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Stay at ISSP: a worthwhile experience
CAO, Guanghan
Department of Physics, Zhejiang University, Hangzhou 310027, China

At the moment when I am leaving ISSP at the beginning of the year 2012, I feel that the day of my coming 3
months ago were yesterday. That was a comfortable early autumn day. My host professor, Uwatoko sensei met me
at the Narita Airport. It was very kind of him to take me directly to ISSP. I felt to get home at Kashiwa, perhaps
because 12 years ago I had lived in Tsukuba for two years.

It is a privilege for me to be selected as a visiting professor at ISSP, thanks to Takehiko Matsumoto sensei and
Yoshiya Uwatoko sensei for their recommendation and acceptance, respectively. I was heard that ISSP of the
University of Tokyo was a worldwide leading research institute on condensed matter physics. According to the
“Essential Science Indicators” by Thomson Reuters, the University of Tokyo ranks No. 1 in physics (by citations)
among all the universities in the world. This is an amazing achievement! I am proud of being an ISSP member for a
time, and I feel the duty to perform excellence in scientific research at ISSP.

The researches between Prof. Uwatoko’s group and mine are to some extent complementary. His group has
state-of-the-art techniques and facilities for the measurements under multi-extreme conditions. My group
sometimes grows good samples which deserve the measurements. Although the collaborative study was short this
time, some interesting results have been obtained. So, future collaborations are expectable to generate more
remarkable results.

In the first month, I presented two talks, which received very nice feedback. I found that we shared many
similar research interests. Next month came the experimental activities. My student, Mr. Yunlei Sun from ZJU
participated in the experiments. He had performed pretty well, and he had enjoyed the communication with the
group members at ISSP. I think it is beneficial to expand the academic exchanges in younger generation between
Japan and China. In the last month I drafted two papers associated with the experimental results obtained at ISSP.
The papers are expected to be published in the future.

The International Liaision Office of ISSP made difficult things simple. I feel a bit guilty because I had brought
too much trouble and inconvenience for ILO. The postponement of my visit due to the big earthquake made the
“certificate of eligibility” and my visa invalid. Kameda san and Kubo san had to renew another, not only for me but
also for my family twice. They also helped to prepare necessary documents for my student to come to ISSP. More
trouble was that my family finally cancelled their visit, which broke the earlier schedule. However, it was the
patience, efficiency and enthusiasm from Kameda san and Kubo san that everything had gone smoothly. I found that
they are not only helpful but also hospitable. I indeed enjoyed a lunch gathering with some other guests organized
by the two lovely ladies.

At the time of leaving, my sincere thanks are also due to Kawabata san, Dr. Matsubayashi, Dr. Hisata and other
members in Uwatoko sensei’s group for their assistance and kindness. Academic exchanges, like the exchange
interactions in physics, are advantageous for enhancing both science and friendship. I welcome you and all the ISSP

staff and faculty to ZJU, China. Sayonara!
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My visiting experience in Kashiwanoha
TANG, Shu-Jung
Department of Physics, National Tsing Hua University
101 Section 2, Kuang Fu Road, Hsinchu, Taiwan 300, R.O.C.

When I was a post doctor, I read a lot of papers written by Prof. Iwao Matsuda. At that time, I always thought if
I could have a chance to do research with this brilliant guy. Therefore, it is just like a dream coming true to come to
the institute for solid state physics in the University of Tokyo to work with Prof. Matsuda on his exacting projects.
My graduate student, Chung-Huang Lin, and I had a fulfilled time in these four months. We learned two new
techniques. One is magneto-transport measurement and another is high resolution time-resolved photoemission. For
the former, we tried to study the superconductivity of Pb films on Ge(111) and for the latter we investigated the
relaxation time of surface photo-voltage effects of the Si surface. We have obtained quite promising results. We are
very impressed by Prof. Matsuda’s devoting sprits on the researches and the way he approaches and solve the
problems. Especially, my student learned that sometimes the data out of expectation may represent a new and
interesting physics.

