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Dear participans welcome to the PIPT5 Conference 
 

On behalf of the Organizing Committee and the International Scientific Committee we would 

like to extend you all a very warm welcome to the 5-th International Conference on Photoinduced 

Phase Transitions and Cooperative Phenomena (PIPT5). 

 

PIPT5 is the fifth in the series of triennial International Conference on photoinduced phase 

transitions, which was launched in 2001 by Prof. Nasu in Tsukuba, Japan. The first meeting was 

followed by the 2005 conference in Rennes, France (chaired by Prof. Cailleau and Prof. Luty), the 

2008 conference in Osaka, Japan (chaired by Prof. Koshihara) and the 2011 conference chaired by 

Prof. Luty, which took place in Wroclaw, Poland hosted by the Wroclaw Institute of Technology. 

The initial meetings covered a wide range of topics from photoinduced transitions in photo-

ferroelectrics, amorphous semiconductors, liquid crystals to solid-liquid phase transitions. The 

development of novel femtosecond techniques and their applications to advanced quantum matter has 

been pushing the scope into the direction of correlated electron system. Hand in hand with major 

advances in experimental techniques (e.g. time-resolved X-ray and electron diffraction enabling 

making of molecular movies, time and angular resolved photoemission providing access to dynamics 

of electrons in a momentum and energy resolved fashion) numerous theory groups are becoming 

involved in the emerging field of ultrafast phenomena in cooperative/correlated systems. 

The goal of the PIPT5 meeting was to bring together leading experimentalists and theorist 

working in the field of ultrafast phenomena in cooperative systems, and provide a forum for discussion 

on mechanisms of ultrafast optically induced phase transitions in condensed-matter systems, as well 

on potential applications of these processes in modern electronic circuitry. The main focus of the 

PIPT5 lies on the cooperative phenomena in advanced quantum materials that take place and can be 

recorded on the fundamental time and atomic length scales following femtosecond optical quenching. 

Intense light (in a most general sense, with photon energies ranging from meV to several eV) pulses 

are used to perturb and drive non-thermal phase transitions from different ordered broken symmetry 

states (e.g. superconductivity, charge or spin density wave order, ferromagnetism). By selectively 

probing the magnetic, electronic and structural degrees of freedom the underlying relaxation pathways 

are being probed aiming at elucidating the mechanisms of interplay between various degrees of 

freedom (e.g. different interactions giving rise to the existence of the unconventional low temperature 

order). Moreover, quite often novel metastable states are generated by such rapid quenches, which are 

not present in thermodynamic equilibrium. Such emergent behaviors present novel possibilities for 

ultrafast switching and memory applications. 

When putting together the programme the International Scientific Committee strived to 

include the most important recent advances in the field including e.g. recent developments in the field 

of femtosecond structural probes, THz driven phenomena, time and angular resolved photoemission, 

surface and interface phenomena and photoinduced generation of metastable states. Moreover, one of 

the goals was to increase the number of junior scientists and, in particular, participating groups from 

US/Canada. 

 

Our sincere thanks goes to all members of the International Scientific Committee for their help 

in making the scientific programme very attractive. Furthermore, we would like to thank our sponsors 

for their contributions. Particular thanks goes to Prof. Koshihara for securing substantial support from 

the Japanese Science and Technology Agency (JST).  

We wish you all a successful conference, both scientifically and socially, and encourage you 

to take some time off and enjoy Bled and its surroundings. 

 

Sincerely, 

 

Jure Demġar 

Dragan Mihailoviĺ 
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Monday, 9.6.2014 
Abstract 

page 

8:45 - 9:00                                                Welcome 

THz driven phenomena 

Chair: Dragan Mihailovic  

9:00 - 9:30 
Hiroshi Okamoto: Ultrafast control of ferroelectric polarizations by terahertz 

fields in organic ferroelectrics 
16 

9:30 - 10:00 
Shinichiro Iwai : Optical control of correlated charge driven by 10 MV/cm ac 

field of 1.5-cycle infrared pulse in organic conductor 
17 

10:00 - 10:30 
Rupert Huber:  Sub-cycle charge and spin control with phase-locked multi-

terahertz fields 
18 

10:30 - 11:00 
Ryo Shimano: Ultrafast Dynamics of Higgs Amplitude Mode in S-Wave 

Superconductors Induced by Intense Terahertz Pulse Excitation 
19 

11:00 - 11:20 Coffee break 

PIPT in organics I 

Chair: Hiroshi Okamoto  

11:20 - 11:50 

German Sciaini: Ultrabright femtosecond electron source captures key 

molecular motions in the photoinduced insulator-to-metal phase transition of 

(EDO-TTF)2PF6   
20 

11:50 - 12:20 
Kenji Yonemitsu:  Pulsed vs. CW Laser Excitations: Different Controlling 

Mechanisms of Photoinduced Charge-Order Melting in Molecular Crystals 
21 

12:20 - 12:40 
Kunio Ishida:  Spatio-temporal Behavior of Atomic Displacement Parameters 

during Collective Relaxation of Franck-Condon States 
22 

12:40 - 13:00 
Tadahiko Ishikawa: Photo-induced dynamics of Pt(dmit)2 salts studied by 

optical spectroscopy and electron-diffraction technique 
23 

13:00 - 14:30 Lunch 

PIPT in organics II 

Chair: Kenji Yonemitsu  

14:30 - 15:00 
Shin-ya  Koshihara: Dynamical Role of Hidden Faces in Photo-Functional 

Materials 
24 

15:00 - 15:30 
Hiroko Tokoro:  Photo-induced phase transition with magnetic change in cyano-

bridged bimetallic assemblies 
25 

15:30 - 15:55 
Ken Onda: Photofunction of organic materials studied by time-resolved infrared 

vibrational spectroscopy 
26 

15:55 - 16:20 
Natasha Kirova: Modeling of local phase transformations induced by optical 

pumping to excitons: applications to neutral-ionic transitions 
27 

16:20 - 16:40 Coffee break 

Novel techniques I 

Cahir: Shin-ya  Koshihara 

16:40 - 17:10 
R. J. Dwayne Miller: Mapping Atomic Motions with Ultrabright Electrons: The 

Chemistsô Gedanken Experiment Enters the Lab Frame 
28 

17:10 - 17:40 
Steven Johnson: Tracking femtosecond dynamics of spins and the lattice with x-

ray diffraction 
29 

17:40 - 18:05 
Brett Barwick:  Imaging plasmonic Fabry-P®rot resonances with ultrafast 

electron microscopy 
30 

18:05 - 19:05 POSTER SESSION 
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Tuesday, 10.6.2014 
Abstract 

page 

Spin related phenomena I 
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8:30 - 9:00 
Theo Rasing: All optical control of magnetism: From fundamentals to nanoscale 

reversal 
31 

9:00 - 9:30 Paul van Loosdrecht: Transient magnetism in EuO 32 

9:30 - 10:00 
Hermann A. D¿rr: Dissentangling the nanoscale angular momentum pathways 

during all-optical magnetic switching 
33 

10:00 - 10:25 Yoichi Okimoto:  Ultrafast dynamics in spin crossover cobaltites 34 

10:25 - 10:40 
Isabelle Maurin:  Confinement effects in photostrictive/magnetostrictive core-

shell particles based on Prussian blue analogues 
35 

10:40 - 11:00 Coffee break 

Spin related phenomena II 

Chair: Theo Rasing 

11:00 - 11:30 
Alexey V. Kimel: Controlling, Probing and Harnessing the Strongest Force in 

Magnetism 
36 

11:30 - 12:00 
Markus M¿nzenberg: Speed limit for FePt spin dynamics on femtosecond 

timescales 
37 
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Hiroshi Watanabe: Interfering long-lived spin precessions induced by a THz 

pulse in ErFeO3 
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Johan Mentink:  Ultrafast quenching of the exchange interaction in a Mott-

insulator 
39 
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Andrea Marino:  Exploring different pathways across the potential energy 

surface in the early process of photoinduced spin-state switching 
40 
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Surface,  Interface & topological insulators I 

Chair: R. J. Dwayne Miller  
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Fabrizio Carbone: Photo-induced ordering phenomena in 2D homoligand gold 

nanoparticles 
41 
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Michael Horn von Hoegen: Ultrafast Time Resolved Electron Diffraction at 

Surfaces: Watching the Atoms Freeze 
42 

15:30 - 15:55 
Rohit Prasankumar: Using Ultrafast Optical Spectroscopy to Explore 

