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B Bl > 7 4+ — <))k 2 F— : Real-Space and Momentum-Space Entanglement Spectrum of Spin Chains
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We study the entanglement spectrum of the one-dimensional Kugel-Khomskii (KK) model and an anisotropic J1-J2
spin-half chain using analytical techniques and exact diagonalization. We compute the entanglement spectra using a
variety of partitions or "cuts" of the Hilbert space, including two distinct real-space cuts and a momentum-space cut.
Our results show that both models possess a number of new features not previously encountered in studies of the
entanglement spectra. Notably for the KK model, we find robust gaps in the entanglement spectra for both gapped
and gapless phases with the orbital partition, and show these are not connected to each other. We observe for the KK
model the counting of the low-lying entanglement eigenvalues shows that the "virtual edge" picture which equates
the low-energy Hamiltonian of a virtual edge, here one gapless leg of a two-leg ladder, to the "low-energy"
entanglement Hamiltonian breaks down for this model, even though the equivalence has been shown to hold for
similar cut in a large class of closely related models. The momentum space entanglement spectrum for the anisotropic
J1-J2 spin-half chain reveals that the entanglement gap seen at the Heisenberg point does not remain open for all
conformal field theories. In addition, we show that a momentum space cut for the KK model leads to qualitative
differences in the entanglement spectrum when compared with the same cut in the gapless spin-1/2 Heisenberg

spin chain.

B : BlGe 2 — : Computational control of energy scales in the electronic-structure calculations
involving f-electrons
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H#E:

Recently, progress in ab initio description of correlated materials have been made by the synthesis of
electronic-structure calculations and many-body theories. Downfolding scheme to get the realistic multi-orbital
Hubbard models have been established for d-electrons [1] with successful applications to iron pnictides, while we
have adapted the density functional theory combined with dynamical mean-field theory [2] to materials with
localized f-electrons within the framework of realistic Kondo lattice models [3]. We incorporated the orbital
degeneracy with local-level splittings imposed by crystal fields and spin-orbit interaction to put the realistic energy
scales under computational control and we found novel quantum critical points (QCP's) in a realistic Kondo lattice
model for plutonium compounds [4]. Here we inspect how the conduction band renormalization drives the quantum

phase transitions and discuss the dual nature of f-electrons between itinerancy and localization in emerging energy
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scales near the QCP's. Based on the 2-pole approximation [5] for the self energy, we propose an upfolding scheme to
restore the high-energy information for the itinerant-electron bands out of the quasiparticle renomalization factor

obtained by quantum Monte Carlo method for the low-energy calculations.

B BGR T > 7 4+ —< )k 3 J— : Shot noise of quasiparticles at local fractional Quantum Hall states
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Shot noise in a quantum point contact (QPC) reflects fractional charge of quasiparticles [1] and chiral Luttinger
liquid (CLL) nature of edge channels [2] in fractional quantum Hall (QH) regimes. On the other hand, in integer QH
regimes, dc current measurements through a QPC suggested quasiparticle tunneling through the constriction region
of a "local fractional QH state". Even when bulk filling factor vs is an integer, the local filling factor vqrc can be a
fraction, because negative gate voltages modifies the local electron density at the QPC [3]. In this talk, I will show the
experimental results for shot noise of fractional quasiparticles at various vqec in integer bulk QH regimes.
Surprisingly, we observed finite shot noise corresponding to e/3 charge of quasiparticles on a well-developed e2/(3h)
conductance plateau. This mechanism can be explained with tunnel coupling between fractional edge channels

running parallel in integer QH systems [4].
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B : Mini-workshop : Recent topics on magnetism: from permanent magnets to topological materials
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11:00-12:00 Prof. Oleg Mryasov (Department of Physics and MINT Center, The University of Alabama, Tuscaloosa, AL)
Mechanism of magnetic anisotropy and its temperature dependence
13:30-14:30 /NP (ESC K GROURFARZEBER & SUEHTER})
Berry phase induced Hall effects of electrons and magnons
14:40-15:40 EA o K GUEIRFRZREELAITTER
Topological phases in correlated electron systems
15:50-16:50 £~ 1 I K (BYLFEHIZERT APEA © L PMEEERTZET — L)

Spin electromagnetic field and its role in spintronics
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B BlEeE = J— : Spin liquid phases in strongly correlated lattice models
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H#E:

In the last few years an enormous progress in computer performances and a significative advance in computational
techniques are opening a new frontier for the solution of fundamental problems in the physics of strongly correlated
systems that has been lacking for too many decades.

We report recent calculations for the Hubbard model on the honeycomb lattice at half filling, for cluster sizes
containing up to 2500 sites, much larger than previous simulations [1], ruling out possible spin liquid phases.

We instead show that in a spin model with frustrating interactions a gapless spin liquid phase naturally emerges

as the variational ansatz is systematically improved by means of few Lanczos steps [2].
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Iron arsenic high temperature superconductors exhibit particularly rich and interesting phase diagrams. In
Ba(Fe1.xCox)2As2 the simultaneous structural/magnetic phase transition that occurs in the undoped material can be
driven to lower temperatures with increased Co substitution. When the transition temperature is sufficiently lowered
by carrier doping, the superconductivity emerges. We found that dramatic changes in the Fermi surface coincide with
the onset of superconductivity in electron-doped Ba(Fe1xCox)2Asz. The binding energy of both hole and electron bands
also changes significantly with temperature in both pure and Ru substituted samples. The hole and electron pockets
are well nested at low temperature in unsubstituted BaFesAsz samples. Upon warming, this nesting is degraded as
the hole pocket shrinks and the electron pocket expands. We also studied the electronic structure of CaFezAsz in
collapsed tetragonal (CT) phase that is difficult to access for ARPES. By using the post growth, thermal treatment of
the single crystals to induce internal strain we were able to stabilize the CT phase at ambient-pressure. We found
significant differences in the Fermi surface topology and band dispersion data from the more common
orthorhombic-antiferromagnetic or tetragonal-paramagnetic phases, consistent with electronic structure calculations
of the two phases. The top of the hole bands sinks below the Fermi level, which destroys the nesting present in parent
phases. The absence of nesting in this phase along with apparent loss of Fe magnetic moment, is very likely linked to

the lack of superconductivity.
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BERE 5 4 MR - Ptk X - — : Anharmonic phonon response of encaged atoms investigated with neutron
scattering
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2E:

Einstein modes witnessed by bulk thermodynamic data have initiated extensive investigation of low-energy
phonon response, so-called ‘rattling’ modes. This phenomenology has been recently observed in skutterudites,
clathrates as well as in 3 -pyrochlore osmates. Inelastic neutron scattering on powder samples has been applied in
the search for microscopic evidence of the Einstein modes as well as their anharmonicity. I shall review the
experimental analysis of low-energy vibrational modes associated with the alkali atoms in the [ -pyrochlores [1-5]
and M atoms in the MxV2AIl20 compounds, ‘Einstein’ solids first reported some 40 years ago and re-examined again
recently [6]. The aim is to connect quantitatively the signature of the flat bottom potential seen as the hardening of
the characteristic energy scale of the ‘rattling’ mode with increasing temperature and the corresponding downward,

concave curvature in the T-dependence of the atomic displacement parameter .
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