.
This talk will be based on our analyses which will be presented in Ref. [1].
References:
[1] M. Kłusek-Gawenda, R. McNulty, R. Schicker and A. Szczurek, Measurements of
light-by-light scattering in UPC of heavy ions at the LHC - smaller diphoton collision
energies, paper in preparation.
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Study of e+e- annihilation to hadrons at the VEPP-2000
collider
BELOBORODOV, Konstantin1

1Budker Institute of Nuclear Physics

for the SND and CMD3 Collaboration

Corresponding Author(s): k.i.beloborodov@inp.nsk.su

In 2017 the SND and CMD-3 experiments resumed to take data at the VEPP-2000 e+e−

collider after its upgrade. Using are a new positron source allows significantly increase
collider luminocity. We present current status of the SND and CMD-3 experiments and
recent result of data analysis, in particular, on the processes e+ e− → π+π−, KK̄, nn̄,
π+π−η, π+π−π0η, KSKLπ0, π0γ, etc.

Recent results of the hadronic cross section measurements
with the CMD-3 detector
FEDOTOVICH, Guennady1

1Budker institute of nuclear physics, Novosibirsk, Russia

for the CMD-3 collaboration Collaboration

Corresponding Author(s): fedotovich@inp.nsk.su

In 2017-2018 the CMD-3 detector continued collecting data at the electron-positron
collider VEPP-2000. After upgrading the positron injection facility, an average luminosity
increased by a factor of three. In 2017 the scan was performed in the center-of-mass
energy range from 1 to 2 GeV while in 2018 we scanned the energy region below 1 GeV to
measure the pion form factor and omega meson parameters more accurately. The beam
energy was monitored continuously during data taking with precision about 100 keV
using Compton backscattering techniques. The analysis of the collected data confirmed
our previous result - sharp behavior of the six pion cross section near the threshold for
nucleon-antinucleon pair production. In addition, we observed for the first time a similar
anomaly in the cross section for the process e+e− → K+K−π+π− in the same energy
region. Preliminary results for some other hadronic channels are also presented.

The chiral anomaly and the heterochiral and homochiral
classification for mesons
Author(s): GIACOSA, Francesco1
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Co-author(s): PISARSKI, Robert D2 ; KOENIGSTEIN, Adrian3

1Kielce University
2Brookhaven National Laboratory
3Goethe University, Frankfurt

Corresponding Author(s): giacosa@th.physik.uni-frankfurt.de

The chiral anomaly refers to the classical axial symmetry of QCD broken by quantum
fluctuations. For pseudoscalar mesons, the chiral anomaly generates a sizable mixing of
nonstrange and strange components, leading to the physical states η(547) and η(958)
(the mixing angle is about −42◦). Yet, what about mesons with different quantum
numbers? We present a classifications of meson chiral multiplets into “heterochiral” and
“homochiral”. We find that for heterochiral multiplets, such as (pseudo)scalar states
mentioned above, but also for pseudovector and pseudotensor states (and their chiral
partners), the chiral anomaly generates a (possibly sizable) strange-nonstrange mixing.
Besides the large mixing in η(547) and η(958), present decay data for the pseudotensors
η2(1645) and η2(1870) shows also a large (and up to now unexplained) strange-nonstrange
mixing of about −40◦ (similar to the pseudoscalar sector). On the other hand, for
so-called homochiral multiplets, such as (axial-)vector mesons as well as tensor mesons
(and their chiral partners), no chirally anomalous mixing is possible, hence a very small
strange-nonstrange mixing is expected. In this way, one can explain why the measured
mixing in the vector mesons ω(782) and φ(1024) and in the tensor mesons f2(1270) and
f ′2(1525) is very small (−3◦ and +3◦, respectively). In turn, ω(782) and f2(1270) are
mostly

√
1/2(ūu+ d̄d) and φ(1024) and φ(1024) mostly s̄s, respectively. The very same

classification also explains a small mixing for J = 3 mesons.

Study of baryonic resonances and the ρ meson production
in the reaction pp→ ppπ+π− at 3.5 GeV with HADES
Author(s): BELOUNNAS, Amel1
Co-author(s): RAMSTEIN, Beatrice2