Magnetoelectric Coupling in Multiferroic Oxide Heterostructures 
43 

15:55 - 16:20 Naoki Ogawa: Photocontrol of Dirac electrons in a bulk Rashba semiconductor 44 

16:20 - 16:40 Coffee break 

Surface,  Interface & topological insulators II 

Chair: Jim Freericks 

16:40 - 17:00 
Tohru Suemoto: Femtosecond mid-infrared luminescence and its layer-number 

dependence in graphenes   
45 

17:00 - 17:20 
Koichiro Tanaka:  Transient spin polarized current induced by femtosecond 

pulse excitation in topological insulators 
46 

17:20 - 17:40 

Keiki Fukumoto:  Imaging of photo-generated carrier dynamics in 

semiconductor using femtosecond time-resolved photoemission electron 

microscopy 
47 

17:40 - 17:55 Hugo U. R. Strand: Interaction quench dynamics of the Bose-Hubbard model 48 

17:55 - 18:55  POSTER SESSION 
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Wednesday, 11.6.2014 
Abstract 

page 

Cuprates I 

Chair: Fabrizio Carbone 

8:30 - 9:00 
Yasunori Toda: Polarized femtosecond spectroscopy for quasiparticle dynamics 

associated with symmetry breaking in Bi2Sr2CaCu2O8+d 
49 

9:00 - 9:25 Cassandra Hunt: Light-induced coherence enhancement in cuprates 50 

9:25 - 9:45 
Federico Cilento: Photoinduced antinodal metallicity in the pseudogap state of 

high-Tc cuprates 
51 

9:45 - 10:05 Ryo Fukaya: Ultrafast paired-carrier coherence control in two-leg ladder cuprate 52 

Cuprates II 

Chair: Yasunori Toda 

10:05 - 10:25 
Tatsuya Miyamoto: Ultrafast dynamics of photoinduced Mott insulator-metal 

transition in an undoped 2D cuprate Nd2CuO4 
53 

10:25 - 10:45 

Ljupka Stojļevska Malbaġiĺ: Mechanisms of nonthermal destruction of the 

superconducting state and melting of the charge-density-wave state by 

femtosecond laser 
54 

10:45 - 11:05 Coffee break 

11:05 - 11:35 
Luca Perfetti: Dynamics of fluctuations in high temperature superconductors far 

from equilibrium conditions 
55 

Insulator-Metal transitions 

Chair: Herve Cailleau 

11:35 - 12:00 
Bradley J. Siwick: On the contribution of Mott and Peierls instabilities to the 

semiconductor-metal transition in VO2 
56 

12:00 - 12:20 
Marc Herzog: Metallization in an instant ï The photoinduced phase transition of 

VO2 
57 

12:20 - 12:40 
Martin Eckstein : Relaxation dynamics of photo-induced carriers studied within 

dynamical mean-field theory 
58 

12:40 ï 13:00 
Elsa Abreu: Dynamic scaling of the insulator to metal transition in high quality 

V2O3 thin films 
59 

13:00 - 13:15 
Etienne Janod: Insulator to metal transition induced by an electronic avalanche 

in the narrow gap Mott Insulators AM4Q8 (A=Ga,Ge; M = V, Nb, Ta ; Q = S, Se) 
60 

13:15 - 14:40 Lunch 

 

EXCURSION 
15:00  
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Thursday, 12.6.2014 
Abstract 

page 

Density waves I 

Chair: Luca Perfetti  

8:30 - 9:00 
Michael Bauer: Ultrafast modulation of the chemical potential in BaFe2As2 by 

coherent phonons 
61 

9:00 - 9:30 
Martin Wolf : Ultrafast dynamics of insulator-to-metal transitions probed by time-

resolved ARPES 
62 

9:30 - 10:00 Jure Demġar: Ultrafast Metamorphosis of a Complex Charge-Density Wave 63 

10:00 - 10:25 
Claude Monney: Ultrafast recovery of the CDW phase in TiSe2 due to electron-

hole scattering 
64 

10:25 - 10:40 Hiroshi Hashimoto: Photo-induced dynamics in frustrated charge ordered systems 65 

10:40 - 11:00 Coffee break 

Density waves II 

Chair: Michael Bauer 

11:00 - 11:30 
Uwe Bovensiepen: Non-equilibrium electronic structure of transient states in solid 

materials driven by femtosecond laser pulses 
66 

11:30 - 12:00 
Jim Freericks: Quantum excitation and time-resolved PES in charge-density-wave 

insulators 
67 

12:00 - 12:30 
Viktor Kabanov : Electronic relaxation in a metal excited by an ultrashort optical 

pump 
68 

12:30 - 12:50 
Kaoru Iwano: Photoinduced Electronic Domain Formation and Its Many-body 

Properties Expected for a Two-dimensional Charge-ordering System 
69 

13:00 - 14:30 Lunch 

Metastable/switched states I  

Chair: Uwe Bovensiepen 

14:30 - 15:00 
Keiichiro Nasu: How much time necessary to photo-generate Fermi surface from 

true electron vacuum 
70 

15:00 - 15:25 
Tomaģ Mertelj: Femtosecond Switching to a Stable Hidden Quantum State in an 

Electronic Crystal 
71 

15:25 - 15:55 
Patrick S. Kirchman: Towards a Microscopic Picture of the Photo-Induced, 

Metastable State in TaS2 
72 

15:55 - 16:25 
Serguei Brazovski: Modeling of evolution of a complex electronic system to an 

ordered hidden state: application to optical quench in TaS2 
73 

16:25 - 16:45 Coffee break 

Metastable/switched states II 

Chair: Keiichiro Nasu 

16:45 - 17:10 
Chong-Yu Ruan: Optical exploration of hidden phases in correlated electron 

materials visualized by femtosecond electron crystallography 
74 

17:10 - 17:30 
Lutz Waldecker: Ultrafast optical response and structural dynamics of the 

photoinduced phase transition of phase change materials 
75 

17:30 - 17:50 Roman Bertoni: Mecano-elastic switching in solids- Alternative route to PIPT 76 

17:50 - 18:10 
Samuel W. Teitelbaum: Irreversible Photoinduced Phase Transitions Studied By 

Single-Shot Pump-Probe Spectroscopy 
77 

19:00 
CONFERENCE DINNER 
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Friday, 13.6.2014 

Novel techniques II 

Chair: Martin Wolf  

8:30 - 9:00 Maciej Lorenc: Ultrafast Dynamics probed with pulsed X-rays 78 

9:00 - 9:30 
Thomas Elsaesser: Nonequilibrium electron density maps of ionic crystals from 

femtosecond x-ray powder diffraction 
79 

9:30 - 9:50 
Timothy Miller : Domain Alignment and Switching in Correlated Materials by 

THz Fields 
80 

Correlated systems I 

Chair: Thomas Elsaesser 

9:50 - 10:20 
Peter Prelovġek: Charge recombination and relaxation in photoexcited Mott-

Hubbard insulators  
81 

10:20 - 10:50 
Steven D. Conradson: A Gap Opening Transition in a Quantum Phase of 

Photoinduced Quasiparticles in the Partly Filled Mott Insulator UO2+x 
82 

10:50 - 11:10 Coffee break 

Correlated systems II 

Chair: Peter Prelovġek  

11:10 - 11:40 
Sumio Ishihara: Ultrafast Photoinduced Electron Dynamics in Mott Insulators and 

Correlated Metals 
83 

11:40 - 12:10 
Takami Tohyama: Photo-induced electron dynamics in one-dimensional extended 

Hubbard model 
84 

12:10 - 12:30 
Tetsuo Ogawa: Equilibrium and Nonequilibrium ñCondensationsò  in Polariton 

Many-Body Systems 
85 

12:30 - 12:45 Jan Kogoj: Unusual Two-stage Dynamics of the Spin-Lattice Polaron Formation 86 

12:45 - 13:00 CLOSING 

13:00 - 14:30 Lunch 

 

DEPARTURE 
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Ultrafast control of ferroelectric polarizations by terahertz fields 

in organic ferroelectrics 
 

Hiroshi Okamoto 
 

Dept. of Adv. Mat. Sci., Univ. of Tokyo, Kashiwanoha 5-1-5, Kashiwa, Chiba 277-8561, Japan 

 

E-mail: okamotoh@k.u-tokyo.ac.jp 

 

Recently, a new type of ferroelectrics in which ferroelectric polarizations are produced by intra- or 

inter-molecular charge transfers (CTs) is attracting much attention and called ñelectronic-type 

ferroelectricsò.  Organic molecular compounds, TTF-CA (TTF: tetrathiafulvalene, CA: p-chloranil) 

and a-(ET)2I3 (ET: bis(ethyleneditio)tetrathiafulvalene), and a hydrogen-bonded molecular crystal, 

croconic acid (H2C5O5), are its proto-typical examples. In this paper, we report a new approach for the 

rapid control of ferroelectricity using a terahertz (THz) electric field, focusing on these ferroelectric 

materials. From the results of THz-pump optical-probe and second-harmonic-generation(SHG)-probe 

spectroscopy, we show that the ferroelectric polarizations dominated by p-electron systems can be 

controlled in a sub-picosecond timescale via THz-field-induced collective CT processes.  

