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Excited-state-absorption and laser parameters of V + in MgF2 and KMgF3
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%'e report here absolute excited-state-absorption (ESA) measurements in the V +-doped vibronic
laser systems MgF2 and KMgF3. The results show no detrimental ESA in the wavelength region of
the possible laser pump sources around 500 nrn. ESA in the wavelength domain of infrared laser
emission is important only in the case of MgF2. V +. A discussion is made concerning to what ex-

tent these results could have been predicted. The already reported laser tunability of MgF&.V2+ be-

tween 1.07 and 1.15 pm is then veriflIed and the laser system KMgF3.V'+ is found tunable between
-0.95 and 1.15 pm.

I. INTRODUCTION

Since the pioneer work' of Johnson and Guggenheim
in 1967, who demonstrated lasing action with broadband
visible excitation in MgFi. V +, few other experiments
have be done or communicated about V + as an active
ion in other laser hosts: a few results have appeared
about tunable laser operation in MgFz. V + and

KMgF3.V + in various internal reports and confer-
ences '3 and a full article has recently come out about the
laser potentiality of a variety of V +-doped halide crys-
tals.

The V + ion is isoelectronic with Cr +; consequently
the energy levels and the optical properties of V + in
crystals should be very similar to those of Cr +, the ones
are known to give good lasing properties in an increasing
number of new systems. Like with Cr +, the same dis-
tinction is possible between high-field systems, such as
MgO:V +, and low-field systems, such as MgF&.V +, the
former being characterized, as in ruby, by a E~ A2g
narrow-band fluorescence, the latter by a broadband
"T2 A 2g fluorescence.

Also, the emission bands that we get with V + in low-
field systems extend between around 0.9 and 1.3 pm, i.e.,
in a wavelength domain which is not presently covered
by any other vibronic laser systems based on transition
metal ions such as Cr + as well as Ni + or Co +, and this
wavelength domain appears of a particular interest for a
number of applications (fusion driver, semiconductor
spectroscopy, etc.). Among the reasons which make this
research area so much underdeveloped, we note the fol-
lowing: (i) the crystal growth of the V + doped systems
is not easy; (ii) the number of low-field systems which can
incorporate the V + divalent ions is very much restricted
compared with the series of the Ge and Ga garnets used
with Cr +; (iii) the V + ion is characterized by a large
ionic radius (=0.88 A); thus it is subjected to stronger
ion-lattice interactions which result in broader optical
bands but also in stronger nonradiative transitions; (iv)
the V +-doped systems are subjected to excited-state ab-
sorption in the wavelength domain of optical pumping
(reabsorption) as well as in the domain of emission which

seems more detrimental for laser operation than in the
case of Cr +.

As a matter of fact, in the present work, we have tried
to clarify these last two points by analyzing the optical
properties of the two laser systems MgF2. V + and
KMgFi:V +. It follows a similar study which was dedi-
cated to Ni + in MgF2 and MgO. A part of the paper,
Sec. II, recall and complete our knowledge of the general
optical properties (ground-state absorption, emission,
fiuorescence lifetime, and quantum efficiency) of
MgF2..V + and KMgF3. V +. A subsequent part, Sec. III,
is then devoted to the description of the experimental
techniques and the procedure used to get our excited-
state absorption data. In Sec. IV we analyze these results
on the basis of the configuration curve model. In the end,
an attempt at generalization is made.

