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Nonradiative decay (NRD) processes such as internal conversion (IC) and intersystem crossing (ISC) govern photo-
functionality of living systems such as the photostability of the DNA, phototaxis, visual perception etc. Understanding
this complex NRD pathways of biomolecules should help us develop bio-inspired photo-functional materials. In this
talk, we will share our recent theoretical works on the multistep NRD pathways of biomolecules in gas phase with the

aids of pump-probe experiments:
(1) Structure dependent photoisomerization routes of cinnamate based sunscreens1,2

We found that the structural isomers of cinnamate based sunscreens undergo trans — cis photo-isomerization under
UV irradiation but differ in the isomerization pathway (ISC or IC) 1,2. These results suggest that controlling the

substitution position is essential to design the cinnamate based photo-functional materials.
(2) Ultrafast nonadiabatic cascade of XUV excited caffeine molecule3

We also found the XUV excited caffeine molecule undergoes a nonadiabatic cascade via ~100 highly correlated mono-
cationic states. These results show that both nonadiabatic coupling and electron correlation are the keys for ultrafast

reaction dynamics in the highly-correlated electronic excited states.

References :

[1] K. Yamazaki, S. Maeda*, M. Ehara*, T. Ebata* et al., J. Phys. Chem. Lett. 7, 4001 (2016).

[2] S. Kinoshita, K. Yamazaki*, M. Ehara*, T. Ebata* et al., Phys. Chem. Chem. Phys. 20, 17583 (2018).
[3] A. Marciniak, K. Yamazaki*, F. Lépine* et al., J. Phys. Chem. Lett., submitted (2018).

*Corresponding authors
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Magnetic dipole is a source of magnetism, and an electric charge and quadrupole are responsible for charge and
orbital orderings, respectively. Such fundamental degrees of freedoms, described by electronic multipoles in general,

play important roles in phase transitions and emergent responses under their orderings with broken symmetry. So far,
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multipoles are mainly discussed within single species of orbital at single site, in which only even-parity multipoles can
be activated [1].

Recently, we generalize a concept of electronic multipoles in two ways: (i) a cluster multipole, which is defined in
sublattice systems [2]; a particular alignment of magnetic/electric dipoles in a cluster can be regarded as an inter-
atomic multipole, and (i1) a hybrid multipole, which is defined in multi-orbital systems. These extensions allow us to
consider odd-parity multipoles, and electric/magnetic toroidal type of multipoles in addition to ordinary
electric/magnetic multipoles, which are essential for cross-correlated phenomena such as magneto-electric, magneto-
elastic responses, current-induced magnetization (Edelstein effect) and so on [3].

I will talk about the concept of augmented multipole, and peculiar electromagnetic responses under their
spontaneous orderings [4].

A series of works has been done in collaboration with S. Hayami, Y. Yanagi, Y. Motome, M.-T. Suzuki, R. Arita, T.
Nomoto, M. Yatsushiro, M. Naka, and H. Seo. These works were supported by JSPJ KAKENHI Grants Numbers
15K05176, 15H05885 (J-Physics), and 16H06590.

References:

[1] Y. Kuramoto, H. Kusunose, and A. Kiss, J. Phys. Soc. Jpn. 78, 072001 (2009), and references therein.

[2] S. Hayami, H. Kusunose, and Y. Motome, J. Phys.: Condens. Matter 28, 395601 (2016), and references therein.
[3] S. Hayami and H. Kusunose, J. Phys. Soc. Jpn. 87, 033709 (2018).

[4] S. Hayami, M. Yatsushiro, Y. Yanagi, and H. Kusunose, Phys. Rev. B (in press), and references therein.
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[1] A. Vilenkin, Phys. Rev. D 22, 3080 (1980).
[2] M. Neilsen and M. Ninomiya, Phys. Lett. B 130, 390 (1982).
[3] D.-T. Son and B. Z. Spivak, Phys. Rev. B 88, 104412 (2013).

33 BEBIZE LD SS B 45 erceresessessssssesssssessssessssssssssessssssssssssesessssssassnans sannEENE



[4] S. Nishihaya et al., Phys. Rev. B 97, 245103 (2018).
[5] H. Ishizuka and N. Nagaosa, preprint (arXiv: 1807. 08147).
[6] H. Ishizuka and N. Nagaosa, preprint (arXiv: 1808. 09093).

i EREBRRRlEE I — 1 2018 4EJE 3 2 Il : Calorimetric measurements in extreme conditions of
magnetic field
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I will present recent improvements of modulation calorimetry technique. Such improvements leads to both a very
high relative sensitivity (typically 1:10*4) and a very good absolute accuracy ~1 to 3%. I will illustrate the new
possibilities of these instrumental innovations using recent results on superconducting cuprates, on graphite in the

ultra quantique limit and on Lifschitz transitions in UCoGe.