TTF-CA is a mixed-stack CT compound, in which, TTF (donor) and CA (acceptor) molecules arrange 

alternately forming quasi-one-dimensional(1D) stacks. By lowering temperature, it shows a neutral(N) 

to ionic(I) phase transition at 81 K. It was revealed that the CT processes within neighboring DA 

molecules at the NI transition give rise to the electronic-type ferroelectricity. In TTF-CA and its 

derivative, collective intermolecular CT processes (1,2) and resultant changes of the polarization (3) 

can be induced by a femtosecond laser pulse, which is called ñphotoinduced NI transition". Our 

terahertz-pump optical-reflectivity-probe (4) and second-harmonic-generation(SHG)-probe 

measurements revealed that the degree of the intradimer charge transfers can be rapidly controlled and 

a sub-picosecond modulation of the macroscopic polarization is possible by a strong terahertz field 

(5). In addition, we found that coherent oscillations of dimeric molecular displacements subsequently 

occurred, which can be explained by the modulation of the spin moment of each molecule (5). 

Moreover, we have succeeded in rapidly modulating polarizations by a THz field even in the N phase 

through the field-induced motions of domain walls between N and I domains.   

A 2D organic conductor, a-(ET)2I3, shows a metal to charge-order(CO)-insulator transition at 135 K. 

In the CO phase, electronic-type ferroelectricity is suggested to appear from the SHG study (6). In this 

compound, we also observed large changes of the reflectivity and SHG by THz fields. THz-field-

direction dependence of transient reflectivity changes revealed that the direction of the ferroelectric 

polarization is inclined by about 25 degrees from the crystal axis b. Such a diagonal polarization can 

be explained by considering the anisotropy of molecular overlaps in the 2D sheets of ET molecules.      

In a hydrogen-bonded molecular ferroelectric, croconic acid (7, 8), we have also succeeded in 

modulating the ferroelectric polarization more than 10 % by the THz field of ~100 kV/cm. We will 

discuss the field-induced p-electron and proton dynamics on the basis of the results of THz-pump 

optical-probe and infrared-probe spectroscopy. 

This work has been done in collaboration with T. Miyamoto, H. Yamakawa, T. Morimoto, T. 

Terashige, D. Hata, M. Sotome, H. Yada, N. Kida, H. Mori (Univ. of Tokyo), M. Suda, H. Yamamoto 

(IMS), R. Kato (RIKEN), and S. Horiuchi (AIST).  
References: 

(1) H. Uemura and H. Okamoto, Phys. Rev. Lett. 105, 258302 (2010). 

(2) T. Miyamoto, H. Uemura, and H. Okamoto, J. Phys. Soc. Jpn. 81, 073703 (2012). 

(3) T. Miyamoto, K. Kimura, T. Hamamoto, H. Uemura, H. Yada, H. Matsuzaki, S. Horiuchi, and H.  

Okamoto, Phys. Rev. Lett. 111, 187801 (2013). 

(4) H. Yada, T. Miyamoto, and H. Okamoto, Appl. Phys. Lett. 102, 091104 (2013). 

(5) T. Miyamoto, H. Yada, H. Yamakawa, and H. Okamoto, Nature Commun. 4, 2586 (2013). 

(6) K. Yamamoto et al., J. Phys. Soc. Jpn. 77, 074709 (2008). 

(7) S. Horiuchi et al., Nature 463, 789 (2010). 

(8) R. Sawada, H. Uemura, M. Sotome, H. Yada, N. Kida, K. Iwano, Y. Shimoi, S. Horiuchi, and H.  

Okamoto, Appl. Phys. Lett. 102, 162901 (2013). 
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Optical control of correlated charge driven by  

10 MV/cm ac field of 1.5-cycle infrared pulse in organic conductor 
 

Shinichiro Iwai  
 

Department of Physics, Tohoku University, Japan 

 

E-mail: s-iwai@m.tohoku.ac.jp 

 

Recent theoretical studies using dynamical mean field theory (DMFT) have shown dramatic highly 

non-equilibrium phenomena such as a photo-generations of negative temperature state and 

superconducting state [1, 2]. In those highly-non-equilibrium phenomena, a reduction of transfer 

integral t under high-frequency ( /tw> ) AC electric field ()E w  [3-5] plays an important role for 

cw light (Fig. 1(a)), although similar non-equilibrium effects can be also expected for asymmetric near 

single-cycle pulse by different mechanism [2].  

In this study, we have investigated the optical response of the metallic phase of a layered organic 

conductor a-(ET)2I3 (ET; bis[ehtylenedithio]-tetrathiafulvelene) exhibiting metal(Fig. 1(b))-

ferroelectric CO insulator(Fig. 1(c)) transition (transition temperature TCO=135 K) using near infrared 

7 fs (1.5-cycle) pulse. Photoinduced metal to insulator change, that is a reverse process of 

photoinduced insulator to metal transition [6-7], will be discussed in terms of the reduction of transfer 

integral driven by 10 MV/cm high-frequency ac field.  
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Figure 1: (a) Schematic illustration of the reduction of t induced by high-frequency strong ac field ,  

(b)(c)Schematic illustrations of (b) metallic and (c) charge ordered phases of a-(ET)2I3.  
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Femtosecond optical pulses have opened exciting vistas on ultrafast phase transitions. Near-infrared or 

visible light, however, typically prepares complex excitation scenarios involving multiple degrees of 

freedom simultaneously. In contrast, electromagnetic radiation in the terahertz (THz) spectral window 

may couple resonantly and selectively to important low-energy elementary excitations. Modern table-

top sources have provided phase-locked field transients covering the entire mid- to far-infrared range 

and reaching peak amplitudes beyond 11 GV/m [1]. In combination with sensitive electro-optic 

detection, this toolbox offers an exciting pathway to observe and control spin and charge dynamics on 

time scales shorter than a single oscillation cycle of the carrier wave. Three recent studies will be 

reviewed: 

In a first experiment [3], we exploit THz electric fields of up to 7 GV/m to investigate a novel non-

perturbative regime of sub-cycle coherent charge transport: In the reference system of bulk 

semiconductors, the THz electric field accelerates electrons through the entire Brillouin zone in a 

fraction of an oscillation period of light. This dynamics allows us to access the long-sought-after 

Bloch oscillations in bulk crystals, generating phase-stable high-harmonic transients with specta-

cularly broad bandwidth, covering the entire THz-to-visible spectral domain between 0.1 and 

675 THz, in a single waveform. Quantum interference of different excitation paths of accelerated 

carriers is controlled via the waveform of the driving field. These results pave the way towards all-

optical investigation of electronic bandstructures and correlations throughout the entire Brillouin zone. 

While the THz electric field component couples to the charge degree of freedom, in a second study we 

show that the magnetic component of intense THz transients enables the most direct control of the 

electron spin [4]: Single-cycle THz pulses switch on and off coherent spin waves in antiferromagnetic 

NiO, at frequencies as high as 1 THz. Our approach offers a novel ultrafast handle on previously 

inaccessible magnetic excitations in the electronic ground state of solids.  

The third study demonstrates that THz coherent lattice vibrations can induce transient spin order in 

BaFe2As2, the parent compound of pnictide superconductors [5]. We trace a multi-THz energy gap 

characteristic of a spin density wave following excitation with a femtosecond optical pulse. When 

starting in the low-temperature ground state, optical excitation melts the spin order, followed by an 

ultrafast recovery. In contrast, the spin density wave gap is induced when we excite the normal state 

above the transition temperature. Very surprisingly, the transient ordering adiabatically follows a 

coherent lattice oscillation at a frequency as high as 5.5 THz. Our results attest to a pronounced spin-

phonon coupling in pnictides that supports rapid development of a macroscopic order upon small 

vibrational displacement. 

