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Adriano Amaricci
SISSA, Trieste

First order character and observable signatures of topological quantum phase transitions

Topological quantum phase transitions are characterized by changes in global
topological invariants beyond the paradigm of spontaneous symmetry break-
ing. For non-interacting electrons, such transitions are continuous and always
accompanied by a gap-closing in the energy spectrum. Here, we demonstrate
that sufficiently strong electron-electron interaction can fundamentally change
the situation: we discover a topological quantum phase transition of first order
character in the genuine thermodynamic sense, which occurs without gap clos-
ing. Our theoretical study reveals the existence of a quantum critical endpoint
associated with an orbital instability on the transition line between a 2D topo-
logical insulator and a trivial band insulator. Remarkably, this phenomenon
entails unambiguous signatures associated to the orbital occupations that can
be detected experimentally.

Edoardo Baldini
Ecole Polytechnique Fédérale de Lausanne

Evidence for Pre-Formed Cooper Pairs in the Pseudogap Phase of Slightly Underdoped
NdBa2Cu306+x

In the last years, ultrafast experiments have contributed to shed new light
on high-temperature superconductivity. In particular, tailored excitation in the
mid-infrared spectral range was demonstrated to suppress competing struc-
tural and electronic orders and to promote a highly coherent state in several
underdoped cuprates [1 - 4]. In YBa2Cu30O6+x this transient state was found to
persist up to room temperature, evidenced by the enhancement of the super-
fluid strength in the THz response. The question whether the high coherence
is the signature of a perfect conducting or of an exotic superconducting state
at nonequilibrium still remains open. Here, we address this problem from a
spectroscopic point of view, by investigating a slightly underdoped sample of
NdBa2Cu306+x through ultrafast spectroscopy in the optical regime. The use
of a broadband detection scheme enables us to reveal evidence for quasiparti-
cle (QP) excitation in a wide range of temperatures up to the pseudogap tem-
perature scale T*. The existence of a QP spectral signature in the pseudogap
phase, together with its peculiar temporal evolution and temperature depen-
dence, can be directly related to the presence of a pairing gap for QP excitation.
This observation leads to the hypothesis that the selective melting of a compet-
ing order using intense resonant mid-infrared pulses can establish coherence
in pre-formed Cooper pairs underlying the pseudogap phase [5].

[1] D. Fausti et al., Science 331, 189 (2011).
[2] W. Hu et al., Nature Materials 13, 705 (2014).
[3] S. Kaiser et al., Phys. Rev. B 89, 184516 (2014).



[4] M. Forst et al., Phys. Rev. B 90, 184514 (2014).
[5] E. Baldini et al., to be submitted.

Neven Barisié¢
TU Wien

Evidence for good metal behavior in normal state of the cuprate high-temperature su-
perconductors

The superconducting state of the cuprates evolves upon cooling from an
enigmatic metallic phase that is characterized near optimal hole doping by a
planar resistivity with large magnitude and extended linear temperature de-
pendence. Below optimal doping, at temperatures below 7, there exists an
intermediate pseudogap phase with a partially gapped Fermi surface. These
unusual properties have motivated proposals to consider unconventional elec-
tronic scattering mechanisms and even to abandon the Landau quasiparticle
paradigm entirely.

HgBa>CuO,45(Hg1201) may be viewed a model cuprate system due to its
relative structural simplicity, minimal disorder effects, and large optimal 7 of
nearly 100 K (1). We have found that the planar resistivity of Hg1201 exhibits
quadratic temperature dependence, the behavior characteristic of a Fermi lig-
uid, at temperatures below T** (I"** < T*) (2). This result motivated opti-
cal conductivity measurements that yielded the quadratic frequency depen-
dence and the temperature-frequency scaling of the optical scattering rate ex-
pected for a Fermi liquid (3). Furthermore, we demonstrated for Hg1201 (and
for YBayCu3Og5) that the magnetoresistance obeys Kohler’s rule at tempera-
tures below T™* (4). By combining our dc resistivity results for Hg1201 with
published data for three structurally more complex cuprates, we obtained the
universal sheet resistance throughout most of the temperature-doping phase
diagram and arrived at the unexpected conclusion that Fermi-liquid behavior
extends to very low doping, close to the Mott-insulating state (2). In contrast
to previous approaches that extended ideas developed for the strange metal
phase (I" > T*) to the pseudogap phase (I' < T*), we will discuss the for-
mer in the context of the now well-documented pseudogap Fermi-liquid state.
A combined analysis of the planar dc-resistivity and Hall-effect measurements
demonstrate that the transport scattering rate remains quadratic in temperature
across T** and T, and moreover doping and compound independent. This
universal behavior implies an underlying conventional scattering mechanism
throughout the entire phase diagram [5].

] N. Barisi¢ et al., Phys. Rev. B 78, 054518 (2008).

] N. Barisi¢ et al., Proc. Natl. Acad. Sci. U.S.A. 110, 12235 (2013).
] S. I. Mirzaei et al., Proc. Natl. Acad. Sci. U.S.A. 110, 5774 (2013).
] M. K. Chan et al., Phys. Rev. Lett. 113, 177005 (2014).

] N. Barisi¢ et al., preprint (2015).



Alice Cantaluppi
Max Planck Institute for the Structure and Dynamics of Matter (MPSD)

Stimulated superconducting-like properties in K3C60 far above the equilibrium critical
temperature

In conventional BCS superconductors, the electron pairing is mediated by
the exchange of lattice phonons. Molecular superconductors are peculiar be-
cause the coupling of electrons is mediated by intramolecular vibrations with
characteristic energies of of tens to hundreds meV. [1] The present experiment
is strongly suggestive of a new type of superconductivity that is directly stim-
ulated [3] by the laser field and indicates highly novel emergent physics away
from equilibrium.

Alberto Crepaldi
Elettra - Sincrotrone Trieste

Optical control of the electronic properties of ZrTes

Transition metal pentatelluride, ZrTes, displays a rich set of unique and ex-
otic transport properties. An anomalous peak in resistivity at 7* 160 K [1] is
accompanied by the charge carrier switch from holes (I' > T™) to electrons
(T' < T™) [2]. Moreover ZrTe5 exhibits a superconducting state under pressure
[3], spin helical surface states have been predicted [4] and magneto-resistance
has been reported with both positive [5] and negative sign, thus suggesting the
presence of chiral magnetic effect, possible in the case of 3D Dirac semimetal [6].
In this light, we have performed a comprehensive investigation of both the oc-
cupied and unoccupied electronic states of ZrTes by combining Angle Resolved
Photoemission Spectroscopy (ARPES) and time resolved ARPES (tr-ARPES).
The dependence of the electronic band structure with temperature has been
studied, in order to understand the mechanism at the base of the anomalous
resistivity peak. Having clarified the origin of the unique transport properties
of ZrTes, we have experimentally proven the possibility to optically control, at
the ultrashort time scale, both the energy position and the electron scattering
rate of the bands.

[1] S. Furuseth, L. Brattas, and A. Kjekshus, Acta. Chem. Scand. 27, 2367
(1973); E. F. Skelton, T. ]. Wietings, S. A. Wolf, W. W. Fuller, D. U. Gubser,
T. L. Francavilla, and F. Lévy, Solid State Commun. 42, 1 (1982).

[2] M. Izumi, K. Uchinokura, E. Matsuura, and S. Harada, Solid State Com-
munications 42, 773 (1982).

[3] Y. Zhou, W. Ning, Y. Du, Z. Chi, X. Chen, X. Wang, X. Zhu, X. Wan, Z.
Yang, M. Tian, et al., arXiv:1505.02658 (2015).

[4] H. Weng, X. Dai, and Z. Fang, Phys. Rev. X 4, 011002 (2014).

[5] T. M. Tritt, N. D. Lowhorn, R. T. L. IV, A. Pope, C. R. Feger, and J. W. Kolis,
Phys. Rev. B 60, 7816 (1999).



