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Nedavne studije [1] so pokazale, da nekatere vidike hidrodinamskega toka lahko
ucinkovito Studiramo prek dinamicne analize le nekaj primerno izbranih nacinov.
Koristno bi bilo, ¢e bi jih lahko vkljuéili v nekaj podobnega termostatu iz kanoni¢nega
ansambla [2]. Za prostostne stopnje, ki so povezane s turbulentnostjo, si nasplosno
pri¢akujemo, da zapolnjujejo svoj predel faznega prostora (skoraj) v celoti. Ce sled-
njo uspemo ograditi v dobro definirane (pod)domene fiziénega prostora, bi lahko
delovala kot posplosen termostatski sistem. Fazni portret vaznejSega, manjsega
sistema (za preprostost in vizualizacijo raje z 2d/3d faznim podprostorom) bi v
njem nekako "plaval”, sibko interagirajo¢ s turbulentnim podroc¢jem. Matemati¢na
analiza takega sistema bi lahko uporabljala orodja iz Riemannove geometrije, kot
evolucijo metrik na mnogoterostih, tako teoreticno kot numeri¢no [3]. Centralna
mnogoterost je ponavadi najvaznejSa in jo za Stevilne polinomske sisteme lahko do-
bimo prek algebrai¢nih metod [4]. Stohasticne efekte bi lahko vkljucili npr. s [5].
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Recent studies [1] showed that certain aspects of a hydrodynamic flow can be effec-
tively studied through dynamical analysis of a few well chosen modes. It would be
useful if they might be embedded into something similar as the thermostat from the
canonical ensemble [2]. Degrees of freedom related to turbulent flow are expected
to fill up (almost) all their phase space region. If confined into well defined physical
space (sub)domains, they may possibly act as such a generalized thermostatting
system. The phase portrait of the more important, smaller system (for simplicity
and visualization aims with 2d/3d phase subspace) would ”float” in it, weakly inter-
acting with the turbulent region. The mathematical analysis of such a system could
try to use tools from Riemannian geometry, as metric evolution on manifolds, both
theoretically and numerically [3]. The center manifold is usually the most crucial
one, which for several polynomial systems can be obtained by algebraic methods [4].
Stochastic effects can be included by [5].
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V prvem delu bom predstavil fundamentalno studijo relaksacijske dinamike ene
vrzeli v dvo dimenzionalnem ¢-J modelu po vzbuditvi z mocno perturbacijo. Ob
upostevanju kvantno mehanske narave problema sledimo Casovnemu razvoju sis-
tema od zacetnega mocno vzbujenega stanja do stacionarnega stanja. Relaksacija
poteka preko neelasticnega sipanja foto-vzbujenega nosilca naboja na spinskih eksc-
itacijah v casovni skali cca 10 fs [1,2]. V tem ultra-hitrem ¢asu se presezek 1eV foto
vzbujene energije porazdeli med bliznje spinske vezi.

V drugem delu bom predstavil primarni relaksacijski proces foto vzbujenega nosilca
naboja sklopljenega z Einsteinovimi fononi [3]. V kolikor je zacetni pulz dovolj
mocan se sistem pribliza stacionarnemu stanju. Tedaj enodel¢na gostotna matrika
ter opticna prevodnost zavzameta obliko, znacilno za termicno ravnovesje. Nasi
rezultati kazejo, da so stacionarna stanja termicna ter, da lahko njihovo temperaturo
dolo¢imo iz poteka opticne prevodnosti kot funkcije frekvence. Od tod sledi kljuéni
rezultat: sekundarne relaksacijske procese, ki jih opazijo v ¢asovno locljivih optiénih
meritvah, lahko zadovoljivo opiSemo z metodami, ki veljajo v termi¢nem ravnovesju,
kot so na primer vec¢temperaturni modeli.
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In the first part, I will present a fundamental study of the relaxation dynamics of
a single hole in the two dimensional t-J model initially excited by a strong quench.
Taking fully into account quantum effects we follow the time-evolution of the system
from a highly excited state until it reaches a steady state. Relaxation occurs on the
time- scale of 10 f s due to inelastic scattering of a photo-excited carrier on spin
excitations [1,2]. Within this ultrafast relaxation time an excess of 1 eV of initial
photo absorbed energy by the doped charge carrier is distributed among neighboring
spin bonds.

In the second part I will discuss the primary relaxation process of a photo excited
charge carrier coupled to quantum Einstein phonons [3]. If the pump pulse is suf-
ficiently strong, the system relaxes after the primary energy redistribution towards
a steady state. Then, the one-particle density matrix relevant for charge degrees
of freedom along with the optical conductivity take up the form of their thermal
counterparts. Our results indicate that steady states are (quasi)thermal and the
temperature can be read out from the optical conductivity. Therefore, secondary re-
laxation processes observed in time resolved ultrafast spectroscopy can be efficiently
described by applying (quasi)thermal approaches, e.g., the many-temperature mod-
els.
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The study of one-dimensional particle networks of Classical Mechanics, through
Hamiltonian models, has taught us a lot about oscillations under nearest neighbor
(short range) interactions. Recently, however, through a careful analysis of the role
of long range interactions (LRI), several widely accepted notions concerning chaos
and the approach to thermal equilibrium have been challenged based on studies of
the statistics of certain very interesting, long lasting metastable states. On the other
hand, when LRI (in the form of non-local or all-to-all coupling) was introduced in
systems of biological oscillators, Kuramoto’s 1st theory of synchronization was de-
veloped and soon thereafter researchers studied amplitude and phase oscillations in
networks of FitzHugh Nagumo and Hindmarsh Rose (HR) neuron models. In these
models certain fascinating phenomena called chimera states were discovered where
synchronous and asynchronous oscillations coexist. Currently, their synchronization
properties are being widely investigated in HR mathematical models as well as re-
alistic neural networks, similar to what one finds in simple living organisms like the
C.elegans worm.
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V zadnjih letih so bile razvite konceptualno nove kovinske zlitine, sestavljene iz vec
vecinskih kemijskih elementov v enakih ali priblizno enakih molarnih razmerjih. Te
zlitine so bile poimenovane visokoentropijske kovinske spojine (ang. High-Entropy
Alloys - HEA) [1,2]. Velika entropija mesanja, ki je posledica slu¢ajnega mesanja
kemijskih elementov na kristalni mrezi, stabilizira kemijsko neurejeno trdno raz-
topino s preprosto kristalno strukturo, kot so npr. telesno centrirana kubiéna (bcc)
mreza, ploskovno centrirana kubi¢na (fcc) mreza in heksagonalni gosti sklad (hep).
V primerjavi z urejenimi kristalnimi intermetalnimi spojinami, ki imajo velikokrat
ogromno osnovno celico, imajo HEA zlitine majhno osnovno celico. Za strukturo
HEA zlitin je znacilna topolosko urejena kristalna mreza z izjemno velikim kemi-
jskim neredom zaradi naklju¢ne razporeditve atomov razli¢nih kemijskih elementov
na mreznih mestih, zato lahko HEA zlitino smatramo kot ”kovinsko steklo na urejeni
kristalni mrezi”. Veliko entropijo mesanja dosezemo v zlitinah sestavljenih iz petih
ali ve¢ kemijskih elementov v primerljivih koncentracijah, to je med 5 in 35 atom-
skih odstotkov za vsak element, hkrati pa nobeden izmed elementov ne sme preseci
koncentracije 50%. Primeri HEA zlitin so sistemi Al-Si-Co-Cr-Cu-Fe-Mn-Ni-Ti, W-
Nb-Mo-Ta-V in Ta-Nb-Hf-Zr-Ti. HEA zlitine je mozno sestaviti iz velike mnozice
razlicnih kemijskih elementov, katerih koncentracije lahko precej poljubno sprem-
injamo v Sirokem intervalu. Zato je Stevilo razlicnih moznih HEA zlitin prakti¢no
neomejeno. Kljub temu so doslej raziskali le okrog deset HEA zlitin, zato je podrocje
Se skoraj povsem neraziskano. Leta 2014 je raziskovalni skupini z Instituta Jozef Ste-
fan uspel mednarodni preboj na tem podroc¢ju - odkritje prve superprevodne HEA
zlitine Ta-Nb-Hf-Zr-Ti [3].
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Traditionally, metallic alloy systems have been based mainly on one principal chem-
ical element as the matrix, even though a substantial amount of other elements is
incorporated for property/processing enhancement. Within the past several years,
a new approach to alloy design with multiple principal elements in equimolar or
near-equimolar ratios, termed high-entropy alloys (HEAs), has been proposed [1,2].
According to this concept, high entropy of mixing can stabilize disordered solid solu-
tion phases with simple structures like a body-centered cubic (bcc), a face-centered
cubic (fec) and a hexagonal close-packed (hep) lattice and prevent formation of in-
termetallic phases during solidification. In order to achieve high entropy of mixing,
the alloys must be composed typically of five or more (up to thirteen) major ele-
ments in similar concentrations, ranging from 5 to 35 at. % for each element, but
do not contain any element whose concentration exceeds 50 at. %. Examples are
HEAs with bee or fee structure within the systems Al-Si-Co-Cr-Cu-Fe-Mn-Ni-Ti,
W-Nb-Mo-Ta-V, and Ta-Nb-Hf-Zr-Ti. It has been demonstrated that HEAs exhibit
enhanced mechanical properties like high hardness and solid-solution strengthen-
ing. Recently we have synthesized the first superconducting HEA with composition
TazsNbssHfgZr14Tiyy (in at. %), which possesses a disordered lattice with an av-
erage bee structure of lattice parameter a = 0.336 nm. The measurements of the
electrical resistivity, the magnetic susceptibility and the specific heat revealed that
the TagysNbssHfgZr4Ti;; HEA is a type II superconductor with a moderately high
transition temperature T, ~ 7.3 K, an upper critical field of 8.2 T, a lower critical
field of 35 mT and an energy gap in the electronic density of states at the Fermi
level of 2.2 meV [3].
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Integrabilnost je redek pojav, vendar zelo pomemben za razumevanje dinamike sis-
tema navadnih diferencialnih enacb. Predstavljena bo studija integabilnosti Lotka-
Volterrovega sistema oblike