Combining the ideas of all three experiments, intense electric and magnetic THz fields offer unique 

opportunities to drive charge and spin degrees of freedom selectively and disentangle their interplay in 

the time domain. Exciting vistas emerge for Zeeman-type excitation of magnons in unconventional 

superconductors or coherent control of energy gaps in strongly correlated systems. 
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Ultrafast photo-control of superconductor is a fascinating subject, whereas various problems remain as 

open questions: how fast does the order parameter of superconductivity respond to the external 

perturbation? Can we manipulate the order parameter by optical means? How does the collective mode 

relevant to the superconductivity emerge in the photo-response? How does it interact with the 

radiation field? In general, two kinds of collective excitations appear when phase transition occurs 

associated with the spontaneous symmetry breaking; the gapless phase mode (Nambu-Goldstone (N-

G) mode) and the gapped amplitude mode of the complex order parameter. The latter is also called as 

the Higgs amplitude mode from its analogy to the Higgs boson in elementary particle physics. The 

nature of the Higgs amplitude mode in superconductors has been intensively studied theoretically, 

according to which the Higgs amplitude mode can be thought of as the collective Rabi oscillation of 

the Andersonôs pseudo-spins. A variety of collective mode dynamics such as collision-less damping, 

power-law decay, persistent oscillation, has been investigated [1-6]. Despite the intensive theoretical 

studies, the experimental investigation of the Higgs mode in superconductors has remained elusive, 

since the Higgs mode does not couple directly to the electromagnetic field. In this presentation, we 

report on our recent observation of the Higgs amplitude mode in s-wave superconductors, Nb1-xTixN 

films [7] by using terahertz (THz)-pump and THz-probe spectroscopy technique [8]. In order to excite 

the Higgs amplitude mode, we irradiated the sample by an intense monocycle THz pulse whose center 

frequency was tuned to the superconducting gap energy. In the non-adiabatic excitation regime where 

the excitation pulse width is shorter than the inverse of superconducting gap energy, a damped 

oscillation was observed in the transmission of the THz probe pulse as a function of pump-probe 

delay. The oscillation frequency coincides with the value of asymptotic BCS gap energy after the THz 

pulse excitation, showing an agreement with the anticipated character of Higgs amplitude mode. When 

the excitation pulse width is comparable to the inverse of superconducting gap energy and thus the 

non-adiabatic excitation condition is relaxed, the Higgs mode becomes less prominent. In the 

presentation, we will report the ultrafast dynamics of Higgs mode and its coherent interplay with the 

THz electromagnetic wave.  

This work is done in collaboration with R. Matsunaga, Y. I. Hamada, A. Sugioka, H. Fujita, K. 

Makise, Y. Uzawa, H. Terai, Z. Wang, N. Tsuji, and H. Aoki. 
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The progress in the development of fs-structural probes during the last twenty years has been 

tremendous. Current ultrafast structural techniques provide the temporal and spatial resolutions 

required for the stroboscopic observation of atoms in motion. In regards to femtosecond electron 

sources, different compression approaches have made it possible the generation of ultrashort and 

ultrabright electron pulses. With an effective brightness only one hundredfold below that of fs-hard X-

ray Free Electron Lasers, ultrabright femtosecond electron sources have reveal unprecedented results 

in the study of photoinduced ultrafast structural dynamics [1, 2]. I will present a brief overview of 

field along with a recent femtosecond electron diffraction (FED) study of the photoinduced insulator-

to-metal phase transition of organic charge-transfer salt (EDO-TTF)2PF6 [3]. Here, we implemented a 

low repetition rate (10 Hz) and ultra-bright femtosecond electron source in order to avoid cumulative 

heating and photo degradation effects and obtain a movie of the relevant molecular motions driving 

this photo-induced insulator-to-metal phase transition. We were able to record time-delayed diffraction 

patterns that allow us to identify time-dependent changes over hundreds of Bragg peaks. Model 

structural refinement calculations indicate the formation of a transient intermediate structure (TIS) in 

the early stage of charge delocalization (during the initial 2 ps). The molecular motions driving the 

formation of TIS were found to be distinct from those that, assisted by thermal relaxation, convert the 

system into a metallic-like state on the 100-ps timescale. These findings illustrate the potential of 

ultrabright femtosecond electron sources for capturing the primary processes governing structural 

dynamics with atomic resolution in labile systems relevant to chemistry and biology. 
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We theoretically show different mechanisms of optical control of electronic phases in molecular 

materials. So far, a variety of phase transitions have been photoinduced with the help of cooperativity 

originating from electron-electron and/or electron-phonon interactions. Now, we can take advantage of 

very short and thus strong pulses, which allow us to directly manipulate electrons or their interactions. 

In this context, photoinduced superconductivity has been proposed by Tsuji et al. It is theoretically 

realized by a band-structure inversion and a resultant negative effective temperature. If continuous-

wave lasers are used, its mechanism is based on the fact that the sign of the time-averaged transfer 

integral involving the Peierls phase can be inverted from the sign of the original transfer integral [1]. If 

half-cycle or asymmetric mono-cycle pulsed lasers are used, its mechanism is based on the fact that 

the Peierls-phase difference after the photoexcitation realizes the sign inversion [2]. In any case, the 

effective value of a single transfer integral is the key quantity. 

 

Here, we demonstrate that materials consisting of intra- and inter-molecular transfer integrals have a 

choice about which charge transfers are effectively modified. The model system we treat is 

Et2Me2Sb[Pd(dmit)2]2, in which Pd(dmit)2 dimers are aligned two dimensionally and electrons move 

within the plane. At room temperature, the dimers are monovalent and the state is a Mott insulator. At 

low temperatures, the neutral and divalent dimers are regularly aligned, and the state is a charge-

ordered insulator. When the neutral dimers are photoexcited by a pulsed laser, a transition into a Mott-

insulator phase is experimentally realized [3]. We construct an extended Peierls-Hubbard model that 

reproduces the electron distributions, the molecular displacements, and the conductivity spectra in 

these two phases [4]. The time-dependent Schrºdinger equation is numerically solved. This model 

well describes the electron-phonon dynamics during the photoinduced charge-order melting transition 

[5]. Then, we use continuous-wave and few-cycle pulsed lasers with strong intensities and study the 

field-intensity dependence of charge transfers to search for possible dynamical localization [6].  

 

Generally, electronic transfer integrals are regarded as renormalized when an oscillating external field 

is applied, as far as the electronic dynamics averaged over the oscillation period is concerned. The 

cases where effective transfer integrals vanish are known as dynamic localization. Interdimer charge 

transfers driven by continuous-wave lasers are thus governed by effective interdimer transfer integrals. 

After the field is switched off, the dynamic localization is no longer relevant. Then, we show that 

interdimer charge transfers driven by pulsed lasers of energy resonant with an intradimer transition are 

governed by an effective intradimer transfer integral. The total-energy increment depends on how the 

intradimer transfer integral is renormalized. The same holds for interdimer charge transfers. This 

interdimer dynamics governed by effective intradimer parameters is evident even for one- and two-

cycle pulses, suggesting possible control of photoinduced charge-order melting. These two lasers 

control the charge transfers in different manners. The difference comes from the molecular hierarchy. 
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Recent study of time-resolved x-ray and electron diffraction measurements has shown that the 

structural dynamics in ultrashort time scales is experimentally observable. The time-evolution of the 

diffraction patterns reflects the spatio-temporal behavior of the atomic displacement parameters 

(ADPs) in the Fourier space, and thus ultrafast structural analyses[1] will be used to study the initial 

dynamics of photoexcited states which is complementary to the conventional pump-probe 

experiments. In this paper we discuss the way to derive information on the relaxation of Franck-

Condon states, coalescence of nuclei in photoinduced nucleation, and their growth dynamics from 

beam diffraction patterns. 

