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We propose a method, inspired by Free Probability Theory and Random Matrix Theory, that predicts the eigenvalue
distribution of quantum many-body systems with generic interactions [1]. At the heart is a “Slider”, which
interpolates between two extremes by matching fourth moments. The first extreme treats the non-commuting terms
classically and the second treats them ‘free’. By ‘free’ we mean that the eigenvectors are in generic positions. We
prove that the interpolation is universal. We then show that free probability theory also captures the density of states
of the Anderson model with an arbitrary disorder and with high accuracy [2]. Theory will be illustrated by numerical
experiments.
[Joint work with Alan Edelman]

Time permitting we will prove that quantum local Hamiltonians with generic interactions are gapless [3]. In fact,
we prove that there is a continuous density of states arbitrary close to the ground state.
The Hamiltonian can be on a lattice in any spatial dimension or on a graph with a bounded maximum vertex degree.
We calculate the scaling of the gap with the system’s size in the case that the local terms are distributed according

to gaussian B-orthogonal random matrix ensemble.

References:

[1] Phys. Rev. Lett. 107, 097205 (2011)

[2] Phys. Rev. Lett. 109, 036403 (2012)

[3] R. Movassagh “Generic Local Hamiltonians are Gapless”, (2017) arXiv:1606.09313v2 [quant-ph]
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Engineering of surfaces and interfaces of nanostructures remains a central goal of modern solid state physics and
chemistry, since atomically controlled interfaces play a key role in the performance of nanodevices. Limitations in
characterisation and theoretical modelling tools have been a major obstacle to the development of controllable device
interfaces. Technology is now entering a period of convergence between theory and characterisation tools, traditional
spectroscopic techniques are being combined with microscopy to characterise individual nanoobjects.

In the first part of this talk we will discuss nanoscale spectroscopy using polarized X-rays by NEXAFS-TXM. We
present image stacks and polarization-dependent NEXAFS spectra from individual titanate nanoribbons. The full-
field transmission X-ray microscope (TXM) installed at the beamline U41 in BESSY II (Berlin Germany) generates
high-resolution, large-area NEXAFS data with high collection rate. This new high-resolution NEXAFS-TXM
technique opens the way to advanced nanoscale science studies. Novel X-ray optics is also revolutionising the well-
established X-ray photoelectron spectroscopy allowing the characterisation of isolated nanostructures such as carbon
nanotubes or graphene. In the second part of the talk we will discuss recent results on doping of carbon
nanostructures recorded at the beamline ESCAMICROSCOPY at Elettra (Trieste—Italy).

Nanoscale spectroscopy with polarized X-rays by NEXAFS-TXM(2012) Nature Photonics 6, 25-29 Nitrogen
implantation of suspended graphene flakes: Annealing effects and selectivity of sp2 nitrogen species(2014)Carbon,
73, pp. 371-381.

Fluorination of suspended graphene(2017)Nano Research (just accepted) Nitrogen ion casting on vertically aligned

carbon nanotubes: Tip and sidewall chemical modification(2014)Carbon, 77, pp. 319-328
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[3] H. Chudo et al., Appl. Phys. Expr. 7, 063004 (2014).
[4] M. Ono et al., Phys. Rev. B92, 174424 (2015).

[6] Y. Ogata et al., Appl. Phys. Lett. 110, 072409 (2017).
[6] M. Matsuo et al., Phys. Rev. B87, 180402(R) (2013).
[7] R. Takahashi et al., Nature Physics 12, 52 (2016).
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On lattices with triangular symmetry, competition between different antiferromagnetic interactions results in a
macroscopic degeneracy of low energy configurations for easy-axis magnets. Small perturbations or quantum
fluctuations then seed a three-sublattice ordered state which breaks lattice and spin symmetries. The question in the
title has to do with the temperature-driven transition from this long-range ordered state to a high temperature
paramagnet: In addition to a direct first order transition, which is certainly possible, two other scenarios are possible
on general (symmetry) grounds: a two-step melting process, with an intermediate Kosterlitz-Thouless (KT) phase, or
a sequence of two second-order transitions. After introducing this physics, I will try and outline a couple of questions
(and some partial answers) about the multicritical point(s?) at which the intermediate KT phase pinches-off to give

