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Preface

The thesis recaps the author’s contributions to the devel-
opment of the so called Prague model designed to describe the
low-energy interactions of pseudoscalar mesons with the SU(3)
octet baryons. The listed papers deal with KN and N interac-
tions, with strong couplings to other meson-baryon channels
derived from chiral Lagrangian, and demonstrate the Prague
model suitability in its applications to meson-nuclear interac-
tions and to meson-baryon rescattering in the final state of pho-
toproduction reactions.

Keywords: chiral symmetry, meson-baryon interactions, me-
son-nuclear interactions, coupled channels, baryon resonances
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1 Introduction

The modern treatment of meson-baryon (MB) interactions at
low energies is based on Chiral Perturbation Theory (ChPT),
an effective field theory that implements the QCD symmetries
in the region of the large strong coupling constant [1-3]. The
power counting issues arising from the large nucleon mass
in the chiral limit can be overcome by various methods and
the same applies to problems with convergence of the pertur-
bation series due appearance of resonances in the studied en-
ergy region. Such an approach combined with multi-channel
techniques was used in Ref. [4] for the first time in the sector
involving strange hadrons. There, effective pseudo-potentials
were constructed to match the chiral amplitudes in the Born ap-
proximation and Lippmann-Schwinger equation then allowed
to sum properly a presumably dominant part of the full per-
turbation series. Another way of dealing with the divergences
was adopted in [5] where the intermediate state Green function
was regularized by means of a momentum cutoff. Finally, the
chiral approach to KN interactions was reformulated within a
complete quantum field methodology based on dispersion re-
lation for the inverse of the scattering matrix and dimensional
regularization was used to tame the infinities of the MB loop
function [6, 7]. The approach is often referred to as the chi-
ral unitary model as it preserves unitarity at each order of the
chiral expansion of the MB potential.
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Abroad energy region around the KN threshold is strongly
influenced by the A(1405) resonance. While its properties have
been well known for a long time, the nature of the resonance
retains some mysteries. The chiral approaches that implement
the strong KN — 3. coupling generate the A(1405) dynamically
and predict that it is composed of two close resonant states,
each of them coupling individually to the KN and 73 channels
[6, 7]. More on this so-called double-pole structure of A(1405)
and related matters can be found in reviews [8, 9].

In parallel to the strangeness S = —1 sector, similar models
were developed for the S = 0 sector to describe the nN inter-
actions as well [10, 11]. There, the N(1535) and N(1650) reso-
nances are generated dynamically within a framework of two-
body MB coupled channels interactions derived from a chiral
Lagrangian.

A realistic description of the MB systems at low energies
is a prerequisite for their proper treatment in nuclear medium,
e.g. when describing meson-nuclear reactions, or for dealing
with processes that involve MB rescattering in the final state.
In nuclear matter, the meson-nuclear optical potential is often
constructed from the in-medium MB amplitudes, so the den-
sity dependence of the latter plays a major role in addition to
the energy dependence. Such K™ -nuclear potentials were suc-
cessfully used in calculations of the energy shifts and widths
due to strong interaction in kaonic atoms [12]. An attractive
character of the KN and 7N interactions at energies below the
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respective MB thresholds has also motivated theoretical pre-
dictions and searches for K™ - and -nuclear quasi-bound states
[13, 14]. Another natural application is also represented by
studies of the equation of state of neutron stars in relation to
the strangeness, see the comprehensive review [15] on many
aspects related to strangeness in nuclear physics.

2 Methodology

The Prague approach (this name has become common in the lit-
erature after its first appearance in [ACi13]) to KN and 5N cou-
pled channels interactions has been developed over the years
building on the original separable potential models presented
in [4, 10]. Its effective potentials v, = £/ are constructed to
match the tree level MB amplitudes derived up to the NLO of
the chiral Lagrangian and we use the channel notation ¢ = jb
(meson j, baryon b). These potentials are extended off-the-
energy shell by means of the Yamaguchi form factors g.(k) fea-
turing regulator scales (soft cutoffs) .. The unitarization and
summation of the main part of the perturbative series is then
achieved by solving a multichannel Lippmann-Schwinger inte-

gral equation for the scattering amplitude

foeW) = go () [A—v-GW) -], gk), (1)
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where the intermediate state M B loop function can be written
as

3 20,2
GC(W):—47rJ &p @) @
(2n)3 k? — p? +i0
and we introduced the energy W = /s and on-shell momenta
k. in the M B c.m. system.