 

We employ a model of localized electrons in molecular cells on a square lattice coupled with an 

optical phonon mode given by the following Hamiltonian, 

[ ],~~)}({)~)(~(

~)2(
22

',

''''

2

23
222

ä

ä

><

+-+---

ù
ú

ø
é
ê

è
+++++=

rr

rrrrrrrr

r

x

rrr
rr

nnuuWVnunu

nssu
up

H

CCCCCCCC

C
CCC

CC

>>>

bbaw

lswwew
w

    (1) 

where the detail of the model is described in Refs. [2,3]. We calculated the diffraction intensity Ὅὑᴆȟὸ 

as a function of time by numerically solving the time-dependent Schrºdinger equation and the 

calculated results of the differential diffraction intensity defined by ЎὍὑᴆȟὸ Ὅὑᴆȟὸ Ὅὑᴆȟπ are 

shown in Figs. 1-(a) and (b). We found that these patterns contain information regarding the relaxation 

of the Franck-Condon state as spatio-temporal variation of the ADPs. In particular, transient ADPs 

reflect the quantum-mechanical nature of excited wavepackets which is relevant to the formation of 

the precursor of photoinduced nuclei[3]. In other words, transient ADPs will give us a clue to reveal 

the origin of the incubation period observed at the earliest stage of photoinduced nucleation. These 

results exemplify that further study on the mechanism of the photoinduced cooperativity will be 

possible particularly when ultrashort coherent x-ray or electron-beam pulses are available in the near 

future. 
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Figure 1: Differential diffraction intensity Ў╘╚ᴆȟ◄ in the 

╚ᴆ-space for (a)ὸ φ“Ⱦand (b) ὸ ‫ ςτ“Ⱦ.‫ 
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M(dmit)2 (M=Pd, Pt) salts show an unique phase transition due to the strong electron-phonon and 

electron-electron correlations [1]. We reported the optical spectral change induced by the 

photoexcitation in the charge separated (CS) phase of the Et2Me2Sb[Pd(dmit)2]2 single crystal, which 

suggests the occurrence of the photoinduced phase transition (PIPT) [2]. Recently, A[Pt(dmit)2]2 

(A=Me4P, Me4As and Me4Sb) are crystalized and studied by transport and X-ray crystallographic 

technique [3]. The Pt(dmit)2 system also shows the CS phase with relatively higher transition 

temperature up to 215 K thanks to the relatively weaker dimerization of the Pt(dmit)2 than Pd(dmit)2 

molecules. It is interesting for application to investigate the photoinduced phenomena in this Pt(dmit)2 

salt, because of its high transition temperature, as well as unveiling the mechanism of phase transition 

based on CS mechanism by virtue of the freedom of  molecular orbitals.  

Since the dimerization of Pt(dmit)2 monomers plays a key role in determining the electronic structure 

of the salt, the direct observation of the photoinduced structure change and, in particular, the 

intermolecular distance, could yield powerful new insights into the mechanism of the PIPT. Using the 

recently developed time-resolved electron diffraction technique [4], we have succeeded in observing 

directly the photoinduced structural change with sub-ps resolution from the CS phase and also clear 

coherent oscillation of the intensity of the Bragg peaks with in the THz frequency range. By 

comparing the results of time-resolved optical spectroscopy and electron diffraction pattern, we are 

trying to clarify the precise photoinduced dynamics of PIPT in this material. 
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Controlling cooperative phenomena such as phase transition by external stimulus such as electric, 

magnetic fields is a key subject for materials science, device application and even biological science 

today.  Especially, achieving the photo-tuning of the phase transition which is named as photo-induced 

phase transition (PIPT) is becoming important target for wide field of science.  Because ultra-fast 

conversion of magnetic, dielectric, structural and optical properties by weak light is expected for PIPT 

materials as a result of cooperative interactions.   

PIPT shows various attractive natures, however, the research of this field is facing difficult and 

essential problem, i.e. can we realize and identify a new phase of solid based on novel lattice structure 

which is unique for the photo-excited condition so called as a óhidden phaseô?   This óhidden phaseô 

with electronic and structural order realized only by optical excitation is important merit of PIPT 

process for achieving ultrafast phase control via pure photonic channel free from thermal effect.  Late 

progress in Laser and Quantum beam technologies are giving us the great chance to solve this 

problem.   Here, we demonstrate that light excitation reveals a óhidden charge and orbital ordered 

(CO-OO) phaseô which can never be achieved under thermo-equilibrium condition by virtue of 

ultrafast pulsed X-ray and electron techniques.  We also show that óhidden phaseô really becomes the 

origin of the sensitive photo-induced change in optical property of various inorganic and organic 

crystals [1,2]. Our new results of the study on  óhidden faceô of photo-functional materials will be also 

briefly discussed. 
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Research associated with the photo-functional materials is attractive topics. Up to date, we have 

reported several photo-functional materials using cyano-bridged bimetal assemblies and metal oxides
 

[1-6]
. The light-induced excited spin-state trapping (LIESST), the light-induced phase transition from 

the low-spin (LS) to high-spin (HS) states of some transition-metal ions, has been extensively studied 

in the field of solid state chemistry. Spin crossover complexes that have been reported are mostly 

those composed of molecular crystals. However, if spin crossover complexes with 3-dimensional 

network structures can be synthesized and HS sites can form a magnetic ordering with each other, then 

the spontaneous magnetization can be expected. From this perspective, we synthesized a new octacyano 

metal complex, Fe2[Nb(CN)8]Ö(4-pyridinealdoxime)8Ö2H2O (1), and observed ferro-magnetism caused  

by light-induced spin crossover
[4]

. The crystal structure of 

1 is tetragonal (I41/a). Fe and Nb ions are bridged via 

cyano groups to form a 3D network structure (Fig. 1). The 

molar magnetic susceptibility (M) vs temperature plot of 

1 shows the spin crossover transition from Fe
II
(HS) (S= 2) 

to Fe
II 

(LS) (S= 0) at 130 K. Next, the photomagnetic 

effect of 1 was studied. Before irradiation, the LS phase is 

para-magnetic. By irradiating with a 473-nm cw laser 

light, spontaneous magnetization appeared (Fig. 1). In the 

photo-induced ferromagnetic phase, Curie temperature 

(TC) and saturation magnetization (Ms) are 20 K and 7.4 

B, respectively. The Ms of 7.4 B agrees well with a 

calculated value of 7.7 B obtained in a case where the 

spins of photo-induced Fe
II
(HS) and Nb

IV
 (S= 1/2) are 

antiparallelly arranged. The superexchange interaction 

constant (Jex) between Fe
II
(HS) and neighbouring Nb

IV
 is 

calculated by molecular field theory, i.e., ī6.9 cm
ī1

.  

Furthermore, very recently, we developed a new chiral structured magnet of an iron-octacyanoniobate 

assembly, where Fe ions and Nb ions are three dimensionally bridged by CN ligands
[3]

. By 

alternatively irradiating with 473-nm blue light and 785-nm light, the spontaneous magnetization of 

the material can be reversibly switched, and it exhibits 90-degree switching of the polarization plane 

of the output second harmonic light by changing the state of the magnet with 473-nm and 785-nm 

lights.  
 

References: [1] S. Ohkoshi, H. Tokoro, Acc. Chem. Res., 45, 1749 (2012). [2] H. Tokoro and S. Ohkoshi, 

Dalton Trans., 40, 6825 (2011). [3] S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai, H. Tokoro, 

Nature Photon., 8, 65 (2014). [4] S. Ohkoshi, K. Imoto, Y. Tsunobuchi, S. Takano, H. Tokoro, Nature Chem., 

3, 564 (2011). [5] S. Ohkoshi, Y. Tsunobuchi, T. Matsuda, K. Hashimoto, A. Namai, F. Hakoe, H. Tokoro, 

Nature Chem., 2, 539 (2010). [6] H. Tokoro, T. Matsuda, T. Nuida, Y. Moritomo, K. Ohoyama, E. L. Dangui, 

K. Boukheddaden, S. Ohkoshi, Chem. Mater., 20, 423 (2008).  
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Time-resolved vibrational spectroscopy is a powerful tool to investigate photoinduced dynamics of 

organic materials because intensities and frequencies of vibrational peaks sensitively reflect local 

charge and structure of molecules. We have developed time-resolved infrared vibrational spectroscopy 

system using a femtosecond Ti:sapphire laser and studied ultrafast processes in two types of 

photofunctional materials. One is strongly correlated organic crystals which exhibit photoinduced 

phase transition (PIPT) [1-3] and the other is metal complexes which are used for organic solar cells 

and artificial photosynthesis [4, 5]. We found that structural change on the order of tens of 

picoseconds plays an important role for photofunction in these materials.  

Electron-electron and electron-phonon interactions in strongly correlated organic crystals cause 

photoinduced phase transition. Previously such complicated dynamics have been studied by measuring 

transient electronic spectra; however, information on structural change was lacking. To address this 

problem, we have applied time-resolved vibrational spectroscopy to several organic crystals showing 

PIPT, TTF-CA [1], (EDO-TT)2PF6 [2], and Pd(dmit)2 salts [3]. As a result, we found that the structure 

change takes place with a tens-of-picosecond delay from the electronic state change and noticed that 

the materials having steric hindrance shows such delayed structural change. We also compared this 

result to that obtained by more direct method using femtosecond electron-diffraction [6].  

