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Dear participans welcome to the PIPT5 Conference

On behalf of the OrganizinGommittee and the International Scientific Committee we would
like to extend you all a very warm welcome to théh8nternational Conference on Photoinduced
Phase Transitions and Cooperative Phenomena (PIPTS5).

PIPT5 is the fifth in the series of trienhiaternational 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 conferere 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 traesiigphote
ferroelectrics, amorphous semiconductors, liquid crystals to -bglidi phase transitions. The
development of novel femtosecond techniques and their applications to advanced quantum matter has
been pushing the scope into the direction of elated electron system. Hand in hand with major
advances in experimental techniques (e.g. tieselved Xray and electron diffraction enabling
making of molecular movies, time and angular resolved photoemission providing access to dynamics
of electrons ina 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 condmasied systems, as well
on potential applications of these processes in nmo@&ctronic 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 rAtiermal phase transitions from different ordered broken symmetry
states (e.g. superconductivity, charge or spin density wave ordemnégynetism). 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 interaghs 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 resibilipes 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 apdyrtinular, 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 ther 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 mne off and enjoy Bled and its surroundings.

Sincerely,

Jure Demgar )
Dragan Mi hail ovi l
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Monday, 9.6.2014 page
8:45-9:00 Welcome
THz driven phenomena
Chair: Dragan Mihailovic
) . Hiroshi Okamoto: Ultrafast control of ferroelectric polarizations by terahertz
9:00-9:30 , . . ) 16
fields inorganic ferroelectrics
9:30- 10:00 Shinichiro lwai: Optical control of correlated charge driven by 10 MV/cm ac 17
' ' field of 1.5cycle infrared pulse in organic conductor
0. 10 Rupert Huber: Subcycle charge and spin control with phdgekedmulti-
10:00- 10:30 terahertz fields 18
10:30- 11:00 Ryo Shimano:Ultrafast Dynamics of Higgs Amplitude Mode inVBave 19
' ' Superconductors Induced by Intense Terahertz Pulse Excitation
11:00- 11:20 Coffee break
PIPT in organics |
Chair: Hiroshi Okamoto
German Sciaini: Ultrabright femtosecond electron source captures key
11:20- 11:50 | molecular motions in the photoinduced insuldtsmetal phase transition of 20
(EDO-TTF),PF;
11-50- 12:20 Kenji Yonemitsu: Pulsed vs. CW Laser Excitations: Differéntrolling 21
' ' Mechanisms of Photoinduced Chai@aler Melting in Molecular Crystals
12:90- 12:40 Kunio Ishida: Spatiotemporal Behavior of Atomic Displacement Parameters 29
' ' during Collective Relaxation of Fran€kondon States
. , Tadahiko Ishikawa: Photeinduced dynamics of Pt(dmit3alts studied by
12:40- 13:00 ; . . : 23
optical spectroscopy and electrdiffraction technique
13:00- 14:30 Lunch
PIPT in organics I
Chair: Kenji Yonemitsu
14:30- 15:00 | Shin-ya Koshihara: Dynamical Role of Hidden FacesHotoFunctional 24
Materials
15:00- 15:30 H|_roko To_koro: _Photmnduged phase transition with magnetic change in cyé o5
bridged bimetallic assemblies
15:30- 15:55 K_en C_)nda: Photofunction of organic materials studied by tirasolved infrared 26
vibrational spectroscopy
. _ Natasha Kirova: Modeling of local phase transformations induced by optica
15:55- 16:20 . ) : L . " 27
pumping to excitons: applicatisrio neutraionic transitions
16:20- 16:40 Coffee break
Novel techniques |
Cabhir: Shin-ya Koshihara
A0 17 R. J. Dwayne Miller: Mapping Atomic Motions with Ultrabright Electrons: Th
16:40- 17:10 Chemi st sdé6 Gedanken Experiment Ent 28
17:10- 17:40 Stevgn Johnsonﬂ'racklng femtosecond dynamics of spins and the lattice wil 29
ray diffraction
17-40- 18:05 Brett Bar\N!ck: Imaging plasmonic Fabfl ®r ot r esonances 30
electron microscopy
18:05- 19:05 POSTER SESSION
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Tuesday, 10.6.2014 page
Spin related phenomena |
Chai r: Mar kus M¢nzenberg
8:30- 9:00 Theo Rasing:All optical control of nagnetism: From fundamentals to nanosg 31
reversal
9:00-9:30 Paul van Loosdrecht: Transient magnetism in EuO 32
20 10 Her mann Missemangling the nanoscale angular momentum pathw
9:30-10:00 duringall-optical magnetic switching 33
10:00- 10:25 | Yoichi Okimoto: Ultrafast dynamics in spin crossover cobaltites 34
. _ Isabelle Maurin: Confinement effects in photostrictive/magnetostrictive core
10:25- 10:40 . . 35
shell particles based on Prussian blue analogues
10:40- 11:00 Coffee break
Spin related phenomena Il
Chair: Theo Rasing
11:00- 11:30 Alexey V Kimel: Controlling, Probing and Harnessing the Strongest Force i 36
Magnetism
11:30- 12:00 M ar kus M¢ nSpeed Ibné forg-ePt spin dynamics famtosecond 37
timescales
12:00- 12:20 H|rosh| Watanabe: Interfering longlived spin precessions induced by a THz 38
pulse in ErFe®
12:90- 12:40 t]ohan Mentink: Ultrafast quenching of the exchange interaction in a Mott 39
insulator
. , Andrea Marino: Exploring different pathways across the potential energy
