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PREDGOVOR

Nasi Simpoziji fizikov Univerze v Mariboru, ali na kratko kar Bozi¢ni simpoziji fizikov, imajo
Ze neprekinjeno tradicijo od leta 2002, z izjemo obdobja korone 2020-2021, saj imamo letos
ze jubilejnega devetnajstega po vrsti. Namen je strokovno druzenje slovenskih fizikov, ob
prisotnosti ter aktivni udelezbi nekaterih uglednih kolegov iz tujine kot ¢astnih vabljenih
gostov. Letos imamo deset uglednih vabljenih predavateljev iz tujine, iz odli¢nih raziskovalnih
skupin, tako da ostajajo naSa srecanja nacionalna z mednarodno udelezbo. Srec¢anje je le ena
od stevilnih dejavnosti CAMTP, ki sicer organizira kar sedem serij mednarodnih znanstvenih
srecanj. Glej www.camtp.uni-mb.si

Nase srecanje je posveceno vsej fiziki, teoretiéni in eksperimentalni, pa tudi uporabni matem-
atiki in vsem drugim temam, za katere je fizika pomembna in z njimi tesno povezana, ali pa
so pomembne za fiziko.

Vsa predavanja so na ravni kolokvijev, se pravi razumljiva za splosnega fizika, in zato Se
posebej primerna za Studente, dodiplomske in podiplomske. Taksnih splosnih sre¢anj na po-
drocju fizike v svetu pravzaprav skorajda ni ve¢, Ceprav so po naSem prepri¢anju pomembna za
Sirjenje intelektualnega obzorja vseh fizikov. Kolegi iz tujine, dosedanji udelezenci, potrjujejo
to staliSCe in cenijo na$ znanstveni program. Simpozij daje priloznost mladim raziskovalcem,
da predstavijo svoje delo ter se o svojih rezultatih pogovorijo z izkuSenimi znanstveniki. S to
dejavnostjo prispevamo tudi k popularizaciji fizike v na8i druzbi, na trajen na¢in. Menimo,
da je nujno poskrbeti za vec¢jo popularizacijo naravoslovnih ved v nasi druzbi, in fizika igra
pri tem klju¢éno vlogo. Vsem dodiplomskim studentom dovoljujemo brezplacno udelezbo na
vseh predavanjih, in s tem prispevamo k popularizaciji fizike ter k dodatnemu izobrazevanju
na tem podrocju.

Nenazadnje bi radi poudarili, da je nase druzenje pomemben prispevek pri nadaljnjih uspesnih
aktivnostih Fakultete za naravoslovje in matematiko Univerze v Mariboru, ter Fakultete za
matematiko in fiziko Univerze v Ljubljani, in seveda institutov z oddelki za fiziko, kot sta
Institut Jozef Stefan v Ljubljani ter CAMTP v Mariboru.

V ¢ast nam je, da je generalni pokrovitelj Simpozija Evropska akademija znanosti in umetnosti
(European Academy of Sciences and Arts, Salzburg). V imenu Akademije nas bo pozdravil
in nagovoril Prof. Klaus Mainzer s Tehniske Univerze v Miinchnu, predsednik Akademije, ki
je sicer seveda tudi vabljeni predavatelj.

Srecanje je posveceno 80. rojstnemu dnevu profesorja Giulija Casatija z Univerze Insubria,
Como, Italija, ki ze vet¢ kot 25 let aktivno sodeluje s kolegi v Sloveniji, in iz Slovenije, ki
raziskujejo na njegovm institutu, in ima zato zasluge za razvoj teoreticne fizike v Sloveniji.
Prof. Casati je eden ustanoviteljev, pionirjev in vodilnih raziskovalcev na podroc¢ju klasi¢nega
in kvantnega kaosa, kakor tudi kvantnega racunalnistva, in je eden najprominentnejsih teo-
reti¢nih fizikov naSega casa. Njegovo raziskovanje se je pricelo pred ve¢ kot petimi desetletji.
Je tudi izjemno aktiven organizator znanosti, saj je organiziral na ducate svetovno vrhun-
skih znanstvenih konferenc in Sol, v Italiji in v tujini, po vsem svetu, in je tudi ustanovitelj



Univerze Insubria v Comu, ter Centro di Cultura Scientifica Alessandro Volta, in Lake Como
School of Advanced Studies. Se posebej, je ustanovitelj in glavni organizator tradicionalnih
mednarodnih konferenc Dynamics Days Central Asia, ki v smislu ”intelektualne svilne poti”
povezujejo Daljnjo Azijo z Evropo in z vsemi drzavami vmes. Prof. Casati je prejemnik
Fermijeve nagrade, ki je najvi§je priznanje za fiziko v Italiji, in je ¢lan Evropske akademije
znanosti in umetnosti.

See https://en.wikipedia.org/wiki/Giulio_Casati

ORGANIZATORJA:
Prof.Dr. Marko Robnik, ¢lan EASA, Direktor CAMTP
in Doc.Dr. Anita Prapotnik Brdnik, FGPA UM



FOREWORD

Our Symposia of Physicists at the University of Maribor, or shortly Christmas Symposia,
have an uninterupted tradition since 2002, except for the corona pandemic period 2020-2021,
as this year it is already the 19th one. The purpose is the scientific socializing of Slovenian
physicists along with the participation of some distinguished colleagues from abroad as our
honorary guests. This year we have ten invited speakers from abroad, from some of the best
research groups, so that our meetings remain national with international participation. The
meeting is only one of the many activities of CAMTP - Center for Applied Mathematics
and Theoretical Physics, which organizes seven series of international scientific meetings. See
www. camitp.uni-mb.si

We would like to stress that our meeting is devoted to the entire physics, theoretical and
experimental, and also applied mathematics and to all other topics, to which physics is
important and closely related, or they are important for physics.

All lectures are on the level of colloquia, thus understandable for a general physicist, and
therefore well suited for students, the undergraduate and graduate students. Such general
meetings in the field of physics practically no longer exist in the world, although in our
opinion they are important for the widening of the intellectual horizon of all physicists. Our
colleagues from abroad, the participants so far, confirm our view and appreciate our scientific
programme. The meeting is also an opportunity for the young researchers to present their
work and discuss it with the experienced scientists. With this activity we also contribute to
the promotion and the popularization of physics in our society. We are convinced that it is
quite urgent to care about the more intense popularization of natural sciences in our society,
and physics plays a key role in this context. All undergraduate students can attend all the
lectures of the conference free of charge. In this way we contribute to the popularization of
physics and the education in this field.

At the end we would like to stress that our gatherings are an important contribution to the
activities of the Faculty of Natural Sciences and Mathematics (Maribor) and the Faculty of
Mathematics and Physics (Ljubljana), and of course also for the institutes IJS in Ljubljana
and CAMTP in Maribor.

It is our privilege that the general patron of the Symposium is the European Academy of
Sciences and Arts (Salzburg). The opening address on behalf of the Academy will be delivered
by Prof. Klaus Mainzer of Technical University of Munich, the President of the Academy,
who also is an invited speaker.

The meeting is dedicated to the 80th birthday of Professor Giulio Casati of the University of
Insubria, Como, Italy, who over more than 25 years intensively collaborates with colleagues
in Slovenia, and from Slovenia, who were doing research at his institute, and thus has credit
for the development of theoretical physics in Slovenia. Prof. Casati is one of the founders,
pioneers and leading researchers in the field of classical and quantum chaos, as well as in
the field of quantum computation, and is one of the most prominent theoretical physicists



of our era. His research work started more than five decades ago. He is also exceptionally
active organizer of science, as he has organized dozens of world-top scientific conferences and
schools, in Italy and abroad, all over the world, and is also the founder of the University
of Insubria in Como, as well as of the Centro di Cultura Scientifica Alessandro Volta, and
of the Lake Como School of Advanced Studies. In particular, he is the founder and main
organizer of the traditional international conferences Dynamics Days Central Asia, which in
the sense of an ”intelectual silk road” connect far Asia with Europe and all the countries in
between. He is also a recipient of the Fermi Prize, the highest award for physics in Italy, and
is a member of the European Academy of Sciences and Arts.

See hitps://en.wikipedia.org/wiki/Giulio-Casati

ORGANIZERS:
Prof.Dr. Marko Robnik, Member of EASA, Director of CAMTP
and Prof.Dr. Anita Prapotnik Brdnik, FGPA UM
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Schedule of 19th Symposium of Physicists
of the University of Maribor
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Thu
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Chair

Robnik

09:00-09:15

otvoritev / opening

09:15-09:45

Mainzer

09:45-10:15

Casati

10:15-11:00

Zumer

11:00-11:30
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Flach

12:00-12:30

Grozdanov

12:30-13:00

Lozej

13:00-13:30

Ravnik

13:30-15:00
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Biro

15:00-15:30

Nemevsek

15:30-16:00
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16:00-16:30
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16:30-17:00
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17:00-17:30
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17:30-18:00
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19:00-20:00
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12:30-13:00

Vaupotic¢

13:00-13:30

Sarler

13:30-15:00

Kosilo / Lunch

Chair

Zumer

15:00-15:30
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Sobota, 17. december 2022
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Chair
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Arcon
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Kvalitativna analiza modela ¢asovne evolucije izotermalnega
reakcijskega sistema

BARBARA ARCET

CAMTP - Center za uporabno matematiko in teoreticno fiziko
Univerza v Mariboru, Mladinska 3, SI-2000 Maribor, Slovenia
Pedagoska fakulteta, Univerza v Mariboru,

Koroska cesta 160, SI-2000 Maribor, Slovenia
barbara.arcet1 Qum.si

Predstavila bom dvodimenzionalni sistem navadnih diferencialnih enacb, ki je mate-maticni
model za ¢asovno evolucijo izotermalnega reakcijskega sistema. Osredoto¢imo se na vektorsko
polje sistema pri pozitivnih vrednosti parametrov in reaktantov. Do sedaj je bilo znanih
nekaj numeri¢nih primerov za obravnavani sistem, na$ pristop pa je analiti¢ni in tako ponudi
splosne rezultate. S teorijo Hopfovih bifurkacij pois¢emo splosne zadostne pogoje za pogoje
na parametrih sistema, pri katerih se v faznem prostoru lahko pojavi limitni cikel. Z uporabo
Poincaréjeve kompaktifikacije in manj znane metode napihovanja opiS§emo obnagSanje trajek-
torij v celotnem prvem kvadrantu, vklju¢no s toskami v neskonénosti. Na primeru pokazemo
tudi korelacijo med realnim delom lastnih vrednosti Jacobijeve matrike, izra¢unane v tocki
nestabilnega fokusa znotraj limitnega cikla in amplitudi limitnega cikla.

Reference

[1]  Arcet, B., Dukari¢, M., Kadyrsizova, Z. (2020). Qualitative Study of a Well-Stirred
Isothermal Reaction Model. Mathematics, 8(6):938.

[2] Kadas, Z., Othmer, H. G. (1979). Stable Limit Cycles in a Twocomponent Bimolec-
ular Reaction System. J. Chem. Phys., 70, 1845-1850.
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Qualitative analysis of a model for a temporal evolution of a
well-stirred isothermal reaction system

BARBARA ARCET

CAMTP - Center for Applied Mathematics and Theoretical Physics
University of Maribor, Mladinska 3, SI-2000 Maribor, Slovenia
Faculty of Education, University of Maribor,

Koroska cesta 160, SI-2000 Maribor, Slovenia
barbara.arcet1 Qum.si

I will represent a two-dimensional system of ordinary differential equations which is a math-
ematical model for a temporal evolution of a well-stirred isothermal reaction system. We
focuse on the behaviour of the vector field of this system for the positive values of the species
and parameters. Some numerical results on this system were known till now, but we extend
these results and approached it analytically. Using the theory of Hopf bifurcation we look
for the general sufficient conditions on parameters of the system under which a stable limit
cycle arises in the phase space of the system. We describe the behaviour of trajectories in
the whole first quadrant, including the points at infinity, using Poincaré compactification and
the blow-up method, which is not known in a big extend. Finally, we show the correlation
between the real part of the eigenvalues of the Jacobian matrix, calculated at the unstable
focus inside the limit cycle and the amplitude of the limit cycle on the example.

References

[1]  Arcet, B., Dukari¢, M., Kadyrsizova, Z. (2020). Qualitative Study of a Well-Stirred
Isothermal Reaction Model. Mathematics, 8(6):938.