My wife and my one-year-old daughter lived with me in Kashiwanoha during this four-month stay. We love the
environments here. Kashiwanoha is a very quite place with fresh air and large scope of beautiful nature scenery. We
didn’t expect there are actually so many beautiful trees here. My wife usually rode the bicycle with my daughter in
the front baby seat around the whole Kashiwanoha Park. Riding a bicycle in Kashiwanoha is such a joyful thing
because the bike lines are wide and the trees are on the sides so you can hear the birds singing and insects chirping
on the way. On the holidays, we often go picnicking on the large grass inside Kashiwanoha Park. My daughter
likes to learn walking on the grass restlessly so it is kind of troublesome to tell my daughter it is time to go home.
One thing we must mention is the flee market held in the Kashiwanoha Park every two weeks. My wife and I found
so many treasures with unbelievably cheap prices in the market. Most of my daughter’s toys are from there and my
wife bought several nice clothes only for about 100 JPY. On the other hand, Kashiwanoha is not a rural place at all.
Within 5 to 20 mins, we can reach campus train station, LaLaPort mall, Mummy-mart and York-mart food markets
by bicycles from our Kashiwanoha lodge apartment. Moreover, my wife also discovered another big mall called
Mallage mall between Kashiwanoha and Kashiwa city.

We sincerely appreciate Ms. Kameda and Ms. Kubo for all kinds of help they gave us. Every time I came to the
international office, they always give me big warm smiles and are very enthusiastic to listen to the problems I met
and provide assistance.

I also sincerely appreciate Prof. Matsuda’s secretary, Ms. Aihara, who helped me and my graduate student on
processing various documents and travel reimbursements to the SPring-8. As the time for leaving approaches closer,
me and my wife feel it more difficult to leave this beautiful place. We had a wonderful time here, which will stay

forever in our memory. The only little pity we might have is that we haven’t seen snow in Kashiwanoha yet ©
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The importance of Spontaneous Symmetry Breaking (SSB) and the associated Nambu-Goldstone (NG) bosons is
widely understood not only in particle physics but also in other fields, including condensed matter physics. Although
the physics of NG bosons is well-understood in relativistic systems, once we discard the Lorentz symmetry the
precise characterization of the number and dispersion relations is still an open problem.

I will give an overview of our recently proposed conjecture which relates the number of NG bosons with the
generalized charge density of the ground state [1]. In addition, I will briefly explain a framework to handle SSB of

transnational invariance itself. As an example, (ferromagnetic) supersolid will be discussed [2].

[1] H. Watanabe, T. Brauner, Phys. Rev. D 84, 125013 (2011), arXiv:1109.6327
[2] H. Watanabe, T. Brauner, to be submitted to PRA, arXiv: 1112.3890
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This is a review talk on the stochastic Loewner evolutions (SLE) from the view point of statistical physics and
probability theory. At the beginning I explain the well-known fact that the Brownian motion on the complex plane is
obtained as a continuum limit of the random walk (RW) on the square lattice. Then four statistical ensembles of
random lattice-paths on planar lattices are introduced; the loop-erased RW (LERW), the self-avoiding walk (SAW),
the percolation exploration process (PEP) defined on the critical percolation model, and the Ising interface process
(ITP) defined on the critical Ising model. The probability laws of the continuum limits of these four lattice-paths are
all expected to have conformal invariance and domain Markov property. The continuum limits of SAW and PEP
have the additional statistical property called 'restriction' and 'locality', respectively. The Loewner chain is
introduced, which will draw a curve (called the trace of Loewner chain) on the upper-half complex-plane driven by a
given real function U: of time ¢ > 0. The sufficient condition is given for U; such that the trace of Loewner chain is
continuous. Following the idea of Schramm, the driving function U; is now given by #12B;, where B: is the one-
dimensional standard Brownian motion and 4 is a positive real parameter. The obtained system (one-parameter
family of stochastic evolutions of conformal transformations) is called SLE ,. Using Rohde-Schramm's martingale,
we can prove that the trace of SLE , is continuous with probability one. I explain how to prove Beffara's theorem
that the Hausdorff dimension du of the trace of SLE , is du=1+ /8 for 0 < ¥ < 8 and du=2 for k£ > 8. It is stated that
the trace of SLE , has the restriction property (resp. the locality property) if and only if x=8/3 (resp. x=6). The
above implies that the continuum limits of SAW and PEP are exactly described by the traces of SLEg3 and SLEs,
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respectively (and thus their Hausdorff dimensions are du=4/3 and 7/4, respectively). I would like to also mention the
fact that the continuum limits of LERW and IIP were proved to be SLE2 and SLEs (and thus du=5/4 and 11/8),
respectively. We should discuss now what we shall do having known the theory of SLE.

