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Photoinduced instability of the magnetic structure of hexagonal ScMn@
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A modification of the magnetic structure was observed in hexagonal antiferromagnetic $cido®trans-
mission of an intense near-infrared light pulse. Photomagnetic effects lead to a rotation of the magnetic
moments inside the basal plane of the Virattice for which the presence of a weak ferromagnetic moment
along the hexagonal axis of our single crystals could not be confirmed. Further, movement of antiferromagnetic
domain walls and the creation of new walls were observed. The effects exhibit a distinct dependence on the
linear polarization of the incident light while circular photomagnetic effects were not detected. This is ex-
plained by a photoinduced modification of the magnetic anisotropy.
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The hexagonal manganité&dnO; (R=Sc, Y, In, Ho— tice consists of basaty planes in which an antiferromag-
Lu) are an interesting group of compounds due to an unusualetic 120° arrangement of MA spins breaks the geometric
combination of electric and magnetic properties. The comirustration of the hexagonal lattié€. The Mr?* planes are
pounds are ferroelectfiand show additional magnetic or- stacked along the hexagonalaxis with a weak antiferro-
dering of the MA* and, in some cases, tiR®* sublattices magnetic(a type?) coupling between neighboring plarés
all of which are geometrically frustratéd. The multifold ~ as shown in the inset of Fig. 1. In spite of strong antiferro-
ordering and the high degree of correlation between the difmagnetic coupling within the basal plane the in-plane anisot-
ferent sublattices lead to rich phase diagrams with a possiopy is small and unstable against a variation of temperature
bility for hidden phase transitiofsind a general instability or application of a magnetic field. Therefore, the anglgi,
of the magnetic structure. A coexistence of different mag4ncluded between the Mi spin and thex axis (the axis
netic phases? orientational magnetic phase transitidts,
and the possibility to control the lateral dimension of antifer- Temperature (K)
romagnetic domains within a range spanning two orders of 0 20 40 60 80 100 120 140
magnitudé manifest the magnetic instability. Due to the L R T B R A
competition between different magnetic phases, the magnetic Ospin
structure is quite sensitive to a variation of external param-
eters. Magnetic phase control is exerted by an application of
moderate magnetic field€ whereas the topography of the
antiferromagnetic domain structure can be controlled by
proper temperature annealingabove the ordering (a)
temperaturé. Due to a correlation between the long-range 0 b bty
electric and magnetic ordering, the magnetic domain struc- o0 J) ’IO Pspin (°) 90
ture can also be influenced by the application of electric I i
fields? which is an interesting property for technical
applications'®** With its high sensitivity to static electric
and magnetic fields, a modification of the magnetic order of Ex, ®
this highly correlated system may also be expected from the 3 60 - @
dynamic electromagnetic fields of an incident light wave. 50 If. (b)
However, whereas such a coupling is well known from the e L L |
orthorhombic “colossal magnetoresistive” manganites, it has 0 30 60 90 120< >
not yet been observed for the hexagoRMNnO; system. Temperature (K) 2mm

In this paper, we investigate the influence of an intense FIG. 1. Instability of the magnetic structure of hexagonal

light f|e(ljd ond_;het_mag?et;[]lc strtl_chture of S(t:.MglodA pr(')t-h ScMnG;. (a) SH intensity at 2.44 eV as function of temperature.
nounced moaification of the antiierromagnetic order with an su 4 I denote thex andy polarized component of the SH

unusual dependence Pn_the polgrization of the incide_nt Iighiﬁtensity emitted from a confined region of the samplédn The
W‘_"‘\/e_'s obse.rve(.j. Th'.s is explained by .phOt‘?magnet'.C COUfset shows the antiferromagnetic structure in the basal plane with
pling in combination with a small magnetic anisotropy in the open(closed circles denoting Mn spins = 0(z=c/2) in the unit
easy plane of the compound. cell. (b) Averaged orientation of the Mn spin in the unit cell of the

All the hexagonal compounds from tRMnO; series are  sample in(c) with ®spin @s defined in(@). (c) Spatial distribution of
ferroelectric at room temperature, the space group beinghe local value ofpgpin at 1.5 K. Note that values 62 ggy,=<90°
P6scm.* At 70— 130 K magnetic ordering of the Mii sub-  contribute to the average valdeqy) =49° in (b). The white line
lattice occurs in all compounds but InMgOThe MrE* lat- in panel(c) marks the integration area for Fig. 3.

