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Using both optical absorption and laser-excited fluorescence, we have determined 55 crystal-field energy
levels of the Sm31 center in LiYF4:Sm31. Electron paramagnetic resonance determines the symmetry of the
center to be tetragonal, with effective spin Hamiltonian parameters ofgi50.41060.005 andg'50.644
60.002. Inclusion of hyperfine interactions yields magnetic hyperfine constants ofAi520565 MHz andA'

573565 MHz for the 147Sm isotope andAi516565 MHz and A'560565 MHz for the 149Sm isotope.
Truncating the 4f 5 configuration to the lowest 30 multiplets,D2d symmetry crystal-field fits to the experimen-
tal energy levels yield physically reasonable crystal-field parameters with standard deviations under 11 cm21.
Simultaneous diagonalization of the crystal- and magnetic-field perturbation matrices give calculated magnetic
splitting factors in good agreement with the measured ground-stateg factors.@S0163-1829~99!12929-1#
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I. INTRODUCTION

LiYF4 is a tetragonal fluoride crystal of the Scheel
structure. Hence it belongs to theC4h

6 space group. This
compound is favorable for the introduction of trivalent rar
earth ions as they substitute for the Y31 ions and require no
charge compensation. Each Y31 ion is surrounded by a
dodecahedron of eight F2 ions and, consequentially, has
point group symmetry ofD2d . In fact, there is a slight dis
tortion of the F2 dodecahedron cage which reduces the sy
metry at the Y31 ~and, hence, trivalent rare-earth! site toS4 .
As the distortion angle is very small~;2.3°!, many authors
chooseD2d as a realistic approximation to the actualS4 site
symmetry.

Rare-earth (R31) doped LiYF4 has been studied by man
authors, largely motivated by the prospect of solid-state
tical devices, e.g., Tonelliet al.1 Esterowitzet al.2 performed
polarized absorption and fluorescence studies of LiYF4:Pr31.
A crystal-field analysis of this data provided basis functio
for a Judd-Ofelt analysis of the spectral line intensities
was concluded in this work that the absence of many tra
tions ~expected to be allowed for electric dipole selecti
rules underS4 symmetry! could be explained using th
higherD2d symmetry, for which these transitions are forbi
den.

Similar studies have been performed on LiYF4:Eu31.3,4

Görller-Walrand et al.5 have completed crystal-field fits t
120 crystal-field levels assumingS4 symmetry for the Eu31
PRB 600163-1829/99/60~6!/3849~7!/$15.00
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ion center, based on polarized absorption measuremen
the 4000–39 000 cm21 range. Using this comprehensive b
sis set, Fluytet al.6 have completed a Judd-Ofelt analys
assumingD2d symmetry, thereby reducing the number
parameters involved. Such intensity parametrizations h
shown themselves to be useful tests of the validity of us
the D2d approximation to the actualS4 symmetry.

R31-doped LiYF4 has also been shown to be a useful h
for studies of quantum upconversion. LiYF4:Pr31 has dem-
onstrated efficient infrared-to-blue upconversion,7,8 while
LiYF4:Tm31 has displayed infrared-to-ultraviolet upconve
sion via a photon avalanche effect.9 Indeed, upconversion
lasing has been demonstrated using LiYF4:Er31,10

LiYF4:Nd31,11 and LiYF4:Tm31.12 Typically, such lasing is
cw pumped and the output consists of a semirandom p
train with a power-dependent repetition rate. Conversion
ficiencies of up to 10% of the incident pump light have be
obtained.

In this study, we present optical absorption, laser exc
tion, and polarized fluorescence spectra of LiYF4:Sm31.
LiYF4 is a particularly convenient host for studying Sm31

because its substitution for a trivalent ion prevents the co
istence of the divalent species for which one cannot ea
perform ‘‘ion-selective’’ spectroscopy in a convention
manner. This is because the strong 4f˜4 f N215d transitions
are broad and overlapping as is the case in fluorite crys
where the samarium ion substitutes for the divalent catio13

