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Overview

Since the sixties the Symposium on Spin Waves was held biannu8ty Petersburg
providing opportunity for discussion of the last advances in fundamesedroh of
dynamical behaviour of spins in ferromagnetic, ferrimagnend, antiferromagnetic
materials. This year the Symposium will highlight the modprablems of spin
dynamics with a special emphasis being paid to novel trends gnatism. The

Symposium will mostly consist of invited lectures, contributglst and posters.

Program Topics

- Ultrafast laser-induced spin dynamics

« Current-induced spin dynamics

- X-ray probe of magnetism

- Spin dynamics in multiferroics, electromagnons
- Other new topics in magnetic dynamics

Location

Center for Research and Education, the Russian Academy of Sciences
Khlopina str. 8/3

loffe Physico-Technical Institute, the Russian Academy of Scgence
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Symposium Program

Sunday, June 17

10:00 - 10:10 Opening Address
S. A. Nikitov, R. V. Pisarev, Th. Rasing
Novel trendsin Spin Dynamics
10:10 — 10.50, J.-Y. Bigot Ultrafast magneto-optical Kerr microscope
(Invited)
10:50 - 11:30] R. Chantrell Atomistic and macrospin models
(Invited) of ultrafast magnetization reversal p. 9
11:30 — 12:00 Coffee break
Laser-induced Spin Dynamics |
12:00 — 12:20, B. B. KrichevtsgWagnetization dynamics in Fe/Cr thin films induced by
ultrashort optical pulses p. 10
12:20 — 12:40, A. Kirilyuk Laser-induced spin dynamics across compensation points of
GdFeCo ferrimagnet p. 11
12:40 — 13:00, A. Melnikov On the nature of laser-induced ultrafast coherent lattice and
spin dynamics at surfaces of rare-earth metals p. 12
13:00 — 14:00 Lunch
Spin-torgue and Spintronics
14:00 — 14:40 S. O. DemokritovSpin-wave radiation by spin-wave nanocontacts p. 13
(Invited)
14:40 — 15:00 D.Houssameddin8&pin-torque oscillator using a perpendicular polarizer and
a planar free layer p. 14
15:00 — 15:20 |. Firastrau Micromagnetic investigation of the current induced
magnetization oscillations for a perpendicular polarizer-plahar
free layer structure p. 15
15:20 — 15:40, P. E. Zilberman | Magnetization waves in ferromagnetic junctions under high
spin-injection level p. 16
15:40 — 16:10 Coffee break
2D Magnetic Structures and Magnonics
16.10 — 16.50 S. A Nikitov Eigen spin-waves excitations in 2D magnonic crystalg. 17
(Invited)
16.50 — 17.10 M. V. Logunov | Dynamic formation of two-dimensional lattices of magnetic
' : domains with Pab2 symmetry p. 18
S. L. Vysotsky | Nonlinear surface magnetostatic waves
17.10-17.30 in 2D magnonic crystals p. 19
17.30 — 19.00 Get-together party

Monday, June 18

Laser-induced Spin Dynamics| |
9:00 —9:40 J. Hohlfeld Ultrafast dynamics in magnetic recording media
(Invited)
9:40 - 10:20 | A. V. Kimel Femtosecond opto-magnetism p. 20
(Invited)
10:20 — 10:40| D. A. Mazurenkg Dynamics of spin and orbital melting in YO p. 21

4



10:40 — 11:00, C. Stamm Ultrafast spin dynamics probed by femtosecond X-ray
spectroscopy p. 22
10:40 — 11:10 Coffee break
Spin Dynamicsin Antiferromagnetic Materials
11:00 — 11:40| B. A. Ivanov Nonlinear spin dynamics for antiferromagnets
(Invited) and non-Heisenberg magnets p. 23
11:40 — 12:00, A.M.Kalashnikoydmpulsive generation of the coherent magnons
by the linearly-polarized light p. 24
12:00 — 12:20| A. V. Andrienko | Nonlinear radiation damping of parametric magnons and
phonons in antiferromagnets p. 25
12:20 — 12:40| A. Pankrats Antiferromagnetic resonance and magnetic anisotropy
in YFg(BOs),, GdFg(BOs)4 and X GdiFe3(BOs), crystals
p. 26
12:40 — 13:00| P. A. Usachev |Ultrafast non-thermodynamic pathway for a magnetic first-
order phase transition in HoFeO p. 27
13:00 — 14:00 Lunch
Spin Waves |
14:00 — 14:20| L. E. Svistov Spin-modulated quasi-1D antiferromagnet LICuV@. 28
14:20 — 14:40| A. A. StashkeviclHigh-intensity Brillouin light scattering by coherent spin waves
excited in a permalloy film p. 29
14:40 — 15:00| R. Marcelli Transient processes influence on magnetostatic waves soliton
propagation in ferrite films p. 30
15:00 — 15:20| A. B. Drovoseko)agnetic resonance in Fe/Cr discontinuous multilayens. 31
15:20 — 15:50 Coffee break
15:20 — 15:40| R. Morgunov Spin-solitons and frustrations in molecular magnets based pn
Mn and Cr complexes p. 32
15:40 — 16:00| G. S. Patrin Magnetic resonance investigations of interlayer coupling in
NiFe/Bi/NiFe trilayer films p. 33
16:00 — 16:20| D. I. Kholin Temperature dependence of interlayer coupling in Fe/Cr/Fe
trilayers p. 34
16:20 — 16:40| L. N. Butko Spectrum of agpled spin and electromagnetic waves
propagating in a periodic magnetic p. 35
16:40 — 19:00 INTAS meeting

Tuesday, June 19

X-ray probing of magnetism

9:00 — 9:40 |P. M. Oppeneer |Computational theory of spin waves, linear magnetic
(Invited) dichroism and the inverse Faraday effect p. 36

9:40 — 10:20 | F. Nolting Probing magnetism on the nanoscale using photoemis
(Invited) electron microscopy p. 37

10:20 — 11:00J. Goulon Element-selective X-ray detected magnetic resonarg®
(Invited)

11:00-11:20|A. Rogalev Hard X-ray magnetic circular dichroism: instrumentatio

and applications p. 39

11:20-13:00 Poster session

13:00-14:00 Lunch

14:00-21:00 Social event and dinner

sion



Wednesday, June 20

Spin liquids, frustrated magnets and non-collinear magnets

9:00 — 9:40 A. l. Smirnov Low-frequency spin dynamics of spin-liquid magnets p. 40
(Invited)
9:40 — 10:20 | I. A. Zaliznyak |Spin conservation and quasiparticle decays in a quantum spin
(Invited) liquid p. 41
10:20 — 10:40| V. N. Glazkov |Single ion anisotropy, transverse magnetization and magnetic
phase diagram of the frustrated gadolinium pyrochlore. 42
10:40 — 11:00| S. V. Maleyev |Cubic helimagnets with Dzyaloshinskii-Moriya interaction:
spin-waves and magnetic field behaviour p. 43
11:00 - 11:30 Coffee break
Multiferroics and Electromagnons
11:30 - 12:10| A. A. Mukhin Electromagnons in manganese multiferroics with modulated
(Invited) magnetic structure p. 44
12:10 — 12:30| A.V.Syromyatniko\Nonfrustrated magnetoelectric with incommensurate
magnetic order in magnetic field p. 45
12:30 - 12:50| V. A. Sanina Magnetic and magnetoelectric (ME) dynamics MiiROs
(R = Gd, Eu,and Er) p. 46
13:00 — 14:00 Lunch
Spin waves | |
14:00-14:20 A. B. Ustinov Microwave characteristics of frequency-agile ferrite-
ferroelectric composite material p. 47
14:20 — 14:40| V.A. IgnatchenkpSpin waves in partially randomized superlattices and
inhomogeneous ferromagnets p. 48
14:40 — 15:00| L. V. Lutsev Spin waves in silicon dioxide films with cobalt nanopatrticleq on
gallium arsenide p. 49
15:00 — 15:20| O. N. Laletin Magnetoelastic ground state and waves in ferromagnet —
nonmagnetic dielectric multilayer structure p. 50
15:20 — 15:40| N. I. Polushkin |Collective spin excitations in lateral magnetic superlattices:
long-wavelength limit p. 51
15:40 - 16:10 Coffee break
16:10 — 16:30| O.Bolsunovskayaagnetic properties and excitations of a two-sublattice
magnetic system with an incommensurate phase p. 52
16:30 — 16:50| V. N. Nazarov |Localized nonlinear oscillations in a ferromagnet in a magnetic
field p. 53
16:50 — 17:10| 1. V. Bychkov |Coupled waves spectrum of a ferromagnetic at the account| of
permanent-magnet interaction p. 54
17:10 -17:25 Closure remarks




Posters
1. V. Uhli, S. Pizzini, J. Vogel, L. Ranno, M. Bonfim
Time resolved observation of domain wall depinning and propagation in spin valve

nanowires p. 55
2. |. Edelman, E. Petrakovskaja, O. lvanova
Magnetic resonance in ferrite nanoparticles dispersed in glass p. 56

3. S. Petit, C. Baraduc, C. Thirion, U. Ebels, Y, M. Li, P. Wang, B. Dieny
Spin torque influence on the noise spectrum of magnetic tunnel junctions p. 57

4. D. Gusakova, U. Ebels, A. Vedyayev, |. Firastid. Houssameddine, B. Dieny, L. Buda
Calculation of the spin-torque in non-coplanar double spin valve structures
FM1/P/FL/IFM2 p. 58

5. A. Laraoui, V. Halté, M. Vomir, E. Beaurepaire)YJ Bigot
Time resolved magneto-optical imaging of magnetic domains written ibfil®o® with
femtosecond laser pulses p. 59

6. M. Vomir, M. Albrecht, J.-Y. Bigot
Towards compact experimental devices for investigating the ultrarfaghetization
dynamics p. 60
7.  A. M. Grishin, L. V. Lutsev, S .V. Yakovlev, S.Khartsev
Spin wave filters on the base of sputtered garnet films for masapplications p. 61

8. S. V. Grishin, Yu. P. Sharaevskii
Generation of the broadband chaotic signal in the self-oscillation systénmenlinear

transmission line on magnetostatic waves p. 62
9. M. A. Malugina, Yu. P. Sharaevskii
Nonlinear magnetostatic waves in coupled ferromagnetic structures p. 63

10. E. G. Ekomasov, Sh. A. Azamatov, R. R. Murtazin
The study of the origin and evolution of the magnetic inhomogenitiestohsaid
breather type in magnetics with anisotropy local inhomogenities p. 64

11. P.V.Bondarenko, A. Yu. Galkin,C. E. Zaspel, Blvanov
Collective modes and local magnon states for magnetic dot arrays with pendandi
anisotropy p. 65

12. E. A. Turov, M. I. Kurkin, V. V. Men’shenin, V. \Wikolaev
Magnetoelectric interactions and spin wave spectrum in yttrium iron garnet p. 66

13. S. L. Vysotsky, S. A. Nikitov, Yu. A. Filimonov,uY V. Khivintsev

Modes interaction in microstrip FMR spectra p. 67
14. M. I. Kurkin, V. V. Men’shenin, N. B. Bakulina
Parametric magneto-electric effects into alternating magnetid fiel p. 68

15. S. A. Nikitov, A. S. Dzumaliev, Yu. V. Nikulin, \K. Sakharov, E. P. Rusin,

S. L. Vysotsky, Yu. A. Filimonov
Ferromagnetic resonance characterization of the Fe/MgO (001), Fe/Ga@sFe/Si(111)

films p. 69
16. F. Zighem, Y. Roussigné, K. BouziaBeM. Chérif, P. Moch

Out-of-plane exchange anisotropy in (AF/F) NiO/permalloy bi-layers p. 70
17. N. Kazantseva, D. Hinzke, U. Nowak, R. W. Chaht@| Chubykalo-Fesenko

Dynamic response of the magnetization to a sub-picosecond heat pulse p. 71
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ATOMISTIC AND MACROSPIN MODELS OF ULTRAFAST REVERSA L

D Hinzke', N. Kazantseva U Nowak, R Chantrefi’ and O Chubykalo-Feserfko
! Physics Department, University of York, York, YO10 5DD, UK
2 Instituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco, E-28049 d&pain

*Corresponding author: rc502@york.ac.uk Phone: +44 1904 432253, Fax44 1904 432 284

With magnetic materials becoming increasingly namocsired, there is a developing
need for models of magnetisation processes that gonbetioe normal micromagnetic
approach, so as to include the additional physical phenanassociated with finite size
systems. This need is made more pressing by the fact thathigh density information
storage may require Heat Assisted Magnetic Recording (RAMvhich involves heating
beyond the Curie temperature, and it is known that miagmetics is not capable of dealing
with phase transitions without introducing some atol@i@| information. Atomistic models
are currently under development and have already gmpartant insight, for example into the
properties of FePt [1]; an important candidate for thighh density recording media. We will
introduce the physical problem in the context of the ampraa ultra-high density recording,
going on to describe the current state of development arhistic models. The basis of
atomistic models will then be outlined. Essentiallysthonsists of the use of a Heisenberg
effective spin model and the Langevin dynamic approachl(ti& equation augmented by a
random field to include the effects of temperature) tecdee the time evolution of the
ensemble of coupled spins. The model enables representéitibie temperature dependent
magnetic properties and complete magnetic excitapectsum. This is important because it
allows the magnetic phase transition to occur at listieaCurie temperature. The model will
then be applied to studies of fast laser heating of magnmetterials. In particular it will be
demonstrated that the magnetisation vanishes in a teesd picoseconds, whereas the
recovery of the magnetisation can take of the ordetnsf because of the necessity for the
magnetisation to grow from a large number of small @iyeVhich leads to strong frustration
effects. Simulations of the heat assisted magnetisateversal process in FePt will be
presented, demonstrating a new reversal mechanism invohendestruction and recovery of
the magnetisation into the reverse direction. Tiheedcale of the recovery is an important
factor in relation to the heat-assisted recording process.

Finally we will review the progress in linking atomisaad micromagnetic models in a step
toward creating macroscopic models of magnetic maseatlitemperatures approaching the
Curie temperature. This is important as regards the unddnstgof macroscopic reversal

process cannot realistically be achieved with atomistidaiso Our previous work has shown
[2] that the (macrospin) Landau-Lifshitz-Bloch (LLB) e¢joa describes the physics of high

temperature processes better than the LLG equation. wkershow that the LLB equation

gives a reasonable description of the heat assistedsed\process for a single grain, but fails
to predict the correct timescale for recovery of thegnetisation due to the frustration effects
observed in the atomistic simultations. Possible gwistto this problem will be discussed.

References

[1] O.N Mryasov, U Nowak, K.Y Guslienko and R.W Chantré&lrophys Lett., 69 805-811 (2005)
[2] O. Chubykalo-Fesenko, U. Nowak, R.W. Chantrell, D.a@ar, Phys Rev B4, 094436 (2006)



MAGNETIZATION DYNAMICS IN Fe/Cr THIN FILMS
INDUCED BY ULTRA-SHORT OPTICAL PULSES

A. A. Rzhevsky? B. B. KrichevtsoV, D. E. Biirglefand C. M. Schneidér
! |offe Physical Technical Institute of RAS, 194021 St.-Petersbusgid?
2 Forschungszentrum Jiilich, 52425 Jiilich, Germany.

The magnetization dynamics of single-crystalline Fe(Qbi) films has been studied
by an all-optical time-resolved pump-probe technique. Timesfilvere grown on GaAs(001)
substrates by MBE, with an Ag(1500 A)/Fe(10 A) buffer layeind predeposited before the
Fe(100 A) film growth in order to provide better epitaxy. Tmtpct the structure from
oxidation it was covered by a Cr(10 A) cap layer. The jation plane rotation of the probe
beam has been measured as a function of time delay lbepweep and probe pulses. The
probe beam was focused into ajl diameter spot in the center of the area illuminatethe
pump beam.

The films are characterized by an in-plane four-fold magrenisotropy that was
confirmed by studying hysteresis loops measured using théudimgal magneto-optical Kerr
effect (LMOKE). Hysteresis loops fd# along the easy axis exhibit a rectangular shape with a
coercive force |~ 10 Oe. Along other directions the magnetizatioreread also involves
significant magnetization rotation processes. The coraitke asymmetry of the LMOKE
hysteresis loops is explained by an additional contributothe polarization plane rotation of
guadratic in magnetization terms in the dielectric spsbility tensor.

In contrast to previous all-optical studies of metalystems [1-3], we have chosen a
particular experimental geometry with the externagjnedic field being applied in the plane of
the film. This configuration allows us to investigate thepétude, frequency and damping of
magnetization precession as a function of both tlentation and magnitude of the in-plane
magnetic field. We observed long-lived (~1ns) probe beantipal®n oscillations initiated by
the ultrafast (~0,15 ps) optical pulse excitatidr=(800 nm, f = 1 kHz, average pump power ~
15 mW). The oscillations are associated with the tenhpasation of the magnetization
component M normal to the film surface. The phase of the osmifet is independent of the
polarization state of the pump beam giving evidence for dopngantly thermal origin of the
excitation. The amplitude of the oscillations consibsralepends on the in-plane orientation
and magnitude of the magnetic field. The maximum effigieofche excitation is obtained at a
magnetic field of ~0.5 kOe, which is slightly deflecteanfrthe hard axis 4 Angle and field
variations of the oscillation frequency are well ddsedi by an expression for a uniform
precession mode known from the theory of ferromagnetsonance (FMR) based on the
Landau-Lifschitz-Gilbert equation. Our analysis indicatest tthe precession amplitude is
determined by the production of the uniform mode frequen@nd an in-plane tilting of the
effective magnetic fieldAy directly caused by the pumping light beam. The damping of
magnetization oscillation shows a nonlinear charaa&s$efunction of frequency indicating the
contribution of two-magnon scattering mechanism airtteefaces.

1. M. van Kampen, C. Jozsa, J. T. Kohlhepp, P. LeClaiLagae, W. J. M. de Jonge, and B.
Koopmans, Phys. Rev. Le88,227201(2002).

2. M. Vomir, L. H. F. Andrade, L. Guidoni, E. Beaurepagead J.-Y. Bigot, Phys. Rev. Lett.
94, 237601 (2005).

3. M. Djordjevic, G. Eilers, A. Parge, and M. MiunzenbergpflAppl. Phys.99, 08F308
(2006).
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LASER-INDUCED SPIN DYNAMICS ACROSS COMPENSATION POI NTS
IN FERRIMAGNETIC GdFeCo

C.D. Stancid, A. Kirilyuk®*, A.V. Kimel*, F. Hansteeh A. Tsukamotd
A. ltoh” and Th. Rasing
YIMM, Radboud University Nijmegen, Toernooiveld 1, 6525 ED Nijmegen, gthertands
“College of Science and Technology, Nihon University, 7-24-1 Funabashi, Chiba, Japan

The study of ultrafast magnetization dynamics has gainediderable momentum in the last
decade. This is stimulated on the one hand by the everrgyaemands to increase the speed
of writing and retrieving magnetically stored informatiand on the other, by the development
of femtosecond laser sources. The latter allow exmitadtf magnetic systems at time scales
much shorter than fundamental quantities such as spireggion or spin-lattice relaxation
times. Recent experimental studies have revealed manityng results such as the quenching
of ferromagnetism at subpicosecond time scales [Tergeion of coherent spin waves [2], or
reorientation of antiferromagnetic spins [3].

Rare earth-@transition metal (RE-TM) ferromagnetic compounds aigely used materials
for magneto-optical recording. Depending on their contjpos RE-TM ferrimagnets can
exhibit a magnetization compensation temperaiyrevhere the magnetizations of the RE and
TM sublattices cancel each other, and similarly an amguwhomentum compensation
temperaturel, where the net angular momentum of the sublattices WasisThe theory of
ferromagnetic resonance predicts a strong temperatpendence of the dynamic behavior in
such systems. In particular, the frequency of the homemes spin precession as well as the
Gilbert damping parameter is expected to diverge at the temperaflixe However, so far
there are no experimental results to substantiasetleclaims. Experimental confirmation of
these theoretical predictions is however important feagnetic recording and magnetic
random access memory, since the combination of a higjuéncy and large damping of the
spin precession would provide ultrafast and ringing-freagmatization reversal via
precessional motion. More interestingly, the absesfcéhe angular momentum arourd
would allow an ultrafast precessional reversal of magoeder [4].

Here we report the study of ultrafast laser-induced dgnamics in the RE-TM ferromagnetic
alloy GdFeCo across the magnetization and the angolaremtum compensation points, using
an all-optical pump-probe technique. It is demonstrated expetally that both Gilbert
damping and spin precession frequency increase significasfityn the temperature of the
sample approaches the point of angular momentum contimenga]. These results indicate
thus the crucial role of the angular momentum compemsatdr controlling the fast
magnetization switching process. Moreover, our approdah alowed us to observe the
exchange resonance mode: as it softens fgait is found to dominate the ordinary
ferromagnetic resonance.

Crossing ofTa leads to ultrafast switching of magnetic system (<lpsheé applied external
field and a subsequent relaxation (>1ps) trough a metasiaptesite magnetic state. Beside its
technological importance, we believe that the obs®nvareported here will help the
understanding of the processes underlying the interactibghofwith the magnetic system.

[1] E. Beaurepaire et aRPhys. Rev. Let¥6, 4250 (1996).

[2] M. van Kampen et alPhys. Rev. Let88, 227201 (2002).
[3] A.V. Kimel et al.,Nature435 655 (2005).