SH intensity
~»
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! LI UL L T R tion pattern shown as inset in Fig. 2. It displays a sixfold
E=1.20eV symmetry with well-focused reflexes, which points to a well
T = 6 K & oriented (<0.1° sample free of stacking faults, twinning,
and other gross growth errors. Light pulsesiai=1.22 eV
from an optical parametric oscillat@8 mJ, 3 ns, repetition
rate 10-40 Hz) were used to photoexcite the samples which
are transparent below 1.34 eV. Second harmonic generation
(SHG) at 2hw=2.44 eV allows us to monitor the effect of the
excitation on the magnetic structure of the sampWave
plates and optical and polarizing filters were used to set the
polarization of the incoming light, separate the SH light and
the transmitted fundamental light behind the sample, and
analyze the polarization of the SH signal. A telephoto lens
with a resolution of 10um was used to project the signal
S, , light onto a cooled CCD camefa.In those cases where a
5 -4 -3 2 4 0 magnetic field was applied to the samples, the resulting Far-
Magnetic field (T) aday rotation was determined directly from the polarization
of the light transmitted through the samples, which was de-
FIG. 2. Faraday rotation of the ScMg@ample shown in Fig. tected with a photodiode.
1(c) as function of a static magnetic field applied along zrexis. The investigation of noncentrosymmetric magnetocrystal-
Closed and open circles show the rotation measured in field increa$ine structures by SHG is based on the relation between the
ing and decreasing runs, respectively. The inset shows an x-rajpduced nonlinear polarizatioR;(2w) and the electric field
transmission pattern of the sample with the asterisk indicating theomponentsE;(w) andEy(w) of the fundamental light
directions of the threa axes.
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Pi(2w) = €oxijkEj(w)Ex(w). ()]
perpendicular to the glide plang)'® can assume arbitrary The tensor componentg;, are induced by crystallographic
values in thexy plane. or magnetic ordering in the sample. They are unarbitrarily

Among the hexagonal manganites, the properties ofelated to the corresponding space symmetry and can be
INMnO; and ScMnQ stand forth. INMnQ does not show identified esxperimentally by measuring the intensity of the
long-range magnetic ordering due to the large distance beSH signall '(2w)=|P;(2w)|? for various directions and po-
tween neighboring Mi" planes alongz. ScMnQ,, on the  larizations of the incident and emitted light. Knowing a se-
other hand, possesses the smallest distance among the hé8&ted set of tensor elemenys is often sufficient to draw
agonal RMnO; compound$* The Nel temperature of conclusions on the magnetic structure of a compound. In the
ScMnO, is 50-90% higher than that of the othBMnOs, hexagonal manganites, most convenient access to the mag-

compounds. Further, measurements of the temperature dg@tic structure is achieved with light incident along the hex-
pendence of the magnetic susceptibility and the specific he£J0Nalz axis, T_lnce N trr]ns conflgllljratlonhall the tensordcom—
of ScMnQ; deviate from those of othdRMnO; compounds ponents coupling to_the crystallographic structure do not
. o L 3 =" contribute to SHG. The only independent components for
in that a distinct sensitivity of the M sublattice to an