[6] Q.Li, D. E. Kharzeev, C. Zhang, Y. Huang, I. Pletikosic, A. V. Fedorov, R.
D. Zhong, ]. A. Schneeloch, G. D. Gu, and T. Valla, arXiv:1412.6543 (2015).

Eduardo da Silva Neto
University of British Columbia

Charge ordering in hole and electron-doped cuprates

In cuprate high-temperature superconductors, an antiferromagnetic Mott
insulating state can be destabilized toward unconventional superconductivity
by either hole or electron doping. Besides these two phases, a charge ordering
(CO) instability was recently detected in the Y-cuprates [1,2], which echoed the
long-known presence of stripe order in the La-based cuprates [3,4]. However,
at that point, the universality of the CO to the cuprates and its connection to
other phenomena in the cuprate phase diagram (e.g. pseudogap and antiferro-
magnetism) remained to be determined.

In this talk I will discuss a combined scanning tunneling microscopy (STM)
and resonant x-ray scattering (RXS) experimental approach that established the
formation of CO in the high-temperature superconductor BiySroCaCusOs,
(Bi-2212) [5]. The CO in this system occurs with the same period as those found
in Y-based or La-based cuprates and displays the analogous competition with
superconductivity — therefore showing its universality to hole-doped cuprates
[5-7]. Doping- and temperature-dependent measurements of the CO finger-
prints in RXS and in spectroscopic imaging STM in will be used to discuss its
phenomenological relationship to pseudogap and Mott physics. Still, if this un-
usual CO is truly a phenomenon stemming from the doping of a Mott insulator,
the lack of evidence for CO in the electron-doped materials remained a puzzle.
Here I will also discuss recent RXS measurements that demonstrate the pres-
ence of a similar CO in the electron-doped (n-type) cuprate Nds_,Ce,CuQOy
(NCCO) [8]. In contrast to the hole-doped materials, the CO onset in NCCO
is higher than the pseudogap temperature, and is actually in the same temper-
ature range where antiferromagnetic fluctuations are first detected — thereby
showing that CO and antiferromagnetic fluctuations are likely coupled in electron-
doped cuprates. Beyond the already published results, a comprehensive RXS
doping-dependent study of NCCO allows us to further probe the relationship
between CO and the ARPES measured Fermi surface [9].

[1] G. Ghiringhelli, et al. Science 337, 821 (2012).

[2] J. M. Tranquada, et al. Nature 375, 561 (1995).

[3] P. Abbamonte, et al. Nature Physics 1, 155 (2005).

[4] E. H. da Silva Neto, et al. Science 343, 393 (2014).

[5] R. Comin, et al. Science 343, 390 (2014).

[6] W. Tabis, et al., Nat. Comm. 5, 5875 (2014).

[7] E. H. da Silva Neto et al., Science 347, 282-285 (2015).
[8

]
] E. H. da Silva Neto et al., in preparation (2015).



Alberto de la Torre
University of Geneva

Emergence of a nodal liquid in the pseudospin-1/2 antiferromagnet Sr2IrO4 from ARPES

The insulating ground state of the layered perovskite iridates is often de-
scribed in a single band Jeff=1/2 Hubbard model [1,2]. Iridates were thus pro-
posed as analogues to the cuprates and as such, a potential platform for engi-
neering high-temperature superconductivity under electron doping [2]. How-
ever, it proved difficult to dope iridates in the bulk and to date little is known
about the evolution of their electronic structure with increasing carrier concen-
tration. Here we report the successful growth of La doped single crystals of
Sr2IrO4. Angle resolved photoemission measurements on single layer (Sr(1-
x)Lax)2IrO4 show a collapse of the Mott gap for x > 0.06. At the highest doping
level of x=0.1, quasiparticle like excitations forming a large circular Fermi sur-
face centered at Gamma emerge. As in cuprates, we find a strongly anisotropic
quasiparticle residue and a momentum dependent pseudogap that increases
in magnitude towards the antinode resulting in a Fermi arc-like contour. How-
ever, our data show significant weight on the backside of the arcs, which we
attribute to backfolding due to the structural distortion of the [rO2 plane. We
conclude that lightly doped Sr2IrO4 does indeed share much of the electronic
structure phenomenology with cuprates and that anisotropic pseudogaps are
a generic property of two-dimensional doped Mott insulators rather than a
unique hallmark of cuprate high temperature superconductivity.

[1] B.J. Kim et al, Phys. Rev. Lett 101, 076402 (2008)
[2] F. Wang and T. Senthil, Phys. Rev. Lett. 106, 136402 (2011)
[3] A.dela Torre et al, Phys. Rev. Lett. 113, 256402 (2014)

Tadeusz Domanski
Marie Curie Sklodowska University, Poland

Superconductivity in nanoscopic systems

Superconducting state (manifested by dissipationless charge transport and
ideal diamagnetism) has been so far observed in various bulk materials driven
by the pairing mechanisms related to phonons, magnons or other ‘gluing’ par-
ticles. Recently there have been intensive attempts to obtain similar supercon-
ducting state in the ultra-small (nanoscopic) objects such as molecules, nanowires
or other kinds of the ‘quantum dots’ via the proximity effect. Thus induced
electron pairing can lead to a number of very spectacular effects. For instance it
can: 1) invert direction of the Josephson current (0-7 transition), 2) produce the
spatially entangled charge carries (using the Cooper pair splitters), 3) generate
the exotic Majorana or Weyl-type quasiparticles, 4) enable a changeover from
the positive to negative resistance /conductance (in multitermina junctions) and



plethora of other fantastic phenomena. I shall give a brief overlook of these phe-
nomena, with an emhasis on their potential future applications.

Claudia Giuseppina Fatuzzo
EPFL

Spin-orbit-induced orbital excitations in St2RuO4 and Ca2RuO4: a resonant inelastic
X-ray scattering study

Ruthenate-oxide materials attract much attention due to the interesting ground
states they exhibit, such as unconventional superconductivity in Sr2RuO4 or
Mott physics in Ca2RuO4. The role of electron correlations, Hund’s coupling
and spin-orbit interactions is still being debated and explored [1,2]. In this
talk [3] we present a study on the Ru 4d-orbital occupation and excitations in
(Ca/Sr)2Ru04, performed through a combination of X-ray Absorption Spec-
troscopy (XAS) and high resolution oxygen K-edge Resonant Inelastic X-ray
Spectroscopy (RIXS). The ruthenium 4d orbital occupation and excitations were
probed through their hybridization with the oxygen p-orbitals. A minimal
model, taking into account crystal field splitting and spin-orbit coupling, is
presented to account for the observations. Implications on electronic structure,
Mott physics and superconductivity are discussed.

Katharina J. Franke
Freie Universitit Berlin

Electron transport through Shiba states induced by magnetic adsorbates on a supercon-
ductor

Magnetic adsorbates on a superconductor create a magnetic scattering po-
tential for the quasiparticles of the superconductor. A single spin gives rise
to so-called Shiba states. These can be observed in scanning tunneling spec-
troscopy (STS) as a pair of resonances at positive and negative bias voltages
in the superconducting gap. The energetic position inside the gap reflects the
magnetic coupling strength, whereas the intensity has been interpreted in terms
of a density of states. Here, we investigate Manganese (Mn) atoms and Mn-
phthalocyanine (MnPc) molecules deposited on a Pb(111) surface. Inboth cases,
we resolve multiple Shiba states inside the gap. The Mn atoms present a stable
tunneling junction over several orders of magnitude in conductance [1]. We ob-
serve two different transport regimes: at large tip-sample distance, the tunnel-
ing current is dominated by single-electron processes. However, these require
the relaxation of electrons/holes from the Shiba states into the superconduc-
tor. At small tip- sample distance, the relaxation processes are not fast enough
for an efficient depopulation of the states, and thus Andreev processes become
important, which resonantly transfer a Cooper pair into the superconductor.
MnPc molecules adsorb in a variety of different adsorption sites with different



magnetic coupling strengths on a Pb(111) surface. This is reflected by the en-
ergetic position of the Shiba states inside the gap [2]. At 1.2 K, we resolve a
characteristic splitting of the Shiba states, which is present throughout a wide
range of coupling strengths. We explain this splitting as a result of magnetic
anisotropy, which has been theoretically predicted [3].