For the fluorescence spectra presented in this work,
choose a comparatively low dopant concentration to av
3849 ©1999 The American Physical Society



os
s

y

nc
th

in

-

-
ow
ts

-
d

it
ith

m
F
a

ry
n

gr
In
s

e

ea
o

ig-
at
rie

-

sic
0%
w
ra
-

lle
0
th
lie

n-
iti
m

id
er-
ns.
ac-
re-

ed
ere
ulti-

were

by
nts
nd

ied

e

eld

s

r

-
ta-

a
the
let

tra
ck
er,
to

t
for

To

the

1.
ta-
the
i-

in
t fre-

3850 PRB 60WELLS, YAMAGA, HAN, GALLAGHER, AND HONDA
Sm31-Sm31 ion coupling as has been observed in other h
crystals. This results in strong cross-relaxation proces
which have been shown to quench the4G5/2 optical
excitation.14–16 Electron paramagnetic resonance~EPR! has
been used to unambiguously determine the site symmetr
the single Sm31 center present in LiYF4:0.1% Sm31 crystals
as having tetragonal symmetry. In addition, these resona
show structure due to hyperfine interactions between
Kramers conjugate ground states of the147Sm and 149Sm
isotopes with nonzero nuclear spin. Experimental determ
tion of the 4f wave function symmetries~from polarized
laser excited fluorescence! has provided the basis for com
prehensive crystal-field fits to the 55 measured Sm31 energy
levels assumingD2d symmetry with good agreement be
tween theory and experiment. These crystal-field fits all
calculation of theg values measured in the EPR experimen

II. CRYSTAL GROWTH

The LiYF4:Sm31 crystals were grown by the Bridgman
Stockbarger technique using a furnace design originally
veloped for the growth of simple fluorides.17 Oxygen is re-
moved from the furnace using a rotary pump combined w
a small diffusion pump, and then the chamber is filled w
purified argon gas to a pressure slightly greater than 1 atm
minimize evaporative losses. The graphite crucible used
all runs has dimensions 15 mm internal diameter by 100
long with a 1° internal taper and a cone angle of 30°. LiY4
is incongruently melting at a temperature of 819 °C with
composition of 49 mol % YF3 and 51 mol % LiF.2 The slight
excess of LiF ensures nucleation and growth of doped c
tals under the desired phase. In order to avoid constitutio
supercooling, the crystals were grown in a temperature
dient of 40 °C/cm with a translation rate of 0.8 mm/h.
these unseeded growth runs, the as grown crystal boule
randomly oriented and oriented spectroscopic samples w
prepared using Laue x-ray-diffraction photography.

III. EXPERIMENTAL DETAILS

Optical absorption spectra in the visible range were m
sured at 10 K using Cary-AVIV double-beam spectroph
tometer with a CTI-Cryogenics model 22C cold cycle refr
eration unit. Infrared absorption spectra were obtained
sample temperature of 10 K using a Digilab FTS-40 Fou
transform infrared~FTIR! spectrometer with a maximum
apodized resolution of 0.1 cm21. Laser excitation and fluo
rescence spectra were obtained using a 5 W. Coherent In-
nova 70 argon ion laser to optically pump a Spectra-Phy
375B dye laser. Rhodamine 560 dye dissolved in 10
ethyl-glycol was used as the lasing medium. The sample
cooled by a CTI-Cryogenics model 22C cold cycle refrige
tion unit with temperature variability from 10 to 300 K pro
vided by a Palm Beach Cryogenics temperature contro
Fluorescence was dispersed with a Spex Industries 50
single monochromator. For fluorescence wavelengths in
range 400–800 nm, a Hamamatsu R9249 photomultip
which was thermoelectrically cooled to225 °C, was used to
detect the light. For near-infrared light a liquid-nitroge
cooled germanium detector was used with phase-sens
detection provided by an Ortholoc model 9502 lock-in a
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plifier. Polarization spectra were recorded with a polaro
sheet with a Hanle wedge employed to correct for the diff
ing response of the spectrometer to different polarizatio
Corning glass filters were used to avoid second-order diffr
tion complicating spectra recorded in the 1000–1500 nm
gion. The lifetime of the higher-lying4G5/2 state was mea-
sured using a Laser Scientific model VSL-337 puls
nitrogen laser to excite a Coumarin 500 dye laser. Data w
collected using a Standford Research Systems SR430 m
channel analyzer.

The electron paramagnetic resonance measurements
made with a Bruker EMX10/12X-band spectrometer~micro-
wave frequency 9.644 GHz! with 100 kHz field modulation.
The angular variation of the EPR spectra was measured
rotating the sample within the cavity. The measureme
were performed under a microwave fluence of 0.5 mW a
with a standard temperature of 5 K which was obtained with
a continuous-gas-flow cryostat. The full range of the appl
magnetic fields during an experiment was 0–1.5 T.