II. GENERAL OPTICAL PROPERTIES

The low-temperature ground-state absorption (GSA)
characteristics of V + in MgFi and KMgF& have been al-

ready reported. However, because it is important in the
following we complete these data by reporting in Figs. 1

and 2 the GSA spectra recorded at room temperature.
As in the case of Cr + in low-field systems, the spectra

are made of three broadbands which are attributed, in the
order of increasing energies, to the well-known spin-
allowed vibronic transitions noted, in the cubic field ap-
proxirnation, A 2 ~ T2, A 2 ~ T&„and A 2 ~ T».
By comparing the spectra, we find out that when the sys-
terns are warmed up above —100 K, the bands shift to
the red, by about 300 cm ' at room temperature, and the

T2 no-phonon lines which are clearly observed at low
temperature at —10100 and 10930 crn ' in MgF2. V +

and KMgF3. V +, respectively, completely disappear.
The absorption spectra of KMgF3..V + do not show any
polarization eHect because the V + ion occupies sites
having OI, symmetry. In MgF2, the site group of the V +

ion has D2& orthorhornbic symmetry and the bands are a,
u and/or m polarized. As asserted before the T2 optical
band is mainly magnetic dipole (ncoincides with a. xial a,
but ir and cr are not very different), which means that its
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FIG. 1 ~ Room-temperature absorption spectrum of KMgF3
containing =8.5& 10' ions V +/cm . Solid line: experimental
spectrum; dashed line: theoretical treatment using the CC mod-
el and SF theory (see the text).
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intensity is not very sensitive to temperature, while the
T„and T» optical bands are electric dipole (0 agrees

with a) induced by odd-parity vibrations.
Consequently, in KMgF3.V +, only spin-orbit coupling

can split the various optical bands. However, the bands
do not show enough structures to make a serious analysis
of the band shapes in terms of individual spin-orbit com-
ponents. Moreover, the spin-orbit splitting can be
strongly modified by the Jahn-Teller effect. As a conse-
quence, we will ignore it in the following developments.
In the case of MgF2. V + we can assign the various o and
~ polarized features of the spectrum in terms of orbital
components since the D2& distortion is likely stronger
than the spin-orbit interaction. In a field of Dz~ symme-
try the ground state A 2 transforms like B, , and accord-
ing to the calculations of Ref. 7, the state T2 split into
three components B2, B„A, the state T„ into B„
B2, B3, and the state T» into B2, B3, B&, in order of

increasing energies. The order of these levels can be fur-
ther checked in the case of the T, states if one observes
the fact that the polarization properties of the electric di-
pole T& optical bands depend on the symmetry of the
odd-parity vibrations of the system (B,„, B2„, and B3„
for the D2" local site symmetry).

The sharp structures which can be distinguished even

FIG. 3. Infrared emission spectra of MgF2. V +.
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at room temperature on the high-energy side of the T2
absorption band are related to GSA transitions to the
doublet states noted E and T„, and the bumps which
may be observed around 23000 cm ' to GSA transitions
to the doublet states noted A „T2b, and T„. The in-
frared emission spectra of V + in MgF2 and KMgF3 are
reported in Figs. 3 and 4 at low and high temperatures
knowing that, except for some smoothing, the spectra
remain unchanged up to -100 K. Above this tempera-
ture the bands shift to the red as in absorption, by some
200 cm ' in MgF2. V + against 500 cm ' in
KMgF3.V +, and the bandwidths increase by a factor
—1.4. Their temperature dependences are just those
which are reflected by their respective fluorescence life-
times as it is shown in Fig. 5. These dependences are
very much different: the infrared fluorescence lifetime in
MgF2. V + is much more sensitive to temperature than it
is in KMgF3.V +. Analogous behaviors can be observed
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FIG. 2. Room-temperature absorption spectrum of MgF2
containing =3.5)&10' ions V +/cm' in ~ and/or 0. polariza-
tions. Solid line: experimental spectrum; dashed line: theoreti-
cal treatment using the CC model and SF theory (see the text).
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FIG. 5. Infrared emission lifetime vs temperature in

KMgF3.V + Isolid line: SP model) and MgF2. V

Set 1: for T + 270 K, S=2.45, P„=20.
Set 2: for 270 K & T & 500 K, S=2.25, P„=19.
Set 3: for 500& T&680 K, S=1.98, P„=18.