. 2 2
T = x(l — Q10T — AQ1Y — Q20X — Q11TY — Qp2Y ),
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The integrability is a rare phenomena, but important for understanding the dy-
namics of systems of ordinary differential equations. We present some results on
integrability of Lotka-Volterra system of the form

, 2 2
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Our study consists of three separated parts concerning the formation of the Moon
due to a catastrophic collision of a Mars-sized body - often referred to as Theia -
with the early Earth. The first one deals with planet-formation in the early Solar
System, the second one with the dynamical evolution of the planets Venus, Earth,
Mars, Jupiter and Saturn and an additional planet (Theia) between Earth and Mars
and the third one with the proposed giant collision itself and its outcome concerning
masses and water contents of the resulting bodies (or fragments), computed via
Smoothed Particle Hydrodynamics (SPH) simulations.

More precisely we will deal with the following:

1. The formation of the early planetary system can be explained e.g. by the
so-called Grand Tack model, where the giant planets formed prior to the
terrestrial planets. In one out of 50 of our N-body simulations, where we
model collisional-growth of planetesimals to - eventually - planets, starting
with Jupiter and Saturn on their present orbits, in fact an additional planet
- Theia - between Earth and Mars was formed, with the other planets having
more or less their actual orbital parameters.

2. With these results in mind we have undertaken massive N-body integrations
with Theia starting at different positions between the planets. Our goal was
to find stable orbits for these Mars-sized planets for up to almost 100 million
years, before this very regular dynamical evolution ends, and a short chaotic
behavior eventually leads to a collision with Earth. Although the probability of
such a specific orbit is small, we found a few (out of thousands) which fulfilled
this criterion. Finally, these computations provided the necessary collision
parameters for the subsequent SPH computations.

