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Investigation of the femtosecond inverse Faraday effect using paramagnetic Dy;Al;0,
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Pump-probe experiments on the rare-earth paramagnet Dy;Al;O,, demonstrate that coupling between light
and magnetism on the subpicosecond time scale cannot be adequately described by the thermodynamic model
of the inverse Faraday effect but instead must be described microscopically by stimulated magneto-Raman
scattering. Light-induced paramagnetic resonance, predicted by the thermodynamic theory, is not observed in
Dy3;Als04,, however, the formation of a coherent superposition between other magnetic sublevels of the
Dy**-ion’s ground-state multiplet is measured. It is shown that coherence can only be induced between
magnetic levels which are connected by the Raman selection rules.
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I. INTRODUCTION

Femtosecond laser manipulation of spins is one of the
most exciting new developments in condensed-matter phys-
ics, opening new possibilities for ultrafast recording and pro-
cessing of magnetically stored information,' and even of-
fering a possible new avenue toward quantum computing.® In
several recent experiments, it has been demonstrated that an
ultrashort laser pulse can act as an equally short magnetic
field pulse, with a magnitude of several tesla; this has
enabled spin resonances to be excited in ferrimagnetic
garnets,”  antiferromagnets,* and in an alloy of
gadolinium-iron-cobalt.® This optical manipulation of mag-
netism (optomagnetism) has sidestepped any previously held
ultimate speed limit for the dynamics of magnetization.’
Heretofore, the understanding of these experiments has been
based on the inverse Faraday effect (IFE). Phenomenologi-
cally, the IFE relates the optically induced field to the same
magneto-optical susceptibility which determines the Faraday
effect—rotation of polarization proportional to magnetiza-
tion. The problem, however, is that such reciprocity between
Faraday and inverse Faraday effects is strictly only defined
in, or near, thermal equilibrium and therefore may not be
valid for these highly nonequilibrium experiments performed
on a subpicosecond time scale.

In this paper, we explore the nature of subpicosecond op-
tomagnetism in a rare-earth paramagnet and demonstrate that
coupling between light and spins at the ultrafast time scale
cannot be wholly explained in terms of a thermodynamic
inverse Faraday effect but instead must be microscopically
described by stimulated Raman scattering from magnons.
This interpretation is supported by the observation of specific
Raman selection rules. In Sec. II of this paper, we discuss the
IFE and the limitations of this theory with respect to the
current experiments. Section III details an experimental in-
vestigation of the effect using a paramagnetic rare-earth alu-
minum garnet. The results of these experiments are discussed
in Secs. IV and V. The limitations of comparing dynamic
measurements to static properties are discussed in Sec. VI
and in the final Sec. VII, conclusions are drawn.

II. BACKGROUND TO THE INVERSE FARADAY EFFECT

The possibility that magnetization could be generated by
circularly polarized light was first proposed by Pitaevskii in a
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1961 paper,'® however, the link to the Faraday effect was
only later realized by Pershan.!! Using general arguments
about the free energy in solids, Pershan predicted that the
magnetization generated would be related to the same
magneto-optical tensor that characterizes the long estab-
lished Faraday effect. Further to this, Pershan and his co-
workers went on to test these predictions and established
experimentally that magnetization could indeed be generated
by circularly polarized light.'> These experiments also veri-
fied that this induced magnetization correlated with the
magneto-optical Verdet constant which characterizes the Far-
aday effect. In parallel with these experimental results, Per-
shan et al. went on to give a more in depth theory of the
inverse Faraday effect and predicted several other related
effects, such as magnetism generated by Raman scattering.'

The central premise of Pershan’s theory of the inverse
Faraday effect is that a free energy can be associated with a
transparent medium subject to a time-varying electromag-
netic field. The pertinent contributions to this free energy, for
the IFE, takes the form of a product of three fields,

F =2 Re gox( @y, 02, 03)[ E; (@) E (0,) Hy(w3)
+ E{(0)E}(0)Hi(w5)], (1)

where x;; is the magneto-optical susceptibility tensor and
asterisks denote complex conjugates. Both the Faraday and
inverse Faraday effects can be derived directly from this ex-
pression. The Faraday effect, a change in the electric polar-
ization proportional to the magnetic-flux density, is obtained
by using the definition for electric polarization, P;=
—dF/ JE;. This gives the result, P;=eo(x;uEH+XjiEH,)-
Analogously, the inverse Faraday effect comes about from
the definition of a magnetization, uoM;=—dF/JH;, which
yields

poM; = = soXi(EE; + EEy), (2

magnetization proportional to the optical fluence along the
direction of propagation, the sign of which depends on the
helicity of the optical field.