way to either a first-order transition line or two second-order transition lines.
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Being able to manipulate magnetic structures in non-trivial ways such as by the application of a magnetic field, is
interesting from fundamental point of view as well as from that of applications. Manipulating them on ultrafast time
scales is even more exciting and challenging. Here I like to address the ultrafast magnetization dynamics of
antiferromagnets, for which a microscopic understanding of the spin dynamics can be obtained by x-ray (resonant)
diffraction using ultra-short x-ray pulses, today obtainable on X-ray-Free-Electron-Laser (XFEL) sources, such as the
LCLS and SACLA. I will give examples on ultra-fast demagnetization on simple elemental Ho [1], on CuO, [2,3]
which are in strong contrast to the results obtained on TbhMnOs. [4] At the end I hope I will show you the potential
to obtain ultrafast all optical switching in oxides by switching the magnetic structure and the ferroelectric

polarization in a multiferroic. [5]

[1] L. Rettig et al., submitted.

[2] S. L. Johnson et al., Phys. Rev. Lett. 108, 037203 (2012).

[3] U. Staub et al., Phys. Rev. B 89, 220401(R) (2014).

[4] J. Johnson et al., Phys. Rev. B in press (arXiv:1507. 06628).
[6] T. Kubaka et al., Science 343, 1333 (2014).
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Spin-liquids are peculiar states of matter in that they do not break any symmetries of the high temperature,
magnetically disordered state, but nevertheless represent a distinct phase. The spin-liquid state is defined by the
emergence of excitations which carry fractional quantum numbers and can be measured directly using neutron
spectroscopy. While the existence of a spin-liquid for Heisenberg spins on the pyrochlore lattice was first speculated
by Jacques Villain nearly 40 years ago, there have been no controlled experimental realizations — either classical or
quantum — of this model. In real materials, the spin-liquid is more often than not preempted by small perturbations
or intrinsic disorder that stabilize a broken symmetry state. In this talk, I will discuss a new material, NaCaNizF7,
which realizes the isotropic spin liquid of Villain but with the additional complication of random Na* — Ca%* charge
disorder in the crystal structure. We use neutron scattering and calorimetric measurements to uncover the magnetic
correlations in this material and fully determine the magnetic Hamiltonian. The ionic disorder creates a rugged
energy landscape that acts to freeze a small fraction of the magnetic degrees of freedom in time. However, the energy
scale set by this disorder is small, and the Heisenberg interactions prevail. In fact, only 40% of the available moment
is frozen, and the magnetism in NaCaNi2F7 is dominated by a persistently fluctuating component. These
measurements provide the first experimental confirmation of Villain’s prediction and a new insight into the interplay

between disorder and magnetic exchange interactions in highly frustrated magnets.
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I present a way to define the manybody topological invariant (“order parameter”) for some classes of fermionic
topological phases protected by point group symmetries. We introduced the “partial point group transformation”,
which is defined by the point group transformation on a subregion that is closed under the point group transformation.
The topological invariant appears as the complex U(1) phase of the ground state expectation value of the partial point
group transformation. Since such a topological invariant is made only from the ground state and the symmetry
operator, it is applicable to systems with interaction and disorder. I explain why such the quantity gives the
topological invariant from the viewpoints of (i) the topological quantum field theory and (ii) the surface gapless theory.

I also show the numerical calculations of our topological invariants for some simple free fermionic ground states.

57 BIEWIE X ODE ST 2B crrcrrcesrccsssrsssrsssimssinsssnssrnsssnssnns s snsssnssnnssnnssnnssnnns «xnmEHNE



Refs:
Hassan Shapourian, KS, Shinsei Ryu, arXiv:1607.03896
KS, Hassan Shapourian, Shinsei Ryu, arXiv:1609.05970

B b3IF— 2V T I —WI5EA 2017
HEf : 201745 H 16 HCK) ZFaii 10 B5~2017 £ 5 H 17 HOK) 48 38§ 50 4y
5t - P Ze i ACRE 6 B KiESE (A632)

M = B
g : PEREMTR AU, e - MR TR
A=

WER - AL - BN - TEENWOEREBATY 7 b~ ¥ —OFRICEL TR T2 2 L2 AME L, S<Exs 27
L ARRO R, BFFEFTA ol & LCBIET 5,

B94% URL : http:/noguchi.issp.u-tokyo.ac.jp/ts2017/

B F )T A3 J—  Image states and energy dissipation on Bi:Tes surface
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Topological insulators (TIs), belonging into the family of intercalated compounds, have a bandgap in the bulk that
makes the crystal insulator, whereas their surfaces (or edges) are conducting. While protected topological states
might offer promising playground to observe exotic physical phenomena like Majorana fermion bounded state [1] or
magnetic monopoles [2], the effect of friction on topologically protected surface is yet to be reported.