3. Our preliminary model constitutes an early Earth of one Earth-mass and an
impactor of 1/10 this mass. Both bodies consist primarily of Basalt, with the
early Earth featuring a water shell in the order of one mass-percent. However,
the soon planned extension by an additional iron-core will be a major step to-
wards a more realistic model of the bodies’ composition. While parameters like
possible involved masses and impact velocities have already been investigated
in step 2, we focus on the fate of possible water reservoirs during this proposed
giant collision in this part. This allows us to draw implications on the origin of
Earth’s water and to assess its connection to this popular Moon-forming hy-
pothesis. Besides tracing the system’s dynamics, its thermal evolution is also
of particular interest to us. It allows to assess the basic physical conditions
and eventually to estimate the amount of water-losses due to outgassing and
escape.
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Nedavno so na pospesevalniku LHC izmerili razvejitveno razmerje za razpad
Higgsovega delca v muon in tau lepton. Obravnavo smo zaceli z uporabo najbolj
splosnega opisa nove fizike in izpeljali robustno mejo na sklopitev Higgsovega bo-
zona, muona in tau leptona. Potem smo doloécili dodatne meje, ki prihajajo iz
nizkoenergijskih opazljivk. Zlasti, naj bi vpliv omenjene sklopitve bil opazen v raz-
padu 7 — uy, katerga bi lahko opazili v nacrtovanih poskusih na Belle II. Po drugi
strani bomo pokazali, da se opazeno odstopanje od napovedi Standardnega modela
za razpadno Sirino za H — p7 lahko razlozi le v modelih z razsirjenim skalarnim
sektorjem. Te splosne ugotovitve smo ilustrirali v razlicnih modelih Nove fizike.
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Recently, Large Hadron Collider has observed an excess in the observed branching
ratio for Higgs decay to muon and tau leptons. First, we consider most general
new physics contribution and derive a robust lower bound on the Higgs boson cou-
pling strength to a tau and a muon. Then, we reevaluate complementary indirect
constraints coming from low energy observables as well as from theoretical consider-
ations. In particular, the tentative signal should lead to 7 — p~y rates, which could
be observed at Belle II. In turn we show that, the effect can only be accommodated
within models with an extended scalar sector. These general conclusions are demon-
strated using a number of explicit new physics models.
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Izvedemo kvalitativni studij reverzibilnega kemijsko reakcijskega modela, ki je pred-
stavljen s tri-dimenzionalnim sistemom navadnih diferencialnih enach z devetimi
parametri. Predstavili bomo pristop za dolocitev geometrijske strukture faznega
prostora in iskanje Hopfovih bifurkacij v polinomskih sistemih odvisnih od vecih
parametrov (taksni sistemi so tipi¢no v modelih biokemijskih omrezij), ki kombinira
nekatere metode kvalitativne analize avtonomnih sistemov diferencialnih enacb in
ucinkovite metode in programsko opremo komutativne algebre. Predlagane metode
uporabimo za iskanje invariantnih ploskev in pogojev za parametre, pod katerimi v
sistemu, ki ga obravnavamo, nastopi Hopfova bifurkacija.
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We perform the qualitative study of a reversible chemical reaction model repre-
sented by a three-dimensional system of ordinary differential equations with nine
parameters. We propose an approach for determining the geometrical structure of
the phase space and finding Hopf bifurcations in polynomial systems depending on
many parameters - such systems are typical in biochemical network models - which
combines some methods of qualitative analysis of autonomous systems of differen-
tial equations and effective methods and software tools of computational algebra.
We use them to find invariant surfaces and parameter conditions under which Hopf
bifurcations occur for the system in concern.
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Samoorganizirana kriticnost (SOK) je fizikalni koncept, ki se nanasa na pojav spon-
tane samopodobne dinamike v razlicnih kompleksnih sistemih, katerih obmocje delo-
vanja se nahaja med redom in stohasti¢nostjo [1]. Ti sistemi imajo skupno znagéilnost,
da aktivacija enega elementa aktivira tudi druge, kar vodi do propagacije plazov
aktivnosti po sistemu. Koncept SOK predvideva, da je prostorska in/ali ¢asovna
razseznost teh plazov skalno invariantna, kar se ozdraza na potencni porazdelitvi
velikosti posameznih plazov. V nevroloskih sistemih se pojav SOK povezuje s pris-
otnostjo kriticne dinamike, za katero so znacilni optimalen prenos informacij, maksi-
malen dinamicen doseg ter optimalno procesiranje [2]. V tej studiji se osredinimo na
preucevanje obstoja mehanizmov SOK v prostorko-¢asovni dinamiki povezanih celic
beta, ki predstavljajo prevladujoc tip celic v Langerhansovih otockih. Te endokrine
celice med drugim izlo¢ajo hormon inzulin in so kljuénega pomena pri fizioloskem in
patofiziolo§kem uravnavanju koncentracije hranil v telesu. Izmerjeno dinamiko Ca?"
valov kvantificiramo na podlagi porazdelitve velikosti prostorsko-casovnih skupkov
[3]. Nasi rezultati kaZejo na to, da so razseznosti vzorcev Ca’™ aktivnosti porazdel-
jene potencno, kar pa ne pomeni le Se enega potencialnega primera SOK v real-
nih sistemih, temve¢ vodi tudi do novih spoznanj o funkcionalni organiziranosti
Ca?" signalizacije v otockih. Za pridobitev bolj poglobjenega vpogleda v meha-
nizme, ki vodijo do kriticnega obnasanja, smo izdelali tudi fenomenoloski vecceli¢ni
matematicni model sklopljenih celic beta. S sistemati¢nim preucevanjem vloge ra-
zlicnih parametrov smo ugotovili, da sta heterogenost celic in narava medcelicne
skopitve kljucna dejavnika, ki vodita do potencnega obnasanja. Pridobjena spoz-
nanja izboljSajo naSe razumevanje uravnavanja dinamike na ravni tkiva in to tudi v
sirSem kontekstu drugih vecceli¢nih sistemov.
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Self-organized criticality (SOC) is a concept proposed in physics and refers to the
spontaneous emergence of self-similar dynamics in various complex systems poised
between order and randomness [1]. In such systems, as one unit exceeds a threshold,
this in turn provokes the activation of other units, thereby leading to avalanches of
activity that propagate through the system. The concept asserts that the spatial
and /or temporal extent of such avalanches is characterized by scale invariance, which
is usually identified as a power-law distribution. In neuronal systems, the notion
of SOC is associated with the emergence of critical dynamics, which was shown to
lead to optimized information transmission, maximized dynamic range and optimal
computational capabilities [2]. In the present study we examine if the fingerprints of
SOC concepts can also be found in the spatio-temporal dynamics of interconnected
beta cells from islets of Langerhans, endocrine cells that reside in the pancreatic tis-
sue, synthesize and release insulin, and play a pivotal role in normal and pathological
whole-body nutrient homeostasis. We quantify the coherence of the spatiotemporal
organization of Ca?* waves by calculating the distribution of the space-time clus-
ter sizes [3]. Our results reveal a power law scaling in the cluster-size distribution,
thereby giving not only another possible example of SOC in a real-life system, but
also offering novel insights into the functional organization of Ca?" signaling in islets.
Moreover, we build up a phenomenological multicellular model of coupled beta cells,
on the basis of which we can systematically explore the circumstances that lead to
critical behavior. Our findings indicate that both cell-to-cell variability and the ex-
tent of intercellular coupling are the crucial determinants for the power-law scaling.
Our results also provide new insights into the emergent multicellular dynamics in
general which are applicable to other multicellular physiological systems.
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The gauge/gravity (or AdS/CFT) duality has proven to be a very useful tool for
studying certain classes of strongly-coupled field theories. Its success has partic-
ularly been due to the connection it established between gravitational perturba-
tions and hydrodynamics. Using these techniques, I will present new insight into
the behaviour of strongly disordered condensed matter systems and their thermo-
electric transport. After presenting the duality and its hydrodynamic limit, I will
discuss lower bounds on thermal and electric conductivities in a large family of non-
perturbative, strongly disordered holographic models. These are candidate models
for exotic, strange metals without long-lived quasiparticles. Finally, I will discuss
further characteristics that a holographic dual of a disorder-driven metal-insulator
transition and a many-body localised state should exhibit.
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A major part of our knowledge about quantum systems stems from scattering ex-
periments. Often, the scatterer is a highly complex or chaotic system, allowing one
to set up models involving random matrices. This was done in the Mexico and
in the Heidelberg approaches. In the former, the scattering matrix itself, and in
the latter the Hamiltonian describing the interaction zone (the scatterer), respec-
tively, are modeled by random matrices. A long-standing problem was to compute
the distribution of the scattering matrix elements which is of considerable practical
and theoretical interest. While the distribution of the diagonal elements could be
calculated some years ago within the Heidelberg approach, the distribution of the
off-diagonal elements continued to resist analytical treatment. Recently we managed
to fully solve this problem for systems with preserved and with violated time-reversal
invariance. We validated our results with scattering data obtained from experiments
with flat microwave billiards, which are known to simulate quantum mechanics in
two dimensions.
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Neravnovesna dinamika mocno sklopljenih kvantnih mnogodelénih sistemov je mlado,
zelo aktivno in Se relativno neraziskano podrocje fizike. Teoretiki se pri svojem
delu pogosto opirajo na teorijo integrabilnosti po eni in renormalizabilne numeri¢ne
metode po drugi strani. Oboje je za zdaj povezano z 1D sistemi, zato je vecina teo-
reticnih rezultatov omejenih na eno krajevno dimenzijo. Predstavil bom enega prvih
korakov v dvodimenzinalno mocno sklopljeno kvantno neravnovesno fiziko. V sklopu
magistrske naloge sva z mentorjem, Tomazem Prosenom, obravnavala neravnovesni
2D kvantni Isingov model. Za namen izracuna gostote njegovega kvazienergijskega
spektra sva razvila renormalizabilno numeri¢no metodo, s pomocjo katere je mozno
obravnavati 2D kvantne dinamicne sisteme.
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Non-equilibrium dynamics of strongly coupled many-body quantum systems is a
young, very active and relatively unexplored area of physics. The theory often
relies on theory of integrability on one side and renormalizable numerical methods
on the other. Both are so far related to 1D systems. Therefore, the majority of
the theoretical results in the field are currently limited to one-spatial dimension.
I will present one of the first steps into the 2D strongly coupled non-equilibrium
quantum physics. In my master project under the supervision of Tomaz Prosen,
we studied the kicked 2D quantum Ising model. To compute the level density of
its quasi-energy spectrum, we developed a renormalizable numerical method that is
applicable to studying 2D quantum dynamical systems.
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Eno izmed glavnih vprasanj statisticne fizike je, kako opisati pricakovane vred-
nosti lokalnih opazljivk po dolgem casu. Pri tem igrajo osrednjo vlogo ohranjene
kolicine [1]. Te so osrednjega pomena tudi v teoriji linearnega odziva [2]. Inte-
grabilnost kvantne Heisenbergove verige nam za neskoncen sistem zagotavlja obstoj
neskon¢nega Stevila lokalnih integralov gibanja. Izkaze se, da je statisti¢ni opis
napacen, ¢e se omejimo le na mnozico lokalnih ohranjenih koli¢in [3,4]. Za prav-
ilen opis je potrebno upostevati mnozico vseh efektivno lokalnih ohranjenih koli¢in
[5]. Na primeru izotropne Heisenbergove verige bom predstavil splosno konstrukcijo
efektivno lokalnih ohranjenih koli¢in, ki so linearno neodvisne od lokalnih integralov
gibanja [6].
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One of the main goals of statistical physics is to find an ensemble for the correct
description of expectation values of local observables. Conserved quantities play
the central role in this description [1] as well as in linear response theory [2]. Due
to the integrability, quantum Heisenberg spin chain possesses an infinite set of lo-
cal conserved operators in the thermodynamic limit. If we consider only the local
conserved quantities, the statistical description is inaccurate [3,4]. To provide the
correct description one needs to take into account the full set of quasilocal conserved
quantities [5]. T will present, on an example of the Heisenberg spin chain, a general
construction of the quasilocal conserved quantities, which are linearly independent
from the local integrals of motion [6].
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Dvajseto stoletje je zaznamovano kot stoletje fizike. Od x-zarkov do polprevodniske
industrije, dejstvo je, da bi ¢loveska druzba danes bila bistveno drugacna brez ino-
vacij, ki so plod fizikalnih laboratorijev Sirom po svetu. Informacija v preko pol mili-
jona publikacij American Physical Society, ki so nastale v preteklih 119 letih, in ki so
nam danes na voljo v digitalni obliki, se lahko uporabijo za natan¢no kvantifikacijo
trendov napredka, ter za identifikacijo najvplivnejsih znanstvenih memov. 7 identi-
fikacijo vseh unikatnih besed in besednih zvez ter njihovih mesecnih vzorcev uporabe
ugotovimo, da se pogostost uporabe primerno opise s porazdelitvijo, ki ima tezak
rep, in da je izvor slednjega pogojen z “Matejevim efektom”. Podatki tudi razkrijejo,
da obdobja vojn moc¢no upocasnijo napredek, in da je slednji podvrzen mo¢nim tren-
dom globalizacije. Na podlagi teh raziskav smo sposobni izpeljati preprosto zvezo,
ki nam razkrije vzorce dedovanja znanstvenih memov v citatnih mrezah. Slednji so
podobni temu kako se uspesni geni dedujejo skozi generacije v ¢loveskih druzbah.
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The 20th century is often referred to as the century of physics. From x-rays to
the semiconductor industry, the human society today would be very different were
it not for the progress made in physics laboratories around the world. The infor-
mation provided in the digitized content of over half a million publications that
were published by the American Physical Society during the past 119 years can
be used to quantify trends of progress, and to identify the most influential scien-
tific memes. By identifying all unique words and phrases and determining their
monthly usage patterns, one finds that the magnitudes of upward and downward
trends yield heavy-tailed distributions, and that their emergence can be attributed
to the Matthew effect. The data also confirm that periods of war decelerate scientific
progress, and that the latter is very much subject to globalization. This research
can be further extended towards a simple regularity that allows us to identify the
inheritance patterns of scientific memes in citation networks, which are akin to how
successful genes propagate through generations in human societies.
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Predstavila bom radiativne razpade D mezonov pozitivne in negativne parnosti
v sliki kiralne perturbacijske teorije tezkih mezonov. Kiralna perturbacijska teorija
tezkih mezonov je primerna za opisovanje razpadnih kanalov mezonov z enim tezkim
in enim lahkim kvarkom pri katerih razpadni produkti nimajo prevelikih gibal-
nih koli¢in. S pomocjo obstojec¢ih eksperimentalnih podatkov bomo dolocili sklop-
itvene konstante med fotonom in tezkimi mezoni in poskusali napovedati Se neizmer-
jene razpadne Sirine. Zlasti nas bodo zanimale napovedi za radiativne razpade
D¢ (2460)" in D%,(2317)" mezonov. Njuni izmerjeni masi sta namre¢ precej nizji
od tistih, ki jih napoveduje teorija. Zato se je porodil sum, da mezona Dy (2460)"
in D%,(2317)" v resnici nista navadni gq stanji, ampak je njuna struktura komplek-
snejsa (stanje stirih kvarkov, DK molekula, itd...). Nekaj uvida v strukturo mezonov
D41(2460)" in D%,(2317)* lahko dobimo s prouc¢evanjem njunih razpadnih kanalov.
Sode¢ po [1], strukturo D (2460)" in DZ,(2317)" mezona bi najlazje opazili ravno
s Studijo radiativnih razpadov.
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I will present the study of radiative D meson decays of both negative and positive
parity in the picture of Heavy meson chiral perturbation theory. Heavy meson chiral
perturbation theory can be used to describe decay channels of mesons containing
one light and one heavy quark in which the particles after decay have small re-
coil momenta. We will try to determine the radiative coupling constants of heavy
mesons inside the HMyPT as well as predict decay widths of radiative D meson
decays that are still unmeasured. We are especially interested in the decay widths
of the Dy1(2460)" and D?(2317)* states. Namely, the experimental measurements
have shown that the Dy (2460)% and the D%;(2317)" masses are much smaller than
the values predicted form the theoretical models. It was an indication that the
D4 (2460)% and DZ,(2317)" may not be a regular gq states, but are of more com-
plex nature (four-quark state, DK molecule, etc...). Some insight into the structure
of the D41(2460)" and D*,(2317)" states can be obtained by studying their decay
rates. According to [1], the radiative decay channels of D*,(2317)" and Dy (2460)"
should be most sensitive to the structure of these two mesons.
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V predavanju bom predstavil nekatere teoreti¢ne koncepte pri obravnavi snovi, kjer
je izvor izolatorskih lastnosti moc¢an Coulombski odboj med elektroni. V teh snoveh
je mozno obravnavati nizko-vzbujena stanja znotraj Hubbardovega enopasovnega
modela, pri éemer predstavljajo relevantne vzbuditve nezasedena mesta (holoni) in
dvojno zasedena mesta (dubloni). Vezavo med holoni in dubloni je mozno tudi vzeti
kot mehanizem za prehod kovina - izolator v takih sistemih. Po drugi strani pa
novi eskperimenti t.im. pump - probe spektroskopije omogocajo direkten vpogled
v lastnosti Mottovih izolatorjev. Posebej je zanimiva in presenetljiva zelo hitra
relaksacija k ravnovesju v teh materialih, in s tem povezan hitri transientni odziv
elektronov. Predstavljena bo teorija, ki razlozi obstoj vimesnega ekscitonskega stanja
in temu sledeco zelo hitro rekombinacijo nabojev, povezano z emisijo vecih bozonov.
Slednji so v planarnih kupratih magnoni, v enodimenzionalnih organskih izolatorjih
pa fononske prostostne stopnje.
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In the talk I will discuss some theoretical aspects of materials where the origin of
insulating behaviour is the Coulomb repulsion between electrons. Low-lying excited
states in the prototype Hubbard model can be then discussed in terms of doubly
occupied sites (doublons) and empty sites (holons). Moreover, the binding of holons
and doublons can serve as the mechanism for the metal-insulator transition. At
present the pump-probe spectroscopy opens a novel view on the properties of Mott
insulators, and in particular it reveals surprisingly fast relaxation to the equilibrium
and interesting transient charge response. [ will present a theory based on the
existence of the holon-doublon exciton and its recombination, which explains the
decay in terms of multi-boson emission. We show that relevant bosons in planar
cuprates are spin excitations, while in one-dimensional organic insulators the decay
goes via phononic degrees of freedom.
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V predavanju bom predstavil kratek pregled [1] nedavnega napredka pri konstruk-
ciji to¢nih resitev stacionarnih stanj neravnovesnih kvantnih verig, ki jih poganja
kontakt s parom dissipativnih rezervoarjev na robovih. Kljucen koncept je ma-
tricno-produktni nastavek, ki vodi do kompaktne in uporabne formulacije tocnega
reSevanja. Metodo bom orisal na nekaterih paradigmaticnih primerih, kot je npr.
anizotropen Heisenbergov model spinov 1/2, Hubbardov model, in integrabilen (per-
mutacijski) model spinov 1.
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In my talk I will review [1] recent progress on the construction of exact steady state
solutions of nonequilibrium quantum chains which are driven through contacts with
a pair of with dissipative reservoirs at the chain ends. The key concept is the matrix
product ansatz which leads to a very compact and useful formulation of integrability
of such nonequilibrium models. The method will be sketched on several paradigmatic
examples, such as the anisotropic Heisenberg spin 1/2 chain, the Hubbard model,
and the permutation model of spins 1.
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Poljubne transformacije kvantnih bitov na obrocih
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Najprej bomo predstavili koncept geometijskih faz v klasi¢ni in kvantni mehaniki,
in sicer od Hannayevega kota [1] do Berryjeve faze [2] in nato do ne-adiabatne ne-
Abelske Anandanove faze [3]. Motivacija je manipulacija spina elektrona samo z
zunanjimi elektri¢nimi polji.

