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Circularly polarized short laser pulse induces nonequilibrium population of spin levels in the excited state of
Ce3+-ion embedded in yttrium aluminium garnet crystal and, consequently, the magnetization of the crystal
associated with spin polarization. Dynamic behavior of laser-induced magnetization is studied as a function of
the external magnetic field. It reveals spin oscillations attributed to the effect of hyperfine magnetic field
produced by 27Al nuclei on the Ce3+ spin. A simple theoretical model explaining spin oscillations is presented.
It shows that circularly polarized light induces spin coherence at the transition between Zeeman sublevels of
Ce3+ ion in the lowest 5d state. Temporal shape of laser-induced magnetization signal reveals the following
parameters of this state: �1� the spin-lattice relaxation constant is �2�107 s−1, �2� inhomogeneous spin
dephasing time is �4 ns, and �3� the g tensor of the state seems to be isotropic with the g factor being in the
range 0.7–0.9. In addition, the width of the local hyperfine field distribution is �40 G.
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I. INTRODUCTION

In our recent works it was predicted theoretically �1� that
coherent population trapping �CPT� and electromagnetically
induced transparency �EIT� can lead to suppression of ex-
cited state absorption �ESA� in laser crystals, in which ESA
is the most important factor prohibiting tunable laser action
�2�. The two examples of particular importance are Ce:YAG
and Ti:YAlO3—the potential candidates for tunable lasing in
the green-yellow and yellow-orange ranges, respectively.
However, ESA from the emitting 5d level of Ce3+ in
Ce:YAG prevents lasing �3�. Lasing in Ti:YAlO3, with ex-
tremely low efficiency because of ESA at pumping wave-
length �4� was reported only once �5�. The idea of ESA sup-
pression is based on EIT resulting from optically excited
electronic coherence between either crystal field levels or
Zeeman states of the same crystal field level. However, the
possibility of coherence creation between optically excited
electronic states in rare-earth or transition-metal doped crys-
tals has never been tested before. Furthermore, even the pa-
rameters of the transitions between those states related to
creation of EIT conditions, such as homogeneous and inho-
mogeneous transition linewidths, are unknown.

In the present work, the possibility of exciting spin coher-
ence at Zeeman transition in the lowest 5d state of Ce3+ ion
in yttrium aluminum garnet YAG crystal is studied by ana-
lyzing the shapes of optically induced spin magnetization in
Ce:YAG crystal at room temperature. The first observation of
laser-induced magnetization in solids by Hull et al. was done
in ruby �6�. Since then many authors reported results on op-
tically induced magnetization in ruby under the action of
pulsed ruby and second harmonic of Nd:YAG lasers for dif-
ferent conditions of excitation �7,8�. In the view of the
present work, the results on optical excitation of spin coher-
ence by Takagi et al. �see �8� and references therein� are of
the most importance. In that work it has been shown directly
that Cr3+ spins can coherently precess in the external mag-
netic field perpendicular to the c axis when illuminated by a
short laser pulse of circular polarization propagating along

the crystal axis. Lately, the existence of spin coherence was
also confirmed by observation of coherent population trap-
ping �CPT� �9� and Ramsey interference �10� in room-
temperature ruby.

The paper is organized in the following manner. The next
section describes the experimental setup and preliminary re-
sults obtained with ruby crystal excited at the R1 line by
circularly polarized light. The experimental results are simi-
lar to the ones obtained in Ref. �6�. These results are inter-
preted theoretically in Sec. III and predictions about the
shape of induced magnetization signal in Ce:YAG are made.
However, these predictions contradict the experimental re-
sults reported for the Ce:YAG crystal in Sec. IV. Instead of
impulsive excitation and slow decay, the magnetization
shows highly damped oscillations followed by exponential
decay. The existence of these oscillations is explained theo-
retically in Sec. V by spin precession in local hyperfine field
produced by 27Al nuclei. Even though the hyperfine field is
random in magnitude and orientation for different Ce3+ ions
in the crystal, it can cause observable magnetization oscilla-
tions. The shape of the magnetization signal allows one to
estimate spin-lattice relaxation time, spin decoherence time,
and local magnetic field distribution in the excited 5d state of
Ce3+. It is also shown that spin coherence in this state can be
excited by laser pulse. The most important results of the
paper are summarized in Sec. VI.

