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Abstract. The role of optical interference in magnetization- symmetry. Different types of symmetry breakdown can play
induced effects in second-harmonic generation (SHG) is role in the unique sensitivity of SHG to the structural,
studied for magnetic nanostructures. The degree of magnetlectronic and magnetic properties of surfaces, interfaces
ization-induced effects is governed by the fine-structureand nanostructures [4—6]. For example, the unusually high
parameter and is subsequently small in low-order susceptibisurfac¢interface sensitivity of the SHG probe of centro-
ities, yet enhanced at higher orders. One of the mechanisrsgmmetric materials comes about because, in the electric
of the enhancement of magnetization-induced contributiondipole approximation, SHG is forbidden in the bulk of mate-
to the SHG intensity is related to the optical interference irrials with inversion symmetry [5], but allowed at interfaces,
the far-field region of the second-harmonic fields generatedihere inversion symmetry is broken by the discontinuity of
by nonmagnetic and magnetization-induced nonlinear polaerystalline structure.

izations. The model of interference is considered for resonant Another domain of the nonlinear optics of low-dimen-
and off-resonant conditions in non-centro-symmetric mediasional systems appears as the breakdown of the structural in-
This model is used for interpretation of experimental resultversion symmetry is combined with the broken time reversal
of magnetization-induced SHG studies @b nanocrystals symmetry due to the magnetization of a magnetic material.

andGd monolayers. There are two distinct differences between magnetization-
induced and electro- induced nonlinear-optical responses.
PACS: 75.70.Ak; 75.70.Cn; 42.65 First, in contrast to a DC electric field, a DC magnetic

field, being an axial vector, does not break inversion symme-
try in centro-symmetric materials. A magnetic field breaks
The role optical interference plays in nonlinear-optical phetime reversal symmetry instead. Second, since magnetization-
nomena is well known. As an example, the optical interferinduced effects follow that of the fine-structure parameter,
ence between the spectral background and resonant contrihHey are intrinsically much smaller then electro-induced
tion to the third-order nonlinear susceptibility brings aboutphenomena. The former demands that the material struc-
a spectral shift of resonance wavelengths which is observa@ire has no inversion symmetry for the appearance of
in coherent anti-Stokes Raman spectroscopy (CARS) [1Hipole magnetization-induced susceptibilities. The latter de-
The optical interference between contributions from firstmands extremely large internal magnetic fields in mag-
order and quadratic susceptibilities stresses the appearane&ized material or the existence of mechanisms that en-
of weak absorption bands in spontaneous down-conversidfance magnetization-induced changes in nonlinear-optical
spectroscopy [2]. The latter is an example how optical intesponses.
terference can serve as an amplifier for weak nonlinear- MSHG has been one of the most intensively studied phe-
optical effects. Such an enhancement mechanism of (intrinshomena in surface and interface nonlinear optics for the last
cally) weak magnetization-induced effects in optical seconddecade. The interest in the MSHG effects can be traced back
harmonic generation (SHG) has recently received significanb the theoretical paper by Zvezdin and co-workers, published
attention [3]. in 1985, where the bulk MSHG was predicted [7]. The the-
Magnetization-induced SHG (MSHG) is a sensitive probepretical description of the MSHG surface sensitivity was first
of surfaces and interfaces of magnetized media and magarried out by Shen and co-workers [8], where they showed
netic thin films [4]. The surface sensitivity of MSHG arises that the magnetization could change the symmetry and the
from the general sensitivity of SHG to the breakdown ofstructure of the tensor of the surface nonlinear susceptibility.
The detailed calculations of the surface magnetic second-
* E-mail: mur@astral.ilc.msu.su order susceptibility were made by Hibner, Bennemann and
** E-mail: aktsip@astral.ilc.msu.su; Web: http:/kali.ilc.msu.su Pustogowa [9-12].
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Since the experimental observations of the 1988s, MSHGubsurface layeaz. It is important thatG, gives only a nu-
has been intensively studied in a variety of systems. Firsinerical factorgp, in the nonlinear polarization and does not
the nonlinear magneto-optical Kerr effect (NOMOKENd change the phase of the SH fields generated by the surface
the nonlinear-optical Faraday effect (NFE) were observed ipolarizations. In a transparent magnetic material away from
thin iron garnet films [13] andCr,O3 single crystals [14]. resonance; = /2. The bulki-th component of the SH field
Then Kirschner and co-workers [15] and Matthias and cois given by:
workers [16] observed NOMOKE from cledfg(110) and
MnPtSK{111) surfaces under UHV conditions. The relation
between the interface magnetism and SHG in multilayered.g
magnetic structures has been intensively studied by Rasir%i
and co-workers [17—20]. Recently, interest in the MSHG ef- _
fects in garnet films was rejuvenated by Pisarev, Frohlich and I w i
co—work%rs [21-23]. J g o A (i E @ B @ + €2 g™
In this paper, the role of an interference in the enhance- © w
ment of the magnetization-induced effects in SHG is con- x E{(9E{@Mn) . (3)
sidered for the case of magnetic low-dimensional structures.
The experimental studies of MSHG are carried out@Gor  wherePB(Z, 2w) is the bulk nonlinear polarizatioi@(z, ')
Cu granular films andGd-containing Langmuir-Blodgett is the Green function of the nonlinear wave equation for the
(LB) films. The interference between nonmagnetic anculk nonlinear polarizatiorp'(j(ﬁ)Bd andxj(kzlr)fd’\" are the dipole
magnetization-induced components of second-harmonic (SHjulk nonmagnetic and magnetic susceptibilities (which are
fields is considered as an “amplifier” for the magnetizationreg| guantities in a transparent media), respectivelyanis
induced changes in SH response for these structures. the phase shift between themk = 2k, — ka, is the phase
mismatch;k, and k,, are the fundamental and SH wave
vectors, respectively. For the reflection configuration of the
1 Enhancement of MSHG effects due to optical MSHG experiment (NOMOKE) the phase mismatatk| ~
interference (non-centro-symmetric magnetic medium) |k, |, and in transmission (NFENK| < |k, |. For a transpar-
ent film, theA;; are real constants.
Thus the MSHG intensity, (1), takes the form