Nato bomo predstavili tocne resitve za elektron v kvantni zZici s ¢asovno odvisno
sklopitvijo spin-tir in Casovno odvisnim elektriénim poljem [4, 5]. Na osnovi teh
reSitev lahko analiti¢no izrazimo vse znane geometrijske faze, in sicer Anandanovo
fazo in v adiabatni limiti fazo Wilczka in Zeeja [6], kar omogoca holonomi¢no trans-
formacijo kvantnih bitov. Z zlomom simetrije na obrat ¢asa rezultati reproducirajo
fazo Anandana in Aharonova [7] ter v adiabatni limiti obi¢ajno Berryjevo fazo.

Pri gibanju v eni dimeziji smo omejeni na rotacijo spina okoli fiksne osi. To ome-
jitev lahko odpravimo na kvantnem obrocu v prisotnosti ¢asovno odvisnih Rashbove
sklopitve in zunanjega potenciala. S premikanjem po segmentih obroca je mozno
uztrezno definiran Kramersov pseudo-spin transformirati v poljubno tocko Blochove
sfere, s ¢cimer so koné¢no izvedljive splosne operacije s kvantnimi biti [8].
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Arbitrary qubit transformations on Rashba rings
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A brief introduction to the concept of geometric phases in classical and quantum
mechanics will be given, from the Hannay angle [1] to the Berry phase [2] and to the
non-adiabatic non-Abelian Anandan phase [3]. The motivation is the manipulation
of electron spin, in particular, by locally applying external electric fields.

