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Introduction

International Symposium on Spin Waves
Saint Petersburg, Russia, June 5-11, 2011

Since the sixties biennial Symposium on Spin WawesSt. Petersburg was aimed at
providing an opportunity for discussion of the #t@advances in fundamental studies of
dynamic properties of various magnetically ordemeterials. This year the Symposium will
highlight the modern problems of magnetic dynanansg novel trends in magnetism. The
Symposium will include discussions on the receatherged research topics such as ultrafast
phenomena of spin dynamics, current-induced anerexi-field-induced spin dynamics, spin
dynamics of nanostructures, quantum magnets antifenwdics, X-ray and neutron probe of
magnetism, and others. Recent advances in spiof,ogpin-wave devices, magnetic and
magneto-optical recording technology, as well as fhospects of exploiting the spin
dynamical phenomena for ultrafast recording anadgssing of information will be discussed.
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Monday, June 6

International Symposium Spin Waves 2011
Oral Session Program

10.00410.10 |Opening address

10.10-11.10 | Session 1 Spintronics
10.10-10.40 J Nogues Controlling magnetic vortices using exchange bias
(invited) p. 15
V.V. Kruglyak Magnonics: exploiting spin waves in magnonic meta-
10.40-11.10 (invited) materials and devices p. 16
11.10-11.50 Coffee breakd art exhibition
11.50-12.35 | Session 2 Ultrafast magnedtion dynamics
11.50-12.20 A. V. Scherbakov  Magnetization Precession Induced by Picosecond ol
' ' (invited) Pulses in Ferromagnetic Materials p. 17
. Time-Resolved imaging of spin reorientation in raegth
12.20-12.35 | |. Razdolski orthoferrites 0. 18
13.00-14.30 Lunch
14.30-1545 | Session 3 Quantum spin phenena
14.30-15.00 g#\;itl\e/ld)Bunkov Magnon Bose-Einstein condensation p. 19
Direct observation of first order quantum coheresaice
15.00-15.15 | O. Dzyapko phase locking in magnon Bose-Einstein condensgie20
The first observation of magnon BEC in solid
15.15-15.30 | A. V. Klochkov antiferromagnet CsMnfF a2
Voltage-dependent electron distribution in a srapih
15.30-15.45 | V. I. Kozub valve: emission of nonequilibrium magnons and
magnetization evolution p. 22
15.45-16.15 Coffee breakd art exhibition
16.1548.00 | Session 4 Spintronics andagnetic films
i . Magneto-optical studies of interlayer coupling &/$i/Fe
16.15-16.30 | D. I. Kholin tri-layers 0. 28
16.30-16.45 | Y. Matiks Electronic phase transitions in nickel-oxide Slmlﬂd;sz4
i . Magneto-photonic behavior in 2D hexagonal patterns
16.45-17.00 | E. Th. PapaloannouComlooseol of @ magnetic metals 2B
Plasmon-enhanced near-field magneto-optical KéectS
17.00-17.15| V. A. Kosobukin and related scanning microscopy via a linear naotmpr
p. 26
) Spin-induced optical harmonic generation in the
17.15-17.30 | D. Brunne centrosymmetric semiconductors EuTe and EuSe. 27
17.30-17.45 | A. Stashkevich Detection of buried layers in ferromagnetic mellahsé -
: Magnetic fluctuations as the reason of the metaHator
17.45-18.00 | R. M. Farzetdinova transition in magnetic semiconductors p. 29
18.00-19.30 Get-togethmarty




International Symposium Spin Waves 2011

Tuesday, June 7 Oral Session Program
09.00-10.30 | Session 5 Quantum and fruated magnets
) L. E. Svistov Magnetic phases of the frustrated S=1/2 chain comgo

09.00-09.30 (invited) LiCuvO, p. 30
Spin-fluctuation-mediated superconductivity in iron

09.30-09.45 | A. V. Boris arsenides: complementary thermodynamics and optical
studies p. 31

09.45-10.00 | S. V. Maleyev Spin waves in cubic helimagnets p. 32

10.00-10.15 | A. N. Ignatenko Z,-vortex unbinding transition for two-dimensional

frustrated antiferromagnets p. 33
10.15-10.30 | T. P. Gavrilova Electron spin resonance in &a,0g p. 34
10.30-11.00 Coffee biea
11.00-12.30 | Session 6 Quantum and fruated magnets
11.00-11.30 Ei)r;vﬁ‘éds)tarykh Breaking the spin waves: spinons inQsCl, p. 35
ESR modes in the spin-liquid phase of a two-dineamedi
11.30-11.45| K.Yu. Povarov frustrated quantum antiferromagnetCsCl, p. 36
) . Low-temperature thermodynamics of frustrated ctadsi
11.45-12.00 | V. Ya. Krivnov spin chain near the critical point p. 37
12.00-12.15| V. R. Shaginyan  Properties of kagome lattice in ZnffOH):Cl, p. 38
) . Magnetic resonance in CgBnd ferromagnetic
12.15-12.30 | S. V. Demishev correlations 0. 30
13.00-14.30 Lunch
14.30-17.30 | Session 7 Quantum and frusted magnets
14.30-15.00 O A Petrenko Spin dynamics in the hyperkagome compoungdGagD; ,
(invited) p. 40
15.00-15.30 D N Aristov Asymmetric spin ladders: analytical and numeritatlies
(invited) p. 41
i . Anomalously large damping of long-wavelength magngn
15.30-15.45 | A. V. Syromyatnikov caused by long-range interaction p. 42
15.45-16.00 | V. N. Glazkov Effects of weak interchain coupling on a spm-gaqg;ei?)

16.0016.30 Coffee break
16.30-16.45 | D.S. Inosov Spin excitations in 122-ferropnictide supercondrgto

studied by inelastic neutron scattering p. 44
i - Magnetic anisotropy of 2D antiferromagnet with rigalar
16.45-17.00 | A. M. Vasiliev lattice CUCrQ 0. 45

17.00-17.15 | A.V. Semeno Probing of MnSi by electron spin resonance p. 46

) Magnetic anisotropy and exchange interactions ¢80
17.15-17.30 | S. Sofronova and CaB,0; D. 47

| 17.30-20.00 | Poster session and refreshments |




Wednesday, June 8

International Symposium Spin Waves 2011
Oral Session Program

09.00-11.15 | Session 8 Multiferroics
S. Kamba Review of spin-phonon coupling in cubic SIMR@UTIO;
09.00-09.30 | - ited and hexagonal YMngantiferromagnets: radiofrequency
(invited) THz and far-infrared studies p. 48
) A. Pimenov Magnetic and magnetoelectric excitations in muitde
09.30-10.00 (invited) manganites p. 49
i . CoupledR and Fe magnetic excitationsRfre;(BO3),
10.00-10.15 | A. A. Mukhin multiferroics p. 50
i Spin flexoelectricity: magnetic domain walls andtices
10.15-10.30 | A.P. Pyatakov as sources electric polarization p. 51
10.30-10.45 | A. V. Malakhovskii g'rfstt‘?djes's in magnetization bt sGdh sF&;(BO3)s smglg E
Evidence ofp-d andd-d charge transfer and insulator-to-
10.45-11.00 | M. Ivanov metal phase transitions in nonlinear optical respasf
(Lag.6Pro.4)0.7C.MNO;3 s
11.00-12.00 Lunch
\ 12.30-19.00 | i Excursion to Peterhof p - ark and palace \




Thursday, June 9

International Symposium Spin Waves 2011
Oral Session Program

09.00-11.15 | Session 9 Nonlinear dynamiasd nanostructures
09.00-09.30 B. A. Kalinikos Random formation of coherent spin-wave envelope
' ' (invited) solitons from incoherent microwave signal
i G. Woltersdorf Magnon magnetometry by XMCD and spin wave
09.30-10.00 (invited) propagation in wires
) .. Observation of black spin wave soliton pairs imiyth
10.00-10.15 | M. A. Cherkasskii iron gamnet thin films
Dual tunability of microwave chaos auto-generatsdal
10.15-10.30 | A.V. Kondrashov on ferrite-ferroelectric film structure
201.10- Non-linear spin-wave phenomena in chiral molecular
10:30-10:45 | F. Mushenok magnets
, ) s Self-generation of chaotic dissipative solitonrigain active
10:45-11:00 | S. V. Grishin feedback rings based on the ferromagnetic film
11.00-12.00 Lunch
13.00-14.45 | Session 10 Magnetization dynarsiand nanostructures
V. E. Demidov Control of spin-wave emission characteristics ohsp
13.00-13.30 (invited) torque nano-oscillators
) . Atomistic spin dynamics simulations of ferrimagieti
13.30-13.45 | J. Hellsvik [eSONANce
The model of ultrafast magnetization reversal witho
13.45-14.00 | N.B. Orlova femtosecond spin dynamics
) : Suppression of standing spin waves in low-dimeraion
14.00-14.15 | A. Taroni magnets
14.15-14.30 | T.V. Murzina Optical and nonlinear-optical studies of Ni nanarod
) Cobalt nanoparticle arrays on fluoride surfaceswgn
14.30-14.45 | N. S. Sokolov and MOKE studies
14.45-15.15 Coffee-break
15.15-17.00 | Session 11 Magnetostatic waves
) Magnetostatic spin waves propagation in wedge
15.15-15.30 | S. Platonov superlattices
i . Magnetostatic waves propagation in periodic magneti
15.30-15.45 | A. Yarygin structures with anisotropy
15.45-16.00 | L. V. Lutsev Spin waves in nanosized magnetic films
i Spin pumping and conversion of spin current intargh
16.00-16.15 N. Volkov current in Co/§Fe0,, bilayer structure
16.15-16.30 | M. Fayzullin Possible mechanisms of magnon sidebands in KCuF
18.00-20.30 Conferencmder




Friday, June 10

International Symposium Spin Waves 2011
Oral Session Program

09.00-11.00 | Session 13 Trends in magnetism
Th. Rasin Ultrafast optical spin manipulation: challenges and
09.00-9.35 (invited) ? opportunitizs P P k p. 75
9.35-10.10 S S Sosin Spin. dynamics of Heisenberg and XY pyrochlore mégne
' ' (invited) studied by ESR p. 76
Far-IR excitations in multiferroics studied with N&ir
10.10-10.25 | A. A. Sirenko matrix ellipsometry and transmission spectrosccpggl
synchrotron radiation p. 77
10.25-11.00 A A Serga Collapsing bullet and subwavelength spin-wave beams
(invited) p. 78
11.00-12.00 Closing ramks and coffee

10



International Symposium Spin Waves 2011

Tuesday, June 7 Poster Session Program
17:30-20:00
01  G. Abramova, M. Boehn®. Bolsunovskaya B. Ouladdiaf

Elementary excitation spectra of,Mn,,S single crystals p. 80
02 A. A Astretsov, V. V. Pavlov, R. V. Pisarev, V. A. Rusakov, P.Usachev, A. |. Stognij,

N. N. Novitski

Optical and magneto-optical study of nanosizedfeagnetic metal-dielectric structures

[ColTiO,)/Si p. 81
03 A. G. Bazhanovy A. M. Zyuzin

Calculation of the resonant fields of SWR spectith @ smooth change of the symmetry boundary

conditions in three-layer magnetic film p. 82
04 E. N. Beginin

Propagation of microwave pulses through the noalim@nsmission line based on ferromagnetic

structure p. 83
05 E. N. Beginin S. A. Nikitov, Yu. P. Sharaevskii, S. E. Sheshuko

Gap solitons in magnonic crystals at 3-wave intévas p. 84
06 V. D. Bessono\R. Gieniusz A. Maziewski, H. Ulrichs, V. E. Demidov,

S. O. Demokritov, S. Urazhdin

Resonant nonlinear frequency multiplication in ragopic magnetic elements 8:.
07 P. Bondarenkag B. A. lvanov

Dynamic properties of discrete solitons in 1D mdigngots array p. 86
08 A. Drozdovskii, A. Ustinov, B. Kalinikos

Pulsed excitation of surface spin-wave envelopgosisl in magnonic crystal p. 87
09 V. A Dubovoj, L. V. Lutsev, A. I. Firsenkov, A. E. Kozin, D. Nredin

Traditional and perspective spin-wave devicesherrhicrowave frequency band 8.
10 E. G. EkomasovR. R. Murtazin, Sh. A. Azamatov, A. M. Gumerov,A.Ekomasov

Nonlinear dynamics of the domain watisthe magnetic with 1D and 2D case nonhomogenities

modulation of the parameters of the magnetic aropgt p. 89
11  Yu. A. Fridman, O. A. Kosmachev, Ph. N. Klevets

Phase diagram in spin-1 easy-plane antiferromagnet p. 90
12 A. A. Gippius, N. E. Gervits, M. Baenitz, M. Schmitt, K. Koch,.\8chnelle, W. Liu,

Y. Huang, H. Rosner

NMR study of low dimensional spin syst&rn,[PO;(CH,)PO;]: magnetic versus structural

dimmers p. 91
13  A. Go, L. Dobrzyaski

An influence of local environment on spin densitkstribution in FeAl and FgSi doped with

transition metals p. 92
14  N. Grigoryeva, B. Kalinikos

Dipole-exchange spectrum of highly anisotropicderagnetic thin-film waveguides on terahertz

frequencies p. 93
15 N. GrigoryevaR. Sultanov, B. Kalinikos

Dependence of the normal wave spectrum in multifelayered structure on surface spin-pinning

conditions p. 94
16  S. V. GrishinD. V. Romanenkq Yu. P. Sharaevskii

Nonlinear model of a ferromagnetic film feedbacigrat three-wave interactions p. 95
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17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

A. N. Ignatenkoy. Yu. Irkhin , A. A. Katanin
Self-consistent spin wave theory, elementary eticita and Néel temperature in triangular-lattice

antiferromagnets p. 96
P. A. lgoshev, A. V. Zarubin, A. A. Katani, Yu. Irkhin

Spin wave and one patrticle instabilities of ferrgmetic state in the Hubbard model 9%.
D. llyushenkov, D. Yavsin, V. Kozhevin, I. Yassievich, V. Kozud, Gurevich

Magnetic properties of the Ni amorphous nanografiinhes p. 98
V. P. lvanovS. A. Manuilov, A. M. Grishin, G. A. Nikolychuk

Step forward to the new materials for MSSW devices p. 99

A. S. Kamzin, Fulin Weil, V. Ganeev, L. D. Zaripova
Preparation and study of {M=Co or Pt) thin films for ultrahigh-density magretecording

p. 100
A. N. Kalinkin , V. M. Skorikov
Skyrmion lattices in multiferroics p. 101
E. Karashtin, O. Udalov
Properties of high frequency conductivity in notioglar ferromagnets p. 102

A. D. Karenowska A. V. Chumak, V. S. Tiberkevich, A. A. SergaFJ.Gregg,

A. N. Slavin, B. Hillebrands

Oscillatory energy exchange between spin wave moaiggled by a dynamic magnonic crystal
p. 103

N. Khasanov

Some aspects of the influence of defects on thedtion of thermoremanent magnetization in

two-domain grains ensemble p. 104

R. Khymyn, V. E. Kireev, B. A. lvanov
Ground states of the triangular arrays of magrdiits in the presence of the external magnetic
field p. 105

M. I. Kobets, K. G. Dergachel, N. Khatsko, S. L. Gnatchenko
Features of high-frequency properties of the chdth-es(BOs), in the incommensurate magnetic
phase p. 106

M. I. Kurkin,N. B. Orlova
Equations to describe the femtosecond magnetosoptider the electric-dipole excitation of

electrons p. 107
A. P. Kuz’'menko, P. V. Abakumov
Raman image of the magnetic structure in YEeO p. 108

N. Leo, D. MeierR. V. Pisarey, S.-W. Cheong, M. Fiebig
Role of the rare-earth magnetism in thagnetic-field induced polarization reversal in tifieiroic
TbMn,Os p. 109

E. H. Lock, A. V. Vashkovsky
On the relationship between power and dispersiamnaciteristics of a dipole spin waves p. 110

L. V. Lutsev, A. I. Stognij, N. N. Novitskii, A. S. Shulenkov

Spin-wave and spintronic devices on the base ohetagnanostructures p. 111
M. A. MorozovaYu. P. Sharaevskij S. E. Sheshukova, M. K. Zhamanova

Self-action effects of magnetostatic waves in lagiderromagnetic structure p. 112
N. V. Ostrovskaya V. V. Polyakova, A. F. Popkov

Analysis of bifurcations in the model of a thregdeed magnetic structure p. 113
K. G. Patrin, V. Yu. Yakovchuk, D. A. Velikanov, G. S. Patri§, A. Yarikov

Magnetic, resonance and magnetoresistivity praggedf trilayer NiFe/Bi/NiFe films p.41

12



36

37

38

39

40

41

42

43

44

45

46

a7

48

49

50

51

52

53

V. V. Pavloy, A. B. Henriques, A. Schwan, |. Akimov, R. V. Rieg, D. Yakovlev,
M. Bayer
Picosecond spectroscopy of electronic-spin exoitatin magnetic semiconductor EuTe p. 115

Anna Pimenoy, Ch. Kant, A. Shuvaev, V.Tsurkan, A. Pimenov

Synthesis, characterization and dynamic magnetipgsties of multiferroic chromates p. 116
V. K. Sakharov, Y. V. Khivintsev, S. A. Nikitov, Y. A. Filimonov
Magnetic structures based on periodically altengatiobalt and permalloy stripes 74

V. K. Sakharov, Y. V. Khivintsev, S. A. Nikitov, Y. A. Filimonov
Magnetoresistance and domain structure in patterreghetic microstructures based on cobalt and

permalloy films p. 118
A. V. Sizanoy, A. V. Syromyatnikov

Magnetics with large single-ion easy-plane anigmtro p. 119
P. M. Shmakoy, A. P. Dmitriev, V. Yu. Kachorovskii

Spin waves in diluted magnetic quantum wells p. 120
A. l. Smirnov, K. Yu. Povarov, S. V. Petrov, A. Ya. Shapiro

Magnetic resonance in ordered phase of spin-lifeeamagnet C£LuCl, p. 121
A. O. Sorokin, A. V. Syromyatnikov

Transitions in three-dimensional magnets with estder parameters p. 122

R. R. Subkhanguloy B. R. Namozov, K. V. Kavokin, Yu. G. Kusraev, ¥A. Koudinov
Temperature dependence of multiple spin-flip Rasgattering in magnetic quantum wellg. 123

S. M. Suturin, L. Pasquali , A. G. Banshchikov, D. A. Baranov,W Fedorov,
K. V. Koshmak, Yu. A. Kibalin, P. Torelli, J. FujiG. Panaccione, N. S. Sokolov
XMCD studies of magnetic properties and proximiffeets in Co/Mnk(111) heterostructures

R4
D. O. Tolmachev, A. S. Gurih. G. Romanoy P. G. Baranov, B. R. Namozov,
Yu. G. Kusraev
ODMR of Mn-related excitations in (Cd,Mn)Te quanturells p. 125
V. Tugarinov, A. Pankrats, G. Petrakovskii, S. Kondyan, D. katiov, V. Temerov
Antiferromagnetic resonance and magnetic investigatof rare-earth ferroborates 161
O. G. Udalov
NMR spectrum in the non-collinear antiferromagnetM ,Ge;0;, p. 127

P. A. UsacheyA. A. Astretsov, V. A. Rusakov, V. V. Pavlov, N. Tarima, S. A. Kitan',
V. M. lliyaschenko, N. I. Plusnin
Magneto-optical properties of Fe and Fe/Cu laye@tbstructures on Si(001) 128

N. Useinovand L. Tagirov
Spin-polarized conductivity of double magnetic tehjunction p. 129

A. G. Volkov,A. A. Povzner
The nonlinear effect of external electric fieldthe spin excitations and the electronic structdire o
ferromagnetic semiconductors p. 130

S. L. Vysotsky, Yu. A. Filimonov, E. S. Pavlov, S. A. Nikitov
Influence of metal on formation of forbidden gapsSMSW spectrum of 1D ferrite magnonic
crystal p. 131

S. L. Vysotsky, Yu. A. Filimonov, E. S. Pavlov, S. A. Nikitov
Influence of three magnon parametric instabilityM8&SW Bragg resonances in 1D magnonic
crystal p. 132
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Controlling magnetic vortices using exchange bias

J. Nogués®?, G. Salazar-AlvarézJ. J. Kavich, M. Tanas& A. Mugarzg, S. Stepanofy
V. Baltz’, A. Webef, L. J. Heydermdh A. K. Petford-Long, O. Heinonen M. D. Bar8,
B. Dieny, K. S. Buchanah A. Hoffmanr, P. Gambardelf= J. Sort®
Ynstitucié Catalana de Recerca i Estudis AvancBEREA), Barcelona, Spain
% CIN2(ICN-CSIC), Catalan Institute of NanotechnglpGampus UAB, Bellaterra, Spain

3Dept. de Fisica, Univ. Autonoma de Barcelona, Betta, Spain

“Dept. of Materials and Environmental Chemistry,c8tmlm University, Stockholm, Sweden
*Argonne National Laboratory, Argonne, lllinois, USA
®Max-Planck-Institut fiir Festkdrperforschung, Stattg Germany
'SPINTEC, CEA/Grenoble, Grenoble, France
8_ab. for Micro- and Nanotechnology, Paul Schermstitut, Villigen PSI, Switzerland

9Dept. of Phys, Colorado State Univ., Ft Collins]j&ado USA
Nanostructured exchange biased systems, comprestogange coupled antiferromagnetic
(AFM) - ferromagnetic (FM) bilayers are at the hedrspintronic devices (e.g., read heads or
MRAMS). In this talk the magnetic behavior of litr@phically-patterned exchange coupled
FM (permalloy) — AFM (IrMn) disks will be discussetiVe have demonstrated that, for
certain geometries, vortex formation remains theersal mode in these FM-AFM dots
although the loops are shifted along the field giis In fact, the actual magnetization
reversal mechanism (coherent rotation vs. vortem#&bion) can be controlled by adjusting
various parameters. For example, in circular doeasured away from the field cooling
direction, a change in reversal mode occurs beyourdrtain angle of measurement, which
depends on the nucleation and bias fields (adjlestay intrinsic or extrinsic parameters).
Moreover, if the system is field cooled, not inugation but in a vortex state (i.e., using zero
or small fields), either stabilized vortex statesmew type of asymmetric hysteresis loop are
found. This asymmetry is characterized by the ampe® of curved, reversible, central
sections in the hysteresis loops, with non-zeroareant magnetization [2]. The origin of the
new reversal is ascribed to the imprinting of maigneortices in the AFM during the cooling
process, which results in a pinning of the vortexec These imprinted states have been
imaged using x-ray photoemission electron microgaapd magnetic circular dichroism [3].
Other asymmetries, e.g., in the vortex annihilati@id, have been found and tentatively
ascribed to tilted vortex states [4]. Moreover, lexage coupling significantly reduces the
number of stochastic events, which are inhererdingle layer ferromagnetic disks due to

thermal activation, and results in magnetic behawiat is reproducible over time [5].

[1] J. Sort et al., Phys. Rev. Le35, 067201 (2005).

[2] J. Sort et al., Phys. Rev. Led7,067201 (2006).

[3] G. Salazar-Alvarez et al., Appl. Phys. Lé&%, 012510 (2009).
[4] J. Sort el al., unpublished.

[5] M. Tanase et al., Phys. Rev.7B, 014436 (2009).
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Magnonics: exploiting spin waves in magnonic meta-aterials and devices

V. V. Kruglyak', Y. Au', M. Dvornik}, R. V. Mikhaylovskiy, T. Davison, E. Hendry,
and E. Ahmati
1University of Exeter, EX4 4QL, Exeter, United Kiogd

The recent renaissance of magnonics was a resulthef remarkable technological,
experimental, and theoretical progress that madgmssible not only to study but also to
explore ways to exploit spin waves in magnetic isémuctures [1]. In particular, a lot of
interest has been generated by the prospectusdatian of magnonic meta-materials [2,3]
and logic devices [1,4,5]. In this talk, we wibview our most recent results along these
research directions. We will demonstrate an agchire facilitating excitation of spin waves
in multiple places on a magnonic logic chip. Wadl \present opportunities arising from
exploiting 3D magnetic geometries for design ofnspvave resonances in magnonic
metamaterials. Finally, we discuss opportunitied Bmitations for studies and exploitation

of spin waves in THz frequency domain.

The research leading to these results has recéiveting from the European Community's
Seventh Framework Programme (FP7/2007-2013) undemtGAgreements n°233552
(DYNAMAG) and n°228673 (MAGNONICS) and from the Hngering and Physical
Research Council (EPSRC) of the UK.

[1] V. V. Kruglyak, S. O. Demokritov, and D. Grumd] J. Phys. D — Appl. Phy43, 264001 (2010).

[2] V. V. Kruglyak, P. S. Keatley, A. Neudert, R.Hicken, J. R. Childress, and J. A. Katine, Phys.
Rev. Lett.104, 027201 (2010).

[3] R. V. Mikhaylovskiy, E. Hendry, and V. V. Krughk, Phys. Rev. B2, 195446 (2010).

[4] S. V. Vasiliev, V. V. Kruglyak, M. L. Sokolovsik and A. N. Kuchko, J. Appl. Phy401, 113919
(2007).

[5] Y. Au, T. Davison, E. Ahmad, P. S. Keatley,RHicken, and V. V. Kruglyak, Appl. Phys. Lett.
98, 122506 (2011).
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Magnetization precession induced by picosecond acsiic pulses
in ferromagnetic materials

A. V. Scherbakov
loffe Physical-Technical Institute, 194021, St.éPeburg, Russia

The methods of picosecond acoustics allow genegratirultrashort acoustic pulses and may
be the powerful alternative to the optical methotisiltrafast control of magnetization. The

control of magnetization by acoustic waves utilizég strong sensitivity of magneto-

crystalline anisotropy (MCA) of narrow ferromagrmrelayers to the strain. The modulation of
MCA by acoustic waves tilts the magnetization amdluces coherent magnetization
precession. Picosecond acoustic wave packet wehotbad spectrum excites a number of
magnon modes; however, the resonance effects peeted in the case of effective coupling
between a certain magnon mode and an acousticwidve certain wave vector.

At experiment we inject high-amplitude acousticgaulnto a ferromagnetic semiconductor
and monitor the induced modulation of magnetizatigntime-resolved Kerr rotation (KR)
[1]. The structure studied is 200-nm-thick epitéxXtey 9gVing 0sAS layer grown on a (001)
GaAs substrate. The femtosecond optical pump dxaoit41=800 nm, duration of 200 fs,
excitation density up to 5 mJ/énof a 100-nm-
T=1§”'[<100] width Al film deposited on the polished back side o
the substrate leads to the injection of the picosédc
acoustic pulse into the sample. Broad acoustic wave
packet containing only &, strain component
5300 mT propagates in the crystal, reaches ferromagnetic
SR layer, and modulates MCA. The tilt and the
resulting coherent precession of magnetization are
monitored by means of the splitted from the same
laser source linearly polarized probe beam focused
at the magnetic layer exactly opposite to the pump
\ \ ) beam. The variable optical delay between the pump
B=100 mT .
Yy pulse and the probe pulse provides femtosecond

0 5°°T_ (100)0 1500 time resolution.
ime (ps . _ )
Fig. 1 KR signals at different magnetic The experimental signals (Fig. 1) demonstrate

fields. Acoustic pulse propagates in thestrong dependencies of precession frequency and

magnetic layer at the time interval amplitude on the direction and strength of external

shown by the vertical arrows. magnetic field. We propose the model, which

suggests linear dependence of MCA coefficients on

&, and well quantitatively describes experimentalltss We also show that both optical
detection and acoustic excitation of magnetizapisgtession possess different efficiency for
different magnon modes. The frequency splittingMeein optically and acoustically active
modes at certain direction and value of externajme#ic field may lead to the pronounced
beating in the KR signal (Fig. 1b).
The obtained experimental results demonstrate tkat gpotential of picosecond acoustic
methods for the ultrafast control of magnetizatibhe proposed technique are not limited by

ferromagnetic semiconductors and low temperatlresmay be used in the wide range of
ferromagnetic materials at room temperature.

KR signal (arb. units)

[1] A.V. Scherbakov et al., Phys. Rev. Ldi05 117204 (2010).
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Time-resolved imaging of spin reorientation in rareearth orthoferrites

J. A. de Jony I. Razdolski, A. M. Kalashnikov4, A. V. Kimel*, R. V. Pisare¥
A. M. Balbasho¥, A. Kirilyuk*and Th. Rasing
'Radboud University Nijmegen, IMM, 6525, AJ Nijmedére Netherlands
2| offe Physical-Technical Institute, RAS, 194021 P8tersburg, Russia
*Moscow Power Engineering Institute, 105835, Mosdeussia

Manipulation of magnetic states of a medium by mseah femtosecond laser pulses is a
promising approach to achieve the fastest everegsieg of magnetic information [1,2]. It
has been recently demonstrated that a circuladgriged laser pulse, acting as an effective
magnetic field, can trigger a transition between twagnetic phases in HoFg{3]. Here we
report a femtosecond time-resolved imaging of aehtaser-induced phase transition, where
light has a twofold effect, both changing the madignanisotropy of a medium through
heating and determining the magnetization diredtaine new phase.

Single-shot time-resolved imaging and stroboscppimp-probe experiments were performed
on a weak ferromagnetic (981 s5)FeQ; sample, kept at a temperature belowlthe I';y—

I’y spin reorientation transition (SRT) range (95-¥30 A 40-fs circularly polarized pump
pulse generates an effective magnetic field throtnghultrafast inverse Faraday effect and
simultaneously heating the sample over the SRTaaAg the magnetic anisotropy of the
sample changes rapidly with heating, this leads n@t magnetization reorientation. The out-
of-plane net magnetization component was detectddardelayed probe femtosecond pulse.

Fig.1(a) shows the Faraday rotation dynamics fernnitial temperature of 15 K. Aircularly-
polarized laser pulse induces the magnetizatiomiewtation, its direction being clearly
governed by the helicity of the pump polarizatidine reorientation time depends on the
initial temperature, being of the order of tengsffor 15 K and decreasing down to a few ps
for 90 K. The dynamics of the non-thermal contnbut(s. - ¢.)/2 for different pump pulse
energies is shown in Fig.1, (b). Its non-monotonbakaviour with respect to the pump
energy explains the opposite reorientation direstion an unusual “ring-and-core”
magnetization pattern, as shown in the imagesXy).
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Fig.1. (a) Dynamics of the out-of-plane magnet@atcomponent during thgpin reorientation in
(SMmysPrs)Fel; at 15 K for two opposite pump polarization helast as observed via the pump-
probe Faraday rotation technique. Images represemgnetization patterns at the corresponding
delays. (b) Pump pulse energy dependence of ahssmél contribution(o, - ¢.)/2 to the spin
reorientation dynamics. Images show the “ring-aodet magnetization pattern at 3 ns delay.

[1] A. V. Kimel et al, Nature435 655 (2005).
[2] C. D. Stanciet al, Phys. Rev. Let99, 047601 (2007).
[3] A. V. Kimel et al, Nat. Phys5, 727 (2009).
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Magnon Bose-Einstein condensation

Yu. M. Bunkov
Institut Neel 38042, Grenoble, France

Superfluid®*He can be considered a quantum vacuum carryingustypes of quasiparticles
and topological defects. The structure of this eaysshows many similarities to that of our
Universe. It can act as a model system for theystf many types of general physics
experiments, which are difficult or even impossilte Cosmology, Atomic or Nuclear
physics. There is a complete analogy between tlse-Bonstein condensation of atomic gases
and the Bose-Einstein condensation of magnons perfluid *He. Four different states of
magnon condensation have been found; the homogslyamecessing domain (HPD) THle-

B; the persistent signal, which is formed by a @-ba*He-B at very low temperatures;
coherent precession with fractional magnetization®le-B and coherent precession of
magnetization irfHe-A and®He-B in a squeezed aerogel [1]. All these casesxamples of
the Bose-Einstein condensation of magnons withrtegaction potential provided by specific
spin-orbit coupling. The BEC phenomenon in the @gfasiagnons is readily accessible owing
to the possibility of modifying the spin-orbit cdimg. In some cases the BEC of magnons
corresponds to almost 100% condensation.
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Fig. 1 Spin Waves condensation Fig. 2 The spectrum of BEC radiation after
70, 80, 100 and 230 msec after a RF pulse.

Fig.1 shows the frequency and phase distributioBBC radiation. The accuracy of phase
and frequency measurements is mixed due to thegynalith the uncertainty. Fig 2 shows

the BEC radiation broadening. The broadening ofmetig field on the sample corresponds to
800 Hz!

[1] Yuriy M. Bunkov and Grigoriy Volovik, J. PhysCondens. Matte22, 164210 (2010).
[2] Yu. M. Bunkov “Spin superfluidity and magnons BoBeistein condensationPhysics-
Uspekhi53, 848 (2010).
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Direct observation of first order quantum coherenceand phase locking
in magnon Bose-Einstein condensate

P. Nowik-Boltyk, O. DzyapkpV. E. Demidov and S. O. Demokritov
Institute for Applied Physics, University of Muens#8149 Muenster, Germany

Bose-Einstein condensation (BEC) is one of the nastinating quantum phenomena, as it
brings quantum mechanical behavior of bosonic gadion to the macroscopic scale. The
latter becomes possible due to emergence of spmmiancoherence between individual
bosons comprising condensate, which makes all iehall particles to act in a collective

manner. Spontaneous coherence is a crucial paiBE&, determining BEC-based effects

such as superconductivity superfluidity and Joseplesffect.

Here we report on direct experimental observatibocoberence in Bose-Einstein condensate
of magnons in yttrium-iron garnet (YIG). Discoverbg Demokritov [1], condensation of
magnons was the first room temperature condensaBasides, magnon BEC in tangentially
magnetized films differs from all other known BEgstems by the fact that condensation
occurs at non-zero value of wave veckgedl£0, which results in degeneracy of the quantum
state of the condensate (due to symmetry reasogaana condensate at two points of phase

space corresponding tokgic|).

In our experiments we create magnon condensate &gnsnof continuous parametric
pumping. Continuous pumping allows for constantiahphase of the condensate during the
whole measurements. Condensate properties aretigatesl by space and time resolved
micro-focus Brillouin light scattering technique].[2n the experiment we directly observe
interference pattern, which results from the irgerhce between two components of magnon
condensate from different points of phase spaaioBary interference pattern appears as a
result of phase locking between two condensateg;hwiteeps difference between phases of
individual condensates constant during the wholasueements. The phase locking arises as
a result of nonlinear interaction between magnoranf different condensates. This
conclusion is corroborated by observation of inseeaf phase locking rate with pumping

power.

[1] S. O. Demokritov, V. E. Demidov, O. Dzyapko, &.Melkov, A. A. Serga, B. Hillebrands, and A.
N. Slavin, Naturet43 430 (2006).

[2] V. E. Demidov, S. O. Demokritov, B. Hillebrandd. Laufenberg, and P. P. Freitas, Appl. Phys.
Lett. 85,2866 (2004).
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The first observation of magnon BEC in solid antiferomagnet CsMnF;

A. V. KlochkoV!, E. M. Alakshird, Yu. M. BunkoV, R. R. Gazizulify V. V. Kuzmirt,
T. R. Safift, M. S. Tagirov
'Kazan (Volga region) Federal University, Kazan, Ras
’Institut Neel, Grenoble, France

The Spin Supercurrent and Bose-Einstein condemsafimagnons similar to an atomic BEC
was observed in 1984 in superfluftie-B. The same phenomena should exist in solid
magnetic systems. In this presentation we wbréethe first observation of magnon BEC in
solid easy plain antiferromagnet CsMnVe have observed magnon BEC on a mode of
coupled Nuclear-Electron precession. The dynampcaperties of this mode have many
similarities to NMR of superfluidHe-A. The coupled nuclear electron precession MIGs
shows a very peculiar dynamics. The electron psaed$requency drops down to a near zero
at zero fields. Th&®™n NMR frequency in hyperfine field is very higth@ut 600 MHz. Due

to crossover the two mixed modes of precessionapp@/e will speak about low frequency
electron-nuclear precession mode. Its frequencyentp on orientation of nuclear
magnetization as it shown in Fig. 1. That is simtta the frequency dependence®ie-A
where BEC of magnons have been proved [1]. Furtbermthe involvement of electron
ordered subsystem gives the magnon-magnon intenadpin waves and spin supercurrent,
while the nuclear subsystem gives the relativelygldime of relaxation. That is why the
magnon BEC was predicted for CsMijH|.

640 T W mo - 1
633,5 ..........................................................................................
620 f, = 566.1 MHz
H, is swept down 1
600 T=15K
- e 3.2 MW
S 580+ L2001 e N N 10.0 mW 4
P R N N A U N W A 320mwW |
560 / 565 MHz 5633.5 40.0 mW
w600t 44 0\ /S N> T 50.0 mW
540 F 565 1 —m 64.0mWe 4
0 90 180 — 784 mW
520 L— : . i . . . . 1
300 350 400 450 500 240 280 320 360 400
BO, mT BO, mT

Fig. 1 The frequency of NMR mode on Fig. 2 The signal of CW NMR at different
magnetic field and its dependence on angle o&xcitation levels. The system radiates on a
magnetization deflection at given field. non-resonance frequency that is correspond to

formation of BEC

The experiment was done at the temperature of Jab&frequency of 566 MHz. The line of
CW NMR at small RF excitation corresponds to 325 field. If we will increase the
excitation and sweep down the field, the nucleagmetizations deflects and keep the same
frequency of radiation, as shown in Fig. 2. Thephtude of the radiation grows up. That
means that we have created the magnon BEC witffilectesl and homogeneously precessing
magnetization. The stability of this state is dadhe profile of magnon-magnon interaction
and intrinsic spin supercurrent.

