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B nokiane paccMaTpuBarOTCSl ONTHYECKUAE PE30HAHCH B (POTOHHO-KPHUCTAILIH-
YECKHX CJIOSX, OOCYKIAeTCs MX CBSA3b CO CTPYKTYpPOI 2JIEMEHTapHON SYeKU pac-
cMmaTtpuBaemoro ciost. KpaTko u3/105keH MeTol pacdeTa Pe30HaHCOB B INAJICKTPH-
4eCKUX (POTOHHO-KPUCTAJUINIECKHX CJIOAX, OCHOBaHHBIM Ha HAXOXIECHUH TIOJIIOCOB
MaTpHLbl paccessHUsA Kak (yHKuun sHeprud. [Ipusonarcs npuMepsl pacipenesieHus
PE30HAHCHBIX JIEKTPOMArHUTHBIX ToJieil. VI37105keH MeTon onmmcaHust KOMOWHHUPO-
BaHHBIX PE30HAHCOB, OCHOBAaHHBIN Ha MOCTPOCHUM 3((EeKTHBHON MaTpHUIBl B3au-
MOJICUCTBHSI PE30HAHCHBIX MOJ, JIOKAJIM30BAHHBIX B Pa3jIMYHBIX CJIOSAX KOMOWHHU-
pOBaHHOI CTPYKTYpbl. PaccMarpuBaeTcsi B3anMOIEHCTBIE MOJ THAJICKTPHYECKOM
BOJIHOBOJTHOHM CHCTEMBI C JIOKAJIM30BaHHBIMH JIa3MOHHBIMH PE30HAHCAMH.
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The action of electric field of light on electronic dipoles, being the largest
perturbation in physics of light-matter interaction, conserves the spin of electron.
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Nevertheless, an effective optical control of magnetism becomes possible due to
spin-orbit interaction. Here we review the fundamentals and recent progress in the
area of femtosecond opto-magnetism.

Introduction

The ever increasing demand for faster information processing has triggered an
intense search for ways to manipulate magnetically stored bits at the short time-
scale. However, there are many fundamental questions concerning the mechanisms
of ultrafast control of magnetism which are still poorly understood. This is mainly
because an ultrashort stimulus brings a medium into a strongly non-equilibrium
state where a conventional description of magnetic phenomena in terms of ther-
modynamics is no longer valid. Obviously, if the pulse duration is much shorter
than the time of thermal equilibration in the spin system (~ 100 ps), such a pulse
brings the medium into a strongly non-equilibrium state, where a conventional de-
scription of magnetic phenomena in terms of thermodynamics is no longer valid.
Generation of magnetic field pulses much shorter than 100 ps and strong enough
to reverse magnetization (> 1T) is an extremely challenging technical problem. As
the result the dynamics of the magnetization reversal at the sub-100 ps time-scale
remains to be a very intriguing and rather unexplored area of modern magnetism.
To solve the problem of generation of an ultrashort and strong pulse of effective
magnetic field we suggest to employ a femtosecond laser pulse.

Results

In my lecture I will discuss how to generate such ultrashort pulses of effective
magnetic field and employ these pulses for investigation of ultrafast magnetization
dynamics. It will be shown that circularly polarized femtosecond laser pulses can
excite and coherently control the spins in magnetic materials [1]. The effect of
this optical pulse on a magnetic system was found to be equivalent to the effect
of an equally short magnetic field pulse with strengths up to several Tesla. 1 will
demonstrate that the mechanisms of magnetic switching triggered by such pulses
can be very counter-intuitive. One example is illustrated in Figure 1. The figure
shows single-shot magneto-optical images obtained in (Sm,Pr)FeO; at different
delays after excitation with a 100 fs pulse of effective magnetic field. Intuitively
one expects that a magnetic domain is written during the action of magnetic
field pulse. Unlike the expectations, the system hardly shows any sign of spin
reorientation the first 2 ps and actual formation of a magnetic domain occurs long
after the action of the field pulse [2].

Aiming to reduce the size of the recorded bit, we have investigated ultrafast
all-optical magnetic recording sub-100 ps temporal and nanometer spatial resolu-
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Figure 1. Writing magnetic domains with 60 fs polarized laser pulses. The out-of-plane
component of the magnetization can point “up” (black) or “down” (white). Circularly
polarized pulses with opposite helicities (¢+ and o~) create magnetic domains with oppo-
site orientation of the magnetization. Linearly polarized (7) pulses produce a multidomain
state. Each picture shows an area of approximately 70x70 pm? [2].