Next, we will present exact solutions for an electron in a quantum wire with time
dependent spin-orbit interaction and driven by external time-dependent potential
[4, 5]. By the virtue of the exact solution one can construct analytically the corre-
sponding Anandan phase or in the adiabatic limit the Wilczek-Zee phase [6], which
enables holonomic qubit transformations. By breaking the time reversal symme-
try the results lead to the Aharonov-Anandan phase [7] and in the adiabatic limit
reproduce the usual Berry phase.

Finally, an exact solution will be presented for the time-dependent wavefunction of
a Kramers-doublet which propagates around a quantum ring with tuneable Rashba
spin-orbit interaction. By propagating in segments the Kramers-doublet qubits may
be defined for which transformations on the full Bloch sphere may be performed for
an integral number of revolutions around the ring [8].
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Mikrofluidika na osnovi kompleksnih aktivnih in pasivnih nematskih teko¢in omogoca
razlicne mehanizme za nadzor tokovnih profilov, krmiljenje toka, tokovno mesSanje
in transport delcev, kar vse temelji na sklopitvi med tokom in notranjim moleku-
larnim orientacijskim redom. V tem prispevku predstavimo modelsko studijo, v
sodelovanju s partnerskimi eksperimenti, ki razisce sklopitev med geometrijo in ori-
entacijskim urejanjem v aktivni in pasivni nematski mikrofluidiki. V preprostih ge-
ometrijah opazimo, da je geometrija dokaj neposredno sencena tako v direktorskem
kot tokovnem profilu, razen ¢e se ne ustvarijo topoloski defekti. V bolj zapletenih
kanalih in geometrijah opazimo tvorbo razlicnih topoloskih defektov, kot pogojenih
z razlicnimi tokovnimi profili. Pokazemo, da se simetrija in topologija defektov lahko
nastavlja z geometrijo kanalov. V aktivni mikrofluidki pokazemo, da aktivni defekti
delujejo kot mikro-crpalke za tok. Splosneje z na¢rtovanjem orienatiacijskih profilov
aktivnega ali pasivnega nematika lahko kontroliramo profile in mozno topologijo
materialnega toka.
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Microfluidics based on complex active and passive nematic fluids gives access to
different mechanisms for controlling flow profiles, flow steering, flow mixing and
particle transport, all relying on the coupling between the flow and the internal
molecular order. Here, we present our modelling study, in collaboration with partner
experiments, that explores the coupling between geometry and orientational ordering
in active and passive nematic microfluidics. We observe that in simple channels the
geometry gets rather directly screened in both the flow and director profile,unless if
generating topological defects. In more complex channels and geometries, we observe
formation of different topological defects, as generated by the variable flow profiles.
The symmetry and topology of defects is shown to be controllable by the geometry
of the channel. For active micfolfuidic, we show that active defects act as local
micro-pumps for the material flow. More generally, by designing the orientational
profile of active or passive nematic we can control the profile and possibly topology
of the material flow.
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Uporaba WKB metode v 1D linearnih in
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Metoda WKB je pomembno analiticno orodje za reSevanje Stevilnih problemov
v matematicni fiziki 1D sistemov, kot je n.pr. stacionarna (¢asovno neodvisna)
Schrodingerjeva enacba v eni dimenziji, ali pa klasicna dinamika enodimenzional-
nih ¢asovno odvisnih (neavtonomnih) hamiltonskih oscilatorjev. Podal bom pregled
standardne WKB metode vkljuéno z eksaktnimi eksplicitnimi resitvami do vseh re-
dov, ki sta jih objavila Robnik in Romanovski (2000), in uporabila v seriji ¢lankov.
Med drugim sta pokazala, da uporaba metode v primerih Schrodingerjeve enacbe ek-
saktno resljivih potencialov privede do neskoncne vrste prispevkov vseh redov, da ta
vrsta konvergira in njena vsota reproducira znane eksaktne lastne energije. Posebej
si bomo ogledali primer casovno odvisnega enodimenzionalnega linearnega hamil-
tonskega oscilatorja, nato pa bom predstavil pristop k posplositvi WKB metode
za primer enodimenzionalnih ¢asovno odvisnih nelinearnih hamilotonskih oscilator-
jev s kvadraticno kineti¢no energijo ter homogenim potenc¢nim potenticialom, kar
vkljucuje n.pr. kvarticni oscilator, in seveda linearni oscilator. Pokazal bom, da je
nelinearna metoda, ceprav samo v vodilnem priblizku, zelo koristna in natancna.
Dotaknili se bomo tudi moznih posplositev.
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The WKB method is an important analytic tool for solving numerous problems in
mathematical physics of 1D systems, for example the stationary (time-independent)
Schrédinger equation in one dimension, or the classical dynamics of one-dimensional
time-dependent (nonautonomous) Hamilton oscillators. I shall review the standard
WKB method including the exact explicit solutions to all orders, published by Rob-
nik and Romanovski (2000), and applied in a series of papers. Among other results
they have shown that the application of the method in cases of the Schrodinger equa-
tion with exactly solvable potentials leads to an infinite series to all orders, that the
series converges and the sum reproduces the known exact eigenenergies. We shall
look in particular at the case of the time-dependent one-dimensional linear Hamilto-
nian oscillator, and then I shall present the approach towards generalizing the WKB
method for the case of one-dimensional time-dependent nonlinear Hamiltonian oscil-
lators having quadratic kinetic energy and homogeneous power law potential, which
includes e.g. the quartic oscillator, and of course also the linear oscillator. T will
show that the nonlinear method, although only in the leading approximation, is very
useful and accurate. We also shall touch upon possible generalizations.
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Obravnavamo problema izohronosti in linearizabilnosti za dvo-dimenzionalne poli-
nomske sisteme NDE. Predstavil bom nekaj studij povezanih z odprtim problemom
Jarque in Villadelprata: ali obstaja dvo-dimenzionalni polinomski Hamiltonski sis-
tem sodega reda, ki ima izohroni center. Predstavil bom tudi nekatere rezultate o
linearizabilnosti kompleksnih Hamiltonskih sistemov.
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We discuss isochronicity and linearizability of planar polynomial systems. In partic-
ularly, we present some study on the open problem stated by Jarque and Villadel-
prat: do there exist planar polynomial Hamiltonian systems of even degree having
an isochronous center? We also give some results on linearizability of complex cubic
Hamiltonian systems.
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Predstavil bom zanimivo primerjavo med “molekulo” iz dveh mezonov in vodikovo
molekulo. Posebno zanimivi so dimezoni iz dveh tezkih (¢arobnih) mezonov.Na
blizino elektrostatska sila protona v vodikovi molekuli odbija, kromodinamska in-
terakcija pa dva tezka (¢arobna) kvarka privlaci, ker lahko ustrezno preklopita barvni
naboj.

Odkrivanje resonanc — sistemov z dvema kvarkoma in dvema antikvarkoma (“tetra-
kvarkov”) je zelo aktivno podroé¢je hadronske fizike, tako eksperimentalno kot teo-
reticno. Tetrakvarke, pri katerih prevladuje konfiguracija z dvema grucama v obliki
mezonov, imenujemo dimezone. Tetrakvarki predstavljajo zelo poucen zgled prob-
lema stirih teles, zanimiv tudi z matemati¢nega vidika. Nudijo pa tudi priloznost
za Studij efektivne interakcije med kvarki, ali je res univerzalna za lahke in tezke
kvarke.
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I shall present an interesting comparison between the “molecule” of two mesons
and the hydogen molecule. Especially interesting are dimesons made of two heavy
(charmed) mesons. At short distance, the two protons in the hydrogen molecule are
repelled by the electrostatic interaction, while the two heavy (charm) quarks are
attracted by the chromodynamic interaction because they can recouple their colour
charge.