: o . . K|z are x4« and xy,, for antiferromagnetic couplinga
externally applied magnetic field with large entropy contri- type betvcé)én neigyhygoring Mii planes. Note that in the

butions from the magnetic subsystem beld is ob- ¢age of ferromagnetic couplirig type) SH contributions are
served?'>® These results suggest that ScMn@lays a ot allowed so that any observation of a SH signal Kbz
prominent role as end compound of tRMnO; series(op-  jmmediately rules out the possibility for ferromagnetic inter-
posite of INnMnQ) in which many of the effects guiding the plane coupling. According to Refs. 6 and 9, the polarization
magnetic properties of this series are enhanced. Moreovesf the emitted SH wave is directly correlated to the orienta-
the case of ScMn@polarizes the ongoing discussion abouttion of the Mr** spins in the basal plane and thus, to the
the magnetic structure of hexagor@MnO;, because for value of ¢4y, as shown in the inset of Fig(d). One finds
this system many different types of crystallographic and SHy 1 SH
magnetic ordering were reported which are not compatible tarf ospin= (@) 111y )
with each other. In particular, several authors report the obwith 13| y,.|? and|§*”oc|nyy|2 asx andy polarized con-
servation of spin canting or a weak ferromagnetictribution to the total SH intensity after excitation with light
moment’~'° which is incompatible with antiferromagnetic polarized along either the or they axes® The factoré&(w)
coupling between the basal Mn planes. Due to the key rolelepends on the photon energy and compensates the differ-
ScMnQ; apparently assumes in the series of hexagonal marence in magnitude of,y and xyy, at the end valuegg,
ganites we restrict ourselves to the investigation of this com=0° and 90°.
pound in the following. Figure 1 shows the intensity of the SH signal emitted
In the experiment polished flux-growfD00]) single- from a ScMnQ sample as function of temperature and po-
crystal platelets of ScMnpwith thicknesses of about 0.1 larization, and the orientation of the N spins in the basal
mm and lateral dimensions of 1-3 mm were uedhe plane derived from this measurement by use of @y. The
samples were x rayed prior to the experiment. With x raysSH signal in Fig. {a) was gained with fundamentglpolar-
perpendicular to the sample surface one obtains the diffradzed light incident along the hexagonahxis of the crystal.
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The two graphs correspond to tk@ndy components of the os5F " T " T T " ™ a3
emitted SH intensity. The data points are gained by integrat- ¢ ¢, @ 7'y
. . . . 1 L IR 2 Ay
ing the signal from a fixed region on the homogeneously *Te ‘:“ ST |
illuminated sample. In the temperature randgg>T

*
<
L J

z 20F -136

>55 K, the SH light isx polarized so that" vanishes. & . ot N
Below 55 K, however, the polarization of the SH light devi- g = . 9'5
ates from thex axis. 17" starts to increase whilg}" is more 3 . [ . & 130 v
and more attenuated until at 15 K the two contributions are ' £ T4z
of approximately equal intensity. * > ]

Using Eq.(2) the averaged valugps,iy Was determined . o : Jas

? . . . 1.0F Time —

as function of temperature in Fig(d). Contrary to Fig. 1a), L . ' . L . L L
the SH signal was now integrated across the complete area ¢ 0 Ph1oton dengity (1 021?sz) 4
the sample platelet so thaps,y denotes the average spin
angle of the sample. In agreement with Figal the FIG. 3. Ratiol /I3 of they and x polarized contributions to

ScMnQ; sample shows a gradual decreasq@gpw from the SH intensity 16 K as function of the densityn of incidenty
90° at 70 K to 49° at 1.5 K. The spin rotation does notPolarized photons with 1.22 eV photon energy and fx 3.6
proceed at a constant rate, so that a kink is observed in thg10" cm ?s™* (F=dn/dt). The right axis shows the associated
plots in Figs. 1a) and Xb) when the rotation stagnates near Y&ue of the average spin anglegy. The SH light was emitted

40 K. The slow unsteady rotation which stops at some interfrom the framed region of the ScMrGample in Fig. o). At the

diat | t h t ints t Ijjashed line, the photon flux was blocked for several minutes. The
mediate angié at fow temperaturé points 1o a Very Smal,qer shows the temporal evolutionlgf! and!I " over a time scale

anisotropy in the basal plane. This is confirmed by the spaas more than 1 h for repeated switching of the polarization of the
tially resolved image of the spin angle in FiglcL which  jycigent light between andy as indicated in the figure.
reveals that the average value(gf,y =49° at 1.5 K in Fig.