Here we study energy dissipation onto BizTes surface by means of pendulum geometry oscillating cantilever of
combined AFM/STM [3]. While STM shows well understood image potential states, AFM reports on huge dissipation
peaks occur due to charging/discharging of those states by the oscillating tip. Huge dissipation peaks occur few nm
above the surface and are localized at relatively large voltages as expected for image states. Moreover the energy
dissipation depends on the local defect density.In order to understand the frictional response of BizTes in TI phase as
well as its frictional response when the TI phase is partially or fully suppressed, we probe surfaces with different
defect density and under external magnetic field. The results show extremely strong dependence of dissipation on

external magnetic field since the peaks are shifted to lower energies as the magnetic field increases.

[1] R. Pawlak, et al., Probing atomic structure and majorana wavefunctions in mono-atomic Fe-chains on
superconducting Pb-surface, npj Quantum Info 2, 16035 (2016)

[2] M. Z. Hasan and C. L. Kane, Topological insulators, Rev. Mod. Phys. 82, 3045 (2010).

[3] M. Kisiel, et al., Suppression of electronic friction on Nb films in the superconducting state, Nature Materials 10,

119 (2011).

B B B B B B meccccercicreccrecosscosnssesnsesmresessesesnnsasnnsasansasansnsansnrans PHEMELVE ST EE 2B 58



Bl B - F Ay —veIF— 186l AEVKGE R RIVZENBDSF ) AEY FOo s AFE T OEE
HIF : 2017 425 H 256 HOR) 7P 11 ~7F 0 Iif

i - OEDF R AR 6 B 35 I —%= (A615)

sl AN R

i« ENIBFSEBISEIEN e - MPRHFCEERERETE - A E Y b oo ZAP R FE L

HHE:

B KBS EHHE T (GMR 7)) b RABSHERZ T (TMR £7) 1322 ba =7 22 0= E&ZNRE T L
LTHIDIL, ZNE TEEERBAGEEOER (N— T 4 A7) ORERBRA T 72 E~OIAICEE R &E 2 57
LC&E T, 20 OBRIRPIRE TI3RBEER R OB L R ORI O S TERBI A 2 (b3 5 Z L AT, #E
BT RIS EE2 DN b SR E L BREIOREER I N VWO REEZHE TS, Zhbok
TIZBWTRARHBKIRTIIEZ S D T2DIZIE, AR L 72585 E T2 FERME RS 2 00 U CREOTREEMEIR ~Zh R0
IZHET 5 Z LR FREN D, KT, TMR FEF TIRIERMERIZHERRIAE (R xR 7)) WD), bRV ERD
O DR HEE I A — /L ToOERELE WAL T 5, EOTOERMRN & T 27— VBRI T o 1m)
Tz, BB OBANREEO ] FITHRD TREREFIZ R L TE 1, 21X TMR ETFTiE. Ry T7H
BEOFE RN RKERTREBIZ SRR > TB Y, 747 (1995 ) . MgO (2001~2004 FE) AR I, EH LOKE R
ToA I AN—bleode, Fio, THHOEME EICAREL THLWES, Bl IEA EUBAT L2712 L AELIRREH]
ECBRBEMERE b o RN Y T RIS HR T D EEMKE TR E . BREOBIRB L IR o TWD, b D
LUIEEA BRI CE 6T, FHEAZ B LEEAPELIEREEAIATOIL TV,

At IF—TiE TMR F &0, AR EN D 5 RKHEHIE T OBE L ARE DR OB £ T, §F
ICHELOBLE N ODAFFE L2V, FEH LN INE TICEb > TE A E 3L (MgAlO4) & b2 RN T1]R0E A E
VOTTBEERIMER L E BB Co AR A A T —HAOFH[2]7 EIZ oW TR Lizuy,

[1] H. Sukegawa et al., Appl. Phys. Lett. 96, 212505 (2010); H. Sukegawa et al., Phys. Rev. B 86, 184401 (2012); M.
Belmoubarik et al., Appl. Phys. Lett. 108, 132404 (2016); H. Sukegawa et al., Appl. Phys. Lett. 110, 122404 (2017).