The detection and the interpretation of resonances in systems with two quarks and
two antiquarks (“tetraquarks”) is a very lively topic in hadronic physics. Tetraquarks
where the configuration with two meson-like clusters dominates are usually called
dimesons. Tetraquarks offer a very instructive example of the four-body problem,
also interesting mathematically. They offer also the opportunity to study the effec-
tive interaction between quarks, whether it is really universal for light and heavy
quarks.
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Resevanje parcialnih diferencialnih enacb z linearno kombinacijo temeljnih resitev
predstavlja klasi¢ni pristop matematicne fizike. Pristop je bil v zadnjih dveh de-
setletjih postavljen v okvir racunalniske fizike ter uporabljen za reSevanje nelin-
eranih, anizotropnih in ¢asovno odvisnih problemov. V primeru singularne temeljne
resitve zahteva metoda postavitev izvorov zunaj racunskega podrocja za uskladitev
reSitve z robnimi pogoji. Opisano predstavlja glavno pomanjkljivost te brezmrezne
metode. Pokazemo ve¢ originalno razvitih desingularizacijskih tehnik, ki dovoljujejo
postavitev izvornih tock na rob tudi v primeru singularne temeljne resitve. Diskuti-
ramo njihovo formulacijo ter konvergenco. Pokazemo prakti¢no uporabo metode v
vecdimenzijskih primerih iz mehanike tekocin kot sta npr. potencialni in Stokesov
tok s premicnimi robovi in mehanike trdnin kot npr. deformacija sistemov sestavl-
jenih iz anizotropnih elasti¢nih zrn. Prikazana je tudi prakticna uporaba te nove
metode v mikrofluidiki.
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Solution of partial differential equations by a linear combination of fundamental
solutions represents a classical approach of mathematical physics. This approach
has been in the last two decades put in the context of computational physics and
applied to non-linear, anisotropic and time-dependent problems. In case of singular
fundamental solution, the method requires arrangement of the sources outside of
the computational domain in order to comply with the boundary conditions. This
represents a main drawback of such meshless method. We show several originally
developed regularization strategies of the method that allow to put the sources on
the boundary also in the case of singular fundamental solution. We discuss their
formulation issues and convergence properties. We show practical application of the
method in multidimensional examples from fluid mechanics such as potential and
Stokes flow with moving boundaries, and solid mechanics such as deformation of
systems composed of anisotropic elastic grains. The practical application of this
novel method in microfluidics is shown as well.
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In generic Hamiltonian systems which are neither completely integrable nor fully
chaotic, phase space is a mixture of regular and chaotic components. We here
discuss classical dynamics in mixed phase space by studying a piecewise linear map
[1]. In particular, we will focus on a situation in which hierarchical islands appear in
phase space and provide a rigorous proof for the existence of infinitely many stability
islands by introducing a proper symbolic dynamics [2]. We also discuss the effect of
hierarchical islands on the stickiness of dynamics [3-4].
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A report on microwave studies of billiards with mixed phase will be given, which
had been performed during the past decade in my quantum chaos group in Marburg,
Germany, in cooperation with the groups of Marko Robnik, Maribor, Slovenia and
Arnd Backer, Roland Ketzmerick, Dresden, Germany.

The classical dynamics of a quantum-mechanical system shows up in its spectral
properties, in particular the spacing distribution of neighbouring eigenvalues. For
mixed phase space systems Berry and Robnik (BR) [1] derived a level spacing dis-
tribution interpolating between the Poisson distribution found in regular systems
and the Wigner distribution observed in completely chaotic systems. The approach
assumes independent contributions to the spectrum from the different phase space
regions, which obviously can be correct only in the semiclassical limit. In the low
energy regime the BR distribution fails in particular to describe the spacing distribu-
tion for small spacings correctly. In this talk I shall present a number of of microwave
studies which had been performed in Marburg on mixed phase space billiards, e.g.
on an analytic modification of the BR distribution [2] (with Maribor), dynamical
tunneling in mushroom billiards [3] (with Maribor, Dresden) and resonance assisted
tunneling [4] (with Dresden).
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Sladkorna bolezen je pogubna kroni¢na presnovna bolezen, za katero je v letu 2013
obolevalo 400 milijonov bolnikov, do leta 2035 pa naj bi jih po predvidevanjih e
skoraj 600 milijonov (Guariguata, Whiting, et al.). Globalno breme bolezni do-
datno povecujejo zapleti bolezni, ki se vsaj delno pojavljajo zaradi nase nezmoznosti,
da bi uspesno preprecevali oziroma zdravili sladkorno bolezen (Tahrani, Bailey, et
al.). Farmakoloski agensi iz obstojeCega nabora moznosti zdravljenja niso zmozni
zaustaviti napredovanja bolezni in sulfonilse¢nine, ki celice beta vzpodbujajo k
izlocanju inzulina na od glukoze neodvisen nacin, so povezane z visokim tveg-
anjem za hipoglikemi¢ne epizode, ki so lahko smrtne, predvsem pa pomembno
zmanjsujejo adherenco bolnikov do zdravljenja (Cryer 2013). V prizadevanjih po od-
kritju novih moznosti zdravljenja smo nedavno pokazali, da antagonist receptorjev
tipa NMDA dekstrometorfan predstavlja obetavno novo zdravilo, saj podaljsa tra-
janje oscilacij znotrajcelicne koncentracije kalcijevih ionov, ki predstavljajo sprozilni
signal za izlo¢anje inzulina (Marquard, Otter, et al. 2015). Ker je bilo pokazano,
da celice beta, ki izlo¢ajo inzulin, tvorijo kompleksno mrezo (Stozer, Gosak, et al.
2013), ki jo lahko modificirajo zunanji fizioloski (Markovi¢, Stozer, et al. 2015)
in patofizioloski drazljaji (Hodson, Mitchell, et al. 2013), bodo nadaljnje studije
ucinkov farmakoloskih agensov, kakrsen je dekstrometorfan, s pomocjo paradigme
kompleksnih mrez nasploh, predvsem pa na podlagi pristopa z uporabo vecslojnih



mrez lahko pripomogle k nasemu razumevanju delovanja potencialnega novega zdrav-
ila na tkivni ravni.
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Studying the effects of a possible new drug for
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Diabetes mellitus is a devastating chronic metabolic disease that affected approx-
imately 400 million people worldwide in 2013 and this number is expected to rise
to almost 600 million by the year 2035 (Guariguata, Whiting, et al.). The global
burden of the disease is further increased by diabetic complications that are at
least partly due to our inability to successfully prevent or treat diabetes mellitus
pharmacologically (Tahrani, Bailey, et al.). Pharmacological agents from the exist-
ing armamentarium of treatment modalities are unable to halt the progression of
the disease and sulphonylureas which stimulate beta cells in a glucose-independent
manner are also associated with a high risk of hypoglycemic episodes that can be
fatal but also importantly lower patient adherence (Cryer, 2013). In a quest to
find novel treatment modalities, we have recently demonstrated that the NMDA-
receptor antagonist dextromethorphan is a promising new possibility which prolongs
the duration of cytosolic calcium oscillations which are the triggering signal for in-
sulin release (Marquard, Otter, et al. 2015). Since the insulin-secreting beta cells
have been shown to constitute a complex network (Stozer, Gosak, et al. 2013) that
can be influenced by external physiological (Markovi¢, Stozer, et al. 2015) and
pathophysiological stimuli (Hodson, Mitchell, et al. 2013), studying the effects of
a pharmacological agent, such as dextromethorphan, by applying the complex net-
work paradigm in general and specifically the multilayer network approach can help