12:40- 12:55 . . - ot 40
surface in the early process ofgphinduced spirstate switching
13:00- 14:30 Lunch
Surface, Interface & topological insulators |
Chair: R. J. Dwayne Miller
14:30- 15:00 Fabrizio Qarbone: Photoeinduced ordering phenomena in 2D homoligand ga a1
nanoparticles
15:00- 15:30 Michael Horn von Hoegen:Ultrafast Time Resolved Electron Diffraction at 42
Surfaces: Watching the Atoms Freeze
15:30- 15:55 Rohit Prasankumar: UsingUltrafast Optical Spectroscopy to Explore 43
' ' Magnetoelectric Coupling in Multiferroic Oxide Heterostructures
15:55- 16:20 | Naoki Ogawa: Photocontrol of Dirac electrons in a bulk Rashba semiconduq 44
16:20- 16:40 Coffee break
Surface, Interface &topological insulators Il
Chair: Jim Freericks
16:40- 1700 Tohru Suemo_to: Femtosecond mithfrared luminescence and its laymrmber 45
dependence in graphenes
17-00- 1720 Koichiro Tangka_: TranS|ent spin polarized current induced by femtosecond 46
pulse excitation in topological insulators
Keiki Fukumoto: Imaging of photegenerated carrier dynamics in
17:20- 17:40 | semiconductor using femtosecond tinesolved photoemission electron 47
microscopy
17:40- 17:55 |Hugo U. R. Strand: Interactionquench dynamics of the Bestibbard model 48
17:55-18:55 POSTER SESSION
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Wednesday, 11.6.2014 page
Cuprates |
Chair: Fabrizio Carbone
8:30-9:00 Yasunori Toda: Polarized femtosecond spectroscopy for quasiparticle dyna 49
' ) associated witkymmetry breaking in BEL,CaCuyOg.q
9:00- 9:25 Cassandra Hunt Light-induced coherence enhancement in cuprates 50
_ i Federico Cilenta Photoinduced antinodal metallicity in the pseudogap state
9:25-9:45 . 51
high-Tc cuprates
9:45-10:05 |Ryo Fukaya Ultrafast paireecarrier coherence control in tweg ladder cuprat¢ 52
Cuprates I
Chair: Yasunori Toda
10:05- 10:25 Tatsuya Miyamoto: Ultrafast dynamics of photoinduced Mott insulatoetal 53
) ' transition in an undoped 2D cuprate,Rd0,
Ljupka St oj | eMesharasmdvwarorithergal destruction of the
10:25- 10:45 | superconducting state and melting of the chaleyesitywave state by 54
femtosecond laser
10:45-11:05 Coffee break
11:05- 11:35 Luca Per_ft_ettl_: Dynaml_c_s of fluctuations ihigh temperature superconductors 55
from equilibrium conditions
Insulator-Metal transitions
Chair: Herve Cailleau
11:35- 12:00 | Bradiey J. Siwick: On the contribution of Mott and Peierls instabilities to the|
semiconductemetal transition in V@
12:00- 12:20 {\//Igrc Herzog: Metallization in an instarit The photoinduced phase transition 57
2
12:20- 12:40 Martin _Ecksteln : Relaxation dynamics of phoinduced carriers studied withir] 58
dynamical meadfield theory
12:407 13-00 Elsa Apreg: Dynamic scaling of the insulator to metal transition in high qual 59
V,0; thin films
13:00- 13:15 Etienne Janod Insulator to metal transition induced by an electronic avalan 60
' ' in the narrow gap Mott Insulators AjQs (A=Ga,Ge; M=V, Nb, Ta; Q =S, Se
13:15- 14:40 Lunch
15:00
EXCURSION
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Thursday, 12.6.2014 page
Density waves |
Chair: Luca Perfetti
) . Michael Bauer: Ultrafast modulation of the chemical potential in Ba#% by
8:30-9:00 61
coherent phonons
9:00-9:30 Martin Wolf : Ultrafast dynamics of insulatdo-metal transitions probed by time 62
' ' resolved ARPES
9:30-10:00 [J ur e abD &lredast Metamorphosis of a Complex Chafensity Wave 63
10:00- 10:25 Claude Monney Ultrafast recovery of the CDW phase in Ti8lee to electron 64
hole scattering
10:25- 10:40 | Hiroshi Hashimoto: Photeinduced dynamics in frustrated charge ordered sys| 65
10:40- 11:00 Coffee break
Density waves |l
Chair: Michael Bauer
. , Uwe BovensiepenNon-equilibrium electronic structure of transient states in s
11:00- 11:30 . . 66
materials driven by femtosecond laser pulses
11:30- 12:00 Q|m Freericks: Quantum excitation and timesolved PES in chargiensitywave 67
insulators
12:00- 12:30 ?D/lljlﬁ]opr Kabanov : Electronic relaxation in a metal excited by an ultrashort opti 68
12:30- 12:50 | K@oru lwano: Photoinduced Electronic Domain Formation and Its Maogly 69
' ' Properties Expected for a Tvedmensional Chargerdering System
13:00- 14:30 Lunch
Metastable/switched states |
Chair: Uwe Bovensiepen
14:30- 15:00 Keiichiro Nasu: How much time necessary to phajenerate Fermi surface fron 20
true electron vacuum
15:00- 15:25 Tom ag M Eemtosetond Switching to a Stablelden Quantum State in ar 7
Electronic Crystal
. ) Patrick S. Kirchman: Towards a Microscopic Picture of the Phinduced,
15:25- 15:55 Metastable State in TaS 2
15:55- 16:25 Serguei Brazovski Modeling of evolution of a complex electronic systenato 73
' ' ordered hidden state: application to optical quench in TaS
16:25- 16:45 Coffee break
Metastable/switched states Il
Chair: Keiichiro Nasu
. _ Chong-Yu Ruan: Optical exploration of hidden phases in correlated electron
16:45-17:10 S . 74
materialsvisualized by femtosecond electron crystallography
. , Lutz Waldecker: Ultrafast optical response and structural dynamics of the
17:10-17:30 . o . 75
photoinduced phase transition of phase change materials
17:30- 17:50 | Roman Bertoni: Mecanagelastic switchingn solids Alternative route to PIPT 76
17-50- 18:10 Samuel W. Teitelbaum Irreversible Photoinduced Phase Transitions Studied 77
' ' SingleShot PumpProbe Spectroscopy
19:00