[1] M. Ruby, F. Pientka, Y. Peng, F. von Oppen, B. W. Heinrich, K. J. Franke,
arXiv:1502.05048.

[2] K.]. Franke, G. Schulze, J. I. Pascual, Science 332, 940 (2011).

[3] R. Zitko, O. Bodensiek, T. Pruschke, Phys. Rev. B 83, 054512 (2011).

Philipp Hansmann
Max-Planck-Institute for Solid State Research

Electronic interactions in effective cuprate models beyond a Cu Hubbard U

Current theoretical studies of electronic correlations in transition metal ox-
ides typically only account for the local repulsion (Hubbard U) between d-
electrons even if oxygen ligand p-states are an explicit part of the effective Hamil-
tonian. Interatomic interactions such as Upd between d- and (ligand) p-electrons,
as well as the local interaction between p-electrons, are neglected. Often, the
relative experimentally obtained information. By applying the merger of lo-
cal density approximation and dynamical mean field theory to the prototypical
case of the three-band Emery dp model for the cuprates, we demonstrate that,
without any ‘ad hoc” adjustment of the orbital splitting, the charge transfer in-
sulating state is stabilized by the interatomic interaction Upd. Our study hence
shows how to improve realistic material calculations that explicitly include the
p-orbitals.

F. Hardy
Karlsruhe Institute of Technology

Strong correlations and new magnetic phases in Ba, _ K, Feo Aso and Bay _Na,Fea Asy
iron pnictides

High-Tc superconductivity in the cuprates occurs at the crossover from a
correlated Mott insulating state to a weaker correlated Fermi liquid as a func-
tion of doping. The Fe-pnictides were initially thought to be weakly corre-
lated. However, we have recently shown that KFe;As, is in fact a highly cor-
related metal and that these correlations are even further enhanced in Rb- and
CsFeyAsy. Whereas the correlations in the cuprates result from a large value of
the Hubbard U, recent works have stressed the particular relevance of Hund’s
coupling J in the pnictides.

Our data may be interpreted in terms of a close proximity to an orbital-
selective Mott transition. We now have good thermodynamic data covering



both the hole and electron doping sides of the BaFe;As; system and we will dis-
cuss how these correlations are modified by doping. We have also re-examined
in greater detail the underdoped region of Ba; _ ;K Fe; Asy and Ba; _;Na,Fes As,.
We find a small region of C4 symmetry inside the SDW state of Ba;_,K,FesAs,,
similar to that of Ba;_,Na,Fe;As,, followed by a reentrance to the C2 phase.
In Ba;_,Na,Fe;Asy, this rentrance is absent and the phase diagram is shown
to be considerably more complex than previously reported. Differences and
similarities between the Ba;_;Na,Fe;Asy and Ba;_, K, FesAs,- systems will be
discussed and we will show how these new phases interact with superconduc-

tivity.

Rainer Hirtle
Institut fiir theoretische Physik, Georg-August-Universitdt Gottingen, Germany

Hierarchical quantum master equations and driven long-term impurity dynamics

The hierarchical quantum master equation technique is a promising method
to describe nonequilibrium impurity problems. It employs a hybridization ex-
pansion of the time evolution of the impurities density matrix from a prod-
uct initial state. Using an advanced and systematic truncation scheme, con-
vergence can be achieved if the temperature of the environment is not too low.
Thus, numerically exact results can be obtained. This is corroborated by a di-
rect comparison with the continuous-time quantum Monte Carlo approach. In
particular, the nonequilibrium dynamics of interacting quantum dot systems is
studied that can be described by Anderson impurity models. The focus is on
effects and phenomena that emerge on long time scales such as, for example,
the steady-state magnetization or the complex build-up of coherences.

Andreas Hausoel
University of Wuerzburg

Ab-initio study of the finite temperature magnetism in iron and nickel

The calculation of the ferromagnetic transition temperature of itinerant fer-
romagnets like iron and nickel has been a very hard problem for theory ever
since. This is due to the interplay between strong local interactions and the
itinerant character of the electrons. Here we show fully ab-initio DFT+DMFT
calculations for bee-iron and fce-nickel, using the numerically exact Continuous
Time Quantum Monte Carlo method in hybridization expansion. We consider
the full cubic Coulomb interaction from cRPA and discuss the effects of different
commonly used approximations, i.e. density-density and Slater-Kanamori. Be-
sides interaction-dependent ab-initio estimates of the transition temperatures
of iron and nickel we also discuss their magnetism at the 2-particle level.



Aldo Isidori
Royal Holloway University of London

Coexisting electronic orders in the ultra-quantum limit of graphite

Semimetals like graphite have recently received compelling interest as they
not only are able to host topologically non-trivial phases but also can be driven
into the ultra-quantum limit by magnetic fields now achievable in modern-day
laboratories. Thus, they provide insight into quantum-Hall physics and the
physics of massless Dirac fermions in three dimensions. They also represent
ideal model systems for studying magnetic-field driven density wave instabili-
ties, as the onset field for such collective excitations is suppressed in semimetals.
Using pulsed high-magnetic fields up to 60 T applied to a single crystal of nat-
ural Tanzanian graphite, we find a series of field-induced phase transitions into
collinear charge-density wave states resulting from enhanced interactions be-
tween the lowest four Landau levels. By analysing magneto-transport data and
calculating the renormalized Landau level structure at high fields, we establish
the phase diagram of graphite in its ultra-quantum limit. Our results imply the
existence of a topologically-protected chiral edge state at high fields supporting
both charge and spin currents.

Michael Karolak
University of Wuerzburg

Tunable Kondo effect of Pc Molecules on noble metal surfaces

We present a detailed investigation of spectroscopic features located at the
central metal ion of a Pc molecule on a noble metal surface (Ag(001)). STS data
taken close to the Fermi level reveal an asymmetric feature that cannot be fit
with a single Fano function representing a one-channel Kondo effect. Instead,
our data indicate the existence of a second superimposed feature. Two potential
physical origins, a second Kondo channel related to the dxz/yz -orbitals, and
a spectral feature of the dz2 -orbital itself, are discussed. A systematic experi-
mental and theoretical comparison of MnPc with CoPc and FePc indicates that
the second feature observed on MnPc is caused by the dz2-orbital. This conclu-
sion is corroborated by STM- induced dehydrogenation experiments on FePc
and MnPc which in both cases result in a gradual shift towards more positive
binding energies and a narrowing of the Kondo resonance. Theoretical anal-
ysis, using a combination of DFT with an Anderson Impurity Model, reveals
that the latter is caused by the reduced hybridization between the d-orbital and
the substrate. Thus, Pc-Molecules on noble metal surfaces are a perfect play-
ground for the study and manipulation of parameters governing the physics of
the Kondo effect in both theory and experiment.
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Dante Kennes
RWTH Aachen

Dynamics in dissipative quantum systems

Coherence is an integral part of quantum mechanics giving rise to many fas-
cinating effects in mesoscopic systems. Perfect coherence however is usually not
encountered in any realistic setup as coupling to the environment introduces
decoherence effects, or dissipation. How coherence and decoherence do inter-
play thus poses an particularly interesting question. One of the most prominent
prototype models for quantum dissipative dynamics is the so called spin-boson
model, which has been studied intensively throughout the last decades. It fea-
tures quite rich physics depending on the parameter regime under considera-
tion. In this talk we will (a) report on some recent progress in understanding the
transition from coherent (damped oscillatory) to decoherent (monotonic) tran-
sient dynamics in the spin-boson model by usage of two complimentary renor-
malization group schemes and (b) present results on quantum quenches and
the influence of (markovian) memory, onto the dynamics found in this model.