At this stage, it is worth reminding ourselves of the cen-
tral issue: how does the inverse Faraday effect manifest on
the subpicosecond time scale? In DyFeO;, Kimel et al. dem-
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onstrated the excitation of quasiferromagnetic and quasianti-
ferromagnetic resonances using pulses of circularly polarized
light.* The results were interpreted as the action of a 200 fs
light-induced magnetic field pulse, the sign of which re-
versed with a change from right-to-left-handed circular
polarization—the key signature of the inverse Faraday effect.
This reversal was observed as a 180° phase shift of the in-
duced resonances. In addition, Hansteen et al. observed simi-
lar results in ferrimagnetic lutetium iron garnet: the ability to
optically induce ferrimagnetic resonance.'* In the all-optical
switching experiments on alloys of GdFeCo, opposite pump
helicities are observed to write magnetic domains with dif-
ferent magnetization directions.>!> Again, this is attributed to
the action of an effective field either parallel or antiparallel to
the optical beam.

It is apparent that there is a subtle, but fundamental, dif-
ference between the inverse Faraday effect invoked by Kimel
et al. and Hansteen ef al. to explain their ultrafast results, and
that derived and measured by Pershan and his co-workers.
The former always invokes an effective magnetic field,
which acts on magnetism or spins while the latter is de-
scribed in terms of an induced magnetization. Obviously
such a distinction is not relevant in equilibrium, where, given
enough time, magnetization will eventually align itself along
the effective-field direction. However, this clearly cannot
happen for femtosecond light pulses or even on longer time
scales in materials with low magnetic damping. On very
short time scales, the observable is not an induced magneti-
zation but rather a light-induced effective field which would
ultimately lead to magnetization. It is therefore tempting to
simply divide the magnetization derived from Pershan’s
theory by the materials magnetic susceptibility to obtain the
effective magnetic field. It is the rather simple conjecture that
we test in this paper, we come to the conclusion that it is not
generally valid.

III. EXPERIMENTAL

To test the premise that a subpicosecond pulse of circu-
larly polarized light will generate an effective field propor-
tional to the magneto-optical Verdet constant, a suitable mag-
netic system must be chosen on which to conduct the
experiment. Our system of choice was paramagnetic dyspro-
sium aluminium garnet (Dy;Al5O,,). Several reasons moti-
vated this choice: first, unlike the rare-earth transition-metal
compounds previously studied, the magnetic exchange cou-
pling can be neglected in Dy;Al;O,,, as can the effect of
femtosecond pulses on this coupling;'® second, it is a trans-
parent paramagnet and thus shows no discernible ultrafast
demagnetization—a competing effect;! third, Dy;Al;0;,
possesses extremely strong spin-orbit coupling (a prerequi-
site for optomagnetic effects'”'8); fourth, there are no com-
plications due to the presence of photoinduced magnetic an-
isotropy as observed in iron garnets;'* fifth, at low
temperatures, relaxation times are relatively long (several
nanoseconds) and, therefore, no redistribution of population
can be expected within the pulse duration;!” finally, sixth,
Dy;Als0,, has extremely strong magneto-optical
properties—a measurement of Dy;AlsO;,’s Verdet constant
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FIG. 1. (Color online) The pump-probe setup. (a) An external
field (blue/dark gray arrow) was applied to the Dy3;Als0;, sample
to induce magnetization [green (light gray) arrow] in the sample
plane. (b) The circularly polarized pump pulse deflects the effective
field out of the sample plain via the inverse Faraday effect. The
magnetization should precess around this modified field during the
pulse. (c) The magnetization, no longer aligned along the original
external field, precesses around it with an angle proportional to the
strength of the inverse Faraday effect. This precession is measured
by observing the Faraday rotation of a linearly polarized probe
pulse.

at the experimental wavelength and temperature gave a value
of 1.14X 10° rad T™! m~!. In comparison, the fully saturated
Faraday rotation in the iron-garnet films measured by Hans-
teen et al. was approximately 650 rad m~'.714

To investigate the response of Dy;AlsO;, to circularly
polarized light, a 1-mm-thick [001] crystalline plate was
mounted in a continuous-He-flow cold-finger cryostat, with
optical access, and cooled to 10 K. To observe the action of
the effective magnetic field, we duplicated the experiment of
Hansteen et al.'* Figure 1 shows the experimental geometry.
The Dy;Als0,, crystal is arranged between the pole pieces
of an electromagnet, which induced magnetization in the
sample plane. The pump beam consists of a 50 fs pulse of
circularly polarized light with a wavelength centered at 790
nm. The pulse was focused down to a spot size of approxi-
mately 100 um diameter and arranged to pass through the
sample at about 5° from normal incidence, see Fig. 1(a).

