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Metamagnetic domains and dynamic fluctuations in FeBr 2

O. Petracic, Ch. Binek, and W. Kleemann
Laboratorium fu Angewandte Physik, Gerhard-Mercator-Universizuisburg, D-47048 Duisburg,
Germany

The mixed phase and the regime of non-critical fluctuations of the magnetic phase diagram,of FeBr
is investigated by SQUID susceptometry and light diffraction techniques. The experiments seem to
evidence instability of the tricritical point as conjectured recently. The observation of stripe domains
and light diffraction below and abovie,, = 4.6 K and the virtual continuation of the phase transition
line to aboveT,, are in agreement with the occurrence of a critical endpoifit,and of a bicritical
endpointaff > T,,. © 1997 American Institute of Physid$0021-897@7)15308-1

The magneticH-T phase diagrantPD) of the layered these quantum Monte Carlo calculations the MCP is decou-
hexagonal antiferromagnet FeBspace groungd), where  pled into a critical endpointCE) at T,, and a bicritical end-
H and T are the applied axial magnetic field and the tem-point (BCE) at T~ 1.3T,,, connected by a first-order PT line.
peratureT, respectively, has recently attracted considerabldt separates two AF phases with low and high axial magne-
renewed interestObviously the topology of its multicritical ~tization, AF, and AR, respectively. Similar decoupling of
point (MCP: T,,=4.64 K, H,=2.45 MA/m) is more com- the TCP also occurs in anisotropic Heisenberg AF model
plex than that of the classical tricritical poiECP), of the  systems with weak next-nearest FM exchange and interme-
related rhombohedral compound Fe@ipace grou3,). diate single ion anisotropyIn fact, recent specific heat data
On the one hand, its second- and first-order phase transiticiaken on FeBrin axial magnetic fieldsreveal sharp anoma-
(PT) lines,H(T) andH,(T) [Fig. 1, straight lines obtained lies atH_(T). They strongly favor the predicttd AF,-AF,
from peaks ofdM(H)/dH and dM(T)/dT, respectively, meet  PT scenario, although magnetization measurementsely
under an oblique angle at, (arrow). Owing to demagneti- show weak anomalies &t _ (T).
zation effects the horizontal first-order PT line splits up into  Clearly both thec,, dat& and the conjectured PD call
a mixed phase regime withifl.;=2.33 MA/M<H<H., for detailed investigations. In this article we present novel ac
=2.75 MA/m. On the other hand, strong noncritical fluctua-susceptibility, light diffraction, and Faraday contrast micros-
tions (NCP)! give rise to pronounced peaks of the out-of- copy data, which partly confirm the above scenario. In par-
phase componentg”(H), of the axial ac susceptibility at ticular, metamagnetic domains appearing both below and
low-frequencies abov@,, at H_(T) and H,(T), respec- aboveT,,, seem to corroborate the PT signature of the NCF
tively (Fig. 1, dashed lings line H_(T). The experiments were carried out on thin plate-

Originally' the NCF were attributed to intraplanar frus- lets (thicknesst~0.2 mm cleaved parallel to the plane of
trated exchange being ferromagndfd) and antiferromag- Bridgman-grown single crystals. The optical experiments in-
netic (AF) between nearest and third-nearest neighbor spingolved a He gas flow cryostat equipped with a superconduct-
of the Fé" ions, respectively. Indeed, Monte Carlo-type ing solenoid' a laser diode ak=670 nm, a photomultiplier,
model calculations on a two-dimensional triaxial ANNNI and a charge-coupled devi€€CD) camera. The ac suscep-
model show characteristic features of slow NCF attibility measurements were performed at a frequencf-et
H < H..!Based on the same model Hamiltonian extended byHz with a SQUID magnetometédfQuantum Design MPMS
weak interlayer AF exchange, Sellat al? and Aruga— 59 in magnetic fields up té1=3.5 MA/m and temperatures
Katori et al2 recently carried out Monte Carlo and cluster 3.5<T<10 K.
variation calculations, which yield extra shoulders and peaks, Figure Za) shows the formation of AF and PM stripe
respectively, of the magnetic specific heaf, below domains with individual widthsv~(5+1) um visualized by
T<(H). In particular, Selké pointed out that the extraordi- Faraday microscopy &=3 K andH=2.5 MA/m. It is no-
narily large coordination numbel =20, of nearest interpla- ticed that the Faraday contrast decreases when approaching
nar AF bonds in FeBris essential for the occurrence of the horizontal mixed phase boundaries] (T) and
pseudocritical NCF lines and extra peaksogf within an  H,(T). Surprisingly, it persists up t&6=5.5 K when cross-
unfrustrated Ising model approximation. ing the vertical boundary ak,, under constant intermediate