CONFERENCE DINNER
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Friday, 13.6.2014

Novel techniques Il

Chair: Martin Wolf

8:30-9:00 Maciej Lorenc: Ultrafast Dynamics probed with pulsedr&ys 78
_ . Thomas ElsaesserNonequilibrium electron density maps of ionic crystals fror|
9:00- 9:30 : . 79
femtosecond xay powder diffraction
9:30- 9'50 T|mothy Miller : DomainAlignment and Switching in Correlated Materials by 80
THz Fields
Correlated systems |
Chair: Thomas Elsaesser
9'50- 10:20 Pet e r P:rCharge nedprabination and relaxation in photoexcited-Mott 81
Hubbard insulators
10:20- 10:50 Steven D.Conradson A Gap Opening Transition in a Quantum Phase of g2
' ' Photoinduced Quasipatrticles in the Partly Filled Mott Insulatos.lJO
10:50- 11:10 Coffee break
Correlated systems |l
Chair: Peter Prelovgek
. ) Sumio Ishihara: UltrafastPhotoinduced Electron Dynamics in Mott Insulators
11:10-11:40 | o related Metals 83
11:40- 12:10 Takami Tohyama: Photeinduced electron dynamics in edanensional extende 84
Hubbard model
12:10- 12:30 Tetsuo Ogawa Equilibrium and Nonequilibriuni Condensati ons 85
Many-Body Systems
12:30- 12:45 | Jan Kogoj: Unusual Twestage Dynamics of the Splrattice Polaron Formation| 86
12:45-13:00 CLOSING
13:00- 14:30 Lunch
DEPARTURE
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PIPT5 5" International Conference on Btoinduced Phase Transitions and Cooperative
PhenomenaBled, Slovenija, 8 13 June 2014

Ultrafast control of ferroelectric polarizations by terahertz fields
In organic ferroelectrics

Hiroshi Okamoto
Dept. of Adv. Mat. Sci., Univ. of Tokyashiwanoha 81-5, Kashiwa, Chib277-8561 Japan

E-mail: okamotoh@Kk.ttokyo.ac.jp

Recently, a new type of ferroelectrics in which ferroelectric polarizations are produced byiintra

intermo | ecul ar charge transfers (CTs) i s -typed t racti

f er r o el @rgahic moesular.compounds, TTFA (TTF: tetrathiafulvalene, CAp-chloranil)

and a-(ET).lz (ET: bis(ethyleneditio)tetrathiafulvaleneand a hydrogebonded molecular crystal,

croconic acid (HCsOs), are its proteaypical examples. In this papewereporta new approacfor the

rapid controlof ferroelectrigty usinga terahertz THz) electric field, focusing on these ferroelectric

materials. From the results of THimmp opticalprobe and secorAdarmonicgeneration(SHGprobe

spectroscopy, we show that the ferroelectric polarizations domibgt@delectron systems can be

controlled in a suipicosecond timescale via THield-induced collective CT processes.

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

alternately forming quasinedimensionall{ D) stacks. By lowering temperature, it shows a neutral(N)

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

molecules at the NI transition give rise to the electrtype ferroelectricity. In TTFCA and its

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

can be induced by a femtosecond | aser pul se, w

terahertzoump  opticalreflectivity-probe  (4) and secortarmoniegeneration(SHGjprobe

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

a subpicosecond modulation of the macroscopic polarization is possible by a strong terahertz field

(5). In addition, we dund 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 fieldinetenN phase

through the fieldnduced motions of domain walls between N and | domains.

A 2D organic conductora-(ET),ls, shows a metal to chargeder(COjinsulator transition at 135 K.

In the CO phase, electrorigpe 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 TididBeld-

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

polarization is inclined by about 25 degrees from the crystaltax@sich a diagonal polarization can

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

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

modulating the ferroelectric polarization more than 10 % by the THz fietdl@® kV/cm. We will

discuss the fielihducedp-electron and proton dynamics on the basis of the results ofplikigp

opticatprobe and infraregrobe spectroscopy.

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

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

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

References:

(1) H. UemuraandH. Okamoto, Phys. Rev. Lett05 258302 (2010)

(2) T. Miyamoto, H. Uemura, and H. Okamotb,Phys. SacJpn.81, 073703 (2012)

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

Okamoto,Phys. Rev. Lettl11, 187801 (2013)

(4) H. Yada, T. Miyamoto, and H. Okamotsppl. Phys. Lett102 091104 (2013).

(5) T. Miyamoto, H. Yada, H. Yamakawa, and H. Okamotoua€ommun 4, 2586 (2013)

(6) K. Yamamoteet al, J. Phys. Soc. Jp#7, 074709 (2008).

(7) S. Horiuchiet al, Nature463, 789 (2010).

(8) R. Sawada, H. Uemura, M. Sotome, H. Yada, N. Kida, K. lwano, Y. Shimoi, S. Horiuchi, and H.
Okamoto,Appl. Phys. Lett102, 162901 (2013).
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Optical control of correlated charge driven by
10 MV/cm ac field of 1.5-cycle infrared pulsein organic condudor

Shinichiro lwai
Department of Physics, Tohoku Universitgpan

E-mail: siwai@m.tohoku.ac.jp

Recent theoreticastudiesusing dynamical mean field theory (DMFTRave shown khmatic highly
nonequilibrium phenomena such as a phgtmerations of negative temperature state and
superconducting statfl, 2]. In those highlynonequilibrium phenomenaa reduction of transfer

integralt underhigh-frequency (>t /%) AC electric field E(W) [3-5] plays an important role for

cw light (Fig. 1(a)) although similar nomquilibrium effects can be also expected for asymmetric near
singlecycle pulse by different mechanism [2].