IV. POLARIZED LASER-EXCITED FLUORESCENCE
SPECTROSCOPY

The 4f 5 configuration, appropriate for trivalent Sm31, has
12 multiplets under 11 000 cm21: 6HJ (J55/2,...,15/2)
and 6FJ (J51/2,...,11/2) as well as the excited states4GJ
(J55/2,...,11/2) and4FJ (J53/2,...,9/2). The ground stat
is represented by6H5/2. For 6HJ (J55/2,...,15/2) and6FJ
(J51/2,...,11/2), there are 57 doubly degenerate crystal-fi
levels for Sm31 ions with D2d symmetry. For the LiYF4
host, all of the Sm31 ion energy levels have wave function
which necessarily transform as one ofg6 andg7 irreducible
representations of theD2d double group as is appropriate fo
the point group symmetry of the Sm31 ion site. The complete
labeling scheme of Sm31 crystal-field levels includes the par
ent 2S11LJ multiplet and the relevant irreducible represen
tion ~irrep!. We adopt the common notation of a letter and
numerical subscript. Where it is known and appropriate,
irrep symmetry is also included. Thus the ground multip
6H5/2 is labeledZ, with the ground state labeledZ1(g6), and
the first excited multiplet is labeledY, the secondX, and so
on ~see Table II!.

As the 6H5/2˜
4G5/2, 4F3/2, and 4G7/2 absorption transi-

tions are nominally spin forbidden, no absorption spec
could be obtained for these multiplets with the 2-mm-thi
LiYF4:0.1% Sm31 samples. These transitions are, howev
weakly allowed as intermediate-coupling admixtures in
both the 6H5/2 and 4G5/2 wave functions via the spin-orbi
interaction break down the spin selection rule. Even so,
C4v symmetry centers in Sm31-doped fluorite,18 these tran-
sitions remain at less than 5% of the total transmission.
observe these absorption transitions, a LiYF4:10% Sm31

sample was studied. For crystals cooled to 10 K, all of
expectedJ11/2 crystal-field states of the4G5/2, 4F3/2, and
4G7/2 multiplets could be identified as is indicated in Fig.
Employing the vastly enhanced sensitivity of laser exci
tion, the 4G5/2 absorption features can be observed in
LiYF4:0.1% Sm31 sample~Fig. 2!. To observe these trans
tions, the intensity of the fluorescence at 14 232 cm21 was
monitored using 3-mm-wide spectrometer slit widths. As
the absorption spectrum, three transitions are observed a
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PRB 60 3851POLARIZED LASER EXCITATION, ELECTRON . . .
quencies of 17 810, 17 924, and 18 066 cm21, which are as-
signed as transitions to the three electronic energy level
4G5/2 for the single Sm31 ion center present in LiYF4. The
A1 line at 17 810 cm21 has no structure, while theA2 andA3
lines at 17 924 and 18 066 cm21 are accompanied by struc
tural lines with small intensities. These features are
caused by Sm31 ion pairs or by a Sm31 ion perturbed
through vacancies or other impurities because the conce
tion ~0.1%! of Sm31 is very low and there is no structure fo
theA1 line. Therefore, the additional features are attributa
to phonon sideband absorption. The frequencies of the t
sitions and phonon energy are summarized in Table I.
have labeled these lines arbitrarily with lowercase letters
is noted that the feature~labelede! seen at an energy dis
placement of 218 cm21 from the 17 810 cm21 transition cor-
responds to a longitudinal optical phonon frequency of
host lattice.19,20

Sm31 ion fluorescence has been studied both by argon
excitation and by direct dye laser excitation of the4G5/2
multiplet itself. In neither case could emission from the e
cited 4G7/2 or 4F3/2 states be observed, and at 10 K,
fluorescence could be observed to emanate from
4G5/2A1(g7) state at 17 810 cm21. Fluorescence transition
to the lower-lying 6HJ and 6FJ multiplets are observed in
the 17 800–7000 cm21 region, and Fig. 3 presents fluore
cence spectra with the static electric-field vector of the fl
rescence polarized either perpendicular or parallel to thc
axis. Of the 25 expected crystal-field components for
6HJ multiplets, only one could not be assigned. This is
6H13/2V7 state which we have assigned from Fourier tra

FIG. 1. 10 K absorption spectra for the4G5/2, 4F3/2, and 4G7/2

multiplets in LiYF4:10% Sm31.
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form infrared absorption to be at an energy of 5173 cm21. In
several cases, transitions which terminate on vibronic st
of the host lattice have been observed as phonon sideba
On the whole the observed vibronic intervals match tho
observed in excitation and these transitions have been
beled accordingly.