us understand the effects of a potential drug at the multicellular level.
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Steady and chaotic patterns in weakly
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A review of pattern formation in highly nonequilibrium extended dissipative sys-
tems close to the onset of a short-wavelength instability is presented. It is shown
that in 1D cases, regardless the specific set of the governing equations, the descrip-
tion of the problem may be reduced to a solution of a single parameter-free generic
equation. Such an equation is the properly scaled Ginzburg-Landau one. However,
if the system in question possesses an additional (to trivial translational and rota-
tional) continuous group of symmetry, the pattern formation problem is changed
dramatically. In particular, in this case a direct transition from a quiescent state
to spatiotemporal chaos with very unusual properties may become possible. The
transition is a nonequilibrium analog of second order phase transitions in statistical
physics and inherits many features of the latter (critical slowing down, divergence of
the correlation length at the transition points, etc.). Comparison of the developed
theory with experiments is discussed too.
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Magnetometer z opticnim ¢rpanjem in njegova
uporaba pri nizkofrekvencéni radiofrekvencni
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Kvantitativna magnetometrija se je zacela z Gaussom in njegovim magnetometrom
1832 in nadaljevala s Hallom, Foersterjem in njunima magnetometroma do ve¢ vrst
magnetometrov, ki so jih razvili iz nekaterih spektroskopij pa vse do kvantnih mag-
netometrov (SQUID magnetometer). Ti magnetometri omogo¢ajo natancne mer-
itve zemeljskega magnetnega polja, magnetizma razlicnih snovi pa vse do meritev
magnetnih polj, ki izvirajo iz elektrofizioloskih aktivnosti. Z drugimi besedami -
z njimi lahko merimo magnetna polja velikosti od 107> T pa do 107® T in manj.
Magnetometer s parami alkalnih kovin (K ali Rb ali Cs), o katerem bomo govorili,
lahko doseze obcutljivost nekaj 1071 T (nekaj desetink fT) in njegova teoretska
obcutljivost presega obcutljivost danes najbolj obéutljivega SQUID (superconduc-
tive quantum interference device) magnetometra. Ceprav so magnetometri s parami
alkalnih kovin poznani ze od 1957 (Dehmelt[1,2], Bell in Bloom[3], Kastler[4]), je
bil potreben stabilen, uglasljiv diodni laser, da je bilo mogoce v zadnjem desetletju
doseci omenjeno visoko obc¢utljivost. Predstavili bomo princip delovanja takega mag-
netometra in se zadrzali podrobneje pri magnetometru s parami kalija (K). Nato
bomo prikazali dve praktiéni uporabi takega magnetometra pri RF spektroskopiji
nizkih frekvenc (**N NQR) in pri kvazi DC meritvah vzbujene aktivnosti mozganske
skorje, ki registrira audio signale.
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Optically Pumped Magnetometer: Its Application
in Low Frequency RF Spectroscopy and in
Electrophysiologic Measurements

ZVONKO TRONTELJ! AND SAMO BEGUS?

YIMFM - Institut za matematiko, fiziko in mehaniko Ljubljana
2Fakulteta za elektrotehniko Univerza v Ljubljani, SI-1000 Ljubljana
zvonko.trontelj@fmf.uni-lj.si ® hitp://fizika.imfm.si/

Usually, C. F. Gauss with his magnetometer (1832) is considered as the first-one
in the group of researchers, followed by Hall, Foerster and others with their mag-
netometers, who contributed to the quantitative magnetometry. The development
continues with magnetometers coming as applications of some spectroscopies and
we will stop it at macroscopic quantum devices SQUID magnetometers. All these
magnetometers enable us to measure with high precision magnetic fields from the
Earth’s magnetic field to magnetization of different materials and also magnetic
fields caused by the electrophisiologic activities of some organs. That means, we
can measure magnetic fields from 107 T to 107 T and less. Optically pumped
magnetometers, using vapors of alkaline metals (K or Rb or Cs), which we shall con-
sider, can today achieve the sensitivity of about 1071 T (few tens of fT) and their
theoretical sensitivity is even better than this of SQUID (superconducting quantum
interference device) magnetometer. Magnetometers with vapors of alkaline metals
are known since 1957 (Dehmelt[1,2], Bell and Bloom[3], Kastler[4]), however, it was
necessary to have a stable tunable diode laser in order to achieve in the last decade
the mentioned sensitivity. The principles of the optically pumped magnetometer
with potassium (K) atoms vapor will be presented. Followed by the application of
such magnetometer in the low frequency RF spectroscopy (N NQR), as well as in
quasi DC measurements of stimulated activity of audio cortex.
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Merjenje in modeliranje linijske paroprepustnosti
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Meritev upornosti difuziji vodne pare gradbene komponente/izolacije se obic¢ajno iz-
vaja po EN ISO 12572 ali EN 12086. Zaradi omejene velikosti in oblike uporabljanih
7salck” merjenje velikosti parnih mostov pri transmisiji vodne pare na ta nacin lahko
postane zahtevno. Zato je v predstavljeni studiji uporabljena dvokomorna merilna
naprava z tH=0 in 85% v posamezni komori. Dodatno je pri ”suhi” komori, podobno
kot to ze obstaja pri merjenju toplotne prevodnosti po EN 12667, uporabljen Se §cit.
Merjeni vzorci so 15 cm debeli sendvic paneli iz dveh kovinskih listov na vsaki strani
jedra iz goste kamene volne. Dva taka panela se v gradbeni konstrukciji dotikata
drug drugega. Skozi njun spoj vodna para (obi¢ajno) iz notranjega prostora pre-
haja navzven. Merili smo paroprepustnost 5 razlicnih spojev, ki se razlikujejo glede
na tip in Stevilo uporabljenih tesnil: brez tesnil, z enojnim ali dvojnim tesnilom iz
poliuretanske pene teri enojnim ali dvojnim tesnilom iz EPDM gume.

Zaradi pocasnega prehajanja vodne pare skozi tako konstrukcijo iz dveh panelov, smo
meritve zaustavili veliko prej, preden se je vzpostavilo stacionarno stanje. Asimp-
totske vrednosti experimentalnih rezultatov smo modelirali. Na podlagi modela smo
ob predpostavki popolne parne zapornosti kovinskih listicev definirali in izracunali
linijske paroprepustnosti posameznih spojev in upornosti difuziji vodne pare us-
treznih konstrukcij.
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Usually measurement of water vapour diffusion resistance factor of building compo-
nents/insulation is performed according to EN ISO 12572 or EN 12086. Measuring
vapour transmission in this way by means of linear water vapour bridges would be
difficult because the limited sample size and shape of ”cups” used. Therefore in the
work presented measurement equipment with twin chambers with rtH = 0 and 85 %
was used. Additionally a guard around the ”dry” chamber, behaving like a guard
at the thermal conductivity measurement according to EN 12667, has been used.
Measured samples were 15 cm thick sandwich panels composed of two steel sheets
with a dense mineral wool core in-between. Two such panels connect in real building
construction. Through their joint water vapour (usually) flows from the inside to
the outside. 5 different joints, different in the type and number of used sealants,
were measured: joint without a sealant, with one or two PUR-foam and one or two
EPDM-rubber sealants.

Due to the slow process of water vapur diffusion through such a construction of two
panels, measurements were stopped well before steady state was reached. Asymp-
totic values of experimental results were modelled. From the model and under
assumption of vapour tightness of steel sheets, linear water vapour transmittance of
the joints was defined and calculated together with water vapour resistance of the
corresponding constructions.
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V limiti neskon¢énega volumna lahko Stevilne N = (2,2) dvodimenzionalne ne-
linearne sigma modele s ciljno mnogoterostjo tipa Calabi Yau opiSemo z N =
(2,2) umerjenimi linearnimi sigma modeli. Pred kratkim je bilo pokazano, da dva-
sferna particijska funkcija teh ultravioli¢nih teorij poda eksakten kvantno-popravljen
Kahlerjev potencial na kvantnem Kahlerjevem prostorov modulijev ciljnih pros-
torov, ki so Calabi Yau tri-mnogoterosti. Natancneje, vrtinéni del dva-sferne parti-
cijske funkcije lahko identificiramo z Giventalovo J-funkcijo, kar omogoca izracun
Gromov-Witten-ovih invariant genusa ni¢ brez uporabe zrcalne simetrije.

V svojem govoru bom predstavil zgoraj opisano konstrukcijo in njeno posplositev
na N = (2,2) superkonformne sigma modele z netrivialnimi mejami. Pokazal
bom, da je entropija konformnih meja med temi teorijami podana s Calabijevo dis-
tasiéno funkcijo (Calabi’s distasis function) in komentiral neperturbativne popravke.
Podobno kot v primeru s trivialnimi mejami med N = (2, 2) superkonformnimi teori-
jami so popravki povezani z dva-sferno particijsko funkcijo relevantnih umerjenih
linearnih sigma modelov v prisotnosti N = 2 supersimetrijskih domenskih zidov.

Reference

[1]  H. Jockers, V. Kumar, J. M. Lapan, D. R. Morrison and M. Romo, Commun.
Math. Phys. 325 (2014) 1139-1170.

[2] G. Bonelli, A. Sciarappa, A. Tanzini and P. Vasko, Commun. Math. Phys.
333 (2015) 717-760.