[2] R. Shan et al., Phys. Rev. Lett. 102, 246601 (2009); W. Wang et al., Phys. Rev. B 81, 140402(R) (2010); Z. Wen et
al., Adv. Mater. 26, 6483 (2014); T. Scheike et al., Appl. Phys. Express 9, 053004 (2016); H. Sukegawa, Appl. Phys.
Lett. 110, 112403 (2017).
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4, Watanabe et al., Scientific Reports (2014) 4, 7076.

5, Watanabe et al., Lab on a Chip (2016) 16, 3043-3048.

R - Biahit 3 — : Absolute binding energies of core levels in solids from first principles
HIFF : 2017 455 H 30 H(K)  Fi& 4 B ~F% 5 I
5 T RTARE 6 B 855 3 —% (A615)

sl fill < R AEDh
g © AR FMTERE7E
L=

The X-ray photoelectron spectroscopy (XPS) is one of the most important and widely used techniques in studying
chemical composition and electronic states in the vicinity of surfaces of materials. In spite of the long history of XPS
and its importance in materials science, a general method has not been developed so far to calculate absolute binding
energies for both insulators and metals, including multiple splittings due to chemical shift, spin-orbit coupling, and
exchange interaction, on equal footing.

Here, we propose a general method to calculate absolute binding energies of core levels in metals and insulators, based
on a penalty functional and an exact Coulomb cutoff method in a framework of the density functional theory [1]. It is
demonstrated that the absolute binding energies of core levels for both metals and insulators are calculated by the
proposed method in a mean absolute (relative) error of 0.4 eV (0.16 %) for eight cases compared to experimental values
measured with XPS within a generalized gradient approximation to the exchange-correlation functional. Recent
applications of the method including silicene [2], borophene, and platinum atoms will also be discussed in comparison
with experimental data together with analysis of the initial and final state effects based on an energy decomposition

method.

[1] T. Ozaki and C.-C. Lee, Phys. Rev. Lett. 118, 026401 (2017).
[2] C.-C. Lee, J. Yoshinobu, K. Mukai, S. Yoshimoto, H. Ueda, R. Friedlein, A. Fleurence, Y. Yamada-Takamura, and
T. Ozaki, Phys. Rev. B 95, 115437 (2017).
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The absorbed intensity of microwaves penetrating a quasi 1d spin chain compound, as measured e.g. in ESR
experiments, is determined by the imaginary part of the dynamical susceptibility of the compound. The latter is hard

to calculate over the full range of experimentally available values of temperature and magnetic field, even in for the
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integrable 1d Heisenberg chain. Theoretically more accessible quantities are the moments of the normalized intensity.
As suggested by Maeda, Sakai and Oshikawa in 2005 the first two moments determine the resonance shift, measured
in ESR experiments on systems that can be seen as small perturbations of the Heisenberg chain. Combining
perturbation theory, high-temperature expansions and scaling arguments with exact results I shall discuss
applicability and limitations of a general method of moments applied to close to isotropic systems. The resulting
insight will then be used for a detailed analysis of ESR and thermodynamic data for the spin chain compound
Cu(py)2Brz (CPB), where (py) stands for the pyridine molecule NCsHs. The analysis allows us to fully and precisely

determine the g-tensor and to identify directions and magnitude of the magnetic anisotropies of this compound.
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Thanks to the development of a new technique of polarization modulation of synchrotron radiation experiment,
efficient measurements of magneto-optical effects of magnetic surfaces and interfaces become now possible [1]. In
particular, the measurements using resonant scattering such as resonant magneto-optical Kerr effects (RMOKE)
combined with this technique are now powerful tools to investigate the detailed electronic and magnetic properties
of these systems. In the first part of this talk, first-principles calculations on X-ray absorption and magnetic
circular dichroism (XMCD), X-ray resonant scattering and resonant MOKE are briefly reviewed. In the second part,
the results of first-principles calculation related to the RMOKE experiments that have been performed recently
by Matsuda’s group (ISSP) are presented. The difficulty of the calculation of such spectra with photon energy of ~1

keV lies in the fact that it is necessary to perform accurate relativistic calculations of the deep cores as well as valence

61 BIEFE L D 57 285 2B ceresrcssrcsssmsssssrmsssnsssmsssmsssnsssnssenssnnssmsssmsssnssnnssnnssnnss «xnmEHNE



states up to ~100 eV above the Fermi edge in the same framework. Also since the magnetic dichroism is usually much
smaller than the absorption or scattering itself, rather precise calculations are required. In order to cope with these,
the KKR Green’s function method combined with the linear response theory has been exploited. If time is allowed,
the efforts to extend the study to non-linear optical effects targeting the resonant second harmonics generation will

be explained.

