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One of the big challenges by molecular theory is understanding the fracture process of semicrystalline polymers,
which is important to increase toughness of polymeric materials in industry. The fracture process against the
stretching is also tempting in physics because semicrystalline polymers show inhomogeneous structure and the
process takes non-equilibrium pathway. In my talk, the fracture process of polyethylene is studied by coarse-grained
molecular dynamics simulation. Lamellar layer, which consists of amorphous and crystal parts and is basic structure
of polyethylene in molecular scale, is stretched parallel and perpendicular to the crystal direction. In the stretching
process, recrystallization of grain boundary, fragmentation of lamellar structure, and tilt of crystal part are observed.

Dynamics of polymer chains in molecular scale are successfully revealed.
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The ubiquitous phenomenon of translocation of electrically charged macromolecules through narrow pores exhibits
bewildering phenomenology, requiring an adequate description of polyelectrolyte dynamics, electrolyte dynamics,
hydrodynamics, and confinement effects from charge-decorated pores. The translocation process involves three major
stages: (a) approach of the macromolecule towards the pore, (b) capture/recognition of the macromolecule at the pore
entrance, and (c¢) threading through the pore. All of these stages are controlled by conformational entropy of the
macromolecule, charge decoration and the geometry of the pore, hydrodynamics, and electrostatic interactions.
Challenges in developing a unified theory of these contributing factors will be described in the context of a few
illustrative experimental data on transport of DNA, proteins, and synthetic macromolecules through protein pores

and solid-state nanopores.
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In my talk I will introduce the spin liquid phases that occur in kagome antiferromagnets, and discuss their physical
origin that are closely related with the newly discovered symmetry protected topological phase (SPT). I will first
present our numerical (DMRG) study on the kagome XXZ spin model that exhibits two distinct spin liquid phases,
namely the chiral spin liquid and the kagome spin liquid (the groundstate of the nearest neighbor kagome Heisenberg
model). Both phases extend from the extreme easy-axis limit, through SU(2) symmetric point, to the pure easy-plane
limit. The two phases are separated by a continuous phase transition. Motivated by these numerical results, I will
then focus on the easy-axis kagome spin system, and reformulate it as a lattice gauge model. Such formulation enables
us to achieve a controlled theoretical description for the spin liquid phases. We then show that the chiral spin liquid
is indeed a gauged U(1) SPT phase. On the other hand, we also propose that the kagome spin liquid is a critical spin

liquid phase, which can be considered as a gauged deconfined critical point between a SPT and a superfluid phase.
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We prove that the insulating one-band Hubbard model on the pyrochlore lattice contains, for realistic parameters,
an extended quantum spin-liquid phase. This is a three-dimensional spin liquid formed from a highly degenerate
manifold of dimer-based states, which is a subset of the classical dimer coverings obeying the ice rules. It possesses
spinon excitations, which are both massive and deconfined, and on doping it exhibits spin-charge separation. We
demonstrate that the spinons have fermionic statistics, and further that the holons introduced by doping are also
fermions. We explain the origin of this counterintuitive result and establish the connection of these emerging fermions

with U(1) gauge fields, represented by strings, as anticipated by Levin and Wen.
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In 1929, a German mathematician and physicist Hermann Weyl proposed that a massless solution of the Dirac
equation represents a pair of new type of particles, the so-called Weyl fermions. However, their existence in particle
physics remains elusive after more than eight decades, e.g., neutrino has been regarded as a Weyl fermion in the
Standard Model until it was found to have mass. Recently, significant advances in topological materials have provided
an alternative way to realize Weyl fermions in condensed matter as an emergent phenomenon. Weyl semimetals are
predicted as a class of topological materials that can be regarded as three-dimensional analogs of graphene breaking
time reversal or inversion symmetry. Electrons in a Weyl semimetal behave exactly as Weyl fermions, which have
many exotic properties, such as chiral anomaly, magnetic monopoles in the crystal momentum space, and open Fermi
arcs on the surface. In this talk I will report our experimental discovery of a Weyl semimetal in TaAs by observing
Fermi arcs with a characteristic spin texture in the surface states and Weyl nodes in the bulk states using

angleresolved photoemission spectroscopy.
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Recently the conformal bootstrap program has turned out to be a quite powerful way to study d>2 conformal field
theories (CFTs) in a completely non-perturbative fashion. Indeed the "solution" obtained by the method offers the most
precise estimate for the 3d Ising model critical exponents. In this talk, I will discuss the application of the bootstrap
program to more controversial yet physically important problems, namely, the d=3 O(n)xO(2) symmetric Landau-

Ginzburg models.

These models realize wide variety of physical systems at criticality, including anti-ferromagnetic spin systems
placed on triangular lattices and 2-flavor QCD chiral phase transition (provided the axial anomaly is negligible).
Despite their obvious physical relevance, the study of their renormalization group (RG) flow are notoriously hard and
there are serious controversies over the nature of their phase transitions: depending on the methods (e.g. perturbative
RG series, functional RG equation, lattice Monte-Carlo, etc) one obtains different result regarding the presence of IR-

stable fixed points.

I will propose the resolution of this long-standing controversies using the conformal bootstrap program, based on

our papers arXiv:1404.0489 and arXiv:1407.6195 with Yu Nakayama.
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The interplay between spontaneous symmetry breaking in many-body systems, the wave-like nature of quantum
particles and lattice effects produces an extraordinary behavior of the chiral current of bosonic particles in the presence
of a uniform magnetic flux defined on a two-leg ladder. While non-interacting as well as strongly interacting particles,
stirred by the magnetic field circulate in the ground state along the system's boundary in the counterclockwise
direction, interactions can stabilize states with broken translational symmetry, in which the circulation direction can
be reversed. For the Bose-Hubbard model on the two-leg ladder, the states with spontaneously broken translational
symmetry are vortex lattices that we have observed numerically. The current reversal survives up to temperatures

that are already achieved in experiments on ultra-cold gases.

