JIASEPHASA CIIEKTPOCKOIIUA
MATI'HUTHBIX MATEPHUAJIOB

P. B. [Iucapes

DPTH um. A. D. Hopghe PAH

3umusasa mkojga [MUIAD PAH
no ¢usnkKe KOHACHCHPOBAHHOIO COCTOSIHUSA
14.03.09. Penuno




B npupoae Bce MarHurTHO,
HO KOe-4TO MArHHUTHO 00.JIblle,
yeM Jpyroe.

“All animals are equal but some of
them are more equal than the others”

G. Orwell




COAEPKAHUE

CBeT M MarHeTusM — Be4YHOe COCYLIECTBOBAHHUE.
Kiaccnueckasi MarHMTOONTHKA.

Jlazepbl KaKk HOBBI MHCTPYMEHT B pPYKax (PpU3HUKOB.
HequHelHAsT MATHUTOONTHYECKAHA CIHEKTPOCKOIMA.
AHTU(EPPOMATHUTHBIC JTOMEHBI.

CBepx0ObIicTpOEe pasMArHUYMBaHWEe W HAMATHUYMUBaAHMHE.

3aK/JII0UYeHHUeE.




M. Dapageii. O _HAMArHUYMBAHUHU CBETA.

Hoctynuino 6 HosiOps. [Josoxeno 20 nosiops 1845 r.

A yKe 1aBHO NPHUAEPKUBAJIC MHEHHUS, UTO pa3jindHblie (GOopMbI U CHJIBI
MaTepUM HACTOJbKO OJIM3KM M POJACTBEHHbI, YTO MOILYT HNpPeBPaIIaATbHCH
APYI B Apyra. 10 TBepaoe yoeKaeHue nodyauiao MeHsl Npou3BecTH MHOIO
MU3BbICKAHUN C LEJbI0 OTKPbITH CBSA3b MEXKIAY CBETOM M 3JEKTPHYECTBOM.

OaHako pe3yJibTaThl 0Ka3aJMCh OTPUIATEIbHBIMM.

JTU Oe3yCHellHble M3bICKAHMA HE MOIJIM I0K0Je0aThb MOero TBepaoro
yOexaeHus1, OCHOBAHHOI'0 HA HAYUYHbIX cooOpa:xxeHusix. [lodTomy 51 HeZaBHO
BO300OHOBWJI HCCJICJOBAHHE HA OYeHb TOHKHUX M CTPOrHX HAa4ajax, U B

KOHII€ KOHIIOB MHE€ y1a/J10Chb

1) Hamacnumumbs U HaAlieKkmpuzoeams Jiyd ceema, U

2) oceemumb MACHUMHAYIO CUJI06YVI0O JIUHUIO.




MATHUTOOIITUYECKUE DSPPOEKTDI

B3aI/IMOHeﬁCTBHe ¢B€Ta ¢ HAMArHUYCHHBIMHU CpCcIaMHU IIPOABJJIACTCH
B MArHuTOOIITHYCCKHUX HBJICHUHAX.

Xopomum npumepom spjsercss 3¢¢pexkr Dapanes (1845 r.) — moBopor
IVIOCKOCTH TMOJISIPM3AlMM CBeTa MPH €ro PacnpocTpaHeHuW Uepes
IPO3PAYHLIM HAMATHUYEHHLIA MaTepuaJ:

a- =X/n M - k.

JApyrum npumepom sBiasercsa 3¢dexr Keppa — moBopor ImI0CKOCTH
NOJIApU3alMM  CBeTa  NPH  OTPAXKEHUM  OT  HEIPO3PAYHOIO
HAMATHUYEHHOT0 MaTepuaJa.

Mukpockonuyeckas MpUpPoOAa ITHUX SABJEHUH OCHOBaHA Ha Jd(Pdexre

3eemMaHa — pacuiemJieHue aTOMHBIX H MOJIEKYJSIPHBIX CIEKTPOB B
MarauTHoMm moJie ( 1896 r., HII 1902 r.).