IV. RESULTS

According to the supposition, the pump creates a strong
effective magnetic field which tips the overall field (B,
+B.,) away from the magnetization direction, see Fig. 1(b).
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During the pulse, Dy;Al;O;,’s magnetization will precess in
this modified effective field, moving away from the applied-
field direction. When the pump pulse has exited the
Dy;Al50,, crystal, the magnetization should no longer be
aligned along the external magnetic field, see Fig. 1(c), and
thus it will precess around this field. The precessing magne-
tization can be measured using the time-delayed probe pulse
and should be observable until relaxation takes place in
about 3-10 ns."?

Before conducting the experiment, it is worth exploring
what the theory predicts. Equation (2) can be rewritten in
terms of the Verdet constant,!?

VA R
M = —(Iy - I K, (3)
21rc

where M is the induced magnetization (A m~'), V is the
Verdet constant (rad T~! m~!); \, is the optical wavelength;
c is the speed of light; Iy and I}, are the optical intensities

(Jm=2s71), and K is a unit vector in the direction of propa-
gation. Note that the form of Eq. (3) is the same in S.I. and
c.g.S. units.

Using Eq. (3), the magnetization induced in Dy;Al50,,
for continuous excitation, can be estimated to be 1.9
X 10> Am™' (the laser fluence used was 200 mJ cm™2,
which was delivered in 50 fs). The volume magnetic suscep-
tibility (y) of Dy;AlsO;, at 10 K is 8.4 X 1072 (Ref. 20).
Thus the effective magnetic field acting on the garnet is cal-
culated from the relation B=uoM/ y; this gives a value of
Bump=0.28 T, the same order of magnitude as that observed
in the iron garnet measured by Hansteen et al.'* Using the
duration of this field pulse (approximately 50 fs),
Dy;Al50;,’s gyromagnetic ratio (g=18.2, Ref. 20) and the
externally applied magnetic field (B.,,=0.3 T) the deflection
of the magnetization was calculated to be at an angle of 1.3°
from the external field. Such a deviation would cause a pe-
riodic oscillation in the probe Faraday rotation with an am-
plitude of 0.4° and frequency of 76.5 GHz, easily resolvable
in the experimental setup.

The results of the experiment were, however, quite differ-
ent. The application of a circularly polarized pump pulse
caused a large deviation in the Faraday rotation of the probe
(see Fig. 2) that decayed within 200 fs. This effect is ob-
served in most materials and is due to the induction of a
transient polarization. Following this transient, a strong os-
cillation in the sample’s Faraday rotation becomes apparent,
as predicted. However, the frequency of this oscillation, mea-
sured to be 2.17 THz, is nearly 30 times higher than expected
for magnetization precessing in the external field. Further
experiments showed no measurable variation in this fre-
quency for different orientations or values of the external
field. A change from right-to-left-handed circular polariza-
tion, however, did cause the 180° of phase shift associated
with the inverse Faraday effect (see Fig. 2). The oscillation
also disappeared for a linearly polarized pump pulse and did
not appear in the sample’s transmissivity [see Fig. 5(b)]—
good evidence that the effect was magneto-optic in origin.
The inset of Fig. 2 shows the results for longer time scales,
up to 1.2 ns. In these measurements, only a linear change
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FIG. 2. (Color online) The time-resolved Faraday rotation of
Dy;Al5s0;, after excitation with right- and left-circularly polarized
light (¢~ and o™, respectively). The inset shows the response over
the first nanosecond.

with time of the Faraday signal is observed, which was as-
sociated with heating of the crystal by the laser pulse.