II. EXPERIMENTAL ARRANGEMENT

A Ce:YAG crystal of dimensions 4�4�4 mm3 was ob-
tained by Scientific Materials Corporation. Nominal cerium
concentration was 0.18%. The crystal was placed in a two-
turn coil of square section 6�6 mm2. The signal from the
coil was amplified by a broadband amplifier �Mini-Circuits
ZFL-500, 500 MHz bandwidth� and averaged on a digital
oscilloscope �Tektronix TDS684A�. The crystal was illumi-
nated by a doubled output of a homemade pulsed Ti:sapphire
laser tuned to the wavelength �900 nm. The illumination
wavelength 450 nm approximately corresponded to the
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maximum absorption of Ce3+ in YAG �11,12�. The blue pulse
was circularly polarized. The laser pulse energy was in the
range 200–300 �J while the pulse duration was �3 ns. The
laser spot diameter at the crystal position was �1 mm. The
laser beam was propagating perpendicular to the plane of the
coil turns. The inductance of the pick-up coil used in the
experiment was estimated to be �40 nH while the input im-
pedance of the amplifier was 50�. Thus, the temporal reso-
lution of the detection system before the amplifier was better
than 1 ns. Of course, the resolution was somewhat lowered
by the limited bandwidth of the amplifier and the oscillo-
scope. The overall schematic diagram of the setup is shown
in Fig. 1.

Prior to studying laser-induced magnetization in Ce:YAG,
the experimental setup was tested with a ruby crystal illumi-
nated along its c axis with circularly polarized pulses of
Ti:sapphire laser tuned in resonance with the R1 excitation
line �693.4 nm, 1–2 mJ per pulse�. Laser-induced emf signal
�the time derivative of optically induced magnetization� was
similar to the one observed by Hull et al. �6� �see Fig. 2�. The
amplitude of the signal after amplification was of the order
of a few millivolts. The emf signal changes its sign when the
laser polarization is changed from right circular to left circu-
lar.

III. PRELIMINARY CONSIDERATIONS

The behavior of spin magnetization excited in ruby by a
laser pulse of 694.3 nm wavelength can be understood very
easily �7�. The ground state of the Cr3+ ion consists of two
Kramer’s doublets separated by 0.38 cm−1. Circularly polar-
ized laser radiation propagating along the c axis excites chro-
mium ions only from two of the four Zeeman sublevels of
the ground state 4A2 �13�, thus, resulting in an unbalanced
population distribution between ±1/2 and ±3/2 pairs of
states. After optical excitation populations of �+1/2� and
�−1/2� states are no longer equal. The same is true for
�−3/2� and �+3/2� states. At the same time, very rapid spin
relaxation in the excited 2E state �picosecond time scale�
prevents excited chromium ions from being spin polarized.
Thus, the only contribution to the laser-induced magnetiza-
tion comes from the population difference between the
ground-state Zeeman sublevels whose spin-lattice relaxation
time is much longer �130 ns in zero external magnetic field

and �0.5 �s in the magnetic field �60 G �7�� than that of
the excited state sublevels. Instantaneous magnetization of
the sample is proportional to the spin expectation value given
by the following formula:

�Sz� = 	
Sz=±1/2,±3/2

�SzSz
Sz, �1�

where �SzSz
is the population of spin state �Sz�. The magneti-

zation signal shown in Fig. 2�b� has a very steep leading
edge corresponding to the fast impulsive excitation and slow
trailing edge due to the long spin relaxation time. Under
ideal conditions, i.e., zero inductance of the pick-up coil and
infinite input impedance of the oscilloscope, the magnetiza-
tion is proportional to the time integral of the emf signal
induced in the coil:

FIG. 1. �Color online� Schematic diagram of the setup used to
measure laser-induced magnetization in Ce:YAG crystal.