50 WIEBIZE LD SO B 1B eeveesesessessssssssssssssssssssssssssssssssssssssssssssesssssssasssssans sannmEENE



B Bl 0 > 7 4 — )k X J— : First-principles design of magnetic materials
HIKf © 2016 4F 2 H 25 HOKR) P& 1 I 30 70 ~"F# 2 IK§ 30 47
S - YERAARE 6 B S5 5 B3I —%F (A615)
#fl : Dr. Arthur Ernst
g : Max-Planck-Institut fir Mikrostrukturphysik, Halle, Germany
i
Nowadays first-principles methods enable quantitive and qualitative description of complex materials. Based on
quantum mechanics and numerical methods, they are widely applied to study structural, electronic, magnetic,

transport and optical properties of condensed matter without or almost without adjustable parameters.

In my talk I'll present one of such approaches, based on the multiple scattering theory using a Green function
formalism. This method is designed to study bulk materials, surfaces, interfaces, clusters and alloys.
The main focus of our activity is magnetism and I'll show most prominent examples of our research in this field. After
a very short introduction about the method, we use, I'll discuss how theoretical simulations of XAS & XMCD
spectra can help to obtain adequate information about the chemical composition, structural, electronic and magnetic

properties of complex materials such as magnetic oxides and otological insulators.

In the second part of my talk, I'll present a first-principles formalism to study spin waves. Spin waves or magnons
are collective magnetic excitations, which provide important information about magnetic properties of solids.
Apparently, magnons participate in many physical phenomena such as superconductivity, domain wall motion, spin
Seebeck effect etc. They can be described as quasiparticles of a certain wave vector and of a certain energy.

The wave vector and the energy are linked together by a characteristic dispersion relation. Spin waves can be studied
with several experimental techniques such as ferromagnetic resonance, Brillouin light scattering, neutron scattering,
scanning tunnelling and spin polarised electron energy loss spectroscopy.

Thereby, spin waves can be described theoretically using either a macroscopic phenomenological model or a
microscopic treatment of solids. In my talk, I'll present a first-principles approach to calculate spin waves in complex
systems such as bulk materials, surfaces and interfaces with and without disorder. The approach is based on a
microscopic treatment of solids and implemented using a Green function method within the density functional theory.
The efficiency of our method will be illustrated through the comparison with recent experiments on bulk materials

and thin films.

R B S - TS T RICBT B RIERA T — A Y MERE A E L S HERBRE
HIRf : 2016 4F 2 H 26 H(&) Fig 4 B~ 5 Ik

i MTERRAIASE 6 B S5 5 23 —% (A615)

F A Ui Y N

P RECRERERE G SULIFZEFR

EE:

[ U A 2R OB AP LTz A By ZHEBREIL, SreRuO4 X° U (bEWE S TWERICBW TZOEBLATEE
HERBEIN TN D, B, A ZHEEBEEIIR U TRZERIZESY 7 1 (p ) 2 b 2RI E T3 BMUE S 7
B0, BLOROHNEAHELZBET 272 0IE5 N (s ) A ZHEBRE L FRETHH[1,2], = OMHEIZLL T O
LT L LN TED, Tbh, RUEMOBEFAL L OMICIZTZ v MEG & WD 7 —a UHEERICHKRT S
WA NSV . VIR LA U MOFEDSI 1L LTEIK, LaL, BIEOWETIEIZO L S 2B EE1R £ < %E

B B B B B B s s s s s nnsnnsnnsnns PHEMELVE 6 BiE 1 5 51



BLTWD DT TIERWED, EFROBERER LD L S RN T CTEATH0EHLNCT 2 LER D DH, £ THLIT
ZHE N RET N BIRPEEIGPRIC K > THIRIT L. AV ZEHBRENER T 5 /37 X — Z fHIREZ T ~7[3],
T ORER. Z ORBIREIL Spin-freezing BIR([4,5] &\ 5 . ZWEE TREFAOWE LR L TVWDH Z L 2L LT

S 62, BREMHITHKETHEE B L Tl D oiBIREIX N— AR E o7, RIE—RICL<mbs5hTn
LINERABRER D Z N E L L TV D, Bl MRIEFEASEDY NOAEL LRI RELE (7 /) k
57— =B Z BILTN DA, ARBFFE TR S - 8538 1X Spin-freezing BLRIZE O RFT R BAIE S TN E
ETHY, BTHEREEIEZOBRAZRY, ¥ T =Tl oBEEOBEIC OV TEHELIHEMN L, BEEDYE & o
IZoWThim L7z,

Z O#F%E1% Philipp Werner K (A1 2 Fribourg KX) & O H:[FEAFIETH 5,

[1] A. Klejnberg and J. Spalek, J. Phys.: Condens. Matter 11, 6553 (1999).

[2] M. Zegrodnik, J. Bunemann and J. Spalek, New J. Phys. 16, 033001 (2014).

[3] S. Hoshino and P. Werner, Phys. Rev. Lett. 115, 247001 (2015).

[4] P. Werner, E. Gull, M. Troyer, and A. J. Millis, Phys. Rev. Lett. 101, 166405 (2008).

[56] A. Georges, L. d. Medici, and J. Mravlje, Annu. Rev. Condens. Matter Phys. 4, 137 (2013).

52 BIEBEZE LD SO B 1 B eeveesesessessssssesssssssssssssssssssssssssssssssssssssesssssssassssnans sannmEENE



	物性研究所セミナー