(2w) = f Gij(z.Z)P?(Z, 2w)dZ
0

In the following, a simple phenomenological model of
MSHG effects, which takes into account an interference of
SH fields, is considered for a qualitative interpretation of ex-
perimental results. The SHG intensity in the far-field region|2w & |E2w)|? =
from a semi-infinite medium is given by

ESY2w) +i ES™M(2w, M) +iK <EBd(2a))

2

Iy o | ES(20) + EB(20)|* (1) +i EBM (20, M))

where ES(2w) and EB(2w) are the SH fields generated b @8sd__; _(2)SdM . (2Bd

surface and bulk nonlinear polarizations, respgctively. In agy- (X ‘(X”k g M+ TG g

rotropic medium they contain nonmagnetic (crystallographic) 2

and magnetization-induced components. In the following, - Kjj X,%ZEdMMm> S S (4)
only components of the quadratic susceptibijty that pos-

sess odd parity with respect to magnetizatidn i.e. that

change their sign under the inversionf will be consid- whereKj; are real constants for a transparent film.
ered;xi(jﬁl)M(M) — _Xigil)M(_M)_ Thei-th component of the It is readily seen from (4) that at off-resonancegas=
SH field generated by the surfadgS(2w), is given by @2 = /2, i.e. odd magnetization changes in the SHG in-

tensity and phase are determined by the interference of the

s scr M , magnetization-induced SH fields and those independent from
EP2w) o [ (PP¥(20) + PPM(20, M) Godz magngtéﬁatiggdﬁnd are deschrLbegi Sb Msurface—bulk cross-terms
Az _ like Xi(jk) Xj(kIZn Mm andxl—(k|) Xiﬁkl) M;. N
o Xiﬁi)SdEJ?) EQ +é Xi(jﬁl)SdME]fv ECM, @) Under pre-resonant or resonant conditions such;ag