INPUMEHEHHUA MATHUTOOIITUYECKUX JDODPEKTOB

HAYYHOE. MarHuroonTuyeckue MeToAbl IMO3BOJAT MCHOJAb3YS
OTHOCHUTEJIbLHO NMpocThie cpeacTrBa A0CTHYb BbICOKOU
YYBCTBUTEJIBHOCTH, JOKAJIBHOCTH, W JAp. OHM  HaXoaAT
pPa3sHoOOOpa3Hble MNPUMEHEHUMA B  HCCJIACAOBAHUAX MATHUTHBIX
MaTepuaJioB, TAKUX KaK — TeMIlepaTypHOe U I0JieBO€ MOBeJdeHHe
HAMArHUYE€HHOCTH, B HCCJIEJ0BAHUAX MOAPEIIETOK, MArHUTHBIX
(pa30BBIX NEPeExXoa0B, CTATUKM U AWHAMMKU MATHUTHBIX JTOMEHOB,
JIEKTPOHHOMW CTPYKTYPbl, BHU3YAJTU3ANMM MATHUTHBIX COCTOSIHUM B
CBEPXIIPOBOAHUKAX, MATHUTHBIX MOJYNPOBOAHUKAX, U APYIroe.

[IPAKTUYECKOE. BaxkupIM NpUMEHEHHEM MATHUTOONTHYECKHX SIBJICHUH
CTAJI0 MX HCHOJb30BaHHE B CUCTEMAaX MATHUTOONTHYECKOr0 CYUTHIBAHUA
uH(popMaAUU, B AATYMKAX MATHUTHBIX MOJEed M TOKOB, B HEB3aUMHBIX
ONTUYECKUX YCTPOMCTBAX, U JP.




CBepxMolIHbIE J1a3epbl

3KCTeMaJII)HaH I/ISI/IKa B ﬂaﬁOaTOHbIX YCJI0OBHUAX

HUurencusaoctu a0 ~ 102 W/em?.

Hanpsiokennoctu noJern ~ Tera V/em ( @akrtop ~ 100 ).
asiaenue cBera P=l/c ~ Giga-, Terabars.

I'eHepanusi rapMOHUK OT BHAMMOIO CBeTa 0 3 nm.

JHEPruu 3JICKTPOHOB U MOHOB MeV.

I'uraraycHpie MarHuTHbIE IOJIS.

CeepxobicTpbie yexopenus a0 10%'g (g - 3emHoe yckopenwme ).

Camble KOpoTKHMe (pu3M4YecKHe MPoUecChl MOPAJAKA ATTOCEKYH/I.

Physics Today, January 1998



HenHennHasgs onTHKa

“@Ouszuxka Ovl1a 0bI CKYUYHA, @ MHCU3HbL COBEPUICHHO HEBO3MOICHA,

eciu 0vl 6ce (puzuueckue A6J1eHUA B60KpPyZ HAC ObLIU JTUHEUHBIMU.

K cuacmblro, mMbl JIICU6émM 6 HEeIUHCUHOM mupe, u ecjiu Jiuneapusauusi

YKpauiaem pu3uKy, mo HeEJIUHEUHOCHIb Oeslaem ee 3axeambvléarouieu.”

Y. R. Shen

Principles of Nonlinear Optics

J. Wiley & Sons, 1984



I'enepanus

BTOPOH ONTHYECKOU TAPMOHHUKH

3a CUET

MATrHUTHOI'O0 YHOPAX0YECHUS




DJIeKTPUUYECKAsl MOJSIPHU3ALUA CpeAbl NMPH BO3AEHCTBUU

HA He€ MHTEHCUBHOM JJIEKTPOMATHUTHOU BOJIHBI

P((D, 2(D, 3@) ™ X(l) E ((D) JIMHeHbII 0TKJIMK

+ X(z)  E ((D) E ((D) Bropasi rapMOHHKA

+ X(3) : E (Q)) E (Q)) E ((D) Tperbsi rapMoHHKa

/

B 3/1eKTPOIUIIOIBLHOM NPUOJIHKEHHH BTOPas TapMOHHKA pa3pelieHa
TOJBKO B HEHEHTPOCMMMETPUYHBIX KpucTaiax (20 TouyeyHbIX rpyimm).

TpeTbsi rapMoHUKA pa3penieHa BO Bcex Kpuctamiax (32 TouevyHbie rpyIibi),
a Tak:ke B aMOpP(HBIX cpeaax, ra3ax M KHIAKOCTSX.




Hesimnennast noJasapusanusa, CBA3aHHAd C BHCIIHUM MAaIrHUTHBIM

IHOJIEM HWJIH MAIrHUTHBIM IIapaMETpoM IOpPsIKa

| Kpucrasuiorpadguueckuii BRjiaj I

PRw)= y@:E (0) E (0)

| MAaruuTHbBId BKJIA] I

PQRw) = iyB)+xM)]: E (o) E (v)

B — maraurtHoe moste, M — HamMarHm4eHHOCTH

A )
MarsuTHbIN
Kpucrannorpapuueckuii ®
Bkiag B [ BI
Bkiaaa B I BI' ——|2m A 20| ——
1 _— o KorepeHTHblii
OnTnyeckas Y Y 3-x (pOTOHHDLIN
HaKkatka OCHOBHOE COCTOSIHME npomecc!