[4] M. Aeschlimanret al. Appl. Phys. Let&9, 2189 (1991)
[5] C.D. Stanciu et alRPhys. Rev. B3, 220402(R) (2006).
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ON THE NATURE OF LASER-INDUCED ULTRAFAST COHERENT L ATTICE
AND SPIN DYNAMICS AT SURFACES OF RARE-EARTH METALS

Alexey Melnikov
Freie Universitat Berlin, Institut fur Experimentalphysik, Amaillee 14, D-14195 Berlin
alexey.melnikov@physik.fu-berlin.de

Coherent electron, lattice, and spin dynamics wastHerfirst time observed abd(0001)
surface by means of time-resolved magneto-induced setamdonic (SH) generation [1].
Well-known surface sensitivity of SH is of specialpiontance in case d&d due to strong
resonant enhancementdg-like surface state [2]. Electric field of SH from thebe pulse can
be split into two componentEe.en and Eqoqq, €ven and odd with respect to reversal of
magnetizatiorM. Ee.endoes not depend dvl reflecting electron and lattice dynamics excited
by the pump laser pulse whilg,yq is proportional toM and mostly sensitive to the spin
dynamics.Eeyen possesses an abrupt 20-30% drop down, which vanishes with refitiee
photon energy [3] and is attributed to the heating of elastby pump pulse, followed by
gradual evolution on a couple of picosecond time scale sedurby electron-lattice
thermalization Eqqq Shows 40-60% drop down to a constant level independenghatbn the
energy, reflecting an ultrafast loss of spin polditaof valence electrons in surface region.

On top of this behaviour, we observe exponentially dumpsmillations at 3 THz
frequency in both SH components. Since this frequencyyne®iches the eigen frequency of
longitudinal phonon mode along the normal to surfacéénvicinity ofl" point and close to
the frequency of magnon mode with the same wavevecwmttwibute these oscillations to
displacive optical excitation of a coherent coupled phemagnon mode at the Gd surface.
We suggest a mechanism of this phenomenon based onnidigeed surface charge redistri-
bution modifying the lattice potential for the topmash layer and displacively initiating
vibrations at the phonon frequency resonantly coupledetonlgnon component [1].

This talk is aimed to go further on in the developmeploysical picture of this
phenomenon, basing on results of temperature-dependent s8idii@s and comparison of
coherent dynamics iGd andTb, where the eigen frequency of magnon mode is considerably
smaller than that of the phonon mode. The same thainplitudeA of oscillations iNEeyenin
Gd andTh, shows that the resonant character of phonon-nmagoopling is not important for
the excitation of phonon mode. Moreover, the exatagf lattice vibration in general does not
require the spin component and is possible at tempesasigeificantly exceeding the Curie
temperature d. On the other hand, the spin ordering plays an importde in the phonon
excitation owing to the strong decreasédofhen the temperature increases up ¢oAlso the
phonon decay rate decreases with the increase of temperaround d indicating an
important role of magnon component and significant rioution of the electron-magnon
scattering to the damping of coherent mode. Pump fluenpendence of the coherent
dynamics inGd shows the dominating role of hot electrons in this dagip

Combined laser-pump synchrotron-probe experimen@diallow us to probe directly
the dynamics of spin ordering fashell with 50ps time resolution and shed a light to the
mechanism of laser-induced demagnetization. Spin pataizof valence electrons can not be
destroyed completely even for the sample temperatuse tioT: since it is partially recovered
by the spin transfer frorfishell. That course in ~20% loss of spin ordering efectrons in
spite of the fact that the transient lattice terapge significantly exceedscTwhich means
thatf-spin-lattice interaction time is larger that spot awptaking ~200ps.

[1]  A. Melnikov et al, Phys. Rev. Let91, 277403 (2003).

[2]  A. Melnikov et al, Appl. Phys. Br4, 723 (2002).
[8] A. Melnikov et al, J. Opt. Soc. A2, 204 (2005).
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SPIN-WAVE RADIATION BY SPIN-VALVE NANOCONTACTS

S.O. Demokritov, V.E. Demidov
Institute for Applied Physics, Westféalische Wilhelms-Uniarsitinster
Corrensstr. 2-4 , 48149 Munster, Germany

After the theoretical prediction [1] and the direcpesimental observation [2] of spin-wave
excitation by a spin-polarized electric current flowingotilgh multilayered nano-pillars this
phenomenon has attracted enormous attention due to itsitipbtéor nanometre-scale
microwave oscillators to be used in future integratedamriectronic devices.

Using spatially resolved micro-focus Brillouin lightastering technique with spatial resolution
of 250 nm we have studied radiation of spin waves by a smewnano-contact into a
continuous underlying magnetic film. The investigated elésbave lateral dimensions in the
micrometer or sub-micrometer scaled consist of a 10 nm thick gbBeo and a 5 nm thick
NigiFerg layer separated by a 4 nm thick Cu spacer layer. It isdfotlnat the elements radiate
spin waves at frequencies corresponding to their I&tegalntized spin-wave eigenmodes.
Two-dimensional distributions of intensities of spinwes radiated by different eigenmodes
are recorded outside the element. It is shown, tleatatiation patterns consist of several rays
intersecting each other and forming spots where the itaighpl of variable magnetization
locally increases [3].

The influence of a DC spin-polarized current on the sgne radiation process has been
investigated as well. We show that the radiation prosesgongly affected by spin-polarized
direct electric current crossing the magnetic lay@ifse Figure shows the local spin-wave
intensity at a given point as a function of the DCrent. The spin-wave intensity was
measured by placing the probinn
laser spot onto the open part of t
Py film in the vicinity of the spin-
valve nano-contact as shown in tf
inset. As seen from the Figure, tf
transmission of a positive electri
current leads to a strong increase
the spin-wave intensity more tha
by a factor of two for the curren
rising up to 100 mA. As a negativ
current is applied the intensit
starts gradually to decrease [4
These results are a clee
manifestation of the fact, that th 05 +———7T 77—
effective damping of spin wave: -100 -50 0 50 100
can be governed by a spir
polarized DC-current.

w
o

Top
electrode

2.5
] Py layer
2.0 7 Nano- Laser
contact spot

1.5 -

1.0 4

Normalized peak intensity, a.u.

Current, mA

[1] J.C. Slonczewski, J. Magn. Magn. Mat&e5, L261 (1999).

[2] S.I. Kiselev, J.C. Sankey, I.N. Krivorotov, N.Emley, R.J. Schoelkopf, R.A. Buhrman,
D.C. Ralph, Naturé25, 380 (2003).

[3] V.E. Demidov, S.O. Demokritov, B. Hillebrands, Maufenberg, and P.P. Freitas,
Appl. Phys. Lett35, 2866 (2004).

[4] V.E. Demidov, S.O. Demokritov, G. Reiss, K. Ro&ppl. Phys. Lett. (2007) in press.
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SPIN TORQUE OSCILLATOR USING A
PERPENDICULAR POLARIZER AND A PLANAR FREE LAYER
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0. RedoA, B. Dieny
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38054 Grenoble, France
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Spin electronics materials have recently been coreid®r radio frequency applications by
exploiting the concept of transfer of spin angular mamnomen between a spin polarized
electrical current and the magnetization of a nanosire. This angular momentum transfer is
equivalent to a (spin) torque exerted on the local m@zation and which counteracts the
damping torque. As a result it is possible to stabilisedgtestate oscillations of the
magnetisation on trajectories that are in many sdoatclose to constant energy trajectories
defined only by the system energy. For an in-plane magade thin film with uniaxial
anisotropy, two types of constant energy trajectanaest which are commonly called in-plane
(IP) precession, where the magnetisation oscillategnar the in-plane easy axis, and out of
plane (OP) precession where the magnetisation dssillaround the out of plane energy
maximum.

From an applications point of view it will be of intetéo excite OP precessions with a small
out of plane magnetization component at the threskbaftrent and in zero field. Such OP
precessions will lead to a larger output signal than H#egssions that are usually excited in
‘planar’ spin valve structures that use an in-plane matiged polarizer and free layer. In
contrast to this, we will present here a spin torquella®s that combines an out of plane
magnetised polarizer with an in-plane magnetized freerI§l]. Using static and dynamic
transport measurements, we will show that OP premessire induced at the threshold current
for moderate current densities of 9%1&cm. These OP precessions manifest themselves as
discrete steps in the resistance-field transfer cumese field range increases as a function of
current. The experimental current-field state diagrawelsas the frequency vs. current and
applied bias field is well explained by macrospin and nm@gnetic simulations.

[1] Lee, K. J., Redon, O., Dieny, B\ppl. Phys. Lett86 22505-225072005).
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MICROMAGNETIC INVESTIGATION OF THE CURRENT INDUCED
MAGNETIZATION OSCILLATIONS FOR A PERPENDICULAR POLA RISER-
PLANAR FREE LAYER STRUCTURE

|. Firastrad®?®’, D. Gusakovi D. HoussamedirteU. Ebel$, J. Ch. Toussaifit
L.D. Buda Prejbeariu
! Laboratoire SPINTEC, CEA/CNRS, URA 2512, 17 av. Des Martyrs, 38@5wise, France
? Laboratoire d’Intégration Mémoires et Nanodispositifs, DRT/LETI/DIEBA-Grenoble,
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*Institut Néel, CNRS-Grenoble, 25 Av. Martyrs, 38042 Grenoble, France

* corresponding author: ioana.firastrau@cea.fr

The possibility of inducing large angle steady state asiitis in a magnetic thin film element
by the transfer of spin angular momentum has been widisussed by theoreticians and
experimentalists. Recently, it has been shown expetatig that in nanostructures using a
z perpendicular polarizer (with out-of-plane magnetizatiél in the Fig.
24 1) out-of-plane (OP) steady state precessions of rie layer (F2)
X magnetisation can been excited at the threshold c¢uemed in the
J<0 absence of an external magnetic field [1]. Experiméntathe
observation of such OP precessions requires an in-plagnetised
analyzer (F3) to monitor the magnetisation motionhaf planar free
layer. In order to compare the experimental resulthéory we have
studied the dynamics in the free layer by solving the Landisetiitz-
Gilbert equation enhanced by the spintorque term in the ficntee
Slonzcewski [2] model. In our simulations we have taiem account
only the perpendicularly polarized electrons coming flimWhile the
experimental current-field state diagram is in good qumi@at
agreement with the simulated one using a macrospin appriima
differences occur when comparing the oscillation fregies as a function of applied current
density J. In the macrospin approximation the oscillafrequency increases monotonously
with increasing current density. However, the experimesisal two frequency branches: a
first branch at small J, with increasing frequency fmreasing J, and a second branch, at
larger J, with decreasing frequency. This behaviour is ggdlained through micromagnetic
simulations which take into account the spatial digtidn of the magnetization inside the
layer. Indeed, at low current density, the magnetic emimrotate almost uniformly and the
system responds approximately like a macrospin, witle@uéncy that increases linearly with
current. In contrast, for large J, a non-homogenousnetaation configuration with two
vortex-like regions forms. These regions are charige by an important out-of plane
magnetization component Mz. In order to minimize theye out-of-plane demagnetization
field created in these zones, the magnetization indseof the element will stay close to the
plane, so that the mean Mz component decreases wigercutinent density increases.
Consequently the frequency decreases with increasing 3 e iexperiment. Finally, the
effects of the Oersted field and of the dipolar stri@ydfgenerated by the perpendicular
polariser and the planar analyzer were also investigitedhave shown that the dipolar field
diminishes the oscillation frequency while the Oerdteld does not seem to influence these
oscillations.

Fig.1. Oscillator
geometry

References
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MAGNETIZATION WAVES IN FERROMAGNETIC JUNCTIONS
UNDER HIGH SPIN-INJECTION LEVEL

E.M. Epshtein, Yu.V. Gulayev, P.E. Zilberman
IRE RAS Fryazino Branch, 141190, Moscow District, Russia

Matching conditions for spin resistances are found atinterfaces of a magnetic junction.
These conditions provide high current driven spin injectevel. Essence of the conditions
consists in creating effective injection at input iraee and suppressing the injection at the
output one. These conditions combined with parallel maati®n orientation leads to orders
of magnitude lowering of instability threshold. Contrémythis, stability preserves completely
for antiparallel magnetization orientation and for amgat current magnitude. However, new
effect of population inversion of spin subbands is predistéhe situation.

Perpendicular electric current creates a non-equifibspin injection in the structure of
contacting thin ferromagnetic layers (ferromagnetieicjion). We calculate net spin
polarization of the junction for very high level ofethnjection when non-equilibrium spin
density is comparable with the equilibrium one. Spin tasces are introduced for each layer
of the three layered junction, namely,Z,,Z,, where Z =pl/(1-Q), p, - specific
resistancel, - average spin relaxation length aQd spin polarization degree of current for the
layer of number'i" =1,2,3. As it is shown, the condition&, >>Z, and Z,>>Z provide
the most high injection level at a given currenhgiy j in the forward directiorl - 2, the
first condition providing strong spin injection antthe layer 2 and the second condition
providing lock of spins in the layer 2.

If the conditions are fulfilled, the junction dengirates some interesting new
properties. First of all the injection suppressemgletely the so called spin-transfer torque.
Then the situation becomes different depending araliel or antiparallel is the mutual
magnetization orientation of neighbouring ferrometgn layers. The proper junction
magnetization waves become unstable at currenttgenseeding some threshold value for
parallel orientation. It is significant to note ththis threshold appears many orders of
magnitude lower than it is in the commonly used loyection regime. For example, the
threshold may reaclj, ~10°A/snt instead of an ordinary valug, ~10" A/snt.

In contrast to this, lattice magnetization wavescdmme stable at any current for
antiparallel magnetization orientation of neighbdemromagnetic layers. This may be seen
from the figure where magnetic enerdy versus
anglex between the magnetizations is showh, and 10
L are correspondingly magnetization and thickness ofo8|
the working layer 2. There exist two energy miniaa  %5|
zero current, that is parallel and antiparallel %4
configurations both are stable. Minimum gt=0 = ozr

. . . . .. 0.0
disappears with current increasing and only minimuin -
at x =180 remains. It means the only antiparallel ,,f

configuration remains stable. It is interestingntute 06}
some new stable orientation appears at the angle ne -os|
67°. We may conclude the direct current leads to -1 o

. . . . 0 30 60 N0 120 150 180
switching of the magnetization vector frogn=0 to

X (grad)
X=67°. Stable configuration atx=180 is

remarkable due to some other interesting effecinetyy negative spin temperature and a
possibility of laser effect in the range of terdhdrequencies.
The work was supported by RFBR grant # 06-02-7619
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EIGEN SPIN-WAVES EXCITATIONS IN 2D MAGNONIC CRYSTALS

S. A. Nikitov!, S. L. Vysotsk§, E.S. Pavlo¥ Yu. A. Filimonov
'/RE RAS?Saratov branch of IRE RA%aratov State University
1125009, Moscow, Mokhovaya str., 1410019, Saratov, Zelenaya str., 38

In recent years microwave properties of 2D magnonyistal (MC) based on yttrium-iron
garnet (YIG) films are intensively investigated. MC cannh&d by etching of 2D periodic
array of holes on the film's surface; the etching depthteke up the different part of film's
thickness [1,2]. The influence of this periodic structarethe magnetostatic surface waves
(MSSW) propagating was investigated in [1,2] while propertfe3DoMC itself has received
low attention. Here we report the results of expentally investigation of eigen spin-wave
excitation spectra of 2D MC consist of rhombic and sqaarays of 4-4,5um depth holes

based on fum YIG film [1].

The figure demonstrates dependencies of poweefected from a microstrip transducer
placed onto both the YIG film (curve 1) and rhombic MCfate (curve 2) on bias tangentially
directed magnetic field ¢ at =3,5 GHz. One can see that the curve 2 includes ¢&ig00$

absorption peaks: "low-field" and "high-
il field" one. We have investigated the

arb.

un. dependence of intensity of both sets of
absorption peaks on the angfe between
\[ VA the array's axis and wave vector. It was
\[ found that low-field" peaks can be observed
at any value of ¢ without significant
"low- ﬁeld /

changes and can be attributed as spin-wave
hlgh field" excitations of hole itself. In contrast "high-
field" peaks was observed @ values in

the vicinity of 0% +n77/3 (0° corresponds
T T to array's axis) and transformed to
04 08 ko broadband excitation region at other
values so they were associated with the
excitation determined by the array's symmetry. The tramsfbon of curve 2 depending ah
is discussed. Note that investigation of square array M thie analogous parameters
demonstrates similar "low-field" peaks and differentrabter of "high-field" peaks that is
attributed as a result of distinction of holes' creesstion for different arrays.
It should be noted that in 2D MC with respectivehallow holes ( 1-Zum in 16 pm
thickness YIG film [2]) weak "high-field" peaks were @lsbserved. In this structure we have
observed the interaction of MC excitation with backivaolume magnetostatic waves.

The work was supported by RFBR grants 06-07-89341 and 05-02-17361.

1. Yu.V. Gulyaev, S.A. Nikitov, L.V. Zhivotovskii et aFerromagnetic films with magnon
bandgap periodic structures: Magnon crystals// JETP kett@003. - V.77. - No.10. -
P.567-570.

2. S. L. Vysotsky, S. A. Nikitov, Yu. A. Filimonov. Magtostatic spin waves in two-
dimensional periodic structures (magnetophoton cryst#s)P.- 2005. - V.101. - No.3. -
P.547-553.
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DYNAMIC FORMATION OF TWO-DIMENSIONAL LATTICES
OF MAGNETIC DOMAINS WITH Pab2 SYMMETRY

M. V. Logunov, M. V. Gerasimov, and P. M. Malyshev
Mordovian State University, 430000 Saransk, Russia

The self-organizing of the distribution of magnetizatigattor can result in formation of the
ordered domain structures as two-dimensional latticedoofiains [1-3] under action of a
variable magnetic field in thin magnetic films with a plthrough labyrinth domain structure.
Two-dimensional lattices consist of dumbbell-like, elép@nd bubble magnetic domains and
can be considered as a set of flat geometrical figuites glfeatest variety of domain structures
probably in low coercive films with easy-axis magnetiisotropy that is normal to the surface
of the film. An iron garnets film is a material wigmall dissipation of spin waves and the
aforesaid domain structure.

In the present work, we report the results of expartalestudy of the dynamic formation of
two-dimensional magnetic domain lattices wital2 (as "parquet™) symmetry in harmonic and
pulsing magnetic field. Our experiments showed that sutibda can have different directions
of alignment of domain system relatively to the bakrection in the film plane. Presence of
two mutually perpendicular primary directions in theaagement of the domains testifies to
influence of orthorhombic components of magnetic aroggtron two-dimensional lattice
formation from initial labyrinth domain structure. Caited influence of magnetic field with
taking into account parameters of magnetic anisotropwalto carry out controlled formation
of two-dimensional domain configurations with the set dioecin the plane of magnetic film.

Thus, the possibilities of formation of two-dimensionzgnetic domain lattices with various
symmetry, “turning” of lattices relatively to the basiirection in the film plane under the
external magnetic field, and little dissipation ofrsgvaves in garnet films are showing on
perspectives of theirs application as a base of magptettmnic crystals [4].

1. F. V. Lisovskii and E. G. Mansvetova, JETP LBE.32 (1992)58, 784 (1993).

2. F. V. Lisovskii, E. G. Mansvetova, and Ch. M. RHKTP81, 567 (1995).

3. M. V. Logunov and M. V. Gerasimov, JETP L&, 491 (2001)

4. S. A. Nikitov, Ph. Tailhades, and C. S. Tsai, J. Madagn. Mater236 320 (2001).
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NONLINEAR SURFACE MAGNETOSTATIC WAVES
IN 2D MAGNONIC CRYSTALS

S. L. V%/sotskﬂz, G. T. KazakoY, A. V. KozhevnikoV, S. A. Nikito\?, Yu. A. FilimonoV
Saratov branch of IRE RAS, IRE RX30019, Saratov, Zelenaya str., 38;
2125009, Moscow, Mokhovaya str., 11

Recently the investigation of magnetostatic wapespagation in 2D magnonic crystals
was reported [1]. The magnonic crystals (MC) are mienenanalog of widely known photon
crystals used in optical (visible) range [2]. MC can Hwitated, for example, by forming of
2D periodic structure on yttrium-iron garnet (Y1G) firsurface. Particularly, in [3] 2D MC
obtained by etching of 1@m thickness YIG film to provide square and rhombic arragiice

constantA = 40uxn ) of 1-2 um depth holes with 32zm diameter were investigated. For the

case of propagating magnetostatic surface waves (M3®Wjypes of forbidden frequency

band were found in wave's spectra. It was shown thafirgieband (B) is determined by

Bragg resonances in 2D array and depends on both symmeltnyeaind of the array. The

second type band ¢Barises as a result of spin pinning (during etching prpdassome

surface region leads in turn to increasing of efficienéyhgbridization of MSSW with

exchange spin waves (so-called "radiation losses"). NaeMSSW' power P used in [1,3]

was low enough to neglect well-known nonlinear effepggsgmetric and modulation instability

of MSSW) observed at PxPwhere R is a threshold parametric instability power. The paper
reports the results of experimental investigation ofipatac instability of MSSW propagating

in 2D-magnonic crystal described in [3].

The measurements were done using MSSW delay liageveimplitude-frequency response
characteristics and dependencies of output power) (Bn the input power (B were
investigated at frequency range 2 - 4 GHz g@ mW. MSSW power P was defined as
P=Re{Ho*)-Pre(Ho), Where R{Ho) and Re{Ho*) are values of power reflected from the input
transducer of delay line at bias magnetic field corredptm exciting of MSSW and
impossibility of MSSW exciting, respectivelyy,Rralue was defined as the one corresponding
to the deviation of B{P:n) dependence from the linear law.

The results of investigation of nonlinear MSSW inrBBgnonic crystals are the following:

- the threshold parametric instability powealues provides parametric (three-magnon)
instability development in 2D MC are more than two tinggeater compared to the
analogous values for the starting YIG film. This carrddated to increasing of relaxation
velocity of spin waves because of dissipation or2fberray microirregularities;

- at frequencies adjacent to forbidden frequency bapndod@ametric instability process
wasn't observed while increasing &p to 60 mW;

- at the experimental conditions the parametric processmdo destroy the forbidden
frequency zone Bin MSSW specitra,;

- mentioned properties were found quite similar for botlestigated types of arrays.

The work was supported by RFBR grants 06-07-89341 and 05-02-17361.