FIG. 2. �Color online� �a� Laser-induced emf signal ��t� of a
ruby when excited by 694.3 nm circularly polarized light �R1 ruby
line� propagating along the c axis. The pick-up coil axis is along the
laser beam propagation direction. �b� Sample magnetization de-
duced from emf signal, M 	−
−


t ��t��dt�.
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M 	 − �
−


t

��t��dt�. �2�

As discussed previously, with the present setup the above
formula can be used to extract spin magnetization from emf
signal at time scales longer than 1 ns. The most contribution
to the laser-induced magnetization comes from levels ±3/2
because �1� the magnetic field produced by them is 3 times
greater than the one produced by the ±1/2 pair and �2� the
optical excitation efficiency from ±3/2 levels is 1.5 times
greater than the one from ±1/2 states. It is necessary to
emphasize that the existence of laser-induced magnetization
relies solely on the long spin-lattice relaxation time in the
ground state of Cr3+ because of the absence of Orbach spin
relaxation �14�. In turn, the origin of Orbach relaxation is
resonant inelastic scattering of phonons via the closest elec-
tronic state above the one in which spin-lattice relaxation is
being studied. Thus, if the first excited electronic state is only
a few tens or hundreds of wave numbers above the ground
one, very fast spin relaxation between the ground-state sub-
levels should be expected. This is exactly the case for the
excited state of Cr3+ in ruby because the energy difference

between the states Ē�2E� and 2Ā�2E� �the ones giving rise to
R1 and R2 optical absorption lines, respectively� is only
29 cm−1. However, for the ground-state Cr3+ ions the first
excited electronic state lies 14�103 cm−1 above. This means
that Orbach relaxation in the ground state is strongly sup-
pressed and spin lifetimes are long.

The same situation can be expected in Ce:YAG crystal
with the only difference being that the Orbach relaxation is
suppressed in the excited rather than in the ground electronic
state. The ground state of Ce3+ ion is 14-fold degenerate 4f1

while the optically excited one is tenfold degenerate 5d1. The
degeneracy is lifted by the combined action of the crystal
field and spin-orbit interaction resulting in splitting of both
4f1 and 5d1 manifolds into seven and five Kramer’s doublets,
respectively �see Fig. 3, only the two lowest 5d Kramer’s

doublets are shown�. The first excited Kramer’s doublet of
the 4f1 manifold lies only 582 cm−1 above the ground one
�15�. Therefore, spin-lattice relaxation rate in the ground
state is expected to be very high because of the Orbach re-
laxation. On the contrary, the first excited state of the 5d1

manifold lies �8000 cm−1 above the lowest one. Conse-
quently, spin-relaxation time of the excited cerium ions is
expected to be of the same order as the lifetime of the excited
state �70 ns �16��. The expected behavior of laser-induced
magnetization is fast rise during excitation followed by a
rather slow decay �with the characteristic time scale of the
order of a few tens of nanoseconds� as in the case of R1-line
excitation of Cr3+ in the ruby considered in the previous
paragraph.

IV. EXPERIMENTAL RESULTS

The emf signal of Ce:YAG detected after excitation by a
laser pulse is shown in Fig. 4�a�. The corresponding spin
polarization signal �see Fig. 4�b�� shows more complicated
behavior than expected. Instead of monotonic exponential
decay, laser-induced magnetization shows decaying oscilla-
tions of frequency �120 MHz. Even though the damping
rate is very high, two spin flips can be clearly seen. The
oscillation exponential decay time is �5 ns. The oscillatory
behavior of the magnetization is followed by a smooth ex-
ponential decay with the characteristic decay rate �28 ns. As
in the case of the R1-line excitation in ruby, emf signal flips
its sign upon changing laser polarization from right circular
to left circular.