B B0 > T 4+ — )3 J—  Modelling finite temperature effects in rare-earth/transition-metal
magnets from first principles
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The unrivalled hard magnetic properties of rare-earth/transition-metal (RE-TM) compounds have inspired decades
of research aimed at understanding the physics underlying their excellent performance. From the theoretical point
of view these materials present a number of challenges, particularly to first-principles methods based on density-
functional theory [1], due to (a) the complicated interplay of the itinerant d-band and highly-localized 4f electrons, (b)
the ferrimagnetic nature of most RE-TM compounds and (c) the importance of temperature in realistic operating
conditions. Here I will present some of our work modelling these compounds, including use of the self-interaction
correction to model the RE-4f electrons [2], the importance of including ferrimagnetic effects when comparing to
experimental measurements of magnetic properties [3], and our attempts to capture the competition between RE and

TM magnetic anisotropy at high temperature which can lead to spin reorientation transitions.

[1] B. L. Gyorffy et al., J.Phys. F 15, 1337, (1985).

[2] C. E. Patrick and J. B. Staunton, Phys. Rev. B 97, 224415 (2018).

[3] C. E. Patrick et al., Phys. Rev. Lett. 120, 097202 (2018); C. E. Patrick et al., J. Phys.: Condensed Matter 30, 32LT01
(2018).

*This work was performed as part of the PRETAMAG project, led by Professor J. B. Staunton. PRETAMAG 1is funded
by the United Kingdom Engineering and Physical Sciences Research Council, grant number EP/M028941/1.
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e : LASOR t 2 J— : Nanomagnetism using polarised soft X-rays
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Nanomagnetism and spintronics are ubiquitous in our everyday lives so that manipulating magnetic order on ever
smaller and faster scales has been a huge endeavour over the past few decades. With the advent of low-emittance third
generation synchrotron sources, producing brilliant polarised x-rays, unprecedented site and element-selective
insights have been gained into nanomagnetism. At the Diamond Light Source synchrotron, electron microscopy
combined with polarised x-ray spectroscopies allows high-resolution imaging of strain and electrical effects on
nanomagnetism. In this talk, recent results using PhotoEmission Electron Microscopy (PEEM) combined with X-Ray
Absorption Spectroscopy (XAS), X-Ray Magnetic Linear Dichroism (XMLD) and X-Ray Magnetic Circular Dichroism
(XMCD) will be presented.

Antiferromagnetic spintronics aims to exploit zero net magnetic moment materials as efficient generators, detectors
and transmitters of spin current. PEEM, with magnetic contrast arising from XMLD, has been employed to directly
image changes in the antiferromagnetic domain structure of CuMnAs [1] after electrical rotation of the magnetic
moments. The XMLD-PEEM images are correlated with in situ Anisotropic Magnetoresistance transport
measurements [2,3].

XMLD-PEEM imaging has also been used to directly visualise the antiferromagnetic domain structure of epitaxial
(111)-oriented BiFeO3 (BFO) films. Angle-dependent XMLD-PEEM images are combined to reveal a sub-micron
network of antiferromagnetic domains (see Figure 1) that are coherently coupled to monoclinic domains. The
magnetoelastic coupling is found to stabilise the antiferromagnetic domain structure, providing a possible pathway
towards strain-engineering multiferroic domains in (111)-oriented BFO films [4].

Finally, I will explore electrical switching of perpendicular magnetism in Ni films grown on BaTiO3 ferroelectric
substrates. XMCD-PEEM maps of the in-plane and out-of-plane magnetization reveal a reversible transformation of

the out-of-plane magnetization in the Ni films under voltage control [5].

[1] P. Wadley et al., Nat. Nanotechnol. 13, 362 (2018).

[2] M. J. Grzybowski et al., Phys. Rev. Lett. 118, 057701 (2017).
[3] P. Wadley et al., Science 351, 587 (2016).

[4] N. Waterfield-Price et al., Phys. Rev. Lett. 117, 117601 (2016).
[56] M. Ghidini et al., Adv. Mater. 27, 1460 (2015).
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[1] J. Haruyama, T. Ikeshoji, and M. Otani, Phys. Rev. Mater. 2, 095801 (2018).
[2] M. Otani and O. Sugino, Phys. Rev. B 73, 115407 (2006); S. Nishihara and M. Otani, Phys. Rev. B 96, 115429 (2017).
[3] J. Haruyama, T. Ikeshoji, and M. Otani, J. Phys. Chem. C 122, 9804 (2018).
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B BBt I J— : Collinear Anomalous Hall Antiferromagnets
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#E:

It is now well established both theoretically and experimentally that the anomalous Hall effect (AHE) can exist in
certain noncollinear antiferromagnets with vanishing total magnetization. Using similar symmetry arguments, we
propose that the AHE and many related properties such as magneto-optical Kerr effect, anomalous Nernst effect,
orbital magnetization, etc., can also exist in many collinear antiferromagnets with symmetry-allowed spin canting.
Similar to the noncollinear case, these AHE-related effects will still be finite when the net spin magnetization vanishes.