1. Yu.V. Gulyaev, S.A. Nikitov, L.V. Zhivotovskii et aFerromagnetic films with magnon
bandgap periodic structures: Magnon crystals// JETP kett@003. - V.77. - No.10. -
P.567-570.

2. Joannopouls J. D., Meade R. D., Winn J. N. Photonic Csystailding the Flow of Light,
Princeton University Press, 1995

3. S. L. Vysotsky, S. A. Nikitov, Yu. A. Filimonov Magtestatic spin waves in two-
dimensional periodic structures (magnetophoton cryst#s)P.- 2005. - V.101. - NO.3. -
P.547-553.
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FEMTOSECOND OPTO-MAGNETISM

A. V. Kimel
IMM, Radboud University Nijmegen, 6525 ED Nijmegen, The Netherlands
a.kimel@science.ru.nl

The demand for the ever-increasing speed of informatiorage and manipulation has
triggered an intense search for ways to control thengtagation of a medium by means other
than magnetic fields. The control of magnetism biatlig one of the promising approaches to
this problem, because such methods may access timescalp&osecond or less [1].

Can light directly and nonthermally magnetize a mediuA circularly polarized photon
carries angular momentum. If it would be possible, using dngular momentum, to affect
spins of electrons directly, this would result in utist laser control of magnetism, since right-
and left-handed circularly polarized light-waves shoultécfspins as magnetic fields of
opposite sign.

Recently, our group observed for the first time ulttagagl nonthermal effects of light on
magnetization [2-6]. We demonstrated that circularlyappéd femtosecond laser pulses can
excite and coherently control the spins in magnets. Mame the effect of this ultrashort
optical pulse on a magnetic system was found to baqut to the effect of an equally short
magnetic field pulse with strengths up to 1 T. Therefamecontrast to the well-known
magneto-optical Faraday effect, where the polarinatiolight is affected by magnetism, these
experiments demonstrate the feasibility of the invesp&-magneticphenomenon: polarized
light affects magnetism via the inverse Faraday effect

We will show that the mechanism of opto-magnetic ekomadoes neither require
annihilation of a photon nor loss of its angular motaen Instead, the energy transfer from
the light to the magnetic system takes place via thehanism of stimulated Raman scattering
[5]. Using this opto-magnetic phenomenon one may Beddg excite different modes of
magnetic resonance, realize quantum control of magrnagger magnetic phase transitions
and switch spins on a subpicosecond time-scale. Ouinggadopen new insights into the
understanding of ultrafast magnetic excitation and, reggrdecent progress in the
development of compact ultrafast lasers, may provide pswgpects for applications of
ultrafast opto-magnetic phenomena in magnetic storagd information processing
technology.
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DYNAMICS OF SPIN AND ORBITAL MELTING IN YVO 3

D.A. Mazurenko*, D.Fishman, A.A.Nugroho, T.T.M.Palstra,
and P. H. M. van Loosdrecht

Zernike Institute for Advanced Materials, University of Gronindgéjgnborgh 4, 9747 AG
Groningen, The Netherlands

* e-mail: D.A.Mazurenko@rug.nlphone +31(50)3634922, fax: +31(50)3634879

Dynamics of phase transitions induced by light is an impbdad rapidly growing area
of modern science. The interest to this subject tsondy limited by general physics aspects
but also motivated by applications in multimedia techgiels.

Yttrium vanadate (YV@) gives an excellent opportunity to study various magreid
orbital phase transitions in the same crystal.TAE 77 K it undergoes a first-order phase
transition from antiferromagnetic to@axis ferromagnetic state, which is accompanied by a
sudden lattice expansion along thexis, and a contraction along tle and c-axes. The
antiferromagnetic order in trab-plane survives up to the Néel temperatifes 116 K, above
which YVOs; is paramagnetic. Apart from the spin ordering, YV@bssesses an orbital
ordering transition, which appears below a structurakttian atToo = 196 K. This transition
is accompanied by a lattice distortion that gradually apgpbelowToo and causes substantial
changes in the dielectric function of Y\¥Qn the present studies we analyze the dynamics of
optically induced phase transitions of YY®y monitoring the evolution of the transient
reflectivity.

We discuss the observed power and temperature dependetiee todinsient reflectivity of

YVOs; in terms of ultrafast melting of the spin and orbitatler that takes place on a
picosecond time scale. In contrast, the first-ordersphtransition associated with the orbital
reordering is expected to be much slower and has not Ibserved on a picosecond timescale.
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ULTRAFAST SPIN DYNAMICS
PROBED BY FEMTOSECOND X-RAY SPECTROSCOPY

C. Stamm, N. Pontius, T. Kachel, M. Wietstruk, H.Air) W. Eberhardt
BESSY, Albert-Einstein-Str. 15, 12489 Berlin, Germany

Ultrafast demagnetization of ferromagnetic thin filnas been studied extensively by means of
magneto-optical Kerr effect (MOKE) [1]. Here we dentoai® a new method, combining fs
laser excitation with x-ray spectroscopy, probing theadyic response of the magnetic
moments by means of x-ray magnetic circular dichroqMCD). Its main advantage is the
possibility to directly determine spin and orbital angulammants through sum rules. The true
challenge is to achieve fs time resolution required sepke ultrafast processes.

Using a standard Synchrotron source, the x-ray pulsgtheis typically 50 ps long. The
Femtoslicing source at BESSY however is capable of géngrx-ray pulses of just ~100 fs
duration and with selectable polarization [2]. The acbéssi-ray energies allow for x-ray
absorption measurements of the 3d transition and ratie-etements (L and M edges,
respectively), covering the important ferromagnetienelets Fe, Co, Ni, and Gd.

In a fs laser pump — fs x-ray probe experiment we obsetlie temporal evolution of the
magnetic moments in a 15 nm thick Ni film. The dichignal at the Ni g edge was found to
vanish with a time constant of 120 fs (see figure). Applyung sules we conclude that fs laser
excitation is causing an ultrafast quenching of spin mosnéhtis unambiguously proving by
XMCD the demagnetization on the sub-ps time scale.
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[1] E. Beaurepaire et al., Phys Rev. L&&, 4250 (1996).
[2] S.Khan et al, Phys. Rev. Le®7, 074801 (2006).
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NONLINEAR SPIN DYNAMICS FOR ANTIFERROMAGNETS
AND NON-HEISENBERG MAGNETS
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The scope of this talk is to discuss up-to day understgqradithe description of dynamics
of spin systems under an action of high-intensity aast pulse pumping, for example,
produced by sub-picosecond laser pulses. Such pulses @arc@naon-linear spin dynamics,
as well as irreversible processes, like phase transitThe transitions can be order-disorder
type or re-orientation transitions, including transitionghout change of the underlying
magnetic order (ferromagnetic (FM) or antiferromagnéAFM)), or with more substantial
reconstruction of the ground state, like FM-AFM traositi Non-dipolar phases, like spin
nematic state with zero expectation values for spfral sublattices, are also of interest. First
order magnetic transitions are developed through theomadind reconstruction of the
topological defects present in the system, like domaalisw(DW), vortices and AFM
disclinations. Depending of the nature of the phenomeffigretit levels of theory can be
adequate.

The simplest way is to take into account the dipolagrees of freedom which

corresponds with expectation value of spin dof th sublattice,m, :<$,> For FM with one
sublattice the dynamical equation far is nothing but familiar Landau-Lifshitz equations. For
The case of AFM is more interesting for applicatiofer two-sublattice AFM with use of
natural combinationsm=(m+ ™m)/2, 1= (- y)/2 the condition|mk<|l £ 1 leads to

anisotropic sigma-model equations for vector only. The Lagrangian of sigma-model

includes inertial term proportional t¢dl /dt)?, and the dynamics of AFM is common to that
for “massive arrow”. As a response on ultra-shortgpolmagnetic field, the inertial dynamics
is present after end of the pulse. This effect is obilyoabsent for FM’'s. For DWSs this

mechanism leads to pulse field induced DW motion even witdaatt interaction of I
vector and magnetic fieldfi (t) , caused by Dzyaloshinskii-Moriya interaction. In thet lease,

the “driving force” for DW is proportional taiH/ dt. The time integral of the force of this
origin is zero, but it can trigger the depinning of DW fra®fects. The common effects
appears for AFM disclinations and vortices.

Nearly FM-AFM phase transition the effective exchangeeraction of sublattices

becomes “soft” and the conditidm k<|I | is obviously failed. For this case, sigma-model is

not adequate more. The effective Lagrangian includes dmtiponents ofm and |, their
gradients and terms linear on their time derivativesnbunertial terms. For this model, some
types of topological solitons, like AFM vortices and BVfor vector |, with ferromagnetic

core (in the core regiori, <<m), are present. There are some peculiarities for digsof
such defects, for example, AFM vortices and Blochslime DW'’s are subject to gyroforce,
common to that for FM’s and absent for “usual” AFMsated within sigma-model approach.

Beyond the dipolar approximations described above, we remhsphenomenological
equations describing collective semiclassical dynamicseta o8 quadrupole variables
(biquadratic combinations of the component of the spin opejacoupled with dipolar
(magnon) variables and learned non-linear dynamics witisrapproach.

This work is supported by grant INTAS 05-1000008-8112.
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IMPULSIVE GENERATION OF THE COHERENT MAGNONS
BY THE LINEARLY-POLARIZED LIGHT

A.M. Kalashnikova? A.V. Kimel', R.V. Pisaref; V. N. Gridne¥,
P. A. Usache¥ A. Kirilyuk', and Th. Rasing
YIMM, Radboud University Nijmegen, 6525 ED Nijmegen, The Netherlands
’A.F. loffe Physico-Technical Institute of RAS, 194021 St.-PeteysRussia
e-mail: A.Kalashnikova@science.ru.nl

In recent years the ultrafast manipulation of the meéig state of matter by femtosecond
laser pulses has emerged as one of the most intriguingsiss magnetism, spintronics,
information processing and magnetic recording [1]. Thefast magnetization reorientation
requires fast and efficient channels for the angulamemum transfer between external
stimuli, spins, orbitals and phonons [1-3]. Howevewas argued in [2] that the direct transfer
of the momentum from photons to spins is not s@fitifor magnetization reorientation and,
therefore, the feasibility of the all-optical coritemd switching of magnetization @pened to
guestion now

Using the magneto-optical pump-probe technique we shotvithan easy-plane weak
ferromagnetic FeBothelinearly-polarized150 fs laser pulsesarrying no angular momentum
excite the coherent spin precession (Fig.1l). It is amtrast to the previously reported

30 I = : : experimental observations in the rare-earth
a) 2 b) orthoferrites [4], where circularly-polarized laser

¢ pulses were shown to excite spin precession with
the phase being set by the photon angular
5o 0= momentum.

90 0 90 180 - We show that phenomenologically the
5 By 0 impulsive action of the linearly polarized light on a
spin system can be understood as an action of
impulsive magnetic fields and this effect can be
sizable only in magnetically ordered media. In the
"+ case of the multi-sublattice magnetic medium these
fields influence not only the ferromagnetic but also
the antiferromagnetic order parameters.

We propose the theoretical model that proves the
impulsive stimulated Raman scattering to be a
1 mechanism of the light excitation of the spin

Bl DT, precession. We show that the efficiency of this
0 80 100 150 200 process is determined by the intrinsic properties of
the media such as magnetic structure and magneto-
Fig. 1 Theexcited spin precessi as : optical propert!es. It is thes_e properties_that define
function of the pump-probe time delaywhether t_he cwculgr_ly or linearly p_olarlzed Ia§er
measured at different orientation of thePulses will be efficient for the spin precession
linearly polarized pump pulses as shown irEXcitation. The direct transfer of the angular
(a). (b) Amplitude of the oscillations as amomentum from photons to spins is absent in this
function of the pumgpolarization. process.
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[1] J. Stohr and H. C. Siegmaniagnetism. From Fundamentals to Nanoscale Dynamics
(Springer-Verlag, Berlin-Heidelberg) 2006.

[2] B. Koopmanst al, Phys. Rev. Leti85, 884 (2000).

[3] R. Gbmez-Abakt al, Phys. Rev. Let92, 227402 (2004).

[4] A. V. Kimel et al, Nature435 655 (2005).
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NONLINEAR RADIATION DAMPING OF PARAMETRIC MAGNONS A ND
PHONONS IN ANTIFERROMAGNETS

A. V. Andrienko
Institute of Molecular Physics, Russian Research Centre, Kurchabtute,
pl. Akademika Kurchatova 1, Moscow, 123182 Russia
e-mail:andrienko@imp.kiae.ru

The parametric resonance of nuclear magnonsfilpjaasiphonons [2] under a microwave
magnetic field was studied in antiferromagnets CsiMafd FeBQ@ respectively. Parametric
waves were excited in single crystals by a method cdliehpumping at a frequencies, /2x
=1.1-1.2 GHz. The threshold of parametric excitation determined from the sharp feature
arises on the MW pulse transmitted through resonatorvé\bee excitation threshold (i.e., for
h>hy), a dynamic order is established in the system, whichasacterized by two parameters:
the number N of parametric pairs of magnons (or quasiphonons) laeid phase with respect
to the pumping field. This nonequilibrium Bose condensate (NB@ macroscopic number of
generated pairs represents a forced oscillation of #awium at the frequency of the external
field.

Immediately after switching off a pumping pulse, #éhectromagnetic radiation from the
NBC was observed. It is well-known that the powea ofhicrowave signal transmitted through
a resonator is proportional to the number of photanghe resonator. In the absence of the
NBC, after switching off the oscillator, this signal motenically decreases with a
characteristic decay time of photons of about&1which is determined by the quality factor
of the resonator Q. If the pumping power is substantgigater than the threshold power,
then, after switching off the pumping field, one caneots radiation from the sample behind
the trailing edge of the pulse. Presence of this radiaignonstrates existence of the radiating
mechanism of parametric wave attenuation. As frequencgdétion is approximately equal
to frequency of the MW pumping it means, that radmtscaused by the coalescence of two
quasiparticles of a parametric pair to create a phottn avfrequency close t@, (m+ m
—ph), i.e., by the reverse process of pumping. Inasmuchl aarametric pairs in the NBC
have the same phase, this radiation is coherentasthrge amplitude.

In [3] was shown that the processt m —ph gives rise to positive nonlinear damping of
parametric pairs in the combined resonator—sample sy3teencoefficient of the nonlinear
radiation damping is given by [3}ad = 2-QVi?/Vr, Where \, is the magnetic moment of
parametric pair, & is the volume of the resonator. It is obvious that émission of photons
due to this process is hard to detect under switched on pgnhygicause a counterflow of
photons from the sample to the resonator merely redbeasicrowave power absorbed by the
sample. However, this radiation can be detected tféetermination of the pumping pulse.

The time dependencies of the radiation signal weeasured. Experimental data were
described using the formula @it = -2/(Nx)Nk, where y(Nix) = YotYaNk is whole damping of
parametric wavesyo andy, — parameters of linear and nonlinear damping. Comparistireof
experimental data with the theory shown, that nonlig@anping of parametric magnons and
guasiphonons consists of two parts: 1. nonlinear radiat@mping, caused by resonator—
sample interaction; 2. self nonlinear damping, caused by inhemagnetic nonlinearity of
crystals.

1. A\V. Andrienko, JETP10Q 77, (2005).

2. A. V. Andrienko, V. L. Safonov, and H. YamazakiPhys. Soc. Jpr&7, 2893 (1998).
3. V. L. Safonov, and H. Yamazaki, J. Magn. Magn. W&ité1, 275 (1996).
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ANTIFERROMAGNETIC RESONANCE AND MAGNETIC ANISOTROPY
IN YFes(BO3)s, GdFey(BOs)s AND Y,GdyFes(BOs)s SINGLE CRYSTALS

Pankrats A.Petrakovskii G., Temerov V.

Institute of Physics SB RAS, Krasnoyarsk, 660036, Russia
pank@iph.krasn.ru

The magnetic structures of rhombohedral crystals;@®@&), with R** - rare earth ion are
formed due to the competition of contributions to maignanisotropy of F& and R*
subsystems. The magnetic structure and phase diagra@def{BOs), showing multiferroic
properties are studied by antiferromagnetic resonance BFRMethod [1]. To separate the
contributions of F& and Gd* ions in this crystal we investigated the AFMR and magneti
anisotropy in YFgBOs)4 single crystal having the only Eemagnetic subsystem.
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The frequency-field dependences of AFMR
in YFe3(BOs)s at T=4.2 K for two orientations
of magnetic field are shown in Figure. The low-
frequency AFMR branch dtilJc is linear with
very small energy gap due to the weak
anisotropy in a basal plane (see the insert of
Figure). It confirms a conclusion [1] about the
“easy plane” type of magnetic anisotropy for
Fe’* subsystem in GdREBOs)s. Taking into
account the exchange fielde=700 kOe found
from magnetization al'=4.2 K and the energy
gap of the high-frequency AFMR branch in
YFe;(BOs)4 at H|lc (see Figure) we calculated
the effective field of magnetic anisotropy for
Fe* system which temperature dependence is
well described by Brillouin function for S=5/2.

This dependence allows to separate the
contributions of F& and Gd' ions to total
magnetic anisotropy of GdEBOs)s. It was
found that these contributions are close on

absolute value, but have opposite signs: -1.44 kOe and 1.52 K@d.aK for Fé* and Gd",
accordingly. Because of the distinction of theregerature dependences the total anisotropy
changes a sign a@=10 K giving rise to spontaneous spin-reorientation ttiamsibetween
“easy plane” and “easy axis” magnetic states.

Partial diamagnetic substitution of &dons for ¥** ions decreases the contribution of rare
earth subsystem to anisotropy. As a result the magatdie ofY(sGdysFe(BOs)s single
crystal remains “easy plane” down to T=4.2 K, however ¢hergy gap for high-frequency
AFMR branch falls essentially in comparison with ¥({B£s)4 (see Figure). The distinction of
temperature dependences of'Fand Gd* ions contributions explains unusual temperature
behaviour of magnetic anisotropy and energy gap in thistatryath decreasing at low
temperatures.

The work was supported by RFBR, grant 06-02-16255.

[1] A. I. Pankrats, G. A. Petrakovskii, L. N. Bezmaykh, O. A. Bayukov. JETP, 2004, v. 99,
p. 766.
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ULTRAFAST NON-THERMODYNAMIC PATHWAY FOR A MAGNETIC
FIRST-ORDER PHASE TRANSITION IN HoFeO 3

A.V. Kimel', B.A. lvanoV, R.V. Pisarey
P. A. Usache¥ A. Kirilyuk', and Th. Rasing
YIMM, Radboud University Nijmegen, 6525 ED Nijmegen, The Netherlands
?Institute of Magnetism, NASU, 03142 Kiev, Ukraine
3A.F. loffe Physico-Technical Institute of RAS, 194021 St.-ReteysRussia
e-mail: a.kimel@science.ru.nl

The dynamic response of magnetically ordered mateaoaiemtosecond laser excitation has
been intensively studied over the last 10 years [1-5]. Ayrtbese, the studies of magnetic
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Fig. 1 Ultrafast kinetics of the first orc
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first-order phase transitions are scarce. Moreoweali
these cases the observed phase transformations were th
result of ultrafast laser heating [3]. However, it lheen
recently demonstrated that besides heating, a 100 fs
circularly polarized laser pulse may act on spins as a
similarly short magnetic field pulse up to 1 T [4]. In
magnetically ordered materials such a strong field is a
stimulus that on itself can efficiently induce a ficstler
phase transition. In contrast to heat-driven phase
transitions, magnetic-field-driven transitions aret no
associated with an increase of entropy and thus
expected to have different kinetics.

We investigate the difference in kinetics of first-
order magnetic phase transition in Hoka@duced by
magnetic field and heating pulses and demonstrate that
a laser-generated effective magnetic field of 100 fs
provides a novel and ultrafast pathway for the first order
magnetic phase transition. The transition occurs wihin

laser heating (open circles) and lasd?S, Which is about two orders of magnitude faster than

generated magnetic field (solid circle

Inset shows tempettae dependencies

the efficiencies of the phase transi
from I';; to I',4. Lines show calculats

efficiencies of the phase transitions.

[1] E. Beaurepaire, J.-C. Merle, A.

via laser-induced heating. In contrast to the slow
thermodynamic scenario, a 100 fs magnetic field pulse
brings the spins into a strongly nonequilibrium state,
that the following relaxation from this state resuttsan
ultrafast phase transformation.

Daunois, and J.-igoB Phys. Rev. LetZ6, 4250 (1996)

[2] A. Scholl, L. Baumgarten, R. Jacquemin, and W. Edelth

Phys. Rev. Let9, 5164 (1997)

[3] A.V. Kimel, A. Kirilyuk, A. Tsvetkov, R.V. Pisarevand Th. Rasing,
Nature429, 850 (2004)
[4]. A. V. Kimel, A. Kirilyuk, P.A. Usachev, R.V. Pisav, A.M. Balbashov, and Th. Rasing,
Nature435 655 (2005).
[5] J. Stohr and H. C. SiegmariMiagnetism. From Fundamentals to Nanoscale Dynamics
(Springer-Verlag, Berlin-Heidelberg) 2006.
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SPIN-MODULATED QUASI-1D ANTIFERROMAGNET LiCuVO 4

N. Buettgen, H.-A. Krug von Nidda
Center for Electronic Correlations and Magnetism EKM, Experimentalb®;sUniversitaet
Augsburg, D-86135 Augsburg,Germany
L.E. Svistov, L.A. Prozorova
P.L.Kapitza Institute for Physical Problems RAS, 119334 Moscow iaRuss
A. Prokofiev
Institut fuer Festkoerperphysik Technische Universitaet WiehQ48 Wien, Austria

W. Assmus

Physikalisches Institut, Johann-Wolfgang-Goethe-Universitaet, D-60054fErgrBermany

The quasi-one dimensionality (1D) of the spin systemi@ul O, is provided by the magnetic
ions of Cd* (3 configuration, S=1/2). Lithium and copper ions share ttahedral sites in
the orthorhombically distorted spinel structure in thatywhat the copper ions are arranged
along chains separated by the nonmagnetic ions of lithkamadium and oxygen. The
temperature dependence of the magnetic susceptibility exhaidi®ad maximum at around
T=28 K, typical for low-dimensional antiferromagnetagda sharp anomaly at T=2.3 K, which
is associated with the establishing of three dimensi@i) (nagnetic order. Elastic neutron
diffraction experiments B.J. Gibson et al. [Phydca350 253 (2004)] on single crystals of
LiCuVO, revealed that the 3D ordered phase exhibits an incommessurancollinear
magnetic structure. According to that work, the wavetoreof this magnetic structure is
directed along the copper chais || b and the value of the ordered magnetic moments of the
Cu?* ions amounts to 0.8, lying within the ab-planes.