Several experimental tests were performed in order to un-
derstand such an unusual behavior of Ce3+ spins. The first
one was performed to ensure that laser-induced magnetiza-
tion originates in the excited state of Ce3+ but not in the
ground one. It is known that Ce3+ ions in YAG crystal decay
rapidly �2 ns� into the lowest 5d1 state when excited into the
second absorption band �12�. There is no particular reason
that the electron conserves its spin orientation during such
decay. Thus, no laser-induced magnetization can be ex-
pected. The Ti:sapphire laser was tuned so that its second
harmonic was in resonance with the second 4f →5d absorp-
tion band at 340 nm �680 nm fundamental wavelength�. No
emf signal was detected for the circularly polarized laser
beam. This fact indirectly confirms that the lowest 5d1 state
of Ce3+ gives rise to laser-induced magnetization.

The second test was studying the dependence of the mag-
netization on the magnitude and orientation of the external
magnetic field. In the case of the magnetic field being ap-
plied parallel to the laser beam propagation direction, the
oscillations disappear. The typical signal shapes for three
values of the magnetic field are shown in Fig. 5. The oscil-
latory part gradually disappears as the field is increased from
zero up to 100 G, although essential decrease in the ampli-
tude of oscillations is noticed at much lower fields of
20–30 G. On the contrary, upon application of the magnetic
field perpendicular to the beam propagation direction, oscil-
lations do not disappear but become faster. The results ob-
tained for zero magnetic field and for B=35 G are compared
in Fig. 6. The frequency of oscillations increased from

FIG. 3. Energy level diagram of Ce3+ ion in YAG crystal. Each
level is a Kramer’s doublet which can be split by the external mag-
netic field.
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116 MHz �the maximum of the Gaussian fit of the Fourier
transform of the signal� up to 143 MHz.

The third test was done with ruby crystal excited by a
laser pulse being in resonance with the R2 line �692.9 nm�.
Unlike the case of excitation in resonance with the R1 line,
laser-induced magnetization showed behavior similar to the
one observed in Ce:YAG �see Fig. 7�. The essential differ-
ence between excitations at R1 and R2 lines is that in the
R2-line case Cr3+ ions are excited only from one of the ±1/2
Zeeman states �13�. Therefore, the contribution to the mag-
netization comes only from ±1/2 levels. The essential point
is that spin polarization originating from ±3/2 states does
not give rise to magnetization oscillations while the one
originating from ±1/2 states does. The most probable cause
of such spin behavior is the existence of some magnetic field
perpendicular to the spin orientation which results in the spin
precession in the case of magnetic dipole-allowed spin tran-

sition between ±1/2 states, but does not cause precession in
the case of magnetic dipole-forbidden transition between
±3/2 levels. Similar behavior of Cr3+ spins in ruby was ob-
served when the crystal was placed in the external magnetic
field and illuminated by a circularly polarized light along the
c axis �see �8� and references therein�. It was shown that
chromium spins precess coherently. Coherent spin precession
was also detected at magnetic dipole-forbidden transition be-
tween ±3/2 states due to the fact that ±1/2 states can admix
to ±3/2 ones in strong magnetic field, thus making the tran-
sition slightly allowed.

All cerium isotopes have zero nuclear spin, thus oscilla-
tions cannot arise from hyperfine interaction between elec-
tron and nuclear spins. The only naturally occurring isotope
of chromium with nonzero nuclear spin is 53Cr. However, its
natural abundance is only 9.5% so that it cannot cause such
strong hyperfine signal in laser-induced magnetization. With-
out any external magnetic field applied, the only magnetic
field that can affect Cr3+ or Ce3+ ions is the local hyperfine
field produced by 100% abundant 27Al nuclei. The contribu-
tion of each nucleus to the total hyperfine field is rather low
�even the nearest neighbors contribute only a few tenths of

FIG. 4. �Color online� �a� Laser-induced emf signal of Ce:YAG
crystal when excited by 450 nm circularly polarized light propagat-
ing along the c axis. The pick-up coil axis is along the laser beam
propagation direction. �b� Sample magnetization deduced from emf
signal, M 	−
−


t ��t��dt�.