1Institue de Physique Nucléaire Orsay (IPNO)
2Institut de Physique Nucleaire Orsay

for the HADES Collaboration Collaboration

Corresponding Author(s): belounnas@ipno.in2p3.fr

Pion production in NN collisions is one of the sources of information on the NN
interaction and on the contribution of nucleon resonances. In particular, two-pion
production in the few energy range, carries information both on ππ dynamics and on
single and double baryon excitation. The High Acceptance Di-Electron Spectrometer
(HADES)[1] installed at GSI Helmholtz-Zentrum für Schwerionenforschung in Darmstadt,
designed to investigate dielectron production in heavy-ion collisions in the range of kinetic
beam energies 1-2 A GeV is also an excellent detector for charged hadron detection,
due to its tracking capabilities. Recently, differential and integrated cross sections
for the reactions pp → ppπ0, pp → pnπ+ [2-3-4], pp → ppπ+π−, pn → pnπ+π− [5],
pn → dπ+π− have been investigated with HADES at kinetic energies 1.25, 2.2 and
3.5 GeV. This talk will focus on the analysis of the pp→ ppπ+π− channel at 3.5 GeV,
using results from pp → ppπ0, pp → pnπ+ [3] and pp → pKΛ [6] measured at the
same energy by HADES. The contributions of the excitation of one or two baryonic
resonances with masses up to 1.9 GeV and of the ρ production can be quantified. The
results are compared with two theoretical models [7-8]. The results of this study provide
strong constraints on the pion production mechanisms and on the various resonance
contributions (∆(1232), N∗(1440), ...), as well as on the double resonance excitation and
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the direct ρ production. These aspects are closely related to the interpretation of the
dielectron spectra measured by the HADES collaboration. Baryonic resonances are
indeed important sources of dileptons through two mechanisms: the Dalitz decay (e.g.
R→ Ne+e−) and the mesonic decay with subsequent dielectron production.
[1] G. Agakishiev et al., Eur. Phys. J. A41, 243-277 (2009).
[2] G. Agakishiev et al. Eur.Phys.J. A48 (2012) 74.
[3] G. Agakishiev et al. Eur.Phys.J. A50 (2014) 82.
[4] G. Agakishiev et al. , Eur.Phys.J. A51 (2015), 137.
[5] G. Agakishiev et al., Phys.Lett. B750 (2015) 184.
[6] G. Agakishiev et al. Phys.Lett. B742 (2015) 242-248.
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Discrete symmetries studies at KLOE-2
KISIELEWSKA, Daria1

1Jagiellonian University

for the KLOE-2 Collaboration Collaboration

Corresponding Author(s): daria.kisielewska@uj.edu.pl

The KLOE and KLOE-2 experiments at the Laboratori Nazionali di Frascati (Italy)
collected almost 8 fb−1 of integrated luminosity at the φ-meson mass energy. The excellent
time resolution of the electromagnetic calorimeter and the very good accuracy on both
momentum and vertex reconstruction of the tracking system allow to study discrete
symmetries to the utmost precision as well as light meson spectroscopy, dark forces
searches, hadronic cross-section measurements and studies of gamma gamma-physics.
CPT symmetry test with the lepton charge asymmetry measured in KS semileptonic
decays with 1.7 fb−1 of KLOE data, tests of Time reversal and CPT in transitions in
φ → KSKL → πeν, 3π0(2π0) decays and search for the CP violating KS → 3π0 decay
with newly acquired data with the KLOE-2 detector will be presented and discussed.

The search for symmetry violating η decays
COLLICOTT, Cristina1

1Johannes Gutenberg Universitaet, Mainz
Corresponding Author(s): cristina.collicott@gmail.com

A continued interest in forbidden decay modes of light mesons comes from the idea that
there are mechanisms which would allow a violation of the standard law of physics at
a very small level. The experimental challenge for such kind of physics is mostly in
the accumulated experimental statistics needed for those mesons to reach the necessary
sensitivity in searching for such violations. The A2 Collaboration at the Mainz Microtron,
MAMI, has collected 6.2× 107 η mesons, produced via the γp→ ηp reaction. This large
statistics data set allows further improvement of the existing upper limits for branching
ratio (BR) of several forbidden decays of the η meson into neutral final states.
New results for the CP violating decay mode, η → 4π0 and, for the C violating decay
modes, η → 3γ and η → π0γ will be presented.

Dielectron pairs from η meson decays at WASA detector
Author(s): PSZCZEL, Damian1

Co-author(s): STEPANIAK, Joanna2
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1National Centre for Nuclear Research
2National Centre for Nuclear Research, Warsaw @ Swierk, poland

for the WASA-at-COSY Collaboration

Corresponding Author(s): damian.pszczel@ncbj.gov.pl

We present the analysis of η → e+e−γ, η → e+e− and η → π0e+e− decays. Our data
set was collected in proton-proton collisions at 1.4 GeV using the WASA-at-COSY
experimental setup. We discuss the extraction procedure of the η meson transition form
factor and show an attempt to search for physics beyond the Standard Model setting an
upper limit on the coupling between photons and hypothetical dark boson. Estimates of
branching ratio upper limits for very rare η → e+e− and η → π0e+e− decays are also
presented.