This work is supported by the Ministry of Educatiand Science of the Russian Federation
(FTP "Scientific and scientific-pedagogical persehmwf the innovative Russia” contract
N02.740.11.5217)

[1] P. Hunger, Yu. M. Bunkov, E. Collin, H. Godffid. Low Temp. Phy4.58 129-134 (2010).
[2] 1O. M. BynbkoB, YOH, 180, 884; Physics—Uspekbi3.8, 848—-853(2010).
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Voltage-dependent electron distribution in a smalkpin valve:
emission of nonequilibrium magnons and magnetizatioevolution
V. |. Kozub', J. Card

Yloffe Physical-Technical Institute, St. Petersbli@g021, Russian Federation

Kavli Institute of NanoScience Delft, Delft Univigyof Technology,
Lorentzweg 1, 2628 CJ Delft, The Netherlands

We describe spin transfer in a ferromagnet/normataifferromagnet spin-valve point
contact. Spin is transferred from the spin-polatidevice current to the magnetization of the
free layer by the mechanism of incoherent magnoissam by electrons. Our approach is
based on the rate equation for the magnon occupatgng Fermi's golden rule for magnon
emission and absorption and the non-equilibriurcteda distribution for a biased spin valve.
The magnon emission reduces the magnetizationedirée layer. For anti-parallel alignment
of the magnetizations of the layers and at a alitisias a magnon avalanche occurs,
characterized by a diverging effective magnon tewmtpee. This critical behavior can result in
magnetization reversal and consequently to suppres magnon emission. However the
magnon-magnon scattering can lead to saturationaginon concentration at large but finite
value. The further behavior depends on the paramefethe system. In particular, gradual
evolution of magnon concentration followed by theagmetization reversal is possible.
Another scenario corresponds

to step-like increase of magnon concentration ¥adld by slow decrease. In the latter case the
spike in differential resistance is expected duedotribution of electron-magnon scattering.
In the latter regime a telegraph noise of magnsetist@nce can exist even at zero temperature.
A comparison of the obtained results to existingezimental data and theoretical approaches
is given. We demonstrate that our approach correlgpdo the "bias-controlled regime”
implying a given non-equilibrium electron distribrt function controlled by the bias. We
also give a critical review of the existing modefsnagnetization switching based mostly on
the "spin-torque” approach started by J.C. SlonskewJ. Magn. Magn. Mater. v.159, L1
(1996)) and then extensively exploited by the graipG.E.W. Bauer, Y.Tserkovnyak,
A.Brataas, (see e.g. Phys. Rev. Lett., v. 88, 1171@002). We show that the spin-torque
approach corresponds to a "current-controlled refjinvhen the distribution function is
adapted to the finite value of the incident spimrent. It is shown that in any case our
approach holds for the mutual orientation of theeta magnetizations close to the parallel or
antiparallel. At the same time the scenario offtlither evolution can depend on the system
parameters. Then, the critical values of the switglturrent in our case appear to be much
less than for spin-torque approach. We also gieeitecism of the approach by Berger (L.
Berger, Phys. Rev. B4, 9355 (1996) who - although using a concept of-eguilibrium
magnons - has given an oversimplified picture psin the artificially induced relaxation
rates.
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Magneto-optical studies of interlayer coupling in [e/Si/Fe tri-layers

D. I. Kholin, A. B. Drovosekov, S. V. Zasukhin, N. M. Kreines
P.L. Kapitza Institute for Physical Problems RASKwsygina 2, 119334 Moscow, Russia

The problem of interlayer coupling in Fe/Si/Fe maljter systems has attracted much
attention for more then a decade [1-4] due to asiptes use of these systems in high-tech
applications. But experimental results in thisdiare rather contradictory mainly because of
an uncontrollable diffusion of iron atoms into thidicon spacer. In this work, we study a
series of Fe/Si/Fe tri-layers grown by means of MRE technique. We varied the substrate
temperature during the Si spacer formation foredéht samples from 300 to 77 K in order to
change the concentration of Fe atoms in the spddes.spacer thickness in each sample
changed linearly from 0 to approximately 20 A dergth of 10 mm, so that we could use the
MOKE magnetometry to measure the dependence ointedayer coupling on the spacer
thickness. We had also made two samples with congtecknesses of Si spacer, which suited
for FMR and SQUID measurements [5], so we could mam@ the interlayer coupling
parameters given by different experimental methods.
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Fig. 1. Magnetization curves of a Fe(70 A)/Si(12F&(70 A) sample measured by MOKE and
SQUID techniques. Dots — experimental data, sdhésl — computer simulation based on the
biquadratic coupling model. Magnetic field was &gl in the film plane along the hard

magnetisation axis of iron.

Unexpectedly, the shape of magnetisation curvessaned by the MOKE and SQUID
techniques differed significantly for the same sk®see Fig.1). In our talk we will show,
that the results of MOKE, SQUID and FMR measuresean be all brought into conformity
if we take into account a finite penetration depitfaser light and a twist of the magnetisation
vector across the iron layers. This approach altbwse to obtain the dependence of the
bilinear and biquadratic coupling constants onsjecer thickness for our samples.

The authors are grateful to D.E. Burgler and R.r&bler for the possibility to prepare the
samples in Forschungszentrum Jilich. The work wasiglly supported by the Russian
Foundation for Basic Research (grant No. 10-02-0&) 1

[1] S. Toscano, B. Briner, H. Hopster and M. LandotMagn. Magn. Mattetr14, L6 (1992).

[2] D. Bdrgler, M. Buchmeier, S. Cramm et al., ByR.: Condens. Mattdrs, S443 (2003).

[3] S.N.Varnakov, S. V. Komogortsev, J. Bartolgraegal., Phys. Met. Metallogt06, 51 (2008).

[4] A. Gupta, D. Kumar, and V. Phatak, Phys. Re®1B155402 (2010).

[5] A.B. Drovosekov, D.I. Kholin, N.M. Kreines, el. EASTMAG2010, Abstracts book, 289 (2010).
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Electronic phase transitions in nickel-oxide supedttices

A. V. Boris!, Y. Matiks', E. Benckiser, T. Proksch3 E. Morenzor,
G. Cristiant, H.-U. Habermeiér and B. Keimelr
Max Planck Institute for Solid State Research, efdiergstrasse 1, D-70569 Stuttgart, Germany
% aboratory for Muon Spin Spectroscopy, PSI, CH-528®yen PSI, Switzerland

The competition between collective quantum phasematerials with strongly correlated
electrons depends sensitively on the dimensionefityhe electron system, which is difficult
to control by standard solid-state chemistry. Wevehdabricated superlattices of the
paramagnetic metal LaNgand the wide-gap insulator LaAd@vith atomically precise layer
sequences. Using optical ellipsometry and low-epengon spin rotation, superlattices with
LaNiOs as thin as two unit cells are shown to undergecueance of collective metal-insulator
and antiferromagnetic transitions as a functiordeéreasing temperature, whereas samples
with thicker LaNiQ layers remain metallic and paramagnetic at alpbenatures. Metal-oxide
superlattices thus allow control of the dimensidgpabnd collective phase behavior of
correlated-electron systerjig.
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Fig. 1. Muon spin relaxation spectra in a weakdvanse magnetic field of 100 G in thaNiOs (N
u.c.)|LaAlOs (N u.c.) superlattices withA) N = 2 and B) N = 4 onLaSrAIlO, substrate.

We carried out low-energy muon spin rotation measients using theE4 beamline at the
Paul Scherrer Institute, Switzerland, where positivuons with extremely reduced velocity
can be implanted into specimens and brought toheisteen the substrate and the LaAlO
capping layer. We used 100 G transverse field nteasnts to determine the fraction of
muons, f, experiencing static local magnetic fields.B Brr. Fig. 1A indicates that thid =

2 SL shows a transition from an entirely paramagmation environment = 0) to a nearly
full volume of static internal fields, with a shagmset at §f = 50 K. The continuous
temperature dependence gfdnd the absence of thermal hysteresis indicatéitbanagnetic
transition for theN = 2 SLs is second-order. At the same time SLs thiitker LaNiQ layers
remain paramagnetic down to the lowest temperataessFig. 1B, as in bulk LaNiO

[1] A. V. Boris, Y. Matiks, E. Benckisegt al, Science (in press).
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Magneto-photonic behaviour in 2D hexagonal patterns
composed of 8 magnetic metals

E. Th. PapaioanndpE. Melander, E. Ostmah V. Kapaklis, G.Ctistig, P. Patoky

M. Giersig and B. Hjorvarsson
lDepartment of Physics and Astronomy, Uppsala UsitserBox 516, 751 20 Uppsala, Sweden
2Complex Photonic Systems (COPS), MESA + InstitutBléinotechnology, University of Twente,
7500 AE, Enschede, The Netherlands
3Institut fur Experimentalphysik, Freie Universi@grlin, 14195 Berlin, Germany

Magnetophotonics has become a flourishing field amays due to surprising effects in
combining photonics structures with magnetic materand magnetic field. Surface plasmons
are usually studied for a metallic-dielectric systehere the metal is highly conductive (Ag,
Au, Al). For the case of highly absorbing magnetietals (Fe,Co,Ni) the surface plasmons
undergo a strong internal damping. However, regemtkperimental and theoretical works
have shown reveal the generation of surface plasnmomagnetic nanostructures and their
influence to the enhancement of various magnetwa®urface effects.[1-2]
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Fig. 1 Atomic force micrograph of a 100 Fig. 2 Minima in Reflectivity spectra due to
nm-thick Ni film with hexagonal arrays ofsurface plasmons excitations as a function
holes. The pitch size of the array is a = 470 rengle of incidence and of symmetry direction of
and the hole size isd = 275 nm. the hexagonal pattern of a Ni antidot film with a =

470 nm and d =275 nm.

In this work we present optical and magneto-optioalasurements of hexagonal arrays of
circular holes of different diameters in thin filned the 3d magnetic metals. Drops in

reflectivity and enhanced magneto-optical actiatg reported in the cases of Co, Fe and Ni
films which are closely connected with the exiseenaf surface plasmons. How the

propagation of surface plasmons is influenced ley2D hexagonal symmetry of the patterns
and by external magnetic field is revealed throogtgneto-diffraction measurements.

[1] E. Th. Papaioannou, V. Kapaklis, P. PatokaQ¥rsig, P. Fumagalli, A. Garcia-Martin, E.
Ferreiro-Vila, G. Ctistis, Phys. Rev.&, 054424 (2010).

[2] V.1. Belotelov, D.A. Bykov, L.L. Doskolovich, AN. Kalish and A.K. Zvezdin, J. Opt. Soc. Am. B
26 (2009).
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Plasmon-enhanced near-field magneto-optical Kerr é&tcts
and related scanning microscopy via a linear nanombe

V. A. Kosobukin
loffe Physical-Technical Institute, 194021, St.éPeburg, Russia

Developed earlier was a theory of near-field magpogitics [1] and scanning microscopy [2]
with quasi-point probes. In conformity with the saie of operated microscope [3], a single
silver nanoparticle was a source of near field ltegyin magneto-optical Kerr effects in
scattering mode. Presently, a variety of linearsiplenic nano-objects is available, and
treating the near-field magneto-optics with probethis kind is topical [4].

This work reports on a theory of resonant neadfiel

magneto-optical Kerr effects in elastic scatterofglight 50 0 50

and the related scanning nanoscopy using a lir
nanoprobe. As a model, a cylinder and laterally -n
uniform ultrathin magnetic layer embedded in a darhpst
are considered, the two entities being nearby trapse
surface and parallel to it. The probe is thoughaa noble-
metal nanowire or needle possessing long-lived Ilc
(surface) plasmons to enhance the magneto-optifsite
The problem of near-field Kerr-type magneto-optiss
solved within the Green function technique [1, Zhe
plasmon-resonant dielectric polarization of the ptax
«probe+image» is treated self-consistently. The matg
optical scatterings are studied for polar and huagnal — =
magnetizations. Since the planes of incidence aatlesing Scanning coordinate X (nm)

of light coincide, classification of the scatteriegents in Fig 1 Efficiency of magneto-
terms of TM p-polarized) and TEs{polarized) waves looks optical scattering (near-field
like that for conventional Kerr reflection. Scangimear- contrast) vs. lateral scanning
field microscopy is treated in varying the in-sedalistance coordinate X of Ag nanowire

|X| between the probe (nanowire) and a laterally reiped relative to a domain with width

. . o w=10nm in Co layer

magnetic domain. Polarization, angle and spectpsco :
o . . embedded in Au host.

characteristics of the magneto-optical scatterengsfound
to be principally different for linear and pointglres. In microscopy, the size of the domain
«image» is estimated ag+ h in terms of the lateral domain widil and the vertical probe-
domain distancéh. Figure 1 illustrates the efficiency of magnetdicgl scatterings versus
the scanning coordinatX , i.e. lateral distance between Ag cylinder and dionof width
w =10 nm in ultrathin Co layer embedded in Au. The scatigns seen to be essentially

enhanced at the plasmon resonahae= 3.55 eV as compared with non-resonant excitation
(hw=3.8eV). To conclude, the above ideas could be of genetatest for nanophotonics

of magnet/noble-metal composites and metamaterials.
The work was partly supported by the RFBR, grant Ne02-00304.
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[1] V. A. Kosobukin, Proc. SPIE535 9 (1995); Surf. Sci406, 32 (1998).
[2] V. A. Kosobukin, Proc. SPIB791, 93 (1999).
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Spin induced optical harmonic generation in the cetnosymmetric
semiconductors EuTe and EuSe
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'Experimentelle Physik 2, Technische Universitatthand, D-44221 Dortmund, Germany
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The magnetic europium chalcogenide semiconductaieEnd EuSe were investigated by
the spectroscopy of second and third harmonic géiner(SHG/THG) in the vicinity of the
optical band gap [1-3]. In such materials with cesymmetric crystal lattice the electric-
dipole SHG process is symmetry forbidden so thasigoal is observed in zero magnetic
field. Signal appears, however, in applied magnéetd with the SHG intensity being
proportional to the square of magnetization. Thgme#c field and temperature dependencies
of the induced SHG and THG allow us to introdudgpe of nonlinear optical susceptibility
determined by the magnetic-dipole contribution iombination with a spontaneous or
induced magnetization. The experimental results ban described qualitatively by a
phenomenological model.

In the metamagnetic semiconductor EuSe the SHGrosigdy dependent on the different
magnetic phases as shown in Fig. 1. This effecttearly be attributed to the spinstructure in
the magnetic phases.

Furthermore the results could be verified with Thié&ctroscopy. Since THG is allowed even
in centrosymmetric structures it is a powerfulllttminvestigate the interference between the
crystallographic and the spin contributions tolthemonic generation as shown in Fig. 2.

-1.0 0.5 0.0
Magnetic field (T)

Fig. 1. SHG intensity as function of magnetic
field strength at an energy of 2.4 eV in EuSe.
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Detection of buried layers in ferromagnetic metal fms

M. KostyleV!, A. Stashkevich A. O. Adeyey@
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35 Stirling Highway, Crawley 6009 WA, Australia
2L.SPM CNRS (UPR 3407), Université Paris13, 9343@tdiheuse, France
3Department of Electrical and Computer EngineeriNgtional University of Singapore, Singapore

It is generally accepted that microwave condugtietfects (CE) on spin wave dynamics in
magnetic conducting samplegth thicknesses bellow the microwave magnetic dkepth
(sub skin depth samples (SSD)) are negligible. éddéhe models established for insulating
samples work extremely well for these samples Hwever, it was recently shown that CE
can have a profound effect on the excitation ofravi@ave magnetic dynamics in SSD
samples [2-4].

In this work we discuss the effect of sample comigitg on the microwave magnetic
dynamics. More specifically, we have made use efitiiluence of the eddy current induced
inhomogeneity of the exciting microwave field, pooed by a micro-strip antenna, on the
excitation efficiency for higher spin-wave modegpitally it is supposed that the spin wave
dispersionis practically unaffected by CE, in agreement vgitevious treatments [4]. This is
the main reason, why usually results of investayatf thermal magnons using Brillouin light
scattering technique (BLS) are in excellent agregmath the theories for insulators [1].
However, as it has been shown in Ref.5, any synyr@taking in the distribution of the
structure’s magnetic properties in the directiommmal to its plane will invariably lead to a
characteristic asymmetry in the spin wave specki#ty respect to the inversion of the
direction of the spin wave propagation. In termstled BLS spectroscopy this means an
asymmetry in the frequencies of the Stokes and-Btukes spectral lines. That is why, to
make our conclusions more reliable, we have use®t$ spectroscopy as a complementary
means of characterization.

In this talk, we have demonstrated the efficientthe broadband microstrip FMR technique
for detection and characterization of a hidden reigninhomogeneity in a film sample.
Based on the nonreciprocity of the microstrip FMRponse with respect to the direction of
penetration of the exciting microwave field in tlzanple, it is especially effective in the case
when the hidden layer breaks the symmetry of therfieagnetic structure. In the particular
case of a 100 nm thick Permalloy film, an additiomalgnetically depleted top sublayer has
been detected and characterized. These results desare confirmed by BLS spectroscopy
revealing, surprisingly, the fact that the optipabperties of the additional sublayer do not
differ much from those of the bulk of the film. Inbaoader context, the proposed technique
can be regarded as a nondestructive express mépdhdétect the presence of magnetic
inhomogeneity in conducting ferromagnetic films.

[1] K. Yu. Guslienko et alPhys.Rev.B6, 132402 (2002).

[2] M. Kostylev, J. Appl. Phys 106, 04390 (2009); M.Kostylev et alJ. Appl. Phys108 103914
(2010); Y.V. Khivintsev et al.]) .Appl. Phys108 023907 (2010);

[3] K.J. Kennewell et a) J. Appl. Phys108 073917 (2010).

[4] N.S.Almeida and D.L.MillsPhys. Rev.B3, 12232 (1996).

[5] M. Vohl, P. Barnas, and J. GrinbeRfys. Rev.B9, 12003 (1989).
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Magnetic fluctuations as the reason of the metal-sulator transition
In magnetic semiconductors

E. Z. Meilikhov, R. M. Farzetdinova
Kurchatov Institute123182, Moscow, Russia

The role of large-scale fluctuations of the electpotential in traditional flon-magnetic
doped semiconductors is well known. Such a fluatgapotential appears usually in highly-
compensated semiconductors where concentrationghafged impurities (donors and
acceptors) are high and the concentration of sorgemobile charge carriers is low, that
results in a large screening length, defining tha&tial scale of electric potential fluctuations.
In that case, the average amplitude of the flumingbotential is also high that leads to the
localization of charge carriers and results in thetivation character of the system
conductivity: it is controlled by the thermal ation of charge carriers from the Fermi level
to the percolation level and falls down exponehtialith lowering temperature. In the
absence of the impurity compensation, the chargeecaconcentration is so high that any
perturbations of the electro-static nature arectéiffely screened, and the spatial scale of the
potential coincides with the extent of impurity déw fluctuations. The depth of such a short-
scale potential relief is relatively shallow andedmot lead to the charge carrier localization —
the conductivity keeps being a metal one.

In diluted (but nevertheless, highly-dopedagneticsemiconductors (of GaVn,As type), in
addition to above mentioned fluctuations of thetle potential, the new perturbation source
appears - specifically, fluctuations of the “magn@tential” concerned with fluctuations of
the local magnetization in such a semiconductoat Plotential is, in fact, the potential of the
exchange interaction of mobile charge carriers \witignetic impurities (for instance, via the
RRKKY mechanism) which fluctuates in accordancehwviitictuations of the concentration
and the local magnetization of those impuritiestindi the “wells” of the magnetic potential,
mobile charge carriers with a certain spin direcrtare accumulated while the carriers of the
opposite spin direction are pushed out. The spatialel of magnetic fluctuations is now
determined not by the electrostatic screening uhb characteristic length of the magnetic
interaction of impurities and the correlation léngf their arrangement in the semiconductor
bulk. However, in diluted magnetic semiconduc-targre is usuallyl~ls and, thus, spatial
scales of the magnetic (exchange) and Qoulomb paleagree closely. That means the
constructive superposition of both reliefs, andts average total amplitude of the potential
relief becomes to be higher. The medium arises evlibe concentration and the spin
polarization of charge carriers are strongly noifeum, and the degree of that non-
uniformity is substantially defined by the local gnetization of the system. Increasing
magnetization with lowering temperature promotesngthening the spatial localization of
charge carriers and in a number of cases coulduktten the metal-insulator transition.
Percolative metal conductivity, characteristic foon-uniform systems, changes into the
conductivity of the activation type. That occursemhunder some external factors (such as
temperature, magnetic field, etc.) the Fermi Iefeadls below the percolation level. One of
possible mechanisms is as follows. The fluctuapiatential leads to appearing the density of
states tail into which both the percolation andnkidevels are pulled. Rates of those levels'
movement are different, and if they change thetix@gosition the metal-insulator transition
occurs. It is just the model that is investigatethie present work.
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Magnetic phases of the frustrated S=1/2 chain compad LiCuVO 4
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Experimentalphysik V, Universitat Augsburg, Germany
T. Fujita, M. Hagiwara, Z. Honda, S. Kimura, K. OrauH. Yamaguchi
KYOKUGEN, Osaka University, Japan
A. Prokofiev
Institut fur Festkorperphysik Technische Univertsi¥elien, Austria

Unconventional magnetic orders and phases in &tegtrquantum spin chains are attractive
issues, because they appear under a fine baland¢beoéxchange interactions and are
sometimes caused by much weaker interactions ciuitions. A kind of frustration in quasi-
one-dimensional chain magnet LiCuy@ provided by competing interactions when the
intra-chain nearest neighbor exchange is ferrontagrend the next nearest neighbor
exchange is antiferromagnetic. Theoretical invesiogs of frustrated one dimensional model
with the exchange parameters of LiCuM@ve predicted a set of exotic phases in a magneti
field such as vector chiral, spin density wave aathatic phasé$*. The order parameters of
these phases are the quadratic forms of compooéntsghbor spins.

We discuss the experimental investigation of lomgerature magnetic phases of LIiCuVO
and compare these phases with those obtained tivadlyein frame of different models. For
the field range less then 10 T the magnetic pragsedf LiCuVQ, were studied with ESR and
NMR spectroscoply’. For the fields below 7 T the planar spiral spimicture is realized. At

H ~ 7 T the transition to spin-modulated phase whserved. In this phase the ordered
component of spins is parallel to static field atsdvalue changes along the chain. The low
field magnetic phases are long range ordered amdraracterized by magnetic correlations,
similar to that of 1D theory.

To study high field magnetic phases were studiedntlagnetization of LiCuV@Qcompound

up to saturation field (~50T) with pulse technitjuBesides the transition from the planar
spiral to spin modulated structure an additionahgition was observed just below the
saturated field. This high field magnetic phasedasidered as a spin nematic phase, which
was predicted theoretically not only for 1D modwit also in frame of more realistic quasi 2-
dimensional model in Ref. 7. For the nematic phhseordered spin components should be
zero, and a correlator of transversal componentse@hboring spins is an order parameter.
The critical fields and the slope of magnetizatiorhis phase are in a good agreement with
calculated one.

[1] T. Hikihara, L. Kecke, T. Momoi, A. Furusakihis. Rev. B78, 144404(2008).
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[3] F. Heidrich-Meisner, I.. P. McCulloch, A. K. kezhuk, Phys. Rev. B0, 144417 (2009).

[4] N. Buettgen, H.-A. Krug von Nidda, L.E. Svistdv.A. Prozorova, A. Prokofiev, W. Assmus,
Phys. Rev. B’6, 014440 (2007).

[5] N. Buttgen, W. Kraetschmer, L. E. Svistov, L.Rrozorova, and A. Prokofiev, Phys. Re\8B
052403 (2010).

[6] L.E. Svistov, T. Fujita, H. Yamaguchi, S. KinayiK. Omura, A. Prokofiev, A.l. Smirnov,
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Spin-fluctuation-mediated superconductivity in iron arsenides:
complementary thermodynamics and optical studies

A. Charnukha, O. V. Dolgov, A. N. Yaresko, C. TnLB. Keimer, and A. V. Boris
Max Planck Institute for Solid State Research, eldiergstrasse 1, D-70569 Stuttgart, Germany

Interplay between spin fluctuations and supercotidg pairing is a challenge to our current
understanding of the origin of the remarkably haghiical temperature in superconductors
near magnetic phases. We report specific heat atid cbomplex dielectric function
measurements on high-purity &#osFeAs, single crystals with J= 38.5 K [1,2]. We
discuss the microscopic origin of superconductiiyuced electronic specific he&l,, and
infrared optical anomalies in the framework of altihband Eliashberg theory with two
distinct superconducting gap energiés 2 6 ksT. and 2z~ 2.2 lsT.. The observed unusual
suppression of the optical conductivity in the sapaducting state at energies up to 3FKk
can be ascribed to spin-fluctuation—assisted psases the clean limit of the strong-coupling
regime.

We criticlly examine that the superconducting stafethe iron pnictides appears to fit
reasonably well into a BCS framework in which phasi@re replaced by spin fluctuations.
We observe, however, a superconductivity-inducgzpmassion of an absorption band at an
energy of 2.5 eV, two orders of magnitude abovestiygerconducting gap energy [3]. Based
on density-functional calculations, this band isigised to transitions from As-p to Fe-d
orbitals crossing the Fermi surface. The opticanaaly we observed can be explained as a
consequence of non-conservation of the total nurobemoccupied states involved in the
corresponding optical transitions due to the opgngi the superconducting gaps and
redistribution of the ccupation of the differentnda below T. It requires a lowering of the
material’s chemical potential in the supercondugtstate, which can potentially enhance
superconductivity in iron-pnictides. However, evangeneralization of the standard BCS
theory to the multiband case does not take intowucthis effect. Therefore, self-consistent
treatment of a variable chemical potential at thgesconducting transition is needed.

We identify a related effect at the spin-densityvadransition in parent compounds of the
122 family. Interactions of electrons in differemtergy bands at the Fermi level may provide
a common framework for an explanation of the optiaaomalies in the SDW and
superconducting compounds. It is important to rib&t these anomalies affect only a small
fraction of the interband transitions, which inwelwitial states of As p-orbital character deep
below the Fermi level. This indicates that theshkitals significantly influence electronic
instabilities in the iron arsenides, possibly du¢hie high polarizability of the As—Fe bonds.

[1] P. Popovictet al, Phys. Rev. Lettl05 027003 (2010).

[2] A. Charnukheet al, Preprint: arXiv:1103.0938 (2011).
[3] A. Charnukhaet al, Nature Communicatior® 219 (2011).
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Spin waves in cubic helimagnets

S. V. Maleyev
Petersburg Nuclear Physics Institute, 188300, GasthRussia

In this report we discuss the B20 helimagnets (MR&Ge, etc). In them the Dzyaloshinskii-
Moriya interaction (DMI) leads to the spin-wave fise with momentaj and ¢+ nk where
k is the helix wave-vector and=1,2,... As a result the spin-wave spectrum displays gtron

anisotropy at g<<k. &, =(Aq +3Ad}/8+A*~3H?/8)'*, where |,0 denote vector

components along and perpendicular ko respectively andAis the spin-wave gap which
appears due to the spin-wave interaction. At ga havee, = Aq(qf + K)% It is shown
also, thatH_, dependence of the spin-wave energy appears dsint@r (q, k) mixing in
perpendicular field.

The so-called A-phase is the most striking phemameobserved in B20 magnets. In this
state just belowl. the helix vector rotates perpendicular to thedf@hd then with increasing

of T returns to initial direction along the fielHrom above expression fer, we see that the

perpendicular state becomes instabléHat H ,, =NA/8/3.. It is the upper bound of the A-
phase state. The lower boundary is a result ofrtfia-red divergences (IRD) atl, - H,,
which appear in the 1/S expansion for the magnetiergy due to very soft spin-wave
spectrum at g<k. In fact the A-phase has to tadl & > AKk® but it is very narrow and can be
observed just belowl. due to critical slowing down. Rather rough estioma are in
agreement with existing experimental results.

From the above results we conclude that the foeldaviour of the multiferroics with the

DMI could be understood if one takes into accobetfteld induced spin-wave mixing which

has to appear in the field directed in the plaithefspin rotation.
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Z-vortex unbinding transition for two-dimensional
frustrated antiferromagnets

A. N. Ignatenko
Institute of Metal Physics, 620990, Ekaterinburgs§la

Two-dimensional frustrated Heisenberg antiferroneagwth non-collinearly ordered ground
state at finite temperature is known to have ttarsirelated to the decay of vortex pairs [1].
In contrast to the famous Berezinsky-Kosterlitz-Uless (BKT) phase transition, which
appears in systems with abelian XY-like symmetnythe present case even without vortices
magnetic fluctuations are so strong that they mdy destroy magnetic order, which is in
accordance with Mermin-Wagner theorem, but alsayce finite correlation length at any
finite temperature and the phenomenon of quasi-tange order does not occur.

In this contribution the influence of magnetic ci@sl and quantum fluctuations on the vortex
subsystem is studied. If one simply neglects flattuns by considering vortices inserted at
some points into ideally ordered background, ontinb an ensemble of point particles
equivalent to classical Coulomb plasma in two disi@ms. In this picture long-range
logarithmic potential at low temperatures is aldébind all vortices into pairs (dipoles); the
latter begin to dissolve only at Kosterlitz-Thodesemperature. Therefore neglect of
fluctuations leads to usual BKT phase transition.

It is shown that magnetic fluctuations exponentialireen the interaction between vortices at
distances >> & (& is correlation length). Correspondingly the eneofjpne vortex which is
equal to half the energy of infinitely large pag finite. Hence even at arbitrary small
temperatures not all vortices aseund into pairs, and there exist finite, but exponditia
small, density of free Z- vortices. Therefore there is no principal déiece between low and
high temperature regimes: at high temperaturesityesfsvortices is simply mach larger then
at low temperatured.hereby the process of dissociation gFAsortex dipoles is a crossover
and not a phase transition

In the renormalized classical regiohi§ low in comparison with ground state spin sgfg)
this crossover is sufficiently narrow due to exparadly large correlation lengtg~exp(11).

At distances T << r << & the repulsive double logarithmic interactioh leg(r)?, which is
induced by fluctuations in addition to bare attractlogarithmic potential logf, leads to
substantial reduction of the crossover temperaturader the enhancement of frustration,
when the system is approached to quantum phasstioaninto spin liquid ground state, the
crossover is smeared by quantum fluctuations.

Backward influence of Z— vortices on the spin fluctuations (spin corielatfunctions), in
particular the possibility of vortex mechanism pir®n’s confinement, is also discussed.

[1] H. Kawamura and S. Miyashita, J. Phys. Socadag, 9 (1984);53, 4138 (1984).
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Electron spin resonance in BgCr,Og

T. P. Gavrilovd, R. M. Eremind, J. Deisenhofér A. Loidl*
! Zavoisky Physical -Technical Institute, 420029jrSky tract, 10/7, Kazan Russia
% Institute for Physics, Augsburg University, D-8618ugsburg, Germany

Very recently, a new family of dimerized antiferragmet, namely #M,0Og (A=Ba, Sr
M=Mn, Cr), has shown Bose-Einstein condensatiomafinons (k= 12.5 T for BaCr,Og
[1]). The systems also uniquely show the presericgimerized MQ®" tetrahedra with an
M ion in the unusual 5+ oxidation state and thespnee of competing exchange interactions,
since the dimers are arranged in a triangularcifresenting a high degree of geometrical
frustration. The fitting of the temperature depermwe of the magnetic susceptibility in
BasCr,Og by modified Bleaney-Bowers equation with interdinirgteractions confirmed the
formation of a spin-singlet ground state at low penature and allowed to determine the
intradimer isotropic exchange interactidi¥a7.3 K [2]. All these interesting facts stimulated
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Fig.1. a) Angular dependencies of ESR linewidtB&Cr,Og in X-band at T=12 K; b) Temperature
dependence of the ESR linewidth in X-band frequency

our study of BgCr,Os single crystals by the ESR method. ESR measurameste

performed at X-ban@.47 GH3 frequency in the temperature range 4.2<T<300 k EBR

spectrum consists of one Lorentzian-shaped linéh vgt2. The experimental angular
dependencies of g-factors and ESR linewidths in dvfferent planes are presented in Fig.1.
Black curves correspond to the theoretical calautat It was necessary to take into
consideration the intradimer symmetric and antiswtmim anisotropic exchange interaction to
fit the experimental data. The presence of DM matgon was confirmed also by high-
frequency ESR measurement [3].

The temperature dependence of the ESR linewidpinesented in Fig.1 c. As shown in Fig.1
c, the linewidth increases with increasing tempegatrom 200 Oe at 10K up to about 1100
Oe at 50K. The intensity of the ESR signals becoveeg low at the temperature above 70 K,
so the lines are not detected at the highest taahpes. The exponential increase of the ESR
linewidth indicates that the relaxation of the éadispin occurs via an Orbach process.

We acknowledge partial support by the program UMIS#G65r/11225.

[1] A. Aczel, H. Dabkowska, G. Luket al, Comm. APS, March-Meet. Abs82, 00013 (2008).
[2] T. Nakajima, H. Mitamura, and Yu. Ueda, JA5J054706 (2006).
[3] M. Kofu, H. Ueda, H. Nojiriet al.,PRL102, 177204 (2009).
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Breaking the spin waves: spinons in GE€uCl,

Oleg A. Starykh
University of Utah, UT 84112, Salt Lake City, USA

Modern investigations in quantum magnetism areedriby a relentless search for exotic
disordered spin-liquid ground states. | describees® recent advances in this field focusing
on materials with spatially anisotropic triangusénucture. | show that the excitation spectrum
in these magnets is composed of incoherent continwarising from the one-dimensional
spinons of individual spin chains, and a sharpefising peak, due to coherently propagating
‘triplon’, an S = 1 bound states of two spinohgresent a direct and parameter-free
comparison of the calculated dynamical spin coti@ia with inelastic neutron measurements
on CsCuCl. | also describe crucial role of small residuderactions, primarily inter-layer
exchange and several symmetry-allowed Dzyaloshihtiriya interactions (DMI), in

selecting the low-temperature ordered states.

| conclude by presenting an analogy between theesysf critical spinons subject to uniform
DMI and that of electrons in quantum wires subjecspin-orbit interaction of Rashba type.
| show that this analogy provides a straightforwaxglanation of the recent ESR experiments

in the paramagnetic phase of,CaCl,.
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ESR modes in the spin-liquid phase of a two-dimermnal frustrated
guantum antiferromagnet Cs,CuCl,

K. Yu. Povarov, A. I. Smirno¢? O. A. Starykfi, S. V. PetroV, A. Ya. Shapir
p. L. Kapitza Institute for Physical Problems, RAS)334 Moscow, Russia
“Moscow Institute for Physics and Technology, 141D@0goprudny, Russia
3 Department of Physics and Astronomy, Universitytah, Salt Lake City, Utah 84112, USA
“A.V.Shubnikov Institute of Crystallography, RAQ3BB Moscow, Russia

We report new effects in the low
frequency spin dynamics o0f5=1/2
Ry antiferromagnet GE€uCl,. This spin
el system realizes distorted triangular
lattice, with spin chains effectively
decoupled because of frustration [1]. In
a correlated state, below the Curie-
Weiss temperatur®cyw=4 K and above
the ordering temperaturéy=0.62 K,
we observe a shift of ESR frequency,
developing with cooling. Besides, in a
tL'Z'GZZGHZ magnetic fieldH|la, H|lc, we observe a
5" Magnetic Field (T) splitting of . ESR i.n two lines, also
S emerging Wlth cooling. Aﬂ':_1.3 K the
Magnetic Field (T) effective gap in the magnetic resonance
spectrum is 14 GHz, and the splitting
Fig. 1. Frequency-field dependencdail.3 K reaches 10 GHz. These findings are
quite unusual forS=1/2 magnet in a
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andH||a. Dotted line is a para-magnetic paramagnetic phase, nevertheless, they
are naturally described by a
resonance ak=10 K, dashed line presents consideration of the spectrum of

spinons in S=1/2 spin chain [2] in
presence of theniform Dzyaloshinskii-Moriya interaction (DMI) [3]. Thigind of DMI,
which represents a t distinct feature of;@sCl, the DM vector is oriented in a unique
direction for all pairs of spins within a chain. the molecular field approximation the
uniform DMI results in a spiral spin structure witke wavevector of ordepyw~D/J. In case
of a spinS=1/2 chain, which has critical ground state, suddMil results in a shift of the
spinon continuum by the value gém, giving rise to two ESR frequencies, which repnese
upper and lower boundaries of the continuum trassgao zero wavevector by the DMI [3].
Such a transformation of the spin excitations spettimplies a specific polarization
dependence of the ESR absorption Hat0, with a maximum at the microwave field
perpendicular to DMI vector, i.e. atlp. Precisely such polarization dependence was indeed
observed at a frequency of 14 GHz. Using theorepcadictions of [3], we estimate the
components of the DMI vector to bd,/(47)=8+2 and D,_/(4n)=11+ 2 Ghz,

correspondingly.

[1] O. A. Starykh, H. Katsura, L. Balents, PhysvR& 82, 014421 (2010).
[2] D. C. Dender et al., Phys. Rev. Lat®, 1750 (1997).
[3] S. Gangadharaiah, J. Sun, O. A. Starykh, PRgs. B78, 054436 (2008).
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Low-temperature thermodynamics of frustrated classtal spin chain
near the critical point

V. Ya. Krivhov and D. V. Dmitriev
Institute of Biochemical Physics of RAS, Kosygid sMoscow, Russia

Last year much attention has been paid to the I BHeisenberg model that exhibit
frustration. Its Hamiltonian has a form

H =355 +J:25,S 1)

where 4<0 is the ferromagnetic (NN) coupling whilg>0 is the antiferromagnetic (NNN)
interaction. This model is basic one for the dgdgmn of magnetic properties of recently
synthesized edge-shared cuprate chain compounds. niddel is characterized by the
frustration parametexr=J,/|}|/ . The ground state of the model is ferromagnetiaufdl/4.

At the critical pointa=a.=1/4 the ground state phase transition to the imsensurate singlet
phase with helical spin correlations takes placem&Vkably, this transition point does not
depend on a spin value, including the classicait Isao. The important question related to
this model is the influence of the frustration be tow-temperature thermodynamics near the
transition point because there are several edgedhaiprates wittu = 1/4 which are of
particular interest. At present the low temperatinermodynamics of quantum s=1/2 model
(1) can be studied only either by using of numeércaculations of finite chains or by
approximate methods. In this work this problemtigl®d for the classical version of (1) for
which exact thermodynamics at-10 can be obtained. It is expected that main quiziga
features of the quantum low-temperature thermodycgcan be reproduced correctly in the
framework of the classical model.

The calculation of the partition and spin corr@atifunctions is reduced to quantum
mechanics problem of a particle in a potential wiells shown that exactly in a the transition
point the correlation length behaves at 0 as T+ and zero field susceptibility diverges

as T*® in contrast with the Heisenberg ferromagnetQ) wherel O T' andy O T? .
Corresponding numerical factors fbandy are found. We compare these results with those
obtained by modified spin wave method.