All sets have the cominon values so=a(T =0)=1.2 ms,
Au=550 cm ', and N„=1X 10' s '. The product
P„%co is the energy of the zero-phonon transition. The
decreasing values of P„, the number of 550 cm ' pho-
nons which are necessary to overcome the excited-
state~ground-state energy gap, is consistent with the
above-mentioned band shifts. As to the so-called
Franck-Condon (FC) olfset S, which measures the shift of
the excited-state and ground-state parabola in the Cc
model in units of Ace, its temperature variation also
agrees with the thermal expansion of the lattice: S is re-
lated to the electron-phonon coupling thus to the dis-
tances between the impurity ion and its nearest neigh-
bors. The value Au=550 cm ' give the best fit to the

in the case of Ni + in MgFz and MgO. ' This tempera-
ture behavior can be made more quantitative by using the
theory of Struck and Fonger" (SF) based on the well-
known model of the configuration curves (CC). In this
model a computer program is used to At the temperature
dependence of the ir fluorescence lifetime to the expres-
sion:

1 1———+N U
7 70 Q

where v.
o is the radiative lifetime, N„a constant of the

model, and Up the summed thermal Franck-Condon
Q

(FC) weighting factor defined in the SF theory.
In the case of KMgF3. V +, the thermal expansion of

the lattice induces such an important band shift at
T & 270 K that three sets of parameters were necessary to
At the data.
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FIG. 6. Configuration curve diagram for MgF2..V + (upward
and downward arrows: energy of the exnitted photons).

data; it is consistent with a maximum of the phonon den-
sity of states in this material. '

In MgF&.V + the temperature variation of the Auores-
cence lifetime tends to indicate interacting phonons of
lower energy, of the order of 250 cm ', as in the case of
MgFz..Ni +. However, 250 cm ' phonons lead to un-
realistic results if one uses, as above, the SF analysis;
more than 40 phonons would be necessary to overcome
the energy gap and an extraordinarily large X„constant
should be postulated. This discrepancy may arise from
the local site symmetry; in MgF2. V + the D2i, ortho-
rhombic site symmetry allows more phonon modes to be
coupled, and it makes the nonradiative transitions to the
ground state much more probable than it does in the cu-
bic system KMgF3..V +. Also, the V + Ion is so large
that interactions with ligands beyond the Arst nearest
neighbors should be non-negligible. Indeed, as in Cr +-
doped low-field systems, ' thermal quenching of V2+

fluorescences is strongly host dependent.
Nevertheless, use was made of the data to establish the

single

configuration-coordinate

diagrams reported in
Figs. 6 and 7. These diagrams assume that all the ion-
lattice interactions can be approximated by the coupling
to a single frequency phonon of a&g symmetry which
means potential curves with the same curvature. The po-
sitions of the potential minima are determined by di-
agonalizing the well-known Tanabe-Sugano (TS) matrices
and choosing the values of the usual crystal field and Ra-
cah parameters Dq, 8, and C in order to get the best
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FIG. 7. Configuration curve diagram for KMgF3.V + (up-
ward and downward arrows: energy of the emitted photons).

agreement with the zero-phonon energies of levels T2,
E, T„,and T2, .

We find, assuming C =4.5 B,

Dq =1035 cm ' and B=615 cm ' in MgF V +,
Dq =1091 cm and B=615 cm in KMgF3.V + .

The infrared absorption and emission data (band posi-
tions, band profiles, temperature behaviors) are used to
determine the shift between the ground-state and the first
excited-state parabola in terms of the dimensionless FC
offset parameter a in the space of the coordinates. a is
proportional to the displacement of the V +-ligand inter-
nuclear distance; it is related to the FC offset S defined
before by a=2&S. The other potential curves are
placed according to the slope of variation of the various
electronic term energies for sinall variations 5(Dq ) of the
crystal-field parameter, each energy curve being shifted
by its own quantity a. These calculations are made under
the approximation that 5(Dq) is proportional to the dis-
placement of the V +-ligand distance while B and C are
independent of it. In the case of MgF2. V + the position-
ing of the levels has been obtained by including the up
and down displacements induced by the orthorhombic
crystal-field splittings of the cubic terms as given in Ref.
6. The results of these calculations are compared to the
experimental data in Tables I and II (Calc. I). The single
configuration coordinate mode gives a rather good
overall description of the ground-state-absorption and in-
frared emission data.