Tests of discrete symmetries in positronium decays with the
J-PET detector
SILARSKI, Michał1

1Jagiellonian University

for the J-PET Collaboration

Corresponding Author(s): michal.silarski@uj.edu.pl

Positronium is a unique laboratory to study discrete symmetries with precision limited,
in principle, only by the effects due to the weak interactions expected at the level of
10−14 [1] and photon-photon interactions expected at the level of 10−9 [2]. Violation of
T or CP invariance in purely leptonic systems has never been seen so far [3] and the
experimental limits on CP and CPT symmetry violation in the decays of positronium
are set at the level of 10−3 [4,5] and limits on charge conjugation violation are set at the
level of 10−7 [6-8]. Thus, there is still a range of six orders of magnitude as regards T
and CP, and two orders of magnitude as regards the C symmetry, where the phenomena
beyond the Standard Model can be sought for by improving the experimental precision
in investigations of decays of positronium atoms.
The newly constructed Jagiellonian Positron Emission Tomograph (J-PET) is a first PET
tomograph built from plastic scintillators [9-14] and was optimized for the registration of
photons from the electron-positron annihilations. It enables tests of discrete symmetries
in decays of positronium atoms via the determination of the expectation values of the
discrete-symmetries-odd operators [15-17].
In the talk, we will present the capability of the J-PET detector to improve the current
precision of testing CP, T and CPT symmetries in the decays of positronium atoms and
report on results from the first data-taking campaigns.
[1] M. Skalsey, J. Van House, Phys. Rev. Lett. 67, 1993 (1991).
[2] B. K. Arbic et al., Phys. Rev. A 37, 3189 (1988); W. Bernreuther et al., Z. Phys. C
41, 143 (1988).
[3] V. A. Kostelecky and N. Russell, 2018 update to Rev. Mod. Phys. 83, 11 (2011).
[4] T. Yamazaki, T. Namba, S. Asai, T. Kobayashi, Phys. Rev. Lett. 104, 083401 (2010).
[5] P. A. Vetter, S.J. Freedman, Phys. Rev. Lett. 91, 263401 (2003).
[6] J. Yang et al., Phys. Rev. A 54, 1952 (1996).
[7] A. P. Mills, S. Berko, Phys. Rev. Lett. 18, 420 (1967).
[8] P. A. Vetter, S. J. Freedman, Phys. Rev. A 66, 052505 (2002).
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[9] J-PET: P. Moskal et al., Nucl. Instr. and Meth. A 764, 31 (2014).
[10] J-PET: P. Moskal et al., Nucl. Instr. and Meth. A 775, 54 (2015).
[11] J-PET: P. Moskal et al., Phys. Med. Biol. 61, 2025 (2016).
[12] J-PET: L. Raczynski et al., Phys. Med. Biol. 62, 5076 (2017).
[13] J-PET: M. Palka et al., Journal of Instrumentation 12, P08001 (2017).
[14] J-PET: Sz. Niedzwiecki et al., Acta Phys. Polon. B 48, 1567 (2017).
[15] J-PET: P. Moskal et al., Acta Phys. Polon. B 47, 509 (2016).
[16] J-PET: A. Gajos et al., Nucl. Instr. and Meth. A 819, 54 (2016).
[17] J-PET: D. Kaminska et al., Eur. Phys. J. C 76, 445 (2016).
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Measurement of the helicity dependence of single π0 photo-
production on deuterons.
CIVIDINI, Federico1

1University of Mainz

for the A2 @ MAMI Collaboration

Corresponding Author(s): fecividi@uni-mainz.de

The study of the properties of the baryon resonances gives essential constraints on
models for nucleon structure. The pion-photoproduction is a powerful tool to excite the
nucleon to an intermediate resonant state and, in combination with polarised beam/target
polarisation, plays an important role in the investigation of the nucleon resonances. The
data for the polarisation observables accessible using a polarised photon beam and/or
polarised nucleon targets are scarce in many channels, especially in those involving a
neutron target. A systematic measurement is performed at the the Mainz facility by
the A2@MAMI collaboration. This talk will focus on the experiment performed at the
Mainz Microtron, using a circularly polarised photon beam and a longitudinally polarised
deuteron target, in conjunction with the large acceptance Crystal Ball/TAPS detection
setup. An overview of the status of the experiment will be given, together with the
preliminary results of polarised cross section from deuteron and of the double polarization
observable E for the single π0 photoproduction reaction from the quasi-free proton and
quasi-free neutron.