In this study, we have inviiggated the optical response of the metallic phase lafyered organic
conductor a-(ET),ls (ET; bis[ehtylenedithioletrathiafulvelene) exhibiting metal(Fig. 1f)-
ferroelectric CO insulator(Fig. &)) transition (transition temperature&135 K)using rear infrared

7 fs (1.5cycle) pulse. Photoinduced metal to insulatdrange that is a reverse process of
photoinduced insulator to metal transitiid@7], will be discussed in terms of the reduction of transfer
integral driven by 10 MV/cm higfrequencyac field

(a) (b) i (c) - ‘%% ..... %

Charge Order
(insulator)

Figurel: (a) Schematic illustration of the reduction bfnduced by higHrequency strong ac field ,
(b)(c)Schematic illustrations db) metallic and(c) charge ordered phases af(ET)ls.

References:

[1] N. Tsuji, T. Oka, PWerner, and H. Aoki, Phys. Rev. Lett. 106, 236401(2011).

[2] N. Tsuji, T. Oka, H. Aoki, and P. Werner, Phys. REv. B., 155124(2012).

[3] D. H. Dunlap and V. M. Kenkre, Phys. Rev. B34, 3625(1986).

[4] Y. Kayanuma and K. Saito, Phys. Rev. A77, 010101(2008).

[5] K. Nishioka and K. YonemitsuJ. Phys. Soc. Jpn. 83, 024706 (2014)

[6] S. Iwai, K. Yamamoto, A. Kashiwazaki, F. Hiramatsu, H. Nakaya, Y. Kawakami, Y. Yakushi, H. Okamoto,
H. Mori, and Y. Nishio, Phys. Rev. Lett. 98, 097402(2007).

[7] Y. Kawakami, T.Fukatsu, Y. Sakurai, H. Unno, H. Itoh, S. Iwai, T. Sasaki, K. Yamamoto, K. Yakushi, and
K. Yonemitsu, Phys. Rev. Lett. 105, 246402(2010).
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Sub-cycle charge and spin control with phaséocked multi-terahertz fields
Rupert Huber
Department of Physic&lniversity of Regensburg,-B3040 Regensburg, Germany

E-mail: rupat.huber@ur.de

Femtosecond optical pulses have opened exciting vistas on ultrafast phase transitieingaxaaior

visible light, howevertypically 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 importantém&rgy elementary exations. Modern table

top sources have provided phdgeked field transients covering the entire ntidl farinfrared range

and reaching peak amplitudes beyond 11 GV/m [1]. In combination with sensitive -@lptitro
detection, this toolbox offers an etieg 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 teesgtigate a novel nen
perturbative regime of swtycle 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 lighfThis dynamics allows us to access the lsagghtafter

Bloch oscillations in bulk crystals, generating phsatsdble highharmonic transients with speeta
cularly broad bandwidth, covering the entire FHdaisible spectral domain between 0.1 and
675THz, 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 correiatltmouglout 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 [i 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.solid

The third study demonstrates that THz coherent lattice vibrations can induce transient spin order in
BaFeAs;,, the parent compound of pnictide superconductors [5]. We trace aThultenergy gap
characteristic of a spin density wave followiegcitation with a femtosecond optical pulse. When
starting in the lowtemperature 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
alove 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 dgvaent 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 andmiyge heir interplay in

the time domain. Exciting vistas emerge for Zeeityge excitation of magpns in ugorventional
superconductors or coherent control of energy gaps in strongly correlated systems.
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Ultrafast Dynamics of Higgs Amplitude Mode in SWave Superconductors
Induced by Intense Terahertz Pulse Excitation
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Ultrafast photecontmol 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? Haledm#kective mode
relevant to the superconductivity emerge in the phesponse? How does it interact with the
radiation field? In generatwo kinds of collective excitationsappearwhen phase transition occurs
associated with the spontaneous symmbteaking; the gaplegshase mod¢NambuGoldstone (N

G) mode)and the gappedmplitude modef the complex order parameter. The latter is also called as
the Higgs amplitudemode from its analogy to the Higgs bosonelementaryparticle physicsThe
natureof 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
t he Ander sspimbdAsvariptg a&f colective mode dynarsisuch as collisicless damping,
powerlaw decay, persistent oscillation, has been investigat&d. [Despite the intensive theoretical
studies, the experimental investigation of the Higgs mode in superconductors has remained elusive,
since the Higgs nie does not couple directly to the electromagnetic field. In this presentation, we
report on our recent observation of the Higgs amplitude modevewe superconductors, NN

films [7] by using terahertz (THZ)ump and THzprobe spectroscopy techng{B]. 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 thediadratic excitation regime where

the excitation pulse width is sHer than the inverse of superconducting gap energy, a damped
oscillation was observed in the transmission of the THz probe pulse as a function eprobep

delay. The oscillation frequency coincides with the value of asymptotic BCS gap energy aftde the
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
nonadiabatic excitation condition is relaxed, thegg 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. |. Hamada, A. Sugioka, Ha, ;i

Makise, Y.Uzawa, H. Terai, Z. WandN. Tsuji, and H. Aoki.
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Ultrabright femtosecond electron source captures key molecular motions in
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The progress in the development ofsfauctural 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 motiomediards 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 thhaod t%

ray Free Electron Lasersltrabright femtosecond electron sources have reveal unprecedented results
in the study of photoinduced ultrafast structural dynamics [1, 2]. | will present a brief overview of
field along with a recent femtosecond electron diffraction (FED) study gfhtbtinduced insulater
to-metal phase transition of organic chatgmsfer sal{fEDO-TTF),PF; [3]. Here,we implemented a

low repetition rate (10 Hz) and ultlight femtosecond electron source in order to avoid cumulative
heating and photo degradatieffects and obtain a movie of the relevant molecular motions driving
this photeinduced insulateto-metal phase transition. We were able to record-tiglayed diffraction
patterns that allow us to identify timtkependent changes over hundreds of BraggkgpeModel
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 distt from those that, assisted by thermal relaxation, convert the
system into a metallitke state on the 10fs timescale. These findings illustrate the potential of
ultrabright femtosecond electron sources for capturing the primary processes goveuuhgas
dynamics with atomic resolution in labile systems relevant to chemistry and biology.
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We theoreticallyshow different mechanisra 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 electrofelectron and/or electrgphonon interactiond\Now, we can take advantagé

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 &saji It is theoretically
realized by a bandtructure inversion and r@sultant negative effective temperature. If continuous
wave lasers are used, its mechanism is based on the fact that the sign of -tneetaged transfer
integralinvolving the Peierls phasmn be inverted from the sign of the original transfer idai. If
half-cycle or asymmetric monroycle pulsed lasers are used, its mechanism is based on the fact that
the Peierlgphasedifference after the photoexcitatimaalizes the sign inversid@]. In any case, the
effective value of a single transfiategral is the key quantity.