The free parameters of the model are represented by the
scales ¢, and by the couplings of the underlying chiral Lagran-
gian, the low-energy constants, that enter the effective poten-
tials v,/.. Some of them are usually fixed to already established
values, the other are determined in fits to experimental data,
mostly to the cross sections at low energies. The KN system
is specific in providing additional constraints at the threshold
energy in a form of available branching ratios and kaonic hy-
drogen characteristics for the K™ -atomic 1s level energy shift
and width caused by the strong interaction. The whole proce-
dure applied in the KN as well as in the 7N sectors has been
described e.g. in Refs. [ACi4, ACi10, ACil4, ACi16].

When the elementary KN (or 7N) system is submerged
in the nuclear medium, the M B amplitudes and loop functions
become density dependent and one has to consider Pauli block-
ing and self-energies generated by the interactions of mesons
and baryons with the medium. Thus, the propagators G.(W)
and the MB amplitudes f...(W) become dependent on the nuc-
lear density p, see [ACi7, ACi8] for details. It is worth noting
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that unlike many other approaches to coupled channels M B in-
teractions (based on the dimensional regularization of the MB
loop function), the separable Prague model provides a natural
extension off-the-energy shell due to the g, form factors. This
feature makes it quite suitable for in-medium applications in
which the interacting hadrons often need to be treated with
the off-shell momenta.

Finally, the chirally motivated MB coupled channels mod-
els can be tested when calculating the cross sections (and other
observables) of processes involving the rescattering of the MB
pair in the final state. A typical example is represented by the
yp — K73 photoproduction reaction. It was shown in [16]
that the amplitude to produce a 7% pair with a mass M5 can
be calculated as

[/ (My5)] = [ (My5)]

LA [GO0)] 77 )
Here G(M,5) = 87mM,5G(M,s) is a diagonal matrix with en-
tries given by suitably regularized MB loop integrals equiva-
lent to those in Eq. (2), f(M,sx) represents the MB scattering
amplitudes (1) and the square brackets mark the vector or ma-
trix character of the involved quantities in the MB channel-
space. The amplitudes /'€ stand for the tree-level MB photo-
production amplitudes constructed within a specific photopro-
duction model. One should note a close similarity of the Eq. (3)
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to a standard Lippmann-Schwinger equation and we present it
here only in a simplified form, not showing an explicit depen-
dence on the total c.m. energy (Mandelstam s-variable), pro-
jection to a specific partial wave etc, see [16] or [ACi17] for a
more complete formulation and further details.

3

3.1

Author’s contributions to the topic

KN interactions

[ACi3] Kaonic hydrogen versus the K~ p low energy data

Following a precise measurement of the 1s level charac-
teristics of the kaonic hydrogen atom by the DEAR col-
laboration at DA®NE [17], the paper has presented an ex-
act theoretical solution to the K™ -proton bound-state prob-
lem formulated in the momentum space. The kaonic hy-
drogen characteristics were calculated simultaneously with
the available low-energy K™ p cross sections. In the strong-
interaction sector the MB interactions were described by
means of an effective chirally motivated separable potential
and its parameters were fitted to the data. The paper has
pointed out at a deficiency of the modified Deser-Trueman
formula [18] that relates the K™ p scattering length to the
K™ -atomic 1s level energy shift and width. It also confirmed
the incompatibility of the DEAR results with the other K™ p
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reactions data.

[ACi4] Separable potential model for K~ N interactions at low
energies
Effective separable M B potentials were constructed to match
the equivalent chiral amplitudes up to the second order
in external meson momenta. The model parameters (low-
energy constants) were fitted to the threshold and low-ener-
gy K™ p data. In the process, the K™ -proton bound-state
problem was solved exactly in the momentum space and
the 1s level characteristics of the kaonic hydrogen were
computed simultaneously with the available K™ p cross sec-
tions. The model was also used to describe a general form
of the ¥ mass spectrum and the energy dependence of the
K™ n amplitude.

[ACi9] Chirally motivated KN amplitudes for in-medium ap-
plications

After the new precise kaonic hydrogen data were released
by the SIDDHARTA collaboration [19], we presented a new
fit of our coupled-channel model for the MB interactions.
The kaon—nucleon amplitudes generated by the model were
found fully consistent with our earlier studies. In the paper,
we argued that a sharp increase of the real part of the in-
medium K~ p amplitude at subthreshold energies provides
a link between the shallow K™ -nuclear optical potentials
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obtained microscopically from threshold KN interactions
and the phenomenological deep ones deduced from kaonic
atoms data. The impact on the A-dependence of the A-
hypernuclear formation rates measured in reactions with
stopped kaons was briefly discussed in the paper as well.