Triangular singularity in the reaction γp→ pπ0η.?
Author(s): METAG, Volker1

Co-author(s): NANOVA, Mariana2

1II.Physikalisches Institut, Universität Giessen
2University of Giessen, Germany

for the CBELSA/TAPS Collaboration

Corresponding Author(s): volker.metag@exp2.physik.uni-giessen.de

It is shown that a triangular singularity [1-4] occurs in the reaction γp→ pπ0η at incident
photon energies in the range of 1300 - 1550 MeV. A ∆∗ resonance populated in the
reaction decays into an η and the ∆(1232) resonance which subsequently decays into a
proton and a π0. If the π0 is emitted collinear with the η meson it catches up with the
η meson and rescatters. Experimental evidence for this process is discussed based on
recent data on the γp→ pπ0η reaction obtained by the CBELSA/TAPS collaboration.
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[1] C. Schmid, Phys. Rev. 154 (1967) 1363.
[2] M. Mikhasenko, B. Ketzer, A. Sarantsev, Phys. Rev. D 91 (2015) 094015.
[3] M. Bayar et al., Phys. Rev. D 94 (2016) 074039.
[4] V. R. Debastiani, S. Sakai, E. Oset, Phys. Rev. C 96 (2017) 025201.
?Funded by DFG(SFB/TR-16)

Resonances in forward \piˆ+\piˆ- photoproduction on hy-
drogen
Author(s): BIBRZYCKI, Łukasz1

Co-author(s): BYDZOVSKY, Petr2 ; KAMIŃSKI, Robert3

1Pedagogical University of Cracow
2Nuclear Physics Institute Rez near Prague
3Institute of Nuclear Physics PAN, Kraków

Corresponding Author(s): lukasz.bibrzycki@ifj.edu.pl

The production amplitude is known to be dominated by mechanisms related to singu-
larities which are closest to the physical region of the reaction. Thus the forward π+π−

photoproduction on hydrogen is dominated by one-pion exchange in the t channel. The
3-particle final state in this reaction has a complicated dynamics both in the ππ and
πp subsystems, with a rich spectrum of resonances emerging in the latter. To account
for this we use the SAID parametrisation of the πp scattering amplitudes and embed
them in a gauge invariant γp→ π+π−p amplitude. As a check of our approach we have
calculated the cross sections and beam asymmetries for γp→ π−∆++ reaction at various
photon energies. In order to describe the resonance spectrum in the π+π− system we
have made the partial wave expansion of the photoproduction amplitude in the π+π−

center of mass system and included the final state interaction effects. With this approach
we have obtained a very good agreement with the S- and D-wave ππ mass distributions
which are dominated by the f0(980) and f2(1270) signals, respectively.

1. R.L.Workman, R.A.Arndt, W.J.Briscoe, M.W.Paris, I.I.Strakovsky, Phys. Rev. C
86, 035202 (2012); http://gwdac.phys.gwu.edu/

Measurement of π0π+/− Photoproduction off the Deuteron
and D-butanol targets
GHOSAL, Debdeep1

1University of Basel

for the A2 CB-TAPS and CB-ELSA Collaboration

Corresponding Author(s): debdeep.ghosal@unibas.ch

The research work of Nuclear and Particle Physics group at the University of Basel is
centered around Hadron Physics sector. Photoproduction of Mesons provides an efficient
tool for the study of decays of nucleon resonances and the excitation spectrum of hadrons
tells about the internal degrees of freedom. Thus to know the internal structural details
of nucleons and mesons, investigation of excited nucleon states via photoproduction of
mesons and the modification of the properties of nucleon resonances and mesons are
being studied quite extensively.
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Our group is involved in some international collaborations among which the research
works related to photon induced meson production are carried out in Crystal Ball A2
with MAMI(Mainz) and Crystal Barrel ELSA(Bonn) collaborations.
In the presentation, research involved in the Crystal Ball experiment in MAMI as well as
my analysis work including couple of preliminary results in the context of photoproduction
of double pions with unpolarized and polarized targets will mainly be discussed.
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Partial Wave Analysis of HADES Data for Two-Pion Pro-
duction in Pion-Nucleon Reactions
Author(s): CIEPAŁ, Izabela1

Co-author(s): PRZYGODA, Witold2 ; SARRANTSEV, Andrey3

1H. Niewodniczanski Institute of Nuclear Physics PAS, Kraków
2Jagiellonian University
3HISKP, Uni-Bonn and PNPI, NRC KI