/2 andy, # /2, a number of nonmagnefimagnetization-
where PS%(2w) and PSM(20, M) are theith components induced cross-terms of the SH fields can appear in (4). In
| i )

of the surface nonmagnetic and magnetization-induced nofiS case the SH fields from the non-centro-symmetric bulk
(2)s (2)SdM of the film are supposed to be the main contribution to SHG

linear polarizations, respectively;:’~" and x; are the . . o -
P P Yijk Xijd dntensity, and the largest contribution to odd magnetization

dipole surface, nonmagnetic and magnetic susceptibilities, r :
spectively, and; is the phase shift between the is the C?S‘Q(ge(%BodLme SHG response are described by the term

component of the fundamental fiel@; is the Green function  Xjk  Xii

for the surface nonlinear sources; the integration is over the It 1S worth noting that MSHG effects have been consid-
ered in semi-infinite magnetic media. For films of finite thick-
1The description of NOMOKE introduced in recent papers is somewhalness or for partides of finite size, the tensor elem@(ﬂtand
misleading since it could be related to the nonlinear dependence of atl1<ii in (3) and (4) Sh.O.UId be complex.T_hls will bring about the
angle of the linear magneto-optical Kerr rotation on the magnitude of a DcPPearance of additional cross-terms in (4), both at a resonant

magnetic field. and off-resonant fundamental wavelength.
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2 Experimental set-up
2004 —~ E
In MSHG studies the output of a Q-switched YAGE laser 150 é /
at 1064 nmis used as a fundamental radiation with a pulse %
duration of15ns a repetition rate ofi2.5Hz, and a pulse 1 & §
intensity of aboutl MW/cm?. The SHG radiation reflected I 50 2 /
from the samples at an angle 4%° is filtered out from the | o Co concentration X

spectral background by a double monochromator or bandg
pass filters, and detected by a PMT and gated electronics. =
For the characterization of nonlinear magneto-opticaf
properties of low-dimensional magnetic structures we meas<
ure SHG anisotropy (dependence of the SHG intensity on are:
azimuthal angle) and the magnetization-induced phase shiff:
of the SH wave (MSHG interferometry), and polarization di- =
agrams (dependence of the MSHG intensity on an analyzel
angle) for two opposite directions of a DC-magnetic field..2
The MSHG interferometry [24] is performed in the conven-O
tional “single-beam” scheme. In this method, the SHG signaF:
of interfering SH waves from the reference and the sampl
is measured as a function of the positiorof the reference

60 0

=3

02 03 04 05 06
Q

for the two opposite directions of the DC-magnetic field. = . . : . .
A 50-nm-thick SnQ; film serves as a source of the coherent 0 60 120 180 240 300 360
SH response (reference). The coherence of the SHG response Azimuthal angle (deg.)

from the sample is characterized by the mutual coherence

of the interfering SH waves (Q o < 1). Fig.1. The azimuthal angular dependencies of the SHG intensity for

Coy.42CUp 58 granular magnetic films fop-in/ p-out (1), s-in/s-out (2) and
p-in/s-out (3) polarization combinations. Inset: dependence of phe
SHG intensity maximum on the relativ€o concentration inCoxCuy_x

3 MSHG studies of Co-Cu granular films granular films

3.1 Sample preparation and characterization
pattern is observed fgp-in/ p-out polarization combination.

MagneticCo,Cuy_ granular films of abot200 nmthickness ~ Such SHG anisotropy can be attributed to the existence of
were prepared by the co-deposition@b andCuin a dual & polar axis in the symmetry elements of the film struc-
electron-beam evaporator at the residual pressut@dfpa  ture, tilted with respect to the normal to the film surface.
on a glass substrates. The deposition ratemivas kept con-  The origin of such a structure can be a regular deviation of
stant ai0.05 nnys, while the deposition rate @uwas varied the particle shape from centrosymmetric. As a consequence,
from 0.05 to2 nmysto produce films of various compositions. the appearance of the polar axis in the topmost arragaf
The Co,Cuy_x films (x = 0.09, 0.19, 0.42, 0.51, 0.56) were nanocrystals can be caused by a predominant regular asym-
annealed a200 K for 30 min metry of the film—vacuum interface due to the co-deposition