[2] Kadas, Z., Othmer, H. G. (1979). Stable Limit Cycles in a Twocomponent Bimolec-
ular Reaction System. J. Chem. Phys., 70, 1845-1850.
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Simetrija superprevodnega ureditvenega parametra v
kvazi-eno-dimenzionalnem superprevodniku Rb;MozAs;

DENIS ARCON

Faculty of Mathematics and Physics, University of Ljubljana
Jadranska cesta 19, SI-1000 Ljubljana, Slovenia
Institute JozZef Stefan, Department of Solid State Physics
Jamova cesta 39, SI-1000 Ljubljana, Slovenia
Denis. Arcon@fmf.uni-lj.si ® hitp://quantum.ijs.si/

Kvazi-enodimenzionalni elektronski sistemi kazejo notranjo nestabilnost napram urejenim
fazam dolgega dosega pri dovolj nizkih temperaturah. Superprevodni redi so Se posebej zan-
imivi, ker imajo lahko singletno ali tripletno simetrijo ureditvenega parametra in pogosto tek-
mujejo z magnetizmom [1]. Tukaj poroéamo o nasi obsezni §tudiji ®As jedrske kvadrupolne
resonance, S'Rb jedrske magnetne resonance in mionske spinske relaksacije (uSR) kvazi-
peratur T, = 10,4 K med vsemi kvazi-enodimenzionalnimi superprevodniki [2,3]. Znacilna
potenéna temperaturna odvisnost spinsko-mreznega 8" Rb relaksacijskega ¢asa v Sirokem tem-
peraturnem obmocju kaze na dominantno fiziko Tomonaga-Luttingerjeve tekoc¢ine (TLL) in
doloca efektivni parameter TLL interakcij K. = 1,4. To postavlja studirani sistem v zelo
nenavaden rezim efektivnih privlacnih interakcij in odpre realne moznosti za tripletno super-
prevodnost [2]. Parameter magnetne vdorne globine A = 669 nm smo primerjali s koherenéno
dolzino ¢ = 3,4 nm in dobili Ginzburg-Landaujev parameter x ~ 200 kar razvrsti RbaMogAss
med superprevodnike tipa II v ¢isti limiti. Signal uSR pomerjen v transverzalnem polju [3]
kaze povecano relaksacijo pod T, kar je posledica tvorbe vrtinéne mreze. Primerjava okre-
pljene relaksacije zaradi tvorbe vrtinéne mreze z modeli, ki vkljuCujejo s—, p— in d— simetrijo
superprevodne reze kaze najboljSe ujemanje za s— scenarij, vendar z nenavadno majhno su-
perprevodno rezo, Ay v razmerju do 1. — dobljeno razmerje je 2Ag/T, = 2,74(1). Alter-
nativni p— ali d— scenariji z malenkost slabsim y? pa vodijo do bolj realisti¢nih vrednosti
200/T. = 3,50(2) in 2A¢ /T = 4,08(1). Zakljuc¢imo torej lahko, da nase meritve RbaMo3Ass
ne izkljuc¢ujejo moznosti za tripletno superprevodnost.

Reference

[1]  T. Giamarchi and H. J. Schulz, Phys. rev. B 37 (1988) 325.

[2]  Z. Gosar, N. Jansa, T. Arh, P. Jeglic, M. Klanjsek, H. F. Zhai, B. Lv, and D. Arcon,
Phys. Rev. B 101 (2020) 220508.

[3]  Z. Gosar, T. Arh, H. F. Zhai, B. Lv, and D. Arcon, in preparation (2022).

15



The pairing symmetry in quasi-one-dimensional
superconductor RbsMo3As;

DENIS ARCON

Faculty of Mathematics and Physics, University of Ljubljana
Jadranska cesta 19, SI-1000 Ljubljana, Slovenia
Institute JozZef Stefan, Department of Solid State Physics
Jamova cesta 39, SI-1000 Ljubljana, Slovenia
Denis. Arcon@fmf.uni-lj.si ® hitp://quantum.ijs.si/

Quasi-one-dimensional electron systems display intrinsic instability towards long-range or-
dered phases at sufficiently low temperatures. The superconducting orders are of particular
interest as they can possess either singlet or triplet pairing symmetry and frequently com-
pete with magnetism [1]. Here we report on comprehensive 7 As nuclear quadrupole res-
onance, 8"Rb nuclear magnetic resonance and muon spin rotation/relaxation (uSR) study
of RbaMo3Asjs characterised by one of the highest critical temperatures T, = 10.4 K among
quasi-one-dimensional superconductors [2,3]. A Tomonaga-Luttinger liquid (TLL)-characteristic
power-law temperature dependence of the 8"Rb spin-lattice relaxation rates over a broad tem-
perature range yield the TLL interaction parameter for charge collective modes K. = 1.4 thus
setting this system into very unusual regime of effective attractive interactions and open the
possibility for the triplet superconductivity [2]. The magnetic penetration depth A = 669 nm
is compared to the coherence length ( = 3.4 nm to obtain the Ginzburg-Landau parame-
ter k ~ 200 and classify RboMogAss as a strong type-II superconductor in the clean limit.
The transverse field uSR signal [3] shows enhanced damping below T, which is due to the
formation of vortex lattice. Comparison of vortex lattice broadening against single gap s—,
p— and d—wave models shows the best agreement for the s—wave scenario but with the
anomalously small superconducting gap, Ag, to T ratio 2Ag/T. = 2.74(1). The alternative
p—wave or d—wave scenarios with marginally worse goodness of fit would yield more realistic
2A¢/T. = 3.50(2) and 2Aq/T. = 4.08(1), respectively. We thus conclude that scenario for
the triplet superconductivity in RbaMogAs3 remains a realistic option.
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Holografske termicne korelacijske funkcije operatorjev s
poljubno skalno dimenzijo
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S pomocjo korespondence AdS/CFT bom opisal obnasanje dvotockovnega korelatorja opera-
torja s poljubno skalno dimenzijo A in poljubno sodo dimenzijo prostora-¢asa d za majhno a
nenicelno temparaturo. Dobljen korelator se sklada z znanim rezultatom za d = 4 v primeru

velikega A ter v primeru d = 2 s prvimi ¢leni razvoja po tempreraturi eksaktno znanega
rezultata.
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Holographic thermal correlation functions of operators with
arbitrary scale dimensions
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Using the AdS/CFT correspondence we model the behaviour of the two point correlator of
an operator with arbitrary scale dimension A and arbitrary spacetime even dimension d for
small but non-zero temperature. The obtained correlator coincides with the known result for
d = 4 for large A as well as with the low order expansion in temperature of the exact all
order result for d = 2.
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Nanoplasmonic Enhancement of Laser Energy Absorption
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I introduce the NAPLIFE project we started in 2020 at the Wigner Research Centre for
Physics cooperating with 3 Hungarian universities on enhancement of energy absorption by
nanotechnology manipulation of targets with the perspective of increasing the effectivity of
the ignition of laser inertial nuclear fusion. Setting into the scene of general energy pro-
duction sources and mainstream and alternative nuclear fusion methods, I show preliminary
and partially published results on spectral measurements on the prepared target polymers
UDMA/TEGDMA doped with nanorod particles, adjusted to the laser frequency we have.
We concentrate in this phase to deuteron measurements after the laser pulse digged a crater
in the polymer target.
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Relaksijska dinamika v veédelénem sistemu z moc¢nim
neredom

JANEZ BONCA
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Predstavil bom vpliv simetrije na ve¢del¢no lokalizacijo. Predstavil bom ¢asovni razvoj veé
opazljivk v anizotropnem ¢-J modelu. Tako kot Hubbardova veriga tudi preucevani model
vsebuje prostostne stopnje naboja in spina. Kljub temu vsebuje manjsi Hilbertov prostor kar
omogoca numeri¢ne Studije vec¢jih sistemov. Primerjal bom sistem v nakljuénem magnetnem
polju, ki porusi spinsko Zs simetrijo, in sistem z naklju¢no potencialno energijo, ki ohranja Zs
simetrijo [1]. V prvem primeru dovolj moc¢en nered vodi do lokalizacije vseh izmerjenih opa-
zljivk, na konénih sistemih. Vendar pa v primeru naklju¢ne potencialne energije, ki ohranja
Z9 simetrijo, opazimo, da se operatorji, ki so lihi na rotacijo v spinskem prostoru, relaksirajo
proti termodinamski vrednosti na relativno kratkih ¢asovnih skalah. Slednje se skalirajo le
polinomsko z velikostjo nereda. Po drugi strani pa sta dinamika sodih operatorjev in statistika
znotraj posameznega simetrijskega sektorja skladni z lokalizacijo. Dobljeni rezultati kazejo,
da znotraj vsakega simetrijskega sektorja obstaja lokalizacija za opazljivke katerih operatorji
ohranjanjajo dane simetrije. Navidezna relaksacija lihih operatorjev je posledica njihovega
Casovnega razvoja med razlicnimi simetrijskimi sektorji.
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Relaxation dynamics in a strongly disordered many—body
system

JANEZ BONCA
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I will discuss the interplay between many-body localization and spin-symmetry. I will present
the time evolution of several observables in the anisotropic ¢-J model. Like the Hubbard
chain, the studied model contains charge and spin degrees of freedom. Yet, it has a smaller
Hilbert space and thus allows for numerical studies of larger systems. I will compare the
field disorder that breaks the Z5 spin symmetry and a potential disorder that preserves the
latter symmetry [1]. In the former case, sufficiently strong disorder leads to localization of all
studied observables, at least for the studied system sizes. However, in the case of symmetry-
preserving disorder, we observe that odd operators under the Zs spin transformation relax
towards the equilibrium value at relatively short time scales that grow only polynomially
with the disorder strength. On the other hand, the dynamics of even operators and the level
statistics within each symmetry sector are consistent with localization. Our results indi-
cate that localization exists within each symmetry sector for symmetry preserving disorder.
Odd operators apparent relaxation is due to their time evolution between various symmetry
sectors.
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Long range interactions enhance global stability in 1-D
Hamiltonian lattices

TASSOS BOUNTIS

CRANS - Center for Research and Applications in Nonlinear Systems University of
Patras, 26500 Patras, Greece
tassosbountis@gmail.com e https://thalis.math.upatras.gr/ bountis/

Local and global stability properties of 1-D Hamiltonian lattices of N interacting particles
have been studied extensively, in view of their important implications to many problems
of mathematical physics [1]. A wealth of important results published since the pioneering
numerical results of Fermi, Pasta, Ulam and Tsingou (FPUT) in the early 1950’s, have greatly
enhanced our understanding of such lattices in the case of nearest neighbor interactions. On
the other hand, the importance of long-range forces to statistical physics has also been pointed
out in many works (see for example [2]).

More recently, the non-extensive statistical analysis of FPUT 1-D lattices has revealed that
long-range forces increase the global stability of the dynamics and lead to a novel view of
their phase transition diagram [3,4]. In the last few years, this has further been supported
by studies of the remarkable supratransmission phenomenon, where the first particle of a 1-D
lattice is subjected to sinusoidal forcing: The critical amplitude for destabilizing the system
increases as the interaction range goes to zero, except in the presence of local potentials!
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Thermalization and Quantum Chaos
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Ergodic and chaotic motion in phase space was identified by Boltzmann as the key prerequi-
site to attain thermal equilibrium in classical many-body systems more than a century ago.
The transcription of this notion to the realm of quantum mechanics has still remained a
matter of lively debate. Does an isolated quantum many-body system initially prepared in
a non-stationary state thermalize and, if so, what are the signatures and time scales of the
approach to equilibrium? Moreover, can the notion of classical-quantum correspondence be
extended to the concepts of ergodicity and chaos in statistical mechanics? Is the breakdown
of quantum integrability and the appearance of quantum chaos as signified by universality
classes of level statistics necessary to attain thermalization?

In this talk, I will discuss the interplay between quantum chaos and the emergence of the
thermal state for a prototypical isolated Fermi-Hubbard many-body system. Such systems
have become accessible in experiments with ultracold gases. We analyse the thermal state
by determining the reduced one-particle density matrix (IRDM) of an impurity embedded
in the Fermi-Hubbard system. Employing an exact diagonalization of the entire N-particle
(impurity 4+ bath) system we establish the direct connection between quantum chaos and the
approach of the IRDM to the canonical ensemble.