It should be noticed, however, that all of the Ising-typefieldH ~ (H) = (H; + H»)/2[Fig. 2(b) and Fig. 1, hatched
model calculation’s® neglect the onset of transverse field- ared. This seems to corroborate the predi€tefirst-order
induced spin precession in the antiparallel sublattice folPT line between CE=MCP) and BCE, which splits into a

H—H,. as evidenced by Nesbauer spectroscofiyA full demagnetization-induced mixed phase with coexisting
account of the spin dynamics should, hence, include a finitd\F;-AF, stripe domains.
value of the single ion anisotropywithin an anisotropic The observed domain patterns with quasi-periodic varia-

Heisenberg model. Interestingly, various important aspectdons of the circular refractive index give rise to anisotropic
of the PD of FeBj were recentl§ found within the frame-  diffraction of light. Figure 3 shows intensity profiles of dif-
work of a Hubbard model, which is usually thought to befraction patterns obtained with linearly polarized light pass-
appropriate for itinerant magnetic systems. According tang the magnetic grating and an analyzer oriented either par-
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FIG. 1.

determined by magnetization measuremdsee Ref. 1in the vicinity of
T, = 4.6 K (arrow). Marginal and peak positions of light diffraction effi-
ciency(open and solid circles, respectivebndy’ (H) (open squargspeak
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FIG. 3. Diffracted intensity vs detector positiarfor linearly polarized 670
nm light passing an FeBisample along it axis and an analyzer oriented
parallel (curves 1 and 2 atl=0 and 2.5 MA/m, respectivelyand perpen-
dicularly to the polarizer, respectivelgurve 3,H=2.5 MA/m).

Magnetic phase diagram of FgBsolid and broken lines; see téxt

positions ofxy”(H) (open diamondsand the range of domain observation
(hatched areaare indicated.

allel (c

perpendicularly to the polarizécurve 3,H=2.5 MA/m). It
demonstrates

(i)

(i)

(iii)

In

magnetic domain structures it is convenient to register the L

decrease of the zeroth-order intensity, passing an appro- 53K W
priate diaphragrfi.Figure 4 shows the field dependence of 45K M

lo for
=< 3.6

gives rise to a conventiorfaiminimum sharply setting in at
the mixed phase boundariéarows in Fig. 4; open circles in

Fig. 1) and peaking atH), where AF and PM volume frac-
tions are equipartitioned. Surprisingly, aboVe=3.7 K the
single minimum ofly(H) transforms into three minima,
which remain visible up to fairly high temperatures before
becoming unstable above~7.2 K (arrows in Fig. 4; solid

the field-induced onset of diffraction, circles in Fig. 2. Since previous experimefitdid not reveal

the mutually orthogonal polarizations of zeroth andsuch a fine structure within the mixed phase of EeBve
first-order diffracted light as expected from scalar cannot rule out a sample dependent field-induced modulation
magnetic diffraction theory, where the weak depolar-of the Faraday contrast. On the other hand, the close resem-
ization of the zeroth order is due to slight differencesblance of the triplet structures df(H) found below and

of the AF and PM stripe widths, and aboveT,, suggests a peculiar, albeit unexplained continua-
the average grating periotl = (Az)/({x){(n)) ~ (10 tion of the spatial inhomogeneities between the mixed phase
+ 2) um being in good agreement with the observedregions, AF-PM and AFAF,. Further experiments are nec-
stripe widthw = A/2, whergx) ~ (12+ 2)mmisthe essary to clarify this phenomenon.

center of gravity of the first-order peak position, Above T, the transmission minima coincide within er-
z=305 mm its distance from the crystal, afj~1.7

the average axial refractive index.

order to detect mixed phases with regular or random

urves 1 and 2 atl =0 and 2.5 MA/m, respectivelyor

circularly polarized laser light ax=670 nm. AtT i ‘S‘Si
K the metamagnetic domain structuigee above 36K } 1~
3.0K

ly [arb. units]

I L 1 I n
1.0 15 2.0 25 3.0 35
H [MA/m]

FIG. 4. Zeroth-order intensitl, vs applied fieldH for circularly polarized
670 nm light passing an FeBsample along it€ axis at various tempera-

FIG. 2. Faraday contrast patterns of stripe domains in a fe@nple ob-  tures as indicated. Margins and minima for the arbitrarily shifted curves are
tained atH=2.5 MA/m at(a) T=3.0 and(b) 4.9 K, respectively. marked by arrows.
4146 J. Appl. Phys., Vol. 81, No. 8, 15 April 1997 Petracic, Binek, and Kleemann
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0.25 rows|, which closely follow the linesH_, H,, H.; and