Jelena Klinovaja
University of Basel

Engineering Topological Quantum States: From 1D to 2D

I will present results on exotic bound states in one-dimensional (Majorana
fermions and parafermions) and two-dimensional (edge states in topological
insulators) condensed matter systems that have attracted wide attention due
to their promise of non-Abelian statistics believed to be useful for topological
quantum computing. I discuss systems in which topological properties could
be engineered per demand. For example, Majorana fermions can emerge in
hybrid systems with proximity pairing in which the usually weak Rashba spin-
orbit interaction is replaced by magnetic textures. Here, I will discuss candidate
materials such as semiconducting nanowires [1-2], graphene nanoribbons [3],
atomic magnetic chains or magnetic semiconductors [4]. One further goal is to
go beyond Majorana fermions and to identify systems that can host quasiparti-
cles with more powerful non-Abelian statistics such as parafermions in double
wires coupled by crossed Andreev reflections [5,6]. In the second part of my
talk, I will focus on ‘strip of stripes model” consisting of weakly coupled one-
dimensional wires [6-8], where interaction effects in the wires can be treated
non-perturbatively via bosonization. I will demonstrate that such systems can
exhibit the integer or fractional quantum Hall effect [6], spin Hall effect [7], and
anomalous Hall effect [8]. In the fractional regimes, the quasiparticles have
fractional charges and non-trivial Abelian braid statistics.

[1] J. Klinovaja and D. Loss, Phys. Rev. B 86, 085408 (2012).
[2] D. Rainis, L. Trifunovic, ]. Klinovaja, and D. Loss, Phys. Rev. B 87, 024515
(2013).
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[3] J. Klinovaja and D. Loss, Phys. Rev. X 3, 011008 (2013); J. Klinovaja and D.
Loss, Phys. Rev. B 88, 075404 (2013).

[4] J.Klinovaja, P. Stano, A. Yazdani, and D. Loss, Phys. Rev. Lett. 111, 186805
(2013).

[5] J. Klinovaja and D. Loss, Phys. Rev. B 90, 045118 (2014).

[6] J. Klinovaja, A. Yacoby, and D. Loss, Phys. Rev. B 90, 155447 (2014).

[7] J. Klinovaja and D. Loss, Phys. Rev. Lett. 111, 196401 (2013); J. Klinovaja
and D. Loss, Eur. Phys. J. B 87,171 (2014).

[8] J. Klinovaja and Y. Tserkovnyak, Phys. Rev. B 90, 115426 (2014).

[9] ]. Klinovaja, Y. Tserkovnyak, and D. Loss, Phys. Rev. B 91, 085426 (2015).

Igor Kuzmenko
Department of Physics, Ben-Gurion University of the Negev, Beer-Sheva, Israel

Carbon Nanotube Quantum Dot: Realization of Two-Channel Kondo Effect

We consider Kondo tunneling through a junction composed of two semi-
infinite carbon nanotubes (CNT) that serve as left and right leads (CNTL and
CNTR, respectively) attached on both sides of a short CNT quantum dot with an
atom A having an s-wave valence electron of spin 1/2 implanted on its axis (CN-
TQDA). The two wave numbers (valleys) K and K’ (located on the two corners
of the hexagonal Brillouin zone of the CNT) serve as two symmetry protected
flavor quantum numbers. The CNTQDA is gated such that its (neutral) ground
state consists of the caged atom with spin up or down while its lowest excited
(charged) states are singlet and triplet states. The energy of the singlet state is
above the energy of the triplet state. The Anderson model hybridizes lead and
dot electrons with the same flavor and spin projection, and the Schrieffer-Wolf
transformation, while mixing spin projections does not mix flavors, thereby re-
alizing a two-channel Kondo physics. Perturbative renormalization group anal-
ysis exposes a finite weak-coupling two-channel fixed point, where the Kondo
temperature is estimated as 0.5 -5 K.

Nenad Lazarevic

Center for Solid State Physics and New Materials, Institute of Physics Belgrade,
University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

Vacancies and phase separation in pure and transitional metal doped K Fey_,Ses: The
Raman scattering study

Understanding the origin and mechanism of superconductivity in iron-based
materials pose one of the main challenges in the condensed matter physics to-
day. The presence of vacancies and intrinsic phase separation in alkali-doped
iron-selenides make these questions even more challenging. We present the re-
sults of a comprehensive polarization and temperature dependent Raman scat-
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tering study of pure and transitional metals (Co and Ni) doped K Fes_,Ses.
The Raman modes, originating from both the high symmetry (superconduct-
ing) and low symmetry (antiferromagnetic) domains, have been identified. By
analysing these modes we were able to follow the phase separation evolution
throughout the series in the full doping range. Rather low intrinsic linewidth
for the high symmetry Raman modes in K Fe,_,Se; indicates the absence of va-
cancies in these domains. On the other hand, in both K, Cos_,Se; and K, Nis_,Ses
analysis of Raman modes intrinsic linewidth and the lineshape revealed the
presence of disordered vacancies in the high symmetry phase. The K, Fe;_,Se;
temperature dependent Raman scattering study revealed the sudden change of
the A;, mode energy near superconducting transition temperature due to the
rearrangement of the electronic states. The phonon modes renormalization due
to the electron-phonon and spin-phonon interactions at Curie temperature in
K;Cos_,5e;s have also been discussed.

Natalia Lera

CIC nanoGUNE, 20018 Donostia-San Sebastian, Spain and Departamento de
Fisica de la Materia Condensada, Universidad Autonoma de Madrid, Madrid
28049, Spain

Superconductivity from the unconventional metallic state of Lig oMosO17

Superconductivity in the quasi-one-dimensional material Lip gMogO7 is an-
alyzed based on a multiorbital extended Hubbard model. Superconductivity
is found near charge order transitions for different couplings. The order pa-
rameter is a p-wave with nodes in the Fermi surface. The metallic state dis-
plays a characteristic charge collective mode with spectral weight in two differ-
ent momentum Q; and Q2. Within this model, strong charge fluctuations at
Q1 drives the system into the superconducting phase in the triplet channel in
Lip 9MogO;7. We found a region of coexistence between charge order at Q2 and
superconductivity in p—wave channel.

Tobias Meng
TU Dresden

Quantum LEGO: from quantum wires to three-dimensional topological phases

While the understanding of fractionalized topological phases has impres-
sively developed in two dimensions (2D), much less is known in three dimen-
sions (3D). In this talk, I present a 3D system of coupled quantum wires that ex-
hibits fractional topological phases composed of closed loops and open planes
of two-dimensional fractional quantum Hall subsystems, and discuss that the
coupled-wire approach provides a new, and powerful tool for the analysis of
interacting topological physics in 3D.

In the array of wires considered in this talk, the coupled wire approach
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allows to identify the protected edge states associated with the topologically
non-trivial bulk gapped phases. It also shows that these phases are separated
by exotic quantum phase transitions corresponding to a rearrangement of frac-
tional quantum Hall edge modes. Also an extended exotic critical phase may
exist. Without electron-electron interactions, similar but unfractionalized bulk
gapped phases based on coupled integer quantum Hall states exist. They are
separated by an extended critical Weyl semimetal phase.

Michael Mulligan
Stanford University

A 2D Metallic Phase at Half-Filling

Composite fermions provide a fruitful intuitive picture for much of the physics
that occurs in the 2D electron gas. Gapped fractional quantum Hall states are
viewed as instabilities of a gapless non-Fermi liquid parent state in which an
electron is replaced by a composite fermion that strongly interacts with an emer-
gent Chern-Simons gauge field. In other words, exotic electronic states are
traded for "conventional" orderings of the composite fermion. This behavior
is analogous to other strongly correlated materials in which unconventional or-
der emerges from a novel parent state. Remarkably, while the gapless com-
posite (non-)Fermi liquid state has only short-ranged single-electron correla-
tions, it exhibits Friedel-like oscillations and a logarithmic violation of the en-
tanglement entropy area law indicative of a Fermi surface of neutral composite
fermions.