In the present work, antiferromagnetic resonance (AFMRI nuclear magnetic resonance
(NMR) on the nuclei of nonmagnetic iorfsi and >*V were studied for temperatures within this
magnetically ordered phase. Additionally, the AFMR expent is extended towards elevated
temperatures T<30 K where 3D order already is absent, goutcsrrelations along copper
chains are well developed. Our studies reveal a spitergational transition at a magnetic
field H. ~25 kOe applied within the crystallographical ab-plane intimadto the recently
observed one at+75 kOe [M.G. Banks et al., cond-mat/0608554 (2006)].

Spectra of the antiferromagnetic resonance (AFMRBhg low-frequency branches can be
described in the frame of a macroscopic theory of engdwaigid planar magnetic structures.
These data allow to obtain the anisotropy of the exghamteraction together with a constant
of the uniaxial anisotropy. Spectra’af nuclear magnetic resonance (NMR) show that, within
the magnetically ordered phase of LICuM® the low-field range H<H, a planar spiral spin
structure is realized with the spins lying in the ab-planagreement with neutron scattering
studies of B.J. Gibson et al. [Physica380, 253 (2004)]. Based on NMR spectra simulations,
the transition at K can well be described as a spin-flop transition, whagespin plane of the
magnetically ordered structure rotates to be perpenditaladhe direction of the applied
magnetic field. For H>E ~75 kOe, our NMR spectra simulations show that the nagiy
ordered structure exhibits a modulation of the spin prajestialong the direction of the
applied magnetic field H.
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HIGH-INTENSITY BRILLOUIN LIGHT SCATTERING BY COHERE NT SPIN
WAVES EXCITED IN A PERMALLOY FILM

A.A.Stashkevich Y.K.FetisoV, P.Djemid, S.M.Cherif, N.Biziéré and C.Fermoh

*PMTM CNRS (UPR 9001), Université Paris 13, 93430 Villetaneuse, France
as@Ilpmtm.univ-paris13.fr
"MIREA, pr. Vernadskogo 78, 119454 Moscow, Russia
‘Service de Physique de I'Etat Condensé, CEA Saclay - 91191 Gif-ste; Fvance

In the present paper it has been experimentally shthahapplication of the proposed
“active” BLS approach allowing dramatic improvement of peeformance of Brillouin light
scattering technique, provides access to important infamain the physics of spin-wave
modes unattainable by conventional “passive” BLS [1]. Theéivat BLS relies on resonant
excitation of coherent spin waves, in a finite rangeva¥e-numbers, by a coplanar antenna
due to an intense and highly inhomogeneous microwave fieltezt by such structure (see
Fig.1). While in “passive” BLS frequency resolution is to &ecrificed to improve on
sensitivity, it is not the case in the “active” BLIS. the proposed technique the desired spin-
wave mode can be selectively excited with required anga@iand frequency. For this reason,
it has proved effective for detection of hybrid spin waggonances in a thick permalloy film
characterized by a very complex
and ramified spectra of spin-wave
modes [2]. In particular, the Light beam Microwave
analysis of the amplitude, shape — pumping
and frequency position of Stokes
and anti-Stokes lines in the BLS
spectra, for non-zero angles of the
light incidence, demonstrated the
presence of a strong hybridization
of standing spin-wave resonances
with propagating spin waves due to
partial non-symmetric pinning on
the film surfaces. At the same time, |
direct optical probing has shown
that the excited hybrid spin-wave
modes are localized strictly in the vicinity of thecnrawave antenna.

With only 2 mW of microwave power used in our work, BES intensity has been
increased 3 orders of magnitude, with respect to the $gattering by thermal magnons.
Further improvement, at least by 2 orders of magnitude, ssilple via better optical beam
focusing and utilization of more powerful microwave soufdge combination of the intrinsic
flexibility, characteristic of the conventional BLS,itv significantly improved sensitivity
makes the proposed microwave assisted “active” BLS tgebnpromising for studies of
dynamic magnetic properties of ferromagnetic nano-sires.

This work was partially supported by the ACI “NANODYNE” ar@T network
DYNAMICS, HPRN-CT-2002-00289, as well as the ANR

[1] M.G.Cottam and D.J.Lockwood,ight Scattering in Solid¢John Wiley and Sons, New

York, Chichester, Brisbane, Toronto, Singapore, 1986).
[2] B.A.Kalinikos and A.N. Slavin, J. Phys. 19, 7013 (1986).
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TRANSIENT PROCESSES INFLUENCE ON MAGNETOSTATIC WAVES SOLITON
PROPAGATION IN FERRITE FILMS

R. MarcélliS.A. Nikitov’, A.A. GalishnikoV, Yu.A. Filimonov’
'CNR-IMM, Roma, ltal¥JRE RAS, Moscow, RussitRE RAS, Saratov Branch, Saratov, Russia,

For characterising of the magnetostatic wave (MSWjas-like pulses propagating in ferrite
flms the output pulse peak amplitudgnax(do) and width w(gg) at the halfheight
dependencies on the rectangular input pulse ampliggdand durationT, are typically used
[1,2]. So far an influence on this parameters of theadled transient processes, correspondent
to an interference of the solitonic and non-solitonicgpaf the MSW pulse and dispersive
disturbances of the rectangular input pulse haven't bsensted. The main goal of this work
to analyse some possible effects of transient processBESW solitons in garnet films.

Note, that MSW pulse propagation distangein real experiments is of the order of the
nonlinearL, and dispersivey lengths. In this casexk (5-20)Lq) [3], for pulses with initial

shape different from the hyperbolic-secant solutions amplitude ¢, within the
rangeg, <@, < @', where ¢! is the thresholds of the input amplitude foP-soliton

formation, one can expect the damping oscillationshefg, . andW parameters of pulse
while its propagating along the film due to interferencesaftonic and non-solitonic parts.
One can expect also, that at distanges 4 the behaviour of the input rectangular pulse will
be similar to the wave beam diffraction on the siathe Fresnel zone and pulse shape will be
strongly depends on the interference of the main pfathe pulse, propagating with group
velocity, and precursors.

The influence of the non-solitonic part of the pulse wasgstigated on the basis of nonlinear
Shrodinger equation (NSE) with parameters correspondeeikperiment [4]. It is shown, that
peak amplitudeg.«(x) oscillates as pulse propagates along the film with AMBwidth

AH =010e and demonstrates non-monotonous behaviour or onlylingveff ¢__ (4,)
dependencies for films witlaH =0.350e that were reported in a number of experiments on
solitons in ferrite films [1,2]. It is shown also, thatlependently on the input amplitudes the
pulse evolution can be divided at same distancelL.=0444 onto two regions:
“‘compression” k<L.), whereW arrives its minimum value and “spreading{{L;). Pulse
width increasing forx>L; is due to dispersion effects, while pulse power decreiisedo
dissipation and at some distance the balance betn@e@mearity and dispersion is broken.
The position of the minima iMV(x) dependencies practically independent on input power. At
distance x=L. pulse width at the halfheight is minimal (about 60% rofial width) while
amplitude is maximal (1.38,). This “compression”effect easy to observe experimentally, if
one fixed the distance between MSW's input and output transducers and by changing input
pulse durationT, receive the fulfilment of the conditiong=044Ly. Note, that from
experimental dependeno®(Tg), measured at some distanee it is easy to calculate the

dispersion coefficient of the MSSW =a%k/a«? if one takes in to account the relations
x=Le(TS), L =044y, Lg =TE/(@V).

The work was supported by RFBR grants 06-07-89341 and 05-02-17361.
1. P. De Gasperis, R. Marcelli, G. Miccoli . Phys. Restt., vol. 59, N 4, pp. 481-484, 1987
2. Chen M., Tsankov M.A., Nash J.M., Patton C.E. .Phex. B, 1994, V.49, pp.12773-12790.
3. Satsuma J., Yajima N. Progr. Theor. Phys. Suppl., 1965, ¥p.284-306.
4. Filimonov Yu.A., Marcelli R., Nikitov S.A., IEEE TranMag. 2002,v.35,p.3105-3107.
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MAGNETIC RESONANCE IN Fe/Cr DISCONTINUOUS MULTILAYE RS
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Institute of Metal Physics UD RAS, Sofia Kovalevskaya S620219, Ekaterinburg, Russia

Magnetic Fe/Cr superlattices with extremely thia<(LOA) iron layers were investigated
by ferromagnetic resonance (FMR) technique. The airhefiork was to study the evolution
of resonance properties of the system as ferromagdagécs become discontinuous.

Multilayer structures [Feéfe)/Cr(tc)]n were prepared by MBE techniqgue on MgO(100)
substrates. Two sets of samples wik20A andtc,=10A and different values @, in the 2 —

15 A interval were investigated. The chosen values of cii®mium spacer thickness
corresponded to extremums of RKKY interlayer exchandee/Cr multilayers: ferromagnetic
for t,=20A and antiferromagnetic fag,=10A [1]. The number of layersfor each sample was
of the order of 50.

Static magnetization measurements for the obtainedtstes indicated a presence of
some critical thickness of iron layetis~3A below which the samples exhibited superpara-
magnetic properties [2]. The structures witx3A behaved like regular superlattices.

To study FMR in our samples, we used a home-made spettrowieh a possibility to
measure resonance spectra in 4 — 400 K temperature irmewval — 38 GHz frequency range
in magnetic fields up to 10 kOe.

Samples withtee>3A showed resonance properties typical for regular safpieds with
ferromagnetic or antiferromagnetic coupling f@=20A andtc=10A respectively. Several
absorption lines associated with non-homogeneous resemamdes were observed in samples
with tc=10A, which is usual for antiferromagnetically coupled slapices [3]. Depending on
the magnetic field direction in the film plane, aufdold anisotropy of the spectra was
observed.

Structures with very thin iron layer4&3A) demonstrated a single absorption line with a
linear o(H) dependence typical for paramagnets and no evidenceyah#lane anisotropy.
This effect was independent on chromium spacer thickness.

A transition between two types of behaviour occurredr rigg3A [4]. At high
temperatures the samples wite-3A and bothc,=10A andtc,=20A showed similar isotropic
paramagnetic-like spectra with lineaq(H) dependence. At low temperature these samples
demonstrated four-fold in-plane anisotropy typical for s@gtecks with relatively thick iron
layers. Corresponding(H) dependencies can be good approximated by formulas for regular
multilayers with ferro- or antiferromagnetic int@yer coupling fortc=10A and tc,=20A
respectively [2].

As a conclusion, the investigated epitaxial structuré€m@emonstrate a strong change in
resonance magnetic properties as the iron layer thsskaieninishes. The observed behaviour
confirms the cluster structure of ferromagnetic lapeiswtre~3A.

[1] D.T.Pierce, J.Unguris, R.J.Celotta, M.D.Stilesdyidgn. Magn. Mater200, 290 (1999)
[2] A.B.Drovosekov, N.M.Kreines, M.A.Milyaev, L.N.Ramshev, V.V.Ustinov,
J. Magn. Magn. Matef90-291 157 (2005)
[3] A.B.Drovosekov, O.V.Zhotikova, N.M.Kreines, D.l.Kho| V.F.Meshcheryakov,
M.A.Milyaev, L.N.Romashev, V.V.Ustinov, JET#D, 986 (1999)
[4] A.B.Drovosekov, N.M.Kreines, M.A.Milyaev, L.N.Ramshev, V.V.Ustinov,
Phys. Stat. Sol. (8, No.1, 109 (2006)
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SPIN-SOLITONS AND FRUSTRATIONS IN MOLECULAR MAGNETS
BASED ON Mn AND Cr COMPLEXES
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A new type of the electron spin resonance, the spitoeaksonance, has been observed in the
bulk of [MN{(R/S)-pn}]2[MN{(R/S)-pn}2(H20)] [Cr(CN)6]2, as welas [Cr(CN)6][Mn(S)-
pnH-(H20)]H20 crystals. The possibility of its obserwat in the crystals indicates the
existence of the new type of magnetic excitationschviare bulk analogues of the spin wave
resonance and spin solitons in thin films according ® phenomenological criteria. In
contrast to thin films, the physical nature of the sgmfitons in chiral magnetic materials is

associated with the presence of the Dzyaloshinskii—-Mamigaaction.
Since, the spin frustrations

might be a reason of chirality,

Yellow-R, T =4 K, B, is parallel to ¢ .
we have studied also
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g 45 |90l % g\jﬂs_\éjﬂé these experiments was to
5 -200000- Y 7@ i [ 3¢ detect spin frustrations by
T L4osl i %% changes_, perforr_ned in
B 400000 iy 1 = C;I : conductive organic layers
= J o ¥ 9 ﬁ alternating with magnetic
4600000 © i ¢ ones. For this purpose two
- new cation-radical salts
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H, Oe and BEDT-TTR[Mn(dca)]

were synthesized and their

magnetic properties were studied. Field dependence of nieggiet in the second salt is
typical for weakly frustrated antiferromagnet. Tempama dependence of magnetic
susceptibility of the second salt indicates magnetic ptrassition at about 25 K. Thus, this
transition leads to spin frustrated state. We obskereenarkable correlations between ESR
parameters of BEDT-TTF and Mn(dgayubsystems during magnetic phase transition to spin
frustrated state. Thus, dynamical (spin solitons) static (spin frustrations) magnetic states
were observed in molecular magnet based on transiietal complexes with pseudohaloid

ligands for the first time.
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MAGNETIC RESONANCE INVESTIGATIONS OF INTERLAYER COU PLING IN
NiFe/Bi/NiFe TRILAYER FILMS
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1 L.V. Kirensky Institute of Physics, Siberian Branch, Russian AcadgSuiences,
Krasnoyarsk, 660036, Russia
2 Siberian Federal University, prospect Svobodnyi, 79, Krasnoyarsk, 660041a Russi

Multilayer magnetic films with a nonmetal spacer, imtjgalar, those belonging to the
systemferromagnetic metal/semiconduct¢t], or with a semimetalspacer attract close
attention by virtue of a great variety of effects obedr in these films. When the
semiconductor material is used as an interlayer, d@rase the possibility for controlling of
properties of spacers and interlayer coupling (J) by sne&external influence (impurities,
different kind of radiation, temperature, fields, ett)asmuch as the electron magnetic
resonance (EMR) parameters are sensitive to coupling $athat are responsible for the
formation of a magnetic state, this method turns wigtrimative to establish detail information
in multilayer films [2]. Early [3], for the first timahe NiFe/Bi/NiFe trilayer films were
synthesized and investigated by us. Measurements of magdietic and temperature
dependences of magnetization have shown that thdaiyge coupling depends on bismuth
spacer thickness. The dependence of saturation magiogtizd the system on semimetal
thickness has been found.

In given paper the results of investigations of intena interactions in
permalloy/bismuth/permalloyilms via
T T magnetic resonance method at different
tgi= 15 nm a bismuth thickness #f) are represented.
] o N IR It was established that in the bismuth
thickness intervalgt = 2 — 12 nm
magnetic resonance spectrum consists
of two lines, which is in agreement
R R KH KA KKK with  antiferromagnetic  interlayer
coupling between magnetic layers. For
tgi= 0 nm . control film with 5 = 0 nm and films
with tg; > 15 nm the solitary line is
| 1 observed. In Fig. the temperature
b dependences of resonance field are
7.2 - shown for films cited above. Processing
o O OPODOC .00 of the temperature dependences of
- \ resonance field revealed to determine
2 the temperature dependences of
tgi= 6 nm interlayer  interactions. Also the
1 dependence J on bismuth spacer
6.6 Mopuserm, -,H._......_"_.ﬁ . thickness is established. Mechanisms
| | rgsponsible for effects observed are
100 500 T, K discussed.
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The current investigations are being undertaken at finasagport of the Russian
Foundation for Basic Research (Grant No. 05-02-16671-a).

[1] G.S. Patrin, V.O. Vas'kovskii, Fiz. Met. Metalled. 101 (2006) S63.
[2] G. S. Patrin, V. O. Vas’kovski, A. V. Svalov, @&t Zh. Eksper. Teor. Fid29(2006) 150.
[3] G.S. Patrin, Wu. Yakovchuk, D.A. VelikanowPhys. Lett. A363(2007) 164.
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TEMPERATURE DEPENDENCE OF INTERLAYER
COUPLING IN Fe/Cr/Fe TRI-LAYERS

D. I. Kholin}, N. M. Kreines, S. O. Demokrito¥
'P. L. Kapitza Institute for Physical Problems RAS, ul. Kosygina 2, 1188%5ow, Russia;
?Institut fiir Angewandte Physik, Westfalische Wilhelms-Univeditéister, Corrensstr. 2-4,
48149 Munster, Germany

We have studied a series of MBE-grown Fe/Cr/Fe trisayeith wedge-type chromium
spacers and different degree of interfacial roughnessintémdayer coupling was investigated
as a function of spacer thickness (0-40 A) and temperagimg two experimental techniques:
static Kerr magnetometry (at 77-473 K) and Mandelstarq,-N K
Brillouin light scattering (at room temperature only). ’
Samples with rough interfaces obeyed the biquadratic
exchange model [1] quite well. Coupling constant$000
obtained from static and spin-wave measurements proved
to be in agreement with each other. Samples with the
smoothest interfaces, on the contrary, demonstrated gpo
noticeable deviation from the biquadratic coupling model
predictions. Most clearly it could be seen from treddfi
dependence of the spin-wave spectrum measured iy
MBLS experiments. According to our in-situ STM-
measurements the break-down of the biquadratic coupling
model took place when the distance between monoatomic
steps on the interface was comparable with the domain
wall thickness in the antiferromagnetic chromium spacFig- 1. Vanisiing temperature of th

This result was previously predicted by several theotetiShort-period coupling oscillans as
models [2-3]. a function of spacer thickness.

The interlayer coupling in the Fe/Cr/Fe system is known

to oscillate with the chromium spacer thickness having dwcillation periods: the long one
(about 18 A) and the short one (about 3 A). We analyzedemperature dependence of short-
period bilinear coupling oscillations in our samples fdfedent thicknesses of the chromium
spacer. The oscillation amplitude defined as peak-to-pdak vathin each oscillation period
was plotted as a function of temperature for diffesgacer thicknesses in the 5-40 A interval.
We supposed that the fast-oscillating coupling componerst pvaportional to the order
parameter in the antiferromagnetically ordered spacer approximated it by the most

common \/1-T/T, temperature dependence. The extrapolated tempergtuat which the

short-period coupling vanishes is shown in fig.Jadanction of spacer thickness. This results
correlate well with the magnetic phase diagramhof thromium spacers measured by neutron
scattering in Fe/Cr superlattices [4].

[1] M. Ruhrig, R. Schafer, et al. Phys. Stat. 0125 635 (1991).
[2] S.O. Demokritov, A.B.Drovosekov et al. JE®B, 1062 (2002).
[3] V. N. Men’'shov and V. V. Tugushev, JETP 90, 12804).

[4] H. Zabel, J. Phys.: Condens. Mattdr, 9303 (1999).
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SPECTRUM OF COUPLED SPIN AND ELECTROMAGNETIC WAVES
PROPAGATING IN A PERIODIC MAGNETIC STRUCTURE UPON M ODULATION
OF ALL PARAMETERS OF LAYERS

L.N.Butko, V.D.Buchelnikov, 1.V.Bychkov
Chelyabinsk State University, 454021 Chelyabinsk, Russia

This work is devoted to the theoretical studying of the specttof coupled
electromagnetic (EMW) and spin waves (SW) in a maygl ferromagnetic (FM) upon
periodic modulation of all magnetic parameters engeinto the Landau-Lifshitz equation and
permittivity.

For the investigation of the spectrum of coupled wavesised the method [1] which is
based on the consideration of the system of Maxwadl bandau-Lifshitz equations with
boundary for the electromagnetic field, the magnatinaéind the condition of periodicity. The
solution of the system of equations with account ofdkpression for the free energy of a
cubic FM allows us to receive the system of linearizgdagons for definition of the
expressions of a spectrum of the coupled oscillatidiMrayers.

The system of boundary conditions and the conditiopeoibdicity (the Floquet-Bloch
theorem) are

(2) (1) (2) (1)
hxl hxl hxl 1
(2) | = (1) (2) | = oiiQd 1)
hx2 =M 2 | ;2 |T€ hﬁz
h(2) (1) (2) (1)
X3 3 3 3

The dispersion equation of coupled waves for all syseambe written as

detM -e ™ [E)=0,
HereM - transformation matrix, connecting amplitudes of veawd 1-st layer with similar
amplitudes for an equivalent following lay€;Bloch wave vector, i.e. averaged on the period
d wave vector of periodic structure.

A graphical method for analyzing the dependence of the gadpa of coupled
electromagnetic and spin waves on the depth of moduolaif the material parameters is
proposed. Practical application of the obtained resardis the effect of dissipation on the
propagation of coupled waves in the system are discussed.

From the frequency dependence of imaginary garfollows that modulation of
parameters can be fit in such a manner that at the rinegphitude of external magnetic figtd
our system will correspond to ,quasi-homogeneous” matdnatlhis case the system can be
considered as a multilayer magnetic without the band maghich the parameters (as well as
wave vectors in layers) is not distributed homogeneoudtg deviation of magnitude of a
constant external magnetic field from valbl lead to the disbalance of system and the
appearance in a spectrum of the band gap. That allows theaiggven system as functional
element of the wave device strongly sensitive to a etagfield (the switch or the filter).