] He vs T, respectively(Fig. 1, open diamonds

lo2o Upon cooling to belowT,, the weaky” signal between
H.; andH., gradually increases until becoming a rounded
peak atT=3.5 K. This seems to indicate a decrease of the
domain wall losses when approachifg from below, which
might be due to critical speeding-up of the domain wall dy-
namics in the vicinity of the MCRor CE). Such a behavior

is well-known from ferromagnetic domain wall dynamics

0.15

—40.10

4 0.05 near toT..10 It will be interesting to investigate the fre-
guency dispersion of”’ in more detail. It seems to be con-
it 4 0.00 trolled by extremely slow relaxation both in the domain wall
5 20 25 30 3515 20 25 30 35 regime below and in the NCF regime abolg except near
H [MA/m] to the critical region. This observation seems, again, to cor-

roborate the conjectured continuation of the first-order PT
FIG. 5. (a) x'(H) and(b) x"(H) measured at =3.5 K andf =20 Hz (see

Ref. 1)) (dotted lines; arbitrarily shiftedand atT=4.0 (solid circles, 4.2 line to aboveT_m' . . .
(open squarés 4.6 (open circle} 5.0 (solid triangles and 8.0 K (open In Conclusmn, our experlments seem to pI’OVIde evidence

triangles, respectively. Shouldeg) and peakb) positions are indicated by ~ for the instability of the TCP in FeBras predicted by model
arrows. calculations*®’ The appearance of static stripe domains both
below and abovd ,,, the occurrence of light diffraction at
both static domains and slowly relaxing NCF, and the virtual
continuation of the lower first-order PT line frohh.,(T) to
4—|,(T) are in agreement with a first-order PT line inter-
Cepted by a CE al,, and ending with a BCE, tentatively
above T=7.2 K. Very probably-® the upper NCF line,
+(T), is fluctuation-induced and does not define an equi-
brium phase boundary.

This work was supported by the Deutsche Forschungs-
gemeinschatft.

rors with the lineH., H_andH, vsT. Since light diffrac-
tion responds to both static and dynamic domain structure
its correlation with slow NCF a _ andH , is not surpris-
ing. Obviously their correlation length is of the order Yf
and thus close to that of the static domains seen in nearb
H-T regions(Fig. 1). The same arguments apply to the ob-I
served scattering along the critical ling,(T), being due to
critical fluctuations with large coherence lengths.

Similar information is obtained from the field depen-
dence of the complex low frequency susceptibility,
x' — ix”. Figure %a) shows the real parj’'(H), for T=4, M. M. P. de Azevedo, Ch. Binek, J. Kushauer, W. Kleemann, and D.
4.2,4.6,5, ad 8 K atf=1 Hz and, in addition, folf =3.5 K stefgzrki ;hgﬂgggahs/'agnfaMfteh;;‘Ohl4Jal5n57h§|{§Z§-L245 (1998: W
at f=20 HZ (dotted ling. At T < T,, we find broad maxima Selke, Z. Phys.'301,gl4%(’19§e. gn. Magn. B Y
with rounded peaks gH) and steepest descentsHy; and 3H. Aruga Katori, K. Katsumata, and M. Katori, Phys. Rev58 R9620
He (Fig. 1, open squargsThese signals are compatible 4(1996- .
with the density of domain boundaries expected within the fﬁaiﬂloct:r;{ Rl;'i nAékB;?]’:jd'J SkJ;kaetlji'r '\’F','h'\;'s' P;éz;fgsﬁsa’ggg' W. Klee-
mixed phase. Abovd,, the peaks sharpen and closely fol- 5| "yemandez, H. T. Diep, and D. Bertrand, Europhys. Let, 711
low the PT line,H,(T), whereas the lateral points of inflex-  (1993.
ion coincide with the NCF lines up t6~7 K (Fig. 1, open K. Held, M. Ulmke, and D. Vollhardt, Mod. Phys. Lett. B, 203 (1996.

: 7. Vilfan and S. Galam, Phys. Rev. 80, 6428(1986.
Square}; At hlgher temperatures a shoulder appearH at 8C. Binek and W. Kleemann, J. Phys., Condens. MafieR457(1993.

[Fig. 5@ arrow]. More clearly, this is confirmed by well- o1 £ \wood, A. Muirhead, and P. Day, J. PhysiC 1619(1978.
defined peaks of the imaginary pagt/(H) [Fig. 5b) ar-  °M. Grahl and J. Kezler, Z. Phys. B75, 527 (1989.
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