We give two classic examples, NiF2 and alpha-Fe203, corresponding to different mechanisms for spin canting, i.e.
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single-ion anisotropy and Dzyaloshinskii-Moriya interaction. Although these two materials are good insulators and
may not be easily doped in order to measure the AHE, the discussion is general and can be applied to many other
canted antiferromagnets. We construct minimal models with spin-orbit coupling terms compatible with these canting

mechanisms and discuss the similarities and differences between the collinear and the noncollinear cases.

B BRI —  FYTTRTFAE VBRI B T 5 8RR & RS R
HIRE : 2018 4E 12 A 10 H(H) 7P 11 BE~7F4% O kg

B OPERIFCRARES 6 B 55 5 3 —%(A615)

A i

P BRIRIERLRE K2R LA oeki

L=

MR £ TS 2R SR WEF AV UHRIKIE P. W. Anderson (2 X AERGRIERUIME., B L2 104210d 7= o THEME
WO FEERNIT —~DOEDTH D, TOPTHIE, WHEICE T AL U REZ LERREIC S % 2 = 7 [1]
PEHAEEDTEY ., S5, AV HIEH AR OROERREMER DS E OMWE & 720 155 2 L b (2], FEBR
AR IR T O TN D, BT A RIROBE R FHE L L COBEDFELZRITH 2N TE, ¥4 7 &
FAEURIBIZEBNTIE, BEFAE VR~ TR & 22 7TV~ 0Bt o Tn5b, Ziub D5y
BHRLT R E O X D IR RPREMEICHN D NEHLNICTH 2 13, BT A Y VRO FEEEZ ERNIORT EBE
TREFLIZ72 0 9 B,

ABFFETIX, ¥4 7 BAAE RIRICINIET 5 55k 1 D3 A 2 RS E B OV D < Rt iR RIS ZE A 2 ST
DRSNREW SN T D71, AR ¥ = 7R 2 3R L L CEMREE A F R L, S BICZ OB A T~
oo P BB/ NSWE XOBENART T —FE AV CHRIBEOBMIEE ZFH L, TOME, A5 L -
THELB~ITTHRITRO bR a PRI L 72 7 —VHORS N, FRRABGR— VREE DR EZb & LW
T2 L ARL[B]). ZORE L ERER L DR AT 724,56, & HICEBINAAR O EZBL THSEZHE Lz sic, I
B v AR e U UEBRE TS Z L b LT LTZ[6],

[1] A. Kitaev, Ann. Phys. (N. Y.) 321, 2 (2006).

[2] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205 (2009).

[3] J. Nasu, J. Yoshitake, and Y. Motome, Phys. Rev. Lett. 119, 127204 (2017).

[4] Y. Kasahara et al., Phys. Rev. Lett. 120, 217205 (2018).

[6] Y. Kasahara et al., Nature 559, 227 (2018).

[6] J. Nasu, Y. Kato, Y. Kamiya, and Y. Motome, Phys. Rev. B 98, 060416(R) (2018).
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®E:
The standard Doniach phase diagram of Kondo materials or heavy fermion systems often assumes Kramers-doublet
local moments coupled to conduction electrons. On the other hand, there exist a class of materials, where the local

moments carry multipolar moments due to their non-Kramers nature. In this talk, I will describe a theory of Kondo
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materials with multipolar local moments using the example of PrTi2A120 and PrV2Al20 systems. Here the local
moments at Pr sites carry quadrupolar and octupolar moments. I will present a general Landau theory for the
multipolar ordering in such systems. Further, I will explain how magnetostriction, the length change of the system
upon the application of external magnetic field, can be used as a power tool to detect multipolar ordering.

If time permits, I will also describe recent theoretical progress in understanding the multipolar Kondo problem,

where new renormalization group fixed points may be found.