Only the A z ~ T» absorption band is found at
higher energy than expected, which is merely due to the
simplicity of the calculations. Refinements have been ob-
tained by fitting the broadband spectra with the line-
shape functions W (S, fico, '1) defined in the theory of

TABLE I. Observed and calculated energies of the optical transition in MgF2.V + at low and high temperatures (parentheses are
used for the room-temperature positions) following diagonalization of the TS matrices with Dq= 1035 cm ' and B=615 cm ' (Calc.
1) and subsequent refinements using the SF line-shape functions W~ with %co= 550 cm ' (Calc. 2).

Optical
transitions

A2~ T2

4A2~2E

A T„
A2~'T2a

4 4Ag~ Tlb

Obs.

10 100

12 700

1 3400

18 200

Zero-phonon
energy
(cm ')

Calc. 1

10 150
10750

12 660

13 230

18 260

14 500
16 100
16 500

23 700
24400
25 400

Calc. 2

(10400)

(14850)

(24 900)

Obs.

11 500
(11 300)

16 300(n.)
(16000)

18 350(KT )

(18200)

27 300
(27 300)

Vibronic sideband
energy
(cm-')
Calc. 1

11 050
11 650

15 800

17 400
17 800

26 500
27 200
28 200

Calc. 2

(11200)

(15900)

(18400)

(27 200)

Calculated
S fin)

(cm ')

=0
=0

=1 300

=2 800
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TABLE II. Observed and calculated energies of the optical transition in KMgF3.-V + at low and high temperatures (parentheses
for the rooxn-temperature positions) following diagonalization of the TS matrices arit Dq=1091 cm and 8=615 cm (Calc. 1)
and subsequent re5nements using the SF line-shape functions 8', with tea=550 cm (Calc. 2).

Optical
transitions

A T

A2 —+ E
4A2~2T, .

A T,
'A2.~4T1,

~2~ Tlb
4

Obs.

12 670

13 350

18430

Zero-phonon
energy
(cm ')

Calc. 1

10910

13250

16410

Calc. 2

{10700)

{16500)

(24 300)

11 800
{11500)

18 200
(17 850)

27 500
(27 300)

Vibronic sideband
energy
(cm-')
Calc. 1

11 850

17 870

28 500

Calc. 2

(11500)

(17 800)

(27 300)

Calculated
S fico

(cm ')

=0

=67

=1460

=3 170

Struck and Fonger. " The results are shown in Figs. 1

and 2: the shapes and the widths of the broadbands are
almost perfectly reproduced. They have been obtained
by using the Siiico values found in the above TS treatment
(see Tables I and II) and by choosing the most suitable Ace

value. It is found that fuu=550 cm ' in KMgF3.V + as
well as in MgF2. V +. In the calculations of the vibronic
line-shape functions the energies of the zero-phonon ori-
gins are known only relatively. Their absolute values are
merely obtained by fitting the experimental data with
these band profiles. These adjustments lead to the new
sets of zero-phonon and vibronic sideband energies re-
ported in Tables I and II (Calc. 2).