This work was supported by the grant RFBR-Ural 07-02-96030.

[1] V.D.Buchelnikov, 1.V.Bychkov, V.G.Shavrov. FT34, 11, (1992), 3408.
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COMPUTATIONAL THEORY OF SPIN WAVES, MAGNETIC LINEAR
DICHROISM AND THE INVERSE FARADAY EFFECT

Peter M. Oppeneer
Dept. of Physics, Box 530, Uppsala University, S-751 21 Uppsala, Sweden

Ab initio calculations of magnon spectra have protete both feasible and rewarding. We
briefly review the theory of the adiabatic approximatand show that it leads, for transition
metals, to very good spin-wave stiffness constants andwspia spectra as a whole, when
compared to available experimental data. In a furthgcteve consider the ab initio theory of
the magnetic linear dichroism. In the optical regintlee origin of the magnetic linear
dichroism has been discussed for quite some time. Waereb initio calculations of this
effect in the optical regime, which show 1) that tffea is small, yet of comparable size to
available experimental spectra, 2) that the effectviress order is proportional t& xwith x the
spin-orbit strength, and 3) that a huge magneto-crystadinisotropy should be expected for
the linear dichroism. Furthermore, we consider theyxmagnetic linear dichroism (XMLD)
in the soft-X-ray regime. In this regime, the leadamgtribution to the XMLD stems from the
small, yet existing exchange splitting of the 2p-coréestaA comparison with experimental
XMLD spectra convincingly proves this theoretical modele Wso predict that a huge
magneto-crystalline anisotropy should be present iXMeD, a prediction that is confirmed
by recent experiments. As the XMLD holds particulgdgential for element-specific
investigations of antiferromagnetic materials, we aderstheoretical results for some of these.
The inverse Faraday effect, lastly, is a magneto-optEctevhich has not been explained on

an ab initio level. Considerations concerning this areepiesl.
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PROBING MAGNETISM ON THE NANOSCALE USING PHOTOEMISS ION
ELECTRON MICROSCOPY

Frithjof Nolting
Swiss Light Source, Paul Scherrer Institut, 5232 Villigen-PSI, Svaitxer

A powerful tool to investigate the magnetic properties nahoscale systems is X-ray
photoemission electron microscopy (XPEEM) employing X-raagnetic linear dichroism
(XMLD) and X-ray magnetic circular dichroism (XMCDWsing recent results of research |
will explain the technique and its possibilities.

A prominent example is the directional coupling betwéa®m spins in an antiferromagnet
(AFM) and those in an adjacent ferromagnet (FM),rreteto as exchange bias. Employing X-
ray magnetic linear dichroism (XMLD), this interfa@gion can be studied and the orientation
of individual antiferromagnetic domains can be determined.L&FeQ thin films, we found
the antiferromagnetic axes are tilted by 20° out oftiéace plane and have a different sign of
the x-ray magnetic linear dichroism compared to previamorts on LaFe§® Employing
XMCD one can also study the coupling of the FM to the AEMTrrently, we are studying the
effect of spin-reorientation in an AFM (SmFeO3) viaelasnduced heating onto a
ferromagnetic Co layer.

Another example is the study of the magnetic properied scaling laws of nanoparticles.
Recently we have explored the feasibility of XPEEMdb x-ray magnetic circular dichroism
(XMCD) spectroscopy of individual iron (Fe) particles,ai size range of 6 to 12 nm, deposited
in-situ onto ultrathin (2-4 nm) Co films and have obtaineel first indication of magnetic
dichroic contrast signal from individual Fe particles ddw® nm.
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ELEMENT-SELECTIVE X-RAY DETECTED MAGNETIC RESONANCE

José GOULON, Andrei ROGALEV, Fabrice WILHELM, Gérard GOUJON
and Chantal GOULON-GINET
European Synchrotron Radiation Facility, B.P. 220, 38043 Grenoble Cedex, France

goulon@esrf.fr

X-ray Detected Magnetic Resonance (XDMR) is a newtspgsoopy in which X-ray Magnetic
Circular Dichroism (XMCD) is used tprobe the resonant precession of the magnetization
when a strong microwavyeump field hy, is applied perpendicularly to the static bias fiellg
Experimental configurations suitable to detect the weakMRDsignals will be compared [1].
XDMR is element- and edge-selective and is expecte@d¢orbe a unique tool to tentatively
resolve the precessional dynamics of spin and orbitgnet&ation components in excited
states with either p- or d- like symmetry [1-3]. To ithage this presentation, we will show
how the opening angle of precessidd) Of the magnetization can be determined from
XDMR/XMCD measurements carried out at the iron K-edge anthe yttrium |, edges on
yttrium-iron-garnet (Y1G) thin films in which yttrium vga optionally substituted with
diamagnetiaare earths such as lanthanum and lutetium. Wh&@KR signatures measured
at a K-edge yield unique information on the precession oy ambital magnetization
components, we will produce strong evidence that the XDfRatures measured at the L-
edges of yttrium or lanthanum are to be assignedetprtcession ahducedspin components.
XDMR spectra were also recorded at the iron K-edge utlikerconditions of premature
saturation of precessiomng. beyond the ¥ order Suhl's instability threshold of magneto-
exchange spin waves. MeasurementAM} revealed a very sharp increase of apparent
opening angle of precession of the orbital magnetizat@mponent very near the foldover
jump. This was rather unexpected since, in a classicatnf@gnons scattering process, two
uniform magnons are annihilated but the total number ofnorag should remain unchanged.
Our result appears to be consistent with the apparergaise of T also observed recently by
de Loubenst al. [4] in a conventional FMR study performed on a YIG thimfprepared in
the same way.

References
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HARD X-RAY MAGNETIC CIRCULAR DICHROISM:
INSTRUMENTATION AND APPLICATIONS

Andrei ROGALEYV, Fabrice WILHELM and José GOULON

European Synchrotron Radiation Facility, B.P.-220, 38043 Grenoble Cedex, GIRAN
rogalev@esrt.fr

Recent developments in the synchrotron radiation insttatien have made possible
the production of high flux of hard X-ray photons (2 - 15 keXth flexible polarization [1].
Magnetic circular dichroism (MCD), the differengethe absorption or reflection of magnetic
samples using left- and right-handed circularly polarizgit has been widely exploited in the
visible and soft X-ray spectral regions to provide useftdrmation on the electronic and
magnetic properties of magnetically ordered systems [2].

This talk reviews the recent advances in magnetic lairclichroism experiments in the
hard X-ray energy range which covers K-edges of tramsinietals, L-edges of rare-earths, L-
edges of 4d and 5d metals and M-edges of actinides. After givsirt introduction to the
principles of X-ray MCD spectroscopy, | shall focustbe experimental aspects and the main
strengths of this technique. These are quantitative deteramnnatithe element and orbital
selective magnetic moments and their anisotropies usagneto-optical sum rules [3]. Hard
X-ray MCD measurements performed at the ESRF beambi® lon a wide variety of
magnetic systems, including intermetallics, ferroméignsemiconductors, paramagnetic
insulators and magnetic multilayers will be presentedlédmonstrate the application of this
technigue to magnetism research.

References
[1] J. Gouloret al, J. Synch. Rad5 (1998) 232.
[2] Magnetism and Synchrotron Radiation, eds. by E. Bxaure, F.Scheurer, G. Kiill

and J.-P. Kappler, Springer-Verlag, Berlin, 2001.
[3] P. Carreet al, Phys. Rev. Lett70(1993) 694.
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LOW-FREQUENCY SPIN DYNAMICS OF SPIN-LIQUID MAGNETS

A.l. Smirnov, V.N. Glazkov, L.A. Prozorova, S.S. 8os
P.L. Kapitza Institute for physical problems RAS
Kosygin str.2, 119334 Moscow , Russia

We describe examples of magnetic dielectric crystai antiferromagnetic exchange,
exhibiting no magnetic ordering till the temperatures faoweCurie-Weiss temperature. By
the absence of the magnetic ordering we mean a zermage/ spin projection for magnetic
ions, this kind of magnetic ground state is known apia liquid state, or as a collective
paramagnet.

The examples of the spin liquids are presented by Haloegnets (S=1 spin chains), dimer
nets, some of the frustrated systems, etc. The Haldaynets and dimer nets exhibit an
energy gap between the singlet ground state and tripleteniegxcitations. This energy gap
makes a spin liquid state stable with respect to weak pattons like interchain exchange or
anisotropic interactions.

Nevertheless, in an applied magnetic field the gnef@ spin sublevel of a triplet excitation
is reduced and may be vanished at a critical field. Assalt, the magnetically ordered state
appears at this critical point via a quantum phase transiti

We describe the experimental investigation of thestamg of the energy gap at the critical
magnetic field by the ESR methods in the Haldane-likgmaaPbNiV,0Og and in the dimer
system TICud In low fields, far from the critical point, the egg levels of the collective
triplet excitations are completely equivalent to $pé sublevels of isolated S=1 magnetic ions
in the crystal field. However, in the vicinity of theital point, the spectrum of triplet
excitations is strongly affected by the 3D correlationsl, aat some field orientations
demonstrates a distortion of the frequency-field dependeriz8].1,

In the frustrated system &d,O-, the classical ground state is strongly degeneratékin
exchange approximation. This degeneration is associatedawithcroscopic number of soft
magnetic modes, which result in the residual entropy asdnale of spin ordering at low
temperatures. We test these soft modes in the thermodynexperiment with adiabatic
demagnetization [4] and by means of an ESR experiment [5]

1. V.N.Glazkov, A.l.Smirnov, H.Tanaka, A.Oosawa, Physv.R269, 184410 (2004)

2. A. Kolezhuk, V.N.Glazkov, H. Tanaka and O. Oosawa, Phys:. B 70, 020403
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Phys.Rev.Br3, 212402 (2006).

40



SPIN CONSERVATION AND QUASIPARTICLE DECAYS
IN A QUANTUM SPIN LIQUID

Igor A. ZaliznyakR”", Tao Hong, Matthew B. Storie Collin L. Broholnf*
and Daniel H. Reich
'Condensed Matter Physics and Material Science Department, Brookhaven National
Laboratory, Upton, NY 11973, USA
’Department of Physics and Astronomy, The Johns Hopkins University,
Baltimore, Maryland 21218, USA
%Condensed Matter Sciences Division, Oak Ridge National Laboratory,
Oak Ridge, TN 37831, USA
*National Institute of Standards and Technology, Gaithersburg, Maryland 20899, USA

Magnetic properties of many-electron condensed matteersgs arise from cooperative
quantum behaviour of atomic spins which is usually understooterms of magnons,
elementary quanta of magnetic excitation. Magnon qaegites are fundamental carriers of
energy and momentum in spin systems, much like then@i® are in solids and liquids.
However, an interesting failure of the quasiparticlecdpson occurs in quantum Bose liquids,
such as the superfluid helium. Like unstable elementaticies, quasiparticles cannot survive
beyond a threshold where certain decay channels bealtoneed by conservation laws — their
spectrum terminates at this threshold. This regime of pardgile failure was observed in
helium-4 at temperatures close to absolute zero whdmgms quantum Bose-liquid. More
recently, neutron scattering experiments have shownsihatar failure regime leading to
magnon spectrum termination can also occur in a quantagmeh and, by implication, in other
systems with Bose-quasiparticles [1]. Here we have mehsspa excitations in a two
dimensional (2D) quantum-magnet, piperazinium hexachloupdite (PHCC) in which spin-
1/2 copper ions form a non-magnetic quantum spin liquid (QBLnagnetic field, and find
remarkable differences with the zero-field picture. kimliphonons in superfluid helium,
magnons in a quantum spin liquid also carry spin quantum nuabe therefore their decays
are subject to spin conservation. Hence, a threshofdemtum beyond which magnon merges
with the appropriate two-quasiparticle continuum and becamstable, is field independent.
Moreover, at energies below decay threshold magndwsevdecays are not allowed by spin
conservation happily co-exist with two-magnon continuum

"Corresponding authoraliznyak@bnl.gov

1. M. B. Stone, I. A. Zaliznyak, T. Hong, C. L. BrohglBh H. Reich, Naturd4(Q, 187 (2006).

41



SINGLE ION ANISOTROPY, TRANSVERSE MAGNETIZATION AND MAGNETIC
PHASE DIAGRAM OF THE FRUSTRATED GADOLINIUM PYROCHLO RE

V.N.Glazkoy, A.l.Smirnov
Kapitza Institute for Physical Problems RAS, 119334 Moscow
M.Zhitomirsky, J.P.Sanchez, C.Marin
CEA-Grenoble/DRFMC/SPSMS, Grenoble

Heisenberg exchange interactiét+>JSS usually align neighbouring spins to be
parallel (J<0) or antiparallel (J>0). Three- dimensiomalgnets order at temperature6t3
(here B is a Curie-Weiss temperature). Specific geometry ef ¢élxchange bonds (e.g.,
antiferromagnet on a triangular lattice) can resuthe frustration of the exchange interaction,
when a static structure cannot simultaneously mininalkepair interactions on the lattice.
Pyrochlore lattice formed by the corner-sharing tetrahesiran example of a strongly
frustrated lattice. Classical antiferromagnet onmglylore lattice demonstrates disordered and
macroscopically degenerated ground state. Thus, in theamgehapproximation, it should
remain in the disordered spin-liquid state down to zeroperature. Degeneration of the
ground state could be lifted by the weak relativistic irdeoas, further neighbour exchange
interactions or fluctuations effects. Subtle interptdyhese factors could lead to the formation
of the unusual magnetic structures.

Gadolinium compound Gi,O; provides an example of an antiferromagnet on a
pyrochlore lattice: magnetic ions &d(S=7/2, L=0) forms a network of corner-sharing
tetrahedra, Curie-Weiss temperatfre about 10K. It remains disordered down to 1K then a
two-step phase transition occurs. THeT phase diagram of Gd2Ti207 evidence two-phase
transitions induced by an external fieldvaH: ~3T andwoHc, ~6T. The magnetic properties
of this compound were taking into account Heisenberg exghanteraction and dipolar
coupling only. This model could explain certain propertiethefordered phases, however the
structure of the magnetic phases and the nature phiee transitions still remains an enigma.

We have performed an ESR study of the isostructural etegfly diluted samples
(Y 0.00650h 0092 Tiz07. We have found that Gtlions in GdTi,O; are affected by single ion
anisotropy of easy-axis type with local anisotropy axescted along the 111-like directions.
The anisotropy constant (neglected in the earlier nspagdpears to be comparable with the
exchange integral value:~D.75J. Analysis of the magnetization process of thesdal
pyrochlore with the easy plane anisotropy reveals th&tam@sverse magnetization should
appear above some critical field at T = 0. We haveopedd a detailed transverse
magnetization study of the &d,O; single crystals. These measurements result in the
refinement of the Gd2Ti207 phase diagram. A transvergmetization of about 0.003Msat
was observed in the low-temperature ordered phases in tperenre range 100mK-1K. This
is a direct evidence for the loss of the cubic symynetrsome of the ordered phases. This
observation is of importance for the deciphering ofltdve-temperature ordered structures of
gadolinium titanate and for the better understandingsgdhiase diagram.

[1] V.N.Glazkov et al., Phys.Rev.B 72, 020409(R); J.Phys.:Coatt.NI8, 2285 (2006);
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CUBIC HELIMAGNETS WITH DZYALOSHINSKII-MORIYA INTERAC TION:
SPIN-WAVES AND MAGNETIC FIELD BEHAVIOR

S.V. Maleyev and S.V. Grigoriev
Petersburg Nuclear physics Institute, Gatchina, Leningrad DisttB8300, Russia
E-mail: maleyev@sm8283.spb.edu

During decades the cubic helimagnets (MnSi etc.) wighDhyaloshinskii-Moriya interaction
(DMI) attracted a lot of attention due to their unusumalnetic properties and sets of the phase
transitions in magnetic field and under applied pressure](fand references therein). The
DMI is responsible for the helical structure of thesempounds. Violating the total spin
conservation law this interaction must play the cruadd in the spin dynamics as well.

In our work we follow the Bak-Jensen model [4] and condidethierarchy of interactions: the
ferromagnetic exchange, the DMI, the non-isotropicharge, and the cubic anisotropy
accompanied by the Zeeman energy. Below we list ouripahtheoretical results and their
experimental confirmation [5-8].

1) The classical energy depends on the field compoHerdlong the helix wave-vectork.

The critical field for the transition to the ferrogmeetic state is given b, = Ak*, where A
is the spin-wave stiffness fay>> k in agreement with the experimental data for MnSi [6].

2) The DMI leads to the umklapp interaction connecting-s@ves with momentumg and
g+ k and gives rise to the spin-wave anisotropy: excitatiwith g along and perpendicular to

k have energieAkgand 3Aq’ /8, respectively.
3) The field perpendicular tio gives a quantum contribution to the ground-state enangiyg
spin-waves withq = 0 and k. Their amplitudes become classical variables (Bose
condensation) and the ground-state energy is given by
2

By =l HA 1
He, 4Hc (A" -H5/2)
where A is the spin-wave gap arld is a cubic invariant responsible for th@rientation with
respect to the cubic axes. Hf, > A2 the system is unstable akdotates toward the field in
agreement with the neutron scattering data [7], which detrated also that
A=0IT=H_, /6.
4) There are two contributions t*: the spin-wave interaction and the cubic anisotropy. At
H =0 the former survives only but with as the field increases contributions compete. For
MnSi at H||[1,1,1] we have A’ <0 at H>H_, =0.5H_, and spin-wave spectrum becomes
unstable. In this case a partially disordered tii@te appears instead of the long-range helical
structure [7,8]. The system becomes ferromagnétid a2 H..,.

In summary, we present the microscopic low-T theofy non-centre-symmetric cubic
helimagnets, which is confirmed by the experiment.
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ELECTROMAGNONS IN MANGANESE MULTIFERROICS WITH
MODULATED MAGNETIC STRUCTURE

A.A. Mukhin®, A. V.Pimeno?, V.D. Travkir?, V. Yu. lvanoV, A.Loidl?

Y A. M. Prokhorov General Physics Institute of RAS, Vavilov St1 13891 Moscow, Russia
2) Experimentalphysik V Augsburg University, Universitatsstr. 2, 8&d&fburg, Germany

Recently interesting multiferroic properties exhibitingsatong interplay between
ferroelectricity and modulated (sinusoidal or cyclojdadin structures were observed in some
pure and substituted orthorhombic manganites RM@{E = Gd, Th, Dy) [1,2] and Ru
«YxMnOs [3,4] with frustrated exchange interactions controlleddrg-earth ionic radius. We
have revealed in these multiferroics fundamentally rgpin excitations: electro-active
magnons, or electromagnons, i. e. spin waves, whicheaxdted by ac electric fields. Using
a submillimeter backward-wave-oscillator quasiopticalhtégue (3-35 ci) we have
observed in transmission spectra and extracted dieletfrig spectra of GdMng) TbMnGO;

[5] and Ey.Y,MnO;s strong wide absorption lines at frequencies 20-23 tantified as the
electromagnons. The electro-active origin of the olext modes was determined by
independence of their excitation conditions on a potaozaf ac magnetic fielth and strong
dependence on the polarization of ac-electricernbe modes were observed #ja-axis. The
contribution of the electromagnons to the dielectuioction Ae; amounts up to ~2. These
excitations were observed both in paraelectric sinuseidalferroelectric cycloidal phases in
the studied multiferroics. Besides electromagnons, usuig@omagnetic resonance (AFMR)
modes excited by ac magnetic field, were also observeéd. AFMR modes are more
broadened in the modulated phases compare to a cantestrantdgnetic state however their
resonance frequency values remain similar (~ 26 anT~4.2 K).

In external magnetic fields H||c-axis the incommensuraidulated structures can be
suppressed due to a transition to the usual canted stateeasl@dtromagnons are wiped out,
thereby inducing considerable changes in the index of refradtiom dc up to THz
frequencies. These transitions are accompanied by sfdraof the corresponding spectral
weight to the lowest lattice vibration (GdMgi®demonstrating the strong coupling of phonons
with electromagnons [6].

Symmetry analysis shows a key role of the inhomogenemgsetoelectric interaction
in observed phenomena both in an appearance of spontanelanzagion in cycloidal
structure and electroactive spin excitations. The ebksleelectromagnons can be interpreted as
spin oscillations with non-zero wave vectdkscorresponding to a wave vector of the
modulated magnetic structurk|| b-axis), which interact with homogeneous ac eleaeld.f
The tuning of electromagnon contribution to the refoacindex by moderate magnetic fields
in a wide frequency rang allows the design of a new dgattyenic devices.

This work was supported in part by RFBI-02-17514).

1. T. Kimura, T. Goto, H. Shintani, K. Ishizaka, T. Arinva,Tokura, Nature426 55 (2003).

2. T. Kimura, G. Lawes, T. Goto, Y. Tokura, A.P. Ramiilsys. Rev. B71, 224425 (2005).

3. V. Yu. lvanov, A. A. Mukhin, V. D. Travkin, A. S. &khorov, A. M. Kadomtseva,
Yu. F. Popov, G. P. Vorob’ev, K. I. Kamilov, M. Balbashov, JIMMM 300, €130 (2006).

4. J. Hemberger, F. Schrettle, A. Pimenov, P. Lunkenhgim&'u. lvanov, A.A. Mukhin,
A.M. Balbashov, A. Loidl, Phys. Rev. B5, 035118 (2007).