To explore further whether these results were related to
the thermodynamic description of the IFE, we compared the
initial amplitudes of the observed oscillation with static mea-
surements of the material’s Verdet constant over a range of
temperatures. This data, plotted in Fig. 3, shows that the two
have very different temperature dependencies. The Verdet
constant follows a classic Curie-Weiss law behavior since the
Faraday effect scales with the paramagnetic susceptibility.
However, the ultrafast process does not display this behavior;
it instead decreases steadily and disappears completely at
100 K. It should be noted that the effective field generated by
the IFE is not predicted to vary with temperature. This is
because the Verdet constant and the magnetic susceptibility
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FIG. 3. Static measurements of the Verdet constant on
Dy3;Als0,, are compared to the amplitude of the high-frequency
oscillation. The measured temperature dependence of the Verdet
constant fits a Curie-law behavior (dashed line), this does not hold
for the amplitude of the high-frequency oscillation. It instead shows
agreement below 50 K with the predicted Raman efficiency due to
thermal populations in the excited states (solid line).
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both have the same dependence on temperature; their ratio,
upon which the effective field depends, thus remains ap-
proximately constant.

V. DISCUSSION

Clearly it is impossible to explain the experimental results
by invoking the present description of the IFE. This presents
two mysteries: what alternative physical mechanism can ex-
plain the observed results and why does the effective-field
argument break down? These questions will be tackled in
turn. First, how to explain the origin of the observed high-
frequency oscillation? As its frequency does not fit with any
Zeeman splitting of the dysprosium ion in a magnetic field,
other interactions within the garnet need to be considered.
The ionic ground state of the dysprosium ion in Dy;Al;0;, is
a J=15/2 multiplet (L=5 and §=5/2 coupled by the spin-
orbit interaction). This multiplet has a degeneracy of 2J+1
(16) which is partially lifted by the crystal field.?' In
Dy;Al50,,, the crystal field splits this multiplet into eight
Kramers’ doublets. A comparison with previously published
spectral measurements of Dy;AlsO, revealed that the fre-
quency exactly matches the first of these crystal-field-split
doublet states above the ground state.”? This strongly points
to the conclusion that the pump pulse causes the formation of
a coherent superposition of ground and excited states, which
leads to beating at a frequency corresponding to their energy
difference.

The creation of coherence requires an interaction that con-
nects the atomic levels involved. Direct mixing by electric
dipole transitions between the crystal-field-split states within
the bottom J multiplet are strictly parity forbidden so indirect
transitions—occurring through the mixing of nonresonant
excited states—are the only available mechanism; these are
often referred to as electronic Raman transitions. To under-
stand the processes involved, it is useful to consider the
simple three-level system shown in Fig. 4. In general, the
scattering rate can be written down from perturbation theory,

~ ~ ~ ~ 2
s L E(<f|V|e><e|V|g>+<f|V|e><e|V|g>> W

P W= O W+

where, V is the electric dipole operator, g, e, and f denote the
ground, excited, and final states of the system, and W, and
correspond to the excited state and optical frequencies, re-
spectively.

Further evidence that we are observing a Raman transition
between two levels can be gleaned from what occurs beyond
the coherence time. The quantum beating in the Faraday ef-
fect decays with a time constant 7=3.5 ps, most likely
caused by dipolar coupling to the paramagnetic spin bath.
The signal does not return to the prepump value but instead
a change in the Faraday effect persists with opposite sign for
each circular polarization of the pump. It is this that contrib-
utes to the offset between the curves seen in the inset of Fig.
2, however, it is most clearly observed for time scales where
the coherence has vanished but still shorter than the thermal
relaxation times [see Fig. 5(a)]. This change did not appear
in the transmissivity data [Fig. 5(b)], again suggesting
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FIG. 4. (Color online) A schematic of the Raman process on an
energy-level diagram. The absorption of a photon causes the system
to undergo a virtual transition to the state |e). This is followed by a
stimulated emission that coherently puts the system into its final
state |f). On the right, we show a simplified explanation of the
process in terms of the M selection rules. Circular polarizations act
as raising and lowering operators on the magnetic quantum number;
o light operates on the |g|) connecting it to the |f|), which con-
tains the correct M; components. The same process happens for the
|¢T) with o~ polarized light.

magneto-optic origins. It is noted that a similar result was
observed in the measurements of Kimel et al., however, its
origin has remained an open question.* We associate this

0.02 —————————————T———

L —O— o pump polarization (a) .