Here, we demonstrate that materials consisting of-iamd intermolecular transfer integrals have a
choice about which charge transfers are effectively modifigdte model system we treat is
Et;Me,Sb[Pd(dmit)],, in which Pd(dmit) 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 this statkarge
ordered insulator. When the neutral dimers are photoexcited by a pulsed laser, a transition into a Mott
insulator phase is experimentally realiz&ll We construct an extended Peigdgbbard model that
reproduces the electron distributionse tmolecular displacements, and the conductivity spectra in
these two phases [4.h€ timed e pe ndent efuatoni® mimeniglly solvedThis model

well describes the electrgghonon dynamics during the photoinduced chamgier melting transition

[5]. Then, we use continuowsave and fewcycle pulsed lasers with strong intensities ahdly the
field-intensity dependence of charge transfersearch for possible dynamical localization [6].

Generally, electronic transfer integrals are regardedragmalized when aoscillating external field

is applied, as far as the electronic dynamics averaged over the oscillation period is cofiterned.
cases where effective transfer integrals vanish are known as dynamic localization. Interdimer charge
tranders drivenby continuouswvave lasers are thus governed by effeatterdimertransfer integrals.
After the field is switched off, thelynamic localization is no longer relevant. Then, we show that
interdimer charge transfers driven by pulsed lasees@igy resonant with an intradimer transition are
governed by an effectiviatradimertransfer integral. The tot&nergyincrement depends on how the
intradimer transfer integral is renormalized. The same holds for interdimer cnangéers. This
interdimer dynamics governed by effective intradimer parameters is evident even f@noneve
cycle pulses, suggesting possible control of photoinduced cloadge melting. These two lasers
control the charge transfers in different manners. The differencescsom the molecular hierarchy.
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Recent study of timeesolved xray and electron diffraction measurements has shown that the
structural dynamics in ultrashort time scales is experimentally observable. Theviingon of the
diffraction patterns reflects the spat@mporal behavior othe 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-ppoioep
experiments. In this paper wadiscuss 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 square lattice coupled with an
optical phonon mode given by the following Hamiltonian,

Yoo e
H=§ ?ﬁ+ W +(V2>Wsip+ ew+ s>uw)inc+ / $€
tE2 2 o @

- A [a Mus- bRS)(us - bRS) +{V - W(us +us)} i)
where the detail of the model is described in Refs. [2,3]. We calculated the diffraction iri@iRkity
as a function of time by numedilty solving the timedependent Schdinger equation and the

calculated results of the differential diffraction intensity defined¥i®d OB OB are

Figure1: Differential diffraction intensityy £ [Eh« in the

shown in Figs. 4a) and (b). We found that these patterns contain informeggerding the relaxation

of the FranckCondon state as spatiemporal variation of the ADPs. In particular, transient ADPs
reflect the quantuamechanical nature of excited wavepackets which is relevant to the formation of
the precursor of photoinduced teig3]. 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 furthestudy on the mechanism of the photoinduced coopesatwill be
possible particularly when ultrashort coheresray or electrorbeam pulses are available in the near
future.
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M(dmit), (M=Pd, Pt) salts show an unique phase transition due to the strong efgodroon and
electronelectron correlationgl]. We reported the optical spectral change induced by the
photoexcitation in the charge separated (CS) phase of theSb[Pd(dmit)], single crystalwhich
suggest the occurrence of the photoinduced phase transition (2RTRecently, A[Pt(dmit),],
(A=Me4P, MegAs and MgSb) are crystalized and studied by transport ancyXcrystallographic
techniqud3]. The Pt(dmit) system also shows the CS phase with relatively higher transition
temperaturaup to 215 Kthanks to the relatively weaker dimerizationtioé Pt(dmit) than Pd(dmit)
moleculeslt is interesting for applicatiorotinvestigate the photoinduced phenomena in this Pt(dmit)
salt, because of its high transition temperatasewell as unveiling the mechanism of phase transition
based on CS meahism by virtue of the freedom of molecular orlsital

Since the dimerization of Pt(dmitinonomers 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 RIR{ the
recenly developed timeesolved electron diffraction technique [4], we have succeeded in observing
directly the photoinduced structural change with-palresolution from the CS phase and also clear
coherent oscillation of the intensity of thealBg peaks with in the THz frequency range. By
comparing the results of tirresolved 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
magnetic fields is a key subject for materials
today. Especialtltyni aghaeeithhgampdiet ipdhirotwhmidaile eids n
phase transition (PIPT) is becoming i mpbastnt t
conversion of magnetic, dielectric, structural a
maetr i als as a result of cooperative interactions
PIPT shows vari ous attractive natur es, however,
essenti al probl em, i.e. can we realize and ident
which is wuni geuxec iftoerd tchoendp htotoon so called as a 6h
with electronic and structur al order realized o
process for achieving hbhbtoafasthphasgé ¢coeer ¢6Ir owmi
progress in Laser and Quantum beam technol ogi e
probl em. Her e, we demonstrate that l i ght exci
( C-00) phRise® ean never be -emashil e voed umndcemdt heom
ul trafasrtaypuansdedelXectron techniques. We al so sh
origin of t h-endensd tchangpdhoin optgamilc pampeot ga
crystals [1,2]. Our new resuffusncoi onhéeé mbudyi ah:
briefly discussed.
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Research associated with the phftoctional materials is attractive topics. Up to date, we have
reported several phofoinctional materials using cyafwidgedbimetal assemblies and metal oxides
-8l The lightinduced excited spiatate trapping (LIESST), the ligitduced phase transition from
the lowspin (LS) to highspin (HS) states of some transitioretal ions, has been extensively studied