5. A. Pimenov, A. Loidl, A. A. Mukhin, V. Yu. Ivanov, VD. Travkin, A. M. Balbashov, ,
Nature Physic, 97 (2006).

6. A. Pimenov, T. Rudolf, F. Mayr, A. Loidl, A. A. Mltkn, A. M. Balbashov, Phys. Rev. B,
74, 100403(R) (2006).

44



ON FRUSTRATED MAGNETOELECTRIC WITH INCOMMENSURATE
MAGNETIC ORDER IN MAGNETIC FIELD

A. V. Syromyatnikov
Petersburg Nuclear Physics Institute, Gatchina, Leningrad DisttB&8300, Russia

E-mail: syromyat@thd.pnpi.spb.ru

We discuss a model nonfrustrated magnetoelectric in wétiing enough magnetoelectric
coupling produces incommensurate magnetic order leadingré@liectricity. Properties of the

magnetoelectric in magnetic field directed perpendictdawave vector describing the spin
helix are considered in detail. Analysis of classeaérgy shows that in contrast to naive

expectation the onset of ferroelectricity takes platea field H_, that is lower than the
saturation fieldH_,. One hasH_, =H_, at strong enough magnetoelectric coupling. We show
that at H =0 the ferroelectricity appears &t =T <T,. Qualitative discussion of phase

diagram inH =T plane is presented within mean field approach.
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MAGNETIC AND MAGNETOELECTRIC (ME) DYNAMICS
IN RMn 205 (R = Gd, Eu, and Er)

E. Golovenchits and V. Sanina
loffe Physical Technical Institute of the Russian Academy of Ssjence
194021, Saint Petersburg, Russia

e-mail:sanina@mail.ioffe.ru

The dynamics of multiferroic crystals RM» (R = Gd, Eu,and Er), showing magnetic and
ferroelectric phase transitions with close transitiemperatures (30-40 K) was studied in the
frequency and temperature ranges 20-300 GHz (1-1pamd

5-50 K, respectively. The magnetic resonance spectrareed magnetoelectric excitations
were observed in GdM@s. The most intensive mixed magnetoelectric excitatioese
observed when the antiferromagnetic resonance amdyiog lattice mode frequencies were
closed. The effect of magnetic field on magnetic reso@apectra and mixed magnetoelectric
excitations was studied.

In ErMnOs and EuMnOs only low-intensity non-depending from magnetic field
absorption signals were observed over the full opgydtequency range at temperatures near
36-40 K. These signals seem to be caused by the sot latbides near the phase transitions to
incommensurate magnetic and ferroelectric states.

Magnetic and dielectric susceptibilities hasnbstidied for the crystals also. Combined
analysis of susceptibility, magnetic and magnetoetedymnamics was performed.
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MICROWAVE CHARACTERISTICS OF FREQUENCY-AGILE FERRITE -
FERROELECTRIC COMPOSITE MATERIAL

A. B. UstinoV, V. S. Tiberkevich A. N. Slavirf, G. Srinivasaf B. A. Kalinikos
ISt. Petersburg Electrotechnical University, St. Petersburg,i®uss
’Department of Physics, Oakland University, Rochester, Michigan

A combination of ferrite and ferroelectrimaterials in a layered structure provides the
possibility of simultaneous “magnetic” and “electrieining of its microwave characteristics
[1]. In other words, a new frequency-agile composite natean be created. The purpose of
this work is theoretical and experimental investigatiofstuning characteristics of such
materials at microwave frequencies. In particularjaaar hybrid spin-electromagnetic wave
resonator was composed of two rectangular layersfirgtelayer was 50Q@m-thick, 1-mm-
wide and 1.15-mm-long ceramic barium strontium titanatel{B#&b. The second layer was 7-
pm-thick, 1-mm-wide and 1-mm-long single-crystal yttriumon garnet (YIG) film. In
accordance with theory, the in-plane dimensions fert and BST layers were chosen to be
equal in order to maximize the electromagnetic couplingvéet their main modes
(ferromagnetic mode in YIG and dielectric mode in B&ifg reduce spurious influence of
their higher order modes. The electric field tunabilitghe hybrid wave resonator was studied
in a wide range of bias magnetic fields The maximum tuning frequency range of 260 MHz
was realized through variation of the voltage appliedheo BST layer forH=1400 Oe (see
figure). A theory for the hybrid wave excitations, basad coupled-mode approach, provides
a good description of the experimental data.

The work was supported in part by Grants from the Rug®andation for Basic Research
(Grant 05-02-17714), Russian Federal Agency for Education (BsdjéP/2.1.1.1382 and
NSh-8860.2006.2), Government of St.Petersburg, ARO (Grants W9Q4NF5299,

W911NF-05-1-0179, and W911NF-04-1-0247), and ONR (Grant NO0014-05-1-0664).

[1] V.E.Demidov, B.A.Kalinikos, S.F.Karmanenko, A.A.Senov, and P.Edenhofer, IEEE
Trans. MTT 51, 2090 (2003).

0_
g 10 +
= BST \ U
:: '20‘ -—‘*J_ E
2} 50-nm thick 800 V
30 Cr electrodes 600 V
~9Y1 Transducer OV 400V
51 52 53 54 55 56 5.7
Frequency (GHz)

a7



SPIN WAVES IN PARTIALLY RANDOMIZED SUPERLATTICES AND
INHOMOGENEOUS FERROMAGNETS

V.A. Ignatchenko Yu.l. Mankov, and V.A. Felk
L.V. Kirensky Institute of Physics SB RAS, 660036, KrasnoyarskaRuss

The first part of this talk is dedicated to the thedrthe spectrum and damping of spin

waves in partially randomized superlattices (SLs). Thevish one-dimensional (1D) and tree-
dimensional (3D) inhomogenetities (IHs) is consideredclwvimodels random displacements of
interfaces from their initial periodic arrangement aandom deformations of the interfaces,
respectively. We derive the correlation function (CHhe SL and show that effects of IHs on
the wave spectrum strongly depend on the asymptotic bemafithis CF. The CF for 1D IHs
exponentially tends to zero foy — o, while for 3D IHs it tends to nonzero asymptote. This
leads to a sharp decrease in the wave damping and an @éanetse effective gap at the
boundary of the SL Brillouin zone in the 3D case aspamed to the 1D case. Effects of a
mixture of IHs of both 1D and 3D dimensionalities aredged. Cross correlations between IHs
of different dimensionalities are considered. We derivesl €F of the mixture of cross-
correlated 1D and 3D IHs and show that it tends to zesmdordance with a power law ).
It is shown that positive cross correlations partly suggpeffects of 1D and 3D IHs on the
wave spectrum: the gap at boundary of the Brillouin zomeeases and wave damping
decreases. The situation also is considered, when thin glae spectrum at the first Brillouin
zone boundary of the SL is closed under the actioth@flD IHs. The phenomenon of the
partial opening of this gap, that is, of partial restorabdrihe wave spectrum of the SL is
found when the 3D IHs cross correlated with the 1D &dd to the SL. It is shown that all
these unusual effects are due to the slowly decay @@ fhe

In the second part of the talk the theory of effeétthe 1D and 3D IHs of the magnetic
anisotropy and exchange on the frequencies and widthe &R and SWR lines with taking
into consideration the multiple processes of spinesag considered. The calculation of the
effects of the magnetic anisotropy IHs is carried outhgymethod of the averaged Green’s
function in the coherent potential approximation (CPA). Thesonance frequencies and
linewidths are obtained for the first time for the wehoegion of values of the correlation wave

number of IHsk (r, =k ' is the correlation radius,r2= D is the value of grains in poly- or

nanocrystals). For the FMR & = 0 the linewidth is maximum and corresponds to the well-
known limiting case of independent grains. Wher O the effect of exchange narrowing of
the FMR line switches on as a consequence of the egehzoupling between the grains. In
the limiting case of the strongly bounded grains (ldegethe calculated dependence of the
linewidth onk. corresponds to the law obtained from the scaling argtemkarge narrowing
of the FMR and SWR linewidths with the decrease of thwetation radius of IHs is the
substantiation of the main advantage of the nanoclipgt@nd amorphous materials over usual
polycrystals when they are used at high frequency devicesaltiglate also effects of IHs of
the exchange constant. The standard CPA can not barud@s case because the exchange is
a nonlocal parameter of the Hamiltonian. We developGheen’s function formalism and
derive the analog of the Dyson and CPA equations ferladhg-wave IHs of the nonlocal
parameters. Contrary to the standard formalism, thie@ued the Dyson equation contains not
the Green’s functions but the derivatives of thesectfons. We apply this obtained CPA
equation to the study of effects of the 1D IHs of the argle on the spectrum of spin waves in
a ferromagnet.

This work was supported by the Russian Foundation for Baesearch, Grant No. 07-
02-00419 and Grant of the Russian Federation President, SSQX@63.3.
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SPIN WAVES IN SILICON DIOXIDE FILMS WITH COBALT NANOP ARTICLES
ON GALLIUM ARSENIDE

L.V. LutseV, A.A. StashkevichA.I. Stognif, and N.N. Novitskfi
#Research Institute 'Ferrite-Domen’, 8 Chernigovskaya Street,t&tsBarg 196084, Russia
lutsev@domen.ru
PLPMTM CNRS (UPR 9001), Université Paris 13, 93430 Villetaneuse, France
¢ Institute of Solid State and Semiconductor Physics, National Academygiéecof Belarus,
17 P. Brovki Street, Minsk 220072, Belarus

We have studied spin waves in the Damon - EshbaEh geometry in films consisting of
ferromagnetic metal nanoparticles embedded in an insglatatrix. In the framework of the
developed theoretical model, it is found that the mattadrs, which influence surface spin
waves, are the conductivity, the magnetic inhomogenkiyugh the film thickness and the
spin noncollinearity of nanoparticles. These factoasise different changes of dispersion
curves. It is revealed that dispersion curves of sarfg@n waves in films with the spin
noncollinearity of nanoparticles have two branche® djpper branch is the DE surface spin-
wave mode. The lower branch is degenerated in nanocdepesth the ferromagnetic spin
ordering and is non-degenerated in nanocomposites with sgie noncollinearity of
nanoparticles. In the DE geometry volume spin waveslagenerated. It is found that in the
nanocomposite film with a nonzero value of the condugtithe degeneration of volume
waves is removed and volume spin wave modes have tkevéa@tcharacter. On the basis of
the study we draw a conclusion that dispersion curvespi waves propagating in
nanocomposite structures can be used as an effectivefailodhe characterization of
nanocomposites.

The developed theoretical model has been verified Iojlodn light scattering
measurements of dispersion characteristics of sudage waves in the DE geometry on
granular films containing cobalt nanoparticles in amorplsilicon dioxide matrix on a GaAs
substrate, Sig§Co)/GaAs. These heterostructures are characterizegrdayising electron
transport properties leading to the injection GMR
[1-3]. Using information provided by dispersion * .
curves of surface spin waves propagating along
opposite surfaces of nanocomposite films (Fig. 1),21
we have found that near GaAs substrates |
nanocomposite  films are close to the 2
ferromagnetic state and at free surfaces
nanocomposites are superparamagnegc.
Moreover, surface spin waves show the existerice®
of a conduction layer near the interface. :
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This work was supported by the Russian '
Foundation for Basic Research (grant N 06 - 02 -
17030) 17 , : , : : :
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[1] L.V. Lutsev, A.l. Stognij, and N.N. Novitskii, Angle of incidence @ (degrees)
JETP Letterg2005)81(10) 514. . .
[2] L.V. Lutsev, A.l. Stognij, N.N. Novitskii, and '9- 1. Spin wave frequency vs angle of
AA. StashkevichJMMM (2006)300(1) e12. incidence for the SIRC0)/GaAs
[3] L.V. Lutsev, J. Phys.: Condensed Matter sar(‘)nple with Co concentration = 83
(2006)18(26) 5881. at.% atH = 3.0 kOe.
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MAGNETOELASTIC GROUND STATE AND WAVES IN FERROMAGNET -
NONMAGNETIC DIELECTRIC MULTILAYER STRUCTURE

V.A. Ignatchenko and O.N. Laletin
L.V. Kirensky Institute of Physics SB RAS, 660036, KrasnoyarskaRuss

The periodic magnetoelastic (ME) ground state that speatssly arises due to the ME
and thermoelastic interactions between layers ofudtilayer structure (MS) consisting of
alternating ferromagnetic and nonmagnetic dielectiers is studied. We assume that the
method of MS preparation is corresponded to the absenslastic stresses resulted from the
interaction between the MS layers at the preparagorperature J and to the homogeneous
orientation of magnetization vectors in the planenafynetic layers. We also assume that each
ferromagnetic layer has passed to the state with spemia magnetostriction strains
corresponding to the initial orientation of the magragton vector before the joining of the
layers between each other. Properties of the ME grotatd, such as the equilibrium static
elastic strains of the MS layers, the orientatiothef static part of the magnetization vector of
these layers depending on the value and orientatiomeaignetic field and the temperature,
are calculated. It is shown that the ME ground statesgiise to three new terms in the MS
energy, which describe different types of the effecthagnetic anisotropy. Two of them result
from the ME interaction between the MS layers. Tterd term results from the
thermomagnetic interaction between the MS layerss Bhown that all three terms of the
effective magnetic anisotropy may have the same ordamaghitude. Effects of these terms of
the magnetic anisotropy on the MS magnetization cuavestudied.

Effects of initial periodic inhomogeneities of the magmand elastic parameters as
well as effects of static periodic elastic stregsssilted from the spontaneous ME ground state,
on the spectrum of ME waves and on the ferromagnes@neece frequency of the MS are
investigated. The ME waves are considered for the casa thieemagnetic field is applied
perpendicular to the layers along the MS axis and elscé® magnetic saturation field, that is,
when the static part of the magnetization vectorls® airected along the MS axis. The
equation of the dispersion law of ME waves is obtainedlyéically and investigated by
numerical methods. It is shown that in the vicinibésrossings of the elastic wave dispersion
curve with the localized frequencies of all spin-wavedes the ME resonances are observed.
In the case when some ME resonance coincides withapédforbidden zone) at the Brillouin
zone boundary the ME coupling results in the broadening dbtadized spin-wave level into
the new permitted zone placed inside the gap. For thev@awgs in the vicinity of the ME
resonance corresponding to the zero spin-wave modeigpersion law equation takes the
simple form analogous to the equation of the dispelsarof the coupled magnetostatic and
elastic waves in a homogeneous ferromagnet. The ferretiagresonance frequency is
modified in the general case by all three terms ofeffective magnetic anisotropy as well as
by the isotropic ME term which leads to the gap in the g@ve spectrum at zero internal field
(the instability point of the magnetization vectoreotation). In contrast to the ME gap of the
homogeneous ferromagnet the latter ME gap in the MSooptional to the relation between
the thickness of the ferromagnetic layer and the M¥®ge

This work was supported by the Russian Foundation for Based®ch, Grant No. 07-02-
00419 and Grant of the Russian Federation President, SS-6612.2006.3.
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COLLECTIVE SPIN EXCITATIONS IN LATERAL MAGNETIC SU PERLATTICES:
LONG-WAVELENGTH LIMIT

Nikolay I. Polushkin, Steven A. Michalskj and Roger D. Kirb¥y
Ynstitute for Physics of Microstructures, Russian Academy of $sienc
GSP-105 603950 Nizhniy Novgorod, Russia
2Department of Physics and Astronomy, University of Nebraska-Lirdolkegin,
NE, 68588-0111, USA

It is well known that periodic systems (superlatticegguire novel physical properties
whenever band gaps in the spectrum of their collectivéagxns appear to be at DAf2,
where D is the lattice period,the wavelength of excitations, and m are integers.dyew the
properties of periodic systems can also be interestirigel long-wavelength limitA&>D). In
that case the excitation “sees” a homogeneous but spgoimedium [1]. This situation is
analogous to light propagation in natural crystals, whugeal properties like birefringence
are described in crystal optics. We find an analog ofrbigence in magnetic superlattices.
Our samples are lateral structures in thin Fe-V layétis one-dimensional modulation of the
magnetic permeability. Measuring the frequencies of ppatession excited directly by a
beam of femtosecond laser, we mamlossingin the excitation spectra from the single-
frequency (“ordinary wave”) to the two-frequency (“exdrdinary wave”) regime with a
reorientation of an external static magnetic fieldwith respect to the direction of lattice
periodicity (Fig.1) [2]. It is interesting that the csoser occurs in the structures having small
enough periodicities (< .m). The explain the observed phenomenon, we havetmadlly
calculated the eigenfrequencies in the long-wavelength difrat model system of alternating
stripes with two different magnetizations. This analysigeals a key role of long-wavelength
dipolar fields generated by the spin motions and obeydtktadual electromagnetic boundary
conditions at internal interfaces in the heterostmes. The observed collective effects in
lateral magnetic superlattices open the door for theigausa novel devices of microwave
photonics, in which the band pass is driven by orientati@xternal magnetic field.

This work was supported by RFBR (# 07-02-01305)

[1] M.G. Cottam, D.R.Tilley, Introduction to Surface andSuperlattice Excitations (Cambridge
University Press, Cambridge, 1989).
[2] N. I. Polushkin, S.A. Michalski, L. Yue, and B. Kirby, Phys. Rev. Lett97, 256401 (2006).
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MAGNETIC PROPERTIES AND EXCITATIONS OF A TWO-SUBLATT ICE
MAGNETIC SYSTEM WITH AN INCOMMENSURATE PHASE

O. Bolsunovskaya M. Popo¥, G. PetrakovskKii
Ynstitute of Physics SB RAS, Krasnoyarsk 660036, Russia
’Siberian Federal University, Krasnoyarsk 660041, Russia

boa_77@iph.krasn.ru

CuB;0O, metaborate is characterized by a specific sequenceast ghansitions with a
decrease in temperature: first, ;at20 K, the transition from a paramagnetic phase to the
antiferromagnetic phase in a tetragonal plane oceund,then, at 10 K, the transition to a
helical phase with a magnetic structure wave vectanatamically growing from zero value
along the tetragonal axis takes place [1, 2]. Spins of copper ions occupy twequaivalent
positions 2b and 4b. Spins in the 2d position form a thi@estsional lattice, where the
exchange interaction with four nearest neighbors ipomesible for the existence of the
commensurate phase in the temperature region 10+20 K. &gims 4d position form zig-zag
chains located in cavities of the three-dimensionakkttivhich are parallel to treaxis and
antiferromagnetically ordered along this axis in the cemsurate phase. In this phase the
exchange interactions between spins of different stdasygsare frustrated.

At 10 K spins in the 4d position are ordered in the tetmagplane, which can be possible
only upon dominance of the exchange interaction betwémns Compatibility of this
interaction with interactions inside the chains isl@gaus to an ANNY model and causes the
appearance of incommensurability in ordering of a magnesitesy of copper metaborate.
Growth of magnetization of spins in the 4d position watldecrease in temperature against
nearly saturation magnetization of spins in the 2d positesults in the above-mentioned
monotonic growth of a wave vector. In this study, thlhdvior of the system has been
simulated and an spin-wave spectrum has been calculated.

[1] J. Schefer, M. Boehm, B. Roessli, G. Petrakoy&kiiOuladdiaf, U. Staub. Appl. Phys. A.
2002. V. 74. P. S1740-S1742.

[2] M. Boehm, B. Roessli, J. Schefer, B. OuladdiaKulda, G. Petrakovskii. Phys. B: Cond.
matt. 2006. V.378-380. P. 1128-1129.
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LOCALIZED NONLINEAR OSCILLATIONS IN A FERROMAGNET
IN A MAGNETIC FIELD

V.N. Nazaro®, M.A. Shamsutdindvvand I.Yu. Lomakin
®Institute of Molecular and Crystall Physics of the Russian Acadé®yiences,
450075 Ufa, Russia
PBashkir State University, 450074 Ufa, Russia

In the case of an easy-axis ferromagnet the Landaimtsfequation allows for both
two-soliton and multi-soliton solutions in addition tfte single-soliton one. The influence of
an external magnetic field and that of dissipation entwo- and multi-soliton solutions are yet
to be more thoroughly investigated. The paper attempts astigatng the influence of an
external magnetic field and of attenuation on the dyos of the nucleus of magnetization
reversal, which is a two-soliton formation in the foofrthe two interacting domain walls, this
dynamics being investigated in ferromagnets. We shall densine-dimensional, localized in
space, non-linear oscillation of magnetization in trexill ferromagnet in the magnetic field
which is parallel to the easy magnetization axis.

The investigation of the influence of an external magnield and damping on the
dynamics of localized single-dimensional magneticombgeneities is thus reduced to
examining a system of ordinary non-linear differenti@liations which describe the evolution
of the parameters of two-soliton solutions of the Land#éshits equations. The numerical
analysis of the dynamic system thus obtained enabitedatuthors to establish that in
ferromagnets the dynamics of the nucleus of magnetizativersal strongly depends on the
initial amplitude, external magnetic field, damping, gydtctor and in-plane anisotropy.

At the initial amplitudes lager then critical value #héakes place a decomposition of
the breather into two interacting 180-degree domain wdllth® same polarity with the
formation of domain of the reversed magnetizationthin fields which are smaller than the
Walker fields, there takes place a forward movemerthefwalls thus formed. As damping
increases, the time increases of the decompositioreahtignetization reversal nucleus in the
form of a breather into a domain of reversed magnatizdimited by the two domain walls
with the opposite topological charges. The growth ofdkiernal magnetic field results in a
shorter time of the breather split into a solitatisoliton pair and thus in a shorter formation
time of the reverse-magnetization domain.
The latter is in good qualitative agreement
with the result of the experimental
examination into the dependence of time,
the  formation of the reverse
magnetization domain on the value of the
impulse magnetic field [1]. The same
movement nature is observed in weak
ferromagnets, too. T

In ferromagnets in the fields that
are greater than the Walker field, in the
process of decomposition, the interacting
domain walls perform an oscillatory movement alongsidé tihe forward one (see fig.). As
this happens, the wall structure changes from time to fiora the Bloch one into the Neel
one, and vice versa. At the moment of the maximum approide structure of the walls
becomes a Neelean one.

1. V.V. Randoshkin and A.Ya. Chervonenkis. Applied Magoptics. (1zd. Energoatomizdat,
Moscow, 1990) p. 320 [in Russian].

53



COUPLED WAVES SPECTRUM OF A FERROMAGNETIC AT THE ACC OUNT OF
PERMANENT-MAGNET INTERACTION

l.V. Bychkov, A.P. Anzulevich, V.D. Buchelnikov
Chelyabinsk state university, 454021 Chelyabinsk, Rossia
e-mail: bychkov@csu.ru

In papers [1, 2] the existence of pure antiferromagnetidla®ns (oscillations only a
components of antiferromagnetism vector) has theattibeen predicted. These oscillations
were termed as electromagnons or antimagnons. In |@ls@]was shown that electromagnons
(antimagnons) are excited only by an alternative Btedteld. They can exist only in
multisublattices magnetics in which magnetic atoms docamcide with centre of symmetry.