The behavior of the low-temperature susceptibifitthe helical phase at-a. is studied. The
main feature of this behavior in the limitJ0 and=(a-a)—0 with t=T&*? fixed is the
universal dependence of the scaling variable palriicular,y(T) has a maximum at,JJ§%?
andy, 08% . The obtained dependeng@) is in qualitative agreement with that obserired
edge-shared cuprates withclose toa.. The dependencies of,Tandym on a are also in
accord with the experimental observations. Thacssttucture factor S(k) has the maximum
at k=kn(T). ky, vanishes at tztand the value .t determines the Lifshitz boundary ond]r,
plane, separating the ferromagnetic and the hgittases. The vanishing af, bn the Lifshitz
boundary is characterized by the critical index 1/2
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Properties of kagome lattice in ZnCy(OH)Cl>

V. R. Shaginyan
Petersburg Nuclear Physics Institute, Gatchina,3B8 Russia

Strongly correlated Fermi systems are among thé miygyuing and fundamental systems in
physics, whose realization in some compounds iststibe discovered. We show that the
kagome lattice of ZNnGYOH)sCl, can be viewed as a strongly correlated Fermi systhose
thermodynamic is defined by quantum critical spguild located at the fermion condensation
quantum phase transition (FCQPT) [1]. For the ftrste we calculate the susceptibility,
magnetization and specific heat C as functiongwiperature T versus magnetic field B. Our
calculations are in good agreement with the expamtad facts and their scaling behavior
coincides with that observed in heavy-fermion (Hfgtals and 2D°He. We have also
demonstrated that ZnQ®H)sCl, exhibits the Landau-Fermi liquid, non-Fermi liquashd
transition behavior as HF metals &tk do.
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Strongly correlated behavior of ZngO@H)sCl, can be illuminated by comparing with that of
YbRh:SI, as it is shown in Fig. 1. It is convenient to auituce the normalized effective mass
M*y and the normalized temperaturg dividing the effective mass M* by its maximal
values, M¥,, and temperature T byuTat which the maximum occurs [1]. Then, we can
compare the behavior of the susceptibility propordi to M* measured on Zng®H)sCl,

in magnetic fields B [2] with C/T proportional to*\vbtained on YbR}Si, in magnetic fields

B [3] representing M* as the normalized effectivass M*}=M*/M* \; versus the normalized
temperature J=T/Ty. In Fig. 1, the corresponding fields B are listadthe legends. Our
calculations shown by the solid curve that trades g¢caling behavior of Mlocated at
FCQPT [1,4] are in good agreement with the exparntaidacts.

[1] V.R. Shaginyan, M.Ya. Amusia, A.Z. Msezane, &. Popov, Phys. Repi92 31 (2010).
[2] J.S. Heltoret al, Phys. Rev. Lettl04, 147201 (2010).

[3] P. Gegenwartt al, New J. Phys8, 171 (2006).

[4] V. R. Shaginyaret al, Europhys. Lett93, 17008 (2011).
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Magnetic resonance in CeBand ferromagnetic correlations

S. V. Demishe¥; A. V. SemendA. V. BogacH, T. V. Ishchenkd V. B. FilipoV/,
N. Yu. Shitsevalovaand N. E. Sluchanko
A.M.Prokhorov General Physics Institute of RAS 9819 Moscow, Russia,
2|nstitute for Problems of Materials Science of NABBB8O0, Kiev, Ukraine

Studying of the magnetic resonance in stronglyetated metals, dense Kondo systems and
heavy fermion materials has recently attracted mattbntion [1-3]. Although strong spin
fluctuations in these systems seem to destroy ni@grsonance, it was shown theoretically
that this difficulty may be overcame by ferromagnetorrelations [1-2]. However the
magnetic resonance in the co-called antiferro-quaale phase (phase IlI) of CeBas been
observed [4], whereas this material is supposedet@n archetypical dense Kondo system
with orbital ordering, which is governed by tastiferromagnetidnteractions. In the present
work we have applied new technique of absolute
measurements of the high frequency (60-100 GHz) ESR
in strongly correlated metals [5,6], which allowsding
full set of the spectroscopic parameters includjgctor, osf
line width and oscillating magnetisation. It is fmlthat
approaching to the phase ll-paramagnetic phassiti@mn

lT* i 28T
[Phase 1I] ; [Phase |

M (,/Ce)

0.4

temperatureT,;; results in strong broadening of the ©f o P
resonance (the line width increases 3 times inrdmge NN
1.&T<3.8 K) whereas g-factor g=1.59 remains T et

temperature independent. Magnetic resonance data -
suggests that the magnetization of gémB the phase Il '9. 1 Magnetisation structure of

. e ., the phase 1l of CeB total
consists of several contributions, one of whlch rﬁ%gnetisation N), oscillating
res_pon5|bl_e for the Qbs_erve_d magnetic resonangel(_)ﬁ magnetisation Nlg), non-oscillating
This term in magnetization is missing in the pargn@ic packground ,).
phase and corresponds to ferromagnetically integct
localized magnetic moments. The magnitude of trallagng part of magnetization is less
than total magnetization in the ran§e<T<T.; and coincide with the total magnetization for
T<T', whereT ~2 K. We argue that (i) ferromagnetic correlatigniays a key role in the
observed phenomenon in analogy with the theoretesllts on magnetic resonance in the
dense Kondo systems [1-2] and (ii) the antiferragjupole model of orbital ordering
contradicts to the experimental data on the magmesonance in CeBIlt is found that
effective quantum number for the oscillating magnetoment isJ =1/2, which suggests that
the ground state of the &don isT; rather tharfs. This result demands further development
of the theory of static and dynamic magnetic propgiof this heavy fermion metal.

The work was supported by the Programme of the iRugscademy of Sciences “Strongly
correlated electrons” and by the Federal Programi@wentific and Educational Human
Resources of Innovative Russia”.
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Spin dynamics in the hyperkagome compound G&5as0;,

O. A. Petrenkd P. P. Deef G. Balakrishnah B. D. Rainford,
C. Rittef, L. Capogna H. Mutkd' and T. Fennéll
'Department of Physics, University of Warwick, Came@GV4 7AL, UK
? European Spallation Source ESS AB P.O Box 17230 Lund, Sweden
3Department of Physics and Astronomy, Southamptévetsity Southampton SO17 0BJ, UK
“Institut Laue Langevin, 6 rue Jules Horowitz, 38@¥2noble, France
*lstituto Officina dei Materiali (IOM)-CNR, OGG 6 eu). Horowitz, 38042 Grenoble, France

We present the first neutron inelastic scatteregults on the magnetic state of the frustrated
hyperkagome compound &las01, (GGG) at low temperatures [1] and in applied mégne
field [2]. Our neutron scattering studies reveakémarkable range of timescales. Short-range
spatial correlations observed previously in thetrogu diffraction experiments [3] appear
static within the instrumental resolution (E8V). Three distinct inelastic modes are found at
0.04(1), 0.12(2) and 0.58(3) meV at 0.06 K (see E)g The application of a magnetic field
up to 2.5 tesla reveals disparate behavior of thgmatic excitations. In zero applied field, the
lowest and highest energy excitations show spakgdendencies indicative of dimerised
short-range antiferromagnetic correlations thatviserto high temperatures, comparable to
the nearest neighbor exchange interactions. Owidtsesuggest that the ground state of a
three-dimensional hyperkagome compound differaraigy from its frustrated counterparts
on a pyrochlore lattice and reveal a juxtapositdrcooperative paramagnetism and strong
dimerised coupling. These results are surprisingesiGGG is often classified as a strongly
frustrated system with a manifold of connected estator which one would expect a
continuum of gapless excitations.
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Fig. 1 Powder-averaged scattering function &j@f GGG at 0.06 K with incident energy 1.94 meV.
Insert is a cut at wave-vector transfer of Q=075 ghowing the elastic lineshape and two low-lying
excitations with the corresponding fits.

[1] P. P. Deen, O. A. Petrenko, G. Balakrishnal.BRainford, C. Ritter, L. Capogna, H. Mutka, and
T. Fennell, Phys. Rev. 82, 174408 (2010).

[2] P. P. Deeret al, unpublished (2011).

[3] O. A. Petrenkoet al, Phys. Rev. LetB80, 4570 (1998).
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Asymmetric spin ladders: analytical and numerical sudies

D. N. Aristov"?
'Petersburg Nuclear Physics Institute, 188300, Ga&hRussia,
“St.Petersburg State University, 198504, St. PetegstRussia

Conventional spin ladders [1] contain several egs@h chains coupled by interchain
interaction. We consider asymmetric spin-1/2 twg-léadders [2] with non-equal

1(2)
antiferromagnetic (AF) couplingsJH along legs, 1@d ferromagnetic rung coupling,

J1. Similar to conventional case, [3] this model mss®s a gaf\  in the spectrum of spin
excitations and exponential decay of correlatidds] In the limit of large /_ this gap is

equivalent to Haldane gap for AF spin-1 chain,sipective of asymmetry of the ladder. The
behavior of the gap at small rung coupling depardthe asymmetry of the ladder. For weak

I _ 72
asymmetry, and particularly for conventional syrmmeeladder, JII o JH , one has linear

scaling, An~Jy Strong asymmetry of the
o2
20.01 [:h\‘

2 1
coupling along legs, JII RIS JI\ , is
(d)

characterized by two energy scales:
exponentially small gap in spin excitations

- T
spectrum,A J1 exp( JH/JJ-), and the

width of the dense band of low-lying excitations,
induced by Suhl-Nakamura indirect exchange,

~ I w h ical |

+ 4% (0BO) . . We report the numerical results

» obtained by exact diagonalization technique,
~— L=182 (pBC)
7 e Monte Carlo DMRG and large-scale quantum Monte Carlo
- —fitas in (c) (QMC) simulations for various spin correlation
a 0.5 ] 15 functions. [6] Particularly the string order
S parameter, characterizing the hidden AF order in
Haldane phase, behaves differently at weak and
strong asymmetry. On the basis of our numerical
data for strongly asymmetric case, we propose
the low-energy theory of effective spin-1
variable, pertaining to large blocks on the
decimated lattice. This theory combines the spimenanalysis, in spirit of original Haldane’s
paper, with Kadanoff's decimation procedure.

Fig. 1. DMRG and QMC data for the spin
gap for the extreme ladder asymmetry.
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100, 017202 (2008).

[6] D.N. Aristov, C. Briinger, F.F. Assaad, M.N. Kigv, A. Weichselbaum, S. Capponi, and F. Alet,
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Anomalously large damping of long-wavelength magnan
caused by long-range interaction

A. V. Syromyatnikov
Petersburg Nuclear Physics Institute, Gatchina,0®al Rosha 188300, Russia

We discuss the spin-wave interaction in 3D and 2&séhberg ferromagnets (FMs) with
dipolar forces afl. > T =20 usingl/S expansion. A comprehensive analysis is carriecbbut

the first /S corrections to the spin-wave spectrum. We obsarmember of quite unusual
phenomena: the spin-wave gap caused by spin-waeeaation and anomalously large
damping of long-wavelength magnons in 3D FM.

We demonstrate that the spin-wave interaction l¢adisegap A in the spectrune, in both

3D [1] and 2D [2] FMs renormalizing greatly the &ayapless spectra at small momekta
This spin-wave gap, which has been steadily ignardtie literature, resolves the problem of
infrared divergent corrections to the longitudispln susceptibility [3] and to the spin-wave
stiffness [4] in 3D FM. This gap resolves also fireblem of long-wavelength magnons
instability in 2D FM [5].

Expressions for the spin-wave dampihg are derived. We observe thermal enhancement of
both ', and T, /g at small momenta in both 2D and 3D FMs. In paléicia peak appears in

rJeg atk=k ~ A/~JTD, whereD is the spin-wave stiffness. The height of thiskpisaof
the order of T/T. <1 in 2D FMs for S~1. Thus, we conclude thahagnons are well-
defined quasi-particlesn 2D FM at T <« T.. Amazingly, the spin-wave damping appears to
be much larger in 3D FM: the peak heightlip/g, is of the order of unity al < T.. Thus,

we find thatlong-wavelength magnons in 3D FM are heavily dampédsmall T [6]
1

Particular estimations show thiet<10° A in the majority of materials. Such a small value

can explain the surprising fact that such an urdysuanomenon has not been observed so far.

Moreover, the magnetocristallyne anisotropy noryalktreens this effect completely. We
. 1

point out a number of real compounds wkh~107+10° A and negligible anisotropy,

which are suitable for experimental verificationonir predictions.

[1] A. V. Syromyatnikov, Phys. Rev. B4,014435 (2006).
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Effects of weak interchain coupling on a spin-gap agnet

V. N. GlazkoV, A. I. SmirnoV, A. Zhelude?, B. C. Sale$
lKapitza Institute, Moscow, Russia
2Laboratory for Neutron Scattering and MagnetismHeAurich, Zurich, Switzerland
*0ak Ridge National Laboratory, Oak Ridge, USA

Spin-gap magnet NTENP (Nig824N4)NO,(ClOy)) is an example of a S=1 spin chain with
alternating exchange interaction. Spin sublevelgheftriplet excitations are strongly split by
an effective crystal field, originating from singten anisotropy on Ni. This system is a
good test probe for different phenomena, relatethéophysics of spin-gap systems. Closing
of the gap by an applied magnetic field, inducedeombove critical field, effects of magnon
decay were studied by neutron scattering and eledpin resonance (ESR) techniques (see
[1] and references therein).

Different sorts of ESR transitions are available dbservation in NTENP: thermoactivated
inter-triplet transitions, transitions between #$#gground state and triplet sublevels,
antiferromagnetic resonance above critical fieltheyr can be identified by characteristic
temperature dependences and characteristic f(Hendiemces for different modes. We
observed that certain ESR modes are split, whichrezt be accounted for in the simple
model of one-dimensional spin-gap system (Figure 1)

We propose that the observed splittings are dubdaveak dispersion of excitations in the
direction, transverse to the chain. Since effectingstal field parameters aktedependent,
splitting of the triplet sublevels is slightly daffent in the true minimum of E[ and in the
saddle point at the edge of Brillouin zone. Diffeze of singlet-triplet transition frequencies
allows to measure directly amplitude of the disjgeran the transverse direction and to
estimate strength of the interchain interactioda$.05K.
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Fig. 1. (Upper panels) Schematic representation
of the energy levels and expected resonance
transitions for low-temperature (LT) and
thermoactivated (HT) modes. (Lower panels)
Experimentally observed splitting of the LT and
HT modes.

[1] V.N. Glazkov, A.l. Smirnov, A. Zheludev, B.Cates, Phys.Rev. B2, 184406 (2010).
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Spin excitations in 122-ferropnictide superconducts
studied by inelastic neutron scattering

D. S. InosoyJ. T. Park, Yuan Li, D. Haug, A. Yaresko, V. Havk B. Keimer
Max-Planck-Institute for Solid State Research, Eelergstr. 1, 70569 Stuttgart, Germany

Inelastic neutron scattering studies on BaEeo 15As; and BaFegiNip 0dAS; electron-doped
ferropnictide superconductors will be presented.tia iron arsenides, the proximity of
superconductivity and antiferromagnetism in the sghaliagram, the apparently weak
electron—phonon coupling and the ‘resonance peakhé superconducting spin-excitation
spectrum have fostered the hypothesis of magniticeddiated Cooper pairing. To assess the
spectral weight and the symmetry of the pairingobosve have extensively studied spin
excitations in these systems over a wide rangeroperatures and energies, and for different
doping levels [1, 2]. In contrast to high-cuprate superconductors, the spin-excitation
spectrum agrees well with predictions of the theafryearly antiferromagnetic metals. The
temperature evolution of the resonance energy noorc#lly follows the closing of the
superconducting energy gap, as expected from cdiovah Fermi-liquid models. Our
observations point to a surprisingly simple theoedtdescription of the spin dynamics in the
iron-based superconductors and provide a solid dation for models of magnetically
mediated superconductivity [1].

We have also studied the anisotropy of spin exoitatin the transverse and longitudinal
directions of the reciprocal space [2]. Optimallgped samples that exhibit neither static
magnetic phases nor structural phase transition® mavealed that the spin excitation
spectrum does not follow the/m screw symmetry around the (Y2%axis, which belongs to
the 14/mmmspace group of the crystal. This is seen both éithplane anisotropy of the
normal- and superconducting-state spin dynamicsiartie out-of-plane dispersion of the
spin resonance mode. The in-plane anisotropy cajyubktatively reproduced in the normal-
state DFT calculations, and therefore does notssaciy imply a symmetry-broken ground
state. BelowT,, the resonance energy, its intensity, and the |8 gap inherit the normal-
state modulation along the out-of-plane directiowith a period twice larger than expected
from crystal symmetry. The amplitude of this modiola decreases with doping. The
amplitude of this modulation decreases with do@ng is therefore associated with the 3D
character of magnetic coupling between itineraattebns, providing an analogy to the even-
odd resonance splitting in copper oxides.

Combining our and previous data, we have show3][Zhat at oddL a universal linear
relationship wes = 4.3 kgT. holds for all Fe-based superconductors, independenheir
carrier type. Yet, an extensive comparison of th&kgT. ratios has revealed that contrary to
the recently suggested universality of this ratid-e-based superconductors, the coupling in
pnictides ranges from weak, near the BCS limitsttong, as in cuprates, bridging the gap
between these two extremes. An important consegueiitis result for ferropnictides is that
the separation in energy between the excitonic-sggonance mode and the particle-hole
continuum, which determines the resonance dampim¢pnger appears independentgf

[1] D. S. Inoso\et al, Nature Physic§, 178 (2010).
[2] J. T. Parlket al, Phys. Rev. BB2, 134503 (2010).
[3] D. S. Inosowt al, arXiv:1012.4041 (unpublished).
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Magnetic anisotropy of 2D antiferromagnet with triangular lattice CuCrO,

L. A. Prozorova, L. E. Svistov, V. Tsurkafi, A. M. Vasiliev
p. L. Kapitza Institute for Physical Problems RA®scow, Russia
“Center for Electronic Correlations and MagnetismNEK

Experimentalphysik V, Universitat Augsburg, Germany

For more than a decade, the study of frustratedeammimagnets has been a fascinating

subject of condensed-matter physics. Unconventitypas of magnetic ordering and phases

in frustrated quantum spin chains are attractigelids, because they appear under a fine
balance of the exchange interactions and are soregttaused by much weaker interactions
or fluctuations.

CuCrG, compound is an example of the quasi-two dimensiantiferromagnet (S=3/2) on a
triangular lattice with easy axis anisotropy. Atmieeratures lower than transition
temperatures ((1=23.6 K and T>=24.2 K) the magnetic system of CuGr@@ long range
ordered in the triangular planes and has shorter@ogrelations between planes. The planar
spiral spin structure with the incommensurate ve(@28; 0,328; 0) was recently detected
in CuCrGQ compound [1]. The small deviation from 120-degre@esagnetic structure is
probably caused by small distortion of triangukgtite, so that the exchange parameter along
one side of the triangle differs from two othergy(R).

In our work we study the magnetic structure of GDLCsingle crystals using the ESR
technique. The frequency and angle dependencieSRBfspectra can be well described in the
model of a planar spiral spin structure with bitaaisotropy [2]. One anisotropy axis is
directed along € (0,0,1) and the second is arranged along (1,-I,8¢ weak in-plane
anisotropy is connected with the distortion ofrigalar planes mentioned above. The in-plane
anisotropy does not change at the spin-reoriemtatransition, which means that this
distortion is not connected with magnetostriction.

The value of anisotropy of the exchange suscejpyilof the spin structure, the constants of
anisotropy and the fields of spin reorientatiomsitions were obtained.

1(0,0,1)

SPIN PLANE

(19090) Fig. 1

[1] M. Poienar, F. Dumay, C. Martin, V. Hardy, A. Ma@m and G. Andre, Phys. Rev.7B, 0144412
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Probing of MnSi by electron spin resonance

A. V. SemenoA. V. Bogach, V. V. Glushkov, N. E. Sluchanko,A.Samarin,
and S.V. Demishev
Prokhorov General Physics Institute, Russian Acadeh&ciences, ul. Vavilova 38,
Moscow,119991 Russia

High frequency (60 GHz) electron spin resonanceR)ES manganese monosilicide (MnSi)
single crystals is studied [1]. The measuremente lheen performed within the temperature
range 1.8-60 K at the applied magnetic field up7/@kOe. A single resonance line is
observed at all temperatures. Values of the linensity obtained in the units of magnetic
permeability evidence that the density of magnet@ments contributing to ESR coincides
well with static magnetization of MnSi. Analysis tife lineshape within Dyson model for
itinerant electrons exhibits that the ESR lineshapaesponds to the limit of localized
magnetic moments. The low limit value of diffusibme through the skin layer is defined
from the simulation. Strong growth of the linethicbf ESR is found below Neel transition
temperature §<29K. At the same time thgefactor only slightly depends on temperatuge:
1.9-2.0. Such behavior of ESR parameters has bealgzad in the framework of Moriya
theory using thesL(T) function. The revealed deviations from the moafeleak itinerant-
electron magnetism, which is commonly used fordéscription of the magnetic properties of
MnSi, indicate a possible spin-polaron nature @& tinusual magnetic properties of this

strongly correlated metal.

[1] S. V. Demisheet. al, JEPT Letters93, 213 (2011).
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The magnetic anisotropy and exchange interactions
OfbﬁngCﬂ;and Co;B,06
S. Sofronov&? N. Volkov', L. Bezmaternykhand E. Eremih?

lKirensky Institute of Physics SB RAS, 660036, Kigarsk, Russia
“Siberian State Aerospace Universityasnoyarsk, Russia

The orthorhombic antiferromagnetic single crys@dNisB,Os (Tn= 46,3 K) and CgB,0g
(Tn= 34,1 K) were grown using a 810301, and NaO flux. The seeds were obtained by
spontaneous nucleation from the same flux. The etagmroperties of the crystals were
investigated using ac and dc magnetization measmenperformed with a physical property
measurement system (PPMS, Quantum Design) for miadredds applied along the a, b, c
orthorhombic axis in the temperature range frol ® 350 K at magnetic fields up to 90
kOe. The magnetic susceptibility of highly anispioo Ca;B,0s, measured along a and b
orthorhombic axis, clearly reveal the anomalied@K (Fig.1). Suggesting that there is the
spin-reorientation transition at 10 K. Calculatiooi Ni-O-Ni and Co-O-Co interactions
made in the framework of an indirect coupling moflHl Some of calculated Co-O-Co
exchange interactions are highly anisotropic in t@st isotpopic Ni-O-Ni exchange
interactions. The probable magnetic structuresieBXDs and CgB,0Og are considered based
on the experimental data and results of calculation
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Fig. 1 The temperature dependencies of magnetizafi€gB,0Os for magnetic field 1 kOe
along the a, b, ¢ orthorhombic axis. The inset shihe temperature dependencies of inverse
magnetic susceptibility.
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In this contribution we review results of our intigations of a spin-phonon coupling in
various non-conducting antiferromagnets. The strengf the spin-phonon coupling is
manifested by a drop-down of dielectric permitiive below the Néel temperatureyTA
decrease ot’ by 3 %, 6 % and 32 % was observed below it EuTiO;, YMNnO3; and
SrMnG;, respectively. We demonstrate that the observel@aric anomalies are caused blue
shifts of low-frequency phonons neary.T Simultaneously, we show that the
magnetocapacitance effect in Euj@e. change of’ with magnetic fieldB, is caused by
tuning of a phonon frequency wiB

The strongest spin-lattice coupling we have obgkigen the cubic SrMn@ceramics. The
lowest-frequency polar phonon revealed in IR refldy spectra exhibits strong (17 %)
hardening on cooling belowy¥230 K resulting in a 32 % decrease of the s&tielow Ty.
This decrease of is one order of magnitude larger than that obsérin EuTiQ. Such a
huge change of the permittivity due to antiferrometgc ordering has never been observed
and it gives evidence of extremely strong spin-gmonoupling in SrMn@ bulk ceramics.
The experimental results correspond to theoretiahles obtained from our first-principles
calculations of bulk SrMn® The confirmation of huge spin-phonon coupling cabic
SrMnG; opens the possibility to prepare thin films wahsimultaneous ferroelectric and
ferromagnetic order, which could be induced duth&spin-phonon coupling in strained thin
films as recently suggested from first principlés By achieving to elaborate films strained
by more than 3%, both ferroelectric and ferromaignetitical temperatures should appear
near 150 K, i.e. much more than we recently expamntadly confirmed in the strained EuTHO
films [2].

In the last part of our contribution we will repabout time-domain THz study of AFM
resonance in hexagonal YMgOThe AFM resonance lies near 42 trat 10 K and its
frequency decreases on heating towangs 70 K [3]. This excitation seen in magnetic THz
permeability disappears above bBut above T another excitation with similar frequency
appears indielectric spectra. It reminds paraelectromagnon, but we wexlplain it by
multipohonon or phonon-magnon absorption.

[1] J. H. Lee and K. M. Rab@hys. Rev. Letl.04, 207204 (2010)

[2] J. H. Lee, L. Fang, E. Vlahos, X. Ke, Y-W. Juisg Kamba et aNature,466 954 (2010).
[3] V. Goian, S. Kamba et d@Phase Transition83, 931 (2010).
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Magnetic and magnetoelectric excitations in multiferoic manganites

Andrei Pimenov
Institute of Solid State Physics, Vienna Universityechnology, A-1040 Vienna, Austria

Multiferroics are materials simultaneously showifggromagnetic and ferroelectric order.
Two order parameters are coupled in these matewaish leads to such unusual effects like
magnetic switching of electric polarization andlelatric constant. As can be expected already
from the first principles, changes in the statiogarties of multiferroics must be accompanied
by dynamic effects like characteristic magnetoeleaxcitations. Indeed, such excitations
could be recently observed in the spectra and walled electromagnons. Contrary to the
conventional magnons, the electromagnons are ex&yethe electric component of the
electromagnetic wave and contribute substantiadlythie static dielectric permittivity. In
addition to the strong electric activity of the @lemagnons a series of other excitations of
magnetic and magnetoelectric nature are observedhén same frequency range as
electromagnons. The systematics of the existingem@hd the current state of the art in the
understanding of the underlying mechanisms is sumaeta[1].
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Fig. 1. Frequencies of the magneto-active andretecitive excitations in ToMn{ompared with the
results by inelastic neutron scattering (INS) [Bhe INS data are shown as stars. Left panel: @ectr
modes (electromagnons). Right panel: magnetic mofgsbols represent the experimental data,
solid lines are drawn to guide the eye. The exoitatonditions of the magnetic excitations are
indicated at the curves. The electromagnons aréeelxin the geometry e|la only. Dashed lines
represent the boundaries between different magpetises. PM - paramagnetic, IC - incommensu-
rate (sinusoidal) antiferromagnetic, cycloidal <loydal antiferromagnetic, Tb - phase with ordered
Tb sublattice.

[1] A. M. Shuvaev, A. A. Mukhin, and A. Pimenov, fioal Review in: J. Phys.: Condens. Ma28y
113201 (2011).
[2] D. Senff et al., J. Phys.: Condens. Matgg),434212 (2008).
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Coupled R and Fe magnetic excitations ilRFe;(BO3), multiferroics

A. M. Kuzmenko, A. A. MukhinV. Yu. Ivanov
Prokhorov General Physics Institute of the RAS9919Moscow, Russia

Rare-earth iron borates RfBO3), are a new family of multiferroicsT{ = 30-40 K)
possessing non-centrosymmetrical trigonal crystiicture and exhibiting interesting
magnetic, magnetoelectric and other properties lwistrongly depend on an exchange
interaction of antiferromagnetic Fe and paramagrmratie-earth (R) ions. We have studied the
submillimeter magnetic resonance properties of @émye Nd, Sm, Gd-based iron borates to
get additional data on R-Fe interaction and ite@fbn magnetic excitations in Fe- and R-
subsystems. Polarization measurements of transmisgectra of single crystallinecut
plates were carried out by a submillimeter quastapbackward-wave-oscillator technique at
the frequency range 3-20 crat the temperatures 3-300 K. One or two resonamzemwere
observed for both ac electro-magnetic field poktrans ||b, €||c andh||c, €||b). They were
identified as magnetic excitations in the exchaogapled Fe- and R-subsystems originated
from antiferromagnetic resonance (AFMR) of Fe iand electron transitions inside a ground
state (doublet) of R ions split by R-Fe exchangddfi A qualitatively different resonance
mode behavior was found for various R-ions. It veasablished both experimentally and
theoretically an existence of a strong dynamicalptiog of the magnetic Fe and R ions
oscillations accompanied by their anti-crossing iwehsity redistribution between the modes
of the same symmetry.

An increase of the Nd-mode frequencies (up to 13)cas compare with the static exchange
Nd** doublet splitting (8.8 ci) was observed in Ndg@0s), as a result of R-mode anti-
crossing with underlying Fe AFMR modh||p) which was soften. The mode anti-crossing
was reduced with dilution of Nd ions in BgY o eFe3(BO3)s. Similar increasing of Sm-mode
frequencies as compare with the 3moublet splitting was also observed in SB{BOs)a,
which, however, was accompanied by the increashgFMR mode frequencyh({|b) in
contrast to NdR£€BOs)4. This is explained by a significant anisotropy exfchange Sm-
doublet splitting in the easy plane and easy dates as compare with Nd one.

An unusual hiding of expected Gd-modes was reveaalgdre GdFgBO3),4. It was attributed
to a peculiar compensation of contributions of Rd &d ions to permeability for the high
frequency (exchange) mode due to almost equalithef gyromagnetic ratios. However, in
mixed Gd@sNdosFe3(BOs), system the Gd-modes were well observed along Wdhones.
Their frequencies (~17 ¢t turned out more then two times higher of Gd Iswekchange
splitting.

An explanation and quantitative description of thserved effects have been performed and
corresponding parameters of magnetic interactioase hbeen extracted. A role and
contribution of magnetoelectric (electro dipolatiag) excitations, i.e. electromagnons in the
phenomena studied have been also analyzed.

This work was supported by RFBR (10-02-00846 an0291355).
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Spin flexoelectricity: magnetic domain walls and vdices as sources
of electric polarization
A. K. Zvezdin®, A. P. Pyatakot’

1 A. M. Prokhorov General Physics Institute, 38, Maa st., 119991, Moscow, Russia
2 Physics Department, M.V. Lomonosov MSU, Lenirgkie 119992, Moscow, Russia

The magnetoelectric coupling in multiferroic maa#si with coexisting ferroelectric and
magnetic ordering is now an issue of keen intefresh the fundamental point of view and
because it offers a low-energy-consuming way im gectronics and magnetic storage. A
common scenario of magnetoelectric coupling is sh flexoelectricity i.e. the electric
polarization induced by spatially modulated spimucures [1-3]. This mechanism is
responsible for improper ferroelectricity in thealed spiral multiferroics [4].

However it is not generally known that this prirleipas far-reaching implications beyond the
field of multiferroic materials. Micromagnetic sttures like domain walls and magnetic
vortexes can also be considered as a source aefectricity due to the local symmetry
violation in the material. Recently the motion anagin walls in the gradient of the electric
field provided by a tip electrode has been obseiwedre-earth iron garnet films [5].

In this report several aspects of coupling betwbenspatial spin modulation and the electric
polarization in the field of micromagnetism are siolered:

1) electric field control of magnetic domain walls [6]

2) domain wall electric polarity switching by magnéefield [7]

3) chiral domain structure in magnetic films with beokcentral symmetry [7]
4) the possibility of magnetic vortex/antivortex nuatien by electric field [8]

It should be noted that ferroelectricity develogeain micromagnetic structure is universal
phenomenon and can appear in every magnetic insuéaten in centrocymmetric one.
Besides its fundamental importance the electricrgghalensity associated with magnetic
inhomogeneities provides new means for the eledtdontrol of the magnetic state. This fits
the novel trend in low-power-consumption spintreremd magnetic memory that is based on
domain wall engineering. Low spin damping in ircarmget films compared to multiferroic
materials makes them also interesting in the cantdxelectrically tuned spin wave
propagation.

[1] V.G. Bar'yakhtar, V.A. L'vov, and D.A. YablongkJETP Lett.37, 673 (1983).

[2] A. Sparavigna, A. Strigazzi, and A. ZvezdinyBhRev. B50, 2953 (1994).

[3] A.P. Pyatakov, A.K. Zvezdin, The Eur. PhysBJ/1, 419 (2009).

[4] S.-W. Cheong, M. Mostovoy, Nature Materiélsl3 (2007).

[5] A.S. Logginov et al, JETP Letted®, 115 (2007).

[6] A.S. Logginov et al, APL93, 182510 (2008).

[7] A.P. Pyatakov et al, EP23, 17001 (2011).

[8] A.P. Pyatakov, G.A. Meshkov, A.S. Logginov, Mosv University Phys. Bulletir§5, 329 (2010).
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Hysteresis in magnetization oNdy sGdg sFe3(BO3),4 single crystal

A. V. Malakhovskit, E. V. Eremid, D. A. Velikano#? A. V. KartasheV,
A. D. Vasil'eV}, I. A. Gudint
Y. Kirensky Institut of Physics, SB RAS, 6600@&HKoyarsk, Russia,
“Siberian Federal University, 660041 Krasnoyarsks&ta

Some ferroborates with the general formula 8@s), (R — rare earth ion) are multiferroics
and crystals GdREB03), and NdFgBO3),, in particular. These two crystals demonstrate
substantially different magnetic properties (seg,, 41, 2]). Therefore it was of interest to
study crystal with the mixed Gd and Nd ions.

Magnetic properties of NdGd,sFe3(BOs)4 single crystal have been studied in the main
crystallographic directions in the field up to 9G%kand in the temperature range 2 — 300 K.
Heat capacity has been also measured in the tetnperange 2 — 300 K. At temperature 32
K a transition into easy plane antiferromagnetatesthas been revealed. This state remains
down to 2 K. A hysteresis has been discovered enfilld interval 1 — 3.5 kGs during
magnetization in the easy plane perpendicularadrigonal axis of the crystal (Fig. 1). In the
same field interval a spin-flop transitions takeaga in domains in the easy plane. At
temperature 11 K in the field B<1 kGs a singularty the temperature dependence of
magnetic susceptibility in the easy plane is obser{Fig. 2). At the same temperature the
hysteresis appears, i. e., at the higher tempesttinie thermal energy is enough for
overcoming a potential barrier between domains tthe energetically equivalent directions
of magnetic moments, and the crystal in any painhéls between these states. In the field
B>3.5 kGs the crystal goes over to one domain ,stateé the singularity on the temperature
dependence of the susceptibility disappears (BigTlaus, this singularity is connected with
appearance of fixed domains and, consequentlyixefl f[domain walls. Just the presence of
the fixed domain walls distinguishes the crystaltestat T<11 K from the state at T>11 K.
Analysis of the experimental results has shown, ltle&avior of magnetization in the fields 1
— 3.5 kGs is conditioned by moving of the domairlsvand also by spin-flop transitions and
by rotation of magnetic moments to the magnetild fadrection not only in the domains but
in the domain walls as well.
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Fig. 1. Magnetization in the easy plane. Fig. 2. Susceptibility in the egdgne.

[1] A. D. Balaev, L. N. Bezmaternykh, I. A. Gudiny,. L. Temerov, S. G. Ovchinnikov and
S. A. Kharlamova, J. Magn. Magn. Mat2&8-259,532 (2003).

[2] E. A. TlonoBa, H. Tpucran, X. Xecc, P. Knunrenep, b. broxuep, JI. H. Besmarepusix, B. JI.
Temepos u A.H. Bacunses, JKOT® 132, 121 (2007).
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Nonreciprocity of electromagnon polaritons of ToMnG;
at its boundary with a metal in a magnetic field

l. E. Chupis
B. Verkin Institute for Low Temperature Physics &mgjineering,
National Academy of Sciences of Ukraine, pr. LedinaKharkov 61103, Ukraine

Recently gigantic magnetoelectric (ME) effects wédoeind in orthorhombic manganite
TbMnO; with incommensurate antiferromagnetic (AF) struetdrelow | = 42K [1].
Inhomogeneous ME interaction induces a small eteptilarization in noncollinear AF state
below T. =27K. Hybrid spin- electric excitations in ToMp@ere firstly observed in an
alternating electric fields [2]. These results hbeen qualitatively explained [3].

In this work the spreading of electromagnetic wave semi-infinite TbMn@ (z>0) at its
boundary with an ideal metal (z<0) in a magnetstdfH directed along x-axis in a contact
surface was analyzed. Surface electromagnetic vgamaning along the modulation vector
k of AF structure,q || k |ly. The alternating fields in a wawe h ~ expli(qy— at) —K,z]
where kg is the inverse value of the depth penetration & field into the TbMn@
Electromagnon spectrum would be calculated usiegeituations for Lagrange’s function.
The coupling of AF magnons and optical phonons described by the ME terms

P(Ad,A -A0,A) whereP —electric polarizationA- AF vector, i=x,y,z. The interaction

of electric polarization with magnetic field is debed by the dynamic ME enerqvaJHﬁ]l3

where P = atﬁ [4]. Dispersion equations were received in a lirggproximation for small

deviations a and p from their equilibrium values restricting in thersfi harmonic.The
components ( a,,p,,p, are coupled in a sinusoidal AF and paraelectrictesta

(T, <T <T,).In the ferroelectromagnetic stat& €T, el¢ctromagnon is the excitation of
(a,,a,,p,,p,) Taking into account the Maxwell equations and ltauy conditions the
surface polariton spectrum in the terahertz megias obtained.

Strong nonreciprocity of the spectrunie(—q) # «(g))was revealed. The modes of

electromagnon polaritons appreciably differ in ogfedirections of the magnetic field or the
propagation of the wave. Electromagnon polaritothwhe given frequency propagates only
in one direction with respect to the magnetic fiekhich is the effect of rectification of
surface electromagnetic waves. The inversion ofntlagnetic field results in ‘switching on’
or ‘switching off’ surface wave. The existence atliant surface electromagnon modes was

predicted. The depth of penetration of electromtigneave in TbMnQ k;*~H™

appreciably depends on the frequency. Incommeresukét structure and magnetic field
induce the gaps in the spectrum.

[1] T. Kimura, T. Goto, H. Shintanl, K. Ishizaka, Arima, and Y. Tokura, Nature (London),
426, 55 (2003).

[2] A. Pimenov, A. A. Mukhin, V. Yu. Ivanov, V. Dlravkin, A. M. Balbashov, and A. Loidl,
Nature Phy<2, 97 (2006).

[3] I. E. Chupis, FNT35, 1101 (2009).