Due to the proximity of the6H15/2, 6F1/2, and 6F3/2 mul-
tiplets, no experimental distinction can be made between
crystal-field splitting states of the three different multiple
As a consequence, an arbitrary alphabetical label ofS is
given to the energy levels of these multiplets in Table
This approach can be theoretically justified on the grou
that the wave functions of these states are considerably
mixed by the crystal field. Not all of the expected transitio
are observed, and this is attributed to the broader and
tially overlapping higher-frequency states of these multipl
obscuring weaker transitions. Fluorescence transitions to
6F7/2 multiplet in the 9800–9700 cm21 region are compara
bly weak and are superimposed upon a broad band of fl
rescence which appears to be attributable to trace quan

FIG. 2. 10 K laser excitation spectrum of the4G5/2 multiplet in
LiYF4:0.1% Sm31. Fluorescence was monitored at 14 232 cm21

using 3 mm slits and neutral density filters.

TABLE I. 10 K excitation transitions for the4G5/2 multiplet of
LiYF4:0.1% Sm31.

Label Frequency Shift from 17 810 cm21

A1 17 810 0
a 17 897 87
b 17 915 105
A2 17 924 114
c 17 934 127
d 17 948 138
e ~LO! 18 028 218
A3 18 066 256
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FIG. 3. 10 K polarized fluorescence spectra for the6HJ and 6FJ multiplets. For each multiplet the upper spectrum isp polarized, while
the lower spectrum iss polarized. The* notation indicates a transition which terminates on a vibronic state of the lattice and which h
been observed in excitation.
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of YbF3 ~Ref. 21! in the SmF3 used as a starting material.
All of the crystal-field splitting states of the6HJ and 6FJ

multiplets which have been inferred from the observed4G5/2
fluorescence have been confirmed by infrared absorp
measurements. Good agreement between the laser excit
and IR absorption has been obtained.

V. FLUORESCENCE LIFETIME MEASUREMENTS

Excitation of either the4F3/2 multiplet at 18 900 cm21 or
the 4G7/2 multiplet at 19 800 cm21 yields fluorescence from
the 4G5/2 multiplet at 17 810 cm21. For pulsed laser excita
tion, a single exponential is observed when monitoring4G5/2
fluorescence. There is no rise time associated with the
time of the 4F3/2 or 4G7/2 multiplets. This indicates that th
lifetimes of these higher-lying multiplets are predominan
governed by nonradiative relaxation, not measurable with
temporal resolution available here.

The fluorescence lifetime of the4G5/2A1(g7) state is
measured to be 4.0760.05 ms at room temperature an
3.9660.05 ms at 10 K. Thus the4G5/2 lifetime is essentially
static as the temperature of the sample is varied from ro
temperature to 10 K. This is not surprising as the energy
between4G5/2 and the next-highest-energy multiplet (6F11/2)
is approximately 7500 cm21. To bridge such an energy ga
with lattice phonons would require more than 1
phonons,19,20and such a process can be considered to ma
negligible contribution to the4G5/2 lifetime, even at room
temperature.
n
tion

e-

e

m
p

a

Given that the4G5/2 state is essentially metastable, th
probability for the absorption of a second photon from th
state should be reasonably high, giving rise to upconvers
fluorescence by means of sequential absorption. Altho
such fluorescence was searched for, none could be dete
for pump powers of up to 300 mW and at the limits of th
detection capabilities available in this study. It is reasona
to assume that sequential absorption processes are occu
but as the density of electronic states for the Sm31 ion above
20 000 cm21 is high, this optical excitation is quenched v
nonradiative relaxation and all emission emanates fr
4G5/2.

VI. ELECTRON PARAMAGNETIC RESONANCE
SPECTROSCOPY

The angular variations of the EPR spectra observed at
with the magnetic field applied in theca plane are shown in
Fig. 4. The EPR spectrum consists of an intense single r
nance line and several weak hyperfine lines due to isoto
147Sm and149Sm with the same nuclear spinI 57/2 and natu-
ral abundance 15.1% and 13.8%, respectively. Figure
shows the angular variation of theg values for those Sm31

ions with zero nuclear spin. Although the spectrum with t
magnetic field applied parallel to thec axis was not observed
in the range of 0–1.5 T, we can infer values ofgi andg' of
0.41060.005 and 0.64460.002, respectively, from the angu
lar variation that is apparent.