In this paper the spectrum of the coupled oscillationsheoretically obtained and the
reflectivity (R) of electromagnetic waves (EMW) from a surface wbd-sublattice dielectric
ferromagnet (FM) [2] with magnetoelectric effect isvestigated. The case ofVFwith
crystalline structureD;, = Pmmir is considered. The energy of FM includes the magnetic, the

electric and the magnetoelectric terms [3]. In theugd state vectors of polarizati¢hand
antiferromagnetismh. are equal to zero and a vector of ferromagneténfz . For a finding of

the dispersion equation propagated inside FM, the couplednsysf equations of Landau-
Lifshits, motion of polarization vector and Maxwell warsed. Waves are propagated along
the x axis (k [|X ||n), n is the normal to surface of FM. On surface of Fdimally drops the

EMW e, = hexp(iwt+ikx). The linearized system of coupled equations dessrithe
interaction of components,, m, m, L, l,,e,, p. We shall note that in the given geometry the
oscillations ofm, m, are excited by the field componehf in a microwave region and the
oscillations ofl,,I, are excited by the field componegt through oscillations of polarization

p, in an infrared region. In case of absence of &apdispersion for waves of magnetization
and polarization the dispersion equation are arotyal of the eighth degree on a frequency
and the second degree on a wave number. For adindR the system of boundary conditions
on the surface of FM was used. The given systemtieg with linearized system of the
coupled equations and the dispersion equations/slics to calculat® The analysis of the
dispersion equation show that in a spectrum otthgled oscillations exists three branch with
activation and two gaps in the microwave regioreilasions m, m,) and in the infrared one

(oscillations p,). In areas of activation branches the increasin® & observed. In the gap
regions the plateau &fis observedOr this plateatR is close to unity.
This work was supported by the grant RFBR-Ural @796030.

1. V.N. Krivoruchko, D.A. Yablonskiy, JET®4, 9, 268 (1988).

2.E.A. Turov, V.V. Nikolaev, UFNL75 457 (2005).

3. M.I. Kurkin, V.V. Leskovets, V.V. NikolaevE.A. Turov, L.V. Turov, FTT45, 4, 653
(2003).
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TIME RESOLVED OBSERVATION OF DOMAIN WALL DEPINNING A ND
PROPAGATION IN SPIN VALVE NANOWIRES

V. Uhlii?*, S. Pizzint, J. Vogel, L. Rannd, M. Bonfin?’
!nstitut Néel, CNRS, 25 Avenue des Martyrs, BP 166, 38042 Grenat#e GeFrance
?Institute of Physical Engineering, Brno University of Technologghiiieka 2, 616 69 Brno,
Czech Republic
3Departamento de Engenharia Eléctrica, Universidade do Paran&, CEP 81531-99@h&urit
Brazil

In view of introducing new magnetic storage devices (MRAK® magnetic logic systems,
ultrashort magnetisation reversal dynamics is newtgect of extensive research.

By using time-resolved XMCD-PEEM microscopy at syncluntradiation sources, we are
able to study the field-induced dynamics of a domain wa#cted in a nanowire, with
resolution of the order of 100 nm and temporal resolutidt00fps.

The measurements are carried out in pump-probe mode, bjtexpthe time-resolution of
synchrotron radiation. Short magnetic pulses produced fyyecanicrocoils (or current pulses
flowing through the sample) are synchronised with the phiotmiches [1].

Images are taken for different delays between pump ande ptobfollow domain wall
propagation in the nanowire. Since these measurementaralex ®ut in stroboscopic mode,
only reproducible domain wall behaviour can be measured. Inwihik we have studied
Co/Cu/NiFe nanowires (500 nm wide) made by electron b&aogtaphy and lift-off (or ion
beam etching) techniques.

In order to assure reproducible domain wall nucleation anplgation, nanowires are curved
or zigzag shaped. Applying magnetic field pulses with an adagéemetry enables us to
create a domain wall in the curved section of the vdiMCD-PEEM images have then been
used to examine the reproducibility of domain wall depinning @on@agation. The chemical
selectivity of XMCD -PEEM allows us to separate thé&lband Permalloy layer contribution
and to study the mutual influence on the magnetisation dgsami

Before we proceeded to the synchrotron measurements,valaated the domain wall
movement under magnetic field with respect to the chamgeSMR of the spin valve
structure.

Our future objective is to observe spin-polarised curmeshiaged domain wall depinning and
propagation.

[1] J. Vogel et al., Appl. Phys. Lett. 82, 2299 (2003).
* e-mail address: vojtech.uhlir@uh.cz
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MAGNETIC RESONANCE IN FERRITE NANOPARTICLES DISPERS ED IN GLASS

|. Edelman, E. Petrakovskaja, O. lvanova
L.V. Kirensky Institute of Physics SB RAS, 660036 KrasnoyarskaRuss
E-mail: ise@iph.krasn.ru

Great attention is currently paid to magnetic partidispersed in glassy matrices, i.e.,
so called magnetic glass ceramics. Potassium-alumbaron glasses activated by Fe and Mn
were shown in our previous papers to have magnetic propenagacteristic of magnetically
ordered substances at the low activator concentratisesefal mass %) and to keep
transparency in the visible and near infrared spectiades, demonstrating high magneto-
optical Faraday rotatiorin depth knowledge of the phase state of paramagnetiticacidi
diluted ions — clusters — nanoparticles, at all stagethenfglass synthesis and subsequence
thermal treatment will allow creating purposely nowsterials for magneto-optical devices.
Here we present electron magnetic resonance (EMR) igash of glass systems Als-
K20-B,Os with additions of FgO3 (1.5 or 3.0 mass %) and MnO (1.5, 2.0, and 2.5 mass %) in
dependence on technology conditions and Fe and Mn civaten.

o 100 200 300 400 500 0 100 200 300 400 400
BE.mT E.mT

Fig.1. EMR spectra of samples with 1.5 %®sand 1.5% MnO (1) and 3.0 %48 and 2.5% MnO
(2) for two temperatures. Both samples were subjeotétermal treatment at 580° Vertical scale in
the right picture is enlarged in four times relativelyte keft one.

For as-synthesized samples well-resolved electronmaayaetic resonance (EPR)
spectra are observed from Fe and Mn ions diluted in ldees gnatrix, viz., the characteristic
single line of F&" with g = 4.3 as well as the hyperfine sextet of’Matg = 2.0. These spectra
are superposed with a broad underlying resonance line corraspoiad g~2. This line
gradually disappears with temperature of measurementewierdd. Such behaviour is
characteristic of superparamagnetic resonance (SP&Jt treatment brings changes in the
EMR spectra. For all samples line with g = 4.3 ot Fas well as the hyperfine sextet of ¥1n
at g = 2.0 disappear while the SPR spectra increase and tornell developed structure
characteristic for ferromagnetic resonance. Thisabelir shows that diluted paramagnetic
ions are gradually joining and forming nanoparticles andttieataverage size of the latter is
growing. Fig.1 demonstrates EMR spectra for two samples @i the same conditions but
differs with each other in doping ions concentratidm.less doped glass (curve 1) intense line
with g=2.002+2.006 andB= 10+20 mT is observed. In more heavily doped glasses (&)rve
doublet line appears, the first component of the doubletctEs with the line described
above, the second one with g = 2.24+2.26 is broatBr< 52+80 mT). The temperature
lowering effects in broadening and the intensity decreasddth lines. Besides, it makes
evidence the existence of the second component in thelesd spectrum (curve 1, from the
right). Note also the peculiar shoulder in the lowdfigart of the sample 2 spectrum (curves 2).
EMR spectra characteristics and their temperature bmlmaare discussed taking into account
particles heterogeneities and their anisotropy temperdependence.
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SPIN TORQUE INFLUENCE ON THE NOISE SPECTRUM OF MAGN ETIC TUNNEL
JUNCTIONS

S. Petit, C. Baradut; C. Thiriort, U. Ebel$, Y. Liu?, M. Li%, P. Wang,
B. Dieny
ISPINTEC, URA 2512 CEA/CNRS, CEA/Grenoble, 38054 Grenoble Cedexée Fr
’Headway Technologies, Milpitas CA, USA

The observation of steady magnetization excitatiadsiced by spin transfer torque has been
reported by several groups in magnetic nanostructures teavbysa spin-polarized current of

sufficient density. Here we show that below theiaalt current density, spin torque impacts
also magnetization thermal fluctuations: in particul@e observed that the noise spectrum of
TMR read-heads strongly depends on the direction andtadplof the applied DC-current.

The electrical noise of 300 nm diameter TMR read-headbdms measured in a range of 1 to
10 GHz as a function of magnetic field, DC current laiad temperature. Measurements were
performed both in the parallel and anti-parallel magretttes. We observed several peaks in
the noise spectra that shift with the applied DC figld ®C current bias. These peaks are
attributed to thermally activated ferromagnetic reseeaexcitations (FMR) in the free layer,
with peak frequency following the Kittel law [1].

The most interesting feature of the noise spectrp@ounced asymmetry with respect to the
sign of the current. For positive current the normdlineise peak grows, while for negative
currents the normalized peak amplitude is reduced. Finallggposite magnetic field values,
the effects of positive and negative currents are exgthrin other words, symmetric points in
the H-I phase diagram exhibit the same behaviour. Thigdigen indicates that spin transfer
torque reduces or enhances the thermal fluctuationduagaon of the DC-current direction,
depending on whether it tends to favor or disfavor the ibguin magnetic configuration.

The influence of the spin-torque term on magnetic flueina is modelled using the
macrospin approximation in the framework of linear respoimsery. Magnetization dynamics
is assumed to follow the Landau-Lifschitz-Gilbert equatmodified with the spin transfer
terms [2]. We observe a good agreement between the madiedimns and the experimental
data.

[1] N. Stutzke, S. L. Burkett, and S. E. Russek, Appl. Pbgt. 82 91 (2003).
[2] J. Slonczewski, J. Magn. Magn. Mat&B9, L1 (1996)
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CALCULATION OF THE SPIN-TORQUE IN NON-COPLANAR DOUB LE SPIN
VALVE STRUCTURES FM1/P/FL/IFM2

D.GusakovaU.Ebels, A.Vedyayev, |.Firastrau, D.HoussameddinBjeBy, L.Buda
! Laboratoire SPINTEC URA2512, CEA/ICNRS, CEA-Grenoble, 17 av.ateg$138054
Grenoble, France

Recently the possibility of changing the magnetisasiate

SO in a magnetic thin film element by the transfer ofnspngular

g momentum has been widely discussed by theoreticians and
CZé? t experimentalists [1, 2]. This spin transfer effect catuce either a
—_ X reversal of the magnetisation and is thus of intei@smagnetic
| Vg memory devices, or it can induce large angle steadye st
oscillations, which are of interest for novel typeR¥# oscillators.

Geometry of the structure

In most studies so far, the corresponding structureg wpmn
valve or tunnel junctions that contain two magneticetay a
pinned reference layer or polarizer and a free ldyer.the optimisation of the functionalities
of such structures more complex systems have been suggesiadg use of a double spin
valve or tunnel junction structure [3], containing thregnsic layers: FM layer 1 — free layer
— FM layer 2. At SPINTEC the double spin valve structuresleing investigated in the
context of RF oscillators, using an out of plane magedtpolarizer for FM1 and an in-plane
magnetised analyser to monitor the magnetisation matiothe planar free layer, see Fig. 1.
We therefore have extended the current models on QWR &hd spin torque to non-
collinear double spin valve structure FM1/P/FL/P/FM2, whevd Fand FM2 are the pinned
ferromagnetic layers, FL is the free one domain feegnetic layer with

magnetisatioM = M, (sindcosp; sindsing; cosd) depending on arbitrary anglesnde.
Different to the spin torque deduced by J. Slonsk@\l], the spin torque in any layerns

. R U U L : .
written asT, = gd [Mi X m], that contains implicitly the magnetisation anthspccumulation

vectors. In case of two layers when two magnetinatialways find themselves in the same
plane the spln torque term in the free layer may Vetten as a superposition

T =a [M x M J+b [M X[M x M JJ where terms proportional to a due to the exchange

interaction between Mand M, and terms proportional to b are real “spin torque’this work

it is shown that in contrary to the previous casehéendase of three layers the presentation of
torque as a superposition of terms containing the vectatupts and double vector products
coming separately from the polariser and analyser isvalid any more, which proves that
contributions to the torque from FM1 and FM2 are non-adddive to the non-local origin of
the phenomenon.

[1] J.C. Slonczewski)MMM 159L1-L7 (1996) ; L. BergerPhys. Rev. B4, 9353 (1996).

[2] M Tsoi et al.,Phys. Rev. Let80, 4281 (1998)Nature406, 46 (2000).

[3] Urazdhin et al.Phys.Rev. B1, 100401 (2005)Appl. Phys. Lett87, 222510 (2005)Appl.
Phys. Lett86, 152509 (2005).
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TIME RESOLVED MAGNETO-OPTICAL IMAGING OF MAGNETIC D OMAINS
WRITTEN IN COPT FILMS WITH FEMTOSECOND LASER PULSES

A. Laraoui, V. Halté, M. Vomir, E. Beaurepaire, J.Bigot
Institut de Physique et Chimie des Matériaux de Strasbourg, Groupdgli®phionlinéaire
et d’'Optoélectronique, UMR 7504 CNRS - Université Louis Pasteur,
B.P. 43, 23 rue du Loess, F-67034 Strasbourg, France

Performing time resolved magneto-optical imaging withigh spatial resolution on the
ultrafast time scale is of great interest for studymggnetic nano-devices operating with a
potential high bandwidth in the TeraHertz regime. Conogrrihe temporal resolution,
magneto-optics performed with femtosecond laser palppsars to be a powerful method for
investigating the physical processes involved in the laser iddutrafast demagnetization [1]
as well as the magnetization precession and dampingrfzhis work we study magnetic
domains, induced optically in ferromagnetic CoPt films, usirdagneto-Optical Pump Probe
Imaging (MOPPI) technique with a temporal and spatial veeal of 150 fs and 300 nm
respectively [3]. The experimental set-up consists in teselved Kerr magneto-optical pump
probe measurements, where the magnetization dynasiogluced (wavelengthi=800 nm)
and probed (=400 nm) with femtosecond optical pulses delivered by arifedpTitanium-
Sapphire laser operating at 5 kHz. Figure 1a) shows the toagptcal image of a 300 nm
magnetic domain which is first switched in a CoPt/Gfdsswith a density of pump energy of
4 mJ.cnf without applied static magnetic filedoHThe image is then recorded for a pump
probe delay t = 300 fs with a density of laser excitatibh mJcnf. The differentiall M/CMO
contrast is due to a partial demagnetization (~25%phefftm. In figure 1b) the logo of our
institute IPCMS is written by switching the magnetizatiorthe reverse state on a CgRk05
film with a pump fluence of 8 mJcfrand for K = -50 Oe after saturation withok +4 kOe.
We have also studied the all optical switching on atg€dth film using circularly polarized
light similarly to the optical switching of ferromagieGdFeCo films [4].

a) b) -10 0 10 um
1.5 pm -
s .
% =
o

O H

v
1.5 um '

Fig. 1. a) MOPPI of a magnetic dot switched on a CoPt/dilmssnith a pump fluence of 4 mJcm
(Ho=0). b) The logo IPCMS is written on a CgRt,O; film with a pump fluence of 8 mJcm
(Ho=-50 Oe). For both images, the reading is performediat@ pump-probe delay (300 fs) and
for a pump fluence of 1 mJ.¢in

1. E. Beaurepaire, J.-C. Merle, A. Daunois, J.-Y. Bigblys. Rev. Leit6, 4250-4253 (1996).
2. M. Vomir, L.H.F. Andrade, L. Guidoni, E. BeaurepaireYJBigot. Phys. Rev. Let@4,
237601-237604 (2005).

3. A. Laraoui, M. Albrecht, J- Y. BigoOpt. Lett 32, 936 -938 (2007).

4. F. Hansteen, C. D. Stanciu, A. Kimel, A Kirilyukih.TRasing, Proccedings of 10Joint
MMM/Intermag Conference, p. 2January 7 — 11 (2007), Baltimore MD, USA.
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TOWARDS COMPACT EXPERIMENTAL DEVICES FOR INVESTIGATI NG THE
ULTRA-FAST MAGNETIZATION DYNAMICS

M. Vomir, M. Albrecht, J.-Y. Bigot
Institut de Physique et Chimie des Matériaux de Strasbourg,
Unité Mixte 7504 CNRS, Université Louis Pasteur, 23 rue du Loed8B%7034 Strasbourg
Cedex 2, France

The study of the ultrafast spin dynamics using fentose laser sources brings unique
information on the fundamental mechanisms involvedhi time dependent magnetization
over a broad temporal range (100 fs — 1 ns). With the perspeof implementing
femtomagnetism in convenient laboratory environments #ls® worth investigating new
experimental configurations which are compact and provide bigh spatial and temporal
resolutions: typically a few hundreds of nanometersfid a few tens of femtosecons [2]. We
focus here on such approach.

We have developed a pump probe magneto-optical Kerr aadidyasetup based on a
compact low power diode pumped fiber laser source similathése used for amplifying
optical signals in optical fiber telecommunications. Séenonstrate that it can conveniently be
used to investigate the ferromagnetic resonance indfmpdral domain of thin fiims and
submicron magnetic structures deposited on a high tempe@nductive substrate.

The experimental configuration is shown in figure 1. Botmpwand probe beams are
tightly focused and the Faraday rotation and elliptieity detected after a polarization bridge
with a high (50 kHz — elasto-optic modulator) or low (217 Hzmechanical chopping)
modulation frequency.
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Figure 1. Sketch of the experimental setup ir Figure2. Precession of the magnetizati
Faraday configuration with a polarization cube observed on the polar component of the 7.5 nm
analysis Ni/glass thin film.

Figure 2 shows the dynamics of the polar sigkfabl/Pol obtained on a 7.5 nm thick
film of Ni grown by sputtering on a glass substrate. Atemnal static field b= 3kOe is
applied for the complementary directiops 5° and 175° where is the angle betweenytdnd
the normal to the sample plane. In addition to theafalst demagnetization, a precession with
210 ps period clearly shows up. The respective advantages prdidgich compact (~Bn
femtosecond setup will be emphasized.

[1] A. Laraoui, M. Albrecht, and J. -Y. Bigot, Opt. Le82, 936 (2007).
[2] L. Guidoni, E. Beaurepaire, J.-Y. Bigot, Phys. Revi..&3, 017401 (2002).
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SPIN WAVE FILTERS ON THE BASE OF SPUTTERED GARNET FI LMS FOR
MICROWAVE APPLICATIONS

A.M. Grishirt, L.V. LutseV, S.V. Yakovle¥, and S.I. Khartsév
!Department of Condensed Matter Physics, Royal Institute of TechnSld@g 40 Stockholm-
Kista, Swede
Research Institute "Ferrite-Domen", Chernigovskaya Street 8, SaiensBatg, 196084,
Russialutsev@domen.ru

We report a fabrication of yttrium-iron-garnet1@) films sputtered on gadolinium-
gallium-garnet (GGG) substrates, a study of the sputfénesiand a construction of spin wave
filters. YIG films have been sputtered on (111) GGG sabestrby pulsed laser deposition.
From FMR spectra we have obtained the FMR linewdithand the difference between the
magnetization AM and the uniaxial anisotropy fields with the axis perpendicular to the film
surface. It is found that the sputtered YIG films areratizrized by narrow FMR linewidths
and by high values of the in-plane anisotropy field. Higlues of the in-plane anisotropy field
are due to a lattice mismatch between sputtered YIG #nd GGG substrates.

Spin wave filters are realized as one-channel woechannel filters. The applied magnetic
field H is parallel to the YIG film structure and is orthogbt@ propagating surface spin
waves. The one-channel spin wave filter is constructethe base of the sputtered sample. Its
amplitude-frequency characteristic presented in Fig. 1 skimatarrow frequency bandwidth
can be achieved in filters on sputtered YIG films.

Difference in #tM - Ha between sputtered YIG films and YIG films produced by theidi
phase epitaxy gives us opportunity to construct a two-chdiitezl Amplitude-frequency
characteristic of the two-channel filter on the baSesputtered and epitaxial YIG films is
presented in Fig. 2. The epitaxial film withtd - Ha = 1750 Oe is placed on the sputtered
film, so the GGG substrate of the sputtered film folangap. This leads to a decrease in
interaction between spin waves propagated in the egdit@riaand to some growth of signal
losses.

This work was supported by the Russian Foundation fac BRasearch (grant N 06 - 02 -
17030).
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FIG. 1: Amplitude-frequency FIG. 2 Amplitude-frequency
characteristic of the one-channel spin characteristic of the two-channel spin
wave filter on the base of sputtered wave filter on the base of sputtered YIG
YIG film. film (1) and the epitaxial YIG film (2).
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GENERATION OF THE BROADBAND CHAOTIC SIGNAL
IN THE SELF-OSCILLATION SYSTEM WITH
NONLINEAR TRANSMISSION LINE ON MAGNETOSTATIC WAVES

S.V. Grishin, Yu.P. Sharaevskii
Saratov State University, Astrahanskaya St., 83, 410012, Saratov, Russia

Currently the use of the chaotic signals as a new clatrier in communications, radar
and others applications is one of the important lineelecommunication systems development
[1]. During the last years the investigations determinestudy chaotic generation in the ring
self-oscillation system have been carried out. Bs¢hsystems the transmission line on the
magnetostatic waves is used as a nonlinear eleme3it [Phe nonlinear characteristics of this
line are determined by parametric excitation of exchange wpves in the ferromagnetic
films. The stochastic self-modulation of the osdiigtsignal is a result of this parametric
excitation.