-conjugated ligands such as bipyridine. To date, 

fundamental process of their photofunction has been revealed as follows. Photoirradiation excites the 

complexes to 
1
MLCT (singlet metal to ligand charge transfer state) and subsequently the intersystem 

crossing to 
3
MLCT takes place within 100 fs. The lifetime of 

3
MLCT is more than a hundred 

nanoseconds, and this meta-stable 
3
MLCT play a key role in the photofunction by transferring the 

excited electron to a reactive state or another molecule. However, these states do not emit a 

luminescence, that is, dark state, so that the process has never studied spectroscopically. We found the 

peaks which are assigned to such dark state by comprehensive studies on transient vibrational peaks of 

various ligands using time-resolved vibrational spectroscopy [5] and succeeded in direct observation 

of photochemical reaction process though these peaks in several ruthenium and rhenium complexes.  

 
References:  
[1] Y. Matsubara, et al. "Photoinduced Neutral-to-Ionic Phase Transition in Tetrathiafulvalene-p-Chloranil 

Studied by Time-resolved Vibrational Spectroscopy", J.  Phys. Soc. Jpn. 80, 124711 (2011). 

[2] N. Fukazawa, et al. "Charge and structural dynamics in photoinduced phase transition of (EDO-TTF)2PF6 

examined by picosecond time-resolved vibrational spectroscopy", J. Phys. Chem. C 116, 5892 (2012).  

[3] N. Fukazawa, et al. "Time-Resolved Infrared Vibrational Spectroscopy of the Photoinduced Phase Transition 

of Pd(dmit)2 Salts Having  Different Orders of Phase Transition", J. Phys. Chem. C 117, 13187 (2013). 

[4] S. Sato, et al. "Photochemistry of fac-Re(bpy)(CO)3Cl", Chem. Eur. J. 18, 15722 (2012). 

[5] T. Mukuta, et al. "Infrared Vibrational Spectroscopy of [Ru(bpy)2(bpm)]
2+

 and [Ru(bpy)3]
2+

 in the Excited 

Triplet State", Inorg. Chem. 53, 2481 (2014). 
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In experiments on PIPTs in electronic systems, usually the pumping goes via initial population of 

high-energy electronic bands. A more special and rare technique is the resonance pumping: either to 

intramolecular excitons (IME) or to charge-transfer excitons (CTE) ï bound states of an electron and a 

hole.  This approach was proved to be particularly useful in studies of neutral-ionic transitions (NIT) 

in quasi-1D organic compounds.   

 

We present a theory of resulting spacio-temporal effects with a modelling targeting the NIT. We 

consider cases of IME and CTE corresponding to profound experimental studies of S.Koshihara and 

H. Okamoto. In our picture, a quasi-condensate of excitons appears as a macroscopic quantum state 

which then evolves interacting with other degrees of freedom prone to instability. Via these 

interactions with soft modes, the excitons are subject to self-trapping. That locally enhances their 

density which can surpass a critical value to trigger the phase transformation, even if the mean density 

is below the required threshold for the global transition.   We recover dynamic interplays of fields such 

as the collective wave function of excitons, electronic charge transfer and polarization, lattice 

dimerization. Their mutual interaction results in formation of a symmetry broken ground state which is 

inhomogeneous if the pumping is below the threshold. In all cases the initial string of the new 

embedded phase appears as self-trapping; its length is determined by a balance between gaining the 

potential energy and loosing the quantum kinetic energy of the exciton. The phase transformation 

proceeds from large to medium distances, rather than from small to larger ones as in a rather common 

picture of localized excitons. 

 

We obtain various transient effects: self-trapping, dynamic formation of domains separated by walls, 

subsequent merging of domains and collapse of walls, emittance of coherent propagating waves.  
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Electron sources have achieved sufficient brightness to literally light up atomic motions in action. This 

development provides a direct observation of the very essence of chemistry and the central unifying 

concept of transition states in structural transitions.  Due to the extraordinary requirements for 

simultaneous spatial and temporal resolution, it was thought to be an impossible quest and has been 

previously discussed in the context of the purest form of a gedanken experiment.  Two new electron 

gun concepts have emerged from detailed calculations of the propagation dynamics of nonrelativistic 

electron pulses with sufficient number density for single shot structure determination.  The atomic 

perspective, that these sources have opened up, has given a direct observation of the far from 

equilibrium motions that lead to structural transitions.  It is these motions that lead the system through 

the barrier crossing region.  Recent studies of the structural phase transition in charge ordered organic 

materials have given the first direct atomic view of barrier crossing processes.  The transition is 

formally a photoinduced charge transfer process in which the change in charge distribution is strongly 

coupled to lattice modes that stabilize the charge separated state.  It was discovered that this nominally 

280 dimensional problem distilled down to projections along a few principle reaction coordinates (Gao 

et al Nature 2013).  Similar reduction in dimensionality has also been observed for ring closing 

reactions in organic systems (Jean-Ruel et al J. Phys. Chem. B 2013).  This phenomenon appears to be 

general and arises from the very strong anharmonicity of the many body potential in the barrier 

crossing region.  The far from equilibrium motions that sample the barrier crossing region are strongly 

coupled, which in turn leads to more localized motions.  In this respect, one of the marvels of 

chemistry and biology is that despite the enormous number of possible nuclear configurations for any 

given construct, chemical processes reduce to a relatively small number of reaction mechanisms.  We 

now are beginning to see the underlying physics for these generalized reaction mechanisms.  The 

ñmagic of chemistryò is this enormous reduction in dimensionality in the barrier crossing region that 

ultimately makes chemical concepts transferrable.  With a large enough basis, it may be possible to 

characterize barrier crossing processes in terms of reaction modes in analogy to the characterization of 

equilibrium fluctuations in terms of vibrational normal modes.  Additional examples will be presented 

in which it has been possible to directly observe underdamped modes involved in metal ligand charge 

transfer processes, as well as structural changes involved in intersystem crossing, to a direct 

observation of Pauli explosion in alkali halides (Hada et al, Nature Comm, in press) ï the reverse of 

the classic ñelectron harpooningò reaction concepts that helped establish transition state theory.  
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With femtosecond time resolution, x-ray diffraction offers unique capabilities to observe directly the 

dynamics of long range order of charge, spin, orbital and lattice in strongly correlated systems.  In this 

talk we highlight a few recent examples of experiments in this area that both demonstrate the 

capabilities of this method and make quantitative tests on our theoretical understanding in 

multiferroics, charge density wave systems, and chargeïordered manganites. 

 

In the first example we show how resonantly enhanced magnetic scattering can be used to 

quantitatively measure the character and magnitude of spin motion in a coherent electromagnon in 

TbMnO3 driven by a THz frequency electromagnetic field [1].  We observe a 4 degree rotation of the 

antiferromagnetically ordered spin spiral plane, a result consistent with a previously published model 

that suggests this may be a viable route for ultrafast domain switching in multiferroics [2]. 

 

As a second set of examples we discuss the laser-induced melting of charge order in the charge 

density wave system K0.3MoO3 and the doped manganite Pr0.5Ca0.5MnO3.   Both systems show 

coherent dynamics that extend into a higher symmetry phase that is distinct from that seen in 

thermodynamic equilibrium.   
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Photon induced near field electron microscopy can be used to control and image excited surface 

plasmons in nanoscale materials with femtosecond temporal resolution [1].  The technique is 

particularly useful for the investigation of nanophotonic devices and we demonstrate its capabilities by 

imaging plasmonic Fabry-P®rot resonances that have been excited in a silver nanowire [2,3].  We 

show that by changing the pump laser properties we can precisely control the plasmons that have been 

excited in the nanoparticle (see Figure 1).  In a similar experiment we also demonstrate the wave-

particle duality of the electromagnetic field.  By using an imaging spectrometer the energy of the 

electrons can be captured, while simultaneously projecting a spatial dimension on the detector.  The 

spectrum shows the quantized exchange of photons by the imaging electrons and the spatial dimension 

captures the Fabry-P®rot interference pattern.  Thus both the quantization and interference of the 

electromagnetic field are captured simultaneously. 

 

 
 

Figure 1: Simulation of the interaction of Ag nanowire with intense 800 nm femtosecond laser pulse.  