*Work in collaboration with Mahdi Kourepaz, Fabian Lackner, Stefan Donsa and Iva Brezi-
nova
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Classical Physics and Black Body Radiation
GIULIO CASATI
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Unaversity of Insubria, Como, Italy

The inability of classical physics to account for the experimentally observed frequency spec-
trum of blackbody radiation is at the origin of quantum theory. In spite of desperate attempts,
the falloff of the blackbody curve at high frequencies could not be explained by classical
mechanics. Here we discuss the properties of the blackbody spectrum by direct numerical
solution of the classical equations of motion of a one-dimensional model that, however, con-
tains the essential general features of the field-matter interaction. Our approach does not
rely on any statistical assumption. We show that the classical blackbody spectrum exhibits
remarkable properties: (i) a quasistationary state characterized by scaling properties, (ii)
consistency with the Stefan-Boltzmann law, and (iii) a high-frequency cutoff. The present
work is a preliminary step before addressing ergodicity in quantum field theories. This will
require a nontrivial extension of concepts and tools recently developed for the investigation
of thermalization and localization in many-body quantum systems.
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From NEOs to TNOs: A journey through asteroids in our
Solar System

RUDOLF DVORAK
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There is growing interest in the investigations concerning asteroids in our Solar System be-
cause every now and then our Earth is in danger of being hit by extraterrestrial bodies. In
my talk I report on the progress in the observation of Near Earth Asteroids (NEOs), then
also about recent research of minor bodies in the main belt of Asteroids between Mars and
Jupiter. I will present also results about Trojans around the planets - especially Jupiter but
also around Earth, Mars, Uranus and Neptune. Quite interesting is the possibiliy of the ex-
istence of a kind of a belt between the gasgiants Jupiter and Saturn where small bodies may
reside on almost circular orbits for up to hundreds of million years. Finally we jump outside
of this region into the one of Pluto and beyond where many celestial bodies, namely the Trans
Neptunian Object (TNOs) move. There we also find the so-called dwarf-planets with sizes
up to the one of Pluto and even larger. In the appendix we will present the newest results
about the DART (Double Asteroid Redirection Test) mission, where NASA (later together
with ESA) tries to test and validate a method to protect Earth in case of an asteroid impact
threat’
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Metoda napihovanja za dokazovanje integrabilnosti ravninskih
polinomskih sistemov diferencialnih enacb
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Predstavila bom ucinkovito metodo za dokazovanje integrabilnosti resonantnega sedla, ki
temelji na uporabi metode napihovanja in reSevanju rekurzivnih diferencialnih enacb z uporabo
indukcije. S to metodo so reSeni nekateri odprti problemi integrabilnosti za dolocena reso-
nantna sedla.
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A Blow-up method for proving integrability of some planar
polynomial systems of differential equations
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I shall discuss an effective method for proving integrability of the resonant saddles. The
method is based on the use of a blow-up transformation and solving the recurrence differential
equations using induction. Using this method some open integrability problems for certain
resonant saddles are solved.
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Thermalization Universality Classes for Weakly
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We observe different universality classes in the slowing down of thermalization of many-
body dynamical systems upon approaching integrable limits. We identify two fundamentally
distinct long-range and short-range classes which stem from the type of nonintegrable pertur-
bations - weak two-body interactions (nonlinearities) versus weak lattice coupling (hopping)
[1,2,3]. We study the scaling properties of the full Lyapunov spectrum [4,5]. The long-range
class results in a single parameter scaling of the Lyapunov spectrum, with the inverse largest
Lyapunov exponent being the only diverging time control parameter and the rescaled spec-
trum approaching an analytical function [4]. The short-range class results in a dramatic slow-
ing down of thermalization and a rescaled Lyapunov spectrum approaching a non-analytic
function. An additional diverging length scale controls the exponential suppression of all
Lyapunov exponents relative to the largest one [4].
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Dekodiranje celiénih odzivov na spremembe v okolju je temeljnega pomena za razumevanje
delovanja zivih organizmov. Medtem ko se je v preteklosti vec¢ina Studij osredotocala na
izolirane celice ali populacijska povprecja, se podro¢je preu¢evanja preusmerja na omrezja
celicnih populacij. To velja tudi za celice beta Langerhansovih otockov trebusne slinavke,
ki izlo¢ajo inzulin. Te so elektri¢no vzdrazne, zelo heterogene in tvorijo funkcionalni sinci-
cij. Kljub njihovi heterogenosti elektri¢na sklopitev prek presledkovnih stikov omogoca nji-
hovo usklajeno delovanje in koherentne oscilacije koncentracije Ca?* ob stimulaciji z glukozo.
Njihova sinhronost je pomembna za zagotavljanje ustreznih vzorcev izloCanja inzulina, hor-
mona, ki je kljucen za nadzor presnovne homeostaze [1]. Pomen heterogenosti celic beta
in kako te z mediacijo medceli¢nih signalov zagotavljajo usklajeno celicno aktivnost, je Se
vedno nepopolno razumljen. Nedavni napredek na podro¢ju veécelicnega snemanja, opto-
genetskih in fotofarmakoloskih intervencij ter teorije omrezij je pripomogel k identifikaciji
specializiranih subpopulacij celic beta, ki bistveno vplivajo na skupno aktivnost [1-3]. Pred-
postavljeno je bilo, da tako imenovane centralne celice, tj. celice s Stevilnimi funkcional-
nimi povezavami, bistveno pove¢ajo komunikacijske zmogljivosti omrezja celic in omogocajo
ucinkovito sirjenje medceliénih valov Ca?*. Slednji se sprozajo v specifiénih subpopulacijah
celic beta, tj. obmod¢jih ritmovnikov, ki so opredeljeni z njihovo lokalno vzdraznostjo in pres-
novnimi profili. Vendar je treba Se pojasniti, ali in v koliksni meri se vloge teh subpopulacij
prekrivajo ter kaksne so njihove funkcionalne znacilnosti. Teh vpraSanj smo se v nasi Studiji
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lotili s kombiniranjem veéceli¢nega snemanja dinamike Ca?* z visoko ¢asovno in prostorsko
locljivostjo v tkivnih rezinah trebusne slinavke misi s pristopi s podroc¢ja znanosti o omrezjih.
Na podlagi posameznih Ca?* valov smo zgradili mrezne plasti za prepoznavanje iniciatorjev
valov, funkcionalne mreze dolo¢ene na podlagi medceli¢nih korelacij v Ca?* aktivnosti pa za
odkrivanje centralnih celic. Nasi rezultati kazejo, da obe vrsti celic izkazujeta nadpovpreéno
aktivnost, vendar se razlikujeta v drugih znacilnostih njihove aktivnosti. Oscilacije Ca?*
v centralnih celicah so bolj redne, njihova vloga pa je v ¢asu stabilnejSa. Najpomembneje
je, da v nasprotju z ritmovniskimi celicami centralne celice kazejo krajSe casovne zakasnitve
aktivacije kot njihove sosede, kar implicira njihovo moc¢nejsSo junkcijsko prevodnost. Nase
ugotovitve kazejo, da so tako centralne kot ritmovniske celice inherentna znacilnost otockov,
vendar se njihove vloge ne prekrivajo [4].
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Network analysis as a means of studying interrelations of hub
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Decoding cellular responses to changes in the environment is of fundamental importance to
our understanding of living systems. While in the past, most of the studies focused on isolated
cells or population averages, the scope is shifting towards networked cell populations. This
holds true also for the insulin-secreting beta cells from pancreatic islets of Langerhans. They
are electrically excitable, highly heterogeneous and form a functional syncytium. Despite their
inherent heterogeneity, electrical coupling via gap junctions facilitates their well-coordinated
behavior and coherent Ca?* concentration oscillations when stimulated with glucose. Their
synchronous behavior is vital for ensuring proper secretion of insulin, a hormone crucial for
controlling metabolic homeostasis [1]. The importance of beta cell heterogeneity and how
they ensure coordinated cellular rhythmicity through the mediation of intercellular signals
is still incompletely understood. Recent advances in multicellular imaging, optogenetic and
photopharmacological strategies, and network theory have aided the identification of special-
ized beta cells subpopulations, which affect the collective activity substantially [2-4]. It has
been postulated that so-called hub cells, i.e., cells with many functional connections, signif-
icantly enhance the communication capacities of the intercellular network and facilitate an
efficient spreading of intercellular Ca?t waves. The latter was triggered within specific beta
cell subpopulations, i.e., pacemaker regions, defined by their local excitability and metabolic
profiles. However, if and to what extent the roles of these subpopulations overlap, and what
are their functional characteristics remains to be elucidated. We addressed these issues by
combining high-temporally-resolved multicellular Ca?t imaging in mouse pancreatic tissue
slices with complex network-based approaches. We constructed network layers based on in-
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dividual Ca?* waves to identify wave initiators and functional correlation-based networks
to detect hub cells. Our results reveal that both cell types exhibit a higher-than-average
activity under physiological and supraphysiological glucose concentrations but differ in other
signaling characteristics. Ca?" oscillations in hub cells are more regular, and their role ap-
pears to be more stable in time. Most importantly, in contrast to pacemaker cells, hub cells
display shorter activation time delays than their neighbors, which implies stronger junctional
connectivity. Our findings indicate that both hub and pacemaker cells are natural features
of islets, but their roles do not overlap [5].
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Predpostavimo poznavanje disperzijske relacije za le eno fizikalno ekscitacijo v spektru dvo-
tockovne funkcije v kvantni teoriji polja ali v spektru ¢rne luknje. Na tem predavanju bom
predstavil kdaj in kako je s to informacijo mogoca popolna rekonstrukcija celotnega spektra.
Natancneje, predstavil bom algoritem, ki z rabo teoremov Darbouxja in Puiseuxja omogoca
rekonstrukcijo vseh ekscitacij, ki se lahko povezejo s ‘prehajanjem nivojev’. Na koncu preda-
vanja pa bom s pomocjo pojava ‘preskakovanja polov’ poskusil odgovoriti Se na vprasanje v
naslovu.

Reference

[1]  S. Grozdanov and T. Lemut, “Reconstruction of spectra and an algorithm based on
the theorems of Darboux and Puiseux,” [arXiv:2209.02788 [hep-th]].

[2] S. Grozdanov, A. O. Starinets and P. Tadi¢, “Hydrodynamic dispersion relations at
finite coupling,” JHEP 06 (2021), 180 [arXiv:2104.11035 [hep-th]].

3] S. Grozdanov, P. K. Kovtun, A. O. Starinets and P. Tadi¢, “The complex life of
hydrodynamic modes,” JHEP 11 (2019), 097 [arXiv:1904.12862 [hep-th]].

[4]  S. Grozdanov, P. K. Kovtun, A. O. Starinets and P. Tadi¢, “Convergence of the
Gradient Expansion in Hydrodynamics,” Phys. Rev. Lett. 122 (2019) no.25, 251601
[arXiv:1904.01018 [hep-th]].

33



How much information is required to reconstruct a spectrum?
SASO GROZDANOV

Higgs Centre for Theoretical Physics, University of Edinburgh, Edinburgh, EHS 9YL,
Scotland
FMF, University of Ljubljana, Jadranska ulica 19, SI-1000 Ljubljana, Slovenia
saso.grozdanov@fmf.uni-lj.si