FIG. 5. �Color online� �a� The emf signal for three values of the
magnetic field B �k. �b� The corresponding magnetizations.
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Gauss�, but the total magnetic field produced by all sur-
rounding nuclei can be rather significant �tens of Gauss�. Of
course, local fields caused by the surrounding nuclei at the
locations of different cerium ions have random magnitudes
and directions. At the same time, all ions contribute to the
magnetization measured in the experiment. Let us examine
whether spin precession averaged over all possible orienta-
tions and magnitudes of local magnetic field can cause ob-
served oscillations.

V. DISCUSSION

Let us assume that at time instant t=0 all spins of a spin-
1
2 medium are prepared in a �+1/2� state by proper choice of
laser polarization. Each spin is subject to its own local mag-
netic field B. We assume that the distribution of hyperfine
fields is isotropic and Gaussian with the spread along each
axis being B0,

f�B� =
1

�B0
��3

exp�−
�B − Bext�2

B0
2 � , �3�

where Bext is the external field in which the crystal is placed.
Here it is also assumed that the external field does not alter
the distribution of hyperfine fields so that the total local field
at each point is just the sum of the two. Temporal evolution
of a spin prepared in state �+1/2� at t=0 and placed in the
magnetic field B is governed by the following Hamiltonian:

H = � �BgzBz �Bg�B�

�Bg�B� − �BgzBz
� . �4�

Here, it is assumed that the g factor of spins can be aniso-
tropic as in the case of �±1/2� states of Cr3+ in the ruby �
gz�2, g��4�. Solving the Schrödinger equation for the spin
wave function ���=c+ � +1/2�+c− �−1/2�, we find the com-
plex amplitudes of states �±1/2� to be

FIG. 6. �Color online� �a� The emf signal for two values of the
magnetic field B�k. �b� The corresponding magnetizations.

FIG. 7. �Color online� Optically induced magnetization in a
ruby, R2-line excitation: �a� emf signal and �b� the corresponding
magnetization.
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c− = − i
�Bg�B� sin��t�

�
, c+ = cos��t� − i

�BgzBz sin��t�
�

,

�5�

with � being defined in the following way:

� =
�B


�gzBz�2 + �g�B��2. �6�

The expectation value of the projection of a spin onto the z
axis is given by the following expression:

�Sz� =
1

2
�c+�2 −

1

2
�c−�2 =

1

2
−

1

1 + � gzBz

g�B�

�2 sin2��t� . �7�

The expectation value of a spin projection averaged over all
ions can be written in the following way:

�Sz��t� = �
−





dBxdBydBzf�B��Sz� . �8�

This expression determines temporal evolution of laser-
induced magnetization after time instant t=0 while �Sz��t
�0�=0. The effect of pulse duration can be easily taken into
account under the assumption that laser pulse does not satu-
rate the optical transition. This means that the probability of
preparing each ion in �+1/2� state at the time instant t is
proportional to the instantaneous laser intensity. Then, laser-
induced magnetization will be given by the following ex-
pression:

M�t� = N�
−





dt�P�t − t���Sz��t�� , �9�

where P�t� is the instantaneous laser photon flux and N is the
normalization factor which depends on the density of ions
and optical absorption cross section. The kernel �Sz��t� can
be rewritten in a fully dimensionless fasion by introducing
normalized time �= t�Bg�B0 /, dimensionless external mag-
netic field b=Bext /B0, and dimensionless ratio of g factors
G=gz /g�. The resulting functional is given by the expres-
sion

�Sz���� =
1

�3/2�
−





dxdydz exp�− �x − bx�2 − �y − by�2 − �z

− bz�2��1

2
−

1

1 +
G2z2

x2 + y2

sin2���Gz�2 + x2 + y2�� .