Much remains to be understood about this composite (non-)Fermi liquid
parent state, despite a great deal of both experimental and theoretical work.
For instance: what is the character of the composite fermion effective mass;
what is the correct charge assignment of the composite fermion quasiparticle
excitations; what is the nature and explanation of the crossover from weak
anti-localization observed in some materials to linear in temperature resistiv-
ity behavior; does the composite (non-)Fermi liquid provide an example a state
that is gapless, but continues to exhibit a type of topological order? In this
talk, I will describe a new theoretical approach to the characterization of this
state in which we approach the isotropic 2D limit via a collection of interact-
ing 1D quantum wires arranged on the plane. This provides a controlled, al-
beit anisotropic, starting point to describe the 2D non-Fermi liquid physics. I
will provide numerical evidence of the formation of the composite (non-)Fermi
liquid state within the wire construction through density matrix renormaliza-
tion group studies and variational Monte Carlo, along with an analytical un-
derstanding of these results.
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Yusuke Nomura
Centre de Physique Théorique (CPHT) Ecole Polytechnique

Fully ab-initio calculation of transition temperature for alkali-doped fullerene supercon-
ductors

The alkali-doped fullerides (A3C60, A = K, Rb, Cs) show the highest su-
perconducting transition temperature (Tc) among the molecular solids. The
existence of a Mott-insulating phase next to an s-wave superconducting phase
is surprising since the s-wave superconductivity is believed to be severely sup-
pressed by the strong correlations. The Mott phase is a low-spin state character-
ized by dynamical Jahn-Teller effect, indicating a nontrivial interplay between
strong correlations and phonons [1].

In the present study, we perform fully ab initio studies for fullerides [2,3].
We apply a recently-formulated downfolding scheme [4] to fcc A3C60 systems
and construct realistic low-energy models including phonon degrees of free-
dom. We find that the alkali-doped fullerides are unique strongly-correlated
systems with effectively negative exchange interactions: The usual Hund'’s rule
is inverted because of the Jahn-Teller phonons.

This work is done in collaboration with S. Sakai, M. Capone, and R. Arita.

[1] R. H. Zadik, et al., Science Advances 1, e1500059 (2015).

[2] Y. Nomura, et al., Phys. Rev. B 85, 155452 (2012)

[3] Y. Nomura et al., arXiv

[4] Y. Nomura et al., Phys. Rev. Lett. 112, 027002 (2014).

[5] M. Capone et al., Science 296, 2364 (2002); M. Capone et al., Rev. Mod.
Phys. 81, 943 (2009).

Petra Pudleiner
Johannes Gutenberg-University, Mainz

Momentum-space structure of the self-energy in the two-dimensional Hubbard model

Strongly correlated systems exhibit a wide range of interesting properties
(such as Mott metal-insulator transition or superconductivity). As the self-
energy maps noninteracting onto interacting Green functions, it necessarily en-
codes all such phenomena. We compute the self-energy in the half-filled Hub-
bard model on a square lattice using quantum Monte Carlo and analytic contin-
uation techniques. We find (i) a quite strong momentum dependence and (ii) a
very peculiar structure, not previously seen in literature: Except for pseudogap
features right at the Fermi edge, the self-energy can be parametrized via the
noninteracting dispersion ¢, i.e., it can be written as ¥ (¢, w), with two energy-
like parameters. In my talk, I will also link our work to a recent study of the
structure of the self-energy in three dimensions [Schéfer et al., Phys. Rev. B 91,
121107 (2015)] and discuss the impact of anisotropy and doping.
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Jonathan Rameau
Brookhaven National Lab

Ultrafast Self Energy Dynamics via Time Resolved Photoemission in the Cuprates

One of the more notable contributions of angle resolved photoemission spec-
troscopy (ARPES) to the study of correlated electron materials has been the
identification of electron mass enhancements, or dispersion particle self energy.
The identification of several such features in the electronic spectra of cuprate
high T, superconductors and their likely reflection of the pairing mechanism
responsible for the high 7, phenomenon has led to intense debate about their
origin. The recent introduction of non-equilibrium degrees of freedom to the
problem in the form of time resolved ARPES (trARPES) has added renewed
vigor, and qualitatively new information, to efforts aimed at resolving this long-
standing problem. In my talk I will discuss the results of a series of trARPES
experiments examining the physics of the famous 70 meV nodal kink in the nor-
mal state of optimally doped and underdoped BiySroCaCusOss. In particular
part of the photoelectron spectrum. I will also discuss more recent develop-
ments in examining the imprint of kink physics on the unoccupied part of the
photoexcited spectrum and how, in conjunction with cutting edge theoretical
modeling, these effects can be related to the equilibrium self energy. Finally, I
will show how, by summarizing our understanding of both sets of experimental
results within a single theoretical framework, we are able to arrive at a below T
and make some statements about how this impacts our understanding of high
T, superconductivity in these materials.

Tobias Ritschel

Leibniz Institute for Solid State and Materials Research IFW Dresden, Helmholtzs-
trasse 20, 01069 Dresden, Germany

Electronic self-organization in layered transition metal dichalcogenides

We present a study of the charge density wave order in the prototypical
material 1T-TaS2 which combines density-functional theory, x-ray diffraction
and angle-resolved photoemission spectroscopy. Most importantly, this study
reveals a remarkable and surprising feature of charge density waves, namely
their intimate relation to orbital order. We not only show that the charge den-
sity wave within the 2D TaS2-layers involves previously unidentified orbital tex-
tures of great complexity. We also demonstrate, by considering the 3D charac-
ter of the charge density wave, that two metastable stackings of the orbitally
ordered layers allow to manipulate salient features of the electronic structure.
Indeed, these orbital effects provide a route to switch the properties on 1T-TaS2
nanostructures from metallic to semiconducting with technologically pertinent
gaps of the order of 200 meV. Furthermore, our results indicate that the previ-
ous paradigm of a Mott-gap in this system needs to be reconsidered. Instead
we find firm evidence that the corresponding gap is predominantly due to the
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hybridization between the orbitally ordered TaS2-layers. We discuss our results
in relation to recent time-resolved experiments.

Thomas Schaefer
Institute of Solid State Physics, TU Wien

Fluctuation diagnostics of the electron self-energy: Origin of the pseudogap physics

We demonstrate how to identify which physical processes dominate the
low-energy spectral functions of correlated electron systems. We obtain an
unambiguous classification through an analysis of the equation of motion for
the electron self-energy in its charge, spin and particle-particle representations.
Our procedure is then employed to clarify the controversial physics responsible
for the appearance of the pseudogap in correlated systems. We illustrate our
method by examining the attractive and repulsive Hubbard model in two di-
mensions. In the latter, spin fluctuations are identified as the origin of the pseu-
dogap, and we also explain why d-wave pairing fluctuations play a marginal
role in suppressing the low-energy spectral weight, independent of their actual
strength.

Phys. Rev. Lett. 2015 (in press)

Michael Sentef
Max Planck Institute for the Structure and Dynamics of Matter, Hamburg

Theory of laser-driven nonequilibrium superconductivity

The study of the real-time dynamics dynamics of solids perturbed by short
laser pulses is an intriguing opportunity of ultrafast materials science. Pre-
vious theoretical work on pump-probe photoemission spectroscopy revealed
spectroscopic signatures of electron-boson coupling [1, 2], which are reminis-
cent of features observed in recent pump-probe photoemission experiments
on cuprate superconductors [3, 4]. Here we investigate the ordered state of
electron-boson mediated superconductors subject to laser driving [5, 6] using
Migdal-Eliashberg theory on the Kadanoff-Baym-Keldysh contour. We extract
the characteristic time scales on which the non-equilibrium superconductor re-
acts to the perturbation, and their relation to the coupling boson and the un-
derlying order.

[1] M. Sentef et al., Phys. Rev. X 3, 041033 (2013).

[2] A.E Kemper et al., Phys. Rev. B 90, 075126 (2014).

[3] J. Graf etal., Nat. Phys. 7, 805 (2011); W. Zhang et al., Nat. Comm. 5, 4959
(2014).

[4] ]J. D. Rameau et al., Phys. Rev. B 89, 115115 (2014).

[5] A.F. Kemper et al., arXiv:1412.2762 , submitted to PRL.