B . MDCL Special Seminar : Trimeron Order in Magnetite - the Experimental Structure of the
Verwey Phase
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The crystal structure of the low temperature phase of magnetite (FesOs) below the 125 K Verwey transition has
been unknown since it was discovered in 1939. Using microcrystal X-ray diffraction this structure has recently been
determined and it reveals a complex electronic order based on linear, three iron 'trimeron' units [1]. This
approximates to a charge and orbitally ordered Fe2+/Fe3+ structure, but there is no evidence for bond-dimer

formation.
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2E:

Lack of inversion and time reversal symmetry leads to cross-coupling between oscillating magnetic and electric
polarization, namely dynamical magnetoelectric response. Perhaps, the most exotic manifestation of this phenomena
is the non-reciprocal directional dichroism, that is the difference of the light absorption for counter propagating light
beams irrespective of their polarization. Despite the early prediction of this phenomenon [1] it has been found
minimal in conventional materials and hence of little technological potential.

We proposed that multiferroic compounds endowed with electrically-active magnetic excitations (electromagnons)
may provided a key to produce large optical magnetoelectric effect for long wavelengths of light [2]. By exploiting the
control of ferroelectric polarization and magnetization in a multiferroic oxide Ba2CoGe207 , we demonstrated the
enhancement of the directional dichroism — as large as 50% — at terahertz frequencies in resonance with the
electromagnon absorption [2, 3].

Due to the non-centrosymmetric crystal structure of Ba2CoGe207 chirality can be induced via a magnetic field [4].
As a direct proof of such a chiral phase, we found large optical activity for propagation along each crystallographic
direction [5]. This is the first demonstration that optical rotation from spin-waves at terahertz frequencies can be a
sensitive indicator of chirality. In this chiral phase, another type of directional dichroism, the magnetochiral effect,

was observed. Our results imply that this hidden potential is present in a broad variety of multiferroic materials.

[1] W.F. Brown, Jr.S. Shtrikman, and D. Treves, J. Appl. Phys. 34, 1233 (1963).
[2] I. Kézsmaérki et al. Phys. Rev. Lett. 106, 057403 (2011).

[3] H. Murakawa et al. Phys. Rev. Lett. 105, 137202 (2010).

[4] M. Saito et al. Phys. Rev. Lett. 101, 117402 (2008).

[5] S. Bordacs et al., arXiv:1109.1597.
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[1] T. Murashima, T. Taniguchi, Europhys. Lett. 96, 18002 (2011)
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Topological insulators are characterized by the bulk topological indices and gapless surface excitations which are
connected to quantized magnetoelectric responses. Topological superconductors and superfuilds are superconductor
analogues of topological insulators. We discuss nontrivial responses of topological superconductors and superfluids
to the temperature gradient and rotation of the system. In two-dimensional gapped system, the Streda formula for
the electric Hall conductivity is generalized to the thermal Hall conductivity. Applying this formula to the Majorana
surface states of three-dimensional topological superconductors predicts cross-correlated responses between the
orbital angular momentum and thermal polarization (entropy polarization). These results can be naturally related to
the gravitoelectromagnetism description of three-dimensional topological superconductors and superfluids,

analogous to the topological magnetoelectric effect in three-dimensional Z2 topological insulators.

[1] K. Nomura, S. Ryu, A. Furusaki, N. Nagaosa, to appear in Phys. Rev. Lett.
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The last two decades saw a vital development into the field of nanomagnetism: The research in physics and device
fabrication significantly progressed in terms of experimental techniques, theoretical understanding, and design of
magnetic nanoparticles. However, the question remains on how to reliably fabricate new kind of devices for future
applications. Parallel to the development in technically oriented disciplines, molecular magnetism emerged from
chemistry. Molecular magnetism offers new routes for the development of multi-functional materials for the precise
control of spin states. However, experimental access is limited to precisely understand physical mechanisms within

such complex multi-functional systems.

I n my talk, I will present latest results from my research crossing the border between classical chemistry and
fundamental physics. Resolved by scanning tunneling microscopy, the behavior of static (1,2,3) and dynamic
molecular spin systems of synthesized and artificial molecules are addressed in spin-polarized tunneling and

electron spectroscopy and implications for device fabrication and novel devices will be discussed

References.