�10�

The dependence of the above functional on the parameters G
and bx ,by ,bz is illustrated in Fig. 8. It can be seen that the
magnetization reaches some constant value as �→
. This
value increases if the external magnetic field is applied along
the beam propagation direction and decreases if B�k and
approaches 0.5 as Bz→
. For �→
 the above functional
can be evaluated analytically in the following form:

�Sz��� → 
 ,b = 0� =
1

2
� 1

1 − G2 +
G2

�G2 − 1�3/2 sec−1�G�� .

�11�

This formula is valid for all values of 0�G�
 both below
and above 1. The dependence of the magnetization on G for

FIG. 8. �Color online� The dependences of the functional given
by Eq. �10� on the parameter G for several magnetic fields: �a� B
=0, �b� bz=3, bx=by =0, and �c� bz=by =0, bx=3.
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large � is presented in Fig. 9. Another analytical result that
can be obtained is the time dependence of the above func-
tional �10� in the isotropic case G=1 with b=0. The shape of
the magnetization signal is given by the following formula:

�Sz���,G = 1,b = 0� = 1
6 − 1

3 exp�− �2��2�2 − 1� . �12�

Of course, in the previous consideration it was assumed
that there is no spin-lattice relaxation in the medium. If one
takes into account spin-lattice relaxation, the functional �10�
must be multiplied by exp�−� /�1�, where �1=T1�Bg�B0 / is
the normalized spin-lattice relaxation time. Consequently, af-
ter initial spin flips the magnetization decays exponentially.
The fit of the exponential tail �90 ns� t�150 ns� of magne-
tization excited at the R2 line in ruby gives the value of
spin-lattice relaxation time T1

�R2�=129 ns which is in perfect
agreement with the known value of 130 ns �7�.

In order to test how well the above theory describes ex-
perimental data, numerical simulation of laser-induced mag-
netization according to formula �9� was performed for the
case of the R2-line excitation in ruby in zero magnetic field.
The parameters used for the simulation are the following: �1�
laser pulse Gaussian half-width is 4.88 ns as in real experi-
ment, �2� Gaussian half-width of the magnetic field distribu-
tion is taken to be 8.48 G �the value calculated from 12 G
peak-to-peak EPR linewidth �17��, �3� g�=4, g��=2, �4� spin-
lattice relaxation time T1=130 ns. The result is presented in
Fig. 10. One can see that the simulated spectrum agrees with
the one observed experimentally �see Fig. 7�b��.

The data presented in Fig. 5�b� allow one to estimate sev-
eral parameters of the optically excited state of Ce3+. Tail of
the magnetization fitted by single decaying exponent within
the time interval 27 ns� t�50 ns gives us spin-lattice relax-
ation time T1�28 ns. Thus, the spin-lattice relaxation rate
can be estimated as 1/28 ns–1/70 ns�2�107 s−1. The ra-
tio of the magnetizations for Bz=0 and Bz=100 G is constant
for 27 ns� t�50 ns, i.e., at the exponential tail. This ratio is
�0.4. Since the ratio stays constant with time, the spin-

lattice relaxation time is independent of the magnetic field up
to 100 G. The situation B=100 G corresponds to the maxi-
mum spin polarization �Sz� �Bz=100 G��1/2 in a nonde-
caying case �see Fig. 8�b��. Thus, the spin polarization for
Bz=0 is �Sz� �Bz=0�=0.4/2=0.2. According to Eq. �11�, this
value corresponds to G�1.3. However, the value of G can
be slightly lower than that because, as it will be shown in the
next paragraph, B0�40 G which is only 2.5 times lower
than Bz=100 G. In turn, the spin-expectation value in the
Bz=100 G case is slightly lower than 0.5. This consideration
suggests that the g tensor of the lowest 5d state of Ce3+ is
close to being isotropic.