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

those composed of molecular crystals. However, if spin crossover complexes-dittergional
network structures can be synthesized and HS sites can form a magnetitgosdtbrieachother, then
the spontaneous magnetization can be expected. From this perspective, we symthesizaettacyano
metal complex, FENb(CN)g] ®4-pyridinealdoxime)@H,0 (1), and observed ferrmagnetism caused
by lightinduced spin crossov8r The crystal structure of
1 is tetragonal(l4,/a). Fe and Nb ions are bridged via
cyano groups to form 3D network structur€Fig. 1) The
molar magnetic susceptibility (4) vs temperature plot of
1 shows the spin crossover transition fromi(F&S) (S= 2)
to Fé' (LS) (S 0) at 130 K. Next, the photomagnetic®®%]
effect of 1 was studiedBefore irradiation, th&S phase i~
paramagnetic. By irradiatig with a 473nm cw laserg 40001
light, spontaneous magnetization appeared (igin the% .
photoinduced ferromagnetic phas€&urie temperaturé >oo0-
(Tc) and saturation magnetizatiomd) are 20 K and 7.

B, respectively. TheVis of 7.4 [z agrees well with a
calculated value of 7.7/ obtained in a case where the _0 10 20 30
spins of photénduced F&HS) and NB (S= 1/2) are Temperature(K)
antiparallely arranged The superexchange interactigfigure 1.Qystal structure of1 (inset) and
constant J.,) between FEHS) and neighbouring Nbis magnetization vs temperature curves df
calculated by molecular field theorye.,T 6.9 cm™. before () and after 9) irradiation.
Furthermoreyery recently, v developed a new chiral structured magrietn ironoctacyanoniobate
assembly where Fe ions and Nb ions are three dimensionally bridged by CN [JarRis
alternatively irradiating with 478m blue light and 785m light, the spontaneous magnetization of
the material can be reversibly switcheahd it exhibits90-degree switching of the polarization plane
of the outputsecond harmonitight by changing thetate of the magnet with 47#3m and 7851m
lights.
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Time-resolved vibrational spectroscopy is a powerful tmoinvestigate photoinduced dynamics of
organic materials because intensities and frequencies of vibrational peaks sensitively reflect local
charge and structure of molecules. We have developeerdisodved infrared vibrational spectroscopy
system usinga 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) {3] and the other is metal complexes which are digedrganic 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.

Electronelectron and electrephonon interactions in stronglgorrelated 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 appld timeresolved vibrational spectroscopy to several organic crystals showing
PIPT, TTRCA [1], (EDO-TT),PFK; [2], andPd(dmit) salts [3]. As a resultye found that the structure
change takes place with a tesfspicosecond 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 medirect method using femtosecond elecuidfraction [6].

Metal complexes consist of a center metal and [-conjugated ligands such as bipyridine. To date,
fundamental process of their photofunction has been revealed as follows. Photoirradiatiorttexcites
complexes tdMLCT (singlet metal to ligand charge transfer state) and subsequently the intersystem
crossing to°MLCT takes place within 100 fs. The lifetime 3ILCT is more than a hundred
nanoseconds, and this metable*MLCT play a key role in thehotofunction 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 spectrostépifrallyd the

peaks which are assigd to such dark state by comprehensive studies on transient vibrational peaks of
various ligands using timeesolved vibrational spectroscopy [5] and succeeded in direct observation

of photochemical reaction process though these peaks in several rutb@diunenium complexes.
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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 chargransfer excitas (CTE)i bound states of an electron and a

hole. This approach was proved to be particularly useful in studies of reatratransitions (NIT)

in quastlD organic compounds

We present a theory of resulting spatémporal effects with a modellinargeting the NIT. We
consider cases of IME and CTE corresponding to profound experimental stu@ig&shiharaand

H. Okamoto. In our picture, a quasindensate of excitons appears as a macroscopic quantum state
which then evolves interacting with eth degrees of freedom prone to instability. Via these
interactions with soft modes, the excitons are subject tetragiping. That locally enhances their
density which can surpass a critical value to trigger the phase transformation, even if the nigan dens
is below the required threshold for the global transitidke recover dynamic interplays of fields such

as the collective wave function of excitons, electronic charge transfer and polarization, lattice
dimerization. Their mutual interaction resultsformation of a symmetry broken ground state which is
inhomogeneous if the pumping is below the threshold. In all céeesdnitial string of the new
embedded phase appears astsatiping; its length is determined by a balance between gaining the
potental energy and loosing the quantum kinetic energy of the exciton. The phase transformation
proceedd$rom large to medium distances, rather than from small to larger ones as in a rather common
picture of localized excitons.

We obtain various transient effs: selftrapping, dynamic formation of domains separated by walls,
subsequent merging of domains and collapse of walls, emittance of coherent propagating waves.
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Mapping Atomic Motions with Ultrabri
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Electron sources have achieved sufficient brightness to literally light up atomic motions inEuson.
development provides a direct observation of the very essendewiistry 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 ithe 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 detgioni 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. Retetudies 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 charpetistis 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). Similareduction in dimensionality has also been observed for ring closing
reactions in organic systems (Jdamel 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 lxartrer
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 @maus 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
imacgiof chemistryo is this enormous reduction in
ultimately makes chemical concepts transferrable. With a large enough basis, it may be possible to
characterize barrier crossing processes in terms of reantdes 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 priéesyeverse of

the classic fiel ectron har p dablishitrangition stacedheotyi on conce
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With femtosecond time resolutionsray 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 fewrecent 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 cliargdered manganites.