[6] M. A. Sentef et al., submitted to PRL.
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Priyanka Seth
Ecole Polytechnique, France

Advances in ab-initio DFT+DMEFT treatment of strongly-correlated systems

The application of DFT+DMFT to strongly-correlated systems has given us
much insight into the physics of such materials. However, there remain ma-
terials for which a fully ab-initio treatment continues to be a challenge. I will
describe advances on this front in two separate issues. First, I will present a
new scheme to compute interaction parameters for low-energy models that take
into account inter-shell interactions. Secondly, I discuss algorithmic advances in
continuous-time hybridization expansion impurity solvers that make hitherto
impossible calculations now tractable. Finally, I will present results showcasing
the improvements for both d- and f- electron systems.

Giovanni Sordi
Royal Halloway University of London

Remmnant of the first-order Mott transition at finite doping as an organizing principle
for strongly correlated superconductors

An intricate interplay between superconductivity, pseudogap and Mott tran-
sition occurs in cuprates. In this talk, I compare experiment with theoretical
results obtained from extensions of dynamical mean-field theory for the two-
dimensional Hubbard model. In the normal state, at finite doping, a first-order
transition between a metal and a pseudogap phase ends at a critical point. In the
supercritical region, a Widom line and its precursor determine the crossovers
seen experimentally. We demonstrate that much of the phase diagram, includ-
ing superconductivity, is controlled by this first-order transition, a finite-doping
signature of the Mott transition.

Damien Stricker
University of Geneva

Fermi liquid behaviour in strongly correlated metals

A reference point for research on a wider range of correlated behaviour
is provided by the so-called Fermi liquids, characterized by a relaxation rate
(hw)? + (prkpT)?. The theoretical prediction for the relaxation rate appear-
ing in the optical conductivity is p = 2 when considering the experimentally
most accessible range hw > kgT. A number of recent optical studies have ad-
dressed the issue of Fermi-liquid characteristics, reporting indeed w? and 7
for the optical scattering rate of a number of different materials. However, a
perfect match to the prediction p = 2 has not been observed. One possible
scenario that has been proposed to explain this discrepancy is the presence of
magnetic impurities. In a recent study we have investigated Sr2RuO4, a ma-
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terial which can be synthesized in very pure form, with well established T
resistivity below 25 K. Here we observe a perfect scaling collapse of 1/7 as a
function of (fiw)? + (prkpT)? for hw < 36meV, and temperature below 40K,
with p = 2. We also observe features in the spectrum at higher energy, which
are manifestly beyond the Fermi-liquid model. The sign and size of these fea-
tures agree quantitatively with the notion of resilient quasiparticles predicted
by dynamical mean field theoretical calculations for this compound.

Maksym Surmach
Technische Universitdt Dresden

Superconducting properties and pseudogap from preformed Cooper pairs in the triclinic
(CaFe(1-x)Pt(x)As)10Pt3As8

Using 1SR, INS and NMR, we investigated the novel Fe-based supercon-
ductor with a triclinic crystal structure density from the uSR measurements
indicates the presence of two superconducting gaps. Our INS data revealed
commensurate spin fluctuations at the (7, 0) wave vector. Their intensity re-
mains unchanged across Tc, indicating the absence of a spin resonance typi-
cal for many Fe-pnictides. Instead, we observed a peak around wy = 7 meV at
the same wave vector, which persists above Tc and is characterized by the ratio
wo/kpT, ~ 6.2, i.e. significantly higher than typical values for the magnetic
resonant modes in iron pnictides ( 4.3). The T-dependence of magnetic disap-
pearance of this new mode. A suppression of the spin-lattice

Agnese Tagliavini
Institut fiir Festkorperphysik, Technische Unviversitat Wien

Critical analysis of the preformed pair physics: the attractive Hubbard model under a
paring forcing field

The preformed pair physics often originates controversial interpretations,
especially about its relation with pseudogap features in the spectral properties
of correlated systems. In this work we aim at a fundamental understanding
of the hallmarks, which can prove the presence or the absence of preformed
pairs. To this aim, we have performed a dynamical mean field theory study
of the attractive Hubbard model which allows for one of the cleanest, and not
controversial, realization of a preformed pair phase, associated with a spec-
tral pseudogap. From this perspective, the most interesting information is ex-
tracted by studying how the system reacts upon the application of an external
pairing field. By comparing our dynamical mean field theory results to the
ones obtained in opposite situation of the repulsive Hubbard model, and to
corresponding analytical calculations for the non-interacting case, the atomic
limits and the two sites model, we identify some characteristic features of the
reaction of a preformed pair phase to the external field, appearing beyond the
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linear response regime. Our findings provide a solid testbed for the interpre-
tation of similar analyses performed for studying the d-wave preformed pairs
of the doped Hubbard model in the framework of the (underdoped) cuprates,
as well as of future experiments performed far away from the thermodynamic
equilibrium.

Irakli Titvinidze
TU Graz

Non-equilibrium inhomogeneous DMFT for correlated Heterostructures

Due to the experimental progress made in different microscopically control-
ling quantum mechanical systems quantum many body systems out of equilib-
rium have recently attracted increasing interest.

In this talk we present new developments of a recently introduced [1] theo-
retical scheme to deal with correlated system out of equilibrium. This approach
allows to efficiently investigate steady-state behavior of the system based upon
dynamical-mean-field theory (DMFT) within the nonequilibrium (Keldysh) Green’s
functions formalism [2].

The main novelty of the method is in the solution of the impurity prob-
lem. Here the idea is that the baths coupled to the interacting impurity are
replaced by a finite number of bath sites coupled to Markovian reservoirs [1,
3]. Up to now the method has been applied to a single correlated layer sand-
wiched between two metallic leads at different chemical potentials. Here we
show how to extend it to more complex geometries to treat more physically
relevant heterostructures. In articular we present results for the steady-state
current, spectral function and self-energy. First, we will review the case of a
single correlated layer and show the effect of the local Hubbard interaction and
bias voltage for weak and the intermediate hybridization strength to the leads.
Afterwards we present results for systems of particular interest, such as charge
modulated super-lattices, modulated doping close to the Mott insulator, and
resonance effects.

[1] E. Arrigoni et al, Phys. Rev. Lett. 110, 086403 (2013).

[2] J.K. Freericks, V. M. Turkowski, and V. Zlatic, Phys. Rev. Lett. 97, 266408
(2006)

[3] A.Dorda et al, Phys. Rev. B. 89, 165105 (2014).
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Jan Tomczak
TU Wien

Separability of dynamical and non-local correlations in three dimensions

Several iconic phenomena in many-body physics —e.g., the Kondo effect &
the Mott metal-insulator transition— can be described by local correlations. Yet,
effects of non-local self-energies are ubiquitous in both, real materials and many-
body models, and sometimes they can modify the physics even on the qualita-
tive level. Going beyond dynamical mean-field theory in order to include a
description of non-local correlations is however a generally formidable task. It
is therefore paramount to gather as much as possible a priori knowledge of the
analytical structure of the self-energy —such as limiting cases, asymptotics or
sum-rules—to constrain a theoretical approach or reduce its complexity.

While second-order phase transitions always cause strong non-local fluctu-
ations (evident in two-particle quantities), their effect on spectral (one-particle)
properties crucially depends on the dimensionality. For the important case of
three dimensions, we show that the electron self-energy is well separable into
a local dynamical part and static non-local contributions. In particular, our
non-perturbative many-body calculations for the three-dimensional Hubbard
model at different fillings demonstrate that the quasi-particle weight remains
essentially momentum independent, also in the presence of overall large non-
local corrections to the self-energy. Relying on this insight into the structure
of the self-energy, we propose a space-time-separated scheme for many-body
perturbation theory that is up to ten times more efficient than current imple-
mentations. Besides these implications for state-of-the-art electronic structure
schemes, our analysis might also provide guidance to the quest of going beyond
them.

Krzysztof Wohlfeld
University of Warsaw

Is charge and spin degree of freedom effectively decoupled in the 2D Hubbard model?