_._ + . .
0.01 | c pump polarization |

0.00

-0.01 |- 4

-0.02 ——red—mt—r4———"=——f—+——

o
3
8
3

0.02

s
Y
2

=
=Y
2
=2

Transmission signal

0.01

0.00

Transmission signal (arb. units)  Faraday rotation (arb. units)

40 20 0 200 40 60 80 100 120
Probe Delay (ps)

FIG. 5. (Color online) (a) The longer-lasting steplike change in
the Faraday effect after circularly polarized pump pulses and (b) the
total intensity measured at the diode detector (transmissivity) as a
function of the pump-probe delay.
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effect with the creation of a diagonal element in the density
matrix—population transfer to the excited state. At 10 K, no
discernible decay can be resolved in this steplike change in
the Faraday signal within the maximum delay time permitted
by the experiment (1.4 ns). This matches the expectation of a
relatively long T time at low temperatures.”? Such a transfer
of population between levels is expected to cause a small
change in the magnetization of the garnet. For example, in
the case of the o scattering, the net moment contributed by
the ground state is increased by scattering from the |g WV
ground state, into the |f |) excited state, resulting in a net
increase in Mj.

It is well known that impulsively stimulated Raman scat-
tering can take place, if the duration of the pulse is short
compared to the period of the generated excitation. This is
the case for ground (g) and first excited states (f) in
Dy;Al50,,, and is the most likely mechanism by which the
coherence is created. However, it is now prudent to return to
the second question: why is no coherence induced between
the ground-state levels (g, and g|)? These levels also fulfill
the requirements that their energy splitting is within the
bandwidth of the pulse and are in no way fundamentally
different to the excited states. The question becomes, why
does the excited-state resonance appear and not the ground-
state resonance. The explanation is found by considering the
angular momentum selection rules governing the Raman pro-
cess. These may be determined by applying the Wigner-
Eckart theorem to the matrix elements in Eq. (4); each matrix
element corresponds to an electric dipole transition, with se-
lection rules, AJ=*1 and AM;= * 1. The overall selection
rule for g—e—f scattering must be AJ=0 and -2=AM;,
=2.

The transitions induced by circularly polarized light act as
a ladder operator for the magnetic quantum number Mj. A
right-hand circularly polarized pump (o~) will act to lower
M while left-hand polarized light (o*) will act to raise Mj.
Applying the selection rules to the ground state of
Dy;AlsO,, shows that scattering is not possible between | g
and |g |) states, as shown in Fig. 4. In reality, however, the
crystal field acts to smear the magnetic quantum-number
components in the ground state. Considering a dysprosium
moment with local magnetic axis along the applied-field di-
rection, a diagonalization of the crystal-field Hamiltonian,
given by Wadsack et al., gives the spin-up ground state to be
lg1)=70%| 5)+26%| ) +1%|1)+3%]3)- -+ while the spin-
down ground state is |gl>=70%|_2—5)+26% _7”>+1%|_2—7>
+3%|_2—3>+---.22 The transfer between |g;) and |g) is there-
fore not forbidden. However, calculation shows that the scat-
tering rate for the |g;)—|f;) transfer is more than two orders
of magnitude larger than the | gp— lg |) transitions. We thus
surmise from our results that an allowed Raman transition is
required between magnetic levels to observe ultrafast opto-
magnetism.

In light of understanding the origin of the oscillation, we
reexamined its dependence on temperature. The decay time
constant and oscillation frequency are shown in Fig. 6 as a
function of temperature. The decay rate does not show a
strong dependence on temperature. This indicates that the
decoherence time is not dominated by phonon interactions
but more likely depends on magnetic interactions and crystal
defects.
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FIG. 6. (Color online) (a) The time taken for the 2.1 THz oscil-
lation to decay time and (b) the frequency of oscillation as a func-
tion of temperature (line shows fit model).

To explain the change in oscillation frequency with tem-
perature, it is necessary to examine the electronic structure.
As the temperature is increased, the populations of the
lowest-lying excited states, which occur at energies corre-
sponding to 104, 164, and 268 K, become important. Popu-
lation in these states can cause a modification of the crystal
field due to the transfer of population to different ligands.
These modify various contributions to the crystal field such
as wave-function overlap, covalence, and nascent covalent
bonds.>* A simple parametrization in terms of these level
occupations can easily account for the variation in frequency
as is shown in Fig. 6(b).

VI. LIMITATIONS OF THE EFFECTIVE FIELD PICTURE

Now that the origin of the induced coherence has been
established, it is worth returning to the problem of why there
are limits on determining the inverse Faraday effect from
static measurements. First, it should be pointed out that the
inverse Faraday effect should indeed induce magnetization in
Dy;Als0,, if given sufficient time. Rare-earth paramagnetic
glasses have been tested'> and showed agreement with the
predictions of Eq. (3). In addition, the response of terbium
gallium garnet (Tb3GasO;,), a very similar material to
Dy;Al504,, has been measured and was found to display an
optically induced magnetization consistent with Eq. (3)
(Ref. 25).