Assume a known dispersion relation of only a single mode in the spectrum of a two-point
function in some quantum field theory or the quasinormal spectrum of a black hole. In this
talk, I will discuss when and how the reconstruction of the complete spectrum of physical
excitations is possible given this information. In particular, I will demonstrate our recently
developed constructive algorithm based on the theorems of Darboux and Puiseux that allows
for such a reconstruction of all modes connected by ‘level-crossings’. Finally, I will attempt
to answer the question posed in the title by utilising the phenomenon of ‘pole-skipping’.
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Heisenberg je leta 1928 predlagal preprost mikroskopski teoreti¢ni model kvantnega feromag-
neta na mrezi, ki vkljucuje le izmenjalno sklopitev med sosednjimi spini. V eni prostorski
razseznosti lastna stanja Heisenbergove verige popiSe Bethejeva valovna funkcija vzbujenih
magnonskih valovnih na¢inov. Obstoj dolgozivih kvazidelcev privede do zloma ergodi¢nosti,
kar porodi mnoge nenavadne lastnosti kot sta npr. odsotnost termalizacije in anomalni trans-
port. Ceprav toGen izracun dinamiénih opazljivk trenutno presega okvirje teorije kvantne
integrabilnosti, je ¢asovni razvoj ohranjenih lokalnih koli¢in na hidrodinamski skali mozno
obravnavati v sklopu tocnega efektivnega opisa posploSsene hidrodinamike. V predavanju
predstavimo nenavadni pojav spinske superdifuzije v izotropni Heisenbergovi verigi. Po-
leg osnovnega teoreti¢nega ozadja, se navezemo tudi na nedavne eksperimentalne dosezke z
nevtronsko spektroskopijo in s hladnimi atomi v optiénih mrezah.
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Back in 1928, Heisenberg proposed a simple microscopic theoretical model of a quantum ferro-
magnet in which spins interact via exchange coupling only with their neighbours on a lattice.
In one spatial dimension, all eigenstates of the Heiseneberg chain can be represented by the
Bethe wavefunction, describing interacting spin waves propagating ballistically through the
system. Ergodicty breaking induced by the long-lived quasiparticles leads to various unortho-
dox properties such as, most prominently, lack of thermalization and anomalous transport.
While exact computation of dynamical quantities goes currently beyond the capabilities of
the quantum integrability theory, the hydrodynamic evolution of conserved quantities can be
accurately described by the effective theory of generalized hydrodynamics. In this talk, we
shall introduce the peculiar phenomenon of spin superdiffusion in the isotropic Heisenberg
spin chain, provide some of the theoretical background and also review the most recent ex-
perimental breakthroughs with inelastic neutron scattering and with cold atoms in optical
lattices.
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Topoloske strukture v nematskih tekocih kristalih si delijo matemati¢ne in fenomenoloske
podobnosti z ostalimi sistemi kondenzirane snovi. Razvite eksperimentalne tehnike omogocajo
natancen nadzor nad orientacijo in dinamiko nematskih struktur, manj pa je znano, kako bi
lahko taksne strukture uporabili za shrambo in manipulacijo informacij. V predavanju bom
uvedel koncept nematskih bitov (nbitov), ki so zasnovani na kvaternionski preslikavi med
nematskimi defekti in Bloch-Poincaréjevo sfero. V ¢lanku sva z J. Dunklom s simulacijami in
teoreti¢nimi pristopi pokazala, kako lahko z elektri¢nim poljem udejanimo logi¢ne operacije
na nematskih bitih, v analogiji s Paulijevemi, Hadamardovimi in ostalimi logiénimi vrati [1].
Pari nematskih bitov kazejo moc¢ne ali Sibke statisti¢ne korelacije, kar je odvisno od izbire
nacina meritve in relavantnih ¢asovnih skal. Poleg tega pa sva pokazala, da lahko ve¢-nbitne
interakcije vodijo do univerzalnih klasicnih NOR in NAND logi¢nih vrat, kar je poseben
primer preslikave med Bloch-Poincaréjevimi sferami vhodnih in izhodnih nematskih bitov.
Ti rezultati kazejo smer potencialnega razvoja rac¢unskih strategij v mehki topoloski snovi.
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Topological field structures in nematic liquid crystals are known to share phenomenological
and mathematical analogies with other condensed matter systems. While the experimental
control of orientation and dynamics of nematic structures has been developed, little is known
about how such structures could be used for information storage and computation. Here,
we introduce the concept of nematic bits (nbits) by building on a previously established
quaternionic mapping from nematic defects to a Bloch-Poincaré sphere. Considering suitable
electric fields, we show in theory and simulations how logic operations can be applied to nbits,
analogous to Pauli, Hadamard and other logic gates [1]. Pairs of nbits can exhibit strong or
weak statistical correlations, depending on the choice of the measurement procedure and time
scales involved. We further demonstrate how multi-nbit interactions can realize universal
classical NOR and NAND gates as special cases of general mappings between the Bloch
spheres of the input and output nbits. These results provide a route towards implementing
classical and more general computation strategies in topological soft matter systems.
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Konvencionalna klasifikacija dinami¢nih fenomenov bazira na univerzalni hidrodinamski re-
laksaciji, ki jo karakterizirata dinamini eksponent in asimptotska oblika dinamiénega struk-
turnega faktorja. Argumentiramo da se dinamiéni univerzalnostni razredi naravno razlikujejo
na podlagi fluktuacijskih lastnosti. Kot primer obravnavmo splosen razred enodimenzional-
nih enovrsti¢nih sistemov nabitih delcev s trdo sredico. Dinamiéne vezi porodijo univerzalne
anomalne statisti¢ne lastnosti pretoc¢énega naboja, ki se odrazajo tako na ¢asovni skali tipi¢nih
kot tudi redkih dogodkov. Tipi¢ne fluktuacije v ravnovesju sledijo univerzalni distribuciji, ki
moc¢no odstopa od pricakovane Gaussovske porazdelitve, medtem ko velike fluktuacije opisuje
t.i. ”rate” funkcija z izredno trojno kriticno tocko. Dale¢ stran od ravnovesja tekmovanje
dveh dinamic¢ih faz vodi do dinamiénih faznih prehodov prvega in drugega reda. Nakazemo
nekaj povezav s fluktuacijami magnetizacije v integrabilnih spinskih verigah.
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Conventional classification of dynamical phenomena is based on universal hydrodynamic re-
laxation characterized by algebraic dynamical exponents and asymptotic scaling of the dy-
namical structure factor. We argue that dynamical universality classes can instead be nat-
urally distinguished based on their full-counting statistics. As an example we consider a
general class of one-dimensional single-file systems of interacting hardcore charged particles.
Dynamical constraints give rise to universal anomalous statistics of cumulative charge cur-
rents, manifested both on the timescale characteristic of typical fluctuations and also in the
rate function describing rare events. Typical fluctuations in equilibrium are governed by a
universal distribution that markedly deviates from the expected Gaussian statistics, whereas
large fluctuations are described by a large-deviation rate function featuring an exceptional
triple critical point. Far from equilibrium, competition between dynamical phases leads to
dynamical phase transitions of first and second order. We point out some connections with
charge fluctuations in integrable spin chains.
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V predavanju bom najprej predstavil motivacijo za iskanje delcev temne snovi in mediatorjev
med obicajno in temno snovjo in detektor, s katerim jih is¢emo. Sledil bo pregled najbolj
zanimivih rezultatov meritev. Na koncu bom predstavil Se na¢rte za bodoc¢nost.

41



The Dark Side of Belle 11
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In the talk we will first discuss the motivation for the next searches for dark matter particles
and mediators between the dark and ordinary matter. We will then present the detector and
make an overview of the most interesting results. We will finish by our plans for the future.
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Billiard systems are ideal test-beds for exploring concepts in classical and quantum chaos. In
spite of the simplicity of the dynamics, many interesting dynamical regimes may be realized by
considering different shapes of the billiard table. The Quantum Chaos or Bohigas-Giannoni-
Schmit (BGS) conjecture states that spectra of quantum chaotic systems will exhibit the same
statistical properties as random matrices. By contrast, integrable systems are expected to
have Poissonian level statistics (Berry-Tabor conjecture). However, many dynamical regimes
between chaos and integrability exist. I will present some recent numerical studies of spectral
statistics and eigenfunctions of quantum billiards that explore these intermediate regimes. A
robust methodology based on the study of the Poincaré-Husimi functions and their localiza-
tion measures enables us to study, describe and classify a wide range of dynamical phenomena
like quantum ergodicity, scarring, stickiness, dynamical localization, ”weak” chaos, mixed
regular-chaotic states, semiclassical condensation on invariant structures etc. The presented
methodology is directly applicable to other single-particle quantum systems.
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Since the beginning of the last century, fundamental epistemological questions about the
reality and causality of the quantum world have arisen that seemed to break with classical
physics. These include, for example, the superposition and entanglement of quantum states,
which were initially formulated in 1935 in thought experiments such as Schrédinger’s cat
and Einstein’s EPR experiment, but were then mathematically specified and transferred into
empirically decidable experiments [1]. After this phase of basic research of the quantum
world, a second quantum revolution has been emerging since the 1980s at the latest, in which
the findings of the quantum world are being translated into technological innovation. This
technological revolution is taking place in different generations.

Since many years, transistors, diodes, and laser are already well known devices of everyday
technology. After this first generation of quantum technology, we are living in the 2nd gen-
eration which applies principles of quantum mechanics (e.g. superposition, entanglement)
in a targeted manner [2]. Examples are first prototypes of quantum computers, classical
supercomputer with quantum simulation, quantum communication, and quantum cryptog-
raphy. There are already hints that we are in the transition to a 3rd generation of quantum
technology with, e.g., universal quantum computers, quantum Internet, and quantum arti-
ficial intelligence [3]. Obviously, quantum computing does not only concern deep epistemic
foundations of nature, but also revolutionary impact on economy and society [4]. This talk
considers bridging foundational research as well as applied engineering and societal impact
for Europe.
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Nase vesolje je morda bilo (ali pa je) obticalo v metastabilnem stanju, ki lahko s tuneliran-
jem razpade v stabilno. Taks$ni procesi bi sprozili opazne gravitacijske valove in zahtevajo
globlje teoreti¢no razumevanje. V pionirskih delih so Coleman et al. zastavili problem v
evklidskem prostoru in zgradili teoreti¢no osnovo s semi-klasi¢éno odbojno resitvijo in kvant-
nimi popravki. Nedavno smo razvili univerzalno semi-klasi¢no konstrukcijo s poligonalnimi
odboji in jo implementirali v FindBounce paketu. Poleg tega smo nasli analiti¢ni izraz za
popravke ene zanke v meji tanke stene (nad obi¢ajnim vodilnim redom) za poljubno dimenzijo
prostor-casa.
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Our universe may have been (or may be) stuck in a metastable state, which can decay to
a stable one via tunnelling. Such processes would have triggered observable gravitational
waves and require a deeper theoretical understanding. The pioneering works of Coleman
et al. posed the problem in Euclidean space and constructed the theoretical groundwork
with a semi-classical bounce and quantum corrections. We recently developed a universal
semi-classical construction with polygonal bounces and implemented it in the FindBounce
package. Moreover, we found a closed form expression for one loop corrections in the thin
wall limit (beyond the usual leading order) for an arbitrary spacetime dimension.
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V mnogih primerih je letenje hitrejsi in udobnejsi nacin potovanja kot potovanje po cesti
ali z zeleznico in zato njegova priljubljenost narasca. Danes letalstvo prispeva k 2% delezu
svetovnih in 3% delezu evropskih izpustov toplogrednih plinov, vendar bo hitra rast letalskih
potovalnih storitev lahko povzrocila 300% povecanje C'Oy emisij do leta 2050. Zato se izvajajo
Stevilne nove $tudije in projekti za iskanje ustreznih alternativ fosilnim gorivom v letalstvu.
Zanimiva resitev je letalo z gorivnimi celicami. V taksnih letalih se v gorivnih celicah iz
vodika ustvarja elektriéna energija, ki preko elektromotorja poganja propeler. Ker je edini
stranski produkt taksnega letala voda oziroma vodna para, lahko letala z gorivnimi celicami
obravnavamo kot okolju prijazno reSitev brez COs emisij. To seveda pod pogojem, da je
vodik, ki se uporablja kot gorivo, proizveden z elektri¢no energijo iz obnovljivih virov (tako
imenovani zeleni vodik).

Vendar pa je vsakrSna nalozba v novo letalo, Se posebej Ce gre za letalo z novo pogonsko
tehnologijo, tvegana nalozba. Nobeden proizvajalec ne bo pripravljen prevzeti taksnega tve-
ganja, ¢e ni preprican, da so letalske druzbe pripravljene taksno letalo tudi kupiti. Letalski
prevozniki pa ne bodo pripravljeni kupiti letala, ¢e to ne ustreza njihovim potrebam po
zmogljivosti (npr. Stevilu sedezev, dometu, pristajalni in vzletni razdalji) in ¢e cena letala
in obratovalni stroski niso ustrezni. Cilj tega predavanja je predstaviti model, ki primerja
neposredne obratovalne stroske konvencionalnih 19-sedeznih letal z letali na gorivne celice in
ugotoviti, kje so priloznosti in kje slabosti v smislu ekonomske upravicenosti. Letalo z 19
sedezi je bilo izbrano, ker je to najvecje potnisko letalo, ki ga lahko certificiramo pod predpisi
FAR-23. Zato ga je mozno lazje in hitreje registrirati kot ve¢ja letala in istocasno ima manjso
maksimalno vzletno maso na potnika in posledi¢cno manjse obratovalne stroske v primerjavi
z manjSimi letali iz iste kategorije.
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In many cases flying it is a faster and more convenient way to travel than by road or rail.
Today, aviation contributes to 2% of global and 3% of European greenhouse gases, but due to
fast growth of aircraft travel services, this will lead to a 300% increase in COy emissions by
2050 if cleaner propulsion technologies are not introduced. Therefore, many new studies and
projects are being conducted to find suitable alternatives to fossil fuels in aviation. A very
interesting solution is the hydrogen fuel cell aircraft. In fuel cell aircraft, hydrogen is used in
fuel cells to generate electricity. The electricity is then consumed by an electric motor that
drives a propeller. Since the only by-product in fuel cell aircraft is water, fuel cell aircraft
can be environmentally friendly aircraft with zero CO5 emissions if the hydrogen used as fuel
is produced by electrolysis with electricity from renewable energy sources (green hydrogen).