In the first exarple we show how resonantly enhanced magnetic scattering can be used to
guantitatively measure the character and magnitude of spin motion in a coherent electromagnon in
TbMnG; driven by a THz frequency electromagnetic field [1]. We observe a 4 degreerratbthe
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-iadeced melting of charge order in the charge
density wave system gMoO; and the doped manganiter sCasMnOs. 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 nduced 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 werdrate its capabilities by

imaging plasmonic Fabs ®r o t resonances that have been exci
show that by changing the pump laser properties we can precisely control the plasmons that have been
excited in the nanoparticle @sd-igure 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 ¢har.ddtke

spectrum shows the quantized exchange of photons by the imaging electrons and the spatial dimension
captures the Fabily ®r o't interference pattern. Thus both
electromagnetic field are captured simultarsbpu

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 representsntiagé that can be obtained when using the
photorinduced near field microscopy technique. The laser pulse is propagating into the page and the
electric field is oriented 45elative to the axis of the nanowire.
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All optical control of magnetism: Fromfundamentals to nanoscale reversal
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Transient magnetism in EuO
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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 enhantent 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 resolvey xircular dichroism, magnetuptic, and

THz expennents.
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Dissentangling the nanoscale angular momentum pathways during all
optical magnetic switching
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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 imseatatdansitions 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 dlbserved ultrafast demagnetization [1] anebptical
magnetic switching [2,3], have proved this to be far from correct. Ultrafeay yulses offer the
fascinating prospect to disentangle, on the nanometer leagthfemtosecond 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 dmdelengthcales
associated with the exchange interaction opens a new way ofeenigg the relaxation path in
magnetic systems.
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Cr os:

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

physics. One of théypical materials is spin crossover (SC) complexes containifigale they are

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

change/control of the spin state d&lectrons in F& between the low spin (LState (296) and the

high spin (HSgy t4") state.

In addition to thoséron complexes, we have also proposed that perovijike cobalt oxide systems

containing C3" 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 concerninebPIRT{dng
them, in this presentation, we show ultrafast phenomena, 5i;aCo0Q, and BiCoQ.

La; sS1hsC0Q, is layered perovskiteype and shows a checKeoard type charge ordering (CO) as
well as SC in the Cb6 site. With irradiating fs laser pulses, we observed ultrafast electronic change
due to melting of the CO. The real space dynamics of the photoegcéads discussed in terms of

the electromagnetic analysis[5].

BiCoGs 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 afottteol

FE behavior in the light of nonlinear purppobe spectroscopgnd discuss the relationship between

the FE change and the SC.
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The interest in moleculdrased materials for memory devices and magoptizcal switching has been
revived after the discovery of hight magnetSand various photomagnetic effects under visible light
irradiatiorf in Prussian blue analogues. Nevertheless, photo f————— G s
induced magnetization changes in materials showing-long; — @mnmedaionatok core =50 nm
range magnetic order have been restricted so far to very fev
examples and low tempures’ An alternative approach is to
use the concept of stramediated magnetic SWI'[ChIng«-
developed for oxiddased and metal/polymer multlferr0|c= e
composite$ by combining a magnetostrictive subsystem to &} A
switchable subsystem that undergoes large anersible
photostriction effects.

Polycyanometallates were recently shown to be promlsmg
candidates for such photostrictipeezomagnetic ok -
heterostructure$This might be explained by (i) the amplitude e
of the deformation for the pho#sirictive phase, i.e. up 8%
change of the lattice parameter under light irradiation and (ii)
the large compressibility of the metallocyanidé&ice with a e A
bulk modulus that is one order of magnitude smaller than the'® ©7 o ‘"’2'9 d“’ rore s

one of oxides. In addition, heterostructures with different 9(degree)

connectivity (coreshell particles, multilayers, etc) can bgigure 1:Change in the position of the (400
grown in a controlled way, leading to heteroepitaxy evethen gragy peaksefore (black)and after (red)
case of large lattice mismatch between the two phases. N CQJ& irradiation,| = 0.31) @

shell architectures, we have recently demonstrated the transfer

of strain through the interface between the core and the shell upon light irradiation. Howsiter, in
synchrotron xray dffraction measurementalso suggested confinement effects, similar to a pressure
applied by the shell and opposed to the core dilatation under irradisg¢ieri-ig. 1). This confinement
strongly impacts the pho®witching properties of the core particldgat are partly or completely
blocked depending on the shell thickn&ds. this work, we will discuss the main parameters that
influence the confinement effects, by studying (i) different sizes of the jalotitee core particles, (ii)
ultra-thin shells and (iii) different strain states associated to different lattice misniagtiveen the
core and the shell.

shell =25 nm

RbNiCr shell RbCoFe core

ty (

ens

RbCoFe core

shell =9 nm

RbNiCr shell
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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
magretism [1]. Fundamentally, magnetic order is a macroscopic manifestation of a strong quantum
phenomen& exchange coupling between spins. The energy of the interaction is often written as

W=-5;J5 1)

wherelJ is the exchange parametera8d $are the spins of thieth andj-th adjacent magnetic atoms.

This exchange coupling represents the largest interaction in magnetism. It can be associated with an
effective magnetic field of 100000 T. The stmgth can be appreciated from the fact that magnetic
order in condensed matter survives well above room temperature. Obviously, harnessing the exchange
interaction igheway to achieve the ultimately fastest magnetic switching. How can we control, probe
ard harness the exchange interaction for ultrafast magnetic switcHerg?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 igadses one can monitor lasaduced 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
possille magnetic switching [4].

References:

[1] A. Kirilyuk, A. V. Kimel, and Th. RasingRev. Mod. Phys82, 2731 (2010).
[2] R. Mikhaylovskiy et al (submitted).