The structure of the films was characterized by X-rayduring the film processing. This should lead to the appear-
diffraction, electron diffraction and scanning tunneling mi-ance of a coherent (regular) dipole-type contribution to the
croscopy (STM). The X-ray diffraction patterns show that thehonlinear polarization from the topmost layer of the array of
Co,Cuy_y films consist of a metastable solid solution with NoN-centro-symmetriCo granules.
fcc crystalline structure. The diffraction patterns show that  The inset in Fig. 1 shows the dependence of the max-
the mean crystallite size 6fogranules ranges froB0 nmto ~ imum of thep-in/p-out SHG intensity. The SHG signal from
40 nmas theCo concentration varies from 0.09 to 0.56. The the Co-free Cufilm is much smaller than the signal from the
STM measurements carried out in air reveal irregular shag.09Clox film. The Co concentration dependence of the

distortion from the spheroidal form for the topmost granulesSHG intensity, which is close to quadratic, indicates a regu-
at the film—air interface. lar contribution from the array dfo nanocrystals probed by

SHG. Otherwise, this dependence is expected to be linear as
in the case of incoherent SHG (hyper-Rayleigh scattering).

3.2 Azimuthal SHG anisotropy ardo concentration

dependence of SHG frof@o,Cuy_x granular films ) .
3.3 NOMOKE inCo-Cu granular films

The structure of the surface layer of tkCu_x granu-

lar films was studied by measuring the azimuthal anisotropyPolar, transverse and longitudinal NOMOKE is studied and
of the SHG intensity. Figure 1 shows such dependences f@wompared with the results of spectroscopic measurements
three polarization combinations of the fundamental and Stéf magnetic optical Kerr effect (MOKE). For the transver-
waves. The sufficient two-fold and four-fold symmetry of the sal magnetization MOKE is characterized by the magnetic
SHG anisotropy is found for the-in/s-out and p-in/s-out  contrast, p, = (I,(M™) —1,(M™))/((1,(MT) + 1,(M™)),
polarization combinations, respectively. The four-fold sym-wherel,(M™*) andl,(M™) are the intensities of the reflected
metry of the SHG anisotropy combined with a strong one-foldight for the two opposing directions of the magnetization.
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The AC magnetic field amplitude in the MOKE measure- — T T T T T T T
ments was 3.0 kOe at a frequency 8 Hz Transverse _
MOKE for the Co,Cuy_x films was measured in the energy g | ° ' N
range ofl.2-3.6 eV. The inset in Fig. 2 shows the concentra- = ‘ =0.04
tion dependence of the MOKE magnetic contrast.a? eV =~ 5 4| .
and2.34 eV. =
In the NOMOKE studies, a DC magnetic field up to &
1kOe is applied. The magnetization-induced changes in, 3 | .
the SHG intensity, which possess odd parity with respect=
to magnetization, are characterized by magnetic contrasty |
020 = [l2w(MT) = I2,(MT)1/[12,(M*) + 12,(M7)], where = 2| .
l2,(MT) andl,,(M™) are the SHG intensities for the two op- 2
posing directions of magnetization. The magnetic contrast of=
transverse NOMOKE is measured fGny 42Cug s granular — 1k ]

9}
)
1

films at a50° angle of incidence and is found to be approxi- Phase shift ~

mately4 x 102, The analogous MOKE contrast measured at [ about 0.5cm;: A =1064 nm 1
the wavelength§32 nmand1064 nmis approximatehi0—2. @ oL v . il
Therefore, the magnitude of transverse NOMOKE is about 0 3 6 9 12 15

40 times larger than that of the transverse MOKE. Similar Reference Position d (cm)