[ACi12] Effective model for in-medium KN interactions includ-
ing the L = 1 partial wave

The coupled channels model of MB interactions based on
the effective chiral Lagrangian was extended to account
explicitly for the 3(1385) resonance that dominates the p-
wave KN and 7Y interactions at energies below the KN
threshold. The presented model aimed at a uniform treat-
ment of the A(1405) and X(1385) dynamics in the nuclear
medium. We have demonstrated the applicability of the
model by confronting its predictions with the free-space
scattering data, and then followed with discussing the im-
pact of nuclear matter on the 7% mass spectrum and on the
energy dependence of the K™ p branching ratios. The latter
is relevant for understanding e.g. the 7% formation rates re-
ported in measurements of hypernuclear decays.

[ACi13] On the pole content of coupled channels chiral approa-
ches used for the KN system
The paper presented a comparative analysis of several the-
oretical approaches to KN interaction at low energies, all
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of them based on the chiral SU(3) dynamics and includ-
ing NLO contributions. A particlar attention was paid to
a detailed discussion of their pole contents. It was demon-
strated that the approaches lead to very different predic-
tions for the K™ p amplitude extrapolated to subthreshold
energies as well as for the K™ n amplitude. The origin of the
poles generated by the models was traced to the so-called
zero coupling limit, in which the inter-channel couplings
are switched off. This procedure provided new insights into
the pole contents of the considered approaches. In partic-
ular, different concepts of forming the A(1405) resonance
were revealed and constraints related to the appearance
of such poles in a given approach were discussed. In the
isovector sector, the cusp structure observed in the energy
dependence of the elastic K™ n amplitude was related to the
isovector pole located close to the physical region.

[ACi15] Importance of chiral constraints for the pole content of
the KN scattering amplitude

We have critically examined the KN coupled-channel ap-
proach presented in [20] and demonstrated that it violates
constraints imposed by chiral symmetry of QCD. The ori-
gin of this violation was traced back to the off-shell treat-
ment of the chiral-effective vertices, in combination with
the use of non-relativistic approximations and the chosen
regularization scheme. We have proposed an improved ver-
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sion of the approach, which is directly given by a resumma-
tion of relativistic Feynman graphs of baryon chiral pertur-
bation theory, and is in accord with the chiral symmetry
constraint. Within this improved model, two poles are gen-
erated dynamically in the isoscalar 7% — KN sector, in con-
trast with the non-relativistic model of [20] in which only
one such pole was reported.

[ACi16] SU(3) flavor symmetry considerations for the KN cou-

pled channels system

In this paper we studied the impact of SU(3) flavor symme-
try breaking on the properties of dynamically generated A*
states within an effective separable potential model describ-
ing the coupled channels KN system. The model is based
on the chiral MB Lagrangian at next-to-leading order, and
constitutes an improvement over the previous version of
the Prague model [ACi9], with its applicability being ex-
tended to higher energies covering the A(1670) resonance
region. It was demonstrated that the ratios of channel cou-
plings to the resonant states can vary dramatically when
the flavor breaking is gradually switched off, tracing a path
to the restored SU(3) symmetry. Therefore, we have argued
that the couplings determined from physical observables
cannot be used to relate reliably a given resonance to a spe-
cific flavor multiplet.
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3.2 yN and ’N interactions

[ACi10] Chirally motivated separable potential model for nN
amplitudes

The N interaction was analyzed using a coupled channel
separable potential model that implements the chiral sym-
metry. The model provides 7N scattering length a,n ~ 0.7
fm and in-medium subthreshold attraction that are most
likely sufficient to generate n-nuclear bound states, in con-
trast with previous predictions by other chirally motivated
models that generate much weaker nN attraction. The en-
ergy dependence of the nN amplitude and pole content of
the model were discussed as well. Within the model frame-
work, the baryon resonances N(1535) and N(1650) origi-
nate from the same state when the inter-channel couplings
are switched off. Although this feature is likely caused by
our restriction to two body MB channels and may not be
realistic, it is still interesting in itself.