[4] I. E. Chupis, Ferroelectric04, 173 (1997).
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Evidence ofp-d and d-d charge transfer and insulator-to-metal phase
transitions in nonlinear optical response of (LgePro.4)0.7Ca0sMNO 3

M. lvanoV!, E. Mishind, V. Moshnyagg M. Fiebig’
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119454 Moscow, Russia
2 Universitaet Goettingen, Friedrich-Hund- Platz37077, Goettingen, Germany
® Universitaet Bonn, Nussallee 14-16, 53115, Borer@ny

We report the evidence pfd andd-d charge transfer transition and insulator-to-mptelse
transitions in optical second harmonic generat®i@) in (La.ePro.4)0.7Ca.sMNO3 (LPCMO)
thin film. LPCMO perovskite is af’ - orthorhombic manganate with #&mm space group
with four- and three-electron energy levels of e (d* and Mri*(d®) states, respectively,

in octahedral crystal field.

SHG spectra for specific light polarization comhioas show two bands at 3.4 and 2.8 eV.
Considering the influence of applied magnetic fieldd Jahn-Teller effect on the SHG
spectra, as well as taking into account the dat&leatronic structure of the orthorhombic
manganites we conclude that the observed energistimmrespond the doubled energy of the
well known charge transfer transitions Mir(=> °I's) and Mn {I'; > °T's) at 1.725 eV and

1.4 eV, respectively [1].

Colossal magnetoresistance manganites, particll®GMO, are characterized by electronic
phase separation with coexisting paramagnetic atisgl and ferromagnetic metallic phases
[2]. In LPCMO an insulator-to-metal transition teempture, Ju, is very close to Curie
temperature, d. i.e. Tu=Tc=190 K. To distinguish insulator-to-metal trangiticthe
temperature measurements of SHG intensity at resdaser pump energy of 1.725 eV were
carried out. The SHG intensity decreases signifigarear Ty as the temperature increases.
A minimum of the SHG signal atJ=190 K is shifted by about 15 K when magnetic fiefd

6 kOe is applied; this is consistent with the figlduced shift of insulator-to-metal transition,
observed by other techniques [3].

Thework is partly supported by DAAD.

[1] A. S. Moskvin et al., Phys. Rev.&, 035106 (2010).
[2] G. Singh-Bhalla, A. Biswas, A. F. Hebard. Phigev. B80, 144410 (2009).
[38] T. Z. Ward et al., Nature Phys, 885 (2009).
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Random formation of coherent spin-wave envelope stins
from incoherent microwave signal

L. D. Carr, B. A. Kalinikog, P. Krivosik, W. Tond, C. E. Pattof) and M. W({
'Department of Physics, Colorado School of Minedd&un Colorado 80401, USA
“St. Petersburg Electrotechnical University, 197336,Petersburg, Russia
3Department of Physics, Colorado State Universityt Eollins, Colorado 80523, USA

For many years envelope solitons generally have tden as coherent entities (see e.g. [1]).
In recent years, however, there has been increaseckst in the formation of incoherent
solitons from incoherent waves. The concept of liecent solitons was suggested as early as
in 1977 [2]. The experimental observation of suohitens, however, has taken nearly 20
years to be realized. Specifically, it has beercalisred that incoherent optical spatial
solitons could be formed from spatially and tempgracoherent light beams [3,4]. For the
formation of such incoherent optical solitons, thedium must have a non-instantaneous
nonlinearity.

This work reports on the formation of temporal spigve envelope solitons from incoherent

waves in a medium with an instantaneous nonlingarihe obtained results demonstrate the
first realization of coherent solitons from incoletr waves. It is found that if one excites a
temporal packet of incoherent waves in a one-dimeas nonlinear dispersive medium, one

can observe a fundamentally new type of solitosp&alled random soliton. Such solitons

randomly appear from the propagating wave packéh vndom peak amplitude, random

timing, and a short lifetime. In spite of the ineoént nature of the propagating wave packet
and the random nature of the soliton generatiorrge®, the solitons, when realized, show
coherent properties of the sort found for usuajidrigray, and black envelope solitons.

The experiments were performed for the so-callezkward volume spin waves and surface
spin waves in a magnetic yttrium iron garnet (YHin strip. Pulses of microwave noise

were used to excite incoherent spin-wave packet®n& end of the YIG strip. The

propagation of such packets along the YIG strip praked by microstrip line transducers.

The nonlinear response time of the YIG film is irsey proportional to the power of the
carrier SW. The correlation time of the incoherpatket is determined by the bandwidth of
the incoherent spin-wave signals. When the spinevaawplitude is sufficiently large to push
the nonlinear response time below the correlatime,tthe carrier spin waves experience an
instantaneous nonlinearity and random coherertossliappear [5].

In conclusion, the investigated type of random spaive soliton phenomena should be
common to a wide range of nonlinear dispersiva@okupporting systems.

[1] M. RemoissenetVaves Called Solitons: Concepts and Experimgpager-Verlag, Berlin,
1996).

[2] A. Hasegawa, Phys. Flui@®, 2155 (1977).

[3] M. Mitchell, et al., Phys.Rev. Let{7,7, 490 (1996).

[4] Z. G. Chen, et al., Scien@80, 889 (1998).

[5] W. Tong, M. Wu, L. D. Carr, and B. A. KalinikpPhys. Rev. Lett104, 037207 (2010).
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Magnon magnetometry by XMCD and spin wave propagatn in wires

G. WoltersdorfH. G. Bauer , P. Majchrak, A. Ranzinger and CBHEick
University of Regensburg, 93040, Regensburg, German

Using X-ray magnetic circular dichroism (XMCD) wdrettly measure the transverse
components of the precessing magnetization inraRermalloy films under cw microwave
excitation. Since the dynamic signal can be caldataby XMCD hysteresis loops the
excursion angle of the magnetization can be ewadlaft large microwave fields the
susceptibility becomes non-linear due to the ekoiaof parametric spin waves (Suhl
instability) [1]. In addition the XMCD experimentsa allows us to measure the decrease of
the time averaged longitudinal component of the metigation at ferromagnetic resonance
[2]. By combining both measurements it is possitileseparate coherent and incoherent
components of the magnetic excitation in the noerdr regime. In doing so we are able to

determine the density and lifetime of the magnonslved in the non-linear processes

The wave length of propagating spin waves has be&rmined in thin ferromagnetic films
and more recently in structured Permalloy [3-4]inThtripes are of particular interest for
micron-sized spin wave devices as they may senapiaswave guides for spin wave logic.
For the realization of such devices the knowledigth® damping length of propagating spin
waves within the structure is essential. We uselRaMOKE setup to study propagating
magnetostatic spin waves in micron and submicrodewPermalloy stripes. In these
experiments the wave length and the damping leogthboth be directly measured. These
results are compared to analytical calculationgntakhe excitation profile into account. In
addition the analytical calculations are used tog interpretation of spin wave Doppler

experiments performed using Permalloy wires [5].

[1] H. Suhl, J. Phys. Chem. Solitis209 (1957)

[2] G. Boeroet d. Appl. Phys. Lett.87, 152503 (2005)
[3] V. E. Demidovet al., Phys. Rev. B7, 064406 (2008)
[4] S. Neusseet al, Phys. Rev. Lettl05 067208 (2010)
[5] V. Valminck and M. Bailleul, Sciencg22, 410 (2009)

56



Observation of black spin wave soliton pairs
in yttrium iron garnet thin films
M. A. Cherkasskfi, Z. Wand, M. Wi/, and B. A. Kaliniko$

Ist. Petersburg Electrotechnical University, 197336,Petersburg, Russia
“Colorado State University, 80523, Fort Collins, Galdo, USA

A dip in the envelope of a linear carrier wave lleras due to dispersion as the wave
propagates. If the wave is nonlinear and its neuliity is repulsive, however, this broadening
can be cancelled by the nonlinear effect and thecdn become a stable localized excitation —
an envelope black soliton. A black soliton has s@venique features, and one of them is a
phase jump of 180° at the soliton centre. Fromyaighal point of view, a straightforward way
to excite a black soliton is to use a black puisepther words, a continuous wave with a
narrow dip. This approach has indeed been usedcdibeeblack solitons for surface spin
waves in a single-crystal yttrium iron garnet (YI)n film [1]. Theoretically, however, an
initial black pulse should not evolve into a singlack soliton. Rather, it should develop into
a pair of black solitons so that the net phase ghas 0° or 360°. This phase condition is
needed because the initial excitation signal hagphmese difference across the black pulse
region and this phase property should be consdRledhis presentation reports for the first
time the formation of a pair of black solitons frarsingle black spin-wave pulse. As in [1],
experiments were done with a YIG film strip in afage spin-wave configuration. A pair of
black solitons with opposite 180° phase jump waseoked in certain power and pulse width
ranges. Beyond those ranges, one also observetjla siack soliton and multiple black or
grey solitons. No matter what the number of sobtevas, however, the net phase change
across the soliton region was always zero. The rerpatal results were confirmed by
numerical simulations which were based on the cem@inzburg-Landau equation and the

experimental parameters.

This work was supported in part by and the RusBiamndation for Basic Research and the

U. S. National Science Foundation.
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Dual tunability of microwave chaos auto-generator bsed on ferrite-
ferroelectric film structure
A. V. Kondrashov, A. B. UstinoV, B. A. Kalinikos, and H. Bennér

Ist, Petersburg Electrotechnical University, 197336,Petersburg, Russia,
’Darmstadt University of Technology, D-64289, Damudst Germany

This work reports for the first time generation afaotic signal in a feedback active ring
structure based on ferrite-ferroelectric (“multifac”) delay line (DL) with dual magnetic and
electric tuning. Experimentally it was observedtthi@e active ring can generate different
types of signals, namely, c.w. signal, solitonrtrand chaotic signals. It was demonstrated
that the properties of these auto-generated sigcets be controlled by varying of the
magnetic field, electric bias field (voltage), aimtly gain coefficient.

Our experiments were performed using the YIG-filasé&d as well as the multiferroic-based
feedback ring. The active resonance ring comprisiaegally connected DL fabricated on
ferrite-ferroelectric (multiferroic) structure, @miconductor microwave amplifier, a tunable
attenuator, and a directional coupler. The DL piayiee role of a nonlinear frequency-
controlling element of the active ring. The ampititempensated for microwave losses in the
DL and attenuator. Using the attenuator, it wassides to control the gain for microwave
signal circulating in the ring. The signal circ@dtin the ring was sampled through a
directional coupler for spectrum analysis in thegfrency domain and waveform analysis in
the time domain.

The multiferroic waveguide used in the delay lineswnanufactured from a YIG film grown
on a gadolinium gallium garnet substrate and aubastrontium titanate (BST) ceramic layer,
which was pressed from below to the surface ofvité film. The metallic electrodes covered
the BST layer from bellow and top were used to ymoltage creating a bias electric field.
All the experiments were done for the three commiioections of the bias magnetic field. To
excite and receive waves in the multiferroic wavdguwo microstrip antennae were used.

The experiments demonstrated that with increasiagyain coefficient for all the investigated

directions of magnetic field and the magnitudelettric field the auto-generation regime

was changing from monochromatic generation to geiwer of periodic sequence of pulses,
and then to wide-band chaotic signal generationwds observed that a change of the
magnetic field direction led to a slope changehim fractal dimension vs. gain dependence. It
means that it is possible to tune the parametetheothaotic generator through choosing a
combination of magnetic field and gain coefficient.

Also, tuning of the generator can be realized by 13’0_

changing electric bias voltage applied to the 125 /
ferroelectric layer. In particular, it was showrath O 120l P

increasing of the bias voltage led to increasehef t ’ /

fractal dimension of the generated microwave 115

dynamical chaos, as shown on Fig.1. 0 200 400 600 800

This work was supported in part by the Russian uv)

Foundation for Basic Research, the Ministry  Fig 1 Dependence of fractal dimension
Education and Science of the Russian Federatiah, on bias voltage

by the Deutsche Forschungsgemeinschatft.
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Non-linear spin-wave phenomena in chiral moleculamagnets

R. MorgunoV, F. Mushenok O. Koplak
Ynstitute of Problems of Chemical Physics, 14243#&rnogolovka, Russia
Taras Shevchenko University of Kyiv and NAS of ldkra01033, Kyiv, Ukraine

Molecular metal-organic magnets provide an ininl@abpossibility of relatively
straightforward tailoring of their electronic andagmetic structure by chemical methods and,
thus, open vast prospects for research and managj@hepin-wave processes in crystals.
One of the most important examples of such a chendiesign is chiral molecular magnets.
The structural chirality of these compounds indubeschirality of the spin density. The goal
of this work is determination of feature of spinciation in chiral molecular ferrimagnet
[Mn{(R/S)-pn}2]2[Mn{(R/S)-pn}.H.O][Cr(CN)s] (YN) at different spin precession
amplitudes.

At low amplitude of spin precession (microwave powe< 0.2 mW) FMR spectra of YN
crystal contain two line sequences [1]. “Left-harsdiquence.a, 2a, 3a... are peaks whose
amplitudes decrease as the magnetic field decreRes®nant fields of left-hand sequence
obey to conditions of spin-wave resonance in thims. “Right-hand” sequenckb, 2b, 3b...

are peaks whose amplitudes decrease as the mafijeletimcreases (fig. 1). Dependence of
resonant fields of right-hand sequence on the pemkber is in agreement with theoretical
prediction for spin-soliton excitation in chiral greets [2].

At microwave power higher threshold valug 0.2 — 1 mW sharp transformation of the line
shape and change of the ferromagnetic resonaridenfeze observed in the YN crystal. FMR
spectra obtained at increasing and decreasing riagineld are different (fig. 2). The
obtained results are explained by development ioFwpve instability due to high amplitude
of spin precession (foldover) [2].
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Fig. 2. FMR spectra of YN crystal obtainec
Fig. 1. FMR spectra of YN crystal, T=4 K, P different directions of the magnetic field swe
0.02 mw. T=4K, P =2 mW.

Thus, in chiral molecular  ferrimagnet [Mn{(R/S)-piMn{(R/S)-
pn}.H>O][Cr(CN)g] non-linear spin excitations were detected. At krgle of spin precession
spin-soliton and spin-wave resonances is obseredngle of spin precession exceeding
threshold value spin foldover is appearing.

[1] R.B. Morgunov, M.V. Kirman, K. Inoue et al., ¥ Rev. B77, 184419 (2008).
[2] J. Kishine, K. Inoue, Y. Yoshida, Prog. TheBhys.159, 82 (2005).
[3] R.B. Morgunov, F.B. Mushenok, O. Kazakova PHysy. B82, 134439 (2010).
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Self-generation of chaotic dissipative soliton trais in active feedback rings
based on the ferromagnetic film

S. V. Grishin Yu. P. Sharaevskii and E. N. Beginin
Saratov State University, 410012, Saratov, Russia

It is well known, that self-generation of a chaaticrowave (MW) signal in active feedback
rings based on the ferromagnetic film is observeéémparametric three-wave interactions of
spin waves are presented [1, 2]. The last expetehenvestigations have shown that
quasiperiodical chaotic MW pulse trains can be gard in ferromagnetic film feedback
rings [3-5]. These structures are formed, when fatlewing three conditions are met: i)
existence of parametric three-wave interactionpigsence of a frequency filtration; and iii)
synchronization of spin-wave self-modulation freagies. In this case, a power spectrum is
continuous, an envelope quasiperiodical changesn@, and a phase change of envelope is
chaotic. Structures localized in space or timemfed in the systems with amplification and
loss, are known as dissipative solitons [6]. Thasiperiodical dissipative soliton trains which
have a chaotic phase change we will call the cbaligsipative solitons.

In this paper, we demonstrate two methods of tHegsaeration of chaotic dissipative soliton
trains. First method is based on self-synchrorematof the spin-wave self-modulation
frequencies. Self-synchronization is observed ie ttase of one mode or multimode
excitation in the active feedback rings. In theecasone mode excitation, the self-generation
of the chaotic dissipative soliton trains appedttsee of the self-synchronization of the spin-
wave self-modulation frequencies on a small noaliitg of the power amplifier [4] or of the
self-synchronization of the spin-wave self-modulatifrequencies with the parametric
satellites of the second type. In the case of maltie excitation, a self-generation of the
chaotic dissipative soliton trains appears becaftisiee self-synchronization of the spin-wave
self-modulation frequencies of two modes [3].

Second method is based on a passive synchronizafidghe spin-wave self-modulation
frequencies. It is well known, that parametric giveave interactions lead to the presence of
the magnetostatic spin wave (MSW) nonlinear loske Tast causes, in particular, the
occurrence of saturable absorption of an MW signmassing through a microstrip
transmission line loaded on the ferromagnetic filmthe MW range, a nonlinear element that
has the saturable absorption of an MW signal istknas an MSW signal-to-noise enhancer.
Passive synchronization is carried out by the verilypes of MSW signal-to-noise enhancers
used in the active feedback rings [5]. In this ¢dlke dissipative solitons have a pulse ratio
greater than a pulse ratio of the dissipative @aditobtained by the self-synchronization.

This work was supported by the Grants from RusBi@amndation for Basic Research (project
No. 11-02-00057), the President of Russian Federdior Support of Leading Scientific
Schools (project No. 3407.2010.2) and the GovertraeRussian Federation for Support of
Scientific Research in the Russian Universities éinthe Guidance of Leading Scientists
(project No. 11.G34.31.0030).
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Envelope solitons formation in magnonic crystals ree the band gap

M. A. Morozova, Yu. P. Sharaevskii and S. E. Shkeka
Saratov State University, 410012, Saratov, Russia

In recent years, because of rapid advances iretttendlogy of thin-film magnetic materials
and development of new approaches to obtain peristdictures, the production of crystals
based on magnetic materials - magnonic crystals)(M&s produced great interest. The MC,
by analogy with the photonic crystals, demonstratee interesting nonlinear phenomena in
comparison with the effects observed in homogené&smusmagnetic films. However, we can
conclude that the nonlinear processes in such giergiructures, including those associated
with the peculiarities of formation of solitonsgansufficiently investigated. There are very
few specific studies in this field [1, 2] that shdlne experimental and numerical simulation
results based on one-dimensional nonlinear Schgediequation (NSE).

y, mm

a

Fig. 1 Lines of equal level of envelope amplituttesforward wavep; (shown by gray color)
and backward wave, (shown by black color); whep+#0, ¢,=0 (a),p~=¢:#0 (b).

In this work, the model based on coupled NSE fa& émvelope amplitude forward and
backward waves was used to calculate the paraseaees corresponding to solitons, similar
Bragg solitons (BS) with different properties. larficular, the basic mechanism of formation
of solitons, similar to BS, and solitons, localizad the limited length of structure (Fig.1), is
mutual capture of pulses on the forward and badtwaaves, which move with the
cumulative velocity. Features of wave evolution efgging on coupling parameter and group
velocity and the areas of parameters corresportdirfigrmation of pulses, similar to BS and
solitons localized on the limited length of struetuare investigated.

This work was supported by Federal Targeted Prograraf the Ministry of Education and
Science (projectNe 2010-1.2.2-123-019-002) and the Government of Ros&ederation
(projectNe 11.G34.31.0030).

[1] A. B. Ustinov, N. Yu. Grigoreva and B. A. Kalkos, JETP Lett88, 31 (2008).
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Control of spin-wave emission characteristics
of spin-torque nano-oscillators
Vladislav E. DemidoV; Sergei Urazhdi) and Sergej O. Demokritbv

Ynstitute for Applied Physics, University of Muers#8149, Muenster, Germany
’Department of Physics, West Virginia University, 88806, Morgantown, USA

In this talk | review our recent achievements irpexmental investigations of spin-wave
emission by spin-torque nano-oscillators (STNOg) studies on the control of the emission
characteristics. The experiments were performedubing micro-focus Brillouin light
scattering (BLS) spectroscopy [1], which allowedarling of two-dimensional spin-wave
intensity patterns with the spatial resolution d@ioat 250 nm. The studied STNOs were
lithographically-prepared point contacts with direems below 100 nm made on an extended

permalloy film.

We show that STNOs emit spin waves in a form ohlyglirected beams perpendicular to
the direction of the static magnetic field [2]. Téféiciency of emission is strongly affected by
the nonlinear frequency shift. We demonstrate tinatpropagation length of the emitted spin
waves can be controlled by nonlinear frequency emion [3], as well as by modification of
the internal magnetic fields under the point contzsing micro-magnets built into STNO

devices.

[1] S. O. Demokritov and V. E. Demidov, IEEE TraMag.44, 6 (2008).
[2] V. E. Demidov, S. Urazhdin and S. O. Demokrjtblature Material®, 984 (2010).
[3] V. E. Demidov et al., Phys. Rev.&8, 060406(R) (2011).
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Atomistic spin dynamics simulations of ferrimagnett resonance

J. Hellsvik? J. H. Mentink, L. Bergqvist, D. lusan™® A. Bergman, Th. Rasing
M. Katsnelsof, and O. Erikssan
1Department of Physics and Astronomy, Uppsala UsityerSweden
2Radboud University Nijmegen, Institute for Molestded Materials, The Netherlands,
3Consiglio Nazionale delle Ricerche, CNR-SPIN, Liksqgutaly

Atomistic spin dynamics simulations [1,2] have beesed to investigate the dynamic

properties of a two-component ferrimagnet (FiM¥fuasction of temperature. We demonstrate
that there is a distinct difference between a tvasospin description and an atomistic

description. At temperatures where the magnetitesyss close to the magnetic and angular
momentum compensations points, the relaxationuniaxial easy axis anisotropy resembles
results in recent experiments on FiM resonance [3].

The simulations were performed for a model FIM witho different species of magnetic
atoms, with magnetic moments;#2.0ug and M=1.0ug. The exchange interactions were
chosen so that magnetic compensation occursyatl80 K and the Curie temperature is
Tc=700 K. With unequal Landé g-factors for the Btoms and the Matoms, the angular

momentum compensation temperatukgsishifted above J to Ta=200 K.

To distinguish the effects between dynamics in reelemagnetic field and in magneto-
crystalline anisotropy field, separate simulatiomere performed with only one kind of
driving field present at the time. The primary caseelaxation in an external field. Starting at
an angle to the external field, the magnetizatioolves in damped precession towards the
energy minimum. As expected for a FiM, both thecpssion frequency and the relaxation
time depends on the temperature. Due to the stexwhpange coupling the magnetic
sublattices remain close to antiparallel, alsoh@ immediate vicinity of the compensation
points. The frequencies related to the magnetizatmmponents transversal to the applied
field are associated with the ferromagnetic (FM)dend4] and the exchange mode [5]
respectively. Far away from the compensation pdhes=M mode has similar frequencies for
the case of the commonly used expression fromrisee FiM theory, macrospin simulations
and atomistic simulations. Approaching the compeosapoints, the frequency branches
separate, with the linearised theory giving a djeace-like peak, the macrospin simulations a
strong peak and the atomistic simulations only alesb peak. We analyse the differences
between the three models and argue that the atormsidel is the only one that show both
proper precession frequencies and relaxation tiviemn compared to damped precession of
actual FiMs.

The simulations of precession in a uniaxial angogr were performed with the initial
magnetic configuration tilted from the symmetrysaxRemarkable is here that the frequency
of the FM mode does not drop to zero arounpd This is precisely what was observed in
experiments on FiM resonance of GdFeCo [3].

[1] B. Skubicet al, J. Phys.: Condens. Matt20, 315203 (2008).

[2] J. H. Mentink.et al, J. Phys.: Condens. Mat@2, 176001 (2010).
[3] C. D. Stancitet al, Phys. Rev. B73, 220402(R) (2006).

[4] R. K. Wangsness, Phys. R&3, 68 (1954).

[5] C. Kittel, Phys. Rev. B2, 565 (1951).
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The model of ultrafast magnetization reversal
without femtosecond spin dynamics
M. I. Kurkin* and_N. B. Orlova
Ynstitute of Metal Physics UrB RAS, 620041, Ekataurrg, Russia

2 Department of Applied and Theoretical Physics, Niitsk State Technical University, 630092
Novosibirsk, Russia

The formation of the reverse magnetization domanden the effect of circularly
polarized pumping with the duratior), = 40fs = 4110™s [1] is considered as the challenge
for the existing theory of spin magnetism, accagdim which the corresponding times of the
spin dynamicsz, must belong to the nanosecond range>10"°s). To overcome such a

strong discrepancy between theoretical predictiand experimental results the model is
suggested [2] based on the existence of the inthamestate between the optical pumping
(hv) and ordered spins (S). The intermediary stateauldhbave time to respond to the
femtosecond optical pumping with the duratipn and should keep the consequences of this
reaction in the nanosecond time intervals. Forrtile of such the intermediary state, the
orbital angular momentum of the electrons L (Figislproposed [2].

(hv) O ~ (L) O - (S)
Fig 1.

Three properties of the electron spectrum in tlystats may conflict with the role of the
orbital angular momentum as an intermediary state:

1. The quenching of the electrons orbital momentarystals that prohibits the magnetic
quantum number m to determine the equilibrium stafehe electrons.

2. Strong Coulomb interactions determining the dynanand kinetics of the electrons
orbital momenta prevent the existence of slow pses with nanosecond durations.
3. Fast relaxation of excited electrons with femtosectime scales; casts doubt on

the ability to save the information on the paramseté the optical pumping during the
nanosecond time intervals.

In the report we discuss the possibility of overaaypthe obstacles (1) - (3) with the use
of conservation laws and the "energy — time” uraety relations.

This work was partly supported by Russian Foundatos Basic Research (project 11-
02-00093).
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Suppression of standing spin waves in low-dimensiahmagnets

A. Taront, A. Bergman, L. Bergquist, J. Hellsvik and O. Erikssoh
1Department of Physics and Astronomy, Uppsala UsityerPO Box 516, 751 20 Uppsala, Sweden
2Department of Materials Science and Engineering;lkoyal Institute of Technology,
100 44 Stockholm, Sweden

Spin-polarized electron energy loss spectroscoBEELS) has recently developed to the
point of becoming a powerful method with which t@lpe spin waves at surfaces and in thin
film structures [1]. Landmark experiments have ueld the measurement of the magnon
spectrum of ultrathin Co films on Cu(001) [2], aofia single monolayer (ML) of Fe on
W(110) [3]. The experimental accessibility of thgs®perties challenge theoreticians to
address a host of issues in nanoscale magnetictisieg, from accurately describing the
exotic ground states that arise from relativistmnsorbit coupling effects, to a correct
treatment of the dynamics of their spin motions.

We investigate the magnetic properties of a rarigkin magnetic films, using a combination
of first-principles calculations and atomistic sgignamics simulations. In particular, we
focus on the experimental absence of standingwaue modes in such systems. Using Co on
Cu(001) as a model system, we demonstrate thahdrgasing the number of layers, the
“optical” branches predicted from adiabatic firsiqgiples calculations appear strongly
suppressed, in agreement with SPEELS measuremepdsted in the literature [2]. Our
results suggest that, while a direct interpretatbexperimental data in terms of linear spin
wave theory is insufficient [4], a dynamical anadys sufficient in order to capture the strong
damping of the standing modes.
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Figure 1: Dynamical structure factffg,) obtained from ASD simulations for 8 ML Co/Cu(100)
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Optical and nonlinear-optical studies of Ni nanorod

. A. KolmycheK, V. L. Krutianskiy, S. I. Mitryukovskiy, E. A. Gan’shing R. Pollard,
R. Atkinsorf, W. Hendref, A. Murphy?, A. V. Zayatg and T.V. Murzin&
1Department of Physics, Moscow State University9929Moscow, Russia
“Centre for Nanostructured Media, Queen's Universft@elfast, Belfast BT7 1NN, UK
3Department of Physics, King's College London, Stramndon WC2R 2LS, UK

Artificial magnetic nanostructures that posses®nsfrstructural asymmetry are of high
interest as they can reveal new optical and magpatal properties. It has been shown in a
number of papers that magnetic nanorods can deratagiasmonic properties [1] as well as
a strong shape-induced anisotropy of their magnbgtavior [2]. Second harmonic
generation (SHG) is known as a powerful methodiseago the main parameters of metallic
nanostructures. It allows one to characterize {hectsal properties of a medium in two
spectral ranges, i.e. corresponding to the fundéahand SHG wavelengths and providing an
information on electronic, magnetic and symmetrypgrrties of the structures. In this work,
the resonant optical and nonlinear-optical propsrtif 2D arrays of Ni nanorods are studied.

Nickel nanorods with the diameter of 20 nm and hke&ht of 180 nm were fabricated by
electrodeposition of Ni in porous aluminum. Figsiows the reflectivity spectra measured
for different polarizations of the pump beam angeed a pronounced anisotropy of the
optical properties of the samples. Magnetooptib#D] transversal Kerr effect studied for the
magnetic field of 2.5 kOe demonstrates strong dig@ncies with the MO response of bulky
nickel samples.

Reflectance, a.u.
Reflectance, a.u.

15 2,0 25
Energy, eV

Fig. 1 Reflectance spectra measured at the angheidkence®©=65 for p- and s-polarizations
of the fundamental radiation.

The SHG experiments were performed using a tunfgng#osecond Ti-sapphire laser as a
fundamental radiation. Pronounces spectral depemternf the SHG and magnetization-
induced SHG are observed. The optical and nonlioptical effects are described in terms of
resonant plasmon excitation in elongated in Ni sénictures.

[1] G. A. Wurtz, W. Dickson, D. O'Connor, R. Atkims, W. Hendren, P. Evans, R. Pollard, and A. V.
Zayats, Opt. Expresks, 7460 (2008).

[2] A. A. Stashkevich, Y. Roussigné, P. DjemiaMs.Chérif, P. R. Evans, A. P. Murphy, W. R.
Hendren, R. Atkinson, R. J. Pollard, A. V. Zayd&s,Chaboussant, and F. Ott, Phys. Re80B
144406 (2009).
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Cobalt nanoparticle arrays on fluoride surfaces: gowth and MOKE studies

N. S. SokoloyS. M. Suturin, S. V. Gastev, A. G. BanshchikovADBaranov,
K. V. Koshmak, V. V. Fedorov, A. V. Nashchekin, A. Sitnikova and B. B. Krichevtsov
loffe Physical-Technical Institute, 194021, St.dP&burg, Russia

Studies of self-organized magnetic nanoparticlayaformation and their magnetic properties
attract considerable attention due to increasingdsdor high density advanced magnetic
storage. In this work, growth by molecular beamtaqy and magnetic properties of Co
nanoparticle arrays on vicinal C4F11) and Mnk(111) as well as on grooved and ridged
CaR(110) surfaces were studied. For characterizatfaimeo array morphology and shape of
the nanoparticles atomic force microscopy (AFM) aectron microscopy (SEM, TEM)
have been applied. Structure of the nanoparticlas studied using reflection high-energy
electron diffraction during growth and grazing ohence X-ray diffraction at the Photon
Factory in Tsukuba (Japan). Magnetic propertiethefnanoparticles were characterized by
measurements of longitudinal and polar magnetczapKerr effects (MOKE).

It was shown that changing growth conditions ona cantrol density and size of the
nanoparticles in a wide range. It was found thasfoall Co exposures the nanoparticles form
chains aligned along CgH11) surface steps. Structural studies showed mkomoe of fcc
phase and co-orientation of Co and gaffystal lattices. Well-pronounced magnetic
anisotropy was observed with easy axis along thection of the chains. Dependence of
magnetic anisotropy on Co exposure was studiedatisotropy was explained by magneto-
dipole interaction between the nanoparticles. Ahkr exposures (up to 50 nm) formation of
large (150-200 nm) well-facetted Co epitaxial islanwvas observed. Hysteresis loops for this
case had the shape characteristic of magneticxestermation.

Very strong dependence of surface morphology, ahgdtucture and magnetic properties on
growth conditions was revealed for Co growth onogeml and ridged Caf10) surface.
Well-pronouncedin-plane magnetic anisotropy was observed for Co arraysvigrat the
temperatures below 300°C. In this case cubic (Ecgstal structure of the nanoparticles was
identified. However for growth at 500°C hexagonaistal structure of the nanoparticles was
observed. Measurements of polar MOKE clearly shopredence obut-of-planeremanent
magnetization.

Interestingly it was found that the coercivity maasl by MOKE at room temperature was 3-
5 times less for Co nanoparticles grown on {LKFL) than for those grown on Ms(E11)
given the same effective cobalt film thickness e 8m. Though atomic force microscopy
measurements did not show any considerable differem the surface morphology of the
structures, to exclude its possible contributioto ithe decrease in coercivity of Co on
MnF,(111), additional experiments have been carried blaif of the sample with Co
nanoparticle array grown on C4F11) was capped by thin MpHayer, afterwards whole
structure was overgrown by protective thin gd&yer. Considerable (up to two times
decrease of the coercivity was found in the parthef sample, where Co nanoparticles
contacted with Mnflayer. This makes it quite probable that the desgeof the coercivity in
Co/Mnk; structures is due to the increased magnetic ictiera between Co nanoparticles
contacting with MnE layer. This phenomenon has some similarity witn phoximity effect
observed in Ref. [1], where blocking temperatur€ofsuperparamagnetic nanoparticles was
considerably increased when they were covered lgyet.

[1] J. Bartolomé et al., Journal of Magnetism anaigiletic Material816, €9 (2007).
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Magnetostatic spin waves propagation in wedge supattices

Platonov Sergéy?® Nikitov Sergey ?
! Russian Academy of Sciences, Institute of Radineagng and Electronics,
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2 Moscow Institute of Physics and Technologies, 1@1¥bscowRussia

Magnonic crystals (MC) are materials with periotlicanodulated magnetic parameters and
represent spin-wave counterpart of photonic crgsfad]. The study of MC has been
intensively growing recently; nonetheless ther@asgeneral theory of magnetostatic wave
propagation in 2D periodic structures [2]. In owriwwe have studied surface magnetostatic
wave propagation in both one-dimensional and 2Dnmatg wedge multi-layered structure.
Structure thickness linearly depends on MC lengthickness dependence upon element of
the structure prevents us from applying Bloch’sotken in determining the spectrum of
magnetostatic waves [3].
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Fig. 1 The frequency dependence of the Fig. 2 The frequency dependence of the
reflection coefficient reflection coefficient for various values of the
angular parameter

We use transfer matrix method (TMM) for calculatimgnsmission and reflection spectrum
of magnonic crystal [4]. The spectrum of magnetostaaves in MC forms band structure
with forbidden gaps. We have found forbidden baagd gidth and position dependence on
the angle of the wave vector with periodicity ditres of the wedge 2D magnonic crystal.
It has also been found dependence of band gap# waitl position on angular parameter.
Forbidden band gaps in spectrum of magnonic crgstablurred out due to violations of the
Bragg’s resonance condition for large values ofathgular parameter.

The work is supported by Ministry of Education éalence of Russia (agreemenl556).
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Magnetostatic waves propagation in periodic magnetistructures
with anisotropy
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Magnetic periodic structures have attracted mudenabn during several past
decades. Spectra of magnetostatic wave excitationsuch structures are significantly
different from those of uniform media and exhibéafures such as band gaps, where

magnetostatic wave propagation is entirely proatbit
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Fig. 1 The frequency dependence of the wave number

In this paper it is shown that the magnetostatieendispersion relation takes a simple
analytic form when the static magnetization liesthe plane defined by the normal to the
plate and the applied magnetic field. Also we hawvesidered dispersion relation with a
glance of anisotropy in magnonic crystal [1, 2]isThrystal consists of two ferromagnetic
layers of YIG with different magnetization and ctamds of anisotropy. As a result we obtain
the frequency dependence of wave propagation afwae number. It is plotted qualitative

model of the frequency bands allowed for magnatizsivave propagation.

[1] A. G. Gurevich and G. A. Melkowlagnetization Oscillations and. Wavés&ew York: CRC,
(1996).

[2] Yu. V. Gulyaev, S. A. Nikitov, L. V. Zhivotovsk A. A. Klimov, Ph. Tailhades, et al.,
“Ferromagnetic films with magnon band gap pericgiiactures: Magnon crystalsJETP Letters,
Vol. 77, No. 10, 2003, pp. 567-5J70.
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Universal formula for angular width of a diffractiv e spin wave beam

E. H. Lock
Kotel'nikov Institute of Radio Engineering and Eteaics of Russian Academy of Sciences
(Fryazino branch)
141190, Vvedensky sg.1, Fryazino, Moscow regiossiRu

An examples of well-known physical laws for isotiomedia are the laws of geometrical
optics and the formula, describing angular widthddfractive beam as a ratio of incident
wavelengthlp and slit lengthD. Evidently the question is appear: is it possioededuce
similar universal formula for anisotropic media 2geometries? So an attempt is taken to
obtain such formula through the study of spin wdN¥action in ferrite slab (for more details
see [1]).

To describe dipole spin waves, named usually magtetic waves (MSWSs), let's use
magnetostatics equations tot 0 and divb = 0 and introduce magnetostatic potenffain
agree with formuleh = grad?” (see [2]). Due to potentid¥ is scalar function, the study of
MSW diffraction become simpler — and we can followgeneral by the widely known
analytical way, applied for isotropic media, witiking into account noncollinear character of
MSW. In particular, for diffraction of the plane rface MSW (MSSW) on the wide slit
(MSSW with noncollinear wavevect@&rand group velocity vectdr is incident on the slit in
opaque thin screen with arbitrary orientation) swshown, that angular distribution of
magnetic potentia¥ in the far-field region is described by the expres of type ~ sih/®,
where the phase functiah is more complex, than for isotropic media. It asgible to obtain
analytical formula, describing angular widtly of main diffractive MSSW beam in the far-
field region:

A

_Ao\dy
NS

HereD is the length of slit}o — the wavelength of incident MSS\W — the orientation of the
wave vectok of incident MSSWdy/dp andy(p) — respectively, derivative and dependence
of MSSW group velocity vector orientation angleon MSSW wavevector orientation angle
@, F — function, depending ono, slit orientationd and angular derivative of isofrequency
dependence (ID) at = po. All angles are counted respect to collinear pgagian axis, along
which vectorsk andV are collinear. Thus, the angular widtly is defined substantially by
mathematic properties of ID for the certain wave/elctorky is normal to the slit line, thef

= 1. In this case for isotropic media (whose ID iicumference, dependengdy) has the
form y = ¢ anddy/dyp = 1) we find from (1) well-known expressiaty = 1¢/D.

There is a hope, that formula (1), deduced for MSW\l,be valid for any anisotropic media
and structures for 2-D geometries, including metanl structures, that characterized by 1D
too. As it is seen from the formula (1) an unusul@nomenon may be appear in anisotropic
2-D geometries: if incident wave is characterizgdsbch valuepy thatdy/dyp = 0 ate = ¢o
thendy = 0! It means, the diffractive beam conserve itdenduring propagation! Mention
must be made, that ID for not any medium contdiespoint(s), wherely/dp = 0, but such
points present on ID for MSSWs with frequenciesr k@ beginning of the spectrum.