IlepBoe HaOa0OACHHE (PeppOMATHUTHON

BTOPOM ONTUYECKON TapMOHUKH

VOLUME 67, NUMBER 20 PHYSICAL REVIEW LETTERS 1 NOVEMBER 1991

Effects of Surface Magnetism on Optical Second Harmonic Generation

J. Reif, J. C. Zink, C.-M. Schneider, and J. Kirschner

Institut fiir Experimentalphysik, Freie Universitat Berlin, Arnimallee 14, W-1000 Berlin 33, Germany
(Received 21 May 1991)

We report on the first experiments showing the influence of surface magnetization on optical second
harmonic generation in reflection at a Fe(110) surface. The magneto-optical Kerr effect modifies the
hyperpolarizability of the surface in the optical field, leading to a dependence of the second harmonic
yield on the direction of magnetization relative to the light fields. For the clean surface an effect of 25%
was determined, which decays exponentially with surface contamination by the residual gas, thus
demonstrating the high surface sensitivity of this technique.



IlepBoe HaOJII0AeHME MOBEPXHOCTHOM (heppPOMATHUTHOM

BTOPOM ONTHYECKOU TapMOHHUKH
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FIG. 2. Relative magnetization dependence of second harmonic signal for three different times elapsed since sample preparation
[(a) =45 min, (b) =60 min, (c) = 180 min]. Shown is, in each panel, an averaged [superposition of (a) 220, (b) 550, and (c) 750
cycles] experimental cycle, consisting of 250 pulses with magnetization “up,” 100 pulses with no SHG signal (obtained by means of a
UV blocking glass filter), and 250 pulses with magnetization “down.” All signals are normalized to the expected value without
influence of magnetization [cf. Eq. (1)]. The solid lines represent the average of the respective regions of interest.



IlepBoe HaOI0AeHMEe AHTH(EPPOMATHUTHOM

00bEeMHOM BTOPOM ONTHYECKOW TapMOHHUKH

VOLUME 73, NUMBER 15 PHYSICAL REVIEW LETTERS 10 OcTOBER 1994

Second Harmonic Generation and Magnetic-Dipole-Electric-Dipole Interference
in Antiferromagnetic Cr,0;

M. Fiebig and D. Frohlich
Institut fiir Physik, Universitit Dortmund, 44221 Dortmund, Germany

B. B. Krichevtsov and R. V. Pisarev

loffe Physical Technical Institute of the Russian Academy of Sciences, St. Petersburg 194021, Russia
(Received 7 June 1994)

The second harmonic spectrum of Cr,0; is studied in the 1.7-2.9 eV spectral range as a function
of temperature. Below the Néel temperature Ty = 307.5 K a nonlinear electric susceptibility x/j(c)
appears, which changes sign under the time-reversal operation. The interference of this susceptibility
with the time-invariant magnetic susceptibility x[x(i) leads to a pronounced polarization dependence
for circularly polarized light propagating along the optical axis. This gives a novel tool to study
antiferromagnetic domains with opposite orientation of the order parameter.



OKCIIEPUMEHTAJIBHAA YCTAHOBKA

Nd:YAG nasep
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CIIEKTPbI BTOPOH TAPMOHUKU B AHTUD®EPPOMAI'HETUKE Cr,0,

| |
& . c
= Cr203 . Domain (+) s, 3 1. Caer BI0JIb ONT. OCH.
2| T=8K _» - TL -
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2 3aBHCHT OT XHPAJIbLHOCTH
p) 53 HAKa4YKH.
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3. HaOuarogaercs «ruraHTCKum
HeJMHEHHbIN (20)
KPYrOBOM AUXPOU3M U
BpalleHue.

4. CursaJ 3aBMCHUT OT
M0JIOKEeHHsI HA o0pa3ie.

SH intensity
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i, [Phys. Rev. Lett 73,2127 1994



Bropas onTnyeckas rapMoHuKa B antugeppomarseruke Cr,0,

' ' . T UHTEHCHBHOCTD
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I'ekcaroHajbHble peaKO3eMeIbHbIeé MAHTAHUTDI
RMnO; (R =S¢, In, Y, Dy, Ho, Er, Tm, Yb, Lu)

CerneroasjieKTpuK €O CTPYKTYPOii

6mm. T-=900-1200 K

RMnO,, T = 300 K

Polarization (arb. units)
- 5
= o ; ’
— —

-80 -60 40 -20 0 20 40 60 80
Electric field (kV/cm)

