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Nanoscale intrinsic localized modes in an antiferromagnetic lattice

L. Q. English,? M. Sato, and A. J. Sievers
Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York 14853-2501

The weak dissipation of spin waves in magnetic materials make antiferromagnets realistic
condensed matter systems for the experimental observation of intrinsic localized modes of
nanoscale size. By employing a chirped high power microwave pulse, a few microseconds long, the
lowest frequency antiferromagnetic uniform mode of the quasi-one-dimensional biaxial
antiferromagnetC,HsNH;),CuCl, has been efficiently driven into an unstable dynamical region.
Intrinsic localized spin waves form below the gap. Our experimental findings demonstrate that a
simple optimal control scheme can be used to investigate this kind of nonlinear excitati00®©
American Institute of Physics[DOI: maximum

I. INTRODUCTION sipation of spin waves in magnetic materials is much slower.
Both nonlinearity and lattice discreteness have playe(;rhe large ‘i‘mp"Wde uniform modg of gnUferromagpeﬂc spin

: . systems with anisotropy was studied in some detail, and the

important roles in many branches of condensed matter phys-": . .

: : : -2 uniform mode was predicted to break up into stable nano-

ics. As evidenced by the appearance of domain walls, kinks o . . .

scale ILM excitations within the gap when the dispersion

and solitons, nonlinearity cannot be treated as a perturbat|o(|:1urve had positive curvature = 016

in many cases. A major recent advance of the theory of non- An appropriate system is the layered antiferromagnet

linear excitations in d!scretg lattices was t_he .dlscove_ry th?ECZHSNH3)2CuCI4 where the effective one-dimensional
some localized vibrations in perfectly periodic atomic lat Hamiltonian is

tices can be stabilized by lattice discreteness. This realization

has led to extensive studies of the features associated with N - o
intrinsic localization in various nonlinear lattices, and it has HZZ‘]AF; S“'S“+1+; & DS,
proven to be a conceptual and practical breakthrdagh.

These localized excitations are often called “intrinsic local-

ized modes”(ILMs) with the emphasis on the fact that their
formation involves no disorder and that they extend over a R
nanolength scale. The earlier work of the last decade hadereS, is the effective spin of thath layer, and is treated as
recently been formalized in terms of a number of useful ex& classical vector. The antiferromagnetic exchange constant
istence and stability criteraand many physically exciting Jar>0, and the anisotropy tens@ arise from the aniso-
contexts are currently emerging—in nonlinear crystaltropic ferromagnetic exchange interaction between spins be-
dynamicss™® magnetic  systents;? electron—phonon longing to the same layer. The third term describes the
systems? reaction dynamic} molecular biophysic$ and  dipole—dipole interactions whefg(n—n’) is the effective
lattice-assisted energy/charge transfer in polarizable, soflipolar interaction tensor between spins belonging tontie

1o - )
+§2 $-F(n-n")-§,. (1)
n,n’

condensed and biological matfér. andn’th layers® The result is a biaxial antiferromagnet in
which the lowest frequency dispersion curve has the required
Il. MODULATIONAL INSTABILITY positive curvature as shown in Fig. 1. Although the uniform

mode is in the microwave frequency region the desired ILM

In 1992 a generation technique was propdéedlid for  mode will appear at still lower frequencies as shown in the
all lattice scales which involves the instability of a large lowest frame.
amplitude uniform mode. It was recognized that the instabil-  Figure 2 shows the breakup of a large amplitude uniform
ity could be used for the indirect generation of nanoscalenode as a function of time for a dispersion curve with posi-
ILMs. In the context of anharmonic atomic lattices, it wastive curvature as determined from molecular dynaniidD)
found with numerical simulatiodSthat a chirped excitation simulations. The wave-vectdp) evolution is shown in Fig.
pulse (optimal control schemjein the optical phonon fre- 2(a) while the real spacén) dynamics are presented in Fig.
quency region would be most suitable for generating vibra2(b).16
tional localization; however, the required amplitudes and

chirping rates exceeded the limitations of available infrared
SOUFCES. Ill. EXPERIMENTAL DETAILS