One of the most interesting aspects of the 2D Hubbard model, the "standard
model’ of the cuprate oxides’ physics, is the strong coupling between electron’s
charge and spin degrees of freedom. This is perhaps best visible in the so-called
spin polaron problem: a single hole doped into the antiferromagnetic ground
state of the half-filled Hubbard model moves by coupling to the spin excitations
and therefore forms a rather heavy quasiparticle — the spin polaron.

In this contribution I would like to challenge this old paradigm. Firstly, I
will discuss the recent experimental results which show that the high energy
spin excitations in the cuprates are very weakly affected by doping. While this
counterintuitive result stays in contrast with the idea of strong coupling be-
tween doped carriers and spin excitations, the apparent paradox is resolved by
invoking the frequently forgotten "three-site terms” which allow for the effec-
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tively free motion of holes doped into the antiferromagnet [1]. Secondly, I will
argue that these three-site terms are responsible for the onset of the most disper-
sive and (to a large extent) also most intensive feature of the spectral function of
the Hubbard model [2]. Finally, I will discuss the implications of these results
on the understanding of the unconventional superconductivity of the cuprates.

[1] C.].Jia et al., Nature Communications 5, 3314 (2014).
[2] Y. Wang et al., arXiv:1505.08143 (2015).
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Mark Barber
University of St. Andrews

Effect of Uniaxial Strain on the Quantum Critical Phase of Sr3Ruy07

Sr3Rus,O7 has a metamagnetic quantum critical endpoint, which in highly
pure samples is masked by a novel phase. This phase is isotropic in the absence
of symmetry-breaking fields, but weak in-plane magnetic fields are well-known
to induce strong resistive anisotropy, leading to speculation that the phase in-
trinsically breaks the tetragonal symmetry of the lattice. Here I will show re-
sults from a new uniaxial strain technique, capable of applying both compres-
sive and tensile strain. We find a dramatic response: compression by 0.1%, for
example, induces a resistive anisotropy of 2.5. We argue that the overall be-
haviour can be most easily explained by microscopic coexistence of orthogonal
density waves, that are only weakly stabilised and hence highly susceptible to
perturbation.

Krzysztof Bieniasz
Jagiellonian University

Green'’s Functions and Orbital Polarons in KCuFs

Hole doping of a Mott or charge-transfer insulator with ground state mag-
netic and orbital order [1] poses numerous challenging questions. We present a
variational calculation of the spectral properties of a single charge doped at the
Cu(3d) sites of the Cu-F plane in KCuFs. A superexchange model, designed
to represent the physics behind KCuF3, describing interacting S = 1/2 spin
and eg orbital degrees of freedom is developed [2]. The problem is treated by
generating the equations of motion for the Green’s function by means of subse-
quent Dyson expansions, up to a certain degree of interaction [3]. The resulting
set of equations is then solved as a linear system, yielding the desired Green’s
functions. We then compare this method to the Self Consistent Born Approxi-
mation (SCBA), successfully used before to study the problem in question [4],
and further corroborate the results by checking the sum rules for the first cou-
ple of moments. We find that our method gives a similar result for the ground
state, although it could be argued that it is both more dependable as well as
more flexible, owing to the fact that it is a systematic expansion allowing one
to carefully choose the leading terms and also to take into account the real-
space constraints coming from the exclusion of double-occupancy states. This
is underlined by its good agreement with the sum rules, in contrast to SCBA.
Further, the variational approach offers a detailed microscopic insight into the
mechanism of hole propagation and could be easily applied to other models,
especially in polaron physics research.
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[1] Andrzej M. Ole$, Giniyat Khaliullin, Peter Horsch, and Louis Felix Feiner,
Phys. Rev. B 72, 214431 (2005).

[2] Louis Felix Feiner, Andrzej M. Ole$, and Jan Zaanen, Phys. Rev. Lett. 78,
2799 (1997).

[3] Mona Berciu and Holger Fehske, Phys. Rev. B 84, 165104 (2011).
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85, 5174 (2000).

Lorenzo Fratino

Royal Holloway University of London

d-wave superconducting phase diagram of the two dimensional Hubbard model

(Lorenzo Fratino, Patrick Sémon, Giovanni Sordi and André-Marie Tremblay)

Superconductivity and Mott insulating phase intertwine in materials such
as cuprates and organic conductors. We study the d-wave superconducting
phase at finite temperature in the two-dimensional Hubbard model on the square
lattice within cellular dynamical mean-field theory and continuous-time quan-
tum Monte Carlo. The whole phase diagram as a function of temperature, dop-
ing and interaction strength shows that a transition to the superconducting state
from a Mott insulator is obtained at the cellular dynamical mean-field level,
whether the transition is bandwidth or doping driven.

Dorota Gotfryd
Institute of Theoretical Physics, Warsaw University

of cluster mean field method. Detailed examination of average spins and
ground state energies leads to the said phase diagrams. While the diagram
for 6 sites confirms part of recently published results for Gamma=0 [1] (zigzag,
stripy, spin liquid, ferromagnetic and antiferromagnetic phases) we argue that
minor differences in the boundaries of the phases appear due to the shape of
6-sites cluster and specifics of cluster mean field method. The results of [1] and
[2] are compared with a recently developed analysis for N=24 cluster which
preserves the lattice symmetry and also find the above phases, with somewhat
extended range of Kitaev spin liquid phase. Furthermore the examination of
Gamma different from 0 (extended KH model) region [1],[3] in phase space is
presented.

Work supported by the Polish National Science Center (NCN) Project No.
2012/04/A/ST3/00331.

[1] J. G. Rau, E. Kin-Ho Lee, and H- Y Kee, Phys. Rev. Lett. 112, 077204
(2014).
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Dmytro Inosov
TU Dresden

Magnetic excitations in heavy-fermion metals with multipolar ordering

Recent years have seen tremendous progress in understanding the spin dy-
namics of highly correlated f-electron systems known as heavy-fermion com-
pounds. Our neutron scattering measurements focused on two compounds
with a cubic crystal structure, CeBg and Ce3Pd3(Sis, that are both famous for an
enigmatic hidden-order phase stabilized at low temperatures. This phase can
be ascribed to antiferroquadrupolar ordering, yet numerous studies also em-
phasized the importance of itinerant-spin magnetism. In an attempt to unravel
this complex problem, we performed neutron-spectroscopy and angle-resolved
photoemission measurements on pure and La-doped CeBg compound and its
structurally more complex sibling material Ce3Pd3¢Sig. The results of these
experiments revealed a very rich and unexpected structure of field-dependent
magnon modes that will be discussed in this presentation.

Jure Kokalj
Jozef Stefan Institute, Ljubljana

Bad-metallic behavior of doped Mott insulators

By using the finite temperature Lanczos method (FTLM) for the Hubbard
model near and at half-filling I explore the behavior of the resistivity, charge
susceptibility or compressibility and diffusion constant. These are all related
via Nernst-Einstein relation. The results show that in the regime of high T and
small dopings of Mott insulator, the large and linear-in-T resistivity obtains a
natural explanation in terms of charge susceptibility. In the bad-metallic regime
charge susceptibility shows strong T and doping dependence and it approaches
insulating like values with increasing T, which can in addition result in the resis-
tivity crossing the Mott-Ioffe-Regel limit. On the other hand, diffusion constant,
which is related to scattering rate, shows rather weak T and doping depen-
dence. I further discuss the simple model capturing the bad-metallic behavior
of resistivity and at length the relation to experiments.
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Jernej Mravlje
Jozef Stefan Institute, Ljubljana

Electronic correlations in hcp Fe

Within LDA + DMFT approach we calculated the equilibrium volume, the
equation of state and bulk modulus of hcp Fe. Unlike in LDA that fails dramat-
ically in the description of experimentally observed properties within the para-
magnetic state and predicts a ferromagnetic state, LDA+DMFT accounts for the
experimental data within the paramagnetic state well. Despite the good agree-
ment of the thermodynamic data the calculated jump of resistivity on entering
the hcp phase is small, poimting to important role of nonlocal correlations for
transport but not the equilibrium properties of Fe.