NOMOKE enhancement, with respect to MOKE, is obtained_. . .
for the films of various compositions Fig.3. The dependence of MSHG intensity on the reference pos-

. N . . ition (MSHG interference pattern) for the transverse NOMOKE in the
Figure 2 shows the polarization SHG diagrams, i.e. th&q, ,,Cuss film for the two directions of magnetization

dependences of the SHG intensity on the angular position
of the analyzer, for polar NOMOKE in &0y.42Cugsg film.
The angle of Kerr rotation of the SH wave polarization is ap- The magnetization-induced phase shift of the SH wave
proximately7°, whereas for polar MOKE, the correspondingin the Co-Cu granular films is measured for the transverse
rotation angles at the fundamental and SH wavelengths apfOMOKE. Figure 3 shows the dependence of the MSHG in-
pear to be at least an order of magnitude smaller. Thus, botknsity on the reference position forGog 42Cugsg film. It
polar and transverse NOMOKE exceed the linear analoguesn be seen that the factor of mutual coherence of interfer-
by more than an order of magnitude. ing SH waves from the sample and the referesads close
to unity, which indicates, first, that the SH wave generated
by the array of theCo nanocrystals is sufficiently coherent
T T T T T (regular), and, second, that there is mutual coherence between
1 the nonmagnetic and magnetic contributions to the total SH
Py (2:34 V) field. The magnetization-induced shift of the interference pat-
/- terns in Fig. 3 is approximately 0.5 cm, which corresponds to

approximately8° in the phase domain.

11 P (117 eV)/I- 3.4 Interference mechanism of NOMOKEQwo-Cu
—— granular films
24 Co concentration X' L
300 o 0 o oS In accordance with the phenomenological model described in
Sect. 1, large changes in the SHG intensity that possess odd
parity with respect to magnetization can be expected because
of the interference between the dipole-like nonmagnetic and
(intrinsically small) magnetization-induced SH fields. This
requires the simultaneous break-down of the structural inver-
sion symmetry of the sample and the time-reversal symmetry.
First, break-down of the time-reversal symmetryGo
nanocrystals takes place as a result of the magnetization. Sec-
ond, at least two mechanisms can be responsible for the ap-
pearance of the dipole susceptibiligf?’® in metal nanocrys-
tals. The first one is the surface dipoté)Sd, which stems
from the lack of inversion symmetry at the surfaces and inter-
. . . . faces of centrosymmetric media [5]. The second mechanism
0 60 120 180 240 300 360 of the bulk dipolex®®d in metallic nanocrystals is related
Analyzer Angle (deg.) to the breaking of inversion symmetry in particles with non-

. . . centro-symmetric geometrical shape [25]. The deviation of

Fig.2. The dependence of the MSHG intensity on the analyzer angl

(MSHG polarization diagram) for polar NOMOKE of @0y 45Cuo 5g film Ghe particle shape from a centro-symmetric (spheroidal) shape

. . . . 2 Bd .
for the two directions of magnetization. Ins€o concentration dependence Violates the rule fo'rblddmg. the dipolg?Bd in nanocrYStals )
of the MOKE magnetic contrast at the fundamental and SH wavelengths Of centro-symmetric materials. Both these mechanisms give

SHG Intensity (arb. un.)




rise to a dipole quadratic susceptibility @b nanocrystals in
granular films. The mutual coherence of the nonlinear con
tributions from the nonmagnetic and magnetic sub-system
of the metallicCo nanocrystals obtained by the MSHG inter-
ferometry also indicates the existence of the regul&@f in
CoCu_x granular films. In principle, one can expect inco-
herent SHG (hyper-Rayleigh scattering) from an arragof
nanocrystals with shape distortion. However, the MSHG in-
terference patterns show the regular (coherent) magnetic S
contribution. This magnetic contribution, attributed to the ex-
ternal magnetic field, is coherent with the nonmagnetic non
linear polarization.