CnuHbl HOHOB Mn3* ynopsiioueHbl
anTudeppomarautio T =70 - 130 K



CertHerodjieKTpuYecKuii 1 aHTH(PEePPOMATHUTHBIN
CIIEKTPBI BTOPOM rapmMoHuku B YMnO,

SH intensity (arb. units)
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OpuveHTalMOHHBIN (a30BbIM IEPexo/

u aHTH(eppomMarHuTHbie ToMeHbl B HoMnO,

T <Tg: rpynna P6,cm T>Tg: rpynna P6,cm
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_J I'BI' 04ueHb YYyBCTBHUTEIbHA K «CKPBITHIM» A€TAJAM MATHUTHOU CTPYKTYPBHI.

Phys. Rev. Lett. 84, 5620 (2000).




MarHuTHble NMPOCTPAHCTBEHHbIC TI'PYIIIbI
B IeKCaroHaJbHbIX MaHranurax RMnO;

E ;f Space
Group Tensor Components

Crystalline SHG (i type)
@ — ) — @ ) () — ) (@)
3+ P63cm Xxxz = Xxzx = nyz - X}fz}fa Xzxx = Xzyy! Xzzz

Mn Magnetic SHG (¢ type)

at Z = 0 _Xifr)r = _X(rc}']r = _X‘(x:r?v
3+ =3 _X.[x:ilf = =X ifr]v = =X g.fs.f]x

Mn P6; P6scm & P6scm

at z=c/2 P6,cm Y& = 4@ = () _ (c)
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M. Fiebig, V. V. Pavlov, and R. V. Pisarev, J. Opt. Soc. Amer. B 22, 96-118 (2005).




MarHuTHass CHMMeETPHSI IeKCaroHaAJbHBIX MaHraHuroB RMnO, i

Temperature (K)

Pe3yabTaThl MOJYy4eHbI ¢ HCOJb30BaHueM MeToda I'BI'. /lanHbie mo

HEUTPOHHOU TUPPAKIIMH 0 CUX MOP ABJIAKTCA HEOJHO3HAYHBIMM.

Phys. Rev. Lett. 84, 5620 (2000).




AHTUDPEPPOMAI'HUTHBLIE

JTOMEHBI




Busyanu3anuss aHTH(EPPOMATHUTHBIX JOMEHOB

OOHapyxkeHHe BTOPOM ONTHYECKON TapMOHUKH 32 CYeT
MarHuTHoro ymnopsizoyenuss B Cr,0; OTKpPbBLUIO HOBYIO
YHUKAJBHYK) BO3MOKHOCTh BH3yaJU3alUHN U U3y4YeHUs
AHTU(PEPPOMATHUTHBIX JTOMEHOB.

JIBe BO3MOKHOCTHM peajiu3alyu ’TOro MeTo/1a

1. Nurepdpepenuns MATrHUTHOI'O BKJIAJA c
BHYTPUKPHUCTA/UIMYECKUM  BKJIAJIOM (CEerHeTO3JIEKTPUYEeCKUH,
MATHUTHBIN JUI0Jb, U JAP.)

2. NntepdepeHuinss MATrHUTHOIO BKJIAAAa ¢ BHEHIHMM BKJIAJIOM
(HampuMep ¢ HEUEHTPOCMMMETPUYHBLIM KBapleMm).




Busyaau3zanuss aHTH(EePPOMATHUTHBIX JOMEHOB

(a) (b) method (i)

fundamental
Nd:YAG-Laser ”
SHG, THG
I s.amplel
Dye-Laser
Sy \
OPO K %
F
L = — Ql .
VWP SHG (sample)|| | SHG (guartz)
2w 2w
Unrtepdepenuus P ——
.. Nurepdepenums
MArHUTHOIO BKJIaJa (C) method (ii)
cryostat| [z MArHUMTHOI'O BKJIaJaa
C BHYTPUKPUCTANINYCCKUM fundamental
@ C BHCIIIHUM BRKJIAJ10M
BRJIAJ10M
L EE sample
F =
CCD & >
PC
SHG (sample) ||| SHG (quartz)
2w Zm

Fig. 1a—c. Experimental setup: a for imaging with internal reference; b and
c are modifications of setup a for imagmmg with an external reference
(method (1) and method (1i). respectrvely). CCD. CCD camera; F. filter; G.
guattz-glass plate; L, lens; OPO, optical parametric oscillator; PC. Com-
puter; Q, crystalline quartz plate; SHG. second harmonic generator: THG,
third harmonic generator; WP, quarter-wave plate



Crekrpbl BTOpO#M rapMoHuku u apm aomennl B Cr,0,
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Interference of magnetic and
crystallographic SH contributions allows
investigation of temporal evolution of
amplitude and phase of antiferromagnetic
order parameter L



Antugeppomaruutusie 180° nomensr B Cr,0;

Domain topography with SHG:

Exposure time: ~ 1 min

Resolution: ~ 1-10 mm

Photon energy here: 2.1eV

Appl. Phys. Lett. 66, 2906 (1995).