1(b) is in fact made up from local variations ¢f;, between , .
0° and 90°. those magnetic space groups which allow the presence of
The small easy-plane anisotropy distinguishes ch/moweak ferromagne.tls.m, a SH S|gqal for light incident along
clearly from hexagonaRMnO; compounds where due to a the hexagonal axis is strictly forbidden.
large anisotropy a spin reorientation beldw, is not ob- ~__ Figure 2 shows the Faraday rotation of the sample from
served. Even in those compounds which exhibit magneti€i9- 1(c) as function of a static magnetic field applied along
phase transitions beloWy, these transitions are usually de- the hexagonal axis. Faraday rotation couples linearly to an
termined by intrinsic changes of parameters, which, e.g., itPPlied magnetic field or an intrinsic magnetization and is
the case of HoMn@leads to a magnetic reorientation occur- therefore a suitable sensor for the detection of a spontaneous
ing across a very narrow temperature range with an abrugtl imposed magnetic ordénn Fig. 2 the rotation increases
switching of ¢, between the two end values 0° and 90°. mllnearly with the applied field, an_d in fleld.decreasmg runs,
ScMnGy howgver the observed phase transition is domi{PO" field reversal, or after excitation with a strong laser
nated by extrinsic effects such as small variations of the stoPU!S€ a hysteresis as, e.g,, in Ref. 19 or other deviations from
ichiometry during sample growth or strain induced by theth€ linear dependence in Fig. 2 are not observed. The pres-
preparation process. Therefore, it is the only compound iffNce of_a weak ferromagnetic magnetization alongzthris
which an arbitrary orientation of the Mh spins in the easy "M OUr single-crystal samp.IeSsH Cgﬂ therefore be excluded.
plane is observed in an extended temperature interval. The Figure 3 shows the ratig,"/1,™ for the ScMnQ sample

magnetic instability of the hexagonBMnO; system in the N Fig. 1(c) for a 600 um wide region in the center of the
basal plane is thus most pronounced in ScNn@hich sample. The ratio is shown as function of the photon density

makes it particularly suitable for an investigation of light- N Which is defined by the number of photons irradiated onto

induced effects withpy;, playing the role as sensor for the a unit a_rea_of the homogeneously illuminated s_am_ple. The
perturbation. time derivative ofn leads to the photon fluk of the incident
Concerning the magnetic stability of the ScMp&ystem laser light. The initial state for the experiment was prepared
perpendicular to the basal plane, a weak ferromagnetic confly @nnealing the sample by illumination with polarized
ponent along the hexagonal axis was reported for polycrysight at 1.22 eV. The valua=0 is defined by the moment
talline ScMnQ samples by various authots:X® However, when the polarization of the incident light was switched by

weak ferromagnetism is in disagreement with both Figs. 120° fromx to y. Although a change of polarization of the
and 2. The selection rules for SHG which follow from the fundamental wave does not change polgrlzatlor) and intensity
polarization dependence of the signal in Fig. 1 inevitably©f th€ SH wave for constanggy,, @ continuous increase of

i : : : qurel S1SH is observed. Ang=2x 107! cm 2, the ratio satu-
point to the spin structure shown as an inset in the figurely ’'x - Allo~ o
The symmetry of this structure is given by the space grougates at 235% of its initial value. This corresponds to a
P65cm, P63, or P6;cm depending on the value @fy,,be-  change of ey in the observed region froip gy =45° at
ing 0°, between 0° and 90°, or 90°, respectively. In none oh=0 to(¢giH=34° atn=n,. The inset of Fig. 3 show$H
these space groups a weak ferromagnetic component perpeand | 3™, that is, the raw data for the calculation @bspiny»
dicular to the basal plane is allowed. On the other hand, fomonitored over a time interval of more than 1 h. Repeated
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While the position of the straight walls is insensitive to the
polarization of the incident laser light, curved walls are
moved, removed, or newly created whenever the polarization
of the incident light is exchanged betwerm@ndy. There is

a clear correlation between the polarization of the incident
light and the resulting domain structure since for either po-
larization a characteristic distribution of domains is repro-
duced with only small alterations even after repeated switch-
ing of the polarization betweenandy. For example, the two
domain walls marked by an arrow in Fig.d} are created by
the irradiation ofy polarized incident light. They vanish
when the polarization is changed 10 and they reappear
when it is reverted tg.