tion. Using computational methods, we reveal the feasibility of nanoscale magnetic
switching even for an unfocused laser pulse. This effect is achieved via structur-
ing the sample such that the laser pulse experiences refraction and interferences
resulting in its focusing into a part of the structure, the position of which can
be controlled by the structure design. Time-resolved studies with the help of
photo-emission electron microscopy reveal that nanoscale switching employing the
focusing properties of the structure itself can be pushed into sub-100 ps regime [3].
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JKCHTOHHASA CIIEKTPOCKONMS MOTYNPOBOIHHKOB METOIOM
reHepanud ONTHYeCKHX IapMOHHUK
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TeHepanusi ONTUYCCKIX TAPMOHHK (BTOPOM, TpeThel W GOslee BBICOKUX) SIBJISI-
€TCS MIMPOKO PACHPOCTPAHEHHBIM METOIOM HCCIICIOBAHMS SJICKTPOHHOIN CTPYKTPHI
TBEPAbIX TeJI U UX HEJIMHEHHBIX ONTUYECKUX CBOMCTB. [{JIsl reHepali ONTHYECKUX
TFapMOHMK MaTepHuaJl MOBEPraeTcsl BO3ACUCTBHIO MOIIHOIO JIa3epHOT0 UMITYJIbCA C
sHepruei GOTOHOB /iw, KOTOPHIC B CHJTy ONTHYECKON HEJIMHEHHOCTH T€HEPAT CHTI-
HAaJI Ha YIBOCHHOM 9Heprum (yIBOSHHOI YacTote 2w ), yTpoeHHO# sHepruu (yTpo-
eHHoil JacToTe 3/iw) u Gosee BHICOKHX 3Heprusix. IIpolece reHepamnuu siBsieTcs
KOTEpEHTbIM U, B CHJIy 3TOr0, OKa3blBA€TCA OYEHb UYBCTBUTEJIbHBIM K CHMMET-
pPHUH KPHCTAJUTMYECKOM PEIeTKH, a TaK e K CHMMETPUH 3JIEKTPOHHBIX COCTOSTHUMA
Y4YacTBYIOIIMX B MpoIecce FeHepalid rapMOHNK, K MAarHUTHON CUMMETPHUH B CITy-
Yae MarHUTHBIX MaTepHajioB, U T.A. IIpn aTOM 3auyacTyio reHepanysi ONTHYECKUX
TapMOHHMK IIO3BOJISIET UCCIICAOBaTh CHMMETpPUITHBIE CBOMICTBA MaTepHasioB U UX CH-
CTEeM, KOTOpPbIE HE TOCTYITHBI METOIaM JIMHEHHON ONTHYECKOH CIIEKTPOCKOIUH.

[TosryripoBOTHUKOBBIE MaTepHasIbl HTHTEHCHBHO MCCIIEIOBAIMCH METOIOM T'€He-
paumy onTHYecKuXx rapMoHuK. OmHaKo, B OOJIBIIMHCTBE paboT MCHOIb30BaJICS JIa-
3ep ¢ puxcupoBanHoii 3HEprucii porona. [Ipn 3TOM Kak OCHOBHASI TaK U yIBOCHHAS
3Heprusi GOTOHOB MPUXOAMIACH HA 30HY MIPO3PAYHOCTH MOTYIIPOBOJHUKOB, T.€. OBI-
JI1 MeHbIIIe SHEPTUH 3allpelleHHON 30HbI. VcciienoBaHus pu KOTOPBIX YIBOCHHAsI
9Heprusi GOTOHOB CKaHMPOBAJIACh BOJIM3W 3alpEIICHHON 30HBI, TaM IJe ONTHYC-
CKHE CBOHCTBa B OOJIBIION CTETIEHH OIPENENSIOTCS SKCUTOHHBIMU PE30HAHCAMM,
OBbLTM KpaifHe 3MU30ANYECKIMHU.

3amavelt UKJIa UCCIICHOBAHMIA, IPEICTABICHHBIX B 3TOM JICKLIUH, SBJISIACh pa3-
paboTKa MEeTOIOB PKCUTOHHOI CIIEKTPOCKOIINK OCHOBaHHOH Ha 3(deKTe reHeparmu
BTOPOH M TPETheH ONTHYECKUX rapMOHKK. OCHOBHOM IIEJIBIO SIBJISIICS TIOMCK HOBBIX
3¢ PEKTOB U BBHISIBJICHHC MHUKPOCKONMYCKCHX MEXaHH3MOB OTBETCTBCHHBIX 33 3TH
a¢dexTr. VccrenoBanus MpoBOOMUIMCH Ha OOJIBIIOM HaOOpE MOIYIPOBOTHUKOB:
mraMmarauTHeIX GaAs, CdTe u ZnO, nomymarautaerx CdMnTe u maruutabix EuTe
u EuSe. Vcnosnp30Bajincy HA3KKE TEMIIEPATYPHI (B OCHOBHOM TEMIIEpaTypa JKHIKO-
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