However, any kind of investment in a new aircraft, especially new propulsion technologies
such as hydrogen fuel cell aircraft, is a risky investment, and no manufacturer will be willing
to take such a risk if there are no airlines willing to buy the aircraft. Airlines, in turn, will
not be willing to buy an aircraft whose seating capacity, range, price, and operating costs
are not adequate. The aim of this talk is present a model that compares the direct operating
costs of a conventional 19-seat aircraft with those of a fuel cell aircraft, and to provide an
understanding of which cost categories might be important in the implementation of such an
aircraft for commercial air services and where the opportunities and drawbacks lie in terms
of economic viability. The 19-seat aircraft was selected because it is the largest certified
passenger aircraft that falls under the regulations of FAR-23. Therefore, it should be both
easier to register than larger aircraft and have a more favorable maximal takeoff mass and
consequently operating costs compared to lighter FAR-23 aircraft.
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Vecdeléna lokalizacija: ziva ali mrtva?
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V enodimenzionalnih spinskih verigah, oz. ekvivaletno v sklopljenih fermionskih sistemih,
se opazi pri dodajanju velikih sluc¢ajnih ali kvaziperidiénih potencialiov pojav vecédeléne
lokalizacije (VDL), ki se izkazuje v vecih lastnostih: z odsotnostjo termalizacije, v spek-
tralnih lastnostih in v odsotnosti enosmernega transporta. Kljub intenzivnim teoreti¢nim in
eksperimentalnih raziskavam v zadnjih 15 letih, je striktni obstoj VDL in povezanega faznega
prehoda vprasljiv. V svojem predavanju bom obravnaval transportne lastnosti modelov VDL
[1], zlasti spinskega in energijskega transporta. V primeru slu¢ajnih potencialov kazejo te
lastnosti velike fluktuacije glede na realizacijo potencialov, kar pa ni slucaj za kvaziperi-
odi¢ne potenciale. Prikazal bom rezultate, ki kazejo tudi v tem primeru eksponentno odvis-
nost prevodnosti od moci potenciala brez znakov dobro definiranega faznega prehoda. Poleg
tega zamenjava kvaziperiodi¢nega potenciala s periodi¢nim daje podobno obnaSanje, vsaj pri
zmernih potencialih, kar nakazuje novo pot k razumevanju problema VDL.
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Many - body localization: wanted dead or alive
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It is general observation that one-dimensional spin chains, and equivalently interacting fermionic
chains, reveal a transition/crossover to many-body localization (MBL) when subjected to
large random or quasiperiodic potentials. The MBL phase should be manifested by several
features as the absence of thermalization, change of spectral properties and the absence of
d.c. transport. In spite of intensive theoretical as well as experimental efforts over last 15
years, the question of the strict existence of MBL and of corresponding phase transition is
at present controversial. I will focus on the perspective of transport quantities [1], i.e. the
spin and energy diffusion. In random systems numerical results show large sample-sample
fluctuations [2], while in quasiperiodic systems this is not the case. We present results for the
high-temperature spin conductivity, which reveal an exponential-like dependence on poten-
tial strength over several decades, without any clear indication of a well-defined transition to
MBL. Moreover, replacing the quasiperiodc potential with a simpler periodic one, the varia-
tion remains qualitatively similar up to large potential strength, which offers a new route to
the MBL problem.
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V zadnjem desetletju so eksperimenti nepricakovano odkrili precej eksoti¢nih hadronov - to
so stanja sestavljena iz ve¢ kot treh valen¢nih kvarkov. Najbolj dolgoziv eksoticen hadron
doslej je bil lani odkrit v CERNu in vsebuje &tiri kvarke cciid. V predavanju bom predstavila
prvo teoreticno Studijo s kromodinamiko na mrezi, ki kaze na obstoj tega zanimivega stanja.
Vecina doslej odkritih eksoti¢nih stanj vsebuje par ¢c ter dodatne lahke kvarke. Nasa raziskava
tovrstnih stanj je pravilno opisala lastnosti obicajnih ¢armonijev ter napovedala obstoj dveh
nenavadnih hadronov, ki so ju letos eksperimentalno potrdili.
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Exotic tetraquark states
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Experiments have recently discovered several exotic hadrons that consist of more than three
valence quarks/antiquarks. Among these, the longest-lived state cciid was discovered at
CERN in 2021. I will present the first lattice QCD study that determines the underlying
scattering amplitude and finds a pole that is likely related to this state. Most of the exotic
hadrons contain ¢c and additional light quarks. Our recent study of such states features
the expected conventional charmonia ¢c and predicts also two unexpected exotic tetraquark
states, which have been discovered in experiment this year.
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Prehod kvantne prepletenosti od temeljev kvantne mahanike
v uporabno tehnologijo
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Finstein, Podolsky in Rosen so se v svojem ¢lanku iz leta 1935 sprasevali, ali je opis realnosti v
okviru kvantne mehanike in valovnih funkcij res kompleten [1]. Danes je omenjeni ¢lanek sicer
najbolj citirano Einsteinovo delo, a kvantne prepletenosti — ki je bila razlog za takratne dvome
— ne obravnavamo vec kot paradoks, ampak kot eno od osnovnih sestavin kvantne obravnave
informacij. V predavanju bomo na kratko predstavili fizikalne osnove kvantne prepletenosti
in nato prikazali primer uporabe kvantne izmenjave kljuca, ki je bila pred kratkim realizirana
med Ljubljano, Trstom in Rijeko [2]. Nakazali bom tudi, kaksno vlogo bo pri tej tehnologiji
v prihodnosti imela kvantna prepletenost.
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The transition of quantum entanglement from
the foundations of quantum mechanics
to applied technology
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In their 1935 article, Einstein, Podolsky and Rosen questioned whether the description of
reality within the framework of quantum mechanics and wave functions is really complete
[1]. Today, the aforementioned article is not only Einstein’s most cited work, but quantum
entanglement - which gave rise to doubts at that time - is no longer treated as a paradox, but
as one of the fundamental components of quantum information manipulation. We will briefly
present the physical foundations of quantum entanglement and then show an example of the
application of quantum key distribution, recently realized between Ljubljana, Trieste and
Rijeka [2]. It will also be shown what role quantum entanglement will play in this technology
in the near future.
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Topoloska mehka snov predstavlja poseben primer materialov, ki so zmozni razli¢nih materi-
alnih mehanizmov in znacilnosti, od notranjega reda, samosestavljanja, topologije, topoloskih
defektov in zlasti aktivnosti. Tukaj bom podal izbran pregled nedavnih in nastajajoc¢ih smeri
v pasivni in aktivni topolo§ki mehki snovi, s posebnim poudarkom na strukturah v pasivnih
in aktivnih nematikih in njihovi sposobnosti, da delujejo kot fotonski ali mikroelektronski
elementi. Izkazalo se je, da posebej singularni in nesingularni topoloski defekti delujejo kot
objekti, ki lahko vplivajo ali celo nadzorujejo zmogljivost in odziv materiala, tako v pasivnih
kot aktivnih sistemih.
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Passive and active topological soft matter
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Topological soft matter presents distinct class of materials capable of diverse material mech-
anisms and characteristics, ranging from internal order, self-assembly, topology, defects and
notably, activity. Here, I will give a selected overview of recent and emergent directions in
passive and active topological soft matter, with particular emphasis on structures in passive
and active nematics and their capability to perform as photonic or micro-electronic elements.
Singular and nonsingular topological defects are shown to perform as objects that can affect
or even control the material performance and response, both in passive and active systems.
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Parametri¢cno periodi¢cno vzbujanje klasicnega in kvantnega
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Proucujemo, teoretiéno in numeri¢no, vedenje klasi¢nega in kvantnega parametri¢no peri-
odi¢no vzbujanega linearnega oscilatorja. Kot osnovno paradigmo taksnega Floquetovega
sistema obravnavamo primer harmonicne oscilacije oscilatorjeve frekvence, ki je prirocen za
teoreti¢no in numeri¢no obravnavo, a ohranja vse splo$ne lastnosti. Izpeljemo eksplicitno
analiti¢no formulo za kvantni propagator s pomocjo klasi¢nega propagatorja. Uporabljajoc¢ to
izpeljemo eksplicitno eksaktno formulo za razvoj pricakovane vrednosti energije, za poljubno
normirano zacetno stanje. V primeru, ko je zacetno stanje stacionarno lastno stanje, je razvoj
natanc¢no enak kot za klasi¢ni mikrokanoni¢ni ansambel zacetnih pogojev z isto zacetno en-
ergijo. Izvedemo popolno numeri¢no analizo vedenja sistema v obmo¢jih nestabilnosti (la-
cunae), kjer se energija oscilatorja eksponentno povecuje, kakor tudi v obmocjih stabilnosti,
Se posebej na meji med stabilnostnim ter nestabilnostnim obmoéjem. Numeri¢no potrdimo s
popolno zanesljivostjo, da meji med stabilnim in nestabilnim obmoc¢jem klasi¢no in kvantno
eksaktno sovpadata, v skladu s teorijo, in dobimo vrsto pomembnih empiri¢nih rezultatov,
Se prav posebej enacbo elipti¢nega tipa, s katero izrazimo hitrost eksponentnega naraséanja
energije v lacunah kot funkcijo drugih sistemskih parametrov. Verjamemo, da so nas pristop
in rezultati generi¢nega tipa, t.j. uporabni v veéini tovrstnih linearnih Floquetovih sistemov,
in predstavimo motivacijo za splosno teorijo, klasi¢no in kvantno. Ob zakljucku omenimo
vedenje nelinearnih parametri¢éno vzbujanih oscilatorjev.
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We study theoretically and computationally the behaviour of the classical and quantum para-
metrically periodically driven linear oscillator. As a basic paradigm of such a Floquet system
we consider the case of the harmonic oscillation of the oscillator frequency, which is convenient
to handle theoretically and computationally, while keeping the general features. We derive
explicit analytic formula for the quantum propagator in terms of the classical propagator.
Using this, we derive the explicit exact formula for the evolution of the expectation value of
the energy starting from an arbitrary normalizable initial state. In the case of the starting
pure stationary eigenstate the evolution is exactly the same as for the classical microcanonical
ensemble of initial conditions of the same starting energy. We perform a rather complete com-
putational analysis of the system’s behaviour inside the instability regions (lacunae), where
the energy of the oscillator increases exponentially, as well as in the stability regions, and
in particular in the vicinity of the (in)stability borders. We confirm also numerically with
absolute certainty that the borders of (in)stability regions classically and quantally coincide
ezxactly, in accordance with the theory, and find a number of important empirical results,
especially an equation of the elliptic type describing the rate of exponential energy growth
inside the lacunae in terms of other system’s quantities. We believe that our approach and
findings are of generic linear type, i.e. applicable in most such linear Floquet systems, and
present a strong motivation for a general theory, classically and quantally. In closing we
discuss the behavior of parametrically driven nonlinear oscillators.
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Predstavil bom kvalitativno analizo rasti modela tumorja, ki je opisana preko sistema navad-
nih diferencialnih ena¢b. Pokazali bomo, da ima sistem pozitivno ravnovesno toc¢ko in njegova
stabilnost je neodvisna od povratne informacije. Z metodo funkcij Lyapunova dokazemo, da
obstajajo realisti¢ne vrednosti parametrov za katere v sistemu obstajo periodi¢na nihanja, ki
se pojavio zaradi superkriticne Hopfove bifurkacije. Predstavljena je tudi ¢asovna evolucija
faznih spremenljivk.

To je skupna studija z Danielom Drexlerjem in Ilono Nagy.
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We carry out qualitative analysis of a fourth-order tumor growth control model, using ordi-
nary differential equations. We show that the system has one positive equilibrium point and
its stability is independent of the feedback gain. Using a Lyapunov method we prove that
there exist realistic parameter values for which the systems admits limit cycle oscillations
due to a supercritical Hopf bifurcation. The time evolution of the state variables is also
represented.

This is a joint study with Daniel Drexler and Ilona Nagy.
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Ultralong-Range Molecules provide a new type of highly excited Rydberg molecules with a
novel binding mechanisms different from the ’traditional’ covalent or ionic binding. They
combine Rydberg atoms with ground state atoms in a single molecule thereby leading to
molecular properties inherited from the Rydberg component. Huge bond lengths and cor-
responding dipole moments belong to the peculiar features of this species. They have been
observed spectroscopically approximately a decade ago and are now under intense investiga-
tion in several ultracold atom groups worldwide. Due to their small binding energies they
are extremely sensitive even to weak external electric and magnetic fields, as we shall demon-
strate in this presentation [1,2,3]. Bond lengths, local equilibria, orientation and aligment
can be controlled using fields and vary largely with the degree of excitation of the Rydberg
atom(s). We compare experimental results with theory [2] and demonstrate isotropic as well
as anisotropic interaction effects with a rich structure of the resulting vibrational dynamics
and states. More recently high resolution spectroscopy has even seen the spin structure of
those states - and we demonstrate what is necessary in order to describe the latter and com-
bine it with the external field effects [4]. Moving from diatomic to triatomic systems [5,6] the
first evidence for three-body interactions has been demonstrated in theory and experiment
opening-up the possibility of a full control of chemical reaction dynamics in these highly
excited Rydberg molecules.
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Quantum graphs and their experimental counterparts, microwave networks, are ideally suited
to study the spectral statistics of chaotic systems. The graph spectrum is obtained from the
zeros of a secular determinant derived from energy and charge conservation [1]. Depending
on the boundary conditions at the vertices there are Neumann and Dirichlet graphs [2]. The
first ones are realized in experiments, since the standard junctions connecting the bonds obey
Neumann boundary conditions due to current conservation. On average the corresponding
Neumann and Dirichlet eigenvalues alternate as a function of the wave number, with the
consequence that the Neumann spectrum is described by random matrix theory only locally,
but adopts features of the interlacing Dirichlet spectrum for long-range correlations. Another
spectral interlacing is found for the Green function which in contrast to the secular determi-
nant is experimentally accessible. This is illustrated by microwave studies and numerics.