for the HADES Collaboration Collaboration

Corresponding Author(s): izabela.ciepal@ifj.edu.pl

The High Acceptance Di-Electron Spectrometer (HADES) [1], installed at GSI Helmholtzzen-
trum in Darmstadt, was designed to measure dielectrons in the 1-3.5 AGeV energy range.
The experimental program of HADES focuses on two main goals: (I) measurements of
dielectron emission of a compressed baryonic matter formed in heavy ion collisions and
investigate in-medium hadron properties, and (ii) the study of dielectron production in
elementary proton–proton (pp) and pion–proton (πp) collisions and taking data about
hadron electromagnetic structure as well. Both objectives are complementary in a sense
that the understanding of the in-medium effects involves also investigations of the dielec-
tron invariant mass spectra in elementary πp, pp reactions. The elementary collisions,
especially those with pion beams, also offer a great opportunity to unambiguously fix the
description of baryonic resonances and their coupling to the light vector mesons ρ and ω,
which plays an essential role for the in-medium modifications. Therefore, to understand
resonances production mechanisms a systematic energy scan and high precision data
are needed. In 2014 a large dataset of π-p scattering have been obtained at the four
pion beam momenta 0.656, 0.69, 0.748 and 0.8 GeV/c. The data have been included
into the multichannel Partial Wave Analysis (PWA) developed by the Bonn-Gatchina
group [2]. Separations of cross sections of the two pion final states (π+π− and π0π−)
into dominant channels will be presented and compared to other data. In particular the
role of ρN coupling will be emphasized in connection to electromagnetic form factors of
baryonic resonances in the timelike region and dielectron production measured in the
same experiment [3].
[1] G. Agakichiev et al. (HADES Collab.), Eur. Phys. J. A 41 (2009) 243.
[2] A.V. Sarantsev, JPS Conf. Proc. 10 (2016) 010005.
[3] W. Przygoda, EPJ Web of Conferences 130 (2016) 01021.

Partial wave analysis of pion production with fixed-t analyt-
icity and finite energy sum rules
GORSHTEYN, Mikhail1
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1Mainz University

Corresponding Author(s): gorshtey@uni-mainz.de

I present partial wave analysis for pion photoproduction based on a dual representation:
the high-energy Regge background is smoothly continued into the resonance region
by means of an energy-dependent suppression factor, the resonances in the s-channel
and Born contribution are added on top. This representation allows for a natural
and economical way to incorporate the fixed-t analyticity. The lowest multipoles are
unitarized using π−N phases and inelasticities, and exact balance between the resonance
parameters and the background is achieved by means of finite energy sum rules which
ensure matching between the two. A crucial ingredient in this analysis is the use of
saturated Regge trajectories that allow for a matching of the Regge asymptotics that is
an essentially forward phenomenon, and wide-angle scattering regime that is governed by
quark exchange and has a different scaling behavior.

Recent progress in the partial-wave analysis of the π−π+π−

final state at COMPASS
KRINNER, Fabian1

1Technische Universität München

for the COMPASS Collaboration

Corresponding Author(s): fabian-krinner@mytum.de

One of the main goals of the COMPASS experiment is to study the spectrum of light
mesons. COMPASS has collected large data sets for a diffractive production of various
final states using a 190 GeV negative hadron beam on a liquid hydrogen target. The
flagship channel of this data is the process π−p→ π−π+π−p, for which 46×106 exclusive
events were recorded.
This dataset was subjected to a partial-wave analysis (PWA) using a large set of 88 partial
waves and splitting the data into narrow bins of the reduced squared four-momentum
transfer t′ from the beam to the target. This partial-wave decomposition resolves the
contributions to the process with an unprecedented level of detail. The PWA result was
further analyzed by performing a resonance-model fit to extract the masses and widths
of the contributing 3π resonances in a novel approach, using the information on the t′
dependence of the partial wave amplitudes. One of the resonances that were included in
the fit is the spin-exotic π1 resonance, which was disputed in previous analyses.

Pion radiative capture on 2H, 3H and 3He
Author(s): GOLAK, Jacek1

Co-author(s): WITAŁA, Henryk1 ; SKIBIŃSKI, Roman1 ; TOPOLNICKI, Kacper1

1Jagiellonian University, Cracow, Poland

Corresponding Author(s): ufgolak@cyf-kr.edu.pl

Radiative pion capture has been studied theoretically and experimentally for many
years and for information on earlier achievements see Ref. [1]. In particular, the
π− + d→ γ + n+ n reaction has attracted a lot of attention, because this process can
be used to extract the neutron-neutron scattering length. This issue is discussed in
detail in Ref. [2], where also important references to earlier and more recent theoretical
calculations can be found.
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Recently, we have calculated capture rates for the µ− + d→ ν + n+ n, µ−+3He→ ν+3H,
µ−+3He→ ν+n+d, µ−+3He→ ν+n+n+p [3] and µ−+3H→ ν+n+n+n [4] reactions.
It is clear that the pion radiative capture can also be treated within our momentum
space framework. In this contribution, the π−+2H→ γ + n+ n, π−+3H→ γ + n+ n+ n,
pi−+3He→ γ + n+ d and π−+3He→ γ + n+ n+ p capture reactions are studied with
realistic nucleon-nucleon and three-nucleon potentials under full inclusion of final-state
interactions. We assume that the full initial state consists of the atomic K-shell pion wave
function and the initial nucleus state. Our calculations are performed with traditional
nuclear forces and a simple single-nucleon transition operator but they represent a solid
base for future calculations with input from chiral effective field theory. We plan further
investigations of pion radiative capture processes using the transition operator from Ref.
[5].
References:
[1] Helmut W. Baer, Kenneth M. Crowe, Peter Truoel, Adv. Nucl. Phys. 9, 177 (1977).
[2] Anders Gardestig, J. Phys. G36, 053001(2009).
[3] J. Golak et al., Phys. Rev. C90, 024001 (2014)
[4] J. Golak et al., Phys. Rev. C94, 034002 (2016).
[5] Harold W. Fearing et al., Phys. Rev. C62, 054006 (2000).
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Hyperon emffactors and CP tests @BESIII
ADLARSON, Patrik1