[3] C. P. Bachas, I. Brunner, M. R. Douglas and L. Rastelli, Phys. Rev. D 90
(2014) 045004



Entropy of certain conformal interfaces between
N = (2,2) sigma models

MARTIN VOGRIN

Department of Physics
LMU Miinchen, Theresienstrasse 39, 80333 Miinchen, Germany
martinvogrin@gmail. com

In the large volume limit many N = (2,2) two-dimensional nonlinear sigma models
with Calabi-Yau target spaces are described by N = (2,2) gauged linear sigma mod-
els. It was recently shown that the two-sphere partition function of such ultraviolet
theories computes the exact quantum corrected Kéahler potential on the quantum
Kéahler moduli space of the Calabi Yau threefold target spaces. In particular the
vortex part of the two-sphere partition function can be identified with Givental’s
J-function, which allows the computation of genus zero Gromov-Witten invariants
without the use of mirror symmetry.

In my talk I will present the above construction and its extension to the analysis of
the moduli space of N = (2,2) superconformal sigma models with non-trivial inter-
faces. 1 will show that the entropy of conformal interfaces between these theories
is given in terms of the Calabi’s distasis function and comment on the nonpertur-
bative corrections to it. Similarly to the non-interface case, they are related to the
two-sphere partition function of the corresponding gauged linear sigma models in
the presence of N = 2 supersymmetric domain walls.
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Predstavil bom konstrukcijo novih kvazilokalnih ohranjenih koli¢in, porojenih iz
polcikliénih upodobitev kvantne grupe U,(sly), v brezvrzelnem rezimu (|A| < 1)
Heisenbergove verige X X Z, spinov 1/2. Za omenjene upodobitve je znacilno peri-
odi¢no delovanje lestviénih operatorjev — generatorjev algebre U, (sly). Posledica te
periodi¢nosti je neohranjanje komponente magnetizacije v smeri z. Predstavljena
bo moznost uporabe v relaksacijski dinamiki po trenutni zlomitvi simetrije U(1).
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I shal discuss the construction of quasilocal conservation laws in the gapless (|A| < 1)
regime of the Heisenberg X X Z spin-1/2 chain, using semicyclic irreducible repre-
sentations of U,(sly). These representations are characterized by a periodic action
of ladder operators, which act as generators of the aforementioned algebra. As a
direct consequence of this periodicity, z-magnetization is not conserved by these
conserved charges. The possibility of application in relaxation dynamics resulting
from U(1)-breaking quantum quenches will be discussed.
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Sistemi z neredom pogosto kazejo znake lokalizacije. Slavni primer je t.i. An-
dersonova lokalizacije neinteragirajocih elektronov. Za ta primer se da rigorozno
pokazati, da so v eni dimenziji vsa lastna stanja lokalizirana. Model neinteragi-
rajocih elektronov je sicer zelo uporaben, kljub temu pa mora bolj realisti¢ni opis
pogosto vkljuciti tudi interakcijo med delci. Naravno vprasanje je, ali lokalizacija
prezivi v prisotnosti nereda? Pred priblizno desetimi leti so se pojavili rezultati, ki
so nakazovali, da je lokalizacija v prisotnosti interakcij mozna — pojav, ki ga imenu-
jemo vecdeléna lokalizacija. Se vedno pa smo dale¢ od popolnega razumevanja, tako
da bom podal pregled trenutnega stanja podrocja.
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Systems with disorder frequently show localization. A famous example is the An-
derson localization in a system of noninteracting electrons. One can show rigorously
that in such a case all eigenstates of a one-dimensional model are localized. Nonin-
teracting electrons, though a very useful model, is often an idealization of a more
realistic situation with interaction between particles. A natural question to ask is
does localization survive in the presence of interaction? About 10 years ago results
appeared, claiming that one can have localization in the presence of interaction —
a phenomenon dubbed a many-body localization. The problem though is far from
being understood and I will review the present state of knowledge.
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Nehomogenost v uniformnih elektronskih sistemih je intriganten nov pojav v fiziki
kondenzirane materije. Vodi do Stevilnih zanimivih funkcionalnih lastnosti, kot so vi-
sokotemperaturna superprevodnost v kupratih, kolosalna magnetoupornost v man-
ganitih in velikanska elektrostrikcija v relaksorjih [1]. Nehomogenost je povezana z
ve¢ prostostnimi stopnjami, ki med seboj tekmujejo, in v splosnem zahteva aktivno
prostostnjo stopnjo naboja. Podoben fenomen pa je moc¢ pricakovati tudi v ge-
ometrijsko frustriranih spinskih sistemih z ve¢ degeneriranimi fazami, ki med seboj
tekmujejo. Najprej bom predstavil vzoréni primer fazne separacije v spinskih sis-
temih [2]. V antiferomagnetu na trikotni mrezi a-NaMnOy smo odkrili intrinzi¢no
nehomogeno magneto-strukturno stanje. Primerjava tega sistema z izostrukturno
sestrsko spojino CuMnOs, v kateri pa je osnovno stanje precej bolj homogeno [3],
nam je omogocila izpostaviti kljucno vlogo geometrijske frustracije in skoraj de-
generirane kristalne strukture pri stabilizaciji tega nehomogenega stanja. Predstavil
bom Se nase nedavno odkritje poriodicne nehomogenosti — novega moduliranega
spinskega vzorca v obliki prog, do katerega pride v sistemu cikcak verig -TeVO,
[4]. V tem kontekstu bom predstavil nov mehanizem za formacijo prog, ki bazira na
Sibki frustrirani izmenjalni interakciji med verigami.
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Electronic inhomogeneity of uniform systems is an intriguing, emergent phenomenon
in condensed matter. It leads to various fascinating functional properties, such as
high-T,. superconductivity in cuprates, colossal magnetoresistance in manganites,
and giant electrostriction in relaxors [1]. It is related to competing degrees of free-
dom and in general requires active charge degrees of freedom. However, a similar
phenomenon may be expected also in geometrically frustrated spin systems with
multiple competing degenerate phases. I will first present a paradigm of phase sep-
aration in spin systems [2]. In the triangular-lattice antiferromagnet a-NaMnOy we
have found an intrinsically inhomogeneous magnetostructural state. By comparing
this system to the isostructural sister compound CuMnQO, that features a much
more homogeneous ground state [2], the crucial role of geometrical frustration and
near-degenerate crystal structures in stabilizing this unprecedented inhomogeneous
ground state will be highlighted. I will also present our recent discovery of a pe-
riodic inhomogeneity — a novel spin-stripe textures that develops in the S-TeVOy
zigzag-chain system [4]. In this context, a novel route for stripe formation that is
based on weak frustrated interchain exchange interactions will be discussed.
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Topoloska mehka snov je posebna vrsta kompleksnih mehkih sistemov s stabilnimi
defekti v orientacijskem parametru urejenosti. Direktni in medsebojni vplivi ge-
ometrije ograditve, povrsSinskega sidranja molekul, zunanjih polj in lastne kiralnosti
nematskega media, lahko vodijo v frustracijo in posledi¢no do stabilnih ali metasta-
bilnih disklinacij in solitonskih deformacij urejenosti mehke snovi. V zadnjem ob-
dobju je veliko pozornosti posveéene modrim fazam in nematskim koloidom. V
okviru predavanja bom predstavil nase novejse studije, ki so rezultat tesne sklopitve
teorije, numeric¢nih simulacij in eksperimentalnih studij izbranih topoloskih mehkih
snovi: i) zaznava skirmionske strukture v tankih plasteh modrih faz, ii) koloidni
delci dekorirani s singularnimi in solitonskimi deformacijami [1-4] in iii) oblikovani
in preoblikovanja zmozni koloidni delci v nematiku [5].
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Topological soft matter is a kind of complex soft systems with stable defects in the
orientational order-parameter field. Effects of confining geometry, anchoring, exter-
nal fields, chirality and their interplay in nematogenic liquid crystals may lead to
frustration and consequently to stable or metastable disclinations and solitonic de-
formations. Recently a lot of attention has been devoted to confined blue phases and
colloidal nematics. Here I present an overview of our recent achievements based on
synergy of numerical modeling, theory and experiments devoted to chosen examples
of topological soft matter: i) detection of skyrmion lattices in confined blue phases,
ii) colloidal particles dressed with singular and solitonic deformations [1-4], and iii)
shaped & shapeable colloidal particles in nematics [5].
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