This is a joint work together with Tobias Hofmann, Philipps University of Marburg, and
Junjie Lu, Ulrich Kuhl, Université Cote d’Azur of Nice [3].
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Langerhansovi otocki so sestavljeni iz velikega funkcionalnega sincicija celic beta, ki proiz-
vajajo pulze inzulina, pri ¢emer naras¢ajoc¢a raven tega hormona nadzoruje postprandialno
skladis¢enje in zmanjSana raven inzulina spodbuja interprandialno sproscanje energijsko bo-
gatih hranil. Kalcijevi ioni so osrednji sekundarni sporoc¢evalec v znotrajceli¢ni sklopitvi stim-
ulacije in izlocanja ter pri usklajenem medcelicnem delovanju. Pri sladkorni bolezni tipa 2
(T2D) sta tako znotrajceli¢na kot medceli¢na signalizacija moteni, vendar pa ni povsem jasno,
ali in kako glukoza nadzira kalcijeve oscilacije v normalnih ¢loveskih otockih, ali in v koliksni
meri so oscilacije sinhronizirane v razli¢nih celicah beta in ali otocki kazejo funkcionalne last-
nosti majhnega sveta ali kaksno drugo vrsto funkcionalne mrezne povezanosti. Najpomemb-
neje je, da ni povsem jasno, kateri od teh parametrov se spremenijo pri sladkorni bolezni in
kako. Da bi odpravili zgornje vrzeli v naSem znanju o normalni in patoloski biologiji otoc¢kov,
smo zdruzili snemanje kalcijevih oscilacij v izoliranih ¢loveskih otockih s pomocjo CCD kamere
s klasi¢nimi fizioloskimi in naprednimi mreznimi analizami. Cloveski otocki so se odzvali na
stimulacijo z glukozo, ki je najpomembnejsi sekretagog, z regularnimi kalcijevimi oscilacijami,
ki so bile sinhronizirane v razli¢nih regijah preko kalcijevih valov, ki so bili ve¢inoma lokalni
in so le redko vkljucevali vecino celic beta znotraj otocka. Zvisevanje koncentracije glukoze
je povecalo tako stevilo aktivnih celic beta kot stopnjo njihove aktivnosti, izzvalo vecji delez
vec¢jih medcelicnih kalcijevih valov, obmocja, ki so sprozila te valove, pa so postala ¢asovno
stabilnejsa. Funkcionalne mreze, izgrajene na podlagi kalcijevih oscilacij, so pri visji koncen-
traciji glukoze postale gostejSe in manj razdrobljene. Prav tako smo opazili vozlis¢na obmocja
z veliko povezavami, ki so se ujemala z obmocji ki so imela najdaljse aktivne ¢ase. Diabeticni
otocki so bili manj aktivni v smislu aktivnega Casa, izkazovali so vecji delez bolj lokalnih
valov, manj stabilna iniciatorska obmocja in bolj razdrobljene funkcionalne mreze. Pomem-
ben rezultat je, da so vozlis¢ne regije med razvojem sladkorne bolezni bile najbolj prizadete,
saj so izgubile nesorazmerno veliko povezav. Nazadnje je treba izpostaviti, da so imeli neka-
teri diabeti¢ni otocki precej normalne aktivne ¢ase, medceli¢ne valove in funkcionalne mreze,
kar kaze na to, da so razli¢ni otocki razlicno dovzetni za diabetogene poskodbe. Nasa studija,
ki zdruzuje klasi¢ne in mrezne analize v Cloveskih otockih, pojasnjuje in usklajuje prakti¢no
vse znacilnosti otockov, ki so jih opisovali v prejsnjih Studijah, ki so obravnavale razli¢ne
vidike kalcijeve signalizacije s pogosto navidezno nasprotujoc¢imi si rezultati. V prihodnosti
zelimo nadgraditi na$ pristop z boljSo ¢asovno in prostorsko loé¢ljivostjo, z uporabo dodatnih
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fizioloskih in farmakoloskih drazljajev ter se osredotociti na otocke bolnikov, ki so dosegli

remisijo sladkorne bolezni, da bi pomembno poglobili nase patofiziolosko razumevanje slad-
korne bolezni tipa 2.
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Islets of Langerhans consist of a large functional syncytium of beta cells that produce pulses of
insulin, with increasing levels of this hormone controlling postprandial storage and decreased
levels of insulin stimulating interprandial release of energy-rich nutrients. Calcium ions are
the central secondary messenger in intracellular stimulus-secretion coupling and coordinated
intercellular activity. Importantly, both intra- and intercellular coupling are deranged in
type 2 diabetes mellitus (T2D), but it is not entirely clear whether and how glucose controls
calcium oscillations in normal human islets, if and to what extent they are synchronized in
different beta cells, and whether the islets display small-world or some other type of functional
network features. Most importantly, it is not entirely clear which of these parameters change
in diabetes and how. To address the above gaps in our knowledge of normal and pathological
islet biology, we combined CCD camera-based calcium imaging of isolated human islets with
classical physiological and advanced network analyses. Human islets responded to stimulation
with glucose, the most important secretagogue, with regular calcium oscillations that were
synchronized in different regions through calcium waves, that were mostly local and only
rarely invoked most of the beta cells within an islet. Increasing glucose increased both
the number of active beta cells and the frequency of their oscillations, elicited a greater
proportion of larger intercellular calcium waves, and the initiator regions of these waves
became more stable in time. The functional networks constructed on the basis of calcium
oscillation became denser and less fragmented in higher glucose. We also observed hub
regions with many connections, and they corresponded with regions that had the longest
active times. Diabetic islets were less active in terms of active time, displayed a greater
proportion of more local waves, less stable initiator regions, and more segregated functional
networks. Strikingly, hub regions seemed to suffered the most during diabetes development
by losing a disproportionately large fraction of connections. Finally, some diabetic islets
had rather normal active times, intercellular waves, and functional networks, which suggests
that different islets are not equally susceptible to diabetogenic insults. Our study combining
classical and network measures in human islets accounts for and reconciles practically all of
the features observed in previous studies addressing different aspects of calcium signaling
with seemingly contradictory results. In the future, we wish to upgrade our approach by a
better temporal and spatial resolution, using additional physiological and pharmacological
stimuli, and focusing on islets from patients achieving remission of diabetes, to importantly
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deepen our pathophysiological understanding of type 2 diabetes.
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Ena izmed osnovnih predpostavk Standardnega modela je enaka sklopitev elektro-Sibkih bo-
zonov z vsemi leptoni (e, u,7), t.i. leptonska univerzalnost. Eksperimentalno je leptonska
univerzalnost zelo dobro potrjena v meritvah razpadov leptonov 7, bozonov Z, in razpadov
lahkih mezonov. V zadnjih nekaj letih so z velikim Stevilom zbranih razpadov mezonov B
postali mozni tudi testi leptonske univerzalnosti v sistemu teh tezkih mezonov. Ceprav rezul-
tati teh meritev Se niso statisti¢no dovolj signifikantni, jih kar nekaj kaze na to, da je leptonska
univerzalnost v teh razpadih krsena. Ce bi se v naslednjih letih potrdilo, da je temu res tako,
bi to predstavljalo prvi nedvoumen dokaz o obstoju nove fizike. V predavanju bom povzel
zadnje rezultate na podroc¢ju teh meritev, predvsem pri eksperimentih Belle in Belle II, opisal
nekaj moznih teoreti¢nih razlag opazenih pojavov, ter zakljuéil s pogledom v prihodnost.

Reference

[1]  G. Caria et al. (Belle Collaboration) Phys. Rev. Lett. 124, 161803 (2020)

[2] S. Wehle et al. (Belle Collaboration) Phys. Rev. Lett. 126, 161801 (2021)

[3] F. Abudinén et al. (Belle IT Collaboration) Phys. Rev. Lett. 127, 181802 (2021)
[4]

Buttazzo, D., Greljo, A., Isidori, G. et al. Journal of High Energy Physics 2017, 44
(2017)

70



Anomalies in physics of B mesons

LUKA SANTEL)J

Faculty of mathematics and physics, University of Ljubljana
JozZef Stefan Institute
luka.santelj@ijs. si