This work is partially supported by the Program vBl®pment of the Scientific Potential of
High School” (project No. 2.1.1/1081).

F (1)

[1]. Lock E. H. Electronic Journalnvestigated in Russia84, 975-1005 (2010).
http://zhurnal.ape.relarn.ru/articles/2010/084. pdf

[2]. Damon R. W., Eshbach J. R. J. Phys. ChemdSb8, 308 (1961).
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Reorientation of 2D magnetic domain patterns in pulsed fields

M. Logunoy, M. Gerasimov, N. Loginov and A. Spirin
National Research Mordovia State University, 430@R#ransk, Russia

2D magnetic domain patterns wi@mn®, Cmn®, P2, Pal2, P6 and other symmetry can be

formed in garnet films in pulsed or harmonious n&gnfields at presence of constant
magnetizing field [1-2]. The patterns consist fraopologically modified bubble domains and

patterns are statically steady after removal ofme#ig fields. Interest to 2D magnetic domain
patterns connects with an opportunity of creationtloeir base operated magneto-photonic
devices [3]. Processes of formation of 2D domamcstires are actively investigated by

means of computer simulations [4-5], including amlague of processes of ordering in

various physical and chemical systems.

In the present work it is generated nine typeshef 2D domain patterns described by five
space symmetry groups, in the same garnet film untlaxial anisotropy. Faraday effect was
used for observation of domain structure. Labyahtlomain structure was characteristic
structure in demagnetized filr@onditions at which reorientation of patterns {fig. possible
were found.
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Reorientation of domain patterns wiimn®, Pal2, andP6 symmetry has been studied. It is
necessary to put $6- 10 pulses of magnetic field for turn of patterns oscaner of 90
degrees. Turn of patterns, possibly, is causeddbpraof gyrotropic forces on extending
domains in pulsed field [6]. Parameters of pulsemagnetic field depend on symmetry of
2D pattern and constant magnetizing field.

[1] F. V. Lisovskii and E. G. Mansvetova, JETP L&#, 32 (1992)58, 784 (1993).

[2] M. V. Logunov and M. V. Gerasimov, JETP Let4, 491 (2001).

[3] Yu. V. Gulyaev, S. A. Nikitov, L. V. Zhivotovsket al., JETP Lett77, 567 (2003).

[4] E. Asciutto, C. Roland, and C. Sagui, Phys. Rev2, 021504 (2005).

[5] K. Kudo, K. Nakamura. Phys. Rev.®, 036201; 054111 (2007).

[6] A. P. Malozemoff, J. C. Slonczewskflagnetic Domain Walls in Bubble Materigldcad. Press,
N.Y., 1979).
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Spin waves in nanosized magnetic films

L. V. Lutsev
loffe Physical-Technical Institute of the Russiaademy of Sciences, 194021, St. Petersburg, Russia

A microscopic theory is developed for spin-waveigtons in nanosized magnetic films.
Generalized Landau-Lifshitz equations and spin wdeenping are derived by the spin
operator diagram technique for the Heisenberg med#i magnetic dipole (MDI) and
exchange interactions [1,2]. Spin excitations, Wwhare determined by poles of effective
Green functions, are given by solutions of the laandtifshitz equations and the equation for
the magnetostatic potential. Spin-wave dispersiations in normal magnetized 2D spin
monolayer and irN-layered structures are found. The spectrum of g@wes inN-layered
structures has the mode-type character and consisté modes. Due to the MDI, the
dispersion curve of the first mode at the small ewvectorq is the linear function ad.
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Fig. 1 Self-energy diagrams in the one-loop Fig. 2 Low relaxation spin-wave region for
approximation, which makes a majonormal magnetized YIG fiims at different
contribution to the spin-wave relaxation. Thifequencies. For film thickned3 < D first spin-
factorB is expressed by the Brillouin function. wave mode with low damping is observed.

The spin-wave damping has been calculated in tleelayp approximation for a diagram
expansion of the Green functions. It is found fleatthe first mode the MDI makes a major
contribution to the long-wavelength spin-wave rakion in comparison with the exchange
interaction. The one-loop diagrams correspond with three-magnon confluence processes
induced by the MDI (Fig. 1). If at the given freaueg f the thickness of magnetic film is less
than a certain thickned3,, then for the first mode the MDI cannot induceedtmagnon
processes and the one-loop diagrams are equalrto (Eey. 2). In this case, spin-wave
relaxation is determined by non-trivial diagramgyoim the two-loop approximation and a
low relaxation spin-wave region exists. This givepartunity to construct low damping spin-wave
devices (filters, delay lines) and high qualityaeators.This study was supported by the Russian
Foundation for Basic Research (project no. 10-02160.

[1] L.V. Lutsev, J. Phys.: Condensed MattEf(38), 6057 (2005).

[2] L.V. Lutsev,Diagram technique for quantum models with intednalgroup dynamics
in: Mathematical Physics Research Developmemiditor: Morris B. Levy, (Nova Science
Publishers, Inc., 2009), 141.
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Spin pumping and conversion of spin current into chrge current
in Co/Y3Fes04, bilayer structure

N. Volkov'? M. Rauckif, D. Smolyakov?, E. Eremid, G. Patrifi, I. A. Turpanov,

V. . Jushkov? L. A. Leé
L.V. Kirensky Institute of Physics SB RAS, 660B8&snoyarsk, Russia
“Siberian Federal University, 660041, Krasnoyarsks$ta

A great expectation of the spintronics relatesdssybilities to manipulate the spin degrees of
freedom of the electrons using theirs for the pseoey, transmitting and storing of
information. It is clear, that main efforts of thesearches are concentrated on the searching
the effective ways to control the spins. The onthefkey question here is how easily convert
between charge and spin currents? There are tvas tgpcurriers for non-equilibrium spin
currents: one is a conduction electron, the otheroilective motion of magnetic moment.
Here we present the results of the study which cestnate the generation of the spin current
from magnetization motion, the spin pumping frofie@imagnetic insulator to ferromagnetic
metal, and, more principal, the converting the spimrent into the charge current in the
interior of the metal ferromagnetic film. Schemaliigstration of the experimental set-up is
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Fig. 1 Fig. 2 Fig. 3

shown in the Fig. 1. The sample is Cgfg0,, bilayer film, composed of fum-thick garnet
layer and 20-nm-thick Co layer. Structure with &ledes attached to the cobalt film is placed
at center of a 10 GHz microwave cavity. A statipiane magnetic fieléH is applied during
measurement. WherH fulfils ferromagnetic resonance condition, precassof the
magnetization in ¥Fe;01, layeris induced (Fig. 2). The main result is shown ig. 2. When
the resonance precession is excited 4ReYO,, layer, the d. c. voltag¥,. is generated in the
Co layer. The data in Fig. 3 are obtaine®=80° (6 is defined in Fig. 1.)V4. decreases with
decreasin@, and at9=0° the effect vanishes completely. The bias curkgtiirough Co layer
influences the value and sign of the effect. It edgfs also on microwave power. The
mechanism of voltage generation in our experimesntsot clear entirely. Now we can
conclude only that observed effect is irrelevantetectromagnetic artefacts, and, in our
opinion, it relates to following processes. At firdhe spin angular momentum is transferred
from magnetization-precession motion to conducetaetron spin trough the s¥e0:,/Co
interface, as a result, spin current is pumped @ddayer. After that, the spin current in this
layer is converted into the charge current. Thgiorof such conversion in the ferromagnetic
metal is lacking for the present (in the case ef paramagnetic metal, the conversion takes
place due to spin-orbit interaction [1]). We hopattplanned studies allow us to clarify the
details of the spin pumping and spin-charge curtentrersion mechanisms.

[1] Y. Kajiwara, K. Harii, S. Takahashi et al. Negu(London}464, 262 (2010).
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Possible mechanisms of magnon sidebands in KCyF

M. Eremin, M. Fayzullin
Institute for Physics, Kazan (Volga Region) Fedé&faiversity, 420008, Kazan, Russia

Recently very narrow sidebands were observed ircalpabsorption spectra of KCglfor
T<Ty [1], which cannot be described in the frameworkafventional mechanisms [2]. For a
possible explanation in paper [3] was suggestedoitmving effective operator

HY°(a —a’) = g—zsza H, 12|23, (S,S, —1/4), 1)

where J_, is the superexchange coupling parameter of cojpperin the ground states, and

A is the transfer energy of electron from site (byite (a),l; is a component of the orbital
momentum operator. The virtual process schemeowisin Fig.1.
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Fig. 1 Virtual scheme of the exchange-induced Fig. 2 Virtual scheme of the exchange-induced
magnetic dipole transition. Numbers 1 and 3  electric dipole transition. Label 2-corresponds to
correspond to electron hopping. phonon vibration of bridging fluorine ion.
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Now we analyze in addition another possible medmnof exciton-magnon absorption
involving phonon related electric dipole transitidDerived effective operator of magnon
related optical absorption is written as

(a'®|E,u,|a"t,,

HED N €|e| oo
eff (a —a ) A zb: ‘Ab’a'@

where s and t are dielectric constant and effective hopping iraggcorrespondentlyy  is
vibration coordinate of fluorine bridge ion. In R2ghe spin down of electron from Cu site (b)
excites to the stata’ plus phono¢a’®>, then due to coupling with electric field componen

(S.S, —1/4), 2)

E, phonon disappear and electron transfer to #td)zand finally the spin up from state

|a>jumps to site (b). In both cases summation overosimding neighbors (index b in Eq. 1,

Eq.2) is assumed. Calculations of optical absongtshowed, that discrete sideband structure
corresponds to low energy singularities in the neagtlensity of states. The energy dispersion
of the magnons was taken according to neutronesaajtdata [4].

[1] J. Deisenhofer, I. Leonov, M.V. Eremin et &hys. Rev. Lettl01, 157406 (2008).

[2] Y. Tanabe, T. Moriya, S. Sugano, Phys. Revt.l1d; 1023 (1965).

[3] M. V. Eremin, J. Deisenhofer, M.A. Fayzullin&it, Solid State Phenomeh@8-169 113 (2011).
[4] S.K. Satija, J.D. Axe, G. Shirane et al., Physy. B21, 2001 (1980).
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Ultrafast optical spin manipulation: challenges andopportunities
Theo Rasing
Radboud University Nijmegen, Institute for Molesudad Materials,
6525AJ, Nijmegen, The Netherlands

The interaction of sub-picosecond laser pulses wiidgnetically ordered materials has
developed into an extremely exciting research tapicmodern magnetism and spintronics.
From the discovery of sub-picosecond demagnetizaticer a decade ago to the recent
demonstration of magnetization reversal by a sindfe femtosecond laser pulse, the
manipulation of spins by ultra short laser pulsas become a fundamentally challenging
topic with a potentially high impact for future sponics, data storage and manipulation and
quantum computation.

Single-shot pump-probe magneto-optical imaging Itesahow that circularly polarized
subpicosecond laser pulses steer the magnetizai@nsal in a Transition Metal-Rare Earth
alloy along a novel and ultrafast route, which does involve precession but occurs via a
strongly nonequilibrium state. However, the natafethis phase and the dynamics of the
individual TM and RE moments remained elusive so Recent experiments indicate a
possible difference in the dynamics of the TM anl Roments at time scales that are
currently limited by the pulse widths of the optiexcitations employed (~100 fs). To
investigate such highly nonequilibrium phases nexpuboth excitation and probing at ultra
short time scales and selectivity for the individm@ments.

In addition, when the time-scale of the perturbat@pproaches the characteristic time of the
exchange interaction (~10-100 fs), the magnetiadyns may enter a novel coupling regime
where the exchange interaction may even become ftie@endent. Using ultrashort
excitations, we might be able to manipulate theharge interaction itself. Such studies
require the excitation and probing of the spin andular momentum contributions to the
magnetic order at timescales of 10 fs and beloshadienge that might be met by the future fs
X-ray FEL’s.

[1] A.V. Kimel et al, Natured35(2005), 655-657.

[2] C.D. Stanciu et al, Phys. Rev. LG8, 047601 (2007).
[3] A.V. Kimel et al, Nature Physick0, 727-731 (2009).

[4] K. Vahaplar et al, Phys. Rev. Letf03 117201 (2009).
[5] A. Kirilyuk et al, Rev. Mod. Phys82, 2731-2784 (2010).
[6] I. Radu et al, Nature (2011).
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Spin dynamics of Heisenberg and XY pyrochlore magrns studied by ESR

S. S. Sosih L. A. Prozorova O. A. Petrenkband M. E. Zhitomirsky/
p. Kapitza Institute for physical problems , 11938¥scow, Russia,
2Department of Physics, University of Warwick, Came@V4 7AL, UK3SPSMS/INAC/CEA,
F-38054 Grenoble, France

The strong frustration of a nearest-neighbour (MX)hange interaction in spin systems on a
pyrochlore crystal lattice enhances the role oepthteractions and fluctuations in magnetic
ordering. Various combinations of these forces peedarge variety of magnetically ordered
states observed in different pyrochlore materidlsing the electron spin resonance
spectroscopy (ESR) we compare the low energy smandics of two compounds: @Oy,
and EpTi,O;. The first system with weak anisotropy and larg&/3 of magnetic Gt ion
orders below §=1 K in a “plane cross” structure [1]. Three gappesonance modes were
detected in the ordered phase (Fig. 1). The gapesadt H=0 are well described by the spin-
wave theory (SWT) with natural parameters for the Bkchange, dipolar interaction and
single ion anisotropy. The theory also predictsveglst gap, which determines the exponential
decrease in the specific heat at low temperature.field evolution of two of these branches
is peculiar to a planar magnetic structure withisotropic susceptibility. In the saturated
phase (H>H), weakly dispersive soft modes with linear fielpéndence are detected [2].
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Fig. 1 Frequency-field diagram of é&@h,O; at  Fig. 2 Three branches of the resonance spectrum
T=0.45 K, closed squares are gaps expected of Er,Ti,O; measured in the ordered phase in two
from SWT, solid lines is the theory for a “rigid"directions of applied magnetic field. Solid lines
planar structure at H<<H are guide-to-eyes.

The orbital splitting of EY ions in the second compound leads to an effe@iw&/2 spin
system with the strong local XY anisotropy of magnenoments. The noncoplanar ordering
observed at J=1.2 K is supposed to result from the effect otfiliations (order by disorder)
[3]. Our ESR measurements reveal the existence@ifldstone mode acquiring an isotropic
"Zeeman" gap under field (see Fig. 2). The secondarhas a gap softening nearctb-16
kOe at the Il order transition into a state withnspanting from local easy planes. The
approximately linear in field branch (Line 3) is saloved above H The spin-wave
calculations of the excitation spectra in the s#splXY-model should verify that (i) zero-
point oscillation can indeed stabilize the requikeld spin structure and (ii) the resonance
spectra observed in various field directions ameemily reproduced by the theory.

[1] A.S. Wills et al, J. Phys.: Condens. Matte8, L37 (2006).

[2] S.S. Sosiret al, Phys. Rev B9, 014419 (2009).
[3] J.D.M. Champioret al., Phys. Rev. B8, 020401(R) (2003).
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Far-IR excitations in multiferroics studied with Mt ller matrix ellipsometry
and transmission spectroscopy using synchrotron radtion

P. D. Rogers E. Standard T. D. Kand, M. Kotelyanskit?, and A. A. Sirenkb
1Department of Physics, New Jersey Institute of ielclgy, Newark, NJ 07102, United States
2Rudolph Technologies Inc., Flanders, NJ 07836, d¢hitates

The measurements of both the complex dielectricctian &(w) and the magnetic
permeability () spectra using a combination of ellipsometry anddnaittance can reveal
details of the coupling between magnetic and eteexcitations in multiferroic materials.
Recently we developed a full-Mueller matrix far$Rectroscopic ellipsometer (Fig. 1) at the
U4IR beamline of the National Synchrotron Light 8@ (NSLS) in Brookhaven National
Laboratory (BNL) [1]. The main application of oufigsometer is for multiferroic materials,
magnetic samples with1, and metamaterials [2]. An exceptional brightnefssynchrotron
radiation allows for measurements in a broad spernge between 10 and 4,000 trior
the quantitative analysis of the optical spectna = . !

materials withu(w) 21, we developed an adequa |
modelling approach, which is based on Berrema
4x4 matrix formalism. Our approach allows 1 |
model experimental optical spectra, includii
spectra of electromagnons in anisotropic magn
materials, and to separates(w) and the p(w)

tensor components (Fig. 2). Experimental data
a number of multiferroic and magneto-electt
crystals, such aREMnsOs and REsFe;01, garnets
(RE=rare earth) will be presented [3-5]. In additic
to purely dielectric (phonons) and magnetic moc

(magnons, crystal filed excitations), we observ
several hybrid modes with a mixed magnetic a
electric dipole activity [3]. The hybrid mode
originate from the ligand field transitions in the
shell of the RE ions modified by exchange
interaction with magnetic ions (Fe, Mn). Tf
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observed vanishing of certain hybrid modes in 1 * i R
reflectivity spectra has been explained in terms Fig. 2 (a) Ellipsometry data and modelling

the adjusted oscillator strengthatching condition results fore(w) (b), andu(w) (c) for
u(w,) 08, = (w,) 1S, [3]. DysFe&0,, magneto-electric crystal.

[1] T. D. Kang, E. Standard, G. L. Carr, T. Zhou, Kbtelyanskiiand A. A. Sirenko, Thin Solid
Films,519 2698 (2011).

[2] P. D. Rogers, T. D. Kang, T. Zhou, M. Kotelghii, and A. A. Sirenko, Thin Solid Filnts19,
2668 (2011).

[3] P. D. Rogersy. J. Choi, E. Standard, T. D. Kang, K. H. Ahn,Budroka, P. Marsik, C.
Bernhard, S. Park, S-W. Cheong, M. Kotelyanskid AnA. Sirenko, Phys. Rev. B (2011)
arXiv:1101.2675v1 [cond-mat.str-el].

[4] T. D. Kang, E. Standard, K. H. Ahn, and A. Sirenko, G. L. Carr, S. Park, Y. J. Choi,

M. Ramazanoglu, V. Kiryukhin, and S-W. Cheong, PiRav. B82, 014414 (2010).

[5] A. A. Sirenko, S. M. O'Malley, and K. H. Ahn, 8ark, G. L. Carr, and S-W. Cheong, Phys.
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Collapsing bullet and subwavelength spin-wave beams

A. A. Sergd, M. P. Kostyle¥, and B. Hillebrand's
YFachbereich Physik and Forschungszentrum OPTIMASdfslautern University of Technology,
Kaiserslautern 67663, Germany
23chool of Physics, University of Western AustraN#® 6009, Crawley, Australia

The formation of quasi-two-dimensional nonlineainspave eigenmodes — so-called guided
spin-wave bullets [1] — in longitudinally magnetizetripes of a ferrimagnetic (yttrium iron

garnet) film has been experimentally observedgisme and space-resolved Brillouin light
scattering (BLS) spectroscopy and confirmed by migaksimulation.

Spin-wave bullets are stable spin-wave packetswpiopagate along a waveguide structure,
for which both transverse instability and interactiwith the edges of the waveguide are
important. It has been found that if its amplitude increased, a bullet can become
destabilized. Under these circumstances a prondutvee-dimensional compression of the

spin-wave packet followed by a wave collapse asenked [2]. We show both theoretically

and experimentally that a collapsing two-dimensiomave packet in a medium with cubic

nonlinearity and a two-dimensional dispersion ofher than parabolic order radiates
untrapped dispersive waves (Fig. 1).
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Fig. 1 Snapshots of collapsing spin-wave bulletsnead at 50 ns Fig. 2Measured intensity of the
time intervals by time- and space-resolved BLS spscopy. spin-wave beams irradiated by
Arrows show the bullet propagation direction. an immobile point source

Induced uniaxial anisotropy in an in-plane magregtiferrimagnetic film sample leads to the
formation by these waves of narrow beams symmdiriGaranged relative to the bias

magnetic field. We describe the radiation from Bapsing spin-wave bullet with reference to
our observations of the excitation of non-diffraetispin-wave beams with a stable sub-
wavelength transverse aperture — spin-wave caustibg an immobile point source (see
Fig. 2) [3]. We demonstrate that the caustic angbethe bullet’'s propagation direction are
significantly modified by the motion of the sourcBae contribution of both the inverse

Doppler frequency shift [4] and a Galilean transfation to the angles’ values is analysed.
The peculiarities of the phenomenon are well dbsdriby the theoretical model. Support by
the DFG within the SFB/TRR 49, the Australian ReskaCouncil, and the University of

Western Australia is gratefully acknowledged.

[1] A. A. Serga, M. P. Kostylev, and B. HillebradPhys. Rev. Letfl01, 137204 (2008).
[2] M. P. Kostylev, A. A. Serga, and B. HillebramdPhys. Rev. Letfl06, 134101 (2011).
[3] T. Schneider et al., Phys. Rev. Ldib4, 197203 (2010).
[4] A.V.Chumak et al., Phys. Rev.&, 140404(R) (2010).
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Elementary excitation spectra of Fgvin,,S single crystals

G. Abramov3, M. Boehn?, O. BolsunovskayaB. Ouladdia?
L. V. Kirensky Institute of Physics, Russian AcadefiSciences, Siberian Branch,
Krasnoyarsk, 660036 Russia
? Institut Laue-Langevin, 38042 Grenoble, Cedex @nEe

FexMn1.xS (0 <x< 0.3) are new Mott-type substances witlk reait structure oé-MnS and
belong to the MnO-type substances with strong eactorrelations. Applying hydrostatic
pressure to such a system leads to a number ofbpibies, including an insulator-metal
transition, moment reduction (that is, a high-sfprow-spin transition), a change in crystal
symmetry [1, 2]. The pressure effects on their netignand crystal structures still are not
fully understood [3].We have used the chemical suss (the cation substitution in the MnS
matrix) in order to induced the change of the ptaisproperties, which is similar of applying
hydrostatic pressure. In present work the resdliseastic neutron scattering of n; .S,
single crystals synthesized on the base-bfinS are compared with the calculated spectra of
elementary excitations. X-ray and neutron diffractstudies [4] have shown that the cubic
NaCl parameter decreases from 5,224 A (x=0) to BA16«=0,29) with increasing of the
cation substitution in Rk&In1.S single crystals. The Neel temperature increases 15K to
200K. The inelastic neutron scattering spectra measomeldN3 in the temperature range 2 -
27K and energy const-E scans betweenE2< 10 meV along the main symmetry axis (qqq)
and (00q).The magnetic Lauegra@re shown on Fig.1. The measured spectra Fige hare
been fitted with a function: E=D*cos(pi*q), with @2 meV for the qqq direction and
D=20 meV for the 00q direction.
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Theoretical analyses of spin-wave spectra for Mn& i#s solid solutions are made in the
frame of Heisenberg model.

[1] D. Kasinathan, at all. PRB4, 195110 (2006).

[2] R. E. Cohen, I. I. Mazin, D. G. Isaak, Scienze5, 654 (1997).
[3] Yang Ding, at all, PRE4, 144101 (2006).

[4] Abramova G. at alJMMM 320, 123, 3261 (2008).
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Optical and magneto-optical study of nanosized feomagnetic
metal-dielectric structures [Co/TiO;,],/Si

A. A. Astretsov'?, V. V. PavloV, R. V. Pisarel V. A. RusakoV, P. A. Usachey

A. 1. Stognif, N. N. Novitsk?
Loffe Physical-Technical Institute of RAS, 1940211 Petersburg, Russia
Physics and Technology Centre, 194021, St. PetagsRuissia
3Scientific and Production Materials Research Cenfr&lASB, 220072, Minsk, Belarus

Artificial multilayer structures of alternating legs of magnetic and nonmagnetic materials
are of large interest both for fundamental physied for various technological applications.
Suchstructures can find applications as media for higla density magnetic storage, high
sensitive sensors of magnetic fields, magnetotresimmemory. We present results on optical
and magneto-optical phenomena in ferromagnetic lrdetkectric structures [Co/Tig)/Si.
Three different compositions of these structuresewsepared by the ion beam deposition
technique [1]. Optical dielectric constants wergaoled using a standard ellipsometry
technique in broad spectral range of 0.6-5.5 egufé@ 1 shows magnetic hysteresis loops
measured by means of the longitudinal magneto-alpierr effect. Comparison of polar and
longitudinal Kerr effects establishes an easy-maggi#on axis is in plane of structure with
an effective anisotropy field of about 16 kOe. (e thasis of anisotropic model in the
effective medium approximation for optical dieléctfunction [2, 3], the optical and
magneto-optical effect were calculated, see e.g. Ei Thus, using optical and magneto-
optical methods it is possible to get importanorniation about electronic and magnetic
structures of nanosized ferromagnetic metal-digtentultilayers: optical dielectric constants,
optical and magnetic anisotropy or parametersaffrieal magnetization process
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Fig. 1. Hysteresis loops of three different  Fig. 2. Modelling of the longitudinal Kerr
composition of structures [Co/THYSI effect for three different compositions of

structures [Co/TiG/Si

Using the anisotropic model on the basis of efiecthedium approximation one can easily
justify necessary parameters of nanosized ferroetagmetal-dielectric structures demanded
for practical applications or fundamental physstaldies.

[1] A. . Stognij, M. V. Pashkevich, N. N. Novitslét al, Tech. Phys. Let86, 426 (2010).
[2] B. Wood, J. B. Pendry and D. P. Tsai, Phys..B&¥4, 115116 (2006).
[3] Y. A. Dynnik, I. S. Edelman, T. P. Morozova,at, JETP Lett65, 555 (1997).
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Calculation of the resonant fields of SWR spectra ith a smooth change of
the symmetry boundary conditions in three-layer magetic film

A. G. BazhanoyA. M. Zyuzin
Mordovia StateUniversity, 430005, Saransk, Russia

The aim of this work was experimental investigataod theoretical calculation of the values
of resonance field$ , of spin-wave resonance (SWR) with gradual changbe symmetry

boundary conditions (spin pinning symmetry). Smoottange in the symmetry of spin
pinning, a gradual decrease in the thicknhﬁﬁ of the upper layer with high damping

(pinning layer) in a three-layer film by layer-etiet). The study found that as the thickness

hoin where the boundary conditions are gradually mo¥iogh symmetric to asymmetric, the
resonant field of zero spin-wave (SW) moeg remains almost unchanged. For the first and
subsequent modes fmpin < 04 mkm a change in the valud, close to periodic. At full
etching thicknesshpin of the top of the pinning layer, where the bougdemnditions are
asymmetric, and the resonance field starts to deerenonotonically. A further decrease in
the thickness of the excitation layhy, valuesH & also decrease monotonically. To explain

these results was calculated, which recorded thatems of motion of the magnetization for
each of the layers, as well as the exchange boymrdaditions at the interface between layers
[1]. Conducted in this paper, the calculation shiwet the observed change in the vatie

due to the fact that at thickness}ep% greater length damped spin waves in the pinniggrla
h.
pin

When h,i, < 04 mkm length damped spin waves in the pinning ldy®ecomes comparable

>| no effect on the value of the wave phase at ttexlayer boundary is not happening.

to the valuehpin and the value of the wave phase at the interlagendary begins to state the

spin fluctuations on the free boundary. Phase vatueirn, greatly affects the wave numbers
k. Kb, ki, which determine, in turn, the resonance figis of SW modes.

Hn’ 1 e e Fig.1. Dependence of the
Oe / s resonant mode fields of the
| <% ST spin-wave resonance on the
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[1] A.G. Bazhanov, Physics Metals and Metallograpby(4), 354 (2006).
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Propagation of microwave pulses through the nonlire transmission line
based on ferromagnetic structure

E. N. Beginin
Saratov State University, 410012, Saratov, Russia

The active investigation of magnetostatic waves \WJ$ thin ferrite films is caused by the
opportunity of creation linear and nonlinear desi¢based on them) for microwave signals
processing. An example of a nonlinear device isi@astrip transmission line (MTL) with
thin ferrite film on it and placed in a uniform nragic field. Passing through MTL a
microwave signals with powd? less than some threshold lew| are attenuated more than
signals with poweP>Py [1]. It is possible at frequencies when three-ntegdecay processes
are allowed. Theoretical analysis of this devices tsgnificant difficulties, since the
nonlinearity is occurred due to parametric couplmgween exited MSW and other types of
spin waves [2]. The model of a two-level absorbmgdium was used for theoretical
investigation of nonlinear MTL. In this modehe power of electromagnetic wave passing
through the MTL and its absorption coefficiamfz,t) at the signal frequendyare described
by a system of rate equations:

E:ap

dz

da _ a P a,
— = —+1|+2,
dt TR T

The system of these equations contain such paresné&te a system relaxation times — a
saturation powergo - low signal absorption factor at given frequenbkjumerical value of
these parameters were determined experimentallg Jdlution of the system of rate
equations set accordance between an instantanetues\vof signal at the outp& (when
z= L) and the inpuP; (when z=0) of the MTL. The numerical solution of these eduas
was performed using the Runge-Kutta method. Themxgntal investigation of propagation
of continuous wave and pulsed microwave signald vdifferent power levels at fixed
frequencyf=2,76 GHz through MTL were performed to verify ttieoretical model. The
nonlinear MTL has the following parametei8:=9 dBm, T=3 ps. These investigations
demonstrate that the proposed model describesteekéxperimental results of the MTL in
pulse regime if the pulse repetition period is tgethan the system relaxation timeFor the
lesser period the discrepancy with experimentalltess observed. It can be explained by the
absence of the opposite influence of MSW on theowiave signal in the model description.

This work was supported by Government of RussiateFaion (projecNe11-02-00057).

[1] J.D. Adam et al., Appl. Phys. Le8&6, 485 (1980).
[2] G. T. Kazakov et al., J. of Comm. Tech. andcElgl, 440 (2006)
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Gap solitons in magnonic crystals at 3-wave interdions

E. N. Beginirt, S. A. Nikito\?, Yu. P. SharaevsRiand S. E. Sheshukadva
lsaratov State University, 410012, Saratov, Russia
%Kotel'nikov Institute of Radio Engineering and Eienics of Russian Academy of Sciences,
125009 Moscow, Russia

First observation of gap solitons (GP) in magnaemgstal (MC) was reported in [1]. The
authors observed these solitons at frequencieshigtan 4 GHz in conditions of 4-wave
interactions. In current work we investigate potisybof GP formation in MC at frequencies
less than 3 GHz when 4-wave interactions are fodndoy conservation laws. In this case the
amplifier of monochromatic spin waves is restricted 3-wave decay processes. MC was
made as a periodic system of etched grooves atitiace of a YIG film with the thickness 4
um. The grooves have the depth — @i, the width — 7Qum and the period — 100m.
Magnetostatic waves (MSW) delay line was used feasnrement with microstrip antennas
having the width 3@m. The distance between them was 4 mm. Thus, 40dseof MC were
located between the antennas. The delay line whfedad to the magnetic field with
intensity Hy=276 Oe parallel to the YIG film surface and theeanas. Surface MSW
(MSSW) were exited in such geometric configuratibhe band gaps were observed within
the MSSW spectrum at the frequencies where thedBrafiection conditions are satisfied
(for the MSSW wave number). The central frequenicthe first band gap i§=2.574 GHz,
the depth of rejection is 30 dB, the frequency tvidt the band gap is 15 MHz at power level
-3 dB. The rectangular microwave pulses with poRgrwere supplied to the input of the
delay line; the pulse duration was 120 ns, thetigpe period was 4us and the carrier
frequency wa$, Time dependences of the amplitude envelope hadspies corresponding
to the fronts of the input pulse. Whé&g<-5 dBm, most of the input signal is reflected as
from the linear Bragg grating. With increasiRg (fig.1), pulse train appeared at the output.
Number of pulses was changed from 1 to 3 and theemluration varied in the range 15-30
ns. It was determined by,. Some pulses passing through the grating wereedras GS
with almost constant phase (fig. 2).

Amplitude (arb. units)
Amplitude (arb. units)
Phase (rad)

.
0 50 100 150 200 250 300
Time (ns) Time (ns)

Fig. 1 The amplitude of the transmitted Fig. 2 The amplitude (solid line) and phase

signal at several levels of input power (dotted line) of the transmitted signal at input
powerP;,=5 dBm

This work was supported by Federal Targeted Prograraf the Ministry of Education and
Science (projectNe2010-1.2.2-123-019-002) and the Government of Russ$tederation
(project No. 11.G34.31.0030).

[1] A. Ustinov, B. Kalinikoset al, Phys. Rev. B1, 180406 (2010).

84



Resonant nonlinear frequency multiplication
in microscopic magnetic elements

V. D. Bessonol, R. Gieniusz, A. Maziewskt, H. Ulrichg, V. E. Demido¥,
S. O. Demokrito%, S. Urazhdin
YFaculty of Physics, University of Biatystok, Lipowh, 15-424 Biatystok, Poland
?Institute for Applied Physics and Center for Noadin Science, University of Muenster,
Corrensstrasse 2-4, 48149 Muenster, Germany
3Department of Physics, West Virginia University,riyfmtown, WV 26506, USA

Here we report on the experimental study of noalirffeequency multiplication in Permalloy-
film ellipses subjected to intense microwave magndkeld. The ellipses had lateral
dimensions of 1 by 0.fum and the thickness of 10 nm and were prepared-bgam
lithography on top of Jam-wide microwave transmission line used for theitaxion of
magnetization dynamics. The experiments were paédr by micro-focus Brillouin light
scattering spectroscopy with the spatial resoluttdnabout 250 nm and the frequency
resolution of 100 MHz.

We show that the resonant modes of the magnetinegitss can be excited by applying a
microwave signal at a frequency which is by a fadfotwo or even three smaller compared
to the resonant frequency. We study the spatiataciteristics of the nonlinearly excited
modes and show that the double-frequency excitasoefficient for modes with anti-
symmetric spatial profiles, whereas the triple-frexacy excitation is efficient for modes with
symmetric profiles. The latter process shows are@afly high efficiency, which makes it
promising for technical applications.

Our results contribute to the deep understandinigrgie-amplitude magnetization dynamics
In nanostructures and open new opportunities fqulementation of nano-scale magnetic

devices for microwave technology.

85



Dynamic properties of discrete solitons in 1D magne dots array

P. Bondarenkh B. A. Ivanov?
Ynstitute of Magnetism NASU and MESU, 03142, Kidkraine,
T. Shevchenko National University of Kyiv, 03028yvKUkraine

The magnetic dots are organized in linear chaindefohed by rather high spatial regularity.
The dots have no direct contact between each othergfore the sole source of their
interaction is the magnetic dipolar interactioneTdynamic and static topological solitons in
magnetic dot arrays are computed numerically aralytically. Next conclusions for the
static domain walls are drawn:

1. Long-range dipole coupling leads to the powles-Interaction between domain wall centre
and moments on the periphery.

2. Kinks are attracted to the chain edges with Quobtlike forces due to dipole-dipole

interaction between dots.

U
0005 0,204 ©
0,000 -
0.012
nnnnn Usound 0,15 -
-0,005
0.006
-0,010
0,104
Equation: e
0,015 2'P1*(P2/(P2/2-x"2)-1/P2)+P3"(1-cos(2"pi*X)) 02 4 06
-0. 0. i
Chi*2IDoF  =7.2893E-10
0,020 RY2 = 0.99999 0.054 -0.006
Pl 2.00061:0.04066
-0,025 P2 2549613:0.15932
P3  0.0002:5.3046E-6
0,030 B T ’ ¥ ’
-0,50 -0,25 0,25 0,50 0,75 K 1,00

T T T T T
0 2 4 XS 8 10

Fig.1 Dependence of attracting potential betweEig.2 Dependence of Peierls-Nabarro barrier for
domain wall and array edge on soliton centstatic kink on easy-axis dot anisotropy.
coordinate relative to the chain centre.

Analytical results are derived from exact solutfon discrete kinks in 1D spin chain with
pure uniaxial exchange anisotropy (Gochev’s sotufid). The dynamic properties of kinks
are examined within the framework of previously mt@med analytical approach. It is shown
that Peierls-Nabarro barrier [2] is negligible inngparison with the kink energy in the
absence of single dot anisotropy. The dependengenoing potential on kink velocity is

found. Velocity values are obtained for which swilitcan move through the chain with

nonzero anisotropy without being pinned.

[1] I. G. Gochev, JETP Let85, (1983).
[2] F. R. N. Nabarro, Theonyf CrystalDislocations (Oxford Univ. Press, Oxford, Englah€67).
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Pulsed excitation of surface spin-wave envelope gohs in magnonic crystal

A. Drozdovskij A. Ustinov, and B. Kalinikos
St. Petersburg Electrotechnical University, 197336,Petersburg, Russia

One of the fundamental physical phenomena obsarvetifferent media are the envelope

solitons of waves of various nature, the nonlinleaalized wave packets that are formed
during the propagation of a pulsed perturbationngwo the compensation of the spreading
effect of dispersion by the grouping effect of noeérity [1]. The envelope solitons can be
also formed due to the development of intrinsiégnaluced modulation instability under the

continuous propagation of finite-amplitude wavesaimonlinear dispersive medium [1, 2].

The aim of this work is to study the possibility thie formation and propagation of bright

envelope solitons under the pulsed microwave exaitaof spin-wave packets in a magnonic
crystal.

We note that the formation of bright solitons wdsserved in the spectral regions with a
strong dispersion, which are situated near the-stopus caused by the Bragg resonances. The
excitation and detection of spin-wave packets werfopmed utilizing a delay-line structure
with 2-mm long, 504#m wide, short-circuited input and output microstaptennae. The
distance between the antennae was 7.2 mm. Expdeahlyemvestigated magnonic crystal
sample had a thickness of 11u@, a width of 2 mm, and a length of 55 mm. Groowék a
depth of 2um, a width of 5Qum, and a period of 400m were etched over the entire width of
the yttrium iron garnet film waveguide perpendicula its longer axis. The experimental
sample was placed in a homogeneous static madredtoof 1206 Oe between the poles of
an electromagnet. The field was directed alongsihie-wave antennae in the plane of the
magnonic crystal.

Thus, the input antenna excited the surface spirevpackets in a periodic structure. Owing
to the nonreciprocality in the excitation of suctawss, the major part of the energy
propagated towards the output antenna. The cawmages, which propagate in the opposite
direction towards the beveled end of the magnoryistal, were attenuated and did not affect
the measurement results.

We studied the possibility of the formation of Irigspin-wave solitons in the magnonic
crystal by short RF pulses supplied to the inputemma. For this purpose, the carrier
frequency, duration, and amplitude of the inputspal were systematically changed. The
formation of solitons was detected in the firstethrstop bands. This formation always
occurred at the frequencies corresponding to thlet rihigh-frequency) slopes of the stop
bands, where the group velocity of the spin waneseiases rapidly with frequency. In other
words, the formation of bright solitons was obsdnia the regions of strong positive
dispersion. The formation of solitons in the spaaimtervals between the stop bands was not
observed in the power interval of 1-500 mW provitdgdhe experimental set-up.