1Uppsala University

for the BESIII Collaboration

Corresponding Author(s): patrik.adlarson@physics.uu.se

Hyperons (B) is a powerful diagnostic tool that sheds light on some of the most challenging
questions in contemporary physics. One is how and why the strong force confines quarks
and gluons into composite systems, e.g. protons. Strange systems probe the strong
interaction in the confinement domain which makes hyperons particularly interesting.
Electromagnetic form factors (EMFF’s) is currently the best way to study hyperon
structure. In the time-like region, the EMFF’s can be complex with a relative phase.
A non-zero phase polarizes the final state even when the initial state is unpolarized.
Hyperons have the advantage compared to protons that their polarization is experimentally
accessible by the angular distributions of their decay products. A dedicated data sample
collected by the BESIII experiment for this purpose, therefore, provides new insights.
Those hyperons can be produced in a polarized state makes it possible to simultaneously
measure angular distributions of hyperons and anti-hyperons (B̄) and test CP symmetry
directly. This can be done e.g. via the process e+e− → J/Ψ→ BB̄. BESIII has collected
the world’s largest J/Ψ data sample with an ongoing experimental campaign to further
increase the statistics. In addition, due to symmetric, excellent detector conditions and
low hadronic background the experiment offers a clean environment for CP-violation
tests using BB̄. In this talk, I will give an outline of the methods, present the latest
results and prospects for the future from the BESIII experiment.

The NPDGamma experiment: A new era in Hadronic Par-
ity Violation
CRAWFORD, Christopher1

1University of Kentucky

for the NPDGamma Collaboration

Corresponding Author(s): c.crawford@uky.edu

Parity violation (PV), first observed in semileptonic decays, has been determined precisely
for quarks and leptons as part of the standard model. At the hadronic level, it offers
a unique probe of nucleon structure and the underlying low-energy behavior of non-
perturbative QCD. The hadronic weak interaction is characterized in terms of five
spin and isospin dependent S-P transition amplitudes. There is an active program to
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determine these low energy couplings from hadronic PV observables using cold neutron
beams at the Spallation Neutron Source (ORNL) and the NCNR reactor (NIST). These
experiments are carried out in few-body observables, for which the nuclear wave functions
are exactly calculable, but the effects are dominated by the strong interaction by seven
orders of magnitude. The NPDGamma experiment recently completed a measurement of
the PV directional gamma asymmetry with respect to the neutron spin in the reaction
n+p→ d+γ. We will report this result, which is sensitive to the ∆I = 1, 3S1−3P1N−N
transition amplitude, a major milestone in the road to mapping out the spin and isospin
dependence of the hadronic weak interaction.

Hot Medium effects on Pseudotensor η2, π2 and K2 Mesons
Author(s): TÜRKAN, Arzu1

Co-author(s): SÜNGÜ, J. Y2 ; HÜSEYIN, Dağ1 ; ELSEN, Veli Veliev2

1Ozyegin University
2Kocaeli University

Corresponding Author(s): arzu.turkan@hotmail.com

The investigation of mesons in hot medium can give valuable information about the
nature of QCD vacuum and deconfinement phase transition. In this study, thermal
properties of light-light pseudo tensor η2(1645), π2(1670) and K2(1770) mesons are
examined via QCD sum rules at finite temperature. Masses and decay constants of these
light unflavored mesons with JP = 2− are estimated up to dimension-five by considering
the new operators emerging at finite temperature. Our numerical results manifest that
after a certain point the decay constants and masses decrease significantly due to the hot
medium effects. The attained results at T = 0 and T 6= 0 might be observed in future
heavy ion collision experiments.