What is the physical meaning of the magnetization evolu-
tion? Originally, all Ce3+ spins are excited in the same state
�+1/2�. After that spins start precessing with different fre-
quencies because of different magnitude and direction of the
local magnetic field. However, at first, all spins tend to flip
into a �−1/2� state, although with different rates. Thus, the
average magnetization decreases and lately restores to some
value lower than the original one. The time scale, at which
the magnetization flips, is determined by the average magni-
tude of the local magnetic field B0. Therefore, the time inter-
vals between magnetization maxima and minima allow one
to estimate spin dephasing time. For G=1.3 and B=0 the
dimensionless time interval between the first minimum and
the first maximum of the time derivative of the functional
�10� is ��=1.06, i.e., this time interval almost equals inho-
mogeneous spin dephasing time. This value should match the
time interval between the first maximum and the second
minimum of the emf signal ��t=4.2 ns� in Fig. 4 �the first
minimum corresponds to the magnetization excitation instant
of time and is not related to the subsequent coherent spin
dynamics�. Thus, the spin dephasing time is T2

��4 ns. At the
same time, application of the external magnetic field of 35 G
perpendicular to the beam propagation direction decreases
the distance between the first maximum and the second mini-
mum down to 3.3 ns which corresponds to ��=0.83. Ap-
proximately the same value can be obtained by numerical
evaluation of the functional �10� with bx�0.9. This gives us

FIG. 9. �Color online� The dependence of the functional given
by Eq. �10� on the parameter G for B=0 and �→
. The ratio of the
residual magnetizations in two cases, bx=by =bz=0 and bx=by =0,
bz→
, allows one to extract parameter G=gz /g�.

FIG. 10. Simulated expectation value of the z component of
Cr3+ spin for R2 excitation in zero magnetic field. Simulation pa-
rameters are given in the text.
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B0�40 G with the corresponding g factor g��0.72 and gz
=g�G=0.94. These values show that the main contribution
to the g tensor comes from the electron spin, but not from the
orbital momentum.

VI. CONCLUSION

Let us summarize the results obtained in the paper. Laser-
induced spin polarization in the lowest 5d state of Ce3+ ion
in YAG crystal at room temperature is detected. It shows
oscillatory behavior even if no external magnetic field is ap-
plied. These oscillations are attributed to Ce3+ spin preces-
sion in the local magnetic field created by nearby 27Al nuclei.
Even though precession of each individual spin is coherent
within the spin-lattice relaxation time scale, the total magne-
tization precession signal is damped after the first two spin
flips because of random magnitude and direction of the local
magnetic field. The shape of the observed magnetization sig-
nal allows one to extract information about the spin proper-
ties of the lowest 5d state of Ce3+ ion and its surrounding in
YAG crystal. In particular, the local magnetic field distribu-
tion has the width �40 G, the spin-lattice relaxation constant
is 2�107 s−1, spin decoherence time is T2

��4 ns, the g ten-
sor is close to isotropic with the g factor close to unity.
However, in the present experimental work it was not pos-

sible to extract homogeneous linewidth of the spin transition
and the corresponding time T2. In order to do so, one must
perform some kind of spin-echo experiment.

The above experimental results confirm the fact that Or-
bach relaxation is suppressed due to the large energy gap
between the lowest 5d Kramer’s doublet and the closest elec-
tronic level and that spin coherence can be efficiently excited
by optical means. Thus, Ce:YAG crystal seems promising for
suppression of excited-state absorption at pumping and las-
ing transitions and gives hope for realization of Ce:YAG
laser tunable in the green-yellow range. The same situation is
expected in two more prospective laser crystals, namely,
Ti3+ :YAlO3 and V4+:YAlO3 �18�. Orbach relaxation be-
tween Zeeman sublevels of the excited state is expected to be
low even at room temperature because of large energy sepa-
ration between the first and second excited states of Ti3+ and
V4+ ions ��3000 cm−1�.
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