In the paper the experimental results of the broatilzdnaotic generation in the MW
range in the ring self-oscillation system based orsdtiid state power amplifier and broadband
nonlinear transmission line at the magnetostatic seinfeave (MSSW) and backward volume
magnetostatic waves (BVMSW) excitation are presknfée chaotization of the ring self-
oscillation system eigenmodes, excited in the bandwidththef transmission line on
magnetostatic waves, is cause of the parametricagieit of the exchange spin waves by
magnetostatic waves and of the nonlinearity of soltespower amplifier. It's shown, that the
generation of the broadband chaotic signal with ttelypeontinuous spectrum is determined
by the features of the dynamic characteristic of thdinear transmission line on MSSW. This
feature is connected with the presence of the falliggoneon the dynamic characteristic of this
transmission line in the long-wave part of the MW rarigehe case of the BVMSW excitation
on the dynamic characteristic of the nonlinear pasdement, the region of the power limit is
also observed. However the dynamic characteristic sndése has not the falling region. The
experimental investigation of the external harmonic digriluence of various power levels on
the generation regimes of the ring self-oscillatigstam is presented in this paper.

The important applied result of this work is the possibiiif the broadband chaotic
signal generation tuning by the external bias field. Thegimated power of this signal in the
ring is the nearly equal to the power saturation obthelifier.

This work was supported by the Russian Foundation for Besearch (grant no. 06-02-
16451), the President grant (grant MK-1320.2007.9) and th@ogram of the Federal Agency
on Education of Russia Federation and CR@faNt no. Y4P-06-02)
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NONLINEAR MAGNETOSTATIC WAVES IN
COUPLED FERROMAGNETIC STRUCTURES
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Magnetostatic waves (MSW), what propagate in ferromagfiens and which intensive
study began actually last twenty years, take up the sgda@d in physics of nonlinear wave
processes, since they have a number of fundamentatgeds before other types of waves in
solid substances [1]. It is connected to variety of nbelinear phenomena accompanying
magnetostatic waves propagation and convenience ofdke@rimental study. The study of
nonlinear properties of these waves is of interestialsonnection with an opportunity of use
them in different nonlinear microwave devices. To the g@mesime the extensive theoretical
and experimental material on study of nonlinear phenormen®SW in single wave guide
structures, which characteristics are determined by a nfiegoetic film basically, is
accumulated. Only linear characteristics of MSW in cedgerromagnetic structures are well
studied at a present time. Not a lot of works, directadichlly, on study of dispersion features
of nonlinear MSW in structures consisting of layers ofasious nature [2] or on study of
relative influence of waves, propagating on different fregies in a single film [3], are
devoted to investigation of nonlinear waves in similanctures [4]. However, it is necessary
to emphasize that use of coupling significantly expandstitumalities of electrodynamics
systems. Thus, problems devoted to study of coupled wawesious nonlinear systems and
substances, including in coupled ferromagnetic structuresepresent significant scientific
interest.

At the present report the features of nonlinear wave gsses and effects of self-
influence at excitation of various types of MSW inupled ferromagnetic structures and
possibility of governing nonlinear processes in ferromagrgtis at coupling variation are
considered. With use of various approaches in the assmpthat coupling has
electrodynamic character and nonlinearity of each ef fibms depends only on variable
magnetization of this film, nonlinear models for the adgsion of MSW distribution in the
coupled structure in the form of two coupled nonlinear Schg#i equations are constructed
[5]. Coupling in this case results not only in changeadfies of group velocity, dispersion and
nonlinearity coefficients in the equations, but also ¢guorence of cross members, i.e. to
occurrence of nonlinear coupling.

It is shown, that use of electrodynamic coupling in degleferromagnetic structure
enables effectively to operate various characteristicsonlinear processes at excitation
magnetostatic waves: parameters of the processesatednsith solitary waves formation;
parameters describing development of self-modulation; cteraf development of complex
dynamics of envelope behaviour, connected with transiti@haotic behaviour.

This work was supported by the Russian Foundation for Basiedkch (grantse 07-02-
00639 andNe 05-02-16273) and Program of U.S. Civilian Research and Develdpm
Foundation (CRDF) and Ministry of Education and Sciencd&ka$sian Federation «Basic
Research and Higher Education» (Appendix—06-04).
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It is known that in real magnetics the appearanceagin@tic parameters local changes
happens due to structural and chemical non-homogeneitieoeal influence (mechanical,
thermal or solar). As it is usually difficult to makeprecise (microscopic) calculation, one is to
model the functions, which describe the parameters ohaehamogeneous material [1]. The
case is especially interesting, when the size of anetag non-homogeneity and the size,
describing a non-homogeneity of parameters of a stuffohtee same order. It results in
considerable complication of Landau-Lifshitz equation toe magnetization. Although the
task of excitation and distribution of the magnetizatiwaves, under certain conditions, is
reduced to the studies of the modified sine-Gordon equatitn floating factor [2]. The
investigation of big perturbations influence on the solutibmodified sine-Gordon equation
in general case can be investigated only with the helpuiencal methods [3]. In dynamic,
when in the area of such non-homogeneities (or defect$gmporally or spatial non-
homogeneous perturbation acts, under certain conditmnstrongly non-linear waves of
magnetic character can be aroused. Such waves aréyweadstigated.

In the research a non-linear dynamic of domain wdlgV) (sine-Gordon equation
kinks) for the case of 1D and 2D non-homogeneity ofrtiagerial parameters (for example,
magnetic anisotropy constant) was investigated witthéie of numerical methods. For the 1D
case we have studied the origin and evolution of thetsire of three types of magnetic non-
homogeneous appearing in anisotropy non-homogenity regiadirgfbreazer, fading breazer
passing in soliton, soliton. The value areas for therpat@rs governing the possibility of their
existence and the frequency of internal shape modeatmmillof domain wall are found. For
the 2D case we have investigated the dynamic of soli#angding waves, which appear on the
DW crossing of defect region, and the origin and evofutf the magnetic non-homogeneities
of soliton and breazer type, localized in this region.

References
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Magnetic structures consisting of submicron size magmits arrayed in two-dimensional
lattice have attracted recently a great attentiomulee of possible application of them in high-
density magnetic storage devices. The direct exchangedtiter between dots is absent and a
sole source of interaction is the long-range magnepiolel interaction. They often manifest
magnetic properties absent in bulk magnets or contintlonsilms. For small enough dots
(the diameter < 200 nm) the magnetization inside of aslatmost uniform, producing the
total magnetic momentn. For larger dot sizes, so called vortex state, with dhly total
magnetic momenim caused by out-of plane vortex core appears.

The ground state of an array of magnetic particles (ntegehets), which are ordered in a
square 2D lattice and whose magnetic moment is perpeaditol the lattice plane, is
chessboard antiferromagnetic (AFM). Being subject to external magnetic field
perpendicular to the system plane, the AFM statéaisles at low fieldsH < H, =2.3[H., the

ferromagnetic (FM) (saturated) state is stable atngtrbelds H >H, =9.03[H., where
H. =m?/a’ is characteristic field of magnetic dipole interastigs a lattice spacing, with
complicated structures &, <H <H,.

The long-range character of interaction of magnetic tesids to unique properties of
collective excitations in this system, which are abserboth continuous thin films and for
dipole coupled spins in the 3D lattice. Especially for Btdte non-analytic dependence of
collective mode frequencies on quasi-momentmappears,w-uy, 0|k | mpu k — 0. For

AFM state, the spectrum consists from two energy hamdgh are connected at the border of
the Brillouin zone of dot the lattice at zero magndistd, but these two bands are well

separated by energy gap at high enough figdds H,, H,—H ~H,. In this case, theo(k)

dependence is analytic for lower band, but the singylafitype w-w, O]k | at k — 0 is

present for higher band. These peculiarities leads testamdard Van Hove singularity in the
density of stateN (w), N(w) ~[w-0w, |-

Real magnetic dot arrays are big, but finite systeand the border effects plays an
important role in their static and dynamic propstiln particular, their spectrum includes
some modes, localized near the border. These naydesm analogy of surface states (Tamm

states) known for usual crystals. Their amplitude be present ag ~ expﬂkl|| -pl, ], I|| u

number the lattice cites along the border and perperditulit, respectively. The quantily
having a sense of quasimomentum along the border line, tiaitioa p = p(k) >0 determine
the region of the existence of such modes. For tiesthe local mode is located above the
continuum spectrum. For AFM, this mode is well defl for the border of (1,1) type. It is
located below the continuum, it softens at the g of the field value and leads to the state
instability.

The work is partly supported by INTAS 05-1000008-31
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MAGNATOELECTRIC INTERACTIONS AND SPIN WAVES SPECTRUM IN
YTTRIUM IRON GARNET

E.A. Turov, M.I. Kurkin, V.V. Men’shenin, V.V. Nikolaev
Institute of metal physics UrO RAS, 620041 18, Sofia Kovalevskayk&terinburg, Russia

Results of investigation of magnetoelectric effects/timium iron garnet (YIG) are
reported. In the unit cell of crystal structure of Yi§pgce groupD;’) the magnetic Fe ions
occupy 16 positions of tha type and 24 positions of the type [1]. Thus a complete
description of the magnetic dynamics YIG is liable te 88 dynamic variables. The aim of
our investigations was reduce variables number to miniatalning variables which connect
with magnetoelectric interaction.

Such magnetoelectric variables must change their Isygaction of the operator of
spatial inversionl, as vector of electrical polarizatiéh

1P =-P. (1)
It means that these variables must be connectédReitions which were transformed one into
another byl. It is a property of Fe ions id positions. They were distributed between two
sublattices with magnetizatidviy; andM g, according to principle:

1Mgi=Mgz, 1Mg=M;. (2)
Corresponding to this distribution the antiferromeic vector

L:(Mdl-Mdz) (3)
changes its sign by acting @f

1L=-L, (4)

as vectorP (1). The vector. was be used for solution of two problems. At tivet fthe
components of vectols, M=(Mg1+My) andP are constituents for composition of invariants

with respect to all operations of symmetry of thmaee groupO!°. The magnetoelectric

interactionVye in YIG is determined by these invariants. At teeand the interaction of the
vectorL with spin of Fe ions in tha position must determinate that searched magnetoele
variables, which were mentioned above.

Unlike d position thea position is not transformed by operatbnTherefore the Fe
ions ina position may be united into common sublattice withgnetizatiorM,. The vectors
Ma, Mg and Mg, form the three-sublattice model, which is suffitidor description of
magnetoelectric effects on YIG. Spin waves spectruthis model contains six branches. Two
acoustic and two optical branches are known frorn-sublattice model YIG [2]. Two
additional branches are caused by vetteoibrations. There are electromagnon branches (they
are named by antimagnons in [3]), because theybzarexited by electric field due to
magnetoelectric interactiove. It was received the spectrum of coupled magnettrat
waves (EMW) and electromagnons, which was useddéscription of EMW polarization
plane rotation (Faraday effect). Another electnvacexcitation in YIG (for example optical
phonons) may interact with EMW also, but theseradgons don't influence of Faraday
rotation.

The work was supported by RFBR (grant 05-02-16@8%) Presidium RAS(program
“Quantum Macrophysics”).

[1] A.B. Harris. Phys.Rev155 449-510 (1967).

[2] A.B. Harris. Phys.Rev132 2398-2409 (1963).
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MODES INTERACTION IN MICROSTRIP'S FMR SPECTRA

S. L. Vysotsky, S. A. Nikitov?, Yu. A. FilimonoV, Yu. V. Khivintsev
'Saratov branch of IRE RASRE RAS,
1410019, Saratov, Zelenaya str. 3825009, Moscow, Mokhovaya str. 11

In long narrow magnetic microstripe of rectangularssreection one can observe in
addition to well-known dipole and exchange spin-waxeitations 1) discretisation of spin-
wave spectra caused by lateral confinement effeét=8f [1] and 2) localised near the stripe's
edges modes (LM) af =90 [2] whered is the angle between direction of tangential bias
magnetic field and the longitudinal axis of the stripetHis work the possibility of resonant
interaction of microstripe's spin-wave modes will beveh using ferromagnetic resonance
technique.

We have investigated the microstrip array FMR spectfa8at GHz depending on the
angle 8. The array was fabricated from 60 nm-thickResoCr2s film magnetron sputtered on
Si (111) substrate. Using e-beam lithography the stripesamtidth of w=3 um, a length of

90um, and a distance between the stripesuin5were performed at ¥43 mnf area. The
experimental dependence of microstripe array FMR peaksgrosn the angled is shown in
the figure (a). Marks 1,2,3,4 correspond to quasiuniform modé&r,Damon-Eschbah mode
and BVMSW mode, respectively; LM corresponds to locdlisede. Comparising with the
calculated angular dependence of SW spectrum on theialreaft external magnetic field
Ho=1 kOe - see figure (b) - demonstrate the possibility @des interaction.
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The work was supported by RFBR grants 06-07-89341 and 05-02-17361.

1. C. Mathieu, J. Jorzick, A. Frank, S.O. Demokritov elLateral quantization of spin waves
in micron size magnetic wires//Phys. Rev. Lettet898.- V.81.- N0.18.- P.3968-3971.

2. J. Jorzick, S.O. Demokritov, B. Hillebrands, M. Baill et al. Spin waves in nonellipsoidal
micrometer size magnetic elements. Phys. Rev. [s=tt2002.- V.88.- No.4.- P.047204.
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PARAMETRIC MAGNATOELECTRIC EFFECTS INTO ALTERNATING
MAGNETIC FIELD

M.I. Kurkin, V.V. Men’shenin, N.B. Bakulina
Institute of metal physics UrO RAS, 620041 18, Sofia Kovalevskayk&terinburg, Russia

Magnitoelectric effects are magnetization of sanipleslectric field and its electrical
polarization by magnetic field [1]. Both effects are caulsg magnitoelectric interactiofye,
which combine the components of antiferromagnetisnmagnetizationM, and electrical
polarizationP vectors [2]:

O =-APLYM PP (1)
The products of componerits M andP (1) must be invariant with respect to all operations of
group symmetry of crystal; therefore the magneticraggon may exist in substance with
special crystalline symmetry and magnetic ordering [2]. Tiitisraction determines specific
coupling of electricity and magnetism, which is not désctiby classical Faraday-Maxwell
electrodynamics.

As it follows from (1), the interactio®ye determines the effective electric field:

0P,
q=—ME = _F)IMP, 2
eff apg ( )
Which forms electrical polarization
P =kES = —KALUM 7, (3)

k — electrical susceptibility. TheM” is induced by static magnetic field, thé?” (3)
describes the static magnitoelectric effect. The sigriadynamic magnitoelectric effect is

described byM #(t Jinduced by oscillating magnetic field

H({t)=H_sinat. (4)
This signal may be amplified by the resonance effeety+ w, is an eigenfrequency d¥l (t)
vibrations. For antiferromagnetic the valugg are frequencies of antiferromagnetic resonance

(AFMR). At present the dynamic magnitoelectric efsewere investigated for ordinary AFMR
in field H(t)OH, with frequency w=w, [2]. There exists parametric AFMR in field
Ht)||H, with double frequencyw= 2w, [3]-[4]. The properties of polarizatiofP® (3)
caused by parametric AFMR (parametric magnetoae(®ME) effect) is a subject of this
report discussion.

The most favorable conditions for observation PMgnals are received. These
conditions unite the conditions of magnitoelecteffect existence and parametric AFMR
excitation. It is found that this different conditis coexist in foresublattice antiferromagnetic
Cr,TeQ with crystalline stricture of thirutile.

The work is supported by RFBR (grant 05-02-1608W) Bresidium RAS (project6
of program “Quantum Macrophysics”).
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FERROMAGNETIC RESONANCE CHARACTERIZATION
of the Fe/MgO (001), Fe/GaAs(100), Fe/Si(111) FILMS

S.A. Nikitov', A.S. Dzumalie®, Yu.V. Nikulin?, V.K. SakharoV, E.P. Rusit,
S.L. Vysotsky, Yu.A. FilimonoV
'RE RAS, Moscow, Russia;
’|RE RAS, Saratov Branch, Saratov, Russia;
3Saraov State University

Different aspects of the structure-magnetism aatphology-magnetism correlation Fe
films are the objects of considerable interest. Thgnatoptic Kerr effect (MOKE), atomic
force microscopy (AFM), scanning tunnelling microscopy (STaviyl SQUID magnetometry
techniques were used for characterization of magnetm@anpeters, hysteresis lopes and
morphology of the nanoislands Fe/MgO films. Howevéhe correlation between
ferromagnetic resonance (FMR) properties and morplotiigthe Fe films haven't been
discussed to our knowledge. The purpose of this work ispmrtrabout our investigation of
the magnetic parameters of the Fe/MgO(100), Fe/GaAs(100&Bi111) films receiving by
MBE and magnetron sputtering by means of FMR and iteledion with data measured by
AFM, MOKE and magnetic force microscopy (MFM) techniques

As an example the AFM image of the Fe/MgO(100) fitith thicknesst =40A is shown
on Fig.1. Both separate islands and rounded mounds witlallatierensions from 50nm to
=50nm are seen. Fig.2 illustrates the resonance magnetd& i, () and FMR linewidth

AH(F) as a function of anglé between magnetic field and [100] axis of Fe film (see. Fig.1)
measured at frequency 9.85 GHz in tangentially magnetikrad Niote, that FMR linewidth
for film magnetized in “hard” directionséd(=0,90°) are 2-3 times smaller than for film
magnetized in “easy’d = 45,135 ) directions. An increase afH in “easy” directions could be

attributed to more pronounced role of demagnetizatior fike that case. The thickness
dependencies of the magnetizatieh,), FMR linewidth (AH), anisotropy field H,) and

constant K1) are shown on Fig.3 by curves 1-4, respectively. Magesisiance measured for
current direction parallel to magnetic filed and perpardicto MgO facets is shown on Fig.4
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OUT-OF-PLANE EXCHANGE ANISOTROPY
IN (AF/F) NiO/PERMALLOY BI-LAYERS

F. Zighent, Y. Roussign& K. Bouziand, S.-M. Chérit and P. Moch
'L PMTM, Université Paris Nord, 99 avenue J.-B. Clément 93430 Afiketse, France
’Department of Physics, College of Science, Sultan Qaboos UnivErsily Box 36,
Al-Khodh 123, Oman

The magnetic properties of (antiferro/ferro) NiO/peltaabi-layers are compared to those of
single permalloy films through magnetometric VSM (vibrg sample magnetometry)
measurements, ferromagnetic resonance (RF usingripéirge technique) and Brillouin Light
Scattering (BLS in backscattering geometry). The saspbnsist in polycrystalline sputtered
films of fixed permalloy thickness (10.4 nm) and, concernirgg liklayers, of variable NiO
thickness (from 6 to 47 nm), cooled in presence of ananegmagnetic field previously to
their experimental study. The VSM measurements asagdlie RF and BLS spectra obtained
under an in-plane applied magnetic field are fully coestswith the conventional model of a
magnetic density of energy dependingHfo&nd of the usual magnetic parameters which can be
satisfactorily fitted : M (magnetization), A (stiffregxchange), H(perpendicular anisotropy
field), supplemented, in the case of bi-layers, by anlang anisotropy field Hand a bias
exchange field E However, in the case of an out-of-plane applied reagfield, this model
does not account for the experimental results. Wedote a new term in the expression of the
density of energy which allows to recover agreemertt thie observed behaviour whatever is
the direction o : this term can be identified as an additional perprddi anisotropy field
OHnq, the amplitude of which is proportional to cmg[wherea stands for the angle between
H and the direction normal to the bi-layer ; the valuékhfp reaches a few kOe and is then
significantly higher than the in-plane termg &hd H ; indeeddHp, is absent for the single
layer. The origin of this out-of-plane exchange angwir will be discussed in the
communication.
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DYNAMIC RESPONSE OF THE MAGNETISATION
TO A SUB-PICOSECOND HEAT PULSE

N. Kazantseva* D.Hinzke, U. Nowak, R. W. Chantrel| and
O. Chubykalo-Fesenko
nk505@york.ac.uk
! Department of Physics, University of York, York YO10 5DIX.U.
2 Instituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco, 28049, M&jrain

The dynamic behaviour of ferromagnetic materials atvatbd temperatures is currently
attracting many researchers from both fundamental (ponoipe experiments) and applied
(heat-assisted magnetic recording) points of view. Oheéhe main issues of the high-
temperature dynamics is the rate of magnetisaticaxagbn and switching. In the present
work, using the Langevin dynamics simulations with amattic spin model, we demonstrate
the occurrence of several important effects of thecrospin dynamics at elevated
temperatures.

It is found that the ferro- to paramagnetic phasesttiam can occur on a time scale of less than
one picosecond, in agreement with published experimerttal Hlawever, the recovery of the
magnetisation can take place on very different ticees, depending on the magnetic state
after heating. It is on the time scale of picosecaohtie system retains some “memory™ of the
initial state, but can take up to two orders of magnitudgdonf the magnetic state is
completely disordered after heating. The existence sib@ recovery of the magnetisation
after full demagnetisation is experimentally confirmed.

We also demonstrate an excellent quantitative agreebetween atomistic modelling based
on Landau-Lifshitz-Gilbert equation and the macro-spin mdseled on Landau-Lifshitz-
Bloch equation [1]. Consequently, the LLB equation couldesas a basis for micromagnetics
at elevated temperatures. Importantly, this equatiorbeamsed even for temperatures above
Tc and, thus, provides a suitable basis for pump-probe exgerimodelling. We demonstrate
the capabilities of a micromagnetic LLB equation ingeging the temperature dependent
magnetisation dynamics of FePt nano-particles [3].

[1] D.A. Garanin, Phys. Rev. B5, 3050 (1997)

[2] O. Chubykalo-Fesenko, U. Nowak, R.W. Chantrell andGaranin, PRB74, 094436
(2006)

[3] O. Mryasov, U. Nowak, K. Guslienko, and R.W. ChalhtEeurophys. Lett69, 805 (2005)
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