From the experimental point of view, the investigation The (C,HsNH2),CuCl, single crystals are grown from an
of nanoscale localization of nonlinear spin lattice modes haﬁqueous solution of ethylamine hydrochloride and copper
definite advantages over the vibrational case because the diﬁ:r) chloride by slow evaporation. These crystals have been

measured at 1.2 K. The pump-probe experiment incorporates
dElectronic mail: quentin@ccmr.cornell.edu two independent microwave sources, as shown in Fig. 3. The
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F H [ FIG. 2. According to MD simulations the large amplitude uniform spin
I A R I R AR B mode is unstable as a function of tinkep framé because of the nonlin-
| | earity of the magnetic coupling and the positive curvature of the dispersion
| | curve. The development of ILMs is most easily seen in the real space rep-
: ! v ! ! ' resentatior(bottom frame. (After Ref. 16)
localized mode

FIG. 1. Top—The uniform mode spin wave and dispersion curve for small
amplitude excitations in antiferromagn&ottom—An ILM, which because IV. EXPERIMENTAL RESULTS

of nonlinearity+periodicity is stable in the same lattice. .
Pump-probe measurements were done at various power

levels, pulse widths, and chirp rates. Figure 4 shows typical
. . . . time dependent data where the parameters of the pump pulse
first source is a voltage controlled oscillator driven by a ramp o
voltage generator to produce a chirped microwave signalWere chosen to most clearly exhibit the breakup of the
- ) AFMR into ILMs. The linear AFMR spectrum is the dotted
Thus, the frequency position of the microwave pump can be . o
. . curve at the bottom of Fig. 4. As indicated by the spectrum at

controlled via the applied voltage ramp. Short pul$e$

us) of this chirped pump are then created by a diode switcht.he top of the figure, the AFMR vanlshe_s after the applica-
L : tion of the pump pulse. What replaces it is a very broad, flat
and subsequently amplified to a maximum power of 40 W by . . .

: d o spectrum attributed to the emergence of ILMs with varying
a high-power solid-state amplifier.

The second source generates a weak continuous wave
(cw) tunable signal and constitutes the probe beam. Pump
and probe beams are combined by a coupler and delivered to  |high power —[switch|—VCO __|ramp
the ac-field loop surrounding the sample via a circulator. ampliier (1stasoilatan)i [genermior
After removal of the reflected pump pulse by a second
switch, the reflected signal is detected by a receiver, tuned to
the second oscillator, and recorded by an oscilloscope. A
spectrum analyzer functioned as this receiver. The output
bandwidth is set to 3 MHz for highest time resolution. Both
switches, the ramp generator and the oscilloscope are syn-
chronized by a pulse generat@ot shown.

Spectra are obtained by recording the reflected power as
a function of time at fixed frequency and then incrementing _ ‘ _
the frequency of the probe oscillator. It is crucial that theFI(_;. 3. St_:hematlc experimental setup for the measurement. An intense

. . . . chirped microwave pump pulse is produced by a high power amplifier
signal is resolved in both frequency and time to observe thgriven by a voltage-controlled oscillator. A low power cw microwave probe
growth and decay of the broad spectral features connectagbm a tunable second oscillator is coupled to the single-loop coil through a
with ILM production. Some turning of the antiferromagnetic circulator. The reflected probe signal is detected by a spectrum analyzer,

; ; : ed as a receiver tuned to the second oscillator, and recorded by an oscil-
resonance frequency IS pOSSIble by applylng a dc magnetqtgsscope. The switch before the spectrum analyzer eliminates the pump. All

field along the _easysecond-_eas)yaxis which increase@de-  gyjitches, the ramp generator, and the oscilloscope are synchronized by a
creasepthe antiferromagnetic resonan@@MR) frequency.  pulse generatofot shown.
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T erated other possible applications for ILMs such as in
friction,!” and crack propagatiolf.Developing areas involv-
ing large-scale lattices which deal with ILMs in Josephson
arrays:®? |ocalized E and M modes in optical switckes
and in nonlinear photonic crystal wave guidé$® The next
experimental challenge will be to identify nonlinear localized
excitations in discrete quantum lattices.
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