[3] R. Subkhangulov et afcientific Reportsl, 4368 (2014).

[4] T.A. Ostler et alNatureCommunication8, 666 (2012).

36



PIPT5 5" International Conference on Btoinduced Phase Transitions and Cooperative
PhenomenaBled, Slovenija, 8 13 June 2014
Speed limit for FePt spin dynamics on femtosecond timescales

Mar kus M¢nzenberg
I nstitut f¢r Physi k,-Hausdarffée r aiCe2 6, GGe ef § wavlad d, |

E-mail: muenzenberg@physik.ugreisfwald.de

Magnetization manipulation is an indispensable tool for both basic and applied research and to
understand cooperate phenomena in ferromagnetic materials dewibnstrate 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 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 oftizetgpre 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

l evel and makes t he nsagmeanttyrfar the samemnamourt of eredgy deposited,C o
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 Hafsfaiiz-Bloch (LLB

model) equabn, 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 norequilibrium electron distribution, also ultrafast currentsgaeerated 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 withsp-states at the Fermi level, or Ru, which hdsadd at around the Fermi level,
these materials can shape the THz spin currents opening a way towards THz spintronic devices.

¥
v LIk
e YRS

Electron temperature Spins

Figure 1: Interplay of electron heating and correlations in the
spinsystem resulting in critical phenomena aroupd T
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Interfering long -lived spin precessions induced by a THz pulse in ErFeO
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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 coempds used for
instantaneously tilting the spins. Here, we report the unexpectedlyliVeal interfering spin
precession induced by THz pulse in an orthoferrite EgF@@e spin precession in ErFg€ingle

crystal sample (100 [Im thick, (001) surface sample) 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 sa#ie 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 observeie 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

(@03 ErFe, 70K (b) (©)s01~
02+ Epy, =240kV/em
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Fig. 1.(a) Time dependent THz induced Faraday rotation signal obtained with (001);EiRgl@ 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.

approximately0.216 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 Dzyalostitwiyia
interaction works differently for different pairs of nearest neighlpaissamong 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 differenceinto 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 ingatpthponent

of the Dzyaloshinskii vectaD,0 working on spin pair 4 (and 23) 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 observeglisting can be explained reasonably with the proposed splitting mechanism

using value oD,6deduced 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 effesipin model. Nevertheless, such a model is
essentially a lovenergy 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 anl 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 femtosecondté$eology.

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 ofystud choose the prototype Meott
Hubbard insulator. Starting from an initially equilibrium situation, we demonstrate an ultrafast
quenching ofle, both by evaluating exchange integrals from a tdependent response formalism [2],

and by explicitly simulatig lasefrinduced spin precession in an antiferromagnet that is canted by an
external magnetic field. In both cases, the electron dynamics is obtained from nonequilibrium
dynamical meadfield theory [3]. As visualized in Figure 1, we find that the modiflgdemerges
already within a few electron hopping times after the pulse, with a reduction that is comparable to the
effect of chemical doping.

Uquench
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Figure 1: Comparison of the nonequilibrium exchange interaction (open circles) in thestptasnary 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 differetemperatures. The inset shows the tewelution of the exchange
interactionJe, (black solid line) and staggered magnetizatio§ bl ack dashed | ine) after
The quasistationary modified values both &f, andm emerge already withinfaw inverse hopping times.
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Spincrossover solids are prototypes materials, undergoing photoinduced phase transitions towards
long-lived states at low temperature, or sHowgd at higher temperature. The seedimgcess results

in an ultrafast local molecular trapping of ligitcited states, not so well understood. During the past
decades the Light Induced Exited Sfitate Trapping (LIESST) mechanism, as well as its reverse
mechanism (reverdelESST), have beeformerly accepted as a phetaluced process involving an
intersystem crossing (ISC) dynamics that allows trapping thedpgh(HS) state at sufficiently low
temperatures upon continuous irradiation into the absorption bands-epioWlLS) state; or o the
absorption bands of HS state in case of revet88ST™M In the recent literature, ultrafast time
resolved studies on Fe(ll) spimossover compounds have been mainly devoted to the dynamics of
light induced LS{A,)-to-HS(T,) switching by pumpinghe LS state into the spailowed metal to
ligand charge transfetN\ILCT) bandg?®!

In this contribution, we reveal the full pictures of the different dynamical pathways in LIESST and
reverseLIESST processes, showing the latest ultrafast transibrorption results on the spin
crossover complex for [Fe(ptH)BF.) (ptz = Xpropyltetrazole) having no lodying MLCT states by
directly pumping it into its spiallowed ligandfield transitions of the HS species at 830 nf,Y

°E) ] We will also pesent LIESST process on the '[f&M-AzA),(NCS)] single crystal where
detailed information will be given on the electronic and atomic rearrangement after an ultrafast
excitation of the LS state into a transiéMiLCT state, where the activation and dangpbf coherent
structural dynamics plays an important role in the trapping process.

Our results evidence totally different kinetics between the LIESST and reM&S8T processes. For

the reversd.IESST a double ISC involving only-d states, nameSE YT, Y 'A,, with a lifetime

of the initially excited®E state of 1.7 ps and of the intermedi3ite state of 39 pS! Conversely, for
LIESST upon direct pumping into spatlowed dd transition of the LS state, ISC from the initially
excited'T, stateto the HS state takes less than 150 fs and is thus equally fast as for irradiation into the
'MLCT bands.
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We demonstrate the ability of ultrafast electron packets with an eoérg 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 cohesgntseattering
intensity correlations around a Deb$eherrer 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 iithe fs
resolution, owing to the high craessction 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 adiemcy 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 2a3sembly. C) 2BFT 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 rl and r2, indicated respectively in (A) (violet
profile) and (C) (pink profile). The odulations are a fingerprint of local symmetries in the polycrystalline
nanostructured sample (evidence in the insets of panel B).
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