One of the cornerstones of the Standard model is the equal coupling of electroweak gauge
bosons to all leptons (e, u, 7), the so-called lepton flavor universality. Experimentally this
is very well confirmed for example in 7 decays, Z boson decay widths, and decays of light
mesons. In the last few years, however, several studies of B meson decays seem to indicate that
the lepton flavor universality is violated. While these measurements are so far inconclusive,
if confirmed when larger data samples become available, they would represent unambiguous
evidence of new physics. In the lecture I will summarize recent measurements in this field,
with the focus on results from Belle and Belle II experiments. I will describe some of the
possible theoretical explanations of observed phenomena, and conclude with look into the
future.
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V prispevku najprej predstavimo koncept povezanih simulacij strjevanja vec¢sestavinskih siste-
mov na veC merilih ob prisotnosti zunanjih polj. Pri tem so makroskopski modeli formulirani
na podlagi teorije idealne meSanice, mezoskopski na podlagi celi¢nih avtomatov in mikroskop-
ski na podlagi faznega polja. V modelih upoStevamo prenos mase, energije, gibalne koli¢ine
in sestavin. Fazni diagram je vklju¢en na podlagi vzvodnega pravila, kaSasto podrocje pa s
porozno plastjo. Predstavimo inovativne brezmrezne resitve na vseh treh nivojih, ki temeljijo
na konceptu mocne formulacije, razdelitve podroc¢ja na poddomene in uporabo razli¢nih av-
tomatskih prilagoditvenih strategij. Na koncu predstavimo uporabo nekaterih razvitih mod-
elov pri snovanju vodilnih tehnologij.
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In this paper, we first present the concept of coupled simulations of solidification of multicom-
ponent systems at multiple scales in the presence of external fields. The macroscopic models
are formulated on the basis of the ideal mixture theory, mesoscopic models on the basis of cel-
lular automata and microscopic models on the basis of the phase field. The models take into
account the transfer of mass, energy, momentum and species. The phase diagram is included
based on the lever rule, and the mushy zone with the porous layer. We present innovative
meshless solutions at all three levels based on the concept of strong formulation, partitioning
the domain into subdomains, and use of different automatic adaptation strategies. Finally,
we present the use of some developed models in the creation of leading technologies.
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Kombinacija eksperimenta in teoreticnega modeliranja je klju¢na pri dolo¢evanju ureditve
molekul v tekocekristalnih fazah. Simetrijo tekocekristalnih faz razberemo iz rentgenskih
spektrov, kjer je lega interferen¢nih vrhov odvisna od tega, kako se v preiskovani snovi s kra-
jem spreminja elektronska gostota. Vendar se v stevilnih fazah elektronska gostota s krajem
ne spreminja, ¢eprav so v njih molekule urejene. Mozne pa so tudi razli¢ne ureditve molekul,
za katere je krajevno spreminjanje elektronske gostote enako. Simetrijo tekocekristalnih faz in
hkrati prostorsko ureditev molekul lahko ugotovimo z resonan¢no rentgensko spektroskopijo
[1], ki je ob¢utljiva tudi na smeri kemijskih vezi. Na predavanju bom predstavila raziskovalno
delo, ki je bilo izvedeno v sodelovanju z raziskovalci iz Univerze v Varsavi, Univerze v Ab-
erdeenu in nacionalnega laboratorija Lawrence Berkeley. Odkrili in opisali smo vecnivojske
vija¢ne strukture v smekti¢nih fazah iz ukrivljenih molekul [2] in na tej osnovi nekiralne faze s
fotonsko rezo [3]. Pojasnili smo ureditev molekul v kubiénih fazah, kjer so nekiralne molekule
urejene v povezane kanalcke, ki tvorijo zvezne in med seboj prepletene mreze, osnovne krista-
lografske celice pa so nekiralne [4] ali kiralne [5] in vsebujejo veé tiso¢ molekul.
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Combination of experiment and modelling is essential to determine molecular packing in lig-
uid crystalline phases. Symmetries of phases can be obtained from classical X-ray diffraction
spectra because positions of diffraction peaks depend on the spatial variation of the electron
density. However, in several phases, there is no measurable electron density variation even
though they contain some (periodic) arrangement of molecules. On the other hand, several
different packings of molecules can result in the same electron density modulation. Infor-
mation on both the symmetry of the phase as well as packing of molecules can be obtained
by the resonant X-ray diffraction [1], which is sensitive also to the orientation of chemical
bonds. I will present the research that was performed in collaboration with researchers from
University of Warsaw, University of Aberdeen, and Lawrence Berkeley National Laboratory.
We discovered multilevel chirality in smectic phases formed from achiral bent-core molecules
[2] and based on this achiral phases with a photonic bandgap [3]. We have also unmasked
the molecular packing in cubic phases in which achiral molecules are packed in continuous
grids of channels. The crystallographic unit cells, which contain several thousand molecules,
can be either achiral [4] or chiral [5].
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Medzvezdni absorpcijski pasovi (MAP) so pogoste absorpcije v spektrih zvezd, katerih izvor
pa ostaja nejasen. Igrajo pomembno vlogo v zivljenjskem ciklu medzvezdnega prostora in
nam tudi pomagajo slediti strukturi Galaksije. Predstavil bom rezultate, ki temeljijo na
ve¢ kot milijonu spektrov zvezd razporejenih po vsem nebu, ki sta jih zbrala satelit Gaia
Evropske vesoljske agencije in zemeljski spektroskopski pregled neba Galah. Primerjal bom
tudi prostorsko porazdelitev MAP absorpcij s porazdelitvami medzvezdnega atomarnega plina
in medzvezdnega prahu.
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Diffuse interstellar bands (DIBs) are common interstellar absorption features in spectroscopic
observations of stars but their origins remain unclear. DIBs play an important role in the life
cycle of the interstellar medium and can also be used to trace Galactic structure. I shall dis-
cuss results from over a million spectra of stars well distributed over the whole sky which were
collected by the Gaia satellite of ESA and by the Galah ground-based spectroscopic survey.
In particular, the spatial distribution of DIB absorptions can be compared to distributions
of insterstellar atomic gas and dust.
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Osnovno stanje sistema interagirajocih fermionov je pogosto Fermijeva tekocina, katere os-
novne vzbuditve enoli¢no ustrezajo vzbuditvam neinteragirajo¢ega Fermijevega plina. Bistvena
ideja Landauove teorije je adiabaticna povezava med interagirajo¢im in neinteragirajo¢im
sistemom. Adiabatska povezava pa ne obstaja vedno. Poznamo nekaj problemov necisto¢ z
osnovnim stanjem, ki je Fermijeva tekocina, vendar ne Landauovega tipa. Predstavil bom
primer dvokanalnega Kondovega modela s spinom 1 in z magnetno anizotropijo, v katerem
topologki kvantni fazni prehod lo¢i dve razliéni fazi, ki sta obe Fermijevi tekoc¢ini. Opisal
bom, kako ohranitveni zakoni omejijo Luttingerjeve integrale, tako da njihove linearne kom-
binacije postanejo topoloske invariante, in kako popravljena Friedelova vsotna pravila vodijo k
neobic¢ajnemu obnaSanju spektralne funkcije necistoée. Potem bom pokazal, da lahko tunelske
spektre molekul Zelezovega ftalocianina na povrsini Au(111) in molekul nikelocena na povrsini
Cu(100) konsistentno pojasnimo v okviru teorije ne-Landauovih Fermijevih tekoéin.
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The ground state of a system of interacting fermions is often a Fermi liquid with elementary
excitations that are in a one-to-one correspondence with those of a non-interacting Fermi gas.
A key idea in Landau’s theory is the adiabatic connection between the interacting and the
non-interacting system. The adiabatic connection does not, however, always exist and there
are several impurity problems where the ground state is known to be a Fermi liquid that is
not of the Landau type. I will present the case of the two-channel S=1 Kondo model with
single-ion magnetic anisotropy which has a topological quantum phase transition separating
two different Fermi-liquid phases. I will discuss how the conservation laws constrain the
Luttinger integrals so that their linear combinations become topological invariants, and how
the modified Friedel sum rules lead to a peculiar variation of the impurity spectral function.
I will then show that the tunneling spectra of iron phthalocyanine molecules on Au(111)
surface and of nickelocene molecules on Cu(100) surface can be consistently interpreted in
the framework of non-Landau Fermi liquid theory.
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Solitoni, pomembni na razlicnih podrocjih fizike, od osnovnih delcev do kondenzirane snovi
in kozmologije, so fascinantne lokalizirane motnje relevantnih polj. Tukaj se osredotocamo na
poravnane kiralne nematike. To so frustrirani sistemi, kjer omejitev na tanke plasti inducira
odvijanje njihove intrinziene kiralne strukture in zagotavlja pogoje za nastanek topoloskih
solitonov toronov. Ceprav so ti topolosko zasciteni defekti ze dalj ¢asa podrobno poznani 1],
smo Sele pred kratkim pokazali, da ti frustrirani sistemi, zaradi s kiralnostjo ojacenega samo-
fokusiranja, omogo¢ajo nastanek in Sirjenje periodi¢no odbijajo¢ih se opti¢nih solitonov [2].
Nasi teoreti¢ni in simulacijski pristopi so napovedali obstoj takih solitonov in omogocili po-
drobno razlago njihove realizacije, ki jo je izvedla sodelujoca eksperimentalna skupina v Boul-
derju. Uporaba frustriranih kiralnih nematikov nam je omogocila izvedbo prve §tudije opto-
mehanske interakcije topoloskih in opti¢nih solitonov [3]. Ta interakcija temelji na prenosu
gibalne koli¢ine s svetlobe na snov in sile zaradi nelokalne orientacijske elasti¢nosti kiralnih
tekocih kristalov. Obcutljivo ravnovesje obeh sil omogoc¢a dinami¢no kontrolo in prostorsko
lokalizacijo topoloskih solitonov. Identificiran je bil nenavaden vleéni u¢inek periodi¢no odbi-
jajocih se opticnih solitonov, ki vodi v nastanek svetlobno inducirane periodi¢ne razporeditve
topoloskih solitonov. Predstavljeni pojavi odpirajo nove moznosti za opto-mehanske in fo-
tonske aplikacije, ki temeljijo na topoloski mehki snovi.
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S olitons relevant in different areas of physics ranging from elementary particles to condensed
matter and cosmology are fascinating localized perturbations of relevant fields. Here we focus
our attention on unwinded chiral nematics that are frustrated systems where confinement to
thin layers induces the unwinding of their intrinsic chiral structure and provides conditions for
the formation of topological solitons torons. These are well-known [1] topologically protected
defect structures. We show that these frustrated systems due to their chirality-enhanced
self-focusing properties allow the formation and propagation of bouncing optical solitons [2].
Our theoretical and simulation approaches allow explaining the realization of these optically
induced solitons by collaborating experimental group in Boulder. The use of frustrated chiral
nematics enables us to realize the first study of the optomechanical interaction of topological
and optical solitons [3]. This interaction is based on the light-to-matter transfer of momen-
tum and the force due to the nonlocal orientation elasticity of chiral liquid crystals. The
delicate balance of both forces enables dynamic control and spatial localization of topological
solitons. An unusual traction effect of bouncing optical solitons that leads to the formation
of a light-induced periodic arrangement of topological solitons was identified. The presented
phenomena open up new possibilities for optomechanical and photonic applications based on
topological soft matter.
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Tenzorske mreze v strojnem ucenju
BOJAN ZUNKOVIC
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Predstavil bom tenzorske mreze in njihove nedavne aplikacije v strojnem ucenju. Po splosnem
uvodu se bom osredotocil na klasifikacijske probleme. Predstavil bom globoke tenzorske mreze
[1] in pokazal, da predstavljajo posplosen mehanizem pozornosti. Potem bom tenzorske mreze
uporabil za preucevanje faznih prehodov pri u¢enju pravil. Povezal bom standardno teorijo
statisticnega ucenja z nedavnimi opazanji pri uéenju globokih nevronskih mrez [2]. Na koncu
bom predstavil e uporabo tenzorskih mrez pri pozitivnem neoznacenem uénenju [3].
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Tensor networks in machine learning
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I will review tensor network methods and discuss three recent applications in machine learn-
ing. After a general introduction to tensor network methods, I will focus on classification
problems. First, I will discuss deep tensor networks introduced in [1] and show that a sin-
gle tensor network layer implements a generalised attention layer. Second, I will use the
tensor-network attention mechanism to study phase transitions in the rule-learning scenario
and connect the standard statistical learning theory with recent observations in deep-neural-
network training [2]. Finally, I will discuss the application of tensor networks to the positive
unlabeled learning problem [3].

References

[1]  B. Zunkovi¢, Quantum Machine Intelligence 4 (2022) 1-12.
[2] B. Zunkovi¢, E. llievski arXiv:2210.15435
[3]  B. Zunkovi¢ unpublished

83



Program koncerta v ART KAVARNI Hotela Piramida, Maribor,
v cetrtek, 15. 12. 2022, ob 19.00

Concert program in the ART CAFE of Hotel Piramida, Maribor,
on Thursday, 15/12/2022, at 7:00 p.m

Izvajalec: Nejc Kamplet
Performing: Nejc Kamplet

Sk sk sk sk sk skosk sk sk sk sk ok ok sk sk sk sk sk

1. Franz Liszt: Piano Sonata in B Minor, S. 178
2. Frederic Chopin: Nocturne in C minor, Op. 48 No. 1
3. Maurice Ravel: Gaspard de la nuit, M. 55
— Ondine

— Le Gibet
— Scarbo
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Nejc Kamplet

Nejc Kamplet prihaja iz glasbene druzine in igra klavir od svojega petega leta. Po koncanem
studiju z odliko, na Univerzi za glasbo in upodabljajot¢o umetnost v Gradcu, v Avstriji, v
razredu prof. Dr. Zuzane Niederdorfer, nadaljuje studij 8e v razredu prof. Arie Vardija, na
Univerzi za glasbo, gledalis¢e in medije v Hannovru, v Nem¢iji. Pomembnejsi izmed njegovih
Stevilnih uspehov s klavirskih tekmovanj so:

e 1. nagrada na Yamahinem §tipendijskem tekmovanju na Dunaju 2020;

e 1. nagrada in Stipendija na tekmovanju sklada “Hildegard Maschmann”, ki vkljuc¢uje
najboljse predstavnike vseh Avstrijskih glasbenih univerz, na Dunaju 2019;

1. nagrada na tekmovanju “Franz Liszt Award” 2021; 2. nagrada na 9. tekmovanju
“New York International Piano Competition” v New York City-ju, v ZDA 2018;

1. nagrada na tekmovanju “Martha Debelli” na Univerzi za glasbo v Gradcu 2017;

1. nagrada na 4. tekmovanju “Euregio Piano Award” v Geilenkirchnu, v Nem¢iji 2016;

2. nagrada na eminentnem 15. tekmovanju za mlade pianiste “Ettlingen International
piano competition” v Ettlingenu, v Nem¢iji 2016;

1. in EMCY nagradi na 6. tekmovanju “Young academy award” v Rimu, v Italiji 2016;

e 2. prvi in posebne nagrade na 2. in 3. ediciji tekmovanja “Forum per tasti” v Banski
Bystrici, na Slovaskem 2015 in 2018;

1. nagrada na tekmovanju “Grand prize Virtuoso” v Londonu 2015;

1. nagrada na tekmovanju “Jurica Murai” v Varazdinu, na Hrvaskem 2015; pet zlatih
plaket in nagrade s slovenskih nacionalnih tekmovanj Temsig, v letih 2007, 2010, 2011
(v komorni zasedbi), 2013 in 2016.

Nejc je polfinalist elitnih glasbenih tekmovanj v Harbinu in v Ferrolu ter igral je tudi na
Rubinsteinovem tekmovanju v Tel Avivu. Ze od mladih let aktivno sodeluje na razliénih
glasbenih festivalih in ciklih po Sloveniji in v tujini, kot so: Festival Ljubljana, Festival Lent,
Festival Maribor, Narodni dom Maribor, EUNICmusicfest, Carpe Artem, Les Nuits Pianis-
tiques, No¢ slovenskih skladateljev in Arsonore. Kot solist je nastopil z orkestrom SNG
Maribor, s Simfoni¢nim orkestrom Festine, s Komornim orkestrom Ljubljanske filharmonije,
z drzavnim opernim orkestrom v Banski Bystrici, z Gragkim opernim orkestrom, z orke-
strom Slovaske Sinfoniette, s Simfoni¢nim orkestrom iz Harbina in z Wuhansko filharmonijo.
Sodeloval je s stevilnimi dirigenti, kot so Jiao Yang, Jin Hyoun Baek, Pawel Przytocki, Wolf-
gang Harrer, Ziva Ploj Persuh, Taejung Lee, Marcus Merkel, Benjamin Pionnier, Igor Bulla,
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itd. Solisti¢no je nastopil na koncertih v Sloveniji, Avstriji, Italiji, Neméiji, Litvi, Estoniji,
New York-u, Novi Mehiki, na Japonskem, Kitajskem, Skotskem, Poljskem, Hrvaskem, in
Slovaskem, in se dodatno izpopolnjeval na seminarjih pri Stevilnih svetovno znanih pianistih,
kot so: Jacques Rouvier, Daejin Kim, Mikhail Voskresensky, Aleksandar Madzar, Tan Hob-
son, Grigory Gruzman, Robert Levin, Ruben Dalibaltayan, Aquilles D. Vigne, Arbo Valdma,
Sofya Gulyak in ostali. Snemal je tudi za slovensko nacionalno televizijo in radio ARS. Na
podlagi svojih dosedanjih dosezkov je prejemnik §tipendij Ministrstva za kulturo v Sloveniji,
ter ob¢in Maribor in Gradec.
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Nejc Kamplet