B ) )Y 12 A3 J— : Structural reconstructions and emerging interface spin textures at (111)-
oriented epitaxial perovskite interfaces
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¥E:

Perovskite oxides are technologically interesting because of their strong structure—property coupling, with
interesting functional properties ranging from ferromagnetism, ferroelectricity to high-temperature superconductivity.
Here I will give an overview of our work on synthesis of atomically smooth (111)-oriented oxides and discuss the effect
of crystalline facets on their physical properties. Of special interest are structural effects at epitaxial interfaces
promoting novel functional properties. To address this question (111)-oriented epitaxial heterostructures of
antiferromagnetic (AF) LaFeO3 and ferromagnetic La0.7Sr0.3MnO3 are used as a model system. To probe the
interface spin texture, we rely on a combination of soft x-ray spectroscopy, neutron reflectometry, magnetometry, TEM,
and DFT investigations. By increasing the LaFeO3 thickness, a change from out-of-plane to in-plane AF spin axis
takes place above 16 d111-layers, below which a magnetic interface reconstruction with a net switchable Fe moment
of LaFeO3 is observed when deposited on SrTiO3. By using orthorhombic substrates, the magnetic anisotropy of the
reconstructed interface can be controlled, from 6-fold when deposited on cubic SrTiO3 to 2-fold. In the presentation I
will especially focus on the importance of the interplay between local AF order and concurrent structural
reconstructions at interfaces to establish a magnetic reconstruction, opening for tuning the AF-spin texture by

interface engineering.

References:

Phys. Rev. Materials 2, 014404 (2018).

dJ. Phys.: Cond. Matter 30, 255702 (2018).
J. of. Appl. Phys 124, 185301 (2018).
Phys. Rev. B 96, 094109 (2017).

APL Materials 5, 086107 (2017).

Phys. Rev. B. 95, 064109 (2017).

Phys. Rev. B 94, 201115 (2016).

Crystal Growth and Design 16, 2357 (2016).
APL Materials 3, 062501 (2015).

J. of Appl. Phys. 113, 183512 (2013).
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B BIERC 7 A — IV IJ—  Emergent O(4) Symmetry and Signatures of Deconfined Quantum
Critical Point in Shastry-Sutherland Lattice Material SrCu2(B0O3)2
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We study the possibility of a deconfined quantum phase transition in the two dimensional Shastry-Sutherland spin
model, using both numerical and field theoretic techniques. We argue that the quantum phase transition between a
two fold degenerate plaquette valence bond solid (pVBS) order and Neel order may be described by a deconfined
quantum critical point (DQCP) with emergent O(4) symmetry.

Further, using the infinite density matrix renormalization group (iIDMRG) numerical technique, we verify the
emergence of an intermediate pVBS order, between the dimer and Neel ordered phases. By analyzing the correlation
length spectrum for different orders, we provide evidence for deconfinement and emergent O(4) symmetry at the phase
transition between the pVBS and Neel orders. Such a phase transition has been reported in the recent pressure tuned
experiments in the Shastry-Sutherland lattice material SrCu2(B0O3)2. The non-symmorphic lattice structure of the
Shastry-Sutherland compound leads to extinction points in the scattering, at which we predict sharp signatures for
DQCP in both phonon and magnon spectra associated to the spinon continuua. Our result would guide the

experimental search for DQCP in quantum magnets.

FiRE - T2 2 J— : Solid Transformation and Post-synthetic Modification on Metal-Organic Frameworks
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®E:

The chemistry of metal-organic frameworks has experienced an almost unparalleled growth in the past two decades
driven by their rich functions cover a wide range and potential industry applications as high-capacity adsorbents. The
talk will introduce different ways to rationally modify the structure and function of a MOF with established structure
through three main parts: (1) Some interesting MOF's exhibits good stability, high loading and quick uptake of iodine.
After iodine inclusion, the resulting guest changed MOF's process fascinating properties in conductivity and nonlinear
optical properties. (2) Tandem post-synthetic reactions were applied to well modify the structure of precursor MOFs,
leading either entirety or surface modification as well as great changes in sorption and magnetic behaviors. (3) A
sequential perturbative approach to unrestraint metal coordinative environment in MOF crystals was built and thus
enabling the glass formation under mild condition and reticular tuning of glass properties. The new strategies would
provide useful guidelines for screening functional glass from the abundant databases of MOFs, which may open an

area of research with fundamental and applied importance.
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It is known that certain symmetric gauge theories can only exist on the surface of a higher dimensional symmetry
protected topological (SPT) state, in which case the symmetric gauge theory is termed anomalous. The anomaly class
of such a gauge theory is represented by the bulk SPT index. Given an anomaly class, what kinds of symmetric gauge
theories are allowed? Based on physical arguments and tensor-network constructions, we point out a sharp
mathematical relationship between the symmetry properties of Abelian gauge theories and the anomaly class: the cup
product. When the physical system hosts Lieb-Schultz-Mattis-type constraints, which is a specific type of anomaly
class, our result sharply determines the physically allowed symmetric gauge theories as the preimage of the cup

product. Various examples are given as an application, including the computation of physically allowed skyrmion
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quantum numbers in various Neel states in 2+1D, and gauge charge/monopole projective representations in U(1)

quantum spin liquids in 3+1D.
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