From a laser paint of view, the 5145 A radiation of a
CW argon laser seems a particularly suitable pump
source. It is clear that KMgF3.V + appears as a good

candidate for room temperature tunable laser operation
in a wavelength domain likely going from -0.95 to 1.15
)um while in MgF2. V + tunable laser action is expected at
cryogenic temperatures such as liquid-nitrogen (LN) tem-
perature between -1.05 and 1.2 jum. As a matter of fact,
it has been already reported in the past ' rooin-
temperature gain measurements at 1.065 pm in
KMgF3..V2+ and tunable laser operation between —1.07
and 1.15 pm at I.N temperature in MgF2. V +. It is now
one of the purposes of the following section to know
more about the real laser possibilities of these systems

III. EXCITED-STATE-ABSORPTION MEASUREMENTS

Measurements of ESA cross sections in the wavelength
regians of possible pump sources as well as of laser emis-
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FIG. 8. Excited-state-absorption setup. PH means pinhole and F means lens.
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sion give a quantitative point of view on the laser poten-
tiality of these broadband vibronic systems. They give us
a definitive insight on their laser efficiency and effective
range of tunability. The method used to get our ESA
spectra and cross sections is very similar to the one used
by Andrews et al. ,

' for example, in the case of the
Cr +-doped systems GSGG, GSAG, and K2 NaSCF6. It
consists in the measurement of the change in the
transmission (absorption) of a weak probe beam when it
passes through a pumped and unpumped crystal. As
shown in Fig. 8, the pump and probe beam are made col-
linear. The pump light is provided here by the 5320-A
radiation —which means T„ level excitation —of a
second-harmonic pulsed YAG:Nd + laser from Quantel,
and the probe light by an Oriel high power 1-k% halogen
lamp source. The transmitted light is analyzed by ap-
propriate monochromators and detected by a fast-
response EMI 9808 photomultiplier or an ADC model
403 HS germanium photodiode cooled to LN tempera-
ture depending on the investigated visible or infrared

wavelength domain. The signals are fed either into an
IN90 intertechnique multichannel analyzer or a NIC 320
digital oscilloscope from Nicolet instruments connected
to a PAR model 115 amplifier. The adjustments of the
lenses and the pinholes are made because the pump beam
overlaps the probe beam in the crystal and also to avoid
the stray light. The spectra are recorded by scanning the
monochromator in the wavelength region of interest and
by registering and analyzing the transient signal after
each selected wavelength. The method bears upon the
measurement of the change in absorption coefficient not-
ed Aa, with

ha=i n(I„/I )/L =(o, oo)—Ni,
where Iz and I„stand for the transmitted probe light in-
tensity when the crystal is pumped and unpumped, re-
spectively, L is the light path length in the sample, oo
and o, the ground-state and the excited-state-absorption
cross sections, and N

&
the excited-state population densi-

ty. Since N& is produced by a pulsed pump excitation, it
behaves like

ypa 650
A(nm)

600 5+
2+

Mg F2.V

T=3OO K

g pumping:
532 elm

N
~

——N
&
(0)exp

t
7

where v, is the rate of relaxation of the absorbing excited
state. Thus being based on measurements of transient
signals decaying with the same time constant as the life-
time of the absorbing level, this method ensures which
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FIG. 9. A2~ T&, GSA cross section o.o, measured excited-
state difference spectrum ha and ESA cross section o.
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FIG. 10. A 2 ~ T), GSA cross section o.o, measured
excited-state difference spectrum ha and ESA cross section o

&

in KMgF V +
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excited state is actually absorbing; indeed, recent results
in NiI+-doped compounds have proved that, depending
on the excitation wavelength, excited-state absorption
may well occur in a state different from the lowest in-
frared emitting state, thus with a different excited state
absorption dynamics.

Both 0.0 and X
&

must be known to extract 0,.
0 0——koX, where ko is the GSA coeScient snd ¹isthe to-
tal active ion concentration. X& is estimated both from
the excitation pump intensity and the pumped volume
and, when it is possible, from the spectra at the wave-
lengths where cr, =0, i.e., ha = —o +,.