Marnumiekrpuyeckuid or:kur B Cr,0;

> Orientation of antiferromagnetic domains in Cr,0O;:
application of electric and magnetic field: E || H|| z

» Mechanism: Magnetization induced in domain by E is
oriented by H

» Required fields: 300 V/iem @ 340 kA/m (0.43 T)

 NR = nonreciprocal rotation is proportional to
antiferromagnetic order parameter

« Saturated NR indicates single-domain state
« Off-center hysteresis indicates pinning of domains

Before
annealing

NR. ang sec/kV
20

Yy

Y

=

B.B. Krichevtsov, V.V. Pavlov, R.V.
Pisarev: Sov. Phys. JETP 67, 378 (1988)

After
annealing




MarnutHas crpykrypa B cnuH-¢uion ¢asze B Cr,0O;
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» Spin-flop phase: SHG reveals spin orientation along 2, axis — symmetry 2/m

» Determination from components a;; = 0 of magnetoelectric tensor fails
due to multidomain structure after spin flop transition in field > 5.8 T




AHTUOPEPPOMAI'HUTHBIE JOMEHbBI B Cr,0O,

.5
-




AHTH(EPPOMATrHUTHBIE JOMEHbI B reKcaroHajibHoM YMnO,

Fig. fa,b. Two images of domams in YMnO; obtained at 2.454 eV nsing
method (). The contrast between dark and bright domains is about 3: 1. The
difference in contrast between the two images was achieved by tilting the
guartz glass plate. The exposure time was about 5 minutes. The size of the
sample 15 2.3 mm ¥ 3.5 mm

Fig.3a—c, Three images of domains in a flux-grown sample of CraOs.
Domains in a were obtained at 2.190eV using the method of intrinsic
reference. Image b was measured without any reference, and image ¢ by
method (1) at 1.728 eV. The size of the sample 15 2 mm x 1 mm. Note that
the domain structure m a and ¢ look different. becauwse the sample was
heated above iy between both measurements



‘ AHTH(EeppOMAarHUTHAsA JAOMeHHass cTpyKrypa B ScMnOj; I
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HBeTOBaH KOAHUPOBKA COOTBECTCTBYCT Pa3/iN4YHbIM
HallpaBJICHUAM aHTI/I(l)eppOMaI‘HI/ITHOI‘O BCKTOpa. Appl. Phys. Lett. (2002).




KoHTpo1b aHTH(EPPOMATHUTHBIX J0MeHOB B YMnO,

g 300F (1 D
— _ =260 K
o 3\  ~210K c
’5 200F | =
©
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- !E small mél.’m l farge J!

n = n

Antiferromagnetic domain states

FIG. 4. Diagram showing thermal routes to different AFM states. charac-
terized by domains of small. medium. and large size. Distribution functions
of domain size for each state are shown schematically.

FIG. 3. Three images of small (a). medium (b)), and large (c) domain states
in an as-grown sample. Access to each of these states can be achieved via
heat treatment processes shown in Fig. 4.



B3auMoaercTBME CErHeTO3JIEKTPUUYECKUX U aHTU(EepPPOMATHUTHBIX
TOMEHHBIX CTeHOK B YMnO

Busvaauzammsa gomenoB meroaomM I['BI

a) CaeTJible H TeMHBIE 00/1acTH ABJsIIOTCS 180°
CEerHETOYJIEKTPUYEeCKUMHU JoMeHaMu = P,

b) CBeTtible M TEMHBIE 00J1aCTH COOTBETCTBYIOT
pa3Homy 3HaKy npousBeaenus = P L.