Thus, the model of MSHG described in Sect. 1 can be
applied toCo-Cu granular films because of a simultaneous
break-down of inversion and time-reversal symmetnCim
nanocrystals. The interference cross-terms can be significa
in the MSHG intensity fron€o-Cu granular films because of
the appearance gf?59 and x?Bd in metallic nanocrystals
and because of resonant conditions in met&articles of
finite size.

4 MSHG in magnetic Gd-containing Langmuir—Blodgett
films

4.1 Film preparation and characterization

The LB films are deposited on fused quartz substrates by tt
Langmuir—Blodgett technique. Figure 4a shows a schemat
view of LB films deposition. A solution of stearic acid in
chloroform spread on the water surface is used. Gdeac-
etate of the concentratighx 10~*M is dissolved in water,
which results in the adsorption @&d** ions from the water
solution on the solid stearic acid Langmuir monolayer. Thig
method gives th&d-containing LB films with a structural
unit (SU) composed by the monolayer G ions situated
between two monolayers of stearic acid molecules (Fig. 4a
Films composed of 40 structural units are studied. The are
perGdion in the monolayer is approximatelp A2.

Figure 4b shows the glancing-angle X-ray diffraction pat-
tern obtained foiGd-containing LB films with 10 structural
units from the same set of the samples. This diffraction pat

tern demonstrates a well-defined layered periodic structure c;

Gd ions with the period of approximateB0A. The angu-
lar width of the diffraction peaks¥ 0.1°) yields a coherence
length of the order of hundreds of nanometers.

4.2 General properties of SHG radiation i@d-containing
LB films

SHG fromGd-containing LB films is attributed to the pres-
ence of gadolinium ions aridr gadolinium-stearic acid
organo-metallic complexes in the LB film structural unit.
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Fig. 4a,b. Schematic of the LB technique with vertical lift and the com-
position of the structural unit of th&d-containing LB films &); X-ray
diffraction pattern forGd-containing LB film consisting of 10 structural
units ()

4.3 NOMOKE studies irsd-containing LB films

Magnetization-induced effects in SHG fro@®d-containing
LB films are studied by MSHG interferometry and MSHG
polarization diagrams. Figure 5 shows the SH polarization

This stems from the fact that the SHG intensity from bothdiagrams measured for the magnetic field4ef kOe and

the quartz substrate and LB films Gfd-free stearic acid is
found to be negligibly small. The SHG radiation is shown to

for the s-polarized fundamental radiation. The angle of the
magnetization-induced rotation of the SH wave polariza-

be strongly diffuse, i.e. apart from the SHG response in th&on is approximately12°. In comparison with characteristic
specular direction, a significant part of the SHG signal is scatvalues of MOKE rotation foGd single crystals, NOMOKE
tered in the nonspecular direction. No distinct anisotropy oexceeds MOKE parameters by approximately two orders of
the SHG response is observed, whereas there is a sufficiemagnitude.

s-polarized SHG response which is forbidden for a homoge
neous isotropic media. This is typical for incoherent SHG or
in other words, hyper-Rayleigh scattering (HRS).

Figure 6 shows the MSHG interferometry patterns meas-
ured for the longitudinal NOMOKE for thein/s-out andp-
in/ p-out polarization combinations. The SHG interferomet-
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Fig. 5. The MSHG polarization diagrams for longitudinal NOMOKE in the : o o M) o
Gd-containing LB film consisting of 40 structural units for opposite direc- . © o B%R o
tions of magnetization f
]
S 40t
ric pattern for thes-in/s-out polarization combination shows 2
the partial interference of the SH waves from the reference £
and the sample. The change of sign of an applied DC mag- ¢
netic field leads to the shift of the interferometric pattern of =
approximatelyl15. For the p-in/ p-out polarization combi- C 20
nation no changes in interference patterns are observed underi
the inversion of a DC magnetic field, while the partial coher- 5
ence remains for the SH response from the LB films. )
0 1 L 1 L 1 L 1
4.4 Interference mechanism of MSHG in Gd-containing LB 15 20 25 30