The excited-state difFerence spectra (b,a versus wave-
length or energy) of MgF2. V + and KMgF3:V + obtained
in the visible region are reported in Figs. 9 and 10 along
with the GSA and the resulting ESA spectra pro and cr, in
the same domain. The transient signals all decay with
the same time constant as the infrared fluorescences thus
ensuring that the T2 metastsble state is the only absorb-
ing excited state in each of these materials. The spectra
have been recorded at room temperature because in the
case of KMgF3.V + it is likely at this temperature that
the system should lase, but also because it is more con-
venient when high-excitation pump powers are needed.

The MgFz. V + sample was a 1.9-cm long high optical
quality single crystal doped with —3.5
X 10' V2+ ions/cm3. The KMgF3:V + single crystal was
s 0.75-cm long sample doped with —8.5
X10' V + iona/cm3.

The probe light was unpolarized so that the data for
MgF2. V +, ha, o, as well as oo, must be interpreted ac-
cordingly. In KMgF3.V +, about 7 mJ of the 5320 A
pump radiation were absorbed, then producing an es-
timated excited-state population density N

&

—(7.6
+0.5) X 10' ions/cm which corresponds to an excitation
ratio N&/X=1%. In MgF2. V~+ more than 29 mJ were

absorbed in the crystal in order to produce an estimated
excited-state population density N, =(7+0.5) X 10'
ions/crn corresponding now to an excitation ratio
Ni /N =20%%uo.

The b,a spectrum of MgFI..V + (Fig. 9) is entirely neg-
ative which means that the 0. , ESA cross section is al-
ways weaker than ao. The o.

&
spectrum is made of only

one broadband peaking at about 6000 A (-16600 cm ').
One notes that there is no measurable excited-state ab-
sorption at the wavelengths of the possible pump sources
mentioned before, i.e., at 5145 and 5320 A, which is very
favorable for laser operation.

The excited-state difference spectrum b a in
KMgF3:V + (Fig. 10) goes through zero at about 5900 A
(-17000 cm ') and the resulting o, ESA spectrum is
made of two broadbands with peaks at about 5800 A
(-17250 cm ') and 6500 A (-15400 cm '). Here
again the 0

&
and eo peak cross sections are of the same

order of magnitude and there is no important excited-
state absorption at 5145 or 5320 A.

Measurements not shown in Figs. 9 and 10 reveal that
no other appreciable ESA is present up to at least 30000
cm (3300 A), this short wavelength limit being imposed
by the lamp source and the detector.

Attempts were also made to measure ESA in the in-
frared and more particularly in the wavelength region of
laser emission. Unfortunately we only have succeeded in
the case of KMgF3. V +, and yet for wavelengths longer
than 1.38 jism (-7250 cm ') because of the experimental
limitation arising from the spontaneous emission of the
sample which overwhelms the halogen probe beam in the
fluorescence region. The data are shown in Fig. 11 with
other spectral curves which will be discussed in the next
section.

No workable data could have been derived in the case
of MgF2. V + because of the experimental limitation men-

Q Irnax)laser
KMgF V2+3'

E

CV
I

C),
T

C
b

Q
S Q„( T2 T) )
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9 8
Fr equency {10 crn" )

FIG. I1. Stimulated emission cross section o„A2~ T&, GSA spectrum shifted by the energy of the T, zero-phonon transition
u» and measured cross section cr

&
in KMgF3..V'+.
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FIG. 12. Stimulated emission cross section o„A2~ T~,
GSA spectrum shifted by the energy of the T2 zero-phonon
transition cro& and estimated net gain cross section o, in

MgF2.V~+.

tioned above but also and mainly because the short-lived
ESA signals were strongly perturbed by the noise induced
by the laser pump electronics on the germanium detector
(see Fig. 12).

IV. DISCUSSION OF THE RESULTS

It is clear that the positions and the dynamics of the
ESA broadbands observed in the visible region identify
them as the spin-allawed T2~ T» optical transition.
As to the data points obtained in KMgF3.V + in the in-
frared domain they must be attributed to the other spin-
allowed ESA optical transition T2~ T„. No trace of
spin-forbidden ESA transition is observed.