Yellow colour indicates regions of induced electromagnetic fields due to SPP in nanowire.  The dark 

region is the nanowire itself.  This simulation represents the image that can be obtained when using the 

photon-induced near field microscopy technique.  The laser pulse is propagating into the page and the 

electric field is oriented 45
0
 relative to the axis of the nanowire. 
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From the discovery of sub-picosecond demagnetization over a decade ago to the recent demonstration 

of magnetization reversal by a single 40 femtosecond laser pulse, the manipulation of spins by ultra 

short laser pulses has become a fundamentally challenging topic with a potentially high impact for 

future spintronics, data storage and manipulation and quantum computation.Theoretically, this field is 

still in its infancy, using phenomenological descriptions of the none-equilibrium dynamics between 

electrons, spins and phonons.A proper description should include the time dependence of the exchange 

interaction and nucleation phenomena on the nanometer length scale.A practical challenge is how to 

bring the optical manipulation of magnetic media to the required nanoscale, which may be possible 

using plasmonic or wave-shaping techniques. Recent results and an outlookto probe and control 

magnetic order on the femtosecond time and nanometer length scalewill be discussed. 

 

Recent references: 

A.Kirilyuk, et al, Rev. Mod.Phys. 82, 2731-2784 (2010) 

I.Radu et al, Nature 472, 205 (2011) 

J. Mentink et al, Phys.Rev.Lett.108,057202(2012) 

T. Ostler et al, Nature Comm. 3, 666 (2012) 

A.R.Khorsand et al, Phys.Rev.Lett.108, 127205 (2012) 

C. Graves et al, Nature Materials12, 293 (2013) 
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The interplay between itinerant and localized spins in ferromagnetic semiconductors leads to a variety 

of intriguing phenomena, including the colossal magnetoresistance effects, the formation of magnetic 

polarons, and the possibility to optically enhance then magnetization. This presentation will review 

some of our recent work on optically induced magnetic phenomena in the intrinsically ferromagnetic 

semiconductor EuO, with an emphasis on time resolved x-ray circular dichroism, magneto-optic, and 

THz experiments.    
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Understanding the ultrafast interplay between charge, magnetic and lattice degrees of freedom is 

central to gaining control of condensed matter phenomena as diverse as insulator-metal transitions and 

magnetic switching. While discovered early [1], perhaps still the least understood is the coupling of 

magnetism with other degrees of freedom. Magnetism, by symmetry could be expected to couple only 

weakly to phonons and electrons, however the observed ultrafast demagnetization [1] and all-optical 

magnetic switching [2,3], have proved this to be far from correct. Ultrafast x-ray pulses offer the 

fascinating prospect to disentangle, on the nanometer length- and femtosecond timescales, the non-

equilibrium angular momentum pathways following optical laser excitation that lead to a reversal of 

the magnetization [4]. The insights gained in how magnetism evolves on time- and lengthcales 

associated with the exchange interaction opens a new way of engineering the relaxation path in 

magnetic systems.  
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Photonic phase control of electronic properties has been of current interest in condensed matter 

physics. One of the typical materials is spin crossover (SC) complexes containing Fe
2+

 and they are 

known as an important example in the photoinduced phase transition (PIPT). This is a photonic 

change/control of the spin state of d electrons in Fe
2+

  between the low spin (LS) state (t2g
6
) and the 

high spin (HS, eg
2
 t2g

4
) state. 

In addition to those iron complexes, we have also proposed that perovskite-type cobalt oxide systems 

containing Co
3+

 can be an interesting example showing such a spin state transition by light, and have 

revealed that some SC cobalt oxides showed a unique ultrafast feature concerning PIPT[1-5]. Among 

them, in this presentation, we show ultrafast phenomena in La1.5Sr0.5CoO4 and BiCoO3.   

La1.5Sr0.5CoO4 is layered perovskite-type and shows a checker-board type charge ordering (CO) as 

well as SC in the Co
3+

 site. With irradiating fs laser pulses, we observed ultrafast electronic change 

due to melting of the CO. The real space dynamics of the photoexcited area is discussed in terms of 

the electromagnetic analysis[5]. 

BiCoO3 is a ferroelectric (FE) perovskite with HS state and shows SC phenomena from the HS to the 

LS state by applying external pressure[6]. We demonstrate our recent trial of ultrafast control of the 

FE behavior in the light of nonlinear pump-probe spectroscopy and discuss the relationship between 

the FE change and the SC. 
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The interest in molecular-based materials for memory devices and magneto-optical switching has been 

revived after the discovery of high-TC magnets
1
 and various photomagnetic effects under visible light 

irradiation
2
 in Prussian blue analogues. Nevertheless, photo-

induced magnetization changes in materials showing long-

range magnetic order have been restricted so far to very few 

examples and low temperatures.
3
 An alternative approach is to 

use the concept of strain-mediated magnetic switching 

developed for oxide-based and metal/polymer multiferroic 

composites
4
 by combining a magnetostrictive subsystem to a 

switchable subsystem that undergoes large and reversible 

photostriction effects. 

Polycyanometallates were recently shown to be promising 

candidates for such photostrictive/piezomagnetic 

heterostructures.
5 
This might be explained by (i) the amplitude 

of the deformation for the photo-strictive phase, i.e. up to 3% 

change of the lattice parameter under light irradiation and (ii) 

the large compressibility of the metallocyanide lattice with a 

bulk modulus that is one order of magnitude smaller than the 

one of oxides. In addition, heterostructures with different 

connectivity (core-shell particles, multilayers, etc) can be 

grown in a controlled way, leading to heteroepitaxy even in the 

case of large lattice mismatch between the two phases. In core-

shell architectures, we have recently demonstrated the transfer  

of strain through the interface between the core and the shell upon light irradiation. However, in-situ 

synchrotron x-ray diffraction measurements also suggested confinement effects, similar to a pressure 

applied by the shell and opposed to the core dilatation under irradiation (see Fig. 1). This confinement 

strongly impacts the photo-switching properties of the core particles that are partly or completely 

blocked depending on the shell thickness.
6
 In this work, we will discuss the main parameters that 

influence the confinement effects, by studying (i) different sizes of the photo-active core particles, (ii) 

ultra-thin shells and (iii) different strain states associated to different lattice mismatchs between the 

core and the shell. 
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Figure 1: Change in the position of the (400) 

Bragg peaks before (black) and after (red) 

light irradiation, l = 0.31 )Φ 
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The idea to change magnetic properties of media with the help of light has long intrigued people in 

physics and chemistry. Naturally, this raises the question about the speed limit of the optical control of 

magnetism [1]. Fundamentally, magnetic order is a macroscopic manifestation of a strong quantum 

phenomena ï exchange coupling between spins. The energy of the interaction is often written as 

                   W=-Si,j JSiSj      (1) 

where J is the exchange parameter, Si and Sj are the spins of the i-th and j-th adjacent magnetic atoms. 

This exchange coupling represents the largest interaction in magnetism. It can be associated with an 

effective magnetic field of 100-1000 T.  The strength can be appreciated from the fact that magnetic 

order in condensed matter survives well above room temperature. Obviously, harnessing the exchange 

interaction is the way to achieve the ultimately fastest magnetic switching. How can we control, probe 

and harness the exchange interaction for ultrafast magnetic switching? Here we demonstrate that the 

exchange interaction can be manipulated through ultrafast laser excitation in a large class of transition 

metal oxides [2]. We show that using ultrashort laser pulses one can monitor laser-induced dynamics 

of the energy of the exchange interaction with subpicosecond temporal resolution [3]. Finally, we 

suggest a scenario in which the strength of the exchange interaction is employed to achieve the fastest 

possible magnetic switching [4]. 
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Magnetization manipulation is an indispensable tool for both basic and applied research and to 

understand cooperate phenomena in ferromagnetic materials. I will demonstrate some of the knobs to 

tune dynamics at ultrafast time scales. One possibility is to tune shaping the properties of the 

electronic system. The dynamics of the response depends on the nature of the heat transfer from the 

laser heated electrons to the spins, which determines the speed of the ultrafast demagnetization. A 

signature of the ferromagnetic correlations is found, if the electrons are driven to a strong 

demagnetization. A second slower process is found after the initial fast drop of magnetization. A 

special material of interest for magnetic hard disc development is FePt. This material has an 

interesting modification of its density of states: Pt alloying reduces the number of states at the Fermi 

level and makes the material ñmore nobleò. Consequently, for the same amount of energy deposited, 

the electron temperatures shoots to much higher values above the Curie temperature at around its 

phase transition. Using a thermal micromagnetic model based on the Landau-Lifshitz-Bloch (LLB 

model) equation, we relate the electron temperatures reached by the laser heating with the speed of 

demagnetization driven to a strong demagnetization much earlier than the pure Fe. 