This work was supported in part by Russian Fouondafior Basic Research, the Ministry of
Education and Science of Russia, and by the gfahed’resident of Russia.

[1] M. RemoissenetVaves Called Solitons: Concepts and Experimgpsinger, Berlin, 1996).
[2] Yu. S. Kivshar and G. P. AgrawdDptical Solitons: From Fibers to Photonic Crystéfscademic,
San Diego, CA, 2003; Fizmatgiz, Moscow, 2005).
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Traditional and perspective spin-wave devices forie microwave
frequency band
V. A. Dubovo}, L. V. Lutse¥, A. I. Firsenkov, A. E. Kozirt, D. N. Fedif

"Magneton J.S. Co., 194223, St. Petersburg, Russia,
%|offe Physical-Technical Institute, Russian Acadefm$ciences, 194021, St. Petersburg, Russia

Traditional spin-wave devices (SWD) were develofmtherly during several decades and
are developed today by a number of foreign firmjsajid Russian enterprises [2]. At present
the most perspective traditional devices on spinesgSW) are tunable band pass and band
reject filters, delay lines, resonators, generatsignal-to-noise enhancers, power restrictors.
The main feature of SWD is the opportunity to govtreir characteristics and the working
frequency by the formation of profile of the apdlimagnetic field and by the variation of its
value in monocrystal ferrite films of 3 - @0n thickness.

The most known and used traditional SWDs are §lt&8\W filters operate in frequencies from
1.2 GHz up to 18 GHz and have losses up to 2 .ldBis range. The main characteristics of
these filters are: the pass band is in the rangm ft2 MHz up to 200 MHz, the level of
parasitic resonances leads to 40 dB, the out-ofifztenuation reaches 70 dB, the tunable
time can reach 2Qls. The rectangular factor of the pass and rejentivaan reach 1.8. This
corresponds to the selectivity of the 6-chain fdten YIG spheres. At present there are
produced SW filters on fixed frequencies of smaks. Such SW devices have dimension
sizes of 128x12 mm.

Additional opportunities for creation SWDs on fegrfilms with enhanced characteristics can
be based on the nonlinear relaxation of the mazgiatn in ferrite films. Power restrictors,
signal-to-noise enhancers and magnetic solitonrgéors are created on the base of nonlinear
properties of ferrite devices.

SW filters belong to the class of electrical-tundelices and have a number of positive
properties in comparison with analogous functiodaVices. In comparison with tunable
filters based on varactors, SW filters have comnsioly better parameters of their amplitude-
frequency characteristics. They have low signalsdss high quality, linear tunable
characteristics, selectivity. However, SW filtepsé to the varactor filters in dimensions, cost
and in expenditure of energy. In this connectiomns need to continue further development of
spin wave devices, which based on heterostructtwesaining sputtered ferrite films [3].
Devices of the new, second generation should beerbgdthe integration technology on a
single substrate, should have small dimensionst beisuitable for surface fit operations, and
should have low cost.

We consider one of the variant of SW devices of ile&v generation. Device has been
produced as the chip, which was made on a subs8#tedevice contains the multilayered

structure, which consists of epitaxial YIG film, SjMide and microstrip circuit located above

the spin wave guide. In dependence of the distdretereen generating and receiving

antennae in the applied magnetic field this SW dehias amplitude-frequency characteristics
of a filter or a delay line.

[1] G. M. Vapne Microwave devices on magnetostatic waWsviews on electronic engineering.
Microwave Electronics. Moscow. CNII Electronié&(1984) [in Russian].

[2] www.magneton.riPre-production models of filters on magnetostataves.

[3] S. A. Manuilov, R. Fors, S. |. Khartsev, andM. Grishin, J. Appl. Phys105 033917 (2009).
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Nonlinear dynamics of the domain walls of magneticwith 1D and 2D case
nonhomogenitiesmodulation of the parameters of the magnetic anisobpy

E. G. EkomasowR. R. Murtazin, Sh. A. Azamatov, A. M. Gumerov, A Ekomasov
Bashkir State University, 450074, Ufa, Russia

It is known that in real magnetics the appearancenagnetic parameters local changes
happens due to structural and chemical non-homdagenand local influence (mechanical,
thermal or solar) [1]. As it is usually difficulb tmake a precise (microscopic) calculation, one
is to model the functions, which describe the patans of a non-homogeneous material [2,
3]. The case is especially interesting, when tke sf a magnetic non-homogeneity and the
size, describing a non-homogeneity of parameteesabiiff, are of the same order. It results in
considerable complication of Landau-Lifshitz eqaatfor the magnetization. Although the
task of excitation and distribution of the magnatian waves, under certain conditions, is
reduced to the studies of the modified sine-Gordguoation with floating factor [4]. The
investigation of the big perturbations influencetbe solution of the modified sine-Gordon
equation in general case can be investigated oitly the help of numerical methods. In
dynamic, when a temporally or spatial non-homogesgeerturbation acts in the area of such
non-homogeneities (or defects), under certain ¢mmdi, a strongly non-linear waves of
magnetic character can be aroused. Such wavesealdywnvestigated.

This research considers our studies of the domailts WDW) dynamics in ferromagnetics
with an optional size one and two dimensional matioh of the magnetic anisotropy
constant in terms of stimulation and radiation dfe tnonlinear waves. For the
nonhomogeneity of the constant of the magneticotmupy (NCMA) case the reflection of
the DW from the NCMA region was observed. It wasireected with the DW resonant
interaction with the magnetic nonhomogeneity of biheather type, stimulated in the NCMA
region. Also the possibility of the DW quasitunngliinvolving several NCMA regions (i.e.
when the particle crosses the barrier with the gdedow ultimate) and the origin of the
magnetic nonhomogeneities of the multi-pulson typthe form of kink and breather bound
state cophased and antiphased with the oscillatiegthers was shown.

We have investigated for the case of 2D nonhomatenéthe origin and evolution of the
magnetic nonhomogeneities of pulson and 2D soliypes, localized in defect region. The
dependences of the maximum amplitude solitary endiaves on the DW speed and on the
non-homogeneities region characteristics in the cd<DW inertial motion and DW motion
in the external magnetic fields were found. Thelyital form of the solitary bending waves
amplitude, that gives qualitative description of oesults, was found. The dependences of
maximum deflection magnetization in magnetic nonbgameities of pulson and 2D soliton
types on time, nonhomogeneities region charadiesiand DW speed were received.

[1] S. V. Vonsovskii, Magnetism, Nauka, Moscow, 719 [in Russian].

[2] D. I. Paul, J.Phys.C: Solid State Phyi®, 585-593 (1979).

[3] M. A. Shamsutdinov et al., Ferro- and antifenagnitodynamic. Nonlinear oscillations, waves and
solitons, Ufa: Gilem, 2007, 368 [in Russian]

[4] E. G. Ekomasov, Sh. A. Azamatov, R. R. Murta&MM 105,341-349 (2008) [in Russian].

[5] E. G. Ekomasov, Sh. A. Azamatov, R. R. Murta&MM, 108 Ne 6, 566-571 (2009) [in Russian].
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Phase diagram in spin-1 easy-plane antiferromagnet

Yu. A. Fridman O. A. Kosmachev, Ph. N. Klevets
V.1. Vernadskiy Taurida national university
Academician Vernadskiy ave., 4, Simferopol, 950&raine

We investigated the phase states of strongly aoisiot easy-plane antiferromagnetic with
intersublattice exchange anisotropy in both thgikidinal and the transverse magnetic field.
It was shown that the magnetic phase akin to thpéssolid” (SS) phase, found in the solid
“He, realizes for both orientations of the magndtédd. Our results obtained for the
longitudinal orientation of the magnetic field anegood agreement with the results of other
studies [1-3]. Besides, we showed that the SS plresdizes also for the case of transverse
orientation of the magnetic field. It should be ewthat this result was obtained earlier, for
example, in [2]; however, it was not interpretedtlas SS phase. Our results for the case of
transverse orientation of the magnetic field argaod agreement with the previous results
[2]. It must be noted that we did not make any sityipg assumptions like, for example, in
[3], and take into account relativistic interacsoexactly.

Besides, we showed that the behavior of stronglgoaiopic easy-plane antiferromagnetic
differs a lot in longitudinal and transverse magndields. First of all, this difference is
exhibited in the formation of the ferromagnetic (F8fate. In longitudinal field (when field is
greater than the stability field), the antiferromatic passes from the SS phase into the FM
phase through the phase transition of the firstl.klhthe field is along the basal plane, the
system is in the collinear quadrupolar-ferromagnptiase (CQUFM) and asymptotically (at
H - o) tends to saturation.

We built the phase diagrams for both orientatiohthe magnetic field. The phase diagram
for the longitudinal orientation of the magnetieldi is in quality agreement with [3]. And the
phase diagram for the case of the transverse atientof the magnetic field was obtained at
first.

H4 —~
H M Hc, H, H
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COQUFM

ouU

=

De D AFMQU De Dig
1. Phase diagrams of strongly anisotropic easyepgentiferromagnetic in the longitudinal (a) and
transverse (b) magnetic field. QU denotes the qumdar phase, AFMQU — the quadrupolar
antiferromagnetic state.

[1] P. Sengupta and C. D. Batista, Phys. Rev. R8tt227201 (2007)
[2] V.M. Kalita, I. lIvanova, V.M. Loktev, Phys. Re® 78, 104415 (2008).
[3] C. J. Hamer, O. Rojas, and J. Oitmaa, Phys. B&4, 214424 (2010).

90



NMR study of low dimensional spin systenCu,[PO3;(CH,)POj3]:
magnetic versus structural dimers

A. A. Gippius™? N. E. Gervit$, M. BaenitZ, M. Schmitf, K. Kocl?,

W. Schnelld W. Lit?, Y. Huang, H. Rosnet
1Faculty of Physics, M.V. Lomonosov Moscow Statedssity, 119991, Moscow, Russia
“Max Planc Institute for Chemical Physics of Soliat187, Dresden, Germany,

Due to their large variety of unprecedented exgtmund states, low-dimensional magnetic
compounds have always attracted great interestlia-state physics. For spin 1/2, the
influence of quantum fluctuations becomes cruamalthe ground state of the system. From
crystallographic point of viewCu,(PQO;),CH, could be considered either as an alternating
spin chain or as a dimer system (Fig.1).

At high temperature’® NMR spectra exhibit two peak structure coincidingh two
crystallographic P sites (Fig.2). Below 10 K twake merge evidencing that the spin part of
magnetic susceptibility is freezing out due to fation of a singlet ground state with a gap in
magnetic excitation spectrum of about 25 K [1]. @isingly, the leading antiferromagnetic
(AF) exchange of about 75 K can be assigned by ityefusictional band-structure
calculations to a coupling between the structure}Qg dimers, whereas the intra-dimer
coupling is strongly reduced due to sizable ferrgnadic contributions leading to unique
situation when magnetic and structural dimers db amncide. The present NMR, NOR,
magnetic susceptibility and specific heat experitaledata can be consistently described
within a scenario of coupled alternating AF Heisengjochains.
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[1] M. Schmitt, A.A. Gippius et al., Physical Rewie| Fig.2.*'P NMR spectra gi, =4.093 T.
B 81,104416 (2010).
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An influence of local environment on spin densitiéslistribution

in FesAl and Fe;Si doped with transition metals

A. Ga' and L. Dobrzyiski*?
1Faculty of Physics, University of Bialystok, Lipodh, 15-424 Biatystok, Poland
®The Soltan Institute for Nuclear Studies, 05-40@@kSwierk, Poland

Electronic structure and spin densities’ distribntin Fg@AlI and FgSi doped with transition
metals strongly depend on the configuration ofrtbarest neighbourhood. Changes of atoms’
arrangement in the first coordination sphere ofcke lead to radical modifications of the
symmetry of Fe spin densities. Detailed analysigho$e effects is carried out by TB-LMTO-
ASA method. This method, based on the supercelioagp, allows investigation of different
local environments of Fe and influence of the @alyield on the spin density distribution.

001]fau] 4 s

[110][a.u] [110][a.u]

Fig. 1Spin density in Fg&sMng sAl. Central atom Fe surrounded by a) 8 Fe , b) Are4

c) 4Fe4Al, d) 4Mn,4Al atoms.
Fig. 1 a) shows spin density in Jng Al in the (110) plane, where central Fe atom is
surrounded by 8 Fe atoms. When 4 neighbouring éresatire substituted by Mn (Fig. 1 b) or
Al (Fig. 1 c) atoms Fe spin density decreases. hWeweif the first coordination sphere
consists of 4 Mn and 4 Al atoms (Fig. 1 d), a rei@r of Fe spin density is observed.
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Dipole-exchange spectrum of highly anisotropic fewmagnetic thin-film
waveguides on terahertz frequencies

N. Grigoryevaand B. Kalinikos
Saint Petersburg Electrotechnical University, 198 3%t. Petersburg, Russian Federation

Rapidly growing interest to terahertz (THz) freqoertechnology stimulates the theoretical

and experimental investigation of highly anisotmferromagnetic materials in general and
hexaferrite thin films in particular [1]. Hexagon&rrite materials have large effective

uniaxial anisotropy field of about 15-25 kOe and ba easily tuned at frequencies of 60—-100
GHz and higher with relatively small applied biaagnetic fields [2]. Recent advances in the
growth technology of hexagonal barium ferrite filmgh low microwave losses make these
materials particularly attractive for high-frequgrapplications [3].

On the other hand, a demand of miniaturisationanaelectronics leads to size reduction of
the practically used elements. It is well knownt tthee dispersion characteristics of any type
of the confined waveguiding elements differ dradhcfrom the infinite plane ones. From
these perspectives, commonly used approximate é¢healr methods, that relate spin-wave
spectra for infinite-width and finite-width wavegimng structures, should be accurately
considered.

Here we present an eigen-mode theory for the higinigotropic ferromagnetic thin-film
waveguides. The dipole-exchange spectrum of spuesvavas obtained analytically using the
method of tensorial Green’s function together with spin-wave mode approach elaborated
in our previous work. A finite width of the wavegding structure was taken into account
simultaneously with the magnetic anisotropy oftilegagonal ferrite material.

The considered model includes the dipole-dipole amdathange interactions in the

ferromagnetic waveguide, as well as it takes ictmant the surface and volume anisotropies.
The surface anisotropy is taken into account thinotlhg surface spin-pinning conditions on

all sides of the magnetic waveguide. The uniaxaime anisotropy of the hexaferrite film is

included through corresponding tensorial demagattiz factor. The derived dispersion

relations are obtained in analytical form. They t&nused in calculations of the spin-wave
spectrum for an arbitrary direction of the exterbals magnetic field and for an arbitrary

direction of the uniaxial volume anisotropy of thaveguide.

To illustrate the theoretical conclusions, the nuoa calculations were done for the most
common case when the uniaxial anisotropy is peripatad to the film plane when the
waveguiding structure was magnetized in the sameetibn by the external magnetic field. It
is demonstarted that the approximate methods, whérle widely used previously to account
the finite width of the waveguide, give a largecdepancy with the exact calculations.
Moreover, the traditionally used approximate methoannot take into account the intermode
interaction, which can cause a very pronouncedieligaps in the spin-wave spectrum.

This work was supported in part by the Russian Bation for Basic Research, by the RF
Ministry of Education and Science under contra@<40.11.0231 and 02.740.11.0465, and
the grant of the President of RF NSh-3783.2010.2.

[1] Ce-Wen Nan, M. I. Bichurin, Shuxiang Dong, Die¥lland and G. Srinivasan, J. Appl. Phi@3
031101 (2008).
[2] N. Yu. Grigoryeva, R. A. Sultanov and B. A. kakos, Electronics Letter47(1), 35 (2011).

[3] J. Das, B. A. Kalinikos, A. R. Barman and C.Hatton, Appl. Phys. Let®1, 172516 (2007).
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Dependence of the normal wave spectrum in multifenic layered structure
on surface spin-pinning conditions

N. Grigoryeva, R. Sultanocand B. Kalinikos
Saint Petersburg Electrotechnical University, 198 3%t. Petersburg, Russian Federation

It is well-known that multiferroics (ferrite-ferrtextric layered structures) provide a
possibility of simultaneous broadband magnetidfieining and fast electric field tuning [1].
This gives a unique opportunity for the constructmf cost effective, fast and broadband
devices for a wide range of high frequency applcet Moreover, recent advances in the
growth technology of thin ferroelectric films onetlsurface of the gold coated ferrite films
with low microwave losses make these structuresicodarly attractive for a variety of
tunable microwave components and devices for méilenwave and terahertz applications
[2]. However, the fabrication of such complex stune in one technological cycle causes the
uncontrollable spin pinning on the ferrite filmaéntaces. As it was mentioned earlier in a set
of works [3], [4], spin pinning on the surface ofrae ferromagnetic film causes the crucial
modification of the normal spin-wave modes spectand produces attenuation “notches” in
the spin-wave transmission response. The non-synwalespin pinning on two surfaces of
the ferromagnetic film produces more complex madiions of the spin-wave spectrum.

Recently the previously elaborated analytical thieaf the hybrid dipole-exchange
electromagnetic-spin waves in ferrite-ferroeleclaigered structures was extended to the case
of the arbitrary spin pinning conditions on bothfages of the ferrite film [5]. This general
theory allows one to determine the changes in pire\save spectrum owing to the different
spin pinning conditions on both sides of the ferfitm.

Here we present the investigation of the dependesicéhe normal wave spectrum in
multiferroic layered structure on surface spin-fmgnconditions. Hybrid dipole-exchange
electromagnetic-spin wave spectrum is calculatedtffe case of an arbitrary spin-pinning
parameters on both surfaces of the ferromagnétic fihree main configurations of the bias
magnetic field are considered: perpendicular to fib plane, tangential along and
perpendicular to the spin-wave propagation directi®ne of the most common structures,
namely, ferroelectric-ferrite-dielectric substrate-with one metallic screen placed near the
ferroelectric layer is considered. Symmetric andisgmmetric surface spin pinning
conditions are studied. The detailed analysis i®rpeed for the case of tangentially
magnetized structure in the direction of spin-wpk@pagation. The dependence of the size of
the dipole gaps in the spin-wave spectrum vs. ppining parameters is calculated.

This work was supported in part by the Russian Bation for Basic Research, by the RF
Ministry of Education and Science under contra@<40.11.0231 and 02.740.11.0465, and
the grant of the President of RF NSh-3783.2010.2.

[1] Ce-Wen Nan, M. I. Bichurin, Shuxiang Dong, Die¥lland and G. Srinivasan, J. Appl. Phi@3
031101 (2008).
[2] J. Das, B. A. Kalinikos, A. R. Barman and C.Hatton, Appl. Phys. Let®1, 172516 (2007).
[3] D. Adam, T. W. O’'Keeffee and R. W. PattersonAgpl. Phys50(3),2446 (1979).
[4] B. A. Kalinikos, A. N. Slavin, J. Phys. C: Sol5tate Physl9, 7013 (1986).
[5] N. Yu. Grigoryeva, R. A. Sultanov and B. A. idkos, Phys. Solid Sta&3(5), 971 (2011).
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Nonlinear model of a ferromagnetic film feedback mg
at three-wave interactions

S. V. Grishin, D. V. Romanenkand Yu. P. Sharaevskii
Saratov State University, 410012, Saratov, Russia

As shown experimentally [1], self-generation offeaatic signal is observed in ferromagnetic
film feedback rings at three-wave interactions. Tiret model, describing three-wave
interactions in parametric media with linear amgidifion, was proposed in [2]. This model
describes parametric interactions of waves of waripatures, including spin waves in the
system with amplification [3]. Transition to chaassuch a model is observed at the detuning
o of spin-wave frequencies from the half-frequendy nmagnetostatic wave (MSW) of
~8 MHz. Such value is too large and not observeskperiments [4].

In this paper, the model of three-wave interactiohspin waves in the ferromagnetic film

feedback ring is presented. This model is basethersystem of three complex equations
with a time delay and a nonlinearity of the powerpéfier. Presence of power amplifier

nonlinearity and the time delay in the model alldowobserve a single-frequency generation
regime and transition to chaos at #el00-300 kHz. At small values of a ring gain (see
Fig. 1a), regime of constant amplitude, which cgprnds to the single-frequency generation
regime of the investigated feedback ring, is obs#gnAt the certain ring gain value, the

periodical quasi-sinusoidal modulation is observ&tdhe increase of the ring gain value (see
Fig. 1b), the period of modulation decreases, amdemvelope has a form of relaxation

oscillation train. At the further increase of thegrgain value, the modulation becomes more
complicated, and a chaotic modulation is observiedome values of the ring gain (see
Fig. 1c). The obtained results have a good agreewidnthe experimental data [4].
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Fig. 1. Evolution of complex amplitude of MSW atrizaus values of the ring gain 0.30 (a),
0.95 (b) and 1.50 (c).

This work was supported by the Grants from RusB@amndation for Basic Research (project
No. 11-02-00057), the President of Russian Federdior Support of Leading Scientific
Schools (project No. 3407.2010.2) and the GovertnrmaERussian Federation for Support of
Scientific Research in the Russian Universities éinithe Guidance of Leading Scientists
(project No. 11.G34.31.0030).
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[2] S. A. Vyskind and M. I. Rabinovich, JE, 292 (1976).

[3] V. E. Demidov and N. G. Kovshikov, Tech. Ph#d, 960 (1999).
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Self-consistent spin wave theory, elementary excttans and Neel
temperature in triangular-lattice antiferromagnets

A. N. Ignatenko, V. Yu. Irkhirand A. A. Katanin
nstitute of Metal Physics, 620990, Ekaterinburgs§la

A number of Heisenberg antiferromagnets (e.g., 2V®Br,, LiCrO,) possess a layered
structure with triangular lattice in a layer. Due geometrical frustration of this lattice the
magnetic order becomes non-collinear. In contasbnventional collinear antiferromagnets,
we have two types of excitations: spin waves Zne/ortices (visons). These vortices are to
some extent similar to vortices in the XY modeéyttalso have a finite activation temperature
Tkt which is an analog of the Kosterlitz-Thouless temagure.

Spin-wave spectrum of isotropic non-collinear amtibmagnets contains three gapless
Goldstone modes. Therefore the formulation of #lénsistent spin wave theory (SSWT)
for these systems turns out to be non-trivial sitvee of the modes acquire gaps in a naive
SSWT treatment. These unphysical gaps are fornsaiylar to the gaps owing to magnetic
anisotropy or dipole interactions. Opening of thgs@s disturbs magnetic properties and
should be eliminated. We construct a version of $SMthout this drawback.

For layered frustrated antiferromagnets SSWT isiffitsent at not to low temperatures
since it does not take into account vortices [4]e Vortices give the main contribution to
sublattice magnetization fdr>Txr and determine the Neel temperature. However, SSEWT ¢
be used to determine exchange parameters fronxgieximental sublattice magnetization at
low temperatures.

To estimate vortex contribution to the Neel tempemwe use the Monte-Carlo results for
the correlation length of the purely two-dimensionaiangular antiferromagnet,

&M= Aexp[b/ T- 'I,;T] for T>Tkr, whereTyr= 0.28JF andb = 0.77 [3]. We determine
the Neel temperature for the quasi-2D model asrpéeature where a crossover from 2D to
3D regime occurs, so thd(T,..) = % and

T

Neel

=T, +2.37JS |n—2(%j.

The Table contains the experimental and calculbliegl temperature for layered triangular-
lattice antiferromagnetSeE 3/2,4T = Ty -Tkr).

J, K J1J ATITh | TP K T K

VBr, 32 0.06 0.6 29 56.6
VCl, 44 0.006 0.3 36 39.8
LiCrO, 80 0.0013 0.2 62 62.5

[1] H. Kadowaki, K. Ubukoshi, K. Hirakawa, J.L. Marez, and G. Shirane, J. Phys. Soc. J&tan
4027 (1987).

[2] V.Yu. Irkhin and A.A. Katanin, Phys. Rev. %5, 12318 (1997)57, 379 (1998).

[3] M. Wintel, H.U. Everts, and W. Apel, Phys. R&/52, 13480 (1995).

[4] A.N. Ignatenko, V.Yu. Irkhin, and A.A. Katanigolid State Phenomerni(2-153 257 (2009).
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Spin wave and one patrticle instabilities of ferromgnetic state
in the Hubbard model

P. A. Igoshev, A. V. Zarubin, A. A. Katanin, V. Ylkhin
Institute of Metal Physics, 620990, Ekaterinburgs§la

We analyze the criterion of ferromagnetism for a-thmensional (2D) itinerant electron
system on the square lattice with the Fermi levedrna van Hove singularity. The
corresponding electronic spectrum has the ferm —2(cosk,+cosky)+4t'(cosky cosk,+1),

t, t' being transfer integrals for nearest and nexteastareighbours.
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Fig. 1 Phase diagram of the 2D Hubbard model b2, n being the electron concentratiduine
QSseparating FM and AF (including incommensuratg,d@ases is the result of the quasistatic
approximationjine Sis the boundary of the FM and PM phases in th@lsiiBtoner theoryine Vis
the Visscher's boundary of phase separation of FM{Meel) phase in the limit of large Hubbard
repulsionU, line MEis the boundary of the FM and PM phases in thdatkof decoupling the
equation of motion for the Green'’s functions forldard’s operators [3]

The results of the mean-field approach [1] are owpd with the help of quasi-static (QS)
approximation [2]. A comparison is performed wikie tmethod by Visscher (see [1]) and the
result of decoupling the equation-of-motion seqeefoe the Green's functioms the Hubbard
operator representatid]. The phase diagram has the following phasesorfieagnetic (FM),
antiferromagnetic (AF), incommensurate and paramiggiiPM). It is shown that near half
filling (n = 1) the ferromagnetic state is characterizednsyability of the spin-wave type,
while away from half-filling the one-electron (sgimlaron) instability. Combined magnetic
phase diagram fdf= 0.2 including all the instabilities is shown in Fig. 1

[1] P. A. lgoshev, M. A. Timirgazin, A. A. Katani#y. K. Arzhnikov, V. Yu. Irkhin, Phys. Rev. B1,
094407 (2010).

[2] P. A. Igoshev, A. A. Katanin, V. Yu. Irkhin, Sovh¥s. JETPLOS 1043 (2007).
[3] V. Yu. Irkhin, A. V. Zarubin, Solid State Phemena,168-169 469 (2011).

97



Magnetic properties of the Ni amorphous nanogranuldilms

D. llyushenkoy D. Yavsin, V Kozhevin, 1. Yassievich, V. Kozubd8. Gurevich
loffe Physico-Technical Institute, the Russian Acag of Sciences, 194021, St. Petersburg, Russia

We report on structural and magnetic propertiegrahular flms consisting of 2.5nm Ni
nanoparticles. The films are fabricated by theinablaser electrodispersion technique, which
allows producing nearly monodisperse and amorppauscles.

Atomic force microscopy (AFM) study shows that i Adm thickness films the particles are
self-assembled in clusters with the lateral sizé-160nm and the height of about 10 nm.
Performed by SQUID, the films magnetization measnamts reveal super- paramagnetic
behaviour, characteristic for an ensemble of naeeracting single domain magnetic
particulates. It is found that the magnetic momanthe particulate is equal to that of about
3000 individual Ni nanoparticles and the blockiegperature is close to room temperature.
Defined from magnetic measurements, the size gfiesidomain particulates correlates well
with the size of the clusters determined from AFMages. We propose that exchange
interaction plays an important role in the formatiof the particulates by aligning the
magnetic moments of the individual Ni nanopartigtesde the clusters. Presence of magnetic
clusters with high blocking temperature makes #iwi€ated films potentially useful for high-
density magnetic data storage applications.

We have studied theoretically (including computé@nudations) magnetic properties of
aggregates of ferromagnetic amorphous nanogrannlése presence of direct exchange
between the neighboring granules and random aopfrelds. We show that such a system
can be considered as ferromagnetic glass. We deratins(basing on analytical
considerations as well as on the results of numakersimulations) that the system is
decomposed to clusters or domains with nearly resdli orientation of magnetization. The
size of the domains depends on the ratio of théage interaction and random anisotropy.
For quasi-2D structures we predict that the dipdilgele interactions between the granules
lead to a formation of magnetic vortices. Moreovbke, computer simulations also reproduce
the puzzling increase of the thermoremanent mazgatein observed experimentally in 50 nm
thickness films, which is expected to be a restih temperature-dependent decrease in the
anisotropy (or a temperature dependent increasitenexchange). We also consider the
structures with weak intergranular exchange andvstimt they are characterized by the
presence of two critical temperatures.

[1] D.S. llyushenkov, V.I. Kozub, I.N. Yassievioft, al., J. Magn. Magn. MateB23,1588 (2011).
[2] D.S. llyushenkov, V.1. Kozub, D.A. Yavsin, dt,al.Magn.Magn.Mater321(5) 343 (2009).
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Step forward to the new materials for MSSW devices

V. P. Ivanov, S. A. Manuiloy, A. M. Grishirf, G. A. Nikolychuk
'Research InstitutBerrit-Domen, 196084, Saint-Petesburg, Russia
2Royal Institute of Technology, SE-16440, StockhSineden

Yttrium iron garnet (YIG) films are well known tze used in different kinds of magnetostatic
wave (MSW) devices. The liquid phase epitaxy (LiBEWell established technique for high
quality low loss YIG films synthesis. ThereforedkiLPE grown YIG films are still have no
rivals. Here one more time we try to promote the seb-micron YIG films synthesised by
the means of pulse laser deposition (PLD) techni§ueviously authors described the films
growth process and they magnetic properties [BBprtly, PLD grown Fe-deficient films in
combination with low coercetivitidl. = 40 mOe and moderate magnetic logsids= 0.9 Oe
posses recordly hight value of uniaxial anisotrody = -0.88 kOe with saturation
magnetization #Ms around 1.8 kGs. All these make PLD synthesisedsfibttractive for
miniaturised and highly tunable devices with loveepewer consumption.

521 [dB]

Frequency [GHz]

Frequency [GHz]

Fig. 1 MSSW filter with integrated coil: (a)Fig. 2 Performance of MSSW filter in the wide
photo of 10x6.4x4.3 mindevice and (b) frequency range. External magnet was used to
transmission characteristics of the device takeweep magnetic field from 19 Oe up to 695 Oe,
at different powers supplied to the integrateshile integrated coil was kept deenergized.

coil. External magnet wasn't used here.

The constructed device is MSSW filter based on RjtBwn 0.45um thick YIG film with
tuning coil directly wound onto alumina plate wMSSW excitation transducers and laid on
them YIG film. The photo of the device is shownHig.la. Figure Fig.1lb represents device
tuning in the range of 0.5 GHz with the power féedhe tuning coil ranged from 0 to 68
mW. The rejection level around 47 dB and minimursention loss of 30 dB gives 17dB to
the MSSW assisted filter transmission. The widegeaimspection of the filter performance is
presented in Fig.2 where external magnet has beed with turned off power of the
integrated turning coil. Filter transmission chaeaistics measured in the range of 0.5 — 4.5
GHz reveal insertion loss minimum of 11 dB at 319zGvith rejection level of 30 dB.

The value of the losses achieved in the construet8&W filter combined with low power
consumption and possible miniaturization promisedPlLD grown YIG films applicability in
the new and well known MSW devices.

[1] S. A. Manuilov, R. Fors, S. I. Khartsev, andM. Grishin, J. Appl. Physl05 033917(2009).
[2] S. A. Manuilov, S. I. Khartsev, and A. M. GrishJ. Appl. Phys106, 123917 (2009).
[3] S. A. Manuilov and A. M. Grishin, J. Appl. Phy08 013902 (2010).
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Preparation and study of Fe/M (M=Co or Pt) thin films
for ultrahigh-density magnetic recording

A. S. Kamzir, Fulin Wef, V. GaneeV and L. D. Zaripova
Yoffe Physical-Technical Institute of RAS, 194081 Petersburg, Russia,
’Research Institute of Magnetic Materials, Lanzhaunmdrsity, 730000, Lanzhou, China
*kazan (Privolzhsky) Federal University, 420008, &azRussia

The further increase in the density of recordingneagnetic media, one has, on the one
hand, to create magnetic films as recording medlila &/ high coercivity. On the other hand, in
order to write information on the high coercivityedia, recording head materials with high
saturation magnetization, high permeability and lovercivity are required. In addition, the
creation of the ultrahigh-density magnetic recogdity HDMR) systems of next generation
requires magnetic materials as writing media whig tninimum possible magnetic grain size, as
well as miniaturization of the write/read magnéteads.

This report presents the results of studies of RBeCo, films for write/read magnetic
heads an UHDMR system, prepared by means of themB&netron co-sputtering method
(RENCSM) [1] on different under-layers. Also in ghreport are presenting the results of
investigations for UHDMR applicable of multilayeg,[Fe/Pt]n films with controlled orientation
of the easy axis and a high coercive by RENCSM [{r studies of Fe/M (M=Co or Pt) films
have been focused on technological issues of hagisity recording heads and media,
respectively, as well as on the fundamental magnetoperties, such as the temperature
dependence of the magnetic anisotropy constanentation of the easy axis and the exchange
stiffness constant.

The film composition was determined using indudtiveoupled plasma spectroscopy. The
magnetic properties were studied using a SQUID wabdating-sample magnetometers. The
microstructure of the films was determined by X-dafjraction (XRD). The magnetic structure
of the films was studied using Conversion Electkdissbauer (CEM) Spectroscopy. The angle
© between the light axis orientation and the nortoathe film plane determined using the
relation of the intensity of 2-nd(5-th)/1-st(6-thines in the Zeeman sextefps/A=3(1-
CO)/(4siN).

In result the FeCo nanostructured thin films witlghh magnetization (Ms) and low
coercivity Hc were obtained by utilizing suitableder-layer and optimizing the deposition
conditions. It was found that the improvement dt stagnetic properties for FeCo films with an
under-layer is closely related to the film texture.

In the case of FeRt;p-phase multilayer [Fe/Pt]n thin films have beenanied. The total
thickness of multilayer [Fe/Ptln was varied from @6200 nm by changing the number n of
deposited bilayers. We have studied the dependencthe microstructure, the magnetic
structure, and the easy axis orientation in théHe films on the substrate temperature as well
as the pressure of Ar during sputtering, the oedet thicknesses of Fe and Pt layers; and the
total film thickness. These multilayers possess matagrystalline anisotropy (Ku) greater
compared to the existing magnetic recording medage coercivity and saturation
magnetization, high chemical stability and corrasiesistance.

The results of our studies demonstrated that peep&reCo films and.;o [Fe/Pt]xn
multilayers meet the requirements to write/readdeeand recording media, respectively, for the
perpendicular recording and can be use for futtHil®MR systems.

[1] A. S. Kamazin, L. A. Grigor'ev, A. B. Shermamal. S. Barash, Sverkhprovodimost:
Fiz. Khim. Tekh6, 64 (1993).



Skyrmion lattices in multiferroics

A. N. Kalinkin, V. M. Skorikov
Institute of General and Inorganic Chemistry RAB99 Moscow, Russia

Collective spin excitations in the form of skyrmideitices have recently been the subject of
intense research in solid state physics and chgmisboth magnetic models and nonlinear field
models for a 2D electron gas.This is due to thesipdgy of using such lattices to produce
promising information recording/readout systemshvattive components (skyrmions, Fig.1) ~1
nm in size, which will enable a record high datasiy ~10 Tb/cri. Skyrmion stabilization
mechanism has recently been proposed for magnetitsch employs the well-known
Dzyaloshinskii—-Moriya (DM) interaction k with line&ield derivatives [1].

We construct perturbation theory with k as a srpatbmeter using the Belavin-Polyakov solution
0o as unperturbedi(r,k) = 0o(r) + kg(r) +.... To first order ink, the lattice energy per unit area of
the circular cell of skyrmion lattice has the foffor antiferromagnets):

E= (2/R) Jdr {(60" }*+ (1+1/F ) sirfOo — (k/r) sibocodo [1+2(1+r)g] +kbo'(1+2g")},

where6' andg' are derivatives with respect to r. The integraii® performed from r=0 to kcell
boundary) and(r,k),=0 =0, 0 (r,K) (=, =&, 6p=2arctg(ri).

B 1,_"‘ La
| ) ‘H-.-H_\_. = ~ - — - i J.:-:l-l:l: k. . ::
Fig.1. The Skyrmion. Fig.2. Energy of the cell E as a function of R.

From Euler' s equation we obtain a linear diffels@r@quation in g(r):
g"+ (1INg*- (F-6r-+1)/[r(1+1°)°]g=- 4rl/(1+F)?

with the analytical solution g(r)=-0.5r.
The free parameté@~Rtg(kR/4). Calculating standard integrals, we find

E=2[a+a/(\*+RY)+aIn(1+R/A%)/R? with a=k\, a=[(4+1)(1-kn)+1?%],a=A%(2-3K)).

Minimizing energy Ewith respect to R, we obtain the curves presemtdelg.2.As seen, at eagh
value there is a minimum in energyak a function of the cell radiusiRthe skyrmion lattice.This
implies conceptual possibility of a spontaneousriskgn lattice stabilized by DM interaction in
multiferroic BiFeQ (BFO) with hexagonal sublattice of ions*teDM interaction is typical for the
noncentrosymmetric antiferromagnet BFO. MultifecroBFO is a promising material for
spintronics and magnonics [2] because it has heghperatures 3= 1103 K, = 643 K and a
giant linear magnetoelectric effect and giant pa&ion (in films).

[1].A.N. Bogdanov, D.A. Yablonskii. ZhETR6,253 (1989).
[2].A.N. Kalinkin,V.M. Skorikov. J. Inorg. Chenk5, 1903 (2010).
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Properties of high frequency conductivity in noncdinear ferromagnets

E. Karashtin, O. UdaloV
Ynstitute for physics of microstructures RAS, 6@B®izhny Novgorod, Russia

It is well-known that the symmetry of the Schrédinggequation does not allow electrodipole
transitions of electrons between two spin subbandsollinear ferromagnets. However, this
restriction is removed in a media with noncollindarromagnetic structure. An additional
contribution to the high-frequency conductivity sldbappear due to these transitions in such a
media. We study this contribution considering tvaotigular distributions of magnetic moments:
helical distribution and noncollinear multilayer gmeetic structure.