¢) Uurepdepennus asyx Briaagos ¥ (P) n ¥ (PL).
Caetiible U TeMHbIE 00J1aCTH COOTBETCTBYIOT
180° anTudeppoMarHuTHBLIM JoMeHam =+ L.

d) CernerodjiekTpuuyecKkue 1 antugeppomar-
HUTHBbIE JOMEHHbIE CTEHKH, Pa3aeJsiiouue
4 THIIA KOMOWHAIIUI TOMEHOB

(++)(+=)(=—)n(—+)

M. Fiebig et al., Nature (2002); A. V. Goltsev et al., Phys. Rev. Lett. (2003).
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YCTaHOBKA C ONTUYECKUM YCUTTUTETIEM
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TEIIJIOBBIE PESEPBYAPBI B MATHUTHOM MATEPHUAJIE

Electron-phonon
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time
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Electron-spin Spin-lattice
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Magnetization
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Hakauka 3Hepruu B OJMH M3 pe3epBYapoB NPUBOAUT K HEPABHOBECHOMY
pacnpeaejeHUI0 BO30Y:kIeHMil. 3aTeM Ha4YMHAETCHd MNpolecc o0MeHa
JHeprueii Mexkay pe3epByapaMu ¢ XapaKTepHbIMH BpeMeHAMH T;..
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JIABEPHO - HABEIEHHASI HAMAT'HUYEHHOCTbD
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Jlazepuwvtit umnyavc ~ 150 ¢pc 6030yxcoaem
mepazepuoevle KonaebaHus HamazHuvyeHnocmu!

Nature (London), 429, 655 (2004).




KypHnan skcnepumenmanvHou u meopemuyeckou Gu3uku
T. 39 1960 Buin. 5 (11)

SJIEKTPUUYECKHUE CHWJIbI B IMTPO3PAYHOM CPEJIE
C IUCHEPCHUEN

JI. I1. IIuTaeBCcKkum

ITokazaHo, 4TO BBIpAKEHUE JISI TCH30pA HATSXKECHUN NTEPEMEHHOTO 3JEKTPUUYECKOTO OIS
B TPO3pavyHONl Ccpeie C JAUCIepCHEd COBMAAaeT C OOBIYHBIM BBIPAKEHUEM IS
Heaecneprupyomen cpenbl. [lokazaHo Takke, 4TO y IUAIIEKTPUUECKON MTPOHUIIAEMOCTH,
BCILIIECTBEHHOW B TOM CJIy4ae, €CJIM MapaMeTpbl Cpelibl HE 3aBUCIT OT BPEMEHH,
MOSIBJISICTCS MHUMAs 4YacCTh, KOTJa 3TU MapaMeTphbl U3MEHSIOTCS BO BpemeHu. [lomyueHo
BBIPAXKCHUE JIJISI TEH30pa HATSHXKECHUN TEPEMEHHOTO JJIEKTPUYECKOrO IMOJIsl B MPO3pavyHOn
AKUJIKOCTH, HAXOAIICHCSA B TOCTOSHHOM MarHUTHOM MOJIE.



O6paTtHbI 3ppekT Fapapes
(3ppext TTutaesckoro)

B(0) = H(0) + 1/4 E*,(w) E,(w) ¢,/oH A2 e L

M(0)=-i(1/16) f [ D*(w) x D(w) ] N-1, 3¢C 1992

AnekTpudeckoe none E(w) [anexktpuuyeckas uHaykuma D(w)]
C Kpyrosou nonspusaumeir cosnaet B nrobou npospayHou (!) cpene
cpeAHUU MarHUTHEIU momeHT B(0).

SKCNEepUMeHT U KBAHTOBO-MeXaHU4YecKas Teopus B HEMArHUTHLIX KpucTannax,
Van der Ziel, Pershan, Malmstrom, PRL (1965), PR (1966).

Teopua noctpoeHa AnNs TepMOAUHAMUYECKU -pABHOBECHOTO COCTOSAHUA.
JKCNepUMeHT NMpoBOAUSICA C UMNYNbCAMU, ANUTENbHOCTb KOTOpLIX 6onblue
BpeMeHU yCTaHOBNeHUs pasHOBecUs B CMUHOBOU CUCTeme.



IMPSIMON U «OBPATHBIN» D®PEKTHI ®APAJES

B3aumojgeiictrBue cBeTa ¢  HAMArHUYEHHbBIMH  CpedaMM
NPOABJACTCH B MATHUTOONTUHYECKUX SIBJICHUAX. XOPOIIUM
npumepom sBjsercsa dpgpexr Dapanes:

a- =X/n M - k.

MauJio u3BecTeH «o0OpaTHblin» 3¢ ekt Papanes (Iluraesckuii, 1960),
KOIa Kpyrosoe sJjexkrpuuyeckoe mnoJse E(®w) masogur M(0):

M (0) = x/161T [D(w) D*(w)].