 

Due to the non-equilibrium electron distribution, also ultrafast currents are generated and contribute to 

the laser driven spin dynamics. Those currents can be directly accessed via THz radiation emitted from 

the sample. Similarly to shaping the density of states in the first example, adjacent layers of a noble 

material like Au with sp-states at the Fermi level, or Ru, which has d-band at around the Fermi level, 

these materials can shape the THz spin currents opening a way towards THz spintronic devices. 

 
Figure 1: Interplay of electron heating and correlations in the 

spin-system resulting in critical phenomena around TC.   
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One of the newly developing topics in terahertz (THz) time domain spectroscopy is the ultrafast 

excitation of spins with the THz pulse [1,2], where the THz magnetic field component is used for 

instantaneously tilting the spins. Here, we report the unexpectedly long-lived interfering spin 

precession induced by THz pulse in an orthoferrite ErFeO3. The spin precession in ErFeO3 single 

ple) induced by THz pulse was observed through time 

dependent Faraday rotation of the transmitting visible probe pulse. The Faraday rotation reflects the 

magnetization dynamics in the thickness direction of the sample, that is, the c axis direction. Figure 

1(a) shows the time dependent THz induced Faraday rotation obtained with this sample at 70 K. 

Unlike in the previous report [2], the precession lasts for a long time (typically 1 ns at 4 K) and a 50 ps 

period beating of the oscillation is also observed. The Fourier spectrum of the oscillation in Fig. 1(b) 

reveals that the obtained signal consists of two separate sharp spectral peaks. The frequencies of the 

two peaks are  

 

Fig. 1. (a) Time dependent THz induced Faraday rotation signal obtained with (001) ErFeO3 single crystal 

sample at 70 K. (b) Fourier spectrum of the oscillation shown in (a). (c) Temperature dependence of the splitting. 

Inset shows the Fe spins. 

 

approximately 0.216 THz and 0.234 THz (close to the F mode resonant frequency at 70 K reported 

previously [2]). Considering the symmetry of the crystal, it is noticed that the Dzyaloshinskii-Moriya 

interaction works differently for different pairs of nearest neighbor spins among four spin sublattices 

(inset of Fig.1 (c)). For example, when focusing on the spin 1, the spins 2 and 4 interact with spin 1 

differently.  Normally, such differences are ignored for deriving the resonant frequency [3]. By taking 

this difference into consideration, the resonant frequencies were calculated as a function of lower 

branch F mode frequency. It was confirmed that in the spin configuration in the inset, the z component 

of the Dzyaloshinskii vector Dzô working on spin pair 1-4 (and 2-3) causes the resonant frequency to 

split. Figure 1(c) shows the calculated value of the splitting as a function of temperature, which is 

correlated with the F mode frequency, along with the results obtained experimentally. The figure 

shows that the observed splitting can be explained reasonably with the proposed splitting mechanism 

using value of Dzô deduced from ref [3]. 
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The control of magnetic order by femtosecond laser pulses is currently a very hot topic in magnetism 

and condensed matter physics in general. In many situations a description of such ultrafast spin 

dynamics seems successfully carried out within an effective spin model. Nevertheless, such a model is 

essentially a low-energy description of the magnetic degrees of freedom only, in which the interaction 

between spins is described by the exchange interaction. The question how fast such an effective spin 

model and the exchange interaction can emerge from the nonequilibrium electron dynamics is up to 

now an unresolved issue in modern condensed matter physics, although an investigation of this 

ultimate limit of spin dynamics is in range using todays femtosecond laser technology. 

 

In this contribution, we present a theoretical investigation on the question how fast after 

photoexcitation a modified exchange interaction emerges from the nonequilibrium electron dynamics, 

and how effective this modification can be [1]. As system of study we choose the prototype Mott-

Hubbard insulator. Starting from an initially equilibrium situation, we demonstrate an ultrafast 

quenching of Jex both by evaluating exchange integrals from a time-dependent response formalism [2], 

and by explicitly simulating laser-induced spin precession in an antiferromagnet that is canted by an 

external magnetic field. In both cases, the electron dynamics is obtained from nonequilibrium 

dynamical mean-field theory [3]. As visualized in Figure 1, we find that the modified Jex emerges 

already within a few electron hopping times after the pulse, with a reduction that is comparable to the 

effect of chemical doping. 

 

 

 
 

Figure 1: Comparison of the nonequilibrium exchange interaction (open circles) in the quasi-stationary state 

after an interaction quench in the Bethe lattice with the equilibrium exchange interaction of the chemically doped 

model (thin lines) for U = 8 and different temperatures. The inset shows the time-evolution of the exchange 

interaction Jex (black solid line) and staggered magnetization m (black dashed line) after a quench U = 4 Ÿ 8. 

The quasi-stationary modified values both of Jex and m emerge already within a few inverse hopping times. 
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Spin-crossover solids are prototypes materials, undergoing photoinduced phase transitions towards 

long-lived states at low temperature, or short-lived at higher temperature. The seeding process results 

in an ultrafast local molecular trapping of light-excited states, not so well understood. During the past 

decades the Light Induced Exited Spin-State Trapping (LIESST) mechanism, as well as its reverse 

mechanism (reverse-LIESST), have been formerly accepted as a photo-induced process involving an 

intersystem crossing (ISC) dynamics that allows trapping the high-spin (HS) state at sufficiently low 

temperatures upon continuous irradiation into the absorption bands of low-spin (LS) state; or into the 

absorption bands of HS state in case of reverse-LIESST.
[1]

 In the recent literature, ultrafast time-

resolved studies on Fe(II) spin-crossover compounds have been mainly devoted to the dynamics of 

light induced LS(
1
A1)-to-HS(

5
T2) switching by pumping the LS state into the spin-allowed metal to 

ligand charge transfer (
1
MLCT) bands.

[2][3]
  

 

In this contribution, we reveal the full pictures of the different dynamical pathways in LIESST and 

reverse-LIESST processes, showing the latest ultrafast transient absorption results on the spin-

crossover complex for [Fe(ptz)6](BF4) (ptz = 1-propyltetrazole) having no low-lying MLCT states by 

directly pumping it into its spin-allowed ligand-field transitions of the HS species at 830 nm (
5
T2Ÿ 

5
E).

[4][5]
 We will also present LIESST process on the [Fe

II
(PM-AzA)2(NCS)2] single crystal where 

detailed information will be given on the electronic and atomic rearrangement after an ultrafast 

excitation of the LS state into a transient 
1
MLCT state, where the activation and damping of coherent 

structural dynamics plays an important role in the trapping process.  

Our results evidence totally different kinetics between the LIESST and reverse-LIESST processes. For 

the reverse-LIESST a double ISC involving only d-d states, namely 
5
E Ÿ 

3
T1 Ÿ 

1
A1, with a lifetime 

of the initially excited 
5
E state of 1.7 ps and of the intermediate 

3
T1 state of 39 ps.

[5]
 Conversely, for 

LIESST upon direct pumping into spin-allowed d-d transition of the LS state, ISC from the initially 

excited 
1
T1 state to the HS state takes less than 150 fs and is thus equally fast as for irradiation into the 

1
MLCT bands. 
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We demonstrate the ability of ultrafast electron packets with an energy of 30 keV [1] to perform 

diffractive imaging from a 2D ensemble of homoligand gold nanoparticles. Hidden local symmetries 

within disordered systems have been recently classified by means of coherent x-ray scattering 

intensity correlations around a Debye-Scherrer ring, in the static speckle diffraction pattern of a 

colloidal glass [2, 3]. We show that a similar approach based on ultrafast electron diffraction can be 

used to investigate the undisclosed local properties of nanostructured thin films with fs-time 

resolution, owing to the high cross-section of electrons for interaction with matter and their smaller 

sample damaging ability [4]. Our results evidence both the dynamics of the 7 nm gold cores and that 

of the surrounding thiols ligands, revealing a tendency of the latter to order when photoexcited. 

 
 

Figure 1 A) Electron speckle diffraction pattern of homoligand gold nanoparticles. B) TEM image of the 

homoligand gold nanoparticles 2D-assembly. C) 2D-FT of the TEM image displayed in (B). D) Radial 

distribution function of the polycristalline sample E) Intensity modulations obtained by the angular cross-

correlation analysis of the speckle pattern from the rings labeled r1 and r2, indicated respectively in (A) (violet 

profile) and (C) (pink profile). The modulations are a fingerprint of local symmetries in the polycrystalline 

nanostructured sample (evidence in the insets of panel B). 
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