Jovan Odavic
Aachen University

From Number Theory to Charge Density Waves

Frenkel-Kontorova model with asymmetric deformable substrate potential
is a classical model used to describe spin and charge density waves. It exibits
a step-like(or staircase) behaviour in the response function which is a key fea-
ture of this nonlinear dynamical model. We will focus on these harmonic and
subharmonic step features and explore an interesting connection with number
theory.

Key reference: J. Odavic, P. Mali, ]. Tekic, Farey sequence in the appearance
of subharmonic Shapiro steps, Phys. Rev. E 91, 052904

Yevhen Onykiienko
TU-Dresden

Spin-excitation spectrum of the insulating skyrmion compound CusOSeOs

In the multiferroic Cu;OSeOj system, the interplay of interatomic exchange
and the Dzyaloshinskii-Moriya (DM) interactions leads to the twisting and cant-
ing of magnetic moments and, consequently, to the formation of a spinspiral
ground state. An exotic skyrmion-lattice arrangement can be further stabilized
by the application of magnetic field. Here we employed a combination of time-
of-flight and triple-axis neutron spectroscopy to investigate the complete spec-
trum of spin excitations in Cu,OSeO3 over energies ranging from sub-meV to
50-60 meV. Several magnon bands are observed, in qualitative agreement with
theoretical predictions, although a significant quantitative adjustment of ex-
change interaction parameters is required to match the neutron-scattering data.
The experimentally measured dynamical structure factor of the magnons will
be also discussed in relationship to the real-space crystal structure of the mate-
rial.
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Ziga Osolin
Jozef Stefan Institute

Wilson chain construction for a generic lattice problem

The NRG can be used as a single site impurity solver in conjunction with the
DMEFT. If one wants to use the NRG with the cluster DMFT, new techniques are
required to transcribe the lattice problem to a more general Wilson chain that
also involves internal site indices and complex coefficients. We present how
such a discretization can be achieved with a minimal effect on the NRG sys-
tematic errors. The steps involve comparing the action of the lattice to an ap-
propriate continuous Hamiltonian, the logarithmic discretization of the contin-
uous Hamiltonian, extraction of the interval coefficients with the minimization
procedure, and finally the transformation from the impurity coupled to all in-
tervals into chain basis, where coefficients fall of approximately exponentially,
as required by the NRG to be effective. Special care must be taken with sym-
metries, complex number, re-orthogonalization and precision of calculations to
render the procedure stable. The method gives the same results as currently
used discretization techniques but provides a natural, non ad-hoc, extension to
the discretization when the Hamiltonian is not real: this happens for cluster im-
purity problems, superconductivity and magnetic field in y-direction to name
a few.

Thomas Pruschke
Theoretical Physics, University of Goettingen, D-37077 Goettingen

Dual-fermion approach to correlated electron systems with disorder

Using a replica expansion, the dual fermion approach introduced recently
to access non-local properties of correlated electron systems beyond the dy-
namical mean-field approximation is extended to add disorder to the system.
The disorder generates, on the dual fermion level, additional interaction ver-
tices, which can be calculated from the local two-particle self-energies of DMFT.
We present results for the Anderson-Falicov-Kimball and Anderson-Hubbard
model regarding metal-insulator transitions, localization and the influence of
disorder on magnetic properties.

[1] Andrzej M. Ole$, Giniyat Khaliullin, Peter Horsch, and Louis Felix Feiner,
Phys. Rev. B 72, 214431 (2005).
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Francesco Randi
University of Trieste

Phase separation and fluctuations in equilibrium and photo-induced insulator-to-metal
transition in FesOy

The intrinsic sensitivity of transition metal oxides (TMO) to any small varia-
tion of external parameters, which is at the core of the intricate phase diagrams
often displayed, makes TMO the ideal playground to achieve light-driven phase
transformations. In my contribution I will review the case study of the equilib-
rium and light-induced insulator-to-metal transition in magnetite. The phase
transition mechanism and the role of fluctuations will be studied by equilib-
rium and transient optical properties and benchmarked with recently reported
x-ray characterisation. Finally, a feature that may be generally linked to out-of-
equilibrium phase separation provides us with a way to directly address the
nucleation processes in non-equilibrium transient states.

Georg Rohringer
Institute for Solid State Physics, Vienna university of Technology

Destruction of the Fermi liquid by nonlocal correlations in three dimensions: A Dy-
namical Vertex Approximation study

By means of DGA, a diagrammatic extension of the dynamical mean field
theory (DMFT), we study how the Fermi-liquid properties are gradually de-
stroyed by approaching the antiferromagnetic instability in the two- and three-
dimensional Hubbard model. We observe, that long-range nonlocal correla-
tions reduce the transition temperature of DMFT. The focus of the talk is, how-
ever, the analysis of spectral and thermodynamic quantities when reducing T'in
the paramagnetic phase. Specifically we study the temperature- and interaction-
dependence of the spectral functions and the quasiparticle scattering rate. The
latter exhibits a non-monotonous behavior as a function of temperature in the
vicinity of the antiferromagnetic phase transition in three dimensions. This
marks the onset of Fermi liquid breakdown. Secondly we analyze the tem-
perature dependence of the kinetic and potential energies of the system, as
well as "interacting density of states” which can be measured in photoemis-
sion spectroscopy. While their low-1" behavior demonstrate how the fluctuat-
ing antiferromagnetic islands above Ty already strongly influence the thermo-
dynamic properties of the system, the effects are less pronounced than in the
two-dimensional case, where the fluctuation effects extend to a large region of
the phase diagram (see PRB 91, 125109).
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Markus Ternes
Max-Planck Institute for Solid State Research

Quantum Engineering of Spin and Anisotropy in Magnetic Molecular Junctions

In recent years inelastic spin-flip spectroscopy using a low-temperature scan-
ning tunneling microscope has been a very successful tool for studying not only
individual spins but also complex coupled systems. When these systems in-
teract with the electrons of the supporting substrate correlated many-particle
states can emerge, making them ideal prototypical quantum systems. Here
we will show that experiments in conjunction with model Hamiltonians which
takes the coupling to the environment into account enables to achieve a pro-
found understanding of the underlying mechanism which influences the mag-
netic anisotropy and leads to the emergence of correlations and entanglement.

Yuliia Tymoshenko
TU Dresden

Spin-spiral structure in ZnCrySey across the whole field-temperature phase diagram

The spinel compound ZnCr,Se, is characterized by an incommensurate spin-
spiral ground state. Motivated by the magnetic phase diagram reported from
magnetization and ultrasound measurements on ZnCr,Se;, we investigated
this material by small-angle neutron diffraction (SANS). Our goal was to es-
tablish the nature of the enigmatic high-field phase persisting for 6 T < B < 10
T at low temperatures. The data collected at the SANS-I diffractometer at the
Paul Scherrer Institute (PSI) in Switzerland clearly confirmed the presence of
two phase transitions occurring at Bcq =~ 2 T and Bes ~ 6 T. We found that
both phase transitions are nearly isotropic with respect to the field direction.
We also found minor variations in the propagation vector of the spiral both as
a function of temperature and magnetic field. The absence of long-range order
for the unsaturated component of the spin in the high-field spin-nematic phase
was established from the absence of Bragg scattering in the SANS diffraction
patterns.

Nils Wentzell
University of Tuebingen

Frequency structures in the 1PI vertex with fRGdyn

We present the implementation and the first results obtained with fRGdyn,
a general purpose code aimed at the integration of the fRG flow equations at
the one-loop truncation level for a wide class of physical systems. The main
feature of fRGdyn is the treatment of the full frequency dependence of the one
particle irreducible (1PI) vertex, which was hardly addressed in previous stud-
ies. We demonstrate the potential of our code by showing several results for the
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single impurity Anderson model. This way we unveil the nontrivial frequency
structures that arise in the 1PI vertex, and we interpret them diagrammatically.
We show that fRGdyn has the potential of becoming a flexible tool available to
everybody who wants to tackle physical problems in fRG fully maintaining the
vertex frequency dependence.
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