HeoObIualiHO BaXKHBLIM  AIBJISIETCS  TO, 4YTO 00a sIBJEHHSA
onpeneJasiiorcsi OaHOM U TOM  Ke MATHUTOONITHYECKOU
BOCIIPUMMYHMBOCTBIO Y, T.e. YeM OoJibllie B _Beniecrse 3(pdekr
dapajgesi, TeM Jierde HaBeCTH B HeM HAMATHHYEHHOCTHL IIpH
HUPKYJIASAPHOM JIa3epPHOM BO30V:KICHUH.




IIpsamMon u oOpaTHblii MAarHuToonTuyeckue 3gpdexrnl Dapaaes

IIJIOTHOCTH 3HEPIrHM 3JIEKTPHUYECKOr0 I0Jisi CBETA
WCli8n) e Bl el 2 e
e R e

PHB &= £ s hae

1) IloBopoT NMiaockoCTH MOJAPU3AINMNU CBETA,

paclpoCcrpanaiomerocss BA0Jib MAaroHuTHOI'O I10JIHA

An=n+—n_=\/g+—\/8_=GH.

2) Ooparabiid Ybdext Dapanes - HAMArHUYNBAHHUE,

HaBCACHHOC CBCTOM

M=-8W/8H=(1/8 )5 ([E.|2- | E,|2).

IIpsiMmoii_u_oOparHbli 3¢ dexkThl Papaaess onpeaeasiiorcs
O/ITHOM M _TOW K€ BOCHPUMMYHMBOCTbIO!




HETEPMMWYECKWH CBEPXBBLICTPHIH KOHTPOJIb HAMATHUYEHHOCTH
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+ EVOLUTION OF
THE UNIVERSE
Ao Ay

Nature (London), 435 (2), 655 (2005).
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TEIVIOBOM U HETEINJIOBOM MEXAHHU3MbI BO3BY KJIEHUSA

5 | v I . ]
z-HoFeO3
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= N /\ ' XapakTtepHoe BpeMs
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TennoBou ~300 ps
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Time delay (ps)

[OnutenbHOCTb UMNysnbca
~0.1 ps!

0 200 400

600 800 1000 1200 1400

Time delay (ps)

Tennoeol = ar(c™)+ ag(c)) Hemennoegol = og(c™) - ag(cl)
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PRL 99, 167205 (2007) PHYSICAL REVIEW LETTERS 19 OCTOBER 2007

Impulsive Generation of Coherent Magnons by Linearly Polarized Light
in the Easy-Plane Antiferromagnet Fe BO;

, , 1.2 o | , 2 ~ 2 A i ! .
A.M. Kalashnikova, ™™ A. V. Kimel,” R. V. Pisarev,” V.N. Gridnev,” A. Kirilyuk,” and Th. Rasing
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FIG. 1 (color online). (a) The probe polarization rotation vs the
time delay between linearly polarized pump and probe pulses for
different values of applied magnetic field. (b) Dependence of the
oscillation frequency on the magnetic field (symbols) and the
field dependence of the FMR mode frequency (), (1).
(c) Experimental (symbols) and calculated with Eq. (6a) oscil-
lation amplitude vs the magnetic field. (d) The initial phase of
the oscillations vs the applied field.

Q, = yH(H + H,)+2H, H,

KBa3u-geppomaruuruas moaa

. y ; . \ week ending
PRL 99, 167205 (2007) PHYSICAL REVIEW LETTERS 19 OCTOBER 2007

Impulsive Generation of Coherent Magnons by Linearly Polarized Light
in the Easy-Plane Antiferromagnet Fe BO,

A.M. Kalashnikova,"* A. V. Kimel,' R.V. Pisarev,” V.N. Gridnev,” A. Kirilyuk," and Th. Rasing'
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Bsaumopeiicteue KOpOTKOro nasepHoro umnynbca
C MAarHUTHOU cpefowm

PamaHoBckoe paccegHue IlazepHbIv UMNynbC KopoYe,

Ha MarHoHax Yem nepuoa CNUHOBOWU NpeLieccun
excited S-0 | %’\, AL
virtual &\\\f‘\\\}\\\\\\\\&\\\\\\\

hw hw-Q,
g ‘ Aw >> Q)
ground 1 hQ, =
=hw1'hw2
w-Q, W

mnynbcHoe cTUMynupoBaHHoe
PAMAHOBCKOe paccedHue
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IlepeMarHnunBaHuEe TOMEHOB (3alMCh UHPOPMAIHH )
UAPKYJISIPHO-TIOISPU30BAHHBIMU JIa3€pHBIMU UMITYJIbCAMU
C JIUTEIBbHOCTRIO ~ 50 ¢

[domeH nntoc | [OomeH MI/lHyCl
Win [T
i LinpkynapHas
LinpkynsapHas " Hakayka
Hakaudka a0 o a AMOC

3

MAHYC

3anucb NnpoBeaeHa

0e3 marHuTHoro nong!