Nejc Kamplet comes from a music family and has been playing piano since the age of five.
After Maribor Conservatory in the class of prof. Sasa Gerzelj Donaldson, he completed his
piano study with highest distinction at the University of Music and Performing Arts Graz
in Austria with prof. Zuzana Niederdorfer and now continues at the Hannover University of
Music, Drama and Media in the class of prof. Arie Vardi, but takes also many additional
lessons with some of the world finest artists as for example Pavel Gililov, Grigory Gruz-
man, Jacques Rouvier, Boris Berman, Ian Hobson, Daejin Kim, Mikhail Voskresensky, Sofya
Gulyak, Aleksandar Madzar, Robert Levin, Andrea Bonatta, Ruben Dalibaltayan, Aquilles
D. Vigne, Arbo Valdma and others. Nejc played solo recitals in various festivals (Festival
Ljubljana, Lent, Maribor, EUNICmusicfest, Arsonore, Les Nuit Pianistiques, Geilenkirchen,
etc.) in most of the European countries, China, Japan and USA, performes as a soloist with
SNG Maribor Symphonic Orchestra, Festine Symphonic, Slovenian Philharmonic Orchestra,
Banska-Bystrica State opera Orchestra, Slovak Sinfonietta, Graz Philharmonic Orchestra,
Harbin Philharmonic and Wuhan Philharmonic Orchestra, collaborating with conductors
Jiao Yang, Wolfgang Harrer, Simon Kreci¢, Jin Hyoun Baek, Pawel Przytocki, Taejung Lee,
Benjamin Pionnier, Ziva P. Persuh, Marcus Merkel, etc., and won top prizes at numerous
piano competitions. To name some of them:

e first prize and scholarship in the prestigious “Hildegard Maschmann Stiftung” piano
competition in Vienna, Austria,

e second prize in the 9th New York International piano competition (under Stecher &
Horowitz Foundation), USA,

e first prize in the “Martha Debelli scholarship” piano competition in Graz, Austria,

o first prize in the 4th Euregio International piano competition in Geilenkirchen, Ger-
many,

e second prize in the 15th Ettlingen International piano competition in Ettlingen, Ger-
many,

e Grand prix winner in the World Vision Music online competition,
e first prize in the Yamaha Scholarship Award in Vienna, Austria,
e first and EMCY prizes in the 6th International “Young academy award” in Rome, Italy,

e two first prizes in the 2nd and 3rd editions of the International piano competitions
“Forum per tasti” in Banska Bystrica, Slovakia,

e first prize in the Franz Liszt Center online piano competition,
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e first prize in the “Jurica Murai” International piano competition in Varazdin, Croatia,

e four gold plaquettes in the “Temsig” Slovenian national piano competitions, etc.

His live recordings are regularly broadcasted in the Slovenian National Television and he is a
scholarships recipient from the Slovenian Ministry of Culture and cities of Graz and Maribor
for his outstanding cultural achievements.
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Program koncerta v ART KAVARNI Hotela Piramida, Maribor,
v petek, 16. 12. 2022, ob 19.00

Concert program in the ART CAFE of Hotel Piramida, Maribor,
on Friday, 16/12/2022, at 7:00 p.m

Izvajalec: Godalni kvartet Al Fine
Performing: String quartet Al Fine

3k 3k 3k 3k 3k sk ok ok ok ok ok ok ok ok ok ok ok 5k

1. J. S. Bach: Air iz orkestrske suite §t. 3 v D-duru
J. S. Bach: Air from orchestral suite no. 3 in D-major

2. A. Vivaldi: Zima iz Stirih letnih ¢asov — 2. stavek (Largo)
A. Vivaldi: Winter from Four seasons — 2" Movement (Largo)

3. L. Boccherini: Menuet
L. Boccherini: Minuet

3k 3k sk sk sk sk sk sk ok sk ok ok ok ok ok ok ok ok

4. A. Dvorak: Godalni kvartet v F-duru op. 96 (”ameriski”)
A. Dvorak: String quartet in F-magjor op. 96 (”American”)
I. Allegro ma non troppo
II. Lento
ITI. Molto vivace
IV. Finale: vivace ma non tropp

3k 3k 3k 3k ok >k ok sk ok ok ok ok ok ok ok ok ok 5k

5. A. Piazzolla (arr. P. Kranjec): Oblivion

6. M. McLean: Tango (iz zbirke Tangos and More za godalni kvartet)
M. McLean: Tango (from Tangos and More for string quartet)

7. B. Howard (arr. P. Kranjec): Fly me to the moon

8. J. Privsek (arr. P. Kranjec): Vozi me vlak v daljave
J. Privsek (arr. P. Kranjec): The train drives me far away

9. J. Marks (arr. B. Ligon): Rudolph the Red-Nosed Reindeer
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Godalni kvartet Al Fine

Stirje akademski glasbeniki so se v zasedbo zdruzili v letu 2017 z zeljo, da s skupno igro
in muziciranjem obarvajo dneve in Sirijo umetnost. Z nastopi na razlicnih prizoris¢ih ob
raznovrstnih priloznostih zelijo javnosti priblizati zasedbo godalnega kvarteta in Stevilna
dela, ki so bila napisana zanj. ”Za vsako uho se glasba najde” je misel, ki jih spremlja in
postavlja pred izziv. Zelijo preseéi idejo, da je glasba, ki jo izvajajo, rezervirana za ozjo
publiko in koncertne dvorane. V koncertne programe poleg klasi¢nih del za godalni kvartet
tako pogosto vkljucijo priredbe zabavne in popularne glasbe, ki pod njihovimi loki prepric¢ljivo
zazvenijo.

Tudi rdeca nit nocojsnjega koncerta je godalni kvartet — zasedba, ki je navdihovala najvecje
skladatelje v vseh glasbenih obdobjih, a obenem tudi zasedba, ki je zaradi uravnotezene
razporeditve glasov in vlog zmozna prepricljivo zaigrati glasbene stvaritve, ki v originalu
niso pisane zanjo. V uvodnem delu koncerta bodo zazvenela dela baro¢nih in klasicisti¢nih
mojstrov. Osrednji del koncerta bo zaznamovalo eno najbolj znanih del za njihovo zasedbo
- “ameriski” kvartet ceskega skladatelja Antonina Dvotaka (op. 96 v F-duru). Skladatelj je
vtise potovanj po novem, ameriSskem svetu mojstrsko izrazil v glasbenem jeziku in ustvaril
delo, prezeto z energijo, humorjem in svezino. V zadnjem delu koncerta bodo glasbeniki vecer
popestrili s tangi in jazzovskimi priredbami, poklonili pa se bodo tudi velikanu slovenske
popevke J. Privsku.

Godalni kvartet Al Fine sestavljajo:

Violinistka Urska Tréek Lenarcic je z odliko diplomirala na ljubljanski Akademiji za glasbo
in vzporedno koncala tudi studij muzikologije. Znanje in koncertne izkus$nje je nabirala v
mnogih komornih sestavih in orkestrih (klavirski trio, godalni kvartet in kvintet, Ljubljana
International Orchestra, Orkester SF, Orkester RTV) ter nastopila na Stevilnih koncertih in
festivalih doma in v tujini (Festival Bled, Koncertni cikel Festine, festival St. John’s Smith
Square v Londonu...). Znanje in navduSenje prenasa na mlade glasbenike na Glasbeni Soli
Vrhnika.

Violinistka Monika Solman se je z violino zacela ukvarjati pri treh letih. Glasbena pot jo
je iz Rogaske Slatine in Ljubljane vodila v Zagreb, kjer je z odli¢nim uspehom diplomirala na
zagrebski glasbeni akademiji. Je nagrajenka drzavnih in mednarodnih tekmovanj, znanje pa
je pri uglednih profesorjih pridobivala tudi na mojstrskih tecajih in na Studentski izmenjavi
Erasmus na Univerzi za upodabljajoc¢o umetnost na Dunaju. Koncertirala je na odrih v
Sloveniji, Avstriji, na Hrvagkem in Madzarskem ter s koncertom za violino in orkester v
D-duru I. Stravinskega nastopila kot solistka z orkestrom Zagrebske akademije. Umetnost
igranja violine u¢i mlade glasbenike na Glasbeni Soli Frana Gerbic¢a v Cerknici in Glasbenem
ateljeju Tartini.
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Peter Kranjec, ki v kvartetu igra violo, je diplomiral iz violine na Akademiji za glasbo
v Ljubljani in se po koncanem Studiju dve leti izpopolnjeval na Univerzi za upodabljajoco
umetnost na Dunaju. Med Studijem je aktivno sodeloval v razli¢nih zasedbah in orkestrih
ter se izpopolnjeval na glasbenih seminarjih doma in v tujini. Pridobljeno znanje posreduje
naprej na GS Domzale in GS Franca Sturma v Ljubljani, z mladimi pa z veseljem sodeluje
tudi kot vodja mladinskega godalnega orkestra v Ljubljani.

Violoncelistka Ursa Krzi¢ je koncala studij violoncela na Akademiji za glasbo v Ljub-ljani.
Kot c¢lanica klavirskega tria GUD je nastopila na Stevilnih drzavnih in mednarodnih tek-
movanjih in koncertnih prireditvah, se izpopolnjevala na priznani podiplomski Soli komorne
igre Tria di Trieste ter za izjemne dosezke prejela studentsko PreSernovo nagrado AG. Sode-
lovala je tudi s komornim zborom Vokalna akademija Ljubljana, s katerim je osvojila veliko
zborovsko nagrado Evrope. Svoje znanje predaja u¢encem GS Vrhnika, ki na drzavnih in
mednarodnih tekmovanjih dosegajo najvisje uvrstitve v svojih kategorijah.
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String Quartet Al Fine

In 2017 four academically trained musicians formed a string quartet and named it Al Fine
— which in translation means “to the end”. They believe there is music for every ear and
that thought is guiding them when searching for repertoire and new projects. They have
performed in several public concerts on various stages and occasions. Their repertoire is
diverse, it ranges from classical to popular music. With arrangements of jazz standards and
famous tunes and with concerts outside of concert halls (on streets, in parks, during weddings,
at galleries and libraries) they promote chamber music by bringing it closer to people.

String quartet is also the core of today’s concert. The formation of four strings playing
together has been an inspiration for great composers of all musical eras. On the other hand,
a group of four strings is also able to play music that is originally not written for string quartet,
but for their balanced voices and divided musical roles arrangements sound persuasive.

The four musicians will guide you from works of baroque and classical era to romantic mas-
terpiece for string quartet — the “American” quartet of Antonin Dvorak (op. 96 in F-major).
The famous Czech composer has colourfully expressed his impressions of the new American
world in musical language. Al Fine quartet will finish the evening in a lighter mood with
tangos, jazz arrangements and with compliments to one of the most acclaimed Slovene jazz
and pop musicians Joze Privsek.

Members of Al Fine string quartet:

The violinist Urska Trcek Lenarci¢ graduated from the Academy of Music in Ljubljana
with a summa cum laude designation. She also studied musicology at the Faculty of Arts
in Ljubljana. She has been a member of numerous orchestras, such as the Ljubljana Inter-
national Orchestra and the Radio and Television Symphony Orchestra Slovenia. She has
appeared at many festivals in Slovenia and abroad, at the Bled Festival, at the London Festi-
val of Baroque Music and others. As a musician, she passes her musical knowledge to younger
generations as well — she is a teacher at music schools in Vrhnika.

The violinist Monika Solman graduated from the Academy of Music in Zagreb with hon-
ours. During her studies, she was awarded many awards at national and international music
competitions. She attended numerous masterclasses in Slovenia and abroad and worked with
respected mentors. She gained knowledge and experience through concert performances as
soloist and member of chamber groups as well as orchestras on stages in Slovenia, Austria,
Croatia and Hungary. She currently works as a teacher at the Music School Fran Gerbi¢ in
Cerknica and private Music Atelier Tartini in Ljubljana.
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After graduating in violin from the Academy of Music in Ljubljana, the violist Peter Kran-
jec enhanced his musical skills at the University of Music and Performing Arts in Vienna.
During his studies, he was a member of various ensembles and orchestras. He also perfected
his musical knowledge and performing skills at masterclasses in Slovenia and abroad. He
passes his knowledge to children at the Music School Domzale and the Franc Sturm Music
School in Ljubljana. As a president of cultural society Kulturno drustvo Al Fine he promotes
chamber music from sociological, psychological and musical point of view.

The cellist UrSa Krzi¢ graduated from the Academy of Music in Ljubljana, as well, and
specialized herself in chamber music at the prestigious postgraduate chamber music school
Tria di Trieste in Italy. For her outstanding achievements in chamber music, she was awarded
the Preseren award of the Academy of Music in Ljubljana. She is currently a teacher at the
Music School Vrhnika; her students are being awarded the highest awards at national and
international music competitions.
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