Helical magnetic structure can be found in holmidrhis rare-earth metal possesses coplanar
helical structure below the Neel temperature (13@K)ch becomes noncoplanar at the Curie
point (20K). Earlier experiments [1] show that halm demonstrates anomalous increase in the
conductivity at the frequency close to the exchaggidting (0.35eV). The peak is observed
below the Neel temperature and vanishes in a stextgrnal magnetic field. We propose a
theoretical explanation of this phenomenon. Theharge interaction between localized d-
electrons and delocalizes s-electrons is taken aotmunt, while the spin-orbit interaction is
neglected. The results of our calculations comptodte experimental data are shown in Fig. 1.
Theoretical and experimental curves fit well in theinity of the exchange splitting frequency.
Besides, the proposed contribution to the hightfesqy conductivity exists only in noncollinear
magnetic structure in accordance with the experimen

025 037 050 0.62
w,el”

Fig. 1 High-frequency conductivity of Fig. 2 Conductivity of [Ni(2nm)/insulator/
holmium at 5K. Experiment (solid) and Ni(2nm)/conductor] periodic structure. A peak
theoretical calculations (dashed). is observed in noncollinear state at 0.31eV.

We suggest similar effect to arise in a periodicltilayer ferromagnetic structure with

noncollinear orientation of magnetic moments of ghbouring layers. Such a structure
demonstrates the GMR effect [2] which consists ionsiderable difference between
conductivities in parallel and antiparallel stat€air calculations show that in addition to this
effect the conductivity demonstrates an observpbbk in the vicinity of the exchange splitting
frequency (see Fig.2) which exists only in nonoelr state. The peak becomes more
prominent as the thickness of the layers is deerkas

This research was supported by the FTP “Sciendéfid scientific-pedagogical personnel of
innovative Russia” (contracts No P2618, P348), RF@Roject 11-02-00294-a), and the
“Dynasty” foundation.

[1] P. Weber and M. Dressel, J. Magn. Magn. M&&éR-276 E1109 (2004).
[2] M. N. Baibich, J. M. Broto, A. Fert et al. PhyRev. Lett61, 2472 (1988).
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Oscillatory energy exchange between spin wave modes
coupled by a dynamic magnonic crystal

A. D. Karenowsk&A. V. Chumak, V. S. Tiberkevich, A. A. Serg3, J. F. Gregy
A. N. Slavir and B. Hillebrands
'Department of Physics, University of Oxford, Oxfax1 3PU, United Kingdoni,Fachbereich Physik
and Forschungszentrum OPTIMAS, Kaiserslautern Usityeof Technology, Kaiserslautern 67663,
Germany *Department of Physics, Oakland University, RochieMé&48309, United States.

A magnonic crystal (MC) [1-6] is a spin-wave transsion medium which features an ‘artificial
lattice’ formed by a wavelength-scale spatial matlah in its magnetic properties. Like other
artificial crystals (for example optical photonirystals [7-9]), the transmission spectra of MCs
typically include band gaps; frequency intervalerowhich wave propagation is prohibited. In
this paper, we describe the results of a serieswastigations into spin-wave propagation in
adynamicmagnonic crystal (DMC) which can be switched frarapatially uniform state with a
trivial transmission spectrum (‘off’), to a spaljamodulated state with a well defined band gap
(‘on’) (Fig. 1). We demonstrate that if such a taysindergoes a rapid transition from ‘off’ to
‘on’ whilst an incident spin-wave mode lying withihe band gap is excitéasideit, this wave
becomes coupled to a secondary counter-propagatg, generally of a different frequency [5,
6] (Fig. 2). We explore the features of the intémacexperimentally and theoretically and show
that its underlying physics reveals a fundamemsiliit of general wave dynamics.

The interaction is characterized bscillatory energy exchange i.e. the direction of energy flow
between the incident and secondary waves spontalye@verses every seconds for as long as
the coupling persists [6]. The coupled mode fregieemnare related by inversion about the
DMC’s band-gap centre frequenf(Fig. 2) so that the coupling can be used to zeali-
linear frequency conversion and time reversal of signdisjctionalities of considerable
technological significance [5].
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);L = 6300 6400 6500 6600 68490 6500 6510
Frequency (MHz) Incident freq. (MHz)
Fig. 1 Experimental DMC system and transmission Fig. 2 Experimental data showing
characteristics in the ‘off’ state (dotted) andhe ‘on’ state that coupled mode frequencies are
in which there is a band gap centred on frequén(solid). related by inversion abofy

[1] A. V. Chumak et al., J. Phys. 42, 205005 (2009).

[2] K-S. Lee et al., Phys. Rev. Lett02, 127202 (2009).
[3] Z. K. Wang et al., Appl. Phys. Lef4, 083112 (2009).
[4] G. Gubbiotti et al., J. Phys. 48, 264003 (2010).

[5] A. V. Chumak et al., Nat. Commuh, 141 (2010).

[6] A. D. Karenowska et alsubmitted2010).

[7] J. Bravo-Abad and M. Sok&, Nature6, 799 (2007).
[7]1 E. J. Reed et al., Phys. Rev. Lé&®, 203904 (2003).
[9] S-Y. Lin et al., Scienc82, 274 (1998).
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Some aspects of the influence of defects on thermation of thermoremanent
magnetization in two-domain grains ensemble

N. Khasanov

Bashkir State University, 450074, Ufa, Russia

Most crystalline grains that make up rocks contitarge number of defects. Domain walls
interact with these defects, which leads to thé¢ tlaat the magnetic properties of rocks in weak
fields are quite different from the properties cédted assuming an ideal crystal lattice. Among
the magnetic properties of minerals the thermoremamagnetization plays a special role [1]. It
is useful for investigating the changes of the gagmetic field in ancient times, the movement
of continents and for obtaining of some informatiabout the deep layers of the crust
inaccessible to direct study.

There are many papers on the calculation of thesmanent magnetization. But they are either
not explicitly take into account the defects (seagbmain model), or oversimplify their location.
In addition, during the formation of thermoremanemagnetization or later, the rocks could
undergo high pressure. Therefore, was tasked waitlalytically calculate the effect of the
distribution of defects, other than a purely randothe formation and destruction
thermoremanent two-domain magnetization of therabte of grains with a light pressure.

In this case, we used the previously developed réieal model of the thermoremanent
magnetization formation in two-domain grains. Aating to that model for the case of moderate
magnetic fields previously obtained the same egmwasas for thermomagnetization),
measured at room temperature, and for thermoremamegnetization ():

1
e
s Isg 1-Z,| 2D \g- AH v
1-33™ _1-
(3-1/q) T2
Here g is constant characterizing the temperatepemdence of the coercive force, A, C, D, W,
n are structure constants related to the size, esludpgrains and other parameters, is
spontaneous magnetization, H is magnetic field.
Earlier [2] estimates obtained from the simplifyiagsumption that the elastic stress small
|0)\lll

whereF, =F, =

F,=Fy

(i.e.

|<<1, IG)*?OOI <<1) gave overestimated values. New calculations shaimiie

1 1
differences from the uniform distribution of defeeind from a completely chaotic one lead to a
decrease in average thermoremanent magnetizattamet) under pressure, as well as to smaller
values of TRM, obtained after partial heat-indudedtruction of this magnetization. This leads
to values closer to the experimental ones.

[1] Ozdemir, O. Thermoremanent magnetization, Elupedia of Geomagnetism and Paleomagnetism,
Editors: David Gubbins and Emilio Herrero-Bervekduwer Academic Publishers, pp 609-616. (2008)
[2] N.A. Khasanov, V.I. Maksimochkin, K.A. Valeelzvestiya. Physics of the Solid Earth. Vol.35, No.6
(1999)
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Ground states of the triangular arrays of magnetiaots in the presence
of the external magnetic field

R. Khymyn V. E. Kireev, B. A. lvanov
Institute of Magnetism, National Academy of ScismafdJkraine, Kiev, 03142, Ukraine

The ground state of the array of small magnetitiggas (magnetic dots) with the magnetic
moment perpendicular to the lattice plane ordenéadl the 2D triangular lattice and subject to an
external magnetic field was investigated. Such rhadapplicable for the single-domain small
dots with perpendicular anisotropy and for the omesized dots in the vortex state, in the latter
case the out-of-plane magnetic moment is specliiedhe vortex core [1]. The close-packed
triangular lattices of the cylindrical particlesnsiderably extended in the direction normal to the
array plane are naturally obtained when the arsagrepared by the self-organization method.
The triangular lattice with the dipole-dipole irdetion of the moments is a typical example of
the frustrated system. Behavior of such arrayseftndd by the long-range dipolar interaction
and with account taken of the external magnetid fi¢, can be described by the energy

W= S fr-r[*s5- MY (1)

i,ji#] i

Here the summation runs over the all pairs of #tecke sites,M, is the magnetic moment
of the site,a— distance between site§, =+1 determines the sign of the magnetic moment
projection on the axis perpendicular to the latjdane. Dipolar interaction is not local and
results in a rather simple checkerboard antiferigmatic (AFM) orientation of the magnetic
moments in a square lattice [1]. For the case efttiangular lattice in the absence of magnetic
field for model (1) AFM order with two sublatticesin be implemented, where from 6 nearest
neighbors of each moment 2 have the same sigr4 dnel opposite sign. But the differences in
the magnetization process for these two latticaandular or rectangular, are much more
essential, either for an infinite array or finitgseems. For the rectangular lattice (in particular,
square lattice) the magnetization is going throtighturn of some magnetic moments, leading to
the multisublattice structures at finite valuestlod external magnetic, for finite systems such
reversed moments are concentrated at the corndredges of the array. In the triangle AFM
lattice linear topological defect in the form ofnaagnetized domain wall appears with the
increasing of the external magnetic field to thetaie critical valued =0.71M, /a®>. The
scenario with the magnetic moments reversal atdineers and edges of the array, typical for the
square lattice, could appear in much higher extenagnetic field and are not realized here for
any geometry of the array’s border. Because ofpttesence of the magnetic moment such
defects (magnetized domain walls) repeal each ofktethe valuesH =H_ a finite density of

such walls are present creating a new regulardgigasuperlattice. The increasing of the external
magnetic field in the range fromd_ to the saturation fieldH, (when the all the moments
become parallel) is characterized by the graduamaeater changing of such superlattice. Due to
the discrete nature of such changing some jumpslaserved on the magnetization function of
the array especially noticeable in the region tiHtreely low external magnetic fields.

[1] J. E. L. Bishop, A. Yu. Galkin, and B. A. Ivano\hy. Rev. B55, 174403 (2002).
[2] B.A.Ilvanov, V. E. Kireev, JETP Lettef®, 750 (2009).
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Features of high-frequency properties of the crystaNdFe;(BOs),
in the incommensurate magnetic phase
M. I. Kobets, K. G. Dergachey, E. N. Khatsl& L. Gnatchenko

B. Verkin Institute for Low Temperature Physics &mgjineering,
National Academy of Sciences of Ukraine, 61103 kingrUkraine

In this report we present experimental resultshef AFMR spectrum studying in multiferroic
NdFeg(BOs), at temperature 4.2 K. The investigated crystalomgs to the noncentro-
symmetrical space grouR32 at high temperatures. Below 30 K Ng@E0s3), crystal is
antiferomagnetic with easy-plane type magneticaropy. The magnetic phase transition in a
helical incommensurate phase occurs at a temperaitirl3.5 K [2]. The field-frequency
dependence of quasi-ferromagnetic line in N@B®s), (H||l||z) in the frequency range 25-33
GHz was studied and in the AFMR spectrum an seeadditional absorption linéls~6 kOe)
was detected. The resonance excitation was obsanvexperiment under the conditidifillh.
There are several significant features of addititina. First, the increasing of external magnetic
field leads to appearing of additional line, andrdasing of external magnetic field leads to

disappearing of this line (fig. 1).
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Fig. 1. Additional absorption lines and itsmig. 2.  Transformation of  additional
transformation after magnetic field directio@bsorption line of NdR€BOs;), AFMR
changing. AA — additional absorption, AM -spectrum with frequency changinhA —
acoustic mode of AFMR, narrow line — th@dditional absorption, AM — acoustic mode,
signal DPPH. narrow line - the signal DPPH.

Second, decreasing frequency leads to splittingaddlitional absorption line into two.
First line approaches to the gap vallieaa= 27.58 GHz in zero magnetic field at further
decreasing of frequency. For second line, the @somfield increases (fig. 2). For orientation of
the external magnetic fiel#||c the excitation was not found. In this work we ased that
additional absorption line at AFMR spectrum of Ng(B&)3), is caused by elementary excitation

spectrum of incommensurate phase
[1] W.A. Dollase and R.J. Reeder, Amer. Mineral, 163, (1986).
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Equations to describe the femtosecond magneto-opic
under the electric-dipole excitation of electrons

M. I. Kurkin! and N. B. Orlova
Ynstitut of Metal Physics UrB of RAS, 620041, Ekatrirg, RussiazDepartment of Applied and
Theoretical Physics, Novosibirsk State Technical/ehsity, 630092 Novosibirsk, Russia

The required equations were derived using sevesalmptions:

1. The light wave is described by Maxwell equationsaimedium taking into account the
interaction of the electric dipole moment P and weeve electric field E(t) (electric-
dipole approximation).

2. Dynamics of electrons under the action of E(t) esatibed by quantum equations with
the simplified electronic Hamiltonian H Simplification is connected with the
femtosecond duratiom, of optical pulse. It consists in the fact thattie Hamiltonian

H,=H,+AH , the termsAH are neglected that do not have time to signifigasttange
the electron wave function in the time intervgl.

3. The eigenstates of the HamiltoniHig were assumed to describe the orbital (I), magnetic
(m), spin (@) quantum numbers, the number of Bloch band (n)taedvave vector in
the Brillouin zone (k). That allowed us to use #hectric-dipole selection rules under the
action of circularly polarized light wave:

Al=l"-1=21, Am=m'-m=1, Ac=0'-0=0, Ak=k'-k=0 (1)
The change in quantum number n is determined bye@nance condition
hv = (', k, 1) —&(n, Kk, 1) (2)

In these approximations, the behavior of electrionthe electric field of the light wave E(t) is
described by three dynamical variables: the nogaitial matrix elements of electric-dipole
momentum

P =P

n'l’,nl s

P =R )
and the difference in population numbers of theugtband excited stat&S0 = 0,110 ~ Lrikmo -

The behaviour ofP* and Ap is described by the Bloch-type equations [1], Wwhsolutions were

considered in detail in the theory of magnetic neswe [2]. In the theory of magnetic resonance
the dependence of the transition frequency (2)rftaai continuous range of values on the wave
vector k corresponds to the inhomogeneous broagenin

In the report we discuss the results of the joatditson of Maxwell and Bloch equations in
the case of a large inhomogeneous broadening when width of the spectral band
hAv =h(v(k;) —v(0)) is much larger than the interaction of the elactnth the electric field
amplitude of the light wave. The value of is the value of k on the boundary of the Brillouin
zone.

This work was partly supported by Russian Foundafoo Basic Research (project 11-02-
00093).

[1] L. Mandel and E. WolfQptical Coherence and Quantum Opt{€&ambrige Univ. Press, 1995).
[2] A. L. Bloom, Phys. Re\98, 1105 (1955).
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Raman image of the magnetic structure in YFe@

A. P. Kuz'menko P. V. Abakumov
South-West State University, 305040, Kursk, Russia

The recent level of development of measurementigales made it possible for cards to study
the spectral distribution of Raman transitions wlymorphous crystallographic multiferroics
type NiB;O13Br (Ni - Br) [1]. According to Raman observed usipgpbe micro spectrometer
NTEGRA Spektra, were visualized with the dimensiofghe DS 200 - 400 nm in LiNkQ
which had previously formed during the laser-preoegs CQ — laser [2].

Active modes of the magnetic ion ¥dn the Raman spectrum YFg®as only one line N
(221 cm®). There is a difference in the intensity of théemction of the exciting radiation
(532 nm) with a magnetic moment in the neighbodogains in mind the different orientation
of the one. This leads to a difference in the isitgrof the 221 cil in the Raman spectra. In all
the measurements it reached 34% [3].

Area on the sample in the vicinity of the domairuhdary was chosen with the help of a
confocal microscope, modified for the magneto-gtatudies. We used a lens with a numerical
aperture of 0.28. The magnetic structure was studiethe method of mapping a lens with a
numerical aperture of 0.7. Scanned sample arex (B® um) using AFM. Raman spectra were
measured at each point with a spatial resolutioB0f&f nm. The obtained Raman images of the
domain structure are shown in Fig. 1.
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Fig. 1. The construction of hyperspectral data picture of the domain structure
and b) the width of the domain wall in YFgO

Software on the hyperspectral data obtained by mgppresented in graphical form, are based
changes in the magnetization along the perpenditoltne plane of the wall (even if it is bent).

Defined in this way the width of the DW in YFe@as ~ 1.6 um (Fig. 1), which is consistent
with measurements using magneto-optical microscope.

[1] M. N. lliev, V. G. Handjiev, J. Iniguex, J. Ragl. Phys. Rev. B16 (1) (2009).

[2] P. S. Zelenovsky, V. Ya. Shur, D. K. Kuznetsial. Fiz. Tver. Teleb3(1) (2011).
[3] A. P. Kuz’'menko, P. V. Abakumov, A. N. ChaplygiProceedings of KST¥(33), (2010).
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Role of the rare-earth magnetism in the magnetic-éld-induced
polarization reversal in multiferroic ToMn ,Os

N. Led, D. Meief, R. V. Pisare¥; S.-W. Cheontj and M. Fiebid
HISKP Universitat Bonn, Bonn, Germany
2University of California, Berkeley, USA,
3|offe Physical-Technical Institute, St. PetersbiRgssia;
“Department of Physics and Astronomy, Rutgers UsityeNew Jersey, USA

The interplay of multi-dimensional complex magneticder parameters leads to fascinating
effects like magnetically induced ferroelectricif§]. A particular interesting example is
TbMn,Os because of the associated magnetic-field conbielleelectric polarization. This
material shows well defined optical second harmaaneration (SHG) features [2] related to
charge-transfer transitions between oxygen and ereesg ions [3]. By using SHG
measurements we show that the gigantic magnetaelettect originates in three independent
ferroelectric contributions. Two of them are rethte magnetic ordering within the manganese
Mn** and Mrf* sublattices. The third contribution is related the magnetism of the b
sublattice and has not been identified before.dtliates the remarkable magnetic-field induced
polarization reversal. This model is verified bypekments on the isostructural YMDs where
Y3* ions are nonmagnetic. In this case only two ppéion contributions due manganese
sublattices are present and no magnetoelectriclioguig observed. These results underline the
importance of the @4f-interaction for the intricate magnetoelectric clougp in the class of
isostructuraRMn,0Os compounds.

This work was supported by the DFG through SFB @b work of R.V.P. is supported by the
RFBR through Projects 09-02-00070a and 10-02-9@x13a.

Fig. 1: SHG study allowed us to distuinguish
three independent contributions to the
spontaneous net polarization in Th)Ds.
Application of a magnetic field Heads to a
reversal of the net polarization at low
temperatures, which can be related to
suppression and reversal of the low-
temperature rare-earth Th-induced
contribution B, whereas the ferroelectricity
linked to the magnetic order of manganese
sublattices remains robust.
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[1] M. Fiebig, J. Phys. D — Appl. Phy38, R123 (2005).
[2] Th. Lottermoser, D. Meier, R. V. Pisarev, and Bebig, Phys. Rev. B0, 100101 (2009).
[3] A. S. Moskvin and R. V. Pisarev, Phys. Revi’B 060102(R) (2008).
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On the relationship between power and dispersion @racteristics
of a dipole spin waves

E. H. Lock A. V. Vashkovsky
Kotel'nikov Institute of Radio Engineering and Eteaics of Russian Academy of Sciences
(Fryazino branch),
141190, Vvedensky sq.1, Fryazino, Moscow regiossiRu

The ferrite-dielectric-metal (FDM) structure haseorare property: dispersion characteristic of
a dipole spin wave (magnetostatic wave (MSW)) lese structure may have one or two
extremum points. Thus, in some intervals of waveiper the wave is forward, and in the other
intervals — backward. As a distinct from other stimwes, where the wave is always forward or
always backward, it is of interest to consider, htwmdamental relationships between the
propagation number, phase and group velocitiesntfay vector and power flow manifest
themselves when the wave number changes near extrgroints.

Basing on the Maxwell’s equations the dispersicarabteristics of MSW with extremum points
were calculated for FDM structure (Fig.1, curve8R,Then the corresponding partial and total
power fluxes were calculated for the FDM structg@ometries with extremum points on
dispersion characteristics (Fig.2). As it is sesmf comparison of Fig.1 and Fig.2, when the
wave numbek, changes near extremum points, then the total péiawr// changes its value
from positive to negative (or from negative to pios)).

We have done similar calculation in magnetostatippreximation. A comparison
of magnetostatic approximation results with caltafes using Maxwell’'s equations shows that
magnetostatic approximation formulas (currentlyduser calculation of the MSW Poynting
vector and MSW power flow) are wrong. A correctnmlas is proposed in [1].
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Fig. 1 Dispersion of FDM structure for vari- Fig. 2 Power fluxes of FDM structure far=
ous vacuum gap thickness 1 —w =0, 2 -w = 15.5um for in vacuum half-space (1), in ferrite
10 um, 3 —w = 15.5um, 4 —w — oo, (2), in vacuum gap (3) and total flux (4 bold line)

This work is partially supported by the Program vBlpment of the Scientific Potential of
High School” (project No. 2.1.1/1081).

[1] A. V. VashkovskyE. H. Lock, Physics-Uspekib4(3), in press, (2011).
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spin-wave and spintronic devices on the base of magtic nanostructures

L. V. LutseV, A. I. Stognif, N. N. Novitski?, and A. S. Shulenkdv
!loffe Physical-Technical Institute, the Russiandeay of Sciences, 194021, St. Petersburg, Russia
2 |nstitute of Solid State and Semiconductor Physiesional Academy of Sciences of Belarus, 220072,
Minsk, Belarus

3 Minsk Research Institute of Radiomateri@2p074Minsk, Belarus

We consider spin-wave devices based on magnetns fdf nanosize thickness and spintronic
devices used the injection magnetoresistance effettte avalanche regime in Si@Qo0)/GaAs
heterostructures, where the $(0o) structure is the granular Sim with Co nanopatrticles. In
SiO,(Co)/GaAs heterostructures giant magnetoresistafifeet is observed [1-3]. This effect
presents the opportunity to construct magneticasnsn the base of structures with hole traps
and quantum wells that contain spin-polarized iaedl electrons (Fig. 1) [4]. The field-effect
HEMT devices with the spin polarized electron clelsrare developed on the base of the n-
GaAs/AlGaAs heterostructures (Fig. 2). Construcsochemes of the second generation of spin
wave devices (tunable filters, delay lines), whizdsed on heterostructures containing ferrite
films sputtered on semiconductors, are considered.
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Fig. 1. Structure and schematic energy band Fig. 2. Field-effect HEMT device with spin
diagram of the magnetoresistive sensor on tha@arized electron channel under gate electrode.
base of the heterostructure with a quantum well
and hole trap in the avalanche regime.

This study was supported by the Russian FounddtiorBasic Research (project no. 10-02-
00516).
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Self-action effects of magnetostatic waves in layen ferromagnetic structure

M. A. Morozova, Yu. P. Sharaevski. E. Sheshukova and M. K. Zhamanova
Saratov State University, 410012, Saratov, Russia

In recent years, the investigation of nonlineae@! in different media with Kerr nonlinearity
represents a great interest. Propagation of wavesich media is described by a system of
nonlinear Schrodinger equations (NSE) [1]. A simagstem of equations can be obtained for
the description of nonlinear effects in ferromagnétyered structures, in which different types
of magnetostatic waves (MSW) can propagate. In fttese, in the long wavelength
approximation the electrodynamic coupling betwdsnwaves in each ferromagnetic film play
main role. This coupling is determined mainly bygmeters of the MSW and thickness of a
dielectric layer between films [2]. In this repottie nonlinear effects of MSW in the structure
consisting of two ferromagnetic films were analyZsmbed on the numerical solution of the
system of NSE. The coupling leads to excitationvad normal waves - fast and slow waves
propagating with different group and phase velesit\WWhen the phase relationship between the
normal waves are taken into account, the presein@eaherent coupling leads to a beats (Fig. 1)
and instability of fast soliton. The latter effegas observed in the presence of a strong cross-
modulation and significant differences between ttuefficients of dispersion and group
velocities of the fast and slow waves. The nonlireféects such as the capture and support of
the soliton were observed when the system of NS# wicoherent coupling was used for
investigation. The main differences between theat$f described above and similar effects in
nonlinear optics were studied. Generally, thesteihces are caused by strong dependence of
the coefficients in the system of NSE on the cowupbetween films. The latter circumstance
leads to change the character of the modulatiotabrgy for the normal modes of the MSW.
The considered effects give an opportunity to manég nonlinear pulses propagation in the
coupled ferromagnetic films and can be used as kasis for a number of nonlinear
magnetoelectronic devices.

Fig. 1 The spatio-temporal evolution of the fasves; (a) and slow waves (b).

This work was supported by Federal Targeted Prograrof the Ministry of Education and
Science (projecie 2010-1.2.2-123-019-002 and proj@et2.1.1/9525)
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Analysis of bifurcations in the model of a three-Igered magnetic structure

N. V. Ostrovskaya, V. V. Polyakova, A. F. Popkov
Moscow State Institute of Electronic Technologyctifgcal University)
Moscow 124498, Zelenograd, Solnechnaya alleyaussig

The Slonczewski model of a three-layered magnétictire driven by spin-polarized current is
under consideration. In contrast to [1], [2], wedséd the case of unpinned magnetic layers. The
mathematical model of the structure consists of ¢te@opled Landau—Lifshits—Gilbert equations
without second-order space derivative terms. Thiephiase of the dynamical system is four-
dimensional and represents the direct productiotwofspherical surfaces corresponding to the
thin and thick layers of the magnetic structure. tBa basis of qualitative analysis of the
dynamical system, classification of stationary egabf three-layered magnetic structure is
performed. It was found numerically that, at somenbinations of the parameters, the phase
space of the system is featured with limiting cgckbhat indicates the precession of the
magnetization vector in the structure. Before tlgstegn will reach the stable parallel-spin
configuration predicted in [1], it passes througtaacade of bifurcations with different types of
spin dynamics. We have outlined the intervals afrent and field values for topologically
equivalent phase portraits of the system.

In the figure the spherical phase spaces
, . for thin and thick layers aH, =104/u,

a=01, J=4.20164/n* are displayed.
There are six stationary points located
close to the coordinate axes, namely,

four four-dimensional focusesTl—Tll,
T,-T,, Ts-Ts, Tg-Ts, and two

saddles, T;-T; , T,—T,. The spiral
trajectories in the left phase portrait are
the ones of the magnetization dynamical
transition from stable state to the precession ratothe x-axis (limit cycle), while the
magnetization in the thick layer remains stablee Tost interesting effects that were observed
in numerical calculations are precession generdhotie thick layer, sequential changing the
axes of precession with the current growth, anth lwf node-type singular points at high current
values (saddle-node bifurcation). For each of tileenthreshold values of injection current were
determined at various values of external magneid.f

Thin layer Thick layer

[1] J. C. Slonczewski, IMMM 159 L1 (1996).
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[4] V. I. Korneev, A. F. Popkov, M. Yu. ChinenkoSB51, 118 (2009).
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Magnetic, resonance and magnetoresistivity propemis

of trilayer NiFe/Bi/NiFe films
K. G. Patriff® V. Yu. Yakovchuk, D. A. VelikanoV, G. S. Patrih?, S. A. YarikoV

L. V. Kirensky Institute of Physics, Siberian BranRussian Academy of Sciences, Krasnoyarsk,
660036, Russia
2Siberian Federal University, prospect Svobodny Kfasnoyarsk, 660041, Russia

Multilayer magnetic films with a nonmetal spacer,garticular, those belonging to the
system ferromagnetic metal / semiconductft], or with a semimetal spacer attract close
attention by virtue of a great variety of effectsserved in these films. When a semiconducting
spacer is used, the interest of researchers i®dadws the possibility of changing the current
carriers concentration in a nonmagnetic layer bymseof influence of external factors, which
allows controlling the interlayer interaction. Ftris reason, currently the creation of film
structures that would keep sensitivity to exteroahditions and effects along with far more
effective interaction between ferromagnetic lay@mmains the urgent problem to solve. One of
the ways to accept the challenge seems to use stahiBi instead of semiconducting material
as a nonmagnetic interlayer.

NiFe/Bi/NiFe films (Ni — 80 % at. and Fe — 20 %) atiere obtained in a single cycle by
vacuum evaporation at working pressurél PO® Tor. As a substrate material, cover glass was
used. For all films the permalloy layer thicknesd &ismuth spacer thickness weajgetl110 nm
and g = 0, 4, 6, 12 (£ 0.5) nm, respectively. The vailyg was selected to be rather small, but
at the same time, to keep a film continuous andneidzation of a magnetic layer independent of
its thickness. Sickness of layers was determinec{ogtly spectroscopy. Electron microscopic
study showed that the layers were continuous oa amne their composition corresponded to the
nominal. No traces of known 3d-metal-Bi compound@serMound. Magnetic measurements were
made with MPMS-installation. During the measureraantgnetic field was in the film plane.
Magnetic resonance spectra were measured at 2&&diawave frequency.

It was found [2] that the bismuth spacer formatiofluences essentially the system
magnetization. The shape yfH) curve is changed with bismuth spacer thicknesseasing. In
particular, the test film withgt = 0 has the narrow hysteresis loop and magneiizatirve of a
ferromagnetic type. For the films with; t# O the magnetization curves are typical for films
possessing either by «strong» intra-layer anisgtapby antiferromagnetic interlayer coupling.
Since anisotropy is not experimentally observedattgbute such a behavior to the presence of
interlayer antiferromagnetic exchange.

The investigations of electron magnetic resonaneewnade in NiFe/Bi/NiFe films. It was
established that the magnetic resonance spectrasist® of solitary line for films withgt = 0
nm and g = 15 nm, whereas for films with intermediate vattiessemi metal spacer the spectrum
Is superposition of two lines. Theoretical treatmehtemperature dependences of resonance
fields gives conclusion that the interlayer cougldepends on both bismuth interlayer thickness
and temperature.

Also, the magnetoresistivity of order of percenitsirand dependence of its value on
thickness of bismuth spacer were found in thesesfét helium temperatures.

The current investigations are being undertakefinahcial support of the Russian Found of Basic
Researches (Grait 11-02-00675%)
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Picosecond spectroscopy of electronic-spin excitatis
in magnetic semiconductor EuTe

V. V. PavloV, A. B. Henrique§ A. Schwan, I. Akimov?, R. V. Pisarey;

D. R. YakovleV, and M. Bayet
Loffe Physical-Technical Institute of RAS, 1940211 Petersburg, Russia
?|nstituto de Fisica, Universidade de Sdo Paulo, 18970, Sao Paulo, Brazil,
3Experimentelle Physik 2, Technische Universitattbond, 44221, Dortmund, Germany

Ultrafast electronic-spin and related optical phraena have got a great attention of researches
working in physics of magnetism. It is due to expdcpotentials stemming from novel high-
speed magneto-electronic and magneto-optical dgvarethe other hand it is related to thrilling
fundamental phenomena living in femto- and picorddime scales, see for example, [1, 2]. We
present results of an optical picosecond pump-psibdy of magnetic semiconductor EuTe.
Magnetic semiconductors Bu(X = O, S, Se, Te) represent compact group of mégeria
possessing unique electronic, magnetic, optical, magneto-optical properties. In particular,
magnetic semiconductors EuX reveal a new type afinear magneto-optical effects [3, 4]. In
our experiment we observed strong optical respdiesethe circular polarized pump in
transmission applying magnetic field in the Voigogetry, see Fig. 1. Temporal behaviour of
optical rotation in EuTe is characterized by narpe@k around zero time delay and by broad tail
with a characteristic relaxation time of 6 ps. Tnegynals can be attributed to the strong optical
nonlinearity of the third order and optical origiaa at electronic transition from the localized 4
states of EXf ions on the top of valence band into 5d orbitaisming the conduction band.
Figure 2 shows the photo-induced rotation as atiomaof magnetic field for two time delays.
These dependencies display appreciably distinci\betrs. The band gap of EuTe is about 2.4
eV at low temperatures, this value decreases egpatied magnetic field. At magnetic field of 5
T the band gap is about 2.2 eV.
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Therefore, applying magnetic field in the rangdef T one can perform a peculiar picosecond
spectroscopy using the optical pump-probe techsique

[1] V. V. Pavlov, R. V. Pisarev, V. N. Gridnest. al, Phys. Rev. Let98, 047403 (2007).

[2] A. Kirilyuk, A. V. Kimel, and T. Rasing, Rev. btl. Phys82, 2731 (2010).
[3] B. Kaminski, M. Lafrentz, R. V. Pisareet al, Phys. Rev. Lettl03 057203 (2009).
[4] M. Lafrentz, D. Brunne, B. Kaminskeét al, Phys. Rev. B2, 235206 (2010).
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Synthesis, characterization and dynamic magnetic jmperties
of multiferroic chromates
Anna Pimeno¥, Ch. Kant, A. ShuvaeV, V.Tsurkan, and A. PimenaoVv

! Institute of Solid State Physics, Vienna Universftfechnology, 1040 Vienna, Austria
“Experimentalphysik V, EKM, University of Augsbi@§159 Augsburg, Germany

We describe the preparation routes for the sefigwlycrystallineACrO, (A= Cu, Ag, Li, Pd)
chromates using a solid-state reaction techniquiéfatent temperatures and partly using a two-
stage substitution procedure. All samples have lmwmacterized using X-ray and magnetic
measurements. In addition, single crystals of CyCr&e been grown by flux method. CuGrO
and AgCrQ have been investigated using the high field ESR gumasi-optical transmittance
technigue in the frequency range between 100 Gld280 GHz. We discuss the results within

the context of other known multiferroic compounds.

CuCrO,| 6ot AgCro,
N 300 T, =25K
T 81
~ AgCrO
Z r
2 200 g 2 58|
% T, =22K
g l290 GHz
o 100F 270 GHz
T £l 320 GHz !
O 1 1 1 1 1 1 1 1 1 1
0 10 20 30 0 10 20 30
Temperature (K) Temperature (K)
Fig. 1 Antiferromagnetic resonances in Cu¢gadd Fig. 2 Dielectric susceptibility of polycrystalline
AgCrO, AgCrQ; at frequencies as indicated. The arrows

show the positions of the antiferromagnetic
resonance. The increase of the susceptibility
towards low temperatures is a possible evidence of
the multiferroic properties of this composition
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Magnetic structures based on periodically alternatg
cobalt and permalloy stripes

V. K. Sakharov, Y. V. KhivintseV?, S. A. Nikitov*?and Y. A. Filimonov?
'Saratov Branch of Kotel'nikov Institute of Radigeeering and Electronics of RAS,
410019, Saratov, RussigSaratov State University, 410012, Saratov, Rudiatel'nikov Institute of
Radio-engineering and Electronics of RAS, 125008ddw, Russia

In this work we experimentally studied magneticustures in the form of periodically
alternating cobalt (Co) and permalloy (Py) micripgts deposited on silicon substrates (Si) — see
Fig. 1. The structures were fabricated using magnetputtering,

['9\ - ) Py photolithography and ion etching. We fabricated amdted

. samples with different micron sized width (W) of Gmd Py
H : stripes. The thickness of both Co and Py films afasut 50 nm.
S Characterization of the samples was done usingtity sample

Fig.1 Geometry of the magnetometry (VSM) and method of ferromagnetic masce
experimental structure (FMR) at 9.9 GHz.

Inset to Fig.2 illustrates a typical hysteresisploo 30

obtained by VSM for magnetic field aligned 25 _/"-\ Eﬁl' [ "
along the striped structures. VSM measurements / = {/ _/
for various orientations of tangential magnetic o T/
field with respect to the stripes indicated the — ' L H’oer
presence of the uniaxial magnetic anisotropy with = 1o ' J

easy axis aligned nearly along the stripes — see 5 i

Fig.2. oL
Fig. 3 shows results of FMR measurements for =00 30<p,6doeggr9ee1520 190 10

different orientations of tangential bias magnetitig. 2 Angular dependence of coercivity
field with respect to the stripes. At 90° one caample with W=7um, Wey=3.5um.  Inse
see two responses corresponding to uniform FNsRows hysteresis loop fer0.
mode for Co (the low field peak) and Py (the high
field peak). FMR fields for these responses
decrease as magnetization angle decreases duea
shape anisotropy. Besides that there are addition¢=
(]

o
=)
1

0.4

o
N

responses below the uniform FMR field for Py &
stripes. These resonances occur at angles belof;
~60° and correspond to standing surface

magnetostatic waves across the stripes width. ]

Thus, in this work we showed that such structures 03 04 05 06 07 08 09 10 14 12

can demonstrate effect of shape anisotropy ant H, kOe _
quantization of spin wave spectrum. Fig. 3 FMR spectra for sample withdj#11.¢

This work was supported by RFBR (grants # o™ Wey
07-00186 and 11-07-00233), Federal Grant-in-AidgPam «Human Capital for Science and
Education in Innovative Russia» (governmental @mitr# 11485, 02.740.11.0014 and
14.740.11.0077), Federal Agency of Education ofRlissian Federation (project # 2.1.1/2695)
and the Grant from Government of Russian Federdtio®Support of Scientific Research in the
Russian Universities Under the Guidance of Leadaigntists (project No. 11.G34.31.0030).
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Magnetoresistance and domain structure in patterneanagnetic
microstructures based on cobalt and permalloy films

V. K. Sakharov, Y. V. KhivintseV?, S. A. Nikitov*?and Y. A. Filimonov?
!saratov Branch of Kotel'nikov Institute of Radigeeering and Electronics of RAS,
410019, Saratov, RussigSaratov State University, 410012, Saratov, Rudiatel'nikov Institute of
Radio-engineering and Electronics of RAS, 125008ddw, Russia

Magnetic micro- and nanostructures are intensistlgied because of their possible application
in magnetic field sensors and data storage mediahis work we fabricated two types of

patterned ferromagnetic structures and tested thagnetic properties. The first type of the
structures is continuous permalloy films depostadsilicon substrates with 1D or 2D patterns.
The second one is 1D or 2D planar structures coedbiof alternating areas of cobalt and

permalloy films. oum 0 20 30

Fabrication procedure involved magnetrc 0 1300A g
sputtering, photolithography and ion etchin -
The structures with micron sized later 10

dimensions of the pattern were fabricate
Magnetic properties of the structures we
studied using vibrating sample magnetome
(VSM), magnetic-force microscopy (MFM) an 124
four-probe method of magnetoresistance (Ml Opm5 10 15 20 25
The last was applied in wide temperature rar ™
(8 - 300 K).