Reference :
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Etching of semiconducting materials at rates approaching atomic level resolution is of high interest to the
advancement of technologies addressing fabrication of low-dimensional devices, tunability of their optoelectronic
properties and precise control of device surface structure. The so-called digital etching that takes advantage of a self-
limiting reaction has the potential to address some of these challenges. However, conventional applications of this
approach proposed almost 30 years ago, require specialized and expensive equipment, which contributed to a
relatively slow progress in penetration of digital etching to micro/manofabrication processing schemes. We have
observed that for photoluminescence (PL) emitting materials with negligible dark corrosion, it is possible to carry out
PLmonitored photocorrosion in cycles analogous to those employed in digital etching. The advantage of this approach
is that photocorrosion of materials, such as GaAs/AlGaAs heterostructures, could be carried in a water environment.
This digital photocorrosion (DIP) process could be carried out in cycles, each approaching sub-monolayer precision. I
will discuss fundamentals of DIP and, in particular, mechanisms responsible for achieving high-resolution etch rates
of semiconducting materials. For instance, we have demonstrated a successful dissolution of a 1-nm thick layer of
GaAs embedded between Alo.3sGao.esAs barriers in a 28% NH4OH:H20, and we claimed that under optimized
conditions a further enhanced resolution is feasible. The nm-scale depth resolution achieved with DIP and lowcost of
the instrumentation required by this process is of a potential interest to specialized diagnostics, structural analysis
of multilayer nanostructures and, e.g., revealing in situ selected interfaces required for the fabrication of advanced
nano-architectures. We have explored the sensitivity of DIP to perturbations induced by electrically charged
molecules, such as bacteria, immobilized on semiconductor surfaces. Here, I will highlight our recent studies on
detection of Escherichia coli and Legionella pneumophila bacteria immobilized on antibody functionalized
GaAs/AlGaAs biochips. I will also discuss the application of this approach for studying antibiotic reactions of bacteria
growing on biofunctionalized surfaces of GaAs/AlGaAs biochips.
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The general context of this seminar is the experimental and theoretical study of “Heavy Fermion” systems: Metallic
compounds containing rare earth (RE) ions such as Ce and Yb. The experimental method considered is photoemission,
as carried out either in angle integrated (“PES”) or angle resolved (“ARPES”) mode. The Periodic Anderson Model
(“PAM”) has frequently been employed to interpret the spectra. The subject, started half a century ago, is still
surprisingly lively and full of new challenges.

I have collaborated with Clemens Laubschat’s group at the TU Dresden in Germany. My theoretical contribution
was to consult a PhD student in the group, Alla Chikina, in the development of a computer code for the PAM that
uses our phenomenological Continued Fraction Method (CFM) [1]. The CFM was generalized from the Hubbard
model to the PAM and the code was tested in comparison with results from Dynamical Mean Field Theory [2]. The

benchmarking was carried out in the “Kondo Lattice” regime of the PAM, which is characterized by the presence of
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a “large” Fermi surface (FS). The physical meaning of this concept is explained in terms of Luttinger’s counting
principle [3].

The PAM englobes other scenarios, beyond the Kondo Lattice, such as charge transfer and mixed valent regimes.
An overview of possible spectra is presented, as calculated with our code [4]. The PAM predicts damped van Hove
singularities in the quasiparticle density of states. One of the new challenges is to demonstrate their presence in the
PES data.

A detailed discussion of ARPES and PES results on YbRh2Si2 [5] and YbNiSn [6] uses an “asymmetric KL.” scenario.
We conclude that Doniach’s KL model, based on a single Kramers doublet per RE ion, is not applicable. The excited
4f levels under the cristalline electric field exert a strong influence in stabilising the large FS at temperatures well

beyond the Kondo temperature of a Kramers doublet.
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