If circularly polarized light is used for the excitation of
the sample, an intermediate spin angle betwgglfi) and
(<p’5“p'i",> is assumed by the sample. This angle as well as the
antiferromagnetic domain structure appears to be indepen-
dent of the circular polarization being, or o_ .

Photomagnetic effects, that is, photoinduced changes of

FIG. 4. Antiferromagnetic domain structure of a ScMnO f[he magne.tic properties of maFeriaIs have alreg(jy been stud-
sample at 1.5 K upon illumination with linearly polarized light of ied m, a wide range of matena?%.C.omr'non' origins for a
flux F=3.6x107 em 25! at 1.22 eV The domain structure is Photoinduced change of the magnetization include transfer of
visualized by the generated SH light with narrow dark lines corre-{N® magnetic moment of the photon spin to the material,
sponding to the walls between neighboring domains. Images ~ trapping of photoexcited carriers into a “ferron” state which
(d) were exposed in this sequence after being subjected to a photdin modify the exchange interaction locéffy;’ the forma-
densityn>2x 102! cn prior to each exposure. The polarization of tion of Frenkel excitons which modify the magnetic ex-
the incident fundamental light is denoted By The polarization of ~change and anisotroﬁ%, and the reduction of symmetry
the SH light passing the analyzer included 30° with xhaxis in by the plane of polarization of the incident light which leads
order to achieve a homogeneous distribution of the brightness of th® contributions to the total magnetizatithApart from
sample for all values obgpyipn. these single-electron effects, photoinduced insulator-metal

transitions may occur due to a shift of the balance between
SWitChing of the polarization of the incident ||ght between Charge-|oca|izing and Charge-de|oca|izing effects in many-
andy leads to a repeated drastic change of the SH intensitiegiectron systems such as the colossal magnetoresistive
which corroborates that the observed switching of thé Vin mar]gamteg'f_’v26 Even if the magnetic order of a compound is
spins is both reversible and reproducible. Moreover, it can beot changed by the irradiated light, photomagnetic effects
excluded that this decrease is due to a laser-induced increaggn lead to a change of the magnetic domain structure due to
of temperature in the sample. An increase of temperature cafe formation of potential wells or humps near photogener-
only account for an increase ¢bsp.° Further,I1S%13%in ated impuritie$? due to alocal change of the magnetic
Fig. 3 did not change when the laser was blocked for severajrder?® or due to the total photoinduced magnetization of the
minutes. sample which shifts the balance between different donfdins.

The influence of the light field on the antiferromagnetic  In the present case, photomagnetic coupling leads to a
domain structure is shown in Fig. 4. In the figure, the spachange of the antiferromagnetic order in the form of spin
tially resolved SH signal for a ScMnample is shown for rotation and to a change of the antiferromagnetic domain
fundamental light polarized along one of the principal axesstructure. Most remarkably, the photomagnetic effects from
Panels(a)—(d) correspond to the temporal sequence of thecircularly polarized light are not larger than those from lin-
images. From the emitted SH light the component polarize@arly polarized light, thus reversing the situation which is
under 30° to thex axis was selected by the analyzer in orderfound in most compounds. In fact, there is no evidence at alll
to achieve a homogeneous distribution of sample brightneser “true” circular photomagnetic effects since all the ob-
for all values of ¢4, Before recording each image, the served effects can be understood as a combination of the
sample was exposed to light with a polarizatlbas given in  linear photomagnetic effects fromandy polarized light.