VSM measurements showed the presence of
shape anisotropy in the samples due
patterning. Domain structure observed by MF
was sensitive to type of the microstrusture (< e N
Fig. 1) as well as to fabrication conditions. Fig. 1 MFM images for: (a) Py film on the

MR effect occurred in a field range limited t patterned substrate; (b) Co square dots inside
the saturation fields. The maximum MR w: ©Of Py matrix.

observed in the case of the first type of t 25
microstructures — see Fig. 2. We found thal 20, ‘l I"l};,_’
can be sensitive to type of the patterning as v '

as fabrication conditions so that its magnitu 154 without
can be larger or smaller in respect to t microreliet
unpatterned film. Temperature measureme
showed that MR effect increased as temperai
decreased.

This work was supported by RFBR (gran 0.0
# 09-07-00186 and 11-07-00233), Fede o B0 45 30 A b 15 20 25 60 75
Grant-in-Aid Program «Human Capital fc H, Oe

Science and Education in Innovative Russi Fig. 2 MR for Py films on substrates with
(governmental contract#485, 02.740.11.0014 different patterns (see insets).

and 14.740.11.0077), Federal Agency w

Education of the Russian Federation (project #122695) and the Grant from Government of
Russian Federation for Support of Scientific Redean the Russian Universities Under the
Guidance of Leading Scientists (project No. 11.G34030).
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Magnetics with large single-ion easy-plane anisotpy

A. V. Sizanov, A. V. Syromyatnikov?
lPetersburg Nuclear Physics Institute, 188300, GagrhSt. Petersburg, Russia
2Department of Physics, St. Petersburg State Unityels98504, St. Petersburg, Russia

We propose a new representation for the spin apestatt’'s useful for investigation of spin
systems with ground state closeSs0 at all sites of the latticéAs a realistic example of such a
system we consider a lattice of spins with exchantggaction and large single-ion easy-plane
anisotropy. This model describes several real camg®e. Examples are CsFgBICsFeC,
NiCl3—4SC(NH)2, Ni(C;HgN2)2Ni(CH),4. Using our representation for this model we obtae-
particle excitation spectrum dt=0 and describe transition to magnetically orderedsphin
magnetic field along anisotropy axis. Spectrunoisntl up to the ® order ofJ/D for S >1 and

up to the % for S =1. In order to check our results we compare them witimerical
experiments. Namely there is a good agreement ogpectrum with Monte—Carlo calculation
on 2D square lattice [1] and satisfactory agreenoémfritical behavior description in magnetic
field along anisotropy axis [2]. To put our appreamto practice we consider in details
compound NiG4SC(NH), known as DTN [2, 3, 4, 5]. Magnetic subsystem df\Dconsists

of two interpenetrating antiferromagnetic sublasic formed by Ni ions with S=1. Intra-
sublattice interactions are known, but inter-suldatone is an open question. There are few
theoretical descriptions of experimental resultst Bone of them describe all experimental data
at once numerically. On the base of our approaciprnesent description of experimental data at
low and high magnetic field. Exchange interacti@tween sublattices is proposed. We obtain
for the first time numerically correct spectrum aeiour at low field and correct critical fields at
once. Corrected intra-sublattice interaction patanse are acquired. And predicted inter-

sublattice exchange interaction is in agreemerit wilr previous spin-wave estimation [6].

[1] J. Oitmaa and C. J. Hamer, Phys. Rev.7B224435 (2008).

[2] A. Paduan-Filho, K.A. Al-Hassanieh, P. Senguptad M. Jaime, Phys. Rev. LeftQ2 077204
(2009).

[B] L.Yin, J. S. Xia, V. S. Zapf, N. S. Sullivan, aAdPaduan-Filho, Phys. Rev. LettQ1,187205
(2008).

[4] V. S. Zapf, D. Zocco, B. R. Hansen, M. Jaime, Ntridan, C. D. Batista, M. Kenzelmann, C.
Niedermayer, A. Lacerda, and A. Paduan-Filho, PRgw. Lett.96,077204 (2006).

[5] S. A. Zvyagin, J. Wosnitza, A. K. Kolezhu¥, S. Zapf, M. Jaime, A. Paduan-Filho, V. N. Glazko
S. S. Sosin, and A. I. Smirnov, Phys. Rew. 8092413 (2008).

[6] A. V. Sizanov and A. V. Syromyatnikov, J. PhySondens. Matte23, 146002 (2011).
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Spin waves in diluted magnetic quantum wells

P. M. ShmakoyvA. P. Dmitriev and V. Yu. Kachorovskii
loffe Physical-Technical Institute, 194021 St. Psdarg, Russia

Diluted magnetic semiconductors are the subjegredt interest due to their potential in
combining semiconductor and magnetic propertiees€materials are formed by replacing a
small part of the cations in IllI-V or 1I-VI with # magnetic ions (usually, manganese ions).
Many remarkable phenomena dailuted magnetic semiconductors, for example, tientg
Zeeman effect and the ferromagnetic transition, possible due to the exchange interaction
between the itinerant carriers and the electrocalitbed on the outer shells of magnetic ions.

The exchange interaction leads to existence of spuitations, which correspond to
coherent precession of the itinerant carriers’ gmd the ions' spin. Our research of these
excitations was initiated by recent experimental 21 and theoretical [2, 3] works that are
dedicated to the study of spin dynamics in.din,Te quantum wells placed into magnetic field.
In the experiments [1, 2] two collective homogere@u= 0) spin modes were observed (Fig.1).
The most important observation is the anticrossihghe modes which occurs at a certain
"resonant” field B = Bs

We developed a theory of the spin waves#(K) in diluted magnetic quantum wells
placed into magnetic field. The method we use getdaon studying the Wigner equation for the
electron spin density together with the Bloch emunator the spin of the ions. Aside from the
exchange interaction between delocalized and lomdlelectrons, the exchange interaction of
delocalized electrons among themselves was takem aocount, which is crucial in the
inhomogeneous case. The simultaneous existenckesé ttwo types of exchange interaction
leads to a number of unusual phenomena. One of théhe "anticrossing” of two branches of
dispersion (Fig. 2), which occurs at certain wawetor that can be tuned by the external
magnetic field. Another interesting result is thasgibility to change the group velocity sign on
one of the branches by changing the magnetic field.

AW

Stoner continuum

Bres BO B kres klm 745

Fig. 1 The spectrum of homogeneous spin Fig. 2 The anticrossing of two branches
excitations of the spin-wave spectrum

[1] F. J. Teran, M. Potemsky, D. K. Maude, D. PlantA. K. Hassan, A. Sachrajda,
Z. Wilamowsky, J. Jaroszynski, T. WojtowieraG. Karczewski,
Phys. Rev. Let@1, 077201 (2003).

[2] M. Vladimirova, S. Croneberger, P. Barate, Bal®ert, F. J. Teran, A. P. Dmitriev,
Phys. Rev. B8, 081305(R) (2008).

[3] J. Konig and A.H. MacDonald, Phys. Rev. Létt, 077202 (2003).
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Magnetic resonance in the ordered phase
of spin-1/2 antiferromagnet CsCuCl,

A. I. Smirnoy? K. Yu. Povarov* S. V. PetroV, A. Ya. Shapird
p. L. Kapitza Institute for Physical Problems, RAS)334 Moscow, Russia
“Moscow Institute for Physics and Technology , 18136lgoprudny, Russia,
3A.V. Shubnikov Institute of Crystallography, RAB3B3 Moscow, Russia

The spin system of G8uCl, is formed by localize®=1/2 spins coupled antiferromagnetically
within 2D layers with distorted triangular latticEhis magnet remains in a quantum spin-liquid
state at temperatures far below Curie-Weiss tenyreral K and exhibits a transition with a
spiral ordering only at J=0.6 K. [1] We studied spin excitations in CsICl, by means of
electron spin resonance at temperatures down ki@ the range 9-140 GHz. An unexpected
energy gap of about 10 GHz and a splitting of spinitation mode were found for the spin-
liquid phase [2]. The observed gap and splittireyduwe to uniform Dzyaloshinsky-Morya (DM)
interaction in the effectively decoupled spin clsari CsCuCl, spin structure [2]. Below Jwe
have found a multibranch spectrum, coexisting wathmode at the nearly paramagnetic
resonance frequency. This unusual mode is proptwsd® a "spinon”-type spin resonance of
excitations within the spin-liquid continuum, whighknown to remain belownl Other modes
of spin excitations of the ordered phase at lowdéanay be well described by a macroscopic

approach for a spiral magnet. Excitations obsemdtugh field phases still remain unclassified.

[1] O. A. Starykh, H. Katsura, L. Balents, PhysvRR 82, 014421 (2010).
[2] K. Yu. Povarov, A. I. Smirnov, O. A. Starykh, 8. Petrov, and A. Ya. Shapiro,
preprint arXiv:1101.5275v1][str-el] .
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Transitions in three-dimensional magnets with extraorder parameters

A. O. Sorokin A. V. Syromyatnikov
Petersburg Nuclear Physics Institute, 188300, SAatersburg, Russia

In a phase transition, symmetry plays crucial métermining the universal properties of the
systems at critical point. The order parameter spsithe symmetry broken upon transition. In
particular, for XY and Heisenberg ferromagnetsdfaer parameter space is manifold SO(2) and
SO(3)/SO(2) correspondingly, i.e. one- and two-disienal sphere, describing a set of probable
direction of spontaneous magnetization. In threaedisions for the systems the second order
transition occurs with origin of collinear order.

For helimagnets and triangular antiferromagnets dlhder is planar. For XY spins in
these systems,Z] SO(2) symmetry is broken, and additional order ipetar is chirality. For
Heisenberg spins broken symmetry is SO(3), andrasdéescribed by two orthogonal vectors.
In three dimesions the transition is weak firstawrdith pseudo-universal behavior.

We introduced and considered by Monte Carlo sitrala two models of three-
dimensional classical magnets with more complicaielr parameter space. The first model is
the stacked three-exchange model on a simple dattice with one interlayer ferromagnetic
exchange between nearest neighbor spins and thiraéayer exchanges between spins of first
three order of range. The second model is antifieagnet on a stacked-triangular lattice with
two competing interlayer exchanges.

Ground state of these systems is planar, but Becafutwo helical structures are present,
the broken symmetry in case of Heisenberg spirk i$ SO(3) similar to magnets with non-
planar order. In this case we found first ordengiton but with probable pseudo-universal
behavior. We obtained critical exponents which sreagreement with exponents of other
systems of this class [1].

In case of XY spins the broken symmetry is[1ZZ, [0 SO(2) with two chiral order

parameters. We found distinct first order transitio

[1] H. Kunz, G. Zumbach, J. Phys. A: Math. G26, 3121 (1993).
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Temperature dependence of multiple spin-flip Ramarscattering
in magnetic quantum wells

R. R. Subkhangulg\B. R. Namozov, K. V. Kavokin, Yu. G. Kusraev, ¥A. Koudinov
loffe Physical-Technical Institute RAS, 194121nBRetersburg, Russian Federation

We performed a magneto-optical study of multilaggagnetic quantum wells CdMnSe/ZnSe
with manganese concentratiorr0.28. Quantum well width was 0.3 monolayer andribar
(ZnSe) width was 10 monolayer. The research wagedaout in Voigt backscattering geometry,
the magnetic field was parallel to the QW plane.ghktic field, temperature and angular
dependences were measured. Fig. 1 demonstratesrperature dependence of the spectrum in
magnetic field of 6 T withtepolarized excitation and-polarized detection. Peak series
following LO phonon at energy 2.745 eV are eas#lgrs which we interpret as multiple spin-flip
Raman scattering (MSFRS) via LO phonon.

The energy difference between peaks correspontisitd Zeeman energy with g-factor 2 [1,2].
The MSFRS is usually described within a ¥ispin precession model [3], which involves
deflecting Mri* magnetization in the vector sum of the externagmesic field and exchange
field produced by the heavy hole. Because of tigeladeavy-to-light hole splitting, the exchange
field is directed along the structure axis. MSFR& wexcited either via LO phonon, or directly
by the resonant laser excitation.

A theoretical model of the spin-flip peaks interestdistribution has been built, which accounts
for thermal distribution of Mfi spins over the Zeeman-split sublevels. The modgtiyia good
agreement with experiment (see Fig.2A).
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Fig. 1 Temperature dependence of MSFRS Fig. 2 Peak dependence on temperature. A

in magnetic field 6 T, Voigt geometry contain: symbols represent experiment data given in
(excitationT, registratioro); the inset shows  Fig.1, lines represent theoretical simulation; ledi
temperature dependence of exiton symbols represent direct excitation experiment,
luminescence transitions crosses — theoretical simulation for direct exmtat

experiment; B is net peak intensity treated from
experiment for different temperature; unfilled
symbols the same meaning as in Fig.1

[1] J. Stuchler et al, Phys. Rev. Létt, 2567, (1995).

[2] J. Stuchler et al, Journal of Crystal Grow80, 1001-1004, (1996).

[3] K. V. Kavokin, inOptical Properties of Semiconductor Nanostructute§)arcin et al (eds.),
NATO Science Series 3, High Technolo§y, p.255-268 (2000).
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XMCD studies of magnetic properties and proximity &ects
in Co/MnF,(111) heterostructures

S. M. Suturin, L. Pasquafi, A. G. BanshchikaV, D. A. BaranoV, V. V. Fedorov,
K. V. Koshmak , Yu. A. Kibalir®, P. Torellf, J. Fujif, G. Panacciorfeand N. S. Sokolov
!loffe Physical-Technical Institute, 194021, St.ePgburg, Russia
2Universita di Modena e reggio Emilia, 41125, Modghaly
3Petersburg Nuclear Physics Institu@atchina, Leningrad district, 188300, Russia
* IOM-CNR, 34012, Basovizza (TS), Italy

Cobalt nanopatrticles arrays grown by molecular bepitaxy on antiferromagnet Mpre very
attractive for basic studies of the exchange bféexcte These heterostructures can be grown
epitaxially on Cal/Si heteroepitaxial substrates. The morphologycsiire and orientation of
MnF,, and of Co ferromagnetic overlayer can be tailosgth a suitable choice of the growth
parameters (substrate orientation, growth tempeyatilux and growth time). On Ca@11)
surface MnE grows in a orthorhombig-PbG; type metastable phase presenting a (111) surface
orientation, having uncompensated spin structutk magnetic moments which are out of plane
by 35°.

Magnetic circular dichroism in X-ray 0.2
absorption (XMCD) is a particularly |

powerful tool to investigate the 01 Co
magnetic properties of thin films an M

) : , n
interfaces, allowing one to disentang
the contribution of different element
to the magnetic properties. In thi
work XMCD was measured at the C ~ -0.11
and Mn 2p edges of Co/Mp@E11)
nano-heterostructures as a function 02L , : ,
Co thickness (3-10 nm) below an -200  -100 0 100 200
above MnE; Neel temperature (67 K) Magnetic field, Oe
Hysteresis loops were recorded
correspondence of the absorptic
edges of the two elements. TF
experiments were carried out both at the at APEnlbiaa of ELETTRA, Italy, and at the BL7A
beamline of Photon Factory, Japan. The investigasedples were grown at the loffe Institute
and capped by a protective layer of géFnm). All samples were pre-characterised by RBEE
AFM and MOKE, which permits us to correlate the metgc properties with structure and
morphology of the heterostructures.

0.0

XMCD, a.u.

Fig. 1. Co and Mn hysteresis measured at RT by XMCD
Sample: Caf/ Co 3 nm/ MnEk/ CaFk, / Si(111)

It was found that the antiferromagnet showed unetgaebehavior already at room temperature,
with Mn presenting a weak circular dichroism andsthyesis loop aligned antiparallel with
respect to the ferromagnetic Co (see Fig. 1). Thgmatization of Mn ions seems to be confined
at the interface between the ferromagnet and thidemomagnet. No Mn magnetization is
observed without the Co overlayer. This magnetaxionity effect was not observed previously
at room temperature for Co or Fe growth on (110hpensated faces of antiferromagnetic
fluorides (Mnk and Fek) [1,2]. It could be related to Mn hybridizationtivithe ferromagnetic
metal at the interface. The authors appreciate atpgf European Commission via project
ONDA FP7-PEOPLE-2009-IRSES-247518.

[1] S. Roy et al. Phys. Rev. Lef5,047201 (2005).
[2] H. Ohldag et al. Phys. Rev. Le®6 027203 (2006).
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ODMR of Mn-related excitations in (Cd,Mn)Te quantumwells

D. O. Tolmachev, A. S. Gurin, N. G. Roman® G. Baranov, B. R. Namozov, Yu. G. Kusraev
loffe Physical-Technical Institute, Polytechnicteask 26, 194021, St. Petersburg, Russia

[I-VI diluted magnetic semiconductors are attragetobjects to study the interaction of localized
magnetic moments through indirect exchange couplnegdiated by free carriers. The
manganese acceptors are known to behave unusualyrie semiconductors. We report here on
the observation of new ODMR spectra inGdVin,Te quantum wells (QWs) with two
dimensional hole gas (2DHG).

Single 100 A Cdyx Mn,Te QWs (x= 1%, 2%, 4%) were grown by molecular-bespitaxy on
(001)-oriented GaAs substrates with thick CdTe dnsffand C&Mgo.2Te barriers. The QWs
were covered by thin GgMgo 2Te cap layers. Though these QWs are not speciafigd| owing

to the surface states they contain a 2DHG [1]. Wdied QWs with a cap layer thickness of 170
A, where the surface-state induced p-type dopinqist effective [2] and 140 A. 35 GHz
ODMR was recorded at 1.7-4.2 K via photolumineseefmtset in Fig.1) excited with a 650 nm
semiconductor laser.

Two types of ODMR signals with different angulariaéions were found (see Fig.1).

CdMnTe/CdMgTe QW

ODMR

PL

ODMR

Al
‘_

B=1.25T

740 750
(nm)

1.8 K 35GHz

T T

0.8 1.0 1.I2 1.4 1.6 1.8

B(T)
Fig. 1 Photoluminescence (inset) and ODMR at dgffieiorientations in magnetic field

recorded in 104 CdhedMiNg.0sTe QWS covered by 170 BdMgTecap layer. Bcorresponds to

[001]//B.
A strongly anisotropic wide line was found in adulit to a usual ODMR signal of Mn. The
effective g-factor of this wide line varies frorg = 2.07 at&=0 to g=1.86 at6=70". A more
narrow ODMR line disappears with increasing temfpeea No broad ODMR line was found in
the sample with 140 A cap layer. A similar behawwbthe ODMR spectra was observed in the
samples with the same cap layer thicknesses betralit Mn content (4% and 1%). The results
are discussed in terms of a possible effect of gn@iéc soft mode of collective spin excitations
in (CdMn)Te QWSs, containing &®hole gas interacting with magnetic moments.

This work has been supported by the Ministry of &dion and Science under Contract No.
14.740.11.0048; the programs of RAS: “Spintroni¢8asic Researches of Nanotechnologies
and Nanomaterials,” and by the RFBR under Grants08€)2-01409 and 09-02-00730.

[1] S. Tatarenket al, Opto-Electron. Rewl1, 133 (2003).
[2] C. Kehl,et al, Phys. Rev. BO, 241203 (2009).
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Antiferromagnetic resonance and magnetic
investigations of rare-earth ferroborates

V. TugarinoV, A. Pankrats? G. Petrakovskii?, S. Kondyaf D. VelikanoV, V. Temerov
. V. Kirensky Institute of Physics SB RAS, 660028noyarsk, Russia,
“Siberian Federal University, 660041, Krasnoyarsks$ta

The borate compounds with general formRI&(BOs), (R** - rare-earth ion or ¥ and A=A,

Ga, Sc, Cr, Fe) have attracted considerable attemis materials for nonlinear optics and laser
techniques. They crystallize in the trigonal cri/stgstem and have the structure of thentite
mineral with high-temperature space grd&g2, which transforms t#3,21 with temperature
decreasing for the crystals with small ionic radafsthe R**. Many RFe;(BOs), crystals are
multiferroics. TheRA3(BO3), crystals have interesting magnetic properties duantinteraction
between subsystems of ¥end R** magnetic ions. In the present work we present data
antiferromagnetic resonance (AFMR), magnetic prioger heat capacity and magnetic phase
diagrams of GdF£BOs),, GdFe 1Ga o BO3)s, EUFg(BO3)s and PrY Fe3(BOs)s system with
x=0+1.

The AFMR investigations of pure GAffBOs)4 showed [1] that the competition of Fand Gd*
contributions to total magnetic anisotropy of thigstal results in spontaneous reorientation at
T=10 K between states with “easy plane” (EP) amak$eaxis” (EA) anisotropy. EP magnetic
ordering occurs at the Neel temperatuge3d8 K. Magnetic phase diagram was constructed from
AFMR and magnetic measurements.

Diamagnetic substitution of Be leads to decreasing of the Néel temperature in
GdFe 1Ga o(BOs), to Ty=16.3 K. From magnetic and AFMR data the magnétiasp diagram
was constructed. It follows from the data that $pentaneous reorientation does not occur in
Ga-substituted ferroborate and the crystal reme&asy-axis in a whole ordering area.

The investigations of magnetic and resonance ptiegesf Pi..Y xFe;(BOs)4 system showed the
following: the crystal with x=1 (YRE£BOs),) is an easy-plane antiferromagnet [2], the AFMR
investigations of the crystal with x = 0 (Pgf&0Os)4) crystal confirm that it is an easy-axis
antiferromagnet in all temperature range bellow32 K [3]. The energy gap.=130 GHz allow

to estimate the Pr contribution to total magnetisatropy as exceeding almost two times the Fe
one in magnitude.

A dilution of the Pt subsystem by diamagnetic yttrium reduces the &moisp of the subsystem
and can lead to a spontaneous transition from BAR®tate at some yttrium content. The single
crystals PryYFe(BOs), with yttrium content x=0.25, 0.5 and x=0.75 werewgn. Magnetic
and resonance investigations show that the crystalx = 0.25 is EA antiferromagnet with the
energy gap close to 75 GHz at T=4.2 K but the atgstith x=0.5 and 0.75 are EP one.

The crystal EUR£BO3),4is EP antiferromagnet throughout the temperatungedelow the Neel
temperature. AFMR data show that the energy gapasit 120 GHz at T=4.2 K, which is close
to the value of the gap in the yttrium ferrobordatbus, the contribution of rare-earth subsystem
to the magnetic anisotropy is negligible in Eu d&orate.

Thus, the value of the total magnetic anisotropyetels strongly on the type of the rare-earth
ion, which determines the magnetic structure ofcitystal.

[1] A. W. TTankpar, I'. A. Tlerpakosckuit, JI. H. Beamatepnsix, O. A. Barokos, JXOT®, 126, 887 (2004).
[2] A. 1. Tlankpar, I'. A. Ilerpakockwuii, JI. H. beamarepnsix, B. JI. Temepos, ®TT 50, 77 (2008).
[3] A. M. Kagomresa, 1O. ®@. ITomos, I". IT. Bopo6seB u 1p., ITucema B XKOT®, 87, 45 (2008).
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NMR spectrum in the non-collinear antiferromagnet Mnz;Al,Ge;O,

0. G. Udalov
Institut for physics of microstructures RAS, 6038&thny Novgorod, Russia

In the frame of the exchange approximation for shnamics [1] modified for description of

nuclear magnetic moments dynamics [2] the calarlas carried out of NMR spectrum in non-collinear
antiferromagneMnsAl ,Ge;0;,. The antiferromagnet consists of 12 sublatticése $pectrum of
low-frequency electron magnetic moments oscillaian MnsAl,GeO,, was theoretically and
experimentally investigated earlier in the work.[3]he effect of nuclear subsystem on the
AFMR spectrum can be neglected in all the rangextérnal magnetic field excluding small
region near critical field, where the one of AFMBsonant frequencies becomes small and
comparable with frequencies of nuclear magnetiomasce. The NMR spectrum is determined
by the hyperfine interaction with electrons magnetoments and external field. In order to get
NMR spectrum it is necessary to investigate coumledillation of the nuclear and electrons
spins. Relativistic distortions of exchange spiuaure of electron subsystem play important
role in the formation of NMR spectrum. If the extal field is oriented along three-fold axis, the
distortion of electrons exchange spin structuree (thurelativistic interactions) does not appear
due to high symmetry of the system. In the case NdpBctrum consists of three degenerate
branches. These braches are found analytically. NM& spectrum for the case is determined
by only one additional constant (to those descglalectron spin system), namely the constant
of hyperfine interaction. If the external fielddgected along four-fold axis 9 branches of NMR
spectrum can be distinguished. In this case thertien of the electrons exchange spin structure
becomes important, namely weak antiferromagnetsnsotropic spin reduction and the change
of the angle between exchange vectors. Also theargation of electrons magnetic moments by
the external magnetic field leads to splitting IR spectrum branches. It is necessary to use 5
additional constants to describe all the effects. this field orientation the problem is solved
numerically. For the general orientation of extérmeagnetic field NMR spectrum has 12
branches.

The author thanks V.l. Marchenko for useful distoiss and comprehensive assistance
during this work.

The work was carried out during the stay of thehautin the Kapitza institute for

physical problems and under support of RFBR (130202-mob_st).

[1] A. F. Andreev, V. I. Marchenko, Sov. Phys. U8, 21 (1980).
[2] V. I. Marchenko, A. M. Tikhonov, JETP Lette9, 1, 41 (1990).
[3] L. A. Prozorova, V. I. Marchenko, Yu. V. Krasaly, JETP Letterd1, 12, 637 (1985).
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Magneto-optical properties of Fe and Fe/Cu
layered nanostructures on Si(001)

P. A. Usachel; A. A. Astretsov? V. A. RusakoV V. V. Pavlov
N. A. Tarim&? S. A. Kitan®**, V. M. lliyaschenkd?, N. I. Plusnif*
Yoffe Physical-Technical Institute of RAS, 194211 Petersburg, Russia
Physics and Technology Centre, 194021, St. PeteysBRuissia
3Institute of Automation and Control Processes oBFEAS, Vladivostok, Russia
*Nanophysics and Material Science Laboratory of VS| Madivostok, Russia

In last years there is growing research interedayered nanostructures on base of transition
metals, such as Cr, Fe or Co, and Cu on silicon These nanostructures may considerably
differ from their bulk analogues on crystal struetuelectronic and magnetic properties. But
their fabrication is a complex growth problem doatmetal-metal and metal-silicon intermixing
which lead to dim interfaces. Solution of the peoblis formation of special interlayers on
interfaces [2] or using a lowered temperature opovaduring ultrahigh vacuum thermal
evaporation of metal [3]. By using the last methed,[4] and Cu [5] films with a thickness of
0.1-1 nm were grown on Si(001). And, in present kydiayered structures of Fe and
Fe/Cu/Si(001) with a layer thickness in range of-D nm have been grown and their magneto-
optical properties have been studied.

0.015 ' ' ' ' ' -
0.004 L

-20

0

20

Magnetic field (Oe)

40

-0.015

0.010

o

~
5 2
= =
C
o S I
= 0002 1=
I T 0005}
e o I
5 0.000 £ 0000
X Y
© T - L
S 0002 8 0005
© -g L
2 2 00w} 2
2 .0.004 2 I
o o 1
1 -

-100

-50

0

50

Magnetic field (Oe)

100

Fig. Hysteresis loops measured by the longitudin@gneto-optical Kerr effect for samples of
Fe/Cu/Si(001). Left and right figures show nonate@and annealed samples, respectively. Kerr otati
and ellipticity are shown k curves 1 and , respectively

Figure shows the longitudinal magneto-optical Keffect for two Fe/Cu/Si(001) samples
consisting of 9 and 1 monolayers of Fe and Cu,a@sgely. Second sample has been annealed
at 250C within 3 minutes before the iron growth. As a whobbtained result shows that for
both single-layered and belayered structures smobaing process enhances values of magneto-
optical signal and also leads to an increase ofcoaefield. Additionally increase of effective
thickness of magnetic material leads to enhaneeanfneto-optical signal. In summary, obtained
nanosize structures of ferromagnetic metal — nometag metal — semiconductor can be used as
potential materials for silicon spintronics.

[1] C. A. F. Vaz, J. A. C. Bland, and G. Lauhofie®R Prog. Phy</1, 056501 (2008).

[2] G. Garreau, S. Hajjar, J. L. Bubendodt,al, Phys. Rev. B'1, 094430 (2005).

[3] N. I. Plusninet al, Tech. Phys. LetB3, 486 (2007).

[4] N. I. Plyusnin.et al, J. Surf. Invest. X-ray, Synchr. and Neutr. Te@MNo. 5, 734-746
(2009).

[5] N. I. Plyusnin.et al, J. Surf. Invest. X-ray, Synchr. and Neutr. Ted2011)
(to be published).
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Spin-polarized conductivity of double magnetic tunel junction

N. Useinovand L. Tagirov
Kazan Federal University, 420008 Kazan, RussiareFatibn

The double magnetic tunnel junction (DMTJ) is no¥neagnetic nanostructure the use in
spintronics. It is devise where the electron spithe active element for information storage and
transport [1]. We present a theoretical study ofngmlarized conductivity in DMTJ:
FM/1/FEMY/1,/FMR, where the magnetization of the middle ferromaigniatyer FM" may be
changed into parallel (P) or antiparallel (AP) wigspect to fixed magnetizations of the left'FM
and right FM ones. The two dielectric layers,} of the lateral size comparable with mean-free
paths of the conduction electrons are consideradra®el barriers. In Fig.1 the large parabolic
curves present dispersion low for spin-up electr@rarrows) and correspond to the spin-up
majority conductance sub-bands. The small paralwoliges belong to the spin-down minority
sub-bands with spin-down electrons-grrows). The arrows inside the brackets of thedheid
layer show the electron spin direction for the Ad3e& The electron spin-conduction channels
passing through minority or majority sub-bands determined by the electron-tunnel trajectory
with conserved spin-direction. They are shown atlibttoms of the sub-bands as dash-dot-dot

lines and dashed lines for the P-case and as adasind solid lines for the AP-case.
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Fig. 1 Schematic potential profile of the DMTJ Fig. 2 Transmission coefficients v, for
with applied bias/,. TheU,,) are the heights of four configurations of the spin-conduction
the barriers above Fermi enerfgy, L, are the channels at each of the P and AP magnetic
thickness of the barriers, respectively apds moments alignment. The arrows are related
the thickness of the middle layer ¥M with arrows in Fig.1.

Fig. 2 shows the plot of the transmission cofitsDs” “" as a function of the bias, for two
fixed trajectory anglesd, s = 0.0° (solid lines) anél_ s = 10° (dash lines), whee= 1,i. The
parameterd )= 12 E , Ly = 13.6 A andJ;o)= 1.8 eV are used. In the free-electron model the
spin-polarized conductivity is proportional to theoduct ofDs “P and cosine of the incidence
angled_ s of the electron trajectory in the ENR]. The results show th@s “") have resonant
character for each conduction channels and inatinadf the electron trajectory considerably
influences the transmission coefficient. Thus the calculation ofDs"“" to show that DMTJ
have spin-filtering effect and can be used as spiits devise.

This work was supported by the RFBR (project N&02-91225-CTa).

[1] A. Vedyaev, Phys. Us@5(12), 1296 (2002).
[2] A. Useinov, R. Deminov, N. Useinov, and L. Ty, Phys. Status Solidi B47, 1797 (2010).
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The nonlinear effect of external electric field orthe spin excitations
and the electronic structure of ferromagnetic semignductors

A. G. Volkov, A. A. Povzner
Ural Federal University, 620002, Ekaterinburg, Rass

Abnormally strong electric field effects on the matic subsystem of ferromagnetic
semiconductors are known since 1972. Observed pererents is strong dependence of the
magnetic properties (magnetization, magneto resistand etc.) on the applied electric field for
this class of substances as an indication of tleegtelectron-magnon interaction, realization in
this class of substances. It should be noted tt@igsed earlier concept of "hot" magnons is
based on the assumption that the heat currenttbalgpin subsystem. At the same time unable
to determine the reasons for observed in the exgeerti nonlinear current—voltage characteristic,
which correlate with the observed nonlinear depeodg of the magnetization of an external
electric field.
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In this paper we consider the area as weak asaseitrong relaxation magnons in ferromagnetic
semiconductor Eu(y in an external electric field. Of the subsystenfisf-oand d-electrons
described by the Hubbard model with different valwé the constants of intra-site coulomb
interaction and parameters band of movement takitm account their interstitial exchange
interaction. Energy exchange between electronsngi® and magnons described by the
equation of thermal balance between the joule hgatp and the inside temperature of the
sample. It is shown that in the framework of suamadel is installed the positive feedback of
the current density, the magnetization and the #ndge of thermal fluctuations of the internal
exchange fields, which should be interpreted aslaxation of spin waves. The electric field
increases fluctuation internal exchange fields psegses the magnetizationvt (T,U) (fig.1).

(T - temperature of the sample surfade; voltage). In turn, decreabg(T,U I¢ads to reduce
the occupancy of the d-band conductivity (due tbsteibution of electrons between localized f-
and a band-like d-state) and appearance the egemgbetween the f- and d-states. Thus, due to
the joule heating increase of the magnetic exomstinumber, explains electronic metal-
semiconductor transition andN-shaped current—voltage characteristic (fig.2).efattion
fluctuating internal exchange fields and conducttettrons should lead to &shaped current—
voltage characteristic in the temperature regiomagnetic phase transition Eu$
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Influence of metal on formation of forbidden gapsm SMSW spectrum
of 1D ferrite magnonic crystal

S. L. Vysotsky, Yu. A. FilimonoV, E. S. Pavlo% S. A. NikitoV?
'Kotel'nikov SBIRE RAS, 410019, Saratov, RuéKiateI'nikov IRE RAS, 125009, Moscow, Russia

Forbidden gaps in spectra of magnetostatic waveSW propagating in magnonic crystals
(MC) represented ferrite films with 1D or 2D perniodurface structures are widely investigated
during last years. The reason for their format®mteraction of incidenty;,, and reflected from

periodic structureg,s waves. The frequencies of gaps can be found from MSW dispersion

equation as corresponding to wave numbers satiffiadg conditionqg,, =7n/d, whered is
structure's periodn=1,2,...

To be used in ferrite microwave devices dispere&ibMSW usually must be corrected. One of
the well-known ways for correction is to use famitielectric-metal (F-D-M) structure; here the
shape of dispersion curve depends, including tlas&h of dielectric layer.

It is obvious that change of dispersion curve caelsult in shift of f, corresponding tag,, .
Though it is right only for reciprocal waves namdigckward volume and forward volume
MSW. On the other hand non-reciprocal surface MSSWM$W) propagating in opposite
directions are keep close to different surfacefeoite film. It means that in MC-D-M structure
"effective” values oft for incident and reflected from periodic structwaves will differ byh
(thickness of ferrite film). As a resué, could be not equal tqg,.; . The figure 1 demonstrates

calculated dispersion curves of SMSW in yttriunmirgarnet é7M ,=1750 Gs) at 800 Oe for
t=0 (curve 1) and =h= 22 ym (curve 2). One can see that wave numlzgréat curve 1) and

g, (at curve 2) corresponding, for example, to fregpyef*, can differ significantly. So

interaction of incident and reflected waves wouldesult in forbidden gaps formation. Figure 2
presents amplitude-frequency characteristics (ABFC3IMSW delay line based on 1D MC with
d=200 um (a) and the MC-metal (t=0) structure (b). Paranseté the experiment correspond to

used in dispersion calculation. As it was suggestéle case (b) gaps are lost.
f,MHz

A, -dB A, -dB
20+

4000 jc: T | f|1
0 400 Ql/cm 39 T 43 47fGHz 38 43 47 fGHz
Fig.1 SMSW dispersion curves Fig.2 AFC in the cases of MC (a) and I-metal (t=0)

calculated for t=0 (1) and t=h (2)

This work was supported by the Russian Foundatom®ésic Research (grants nos.11-07-00233
and 09-07-00186) and by the Grant from GovernménRwussian Federation for Support of
Scientific Research in the Russian Universities éinthe Guidance of Leading Scientists
(project No. 11.G34.31.0030).
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Influence of three magnon parametric instability onMSSW Bragg resonances
in 1D magnonic crystal
S. L. Vysotsky® Yu. A. FilimonoV* E. S. Pavlo¥ and S. A. Nikito?*
Kotel'nikov SBIRE RAS, 410019, Saratov, Rué&iatel'nikov IRE RAS, 125009, Moscow, Russia
*Saratov State University, 410012 Saratov, Russia

One of the main features of magnetostatic surfaseewW(MSSW) propagation in 1D and 2D

magnonic crystals is formation of frequency stopdsain MSSW spectra. This bands are the
result of resonance interaction of incident andeotéd MSSW from surface structure at the
frequencies f,, corresponding to wave numberk, satisfied Bragg conditionk, =mn/A,

where n=1,2,.../\ is period of surface structure. In this work we@exmentally investigate an
influence of the first-order (three-magnon) paraimenstability of MSSW on Bragg resonance
in 1D magnonic crystal based on YIG film.

Note that under three-magnon (3M) paramatritability both dispersion and losses of
MSSW are changes. At fixed pumping frequerfgy one may characterize mentioned changes

by some additions to reak and imaginarydk" parts of the MSSW wave numbler= K +i [k
corresponding to linear wave dispersiér=k(f,). Due to dissipation in magnetic film this
changes take place at some propagation distarsrealler then lengthL, of nonlinear part of
the film, where MSSW poweP exceeds the threshold value for 3M parametriabibty By, .
(P> Ry) and where parametric spin waves are excited b$WSAt distancesS> L, MSSW
power is smaller thami;, and MSSW came back to linear regime of propagaftoom this one
may conclude that through the distarigg the nonlinear additions to dispersion and losses a

not uniform and they are the functions of distascé & =& (S), & =& (9)).

It is clear, that both nonuniformity and nowar losses induced by parametric instability may
destroy the synchronism between incident and reftedSSW and leads to suppression of
Bragg resonances in magnonic crystal. Frequencgragmcies of transmitte®,; (a) and

reflected Bgs (b) MSSW power vs incident MSSW power are shown. ForP = 2/W < By, at
frequencies Band B corresponding to Bragg resonance both drop,ip and an increase in
Pes are seen. For high level of overcriticaliB/> 204W one can see that an increaseéPjg: at

frequencies Bdisappear (fig.c). It means that Bragg resonanas suppressed by parametric
instability.

P /P, dB
p_JP,. dB

P /P . dB

27
f, GHz,

f. GHz
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