[ACi14] Coupled channels approach to nN and n’ N interac-
tions

In this paper, we presented a coupled channels separable
potential approach toyN and ’ N interactions using a chiral
symmetric interaction kernel. The s-wave 7N amplitudes
and 7~ N induced total cross sections were reproduced sat-
isfactorily in a broad interval of energies despite limiting
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the channel space to two-body interactions of pseudoscalar

mesons with the baryon ground-state octet. It was demon-
strated that an explicit inclusion of the 7y meson singlet

field leads to a more attractive yN interaction, with the real

part of the scattering length exceeding 1 fm. The n’N diag-
onal coupling appears sufficient to generate an ' N bound

state when the non-diagonal channel couplings are switched
off but the inter-channel dynamics moves the respective

pole far from the physical region making the #’N inter-
action repulsive at energies around the channel threshold.
The N(1535) and N(1650) resonances are generated dynam-
ically within the model and the origin and properties of the

S-matrix poles assigned to them was studied in detail. We

have also hinted at a chance that the N(1895) state might

be formed dynamically if a suitably varied model setting

was found.

3.3 K N and 5N systems in nuclear matter

[ACi1] K™ -nucleus relativistic mean field potential consistent

with kaonic atoms

K™ atomic data were used to test several models of the K™
nucleus interaction. At first, we found that the data could
not be reproduced when employing a standard relativis-
tic mean field potential that disregards the A(1405) dynam-
ics at low densities. The same conclusion was reached for
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the tp optical potential constructed from chirally motivated
K™N coupled channel amplitudes and incorporating the
A(1405) dynamics. There, the Lippmann-Schwinger Eq. (1)
was solved in the nuclear medium, taking into account the
Pauli exclusion principle in the intermediate nucleon states,
as a function of the Fermi momentum pr within the Fermi
gas model. Fermi motion and nucleon binding effects were
also considered, but turned out to play only a secondary
role. Finally, the K~ atomic data were reproduced success-
fully with a hybrid model that combines theoretically mo-
tivated RMF approach in the nuclear interior and a com-
pletely phenomenological density dependent potential, that
respects the low density theorem in the nuclear surface re-
gion. This best-fit K~ optical potential was found to be
strongly attractive, with a depth around 180 MeV at the
nuclear interior, in agreement with previous phenomeno-
logical analyses [21]. This is in contrast with the depth
of the optical potential constructed from the chirally moti-
vated K~ N amplitudes, Vi-(p= py) = t(pg) po, well below
100 MeV. The paper had an impact on astrophysical models
as a deep K-nuclear optical potential is a prerequisite for a
kaon condensation at high densities, as realized e.g. in neu-
tron stars.
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[ACi2] Study of chirally motivated low-energy K~ optical po-
tentials
In this work, the K™ optical potential constructed from the
in-medium K~ N amplitudes was evaluated self consisten-
tly. The parameters of the MB coupled channels model
were fitted to a select subset of the low-energy data plus
the K~ atomic data available throughout the periodic ta-
ble. The resulting attractive K~ optical potentials are rela-
tively shallow, with central depth of the real part about 60
MeV, for a fairly reasonable reproduction of the K™ -atomic
data. Relatively deep attractive potentials of depth about
180 MeV, that result in phenomenological approaches, pro-
vide superior fits but were ruled out within chirally moti-
vated models. In the paper, we argued that a different phys-
ical data input may be necessary to distinguish between
shallow and deep K™~ optical potentials and proposed the
(Kitop» 7r) reaction as a candidate to provide such a test. The
forward (K, ) differential cross sections for the produc-
tion of relatively narrow deeply bound K™ nuclear states
were evaluated for deep optical potentials, yielding values
considerably lower than those estimated before.

[ACi5] A hypernuclear production in (K, 7r) reactions reex-
amined
In the paper, we presented DWIA calculations of the A hy-
pernuclear production rates in stopped K™~ reactions on sev-
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eral p-shell targets that were used in experiments by the
FINUDA Collaboration [22, 23]. Chirally motivated K™ N —
A in-medium transition amplitudes were employed and
the sensitivity of the calculated rates to the initial K™~ -atomic
wave functions and final pion distorted waves was stud-
ied. The calculated rates were compared with measured
rates, wherever available, confirming earlier observations
that (i) the calculated rates are generally lower than the
measured rates, and (ii) the deeper the K™ -nuclear poten-
tial, the worse is the discrepancy. The A dependence of the
calculated production rates was also discussed in the paper
and proposed as a useful tool to resolve the topical issue of
the depth of the K™ —nuclear potential near threshold.