(1) J. Brede et al, PRL 105, 047204 (2010), N. Atodiresei et al., PRL 105, 066601 (2010),
(2) A. DiLiullo et al., submitted to Nanoletters (2012)

(3) J. Schwoebel et al., submitted to Nature Materials (2011)

B ERRams el et I 5 —  The Quantum Chaotic Dynamics of Hydrogen-like Shallow
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In this work, we report the first experimental study on the quantum chaotic dynamics of hydrogen analogues in
solid state environment. We realized the hydrogen analogue in anisotropic crystal field by introducing an isolated
phosphorus donor in Si and study its quantum chaotic dynamics by means of photo-thermal ionization spectroscopy
technique. The interference of electron wave packets which leads to quasi-Landau resonances were observed. By
analyzing the magnetic field dependence of the statistical energy level distributions, we observed smooth transitions
between the Poisson limit and the Wigner limit for the impurity energy level distributions, demonstrating the
magnetic field control of the quantum chaotic dynamics of hydrogen analogues in an anisotropic crystal field. Effects
of the crystal field anisotropy on the quantum chaotic dynamics have been studied and good agreements between

theoretical calculations and the experimental data were found.
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Quantum Single-Particle Generator and Shot Noise in Mesoscopic Systems
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Bl J )Y LAt 3IJ— : “First Principles Expedition into Molecular Electronics and Spintronics”
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Merging the concepts of molecular electronics with spintronics opens one of the most exciting avenue in designing
and building future nanoelectronic devices. The ability to reliably describe the electronic properties of molecules
adsorbed on magnetic surfaces is essential to understand and design the functionality of hybrid organic molecular
devices. This strongly depends on the accuracy of the state-of-the-art theoretical methods used to assess the
interaction between a molecule or a molecular layer and a substrate of choice. Our theoretical studies [1-6] show
that, with its predictive power, the density functional theory (DFT) provides a framework where a realistic
description of these hybrid systems can be expected and can be further used to tune both the electronic and magnetic
properties at hybrid organometallic interfaces. Besides this, our studies demonstrate the decisive role played by the

van der Waals forces in correctly describing the interaction between aromatic molecules and metallic surfaces.

I will present conceptual studies performed to understand how to tailor the magnetic properties at a hybrid

organic-ferromagnetic interface by adsorbing organic molecules containing n-electrons onto a magnetic substrate.

19



For such hybrid systems, the magnetic properties like molecular magnetic moments and their spatial orientation
can be specifically tuned by an appropriate choice of the chemical substituents. Our ab initio calculations
demonstrate that, by employing an appropriate chemical functionalization of organic molecules adsorbed on a
ferromagnetic surface, a fine tuning of the spin-unbalanced electronic structure can be achieved. For example, by
using molecular substituents with different electronegativities attached to m- conjugated systems adsorbed on a
ferromagnetic surface, the electrons with a specific spin [i.e. up and down] can selectively be injected at the
molecular site from the same ferromagnetic substrate. Even more important, we show that there is direct
correspondence between the substituent’s electronegativity and the size of the induced molecular magnetic moment.
As regarding the stability of the magnetization direction of the hybrid organic-ferromagnetic system, we
demonstrate that the adsorbed hydrogenated molecules destabilize more the out-of-plane magnetization of the
ferromagnetic surface as compared to molecules containing more electronegative atoms as Cl and F which could also
enhance it. Ultimately, this allows us to precisely engineer the magnetic properties of the hybrid organic-
ferromagnetic interfaces which can be further exploited to design more efficient spintronic devices based on organic

molecules.

[1] N. Atodiresei, P. H. Dederichs, Y. Mokrousov, L. Bergqvist, G. Bihlmayer, S. Bliigel, Phys. Rev. Lett. 100, 117207
(2008);

[2] N. Atodiresei, V. Caciuc, P. Lazic, S. Bliigel, Phys. Rev. Lett. 102, 136809 (2009);

[3] N. Atodiresei, J. Brede, P. Lazic, V. Caciuc, G. Hoffmann, R. Wiesendanger, S. Bligel, Phys. Rev. Lett. 105,
066601(2010);

[4] J. Brede, N. Atodiresei, S. Kuck, P. Lazic, V. Caciuc, Y. Morikawa, G. Hoffmann, S. Blugel, R. Wiesendanger,
Phys. Rev. Lett. 105, 047204 (2010);

[5] C. Busse, P. Lazic, R. Djemour, J. Coraux, T. Gerber, N. Atodiresei, V. Caciuc, R. Brako, A. T. N'Diaye, S. Bligel,
dJ. Zegenhagen, T. Michely, Phys. Rev. Lett. 107, 036101 (2011).