The resonance line is split into eight lines due to the h
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TABLE II. Experimental and calculated crystal-field levels for the6HJ , 6FJ , 4G5/2, 4F3/2, and 4G7/2 multiplets underD2d symmetry
in LiYF4:Sm31. The experimental state energies are in wave numbers~as measured in air,61!.

Multiplet State Symmetry Calculated Experimental Multiplet State Symmetry Calculated Experime

6H5/2 Z1 g6 7.2 0 S5 g7 6596.6 6597
Z2 g7 60.5 51 S6 g6 6604.0 6617
Z3 g7 208.9 198 S7 g7 6616.0 —

6H7/2 Y1 g6 1044.7 1051 S8 g6 6647.8 6652
Y2 g7 1070.3 1079 S9 g7 6673.5 —
Y3 g7 1207.4 1216 S10 g7 6719.7 6709
Y4 g6 1269.0 1279 S11 g6 6720.4 6718

6H9/2 X1 g7 2259.1 2268 6F5/2 Q1 g7 7155.6 7169
X2 g6 2261.1 2271 Q2 g6 7211.1 7211
X3 g6 2376.0 2375 Q3 g7 7223.5 7216
X4 g7 2389.7 2381 6F7/2 R1 g6 8009.5 8013
X5 g6 2473.3 2477 R2 g7 8021.1 8031

6H11/2 W1 g7 3571.9 3578 R3 g7 8061.4 8069
W2 g6 3580.6 3579 R3 g6 8113.2 8103
W3 g7 3665.2 3673 6F9/2 P1 g7 9181.5 9176
W4 g6 3680.8 3683 P2 g6 9190.2 9195
W5 g6 3747.3 3747 P3 g6 9227.1 9233
W6 g7 3795.7 3790 P4 g7 9259.9 9258

6H13/2 V1 g6 4934.5 4929 P5 g6 9265.0 9270
V2 g7 4954.5 4951 4G5/2 A1 g7 17 797.2 17 810
V3 g7 5042.4 5044 A2 g6 17 937.7 17 924
V4 g6 5102.7 5102 A3 g7 18 079.8 18 066
V5 g6 5152.8 5151 4F3/2 B1 g6 18 881.4 18 860
V6 g7 5156.2 5164 B2 g7 18 890.4 18 909
V7 g7 5170.8 5173 4G7/2 C1 g7 19 952.9 19 982

6H15/2, S1 g7 6246.9 6236 C2 g6 20 032.7 20 034
6F1/2,

6F3/2 S2 g6 6275.5 6263 C3 g7 20 097.3 20 100
S3 g6 6429.3 6416 C4 g6 20 165.3 20 151
S4 g6 6515.8 6503
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perfine interaction between the effective electron spin oS
51/2 and the nuclear spin ofI 57/2. The spectrum shows a
unequal spacing in the hyperfine structure; that is, there i
increasing separation between each adjacent hyperfine lin
the resonance field increases. The central field, being e
to the average field of the hyperfine lines due toMI521/2
and 1/2, is slightly shifted to a lower field, compared w
that of the intense line withI 50. This effect can be ex
plained by the second-order perturbation given
Bleaney.22,23Calculation of the field positions using this co
rection gives the parametersAi520565 MHz and A'

573565 MHz for 147Sm and Ai516565 MHz and A'

560565 MHz for 149Sm. The ratio ofAi for 147Sm to that
for 149Sm is 1.24, in exact agreement with the ratio of t
respective magnetic moments.

VII. D2d SYMMETRY CRYSTAL-FIELD ANALYSIS

The f 5 configuration consists of 1001 twofold degenera
electronic states. In order to obtain a physically realistic
proximation to the entire configuration, the basis set for
crystal-field calculations have been truncated to the low
30 free-ion multiplets. The calculations, which were p
formed using thef-shell empirical crystal-field fitting rou-
tines of Mike Reid of the University of Canterbury, Ne
an
as
al

y

-
e
st
-

Zealand, used the LiYF4:Eu31 optimized crystal-field param
eters of Go¨rller-Walrandet al.5 as a starting point. The free
ion Hamiltonian has been parametrized as

Hcf5 (
k52,4,6

Fkf k1(
i

z l i•si1aL~L11!1bG~G2!

1gG~R7!1 (
h50,2,4

Mhmh1 (
k52,4,6

Pkpk

1 (
i 52,3,4,6,7,8

Tit i . ~1!