With this in mind we report in Figs. 13 and 14 the
band shapes and the positions of the ESA transitions
from the metastable state T2 to the states T„and T»

(I) by assuming, as in Ref. 1, these band shapes to be
identical to that for the transitions from the ground state
to T„and T» but shifted to the low energies by the en-

ergy of the T2 zero-phonon transition energy, and (2) by
using, as in Ref. 14, the a& configuration curve model
sketched in Figs. 6 and 7 and refined, as previously, by
using the Struck and Fonger theory.

Similarly, Figs. 11 and 12 not only show the stimulated
emission cross sections o., that we have calculated from
the fluorescence spectra using McCumber's theory, '

with the available ESA data in this infrared domain, but
also the ESA band shapes that we can determine as
above, by the first method and that we have noted o.p,
( A2~ T„). vP'", gives the position of the oscillation
frequency evidenced in the past.

In the case of MgFz. V + the intensity of the ESA band
o& is adjusted so that the computed gain curve noted
o,'=o, —o

&
be maximum at the frequency v=v&„',",. If

the o. polarized band shape o.
p& is used one obtains

o
&
-0.25crp&, thus,

o.,' =o.,—0.25o.pi .

In the case of KMgF3. V + the intensity of the band o
&

is adjusted to the experimental ESA data and one obtains
o

~
0. 15o'p~ thus, in the emission domain,

Ioe=oe

Surprisingly enough the shifted GSA bands labeled o.
p~

give the best agreements to the widths and the positions
of the experimental ESA bands (see Figs. 9—14). As in
the case of the Cr +-doped low-field systems the ESA
features which can be deduced from a simple
configuration curve model are far from being satisfactory.
This disagreement is particularly important in the case of
the Tz ~ T„ESA transitions: the configuration curve
model indicates absorption band shapes much narrower
than the true ones.
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FIG. 13. T2~ T&, and A2~ T» GSA spectra shifted by
the energy of the T2 zero-phonon transition energy (dashed
line) and calculated T2~ T&, and T~~ T» ESA spectra ob-
tained by using the CC model and SF theory (solid line) (see
text) in KMgF3.V +.

FIG. 14. A2~ T&, and A&~ T» GSA spectra shifted by
the energy of the T2 zero-phonon transition energy (dashed
line) and calculated T2~ T&, and T2~ T» ESA spectra ob-
tained by using the CC model and SF theory (solid line) (see the
text) in MgF2.V +.
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As asserted before the true shape of the ESA bands is
likely due to more than one interacting phonons. In oth-
er words the GSA and the ESA vibronic transitions may
be associated to diferent modes. ' It is possible, but it is
hard to predict without a deeper study of the excited-
state spectroscopy.

In the end, we can make the following concluding re-
marks. In the Cr + as well as in the V +-doped low-field
systems (i) the a is single-mode configuration curve model
gives a rather good overall description of the GSA bands
but it is very approximative as to the ESA features. The
GSA bands shifted by the zero-phonon energy of the ab-
sorbing excited state give a much better agreement to the
latter. (ii) The cross sections of the pound-state and
excited-state-absorption transitions A 2 ~ T&, and
T2~ T», respectively, in the visible region have the

same order of magnitude. (iii) The cross sections of the
stimulated emission and excited-state-absorption transi-
tions in the infrared also have the same order of magni-
tude, probably less than a factor of 3 difference. (iv)
KMgF3 V + appears as an extraordinary good laser sys-
tem since it could work at room temperature in a very in-
teresting spectral domain (around 1.06 pm) without being

affected by prohibitive ESA losses as in MgF:V +.
Moreover, benefits can be drawn from the band displace-
ments with temperature for obtaining a large laser tuna-
bility domain, likely going from 0.95 to 1.15 pm.
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