This apparent contradiction can be resolved by consider-
ing the microscopic origins of the effect. In the garnet struc-
ture, there are six distinct rare-earth (c¢) sites; these have
identical local symmetries but each has a different orienta-
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FIG. 7. Illustration of the diamagnetic-type contribution to (a)
the Faraday effect and (b) the paramagnetic-type contribution.

tion with respect to the crystallographic axes.”® These six
sites can be subdivided into three pairs, each of which have
their primary magnetic axes orientated along one of the crys-
tallographic directions. Thus while the Dy;AlsO;, crystal
displays isotropic magnetic properties, individual dyspro-
sium moments are actually highly anisotropic.?’ Here we
emphasis that the Faraday and inverse Faraday effects are
local in nature, and thus the action must be considered on
individual magnetic moments. Each pair of sites will “see” a
different effective field depending on their orientation. Those
sites which experience the strong inverse Faraday field, pre-
dicted by statics, have a negligible magnetic susceptibility
perpendicular to this directions, along the external field; thus
no induced moment which can precess around the IFE field.
On the other hand, those sites with an induced magnetic
moment do not experience any a strong IFE because, as
shown in the previous section, there is no Raman connection
between their [g;) and [g|) ground states.

While the laser-induced field acts strongly only with a
fraction of the magnetic moments, these are also the mo-
ments which have a high susceptibility along the field direc-
tion, and thus are responsible for the induced magnetization.
The situation is different in quasistatic measurements, where
there is no need to consider the local anisotropy of the mag-
netic moments.

It should be noted that there may be other limits to deter-
mining the effective field created by the inverse Faraday ef-
fect from static measurements of the Faraday effect. This is
due to the fact that there is not a single microscopic origin of
the Faraday effect. These origins are not trivial and have
been discussed at length by many authors.”®-3! However,
general observations can be made: usually two contributions
to the Faraday effect are distinguished, namely, the paramag-
netic contribution (which results from the influence of mag-
netism on ground states) and the diamagnetic contribution
(which is the result of the magnetic influence on excited
states). Figure 7 illustrates the difference between these. It is
normal for both of these contributions to be present but usu-
ally one dominates the response.

In the discussions of the inverse Faraday effect, only

PHYSICAL REVIEW B 81, 104404 (2010)

paramagnetic contributions have been explicitly considered
(interaction between ground states); this is a presumption of
Pershan’s microscopic theory of the inverse Faraday effect,'3
though not of Eq. (2). A diamagnetic contribution to the in-
verse Faraday effect should also occur. However, it is unclear
if this is physically meaningful as there is no lasting influ-
ence on the ground state for nonresonant excitation. In fact,
this diamagnetic inverse Faraday effect is essentially what
was originally derived by Pitaevskij, as the system he con-
sidered had no ground-state magnetization. The experimental
measurements on Dy;AlsO;, may also show this diamag-
netic inverse Faraday effect; the transient observed at zero
time delay in Fig. 2 should contain this effect, however,
separating the true magnetic part from changes in the
magnetic-optical susceptibility during strong laser excitation
is a formidable problem. It therefore may be necessary to
remove the diamagnetic contribution from static magneto-
optical constants which are to be used as a basis to predict
the inverse Faraday response. Certainly, care must be taken
with respect to the microscopic origins as not all may con-
tribute to the effective field.

VII. CONCLUSIONS

In this paper, we have attempted to resolve whether or not
the thermodynamical theory of the inverse Faraday effect is
still valid on a subpicosecond time scale. An experimental
and theoretical examination was undertaken which showed
that, in general, a simple correspondence cannot be expected.
We have demonstrated that in Dy;AlsO,,, the effective field
predicted by the magneto-optical Verdet constant cannot be
observed for excitation by a 50 fs pulse. However, the ob-
served formation of a terahertz-frequency quantum coher-
ence between the material’s magnetic sublevels indicates the
presence of stimulated Raman scattering. Further examina-
tion of the selection rules governing the Raman process
showed that direct scattering between the ground-state dou-
blet is expected to be much weaker than to other levels. It is
argued that a viable Raman connection between magnetic
levels is a necessary requirement for optomagnetism. Fur-
thermore, in choosing materials to exploit optomagnetism a
greater importance must be placed on the Raman selection
rules which link magnetic levels rather than the strength of
static magneto-optical effects which are not necessarily a re-
liable indicator.
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