[ACi6] Constraints on the threshold K~ nuclear potential from
FINUDA 4Z (Ko, m7) A Z spectra
1sp hypernuclear formation rates in stopped K~ reactions
on several p-shell targets were derived from hypernuclear
formation spectra measured by the FINUDA Collaboration
[23] and were compared with calculated 15, formation rates
based on a chirally motivated coupled channel model pre-
sented in [ACi4]. In contrast with previous calculations,
within our model the calculated rates depend weakly on
the depth of the threshold K™ —nuclear potential. The A
dependence of the calculated 1s5 rates was found in fair
agreement with that of the experimental 1s, rates, show-
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ing a slight preference for a deep density dependent poten-
tial with Re Vi-(py) ~ —(150-200) MeV, but not excluding
shallow potentials providing Re Vi-(py) ~ —50 MeV and
advocated by other authors. The observations made in the
paper originate from a substantial energy and density de-
pendence found for the in-medium subthreshold K™n —
7~ A branching ratio that enters the hypernuclear forma-
tion rate calculations. Unfortunately, the calculated rates
were found too small, about 15% of the derived experimen-
tal rates, most likely due to difficulties inherent in normal-
isation of the latter.

[ACi7] Chirally motivated K~ nuclear potentials

In this work, we argued that the K™ N scattering amplitu-
des need to be evaluated at subthreshold energies when the
K™ -nuclear optical potential Vltf_ = tg-N p is constructed.
The downward energy shift was related to the impulse ap-
proximation in which the many-body K~ N amplitude eval-
uated at the K™ -nuclear energy is replaced by the two-body
amplitude at its c.m. energy. The energy of the M B system
is then determined self consistently when confronting the
kaonic atoms data across the periodic table. As a result,
considerably deeper K™ -nuclear potentials are obtained if
compared with the shallow potentials derived in other app-
roaches based on threshold K~ N amplitudes. When we in-
corporated phenomenologically the K" NN contributions,
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a very deep optical potential potential was obtained with

Re VIEHPR _ 180 MeV, in agreement with density depen-
dent potentials obtained in purely phenomenological fits to
the data.

The results presented in our paper provided for the first
time a microscopic link between shallow K™ nuclear po-
tentials [ACi2, 5, 24] obtained from threshold K™ N interac-
tions and phenomenological deep ones deduced from kaonic
atom data [21, 25]. Self consistent dynamical calculations
of K™ —nuclear quasibound states generated by the Vlt(p_ po-
tential were also reported and discussed in the letter.

[ACi8] K™ nuclear potentials from in-medium chirally moti-
vated models

The paper builds on a previous letter [ACi7] providing more
details on the adopted formalism and presenting some addi-
tional results with a more detailed discussion on the analy-
sis of kaonic atoms data and the predictions of the K™ quasi-
bound nuclear states. In particular, an impact of the chiral
Lagrangian NLO terms on the K~ N amplitudes and the in-
medium dynamics of the coupled-channel MB model were
discussed as well as an addition of the complex p- and p?-
dependent phenomenological terms to the K™ -nuclear op-
tical potential. We have demonstrated that the p? contribu-
tions dominate the potential, most likely representing the
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KNN — YN absorption and dispersion, outside the scope
of the MB chiral models. We also looked at the effects of
p-wave interactions generated by the %(1385) subthreshold
resonance and found them secondary to those of the s-wave
contributions dominanted by the A(1405) resonance.

[ACi11] In-mediumnN interactions andn-nuclear bound states

The in-medium 7N interaction near and below threshold
was constructed from a free-space coupled channels model
presented in [ACi10] that captures the physics of the N(1535)
resonance. Nucleon Pauli blocking and hadron self-energies
were accounted for in a similar manner as in the KN sector
[ACi7, ACi8]. The resulting energy-dependent in-medium
interaction was used in self-consistent dynamical calcula-
tions of y—nuclear bound states. Narrow states of width
Iy ~ 2 MeV were found across the periodic table, beginning
from A ~ 10. The binding energy of the 1s,, state increases
with A, reaching a value of Bys(7) ~ 15 MeV. The implica-
tions of our self-consistency procedure were discussed with
respect to approaches adopted in other works.

3.4 7% photoproduction

[ACi17] Testing chiral unitary models for the A(1405) in K* 7%
photoproduction

We have adopted a novel formalism for the low-energy anal-
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ysis of the yp — K" 3 photoproduction reaction, outlined
recently in [16], to calculate the 73 invariant mass distribu-
tions in the A(1405) resonance region. The approach ad-
heres to constraints arising from unitarity, gauge invari-
ance and chiral perturbation theory, and was used with-
out adjusting any model parameters. It was found that the
MB rescattering in the final state has a major impact on
the magnitude and structure of the generated spectra that
were compared with the experimental data from the CLAS
collaboration [26]. In the paper we demonstrated a large
sensitivity of the theoretical predictions to the choice of the
coupled-channel 7% — KN model amplitudes which should
enable one to constrain the parameter space of these mod-
els.