Fig. 4 until the ratid /17" did not change any further. Each  The unusual situation can be understood by recalling the
image exhibits narrow dark lines which correspond to thedifferent mechanisms for the coupling of circularly and lin-
walls between neighboring antiferromagnetic domains. Thesarly polarized light to the magnetic order. Circularly polar-
walls are visible due to an interference effect based on thezed light can act as a magnetization due to its sBjn
phase difference in the SH light fields from neighboring do-= =1 and primarily modifies the exchange interaction of a
mains. Two different types of domain walls can be distin-system. In general, these effects are much larger than those
guished. The straight walls separate the phase wilf, exerted by linearly polarized or even unpolarized light which
=0° from the phase withpg,»>0°. The curved irregular mainly affects the magnetic anisotropy via the reduction of
walls separate opposite 180° domains of one magnetic phassymmetry by the plane of polarization or the direction of the
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wave vectof? However, ScMnQ is a system with a strong continuously changing along with the rotation Qfspin
antiferromagnetic exchange-100 T), but a very small an- whereas bothpg,;, and the observed domain structure do not
isotropy in the basal plarfe.Therefore, a photoinduced change any further once the photon density has exceggded
change of the anisotropy constants by linearly polarized light On the other hand, the electromagnetic field of the inci-
is expected to have the larger effect in this system in agreedent light wave can directly couple to the long-range mag-
ment with our observations. Moreover, the enhancement dfétic order of the crystal. Evidence for a considerable influ-

the linear photomagnetic effect is expected to be confined t§Nce even of small magnetic fields on the magnetic
the basal plane, since in the relation susceptibility of ScMn@, and thus the domain structure of
the crystal, was reported in Ref. 8. The light field may induce
a change of the magnetic moments of the ions, thus leading

q bing th isot inh | alith 0 and to a magnetization in the material. Since antiferromagnetic
escr|h|ng Ie amzp rct)py n exaglcl)n? i{rgf(«( fanthd’ domain walls can be regarded as magnetized perturbations
as spnericai coor inagzsone usually find,<K, for € the force exerted by the photoinduced magnetization may

) t with b i A th ol Hove them. Pinning effects which locate and hold the anti-
In agreement with our observations. Among the possibie mlferromagnetic walls in their position may be attenuated by

croscopic origins for the change of anisotropy, the photogefhe polarized light wave in a way which leads to a relocation

neration of Frenkel excitons as excited states of the partiaII}z)f : o :
. ; the walls and ties them to other pinning centers which are
filled Mn3*(3d) shell may be the most likely one. The cre- enhanced by the incident light P g

ation of the excitons, can lead to very long-lived or even o nmary a photomagnetic instability of the antiferro-

stable state€ This can change the magnetic anisotropy to anmagnetic structure was observed in hexagonal SCMAD

extent that a variation of the magnetic order, as, e.g., ob- . = . e ; :
. P e ' “roriginates in a modification of the magnetic anisotropy b
served in the case of EuCgQoccurs?® g 9 by by

= . the linearly polarized incident light and leads to a rotation in
The characteristic dependence of the antiferromagnetig, ., 3+ spins in the basal plane with zero magnetic mo-
domain structure on the polarization of the incident light can .+ along the hexagonal axis. The photomagnetic instabil-
be due to both indirect and direct photomagnetic mech ity further leads to a movement of antiferromagnetic domain

nisms. In the first case, the observed movement, remov alls or the creation of new walls with a distinct dependence

and creation of antiferromagnetic domain walls may be &), e nojarization of the incident light wave. Various direct

consequence of t_he photoinduced variationpgfi, with the and indirect photomagnetic mechanisms contributing to
polarization. Previous measurements on RMnO; system these effects were discussed

showed that the observed structure and lateral dimension of

domains forP63; symmetry is very sensitive to the difference  The authors thank K. Kohn for samples and the Deutsche
in magnitude between theandy components of the Mt Forschungsgemeinschaft, the Alexander-von-Humboldt-
spir® which is directly related tapgpin. The correlation be-  Stiftung, and the Russian Foundation for Basic Research for
tween g, and the domain structure is further corroboratedfinancial support. Useful discussions with A. V. Goltsev and
by the observation that fon<n, the domain structure is V. V. Pavlov are appreciated.

A(6,¢)=K,cog 0+ K,cos 6p (3)
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