Semiexclusive production of vector mesons in proton-proton
collisions with electromagnetic dissociation of protons
Author(s): CISEK, Anna1

Co-author(s): SCHAEFER, Wolfgang2 ; SZCZUREK, Antoni3

1University of Rzeszow
2Insitute of Nuclear Physics PAS
3Institute of Nuclear Physics PAS

Corresponding Author(s): acisek@ur.edu.pl

We will discuss the semiexclusive production of vector mesons in proton-proton collisions
with electromagnetic dissociation of one of the protons. Several differential distribution in
missing mass (MX), or single-particle variables related exclusively to the produced vector
meson are calculated for pp center-of-mass energies 7 and 13 TeV. The cross sections and
distributions are compared to the cross section of the purely exclusive reaction pp→ pV p.
For electromagnetic dissociation the important property is that the pγ? → Xp transitions
are given by the electromagnetic structure function of proton. In our calculations we
used different parametrizations of this function and discuss how it is constrained by data
on virtual photoabsorption on a proton.
The talk is based on papers

1. Anna Cisek, Wolfgang Schaefer and Antoni Szczurek Semiexclusive production
of J/ψ mesons in proton-proton collisions with electromagnetic and diffractive
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dissociation of one of the protons Phys. Lett. {\bf B769} (2017) 176-186; e-Print:
arXiv:1611.08210 [hep-ph]

2. paper on semiexclusive production of vector mesons (Υ, φ) in preparation
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Search for the η-mesic bound states with the WASA-at-
COSY detector
SKURZOK, Magdalena1

1Jagiellonian University

for the WASA-at-COSY Collaboration

Corresponding Author(s): mskurzok@gmail.com

The possible existence of η-mesic nuclei where the η meson is bound with nucleus via
the strong interaction, initially postulated by Haider and Liu [1] over thirty years ago, is
intensively debated by the scientific community. Some theories predict that ηN interaction
is strong enough to form bound states even for the light nuclei like helium, however there
are still no model independent calculations which would really help to judge whether
this exotic kind of nuclear matter exists or not. The bound states have been searched in
many experiments. Nevertheless, till now there is no clear evidence confirmed empirically
its existence. There are only signals which might be interpreted as indications of the
η-mesic nuclei.
The experiments dedicated to the search for η-mesic helium were performed with high
statistics using WASA detection setups installed at the COSY accelerator in the Research
Center Juelich. The search for the η-mesic bound states is conducted via the measurement
of the excitation function for selected decay channels of the He-η systems using unique
ramped beam technique [2,3]. In the talk, we present experimental method and recent
status of the data analysis.
[1] Q. Haider, L.C. Liu, Phys. Lett. B172 (1986) 257.
[2] P. Adlarson, et al., Phys. Rev. C87, 035204 (2013).
[3] P. Adlarson, et al., Nucl. Phys. A959, 102 (2017).

Eta and Etaprime Photoproduction on the Nucleon with
EtaMAID
TIATOR, Lothar1

1Institut für Kernphysik, Universität Mainz
Corresponding Author(s): tiator@kph.uni-mainz.de

The isobar model EtaMAID has been updated with new high precision data on proton
and neutron from MAMI, ELSA, GRAAL and CLAS. The background is described in a
recently developed Regge-cut model. The resonance sector receives contributions from up
to 21 N* resonances, up to 12 show also decays into the etaprime channel. A new method
is discussed to avoid double counting in the overlap region of Regge and Resonances. In
a detailed nucleon resonance analysis, Breit-Wigner and pole positions are compared.
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Recent results from LEPS and status of LEPS2
YOSOI, Masaru1

1RCNP, Osaka University

Corresponding Author(s): yosoi@rcnp.osaka-u.ac.jp

Two high-energy photon beamlines, LEPS and LEPS2, have been operated at SPring-8.
In both beamlines, linearly polarized photon beams up to 2.9 GeV produced by laser-
induced backward Compton scattering from 8 GeV electrons have been used to study
quark-nuclear physics via the photoproduction of hadrons. The LEPS experiments have
been carried out mainly using the forward charged-particle spectrometer since 2000, while
in the new LEPS2 facility, two large acceptance detectors, the BGOegg calorimeter and
the LEPS2 solenoid spectrometer, have been prepared to measure precisely both the
production process and decay process simultaneously. We report on the recent LEPS
results, including the Theta+ study and the coherent phi photoproduction from 4He,
and on the current status of the LEPS2 experiments.

Meson Investigations by the MAMI A2 Collaboration
MARTEL, Philippe1

1Johannes Gutenberg-Universität Mainz

for the A2 Collaboration

Corresponding Author(s): martel@uni-mainz.de

The A2 Collaboration has endeavored to improve the understanding of the structure of
mesons and nucleons by studying the photoproduction of the former off of the latter.
These studies were performed in the A2 hall at the Mainz Microtron (MAMI), where
tagged photons, unpolarized or either linearly or circularly polarized, up to energies of
1.6 GeV impinge upon proton or deuteron targets, also either unpolarized or polarized,
or a range of other targets. Beyond looking at just the cross section, various polarization
observables are accessible with the inclusion of these polarized initial states. The resulting
photoproduced mesons are detected in the nearly 4π steradian system composed of the
Crystal Ball and TAPS detectors. The combination of the Bremsstrahlung distribution of
photon energies from the selectable initial electron beam energy has provided the ability
to investigate the excitation spectrum of the nucleon down to the thresholds of the η and
π mesons, among others. This talk will give an overview of the studies that have been
performed and those that are planned for the future.