[ACi18] Constraining the chirally motivated 7% — KN models
with the 7% photoproduction mass spectra

The paper presented a first time attempt on a combined
fit of the K™ p low-energy data and the x3% photoproduc-
tion mass spectra, performed without fixing the MB rescat-
tering amplitudes to a specific 7% — KN coupled channels
model obtained from fitting exclusively the K™ p data. The
formalism adopted to describe the photoproduction process
was based on chiral perturbation theory and employs a lim-
ited number of free parameters. The achieved reproduction
of the photoproduction mass distributions was not quite
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satisfactory (in particular for the 7~%" channel), leaving
a room for improving the photo-kernel construction. How-
ever, it still provides additional constraints on the positions
of the A(1405) poles. In particular, the presented models
tend to limit the mass of the lower pole and yield a larger
width of the KN related pole at a higher mass.



BIBLIOGRAPHY 21

4 Bibliography

References to the presented results

ACi1

ACi2

ACi3

ACi4

ACi5

ACi6

ACi7

E. FRIEDMAN, A. GAL, ]J. MARES, and A. CIEPLY:

‘K~ -nucleus relativistic mean field potential consistent with kaonic
atoms’,

Phys. Rev. C 60, 024314 (1999).

A. CieprLY, E. FRIEDMAN, A. GAL, and J. MARES:
‘Study of chirally motivated low-energy K~ optical potentials’,
Nucl. Phys. A 696, 173-193 (2001).

A. CIEPLY and J. SMEJKAL:
‘Kaonic hydrogen versus the K~ p low energy data’,
Eur. Phys. J. A 34, 237-241 (2007).

A. CiepLY and J. SMEJKAL:
‘Separable potential model for K~ N interactions at low energies’,
Eur. Phys. J. A 43, 191-208 (2010).

V. KrejCIRIK, A. CIEPLY, and A. GAL:
‘A hypernuclear production in (K

tops 7T) Teactions reexamined’,
Phys. Rev. C 82, 024609 (2010).

A. CiepLY, E. FRIEDMAN, A. GAL, and V. KReJCiRik:

‘Constraints on the threshold K~ nuclear potential from FINUDA
AZ (Kgop» ") A Z spectra’,

Phys. Lett. B 698, 226-230 (2011).

A. CiepLY, E. FRIEDMAN, A. GAL, D. GAZDA, and ]. MARES:

‘Chirally motivated K~ nuclear potentials’,
Phys. Lett. B 702, 402-407 (2011).


https://doi.org/10.1103/PhysRevC.60.024314
https://doi.org/10.1016/S0375-9474(01)01145-9
https://doi.org/10.1140/epja/i2007-10505-4
https://doi.org/10.1140/epja/i2010-10904-4
https://doi.org/10.1103/PhysRevC.82.024609
https://doi.org/10.1016/j.physletb.2011.02.059
https://doi.org/10.1016/j.physletb.2011.07.040

22

BIBLIOGRAPHY

ACi8

ACi9

ACi10

ACil1

ACi12

ACi13

ACil4

ACi15

A. C1epPLY, E. FRIEDMAN, A. GAL, D. GAZDA, and J. MARES:
‘K™ nuclear potentials from in-medium chirally motivated models’,
Phys. Rev. C 84, 045206 (2011).

A. CI1EPLY and J. SMEJKAL:

‘Chirally motivated KN amplitudes for in-medium applications’,
Nucl. Phys. A 881, edited by A. Gal, O. Hashimoto, and J. Pochodza-
lla, 115-126 (2012).

A. CierLY and J. SMEJKAL:
‘Chirally motivated separable potential model for N amplitudes’,
Nucl. Phys. A 919, 46-66 (2013).

A. CiepLY, E. FRIEDMAN, A. GAL, and J. MARES:
‘In-medium yN interactions and 5 nuclear bound states’,
Nucl. Phys. A 925, 126-140 (2014).

A. CiepLY and V. KREJCIRIK:

‘Effective model for in-medium KN interactions including the L = 1
partial wave’,

Nucl. Phys. A 940, 311-330 (2015).