The predominant terms in this Hamiltonian are the elect
static and spin-orbit interactions represented by parame
Fk and z, which are varied in the fit. The remaining term
represent smaller interactions, which nevertheless play
important role in the accurate description of the energy le
structure of rare-earth ions. These are the configuration
teractions ~a,b,g!, spin-spin, and spin-other-orbit interac
tions, represented by the parametersMh, the two-body elec-
trostatically correlated magnetic interactions, wi
parametersPk, and the three-particle configuration intera
tions Ti . These are not varied at all, but rather are held c
stant at the values given in Ref. 24.
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3854 PRB 60WELLS, YAMAGA, HAN, GALLAGHER, AND HONDA
In this study, we fit the experimental energy eigenvalu
to a parametric Hamiltonian which is appropriate forD2d
symmetry. This can be written as

Hcf5B0
2C0

~2!1B0
4C0

~4!1B0
6C0

~6!1B4
4~C4

~4!1C24
~4! !

1B4
6~C4

~6!1C24
~6! !. ~2!

Fifty-five levels of the Sm31 ion center in LiYF4:Sm31 were
fitted to nine free parameters excluding the average ene
Table II presents the experimental and calculated energy
els with good agreement obtained having a standard de
tion of 10.7 cm21. Table III shows the optimized paramete
of the fit. The crystal-field parameter values shown in par
theses are the appropriate optimized parameters
LiYF4:Eu31. As can be seen, good agreement is obtai
between the two, giving confidence in the fit obtained he
Fitting to the measured experimental data assumingS4 sym-
metry yields optimized values of the imaginary compone

FIG. 4. Angular variation of the EPR spectra of Sm31 in LiYF4

observed at 5 K with the magnetic field applied in theca plane.

FIG. 5. Angular variation of theg values in theca plane.
s
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of B4
4 and B4

6 which are negligible. As a consequence, t
effects of any low-symmetry distortion are not included
this analysis.

In order to calculate the magnetic splitting factors of t
ground state, the Zeeman interaction term

HZeeman5mBgL~L12S!•B ~3!

was included in the Hamiltonian and the combined crys
field and Zeeman matrices were simultaneously diago
ized. From this, the ground-state magnetic splitting fact
are calculated asg5DE/mBB, whereDE is the separation
of the Zeeman split ground levels,B is the magnitude of the
applied magnetic field, andgL is the Lande´ g factor corrected
for the effects of intermediate coupling. This yields magne
splitting factors for the Sm31Z1(g6) ground state ofgi

50.450 andg'50.728, in good agreement with the EP
values ofgi50.41060.005 andg'50.64460.002.

VIII. CONCLUSIONS

We have reported upon the spectroscopy of LiYF4:Sm31

using optical absorption, laser excitation and fluorescen
and EPR. We have confirmed the tetragonal symmetry of
Sm31 center and determined 55 of its crystal-field ener
eigenvalues and their irrep symmetries underD2d point
group symmetry. EPR has measured the values of theg ten-
sors parallel and perpendicular to the fourfold axis of t

TABLE III. Optimized free-ion andD2d symmetry crystal-field
parameters for LiYF4:Sm31. All quantities are in wave number
exceptn, the number of data points. The values in square brac
have not been varied.

Parameter Sm31 Eu31 a

F2 79 533
F4 56 768
F6 40 087
a @20.16#
b @2566.9#
g @1500#
T2 @300#
T3 @36#

T4 @56#

T6 @2347#
T7 @373#
T8 @348#
M tot @2.60#
Ptot @357.0#
z 1170
B0

2 368 349
B0

4 2755 2749
B4

4 2938 21054
B0

6 264 293
B4

6 2898 2778
s 10.7
n 55

aReference 5.
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center to begi50.41060.005 andg'50.64460.002; these
are very similar to the values measured for Sm31 doped
into calcium tungstate with the same scheelite structure.25 A
full description of the EPR spectrum of Sm31 in LiYF4
requires that electron-nuclear effects be taken into acco
for the 147Sm and149Sm isotopes with nonzero nuclear spi
For the 147Sm isotope magnetic hyperfine constants
Ai520565 MHz and A'573565 MHz are determined
while for the 149Sm isotope they areAi516565 MHz and
A'560565 MHz. A crystal-field analysis for the 55 exper
mental crystal-field energy levels gives good account
the experimental data assumingD2d symmetry. The calcu-
lated crystal-field wave functions yield ground-state ma
netic splitting factors in close agreement with the measureg
factors.
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