D. Stanciu et al, PRL (2007)




5L owm uonENE[r
aomef-uids ayy ueyy 1ofuof s 2jeys winuqimbavou ayy jo % oswmnapy oy papiaord apqiseaj sawoaaq Iy
jo Bumonms ayL ‘10 = (""H) _ﬁ.we__q_m@ [243] mo] Apuamoyyns v o) Py jo suone[[oso [euipnyifuof ayy ssarddns
ued )1 ‘puey Jaylo Ay} uo pue ‘e)s wnuqiinba ayy ur vuawow [eigio payouanb 2y ar0ysar jouurea 31 ‘puey
auo uo eyl Lem v yons Ul uasoyd aq ued #4 1ajoumered 2ty jer)) moys apn muawow pigio jo 4 uonowiajur
arwojeIul ) woaj JFunnsar wsmeydaw v asodord am FH_H_I% Jo suonenodny qeuondalqo asay) ssarddns
0] J2PIO UJ "2AISO[[I 2q pinom “JA] JO Sumoiims 211 2sed a1} jey) 21244 pley Adonosmue onaufew winuqipnba
a1 Pim apqeredwos anea v 0] Umop AF&—.—V Butonpal Aeanseip sy E:—.— JO suone[[Iaso fuons 0y pea] AL,
-a)ms wnuqijinba a1y ur pjuswow [Eygio-orwole jo Furyouanb ayy 10j aqisuodsal am Lay) asneoaq *Jy Jo uone)
-uarioar i) apaduu AE:_.:__HﬁI% suonEMONY [RUIPMISUO] “ISEAHUOD U] ““Jy JO UONRUILI0I 2] 10] AIrssa0ou
uonexe[alr 2omef-uids ay) Sunerafadoe sn 2019 A Pim sulds Jo Furjdnoa a1y 1o [auueya Amwjuawajddns v
apiaoad ATEIV T Eﬂ—.—% suonenonyj asiaasueld] ae)s wnuqimbauou 2 ut aFe] A1nb aq ued Wog Yorym En—._%
suonRN)oNng pue AE::v anjea ueaw v £q pazuajoreyod st " pray sy g 1uauoa1 0y ajqedes K[jenuajod Uy
pley Adomnosiue wnuqnbauou © $3LaId WINY S UL YoIgam U wnuawow [eyiquo winuqiinbauou v wnipaur
anaufew 2ty ul saonpul asqnd asuajur 2y aBe)s [entun a1y 1y csasind Jase] puodsasojwa) pazuejod Apmeinao

AQ pasned "] UONEZNIUSEW Ulds o) JO DUIo)iMs [BULIDIUOU 2] Dulquosap J0J pasodold ST [apoul w

(800Z 1290120 1¢ paysiqnd 80T 12q0I1Q | PaATda1 JdUIdSIURW PISTAAL 1QOOT ISNBNY ] PIAIINY)
pISSIY ‘TuNGsialad JIvS [ZOF6] ‘$2oUI0S Jo KwappIy upissny ‘apnJusuy ponaaf-jpaissid afoy,
pIssmy ‘BaNquLiIpYg [FO079 §2oua108 Jo Kwiappoy upissmy Jo youvag (pigy ‘so1s8yd [Py Jo amusuf,
LAJIRSI] A Y] pue eunyeq g N Uy TN

uoneznausew Jo surygayms [eando jsejenn pue 1039 Aepede] 3SI9AUI JUSISURIL]

(800T) Octrrel "8L 9 MATATI TVIISAHd



CoTpyaHHYECTBO

dTHU PAH

B. H. I'puanes, A. M. Kanaminukosa, B. B. I1aBJjos,
P. B. IIucapes, IlI. A. Ycaues

Dortmund University

M. Fiebig, D. Frohlich, St. Leute, Th. Lottermoser

Radboud University Nijmegen

A. V. Kimel, A. Kirilyuk, Th. Rasing



1. M. Fiebig, V. V. Pavlov, and R. V. Pisarev

Optical second harmonic generation as a tool for studying electronic

and magnetic structures of solids (review)

J. Opt. Soc. Amer. B 22, 96 (2005).

2. A. Kimel, A. Kirilyuk, F. Hansteen, R. V. Pisarev, and T. Rasing
Nonthermal optical control of magnetism and ultrafast laser-induced
spin dynamics in solids

J. Phys. Condens. Matter 19, 043201 (2007).