A. C1epLY, M. Ma1, U.-G. MEIGNER, and J. SMEJKAL:

‘On the pole content of coupled channels chiral approaches used
for the KN system’,

Nucl. Phys. A 954, 17-40 (2016).

P.C.Bruns and A. CIEPLY:
‘Coupled channels approach to yN and i’ N interactions’,
Nucl. Phys. A 992, 121630 (2019).

P. C. Bruns and A. CIEPLY:

‘Importance of chiral constraints for the pole content of the KN
scattering amplitude’,

Nucl. Phys. A 996, 121702 (2020).


https://doi.org/10.1103/PhysRevC.84.045206
https://doi.org/10.1016/j.nuclphysa.2012.01.028
https://doi.org/10.1016/j.nuclphysa.2012.01.028
https://doi.org/10.1016/j.nuclphysa.2013.10.003
https://doi.org/10.1016/j.nuclphysa.2014.02.007
https://doi.org/10.1016/j.nuclphysa.2015.05.004
https://doi.org/10.1016/j.nuclphysa.2016.04.031
https://doi.org/10.1016/j.nuclphysa.2019.121630
https://doi.org/10.1016/j.nuclphysa.2020.121702

BIBLIOGRAPHY 23

ACil6

ACi17

ACi18

Other

P. C. Bruns and A. CIEPLY:

‘SU(3) flavor symmetry considerations for the KN coupled channels
system’,

Nucl. Phys. A 1019, 122378 (2022).

P. C. Bruns, A. CIEPLY, and M. MAr:

“Testing chiral unitary models for the A(1405) in K* 7% photopro-
duction’,

Phys. Rev. D 106, 074017 (2022).

A. CieprY and P. C. BRUNS:

‘Constraining the chirally motivated 7% — KN models with the 73
photoproduction mass spectra’,

Nucl. Phys. A 1043, 122819 (2024).

references

S. Weinberg, ‘Phenomenological Lagrangians’, Physica A 96, edited
by S. Deser, 327-340 (1979).

J. Gasser and H. Leutwyler, ‘Chiral Perturbation Theory: Expan-
sions in the Mass of the Strange Quark’, Nucl. Phys. B 250, 465—
516 (1985).

J. Gasser, M. E. Sainio, and A. Svarc, ‘Nucleons with chiral loops’,
Nucl. Phys. B 307, 779-853 (1983).

N. Kaiser, P. B. Siegel, and W. Weise, ‘Chiral dynamics and the
low-energy kaon - nucleon interaction’, Nucl. Phys. A 594, 325-
345 (1995).

E. Oset and A. Ramos, ‘Nonperturbative chiral approach to S-wave
KN interactions’, Nucl. Phys. A 635, 99-120 (1998).


https://doi.org/10.1016/j.nuclphysa.2021.122378
https://doi.org/10.1103/PhysRevD.106.074017
https://doi.org/10.1016/j.nuclphysa.2024.122819
https://doi.org/10.1016/0378-4371(79)90223-1
https://doi.org/10.1016/0378-4371(79)90223-1
https://doi.org/10.1016/0550-3213(85)90492-4
https://doi.org/10.1016/0550-3213(85)90492-4
https://doi.org/10.1016/0550-3213(88)90108-3
https://doi.org/10.1016/0375-9474(95)00362-5
https://doi.org/10.1016/0375-9474(95)00362-5
https://doi.org/10.1016/S0375-9474(98)00170-5

24

BIBLIOGRAPHY

10

11

12

13

14

15

16

J. A. Oller and U. G. Meiflner, ‘Chiral dynamics in the presence
of bound states: Kaon nucleon interactions revisited’, Phys. Lett. B
500, 263-272 (2001).

D. Jido, J. A. Oller, E. Oset, A. Ramos, and U. G. Meifiner, ‘Chiral
dynamics of the two A(1405) states’, Nucl. Phys. A 725, 181-200
(2003).

T. Hyodo and D. Jido, ‘“The nature of the A(1405) resonance in chiral
dynamics’, Prog. Part. Nucl. Phys. 67, 55-98 (2012).

M. Mai, ‘Review of the A(1405): A curious case of a strangeness
resonance’, Eur. Phys. J. ST 230, 1593-1607 (2021).

N. Kaiser, P. B. Siegel, and W. Weise, ‘Chiral dynamics and the
S$,1(1535) nucleon resonance’, Phys. Lett. B 362, 23-28 (1995).

T. Inoue, E. Oset, and M. J. Vicente Vacas, ‘Chiral unitary approach
to S wave meson baryon scattering in the strangeness S = 0 sector’,
Phys. Rev. C 65, 035204 (2002).