Quarkonium pair production in high-energy proton-proton
collisions
SCHAEFER, Wolfgang1

1IFJ PAN Krakow

Corresponding Author(s): wolfgang.schafer@ifj.edu.pl

Recently there has been much interest in the pair production of quarkonia (charmonia,
bottomonia). There are two main motivations behind these studies: first, these processes
may help to differentiate between different proposed production mechanisms via color-
octet and color-singlet QQ̄-pair production.
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Second, the production of quarkonium pairs is expected to receive an important contri-
bution from double parton scattering (DPS) processes. There remain a number of open
problems, especially with the CMS and ATLAS data.
In the kinematics of these experiments, the leading order of O(α4

S) is clearly not sufficient.
The double parton scattering (DPS) contribution was claimed to be large or even dominant
in some corners of the phase space, when the rapidity distance ∆y between two J/ψ
mesons is large. However the effective cross sections σeff found from empirical analyses
are about a factor 2.5 smaller than the usually accepted σeff = 15 mb.
We will discuss, which single-parton-scattering mechanisms can mimic the behaviour of
DPS induced production. Here especially the production of χ-pairs is important.

Central exclusive production at LHCb
MCNULTY, Ronan1

1University College Dublin

Corresponding Author(s): ronan.mcnulty@ucd.ie

LHCb is an ideal detector for the investigation of central exclusive production (CEP),
as it is fully instrumented between pseudorapidities of 2 and 5, operates in low pile-up
conditions and has special low-multiplicity triggers for muons and hadrons. In 2015, a
new sub-detector, HeRSCheL, consisting of five planes of scintillators was installed on
both sides of LHCb in the LHC tunnel in order to veto backgrounds where the proton
dissociates. I will review the CEP programme at LHCb and present a new measurement
of the CEP of J/ψ and Ψ(2S) mesons in pp collisions at a centre-of-mass energy of 13
TeV. The use of HeRSChel has reduced the backgrounds in the analysis by a factor two
compare to previous results and significantly improved the precision of the measurement.
Its impact will be felt in future CEP analyses in pp, proton-lead and lead-lead collisions.

Progress on Hadronic Molecules
ZOU, Bing-Song1

1Institute of Theoretical Physics, CAS

Corresponding Author(s): zoubs@itp.ac.cn

85 years after the first hadronic molecule, the deuteron, was discovered, now we have a
few candidates for its analogies. I will review some recent progress in this field.

Light hadron decays at BESIII
YAN, Wencheng1

1Beihang University

for the BESIII Collaboration Collaboration

Corresponding Author(s): yanwc@buaa.edu.cn

The BESIII experiment at the electron positron collider BEPCII in Beijing is successfully
operating since 2008 and has collected large data samples in the τ -mass region, including
the world’s largest data samples at the J/ψ and ψ′ resonances. In particular decays of
these two resonances provide a rich and clean environment to study hadrons consisting
out of light quarks and search for exotics.
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The collaboration has recently started a campaign to understand the nature of the
X(18xx) states near the pp̄r mass threshold, and Y (2175) resonances, which are debated
to be exotic matter. Besides, several isospin-violated processes were observed, in related to
which the a0(980)−f0(980) mixing was observed for the first time. Important observations
have also been archived in baryon spectroscopy, where the analyses benefit from the well
defined initial state in e+e− collisions. Further, decays of η′ mesons are studied to deepen
our knowledge of their structure and possible symmetry breaking effects in their decays.
In this presentation recent results of the light hadron physics program will be highlighted.

Outlook
FABBIETTI, Laura1

1Technische Universität München
Corresponding Author(s): laura.fabbietti@ph.tum.de

Outlook

Page 94


	Plenary session THURSDAY
	Parallel session A1
	Parallel session B1
	Parallel session A2
	Parallel session B2
	Plenary session FRIDAY
	Parallel session A3
	Parallel session B3
	Parallel session C3
	Parallel session A4
	Parallel session B4
	Parallel session C4
	Plenary session SATURDAY
	Poster session
	Open public lecture
	Plenary session MONDAY
	Parallel session A5
	Parallel session B5
	Parallel session C5
	Parallel session A6
	Parallel session B6
	Parallel session C6
	Plenary session TUESDAY