Reference Position(cem)
Fig. 6a,b. The MSHG interference patterns for the longitudinal NOMOKE
It is shown in Sect. 4.2 that SHG and MSHG responses frorim the Gd-containing LB films consisting of 40 structural units for oppo-
Gd-containing LB films is attributed to the presence®d site directions of magnetizatiors-in/s-out polarization combinational;
ions anglor their aggregates. X-ray diffraction reveals a per-Pn/P-out polarization combinatiorbj
fect multilayer periodic structure of LB films which indicates
that Gd ions are combined in flat two-dimensional layers.
At the same time, a diffuseness and depolarization of SH®y the presence of gadolinium 2D islands with an in-plane
indicates that the distribution of the nonlinear sources is innon-centro-symmetric geometrical shape.
homogeneous. This inhomogeneity can result from spatial The large angle of magnetization-induced rotation of the
fluctuations of the random distribution &fd ions within LB~ SH wave polarization and the large magnetization-induced
structural units and should be attributed to an in-plane inhovariations of the SH wave phase indicate a strong coupling
mogeneity ofGd monolayers. This in-plane inhomogeneity between nonlinear optical and magnetic properties of the film.
appears as th&d ions are combined within a monolayer in In accordance with the model in Sect. 1, this can take place
2D islands. Such a construction of a LB film should pos-as the magnetic film possessesmmagneti@lectric-dipole
sess a dipole quadratic susceptibility to reveal magnetizatiorsusceptibility. In this case, optical interference between-
induced effects in SHG. By analogy wi@o granules, shape- magneticandmagnetization-inducedonlinear polarizations
distortion mechanism of the dipole quadratic susceptibilityeads to an enhancement of magnetization- induced effects in
can be supposed for these Z& islands with non-centro- SHG.
symmetric geometrical shape. At the same time, individual
Gdion in a structural unit of LB films (Fig. 4a) is supposed
to be centro-symmetric and thus a noticeable dipole nons5 Conclusions
linearity and, as a consequence, noticeable contribution to
magnetization-induced effects is hardly expected. Thus, th€he structural and magnetic properties of magneiic
electric-dipole susceptibility of such a structure can be causetianocrystals imbedded in th@u matrix have been studied

films
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by means of magnetization-induced SHG. The symmetrReferences

of the azimuthal SHG anisotropy and the MSHG inter-
ferometry shows the existence of the regular bulk dipole ;
contribution to the quadratic polarization of individu@b
granules. This dipole second-order susceptibility of metal- 2.
lic granules results from the non-centro-symmetric granule
shape. A significant nonlinear magneto-optical Kerr effect ~
is observed in SHG fronCo-Cu granular films. The en- 4
hancement of magnetic effects is attributed to the cross-s.
terms in the MSHG intensity stemming from optical in-
terference in the far-field region of the nonmagnetic and 6
magnetization-induced nonlinear contributions to tBE 7
field.

The structural and magnetic properties of Langmuir— s.
Blodgett films containingGd monolayers are studied by 9.
means of MSHG. The combination of X-ray diffraction
with nonlinear optical studies shows that, on the one hand;
Gd-containing LB films possess a perfectly layered struc-11.
ture ordered in a direction normal to the film surface. On
the other hand, the structural unit of LB films is com- 12
posed by an inhomogeneous layer Gfl ions squeezed
between two monolayers of stearic acid molecules. Within
the single structural unitGd ions are assembled in 2D
islands with random non-centro-symmetrical shape. A sig-14.
nificant nonlinear magneto-optical Kerr effect, which man-
ifests itself in magnetization-induced changes of the polar-
ization and phase of the second-harmonic wave and SHGg
intensity, is observed. The mechanism of NOMOKE is 17.
interpreted in terms of optical interference between SH
fields from the dipole nonlinear polarization of the elec- 18
tronic subsystem of non-centro-symmet@a islands and
magnetization-induced nonlinear contribution of their spin

subsystem. 20.
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