E. Friedman and A. Gal, ‘K~ N amplitudes below threshold con-
strained by multinucleon absorption’, Nucl. Phys. A 959, 66-82
(2017).

A. Gal, E. Friedman, N. Barnea, A. Cieply, J. Mares, and D. Gazda,
‘In-medium K~ and 7-meson interactions and bound states’, Acta
Phys. Polon. B 45, 673 (2014).

J. Hrtdnkova and J. Mares, ‘Are there any narrow K~ - nuclear states?’,
Phys. Lett. B 770, 342347 (2017).

A. Gal, E. V. Hungerford, and D. J. Millener, ‘Strangeness in nuclear
physics’, Rev. Mod. Phys. 88, 035004 (2016).

P. C. Bruns, ‘A formalism for the study of K*x ¥ photoproduction
in the A*(1405) region’, e-Print: 2012.11298 [nucl-th] (2020).


https://doi.org/10.1016/S0370-2693(01)00078-8
https://doi.org/10.1016/S0370-2693(01)00078-8
https://doi.org/10.1016/S0375-9474(03)01598-7
https://doi.org/10.1016/S0375-9474(03)01598-7
https://doi.org/10.1016/j.ppnp.2011.07.002
https://doi.org/10.1140/epjs/s11734-021-00144-7
https://doi.org/10.1016/0370-2693(95)01203-3
https://doi.org/10.1103/PhysRevC.65.035204
https://doi.org/10.1016/j.nuclphysa.2016.12.009
https://doi.org/10.1016/j.nuclphysa.2016.12.009
https://doi.org/10.5506/APhysPolB.45.673
https://doi.org/10.5506/APhysPolB.45.673
https://doi.org/10.1016/j.physletb.2017.04.052
https://doi.org/10.1103/RevModPhys.88.035004
https://arxiv.org/abs/2012.11298

BIBLIOGRAPHY 25

17  G. Beer et al. (DEAR), ‘Measurement of the kaonic hydrogen X-ray
spectrum’, Phys. Rev. Lett. 94, 212302 (2005).

18 U.-G. Meifiner, U. Raha, and A. Rusetsky, ‘Spectrum and decays of
kaonic hydrogen’, Eur. Phys. J. C 35, 349-357 (2004).

19 M. Bazzi et al. (SIDDHARTA), ‘A new measurement of kaonic hy-
drogen X-rays’, Phys. Lett. B 704, 113-117 (2011).

20 J. Révai, ‘Are the chiral based KN potentials really energy depen-
dent?’, Few Body Syst. 59, 49 (2018).

21 C.].Batty, E. Friedman, and A. Gal, ‘Strong interaction physics from
hadronic atoms’, Phys. Rept. 287, 385-445 (1997).

22 M. Agnello et al. (FINUDA), ‘First results on }*C production at DA®NE’,
Phys. Lett. B 622, 35-44 (2005).

23 M. Agnello et al. (FINUDA), ‘Hypernuclear spectroscopy with K~
at rest on ’Li, *Be, *C and '°O’, Phys. Lett. B 698, 219-225 (2011).

24 A. Baca, C. Garcia-Recio, and J. Nieves, ‘Deeply bound levels in
kaonic atoms’, Nucl. Phys. A 673, 335-353 (2000).

25 J. Mares, E. Friedman, and A. Gal, ‘K-nuclear bound states in a
dynamical model’, Nucl. Phys. A 770, 84-105 (2006).

26 K. Moriya et al. (CLAS), ‘Measurement of the 37 photoproduction
line shapes near the A(1405)’, Phys. Rev. C 87, 035206 (2013).


https://doi.org/10.1103/PhysRevLett.94.212302
https://doi.org/10.1140/epjc/s2004-01859-4
https://doi.org/10.1016/j.physletb.2011.09.011
https://doi.org/10.1007/s00601-018-1371-1
https://doi.org/10.1016/S0370-1573(97)00011-2
https://doi.org/10.1016/j.physletb.2005.07.002
https://doi.org/10.1016/j.physletb.2011.02.060
https://doi.org/10.1016/S0375-9474(00)00152-4
https://doi.org/10.1016/j.nuclphysa.2006.02.010
https://doi.org/10.1103/PhysRevC.87.035206

	Introduction
	Methodology
	Author's contributions to the topic
	KbarN interactions
	etaN and eta'N interactions
	KN and etaN systems in nuclear matter
	piSigma photoproduction

	Bibliography