[6] N. Atodiresei, V. Caciuc, P. Lazic, S. Bliigel, Phys. Rev. B 84, 172402 (2011).
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HIEf : 201242 H 22 HOK)  4hif 11 BKi~7F4& O IR§
5 - MTEER AR 6 B B2 23 —%F (A612)
HERD : ARAT BT
g SRR R R AR LA SR
R

Tensor-network states (or matrix-product states for one-dimensional systems) have been central tools in
condensed matter physics, since they allow simple descriptions of quantum many-body states in an exponentially
large Hilbert space, and efficient numerical calcula- tions of various important physical quantities such as
correlation functions and partition functions through the entanglement renormalization technique. Interestingly,
nowadays tensor-network states also play crucial roles in quantum information science. For exam- ple, it was
recently pointed out that we can simulate any quantum information processing, such as quantum computation, in
the auxiliary space (i.e., the linear space where tensors live) of a tensor-network state. Physically, this means that
we can encode the information of a quantum bit (qubit) on the edge state and we can perform any quantum gate
oper- ation on the qubit encoded on the edge state by doing measurements on the bulk. This novel concept is called
the quantum computational tensor network (QCTN) [1]. Since the bulk is a physical condensed matter system, it can

have various physical properties such as entanglement, correlation, topological order, and temperature, etc. In
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QCTN, we measure the bulk in order to manipulate information encoded on the edge state. Therefore, physi- cal
properties of the bulk can determine which kind of quantum information processing we can perform on the edge. For
example, we can shown that if entanglement or two-point correlation is too strong in the bulk, we cannot perform
universal quantum computation on the edge state [2,3,4,5]. Furthermore, we can calculate how low the temperature
should be in order to perform topological quantum computation on the thermal equilibrium state of quantum many-
body systems [6]. In this way, QCTN enables us to establish a novel bridge between condensed matter physics and
quantum information science.

In this talk, I will explain the basics of QCTN by using jargon" intelligible to condensed matter physicists [1,7]. As
an example, I will also explain one application of QCTN, namely, quantum computation on the edge of the Z2-gauge

string-net condensate[8].

[1] D. Gross and J. Eisert, PRL 98, 220503(2007)

[2] D. Gross, S. T. Flammia, and J. Eisert, PRL102, 190501 (2009)
[3] M. J. Bremner, C. Mora, and A. Winter, PRL102, 190502 (2009)
[4] TM, PRA 81, 060307(R) (2010)

[5] K. Fujii and TM, arXiv:1106.3377

[6] K. Fujii and TM, PRA 85, 010304(R) (2012)

[7] TM, PRA 83, 042337 (2011)
[8] TM, arXiv:1012.1000

For details, see also the following web page (in Japanese) http://tomoyukimorimae.web.fc2.com/

B B > 74— <)k I J—  Microwave absorption by the anti-ferromagnetic spin-1/2 Heisenberg-
Ising chain
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We analyze the absorption of microwaves by the one-dimensional spin-1/2 Heisenberg-Ising magnet exposed to a
static magnetic field. This model is most relevant for the description of the low-energy behavior of quasi one-
dimensional anti-ferromagnetic materials, such as LiCuVO$_4$, which is dominated by many-body effects.Due to
the anisotropic exchange between electrons the sharp absorption resonance, which would be expected for
paramagnetic materials, is shifted and broadened. In experiments of electron spin resonance (ESR) this effect is
usually quantified by measuring the maximum of the absorption profile and the distance between the inflection
points.

We argue that, from a theoretical point of view, it is more appropriate to define the resonance shift and the line
width by means of the first few moments of the absorbed intensity. These are determined by short-range correlation
functions. Due to the integrability of the model short-range correlation functions can be calculated exactly over the
whole range of temperatures and for arbitrary magnetic fields.

Thus, we obtain exact results for the resonance shift and the line width of the absorbed intensity of the spin-1/2
Heisenberg-Ising chain.
Additionally, we performed numerical calculations of the full absorption profile which are supported by the exact

data as well as exact two-spinon calculations in the massive regime.
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In silico study of complex chemical reactions in condensed matter systems and thereby accessing molecular level
details of reaction mechanisms and associated free energies remains as a great challenge in the field of molecular
simulation. Employing the latest developments of ab initio molecular dynamics techniques and the state-of-the-art
computer technology, we are able to tackle the time-scale and the length-scale bottlenecks in computer simulations.
These enable us to address some of the challenging problems in chemistry and biology. Some examples will be
presented where large scale simulations have unraveled the detailed mechanisms of enzymatic reactions,
homogeneous catalytic reactions in aqueous solutions and heterogeneous catalytic reactions.

Finally, I will be addressing some of the current challenges in the field of ab initio molecular dynamics.
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