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Abstract. We observed that @b3Ga;01, crystal when il- 1 Experiment

luminated at the terbium ion resonance, becomes optically

uniaxial. The optical axis is found to be along the beamThe Th;Ga;O,; is illuminated with a cwAr™ laser oper-
propagation axis. The origin of this symmetry breakdown isated atA=488 nmwith waist size0.9 mm (1/€? radius). The

a thermal effect. Our observation of a conoscopic pattern ibeam power is varied with a halfwave plate and a polariser
accounted for by a quadratic stress and refractive index digombination. A parallel plane cylindrical sample with ra-
tribution model. By spatial integration of the conoscopic pat-diusro =5 mmand thicknesd. = 3 mmis placed between
tern, the laser-induced stress birefringence variation as a funcrossed polarisers. With increasing incident beam powegr (
tion of the incident beam power is determined. the dark field of view behind the second polariser becomes
bright, leaving only a cross remaining darkened, the orienta-
tion of the cross being along the crossed polarisers. To record
the transmitted beam pattern, a CCD camera acquires the
image on a screen placed behind the second polariser. This
information is transferred to an image monitor and a Mac-
intosh computer, where all data are stored, processed, and
Thermal self-focusing and thermal birefringence attracted exanalysed (Fig. 1). To measure the power dependence of the
tensive studies in a solid-state amplifying medium, especially

in Nd:YAG, because these effects set an intrinsic limitation,

PACS: 42.65; 42.70; 65

uniaxial crystal LiNbO3) may become biaxial under heating.
Although numerous data concerning laser crystals may
found in the literature, for other types of materials only a fe
quantitative results are available. Our work ofitaGasO;,
crystal, a typical magneto-optical material revealed an opti
cal symmetry breakdown under resonant illumination. Thd
Th3Ga012 crystal has the point symmetry ofi3m, it be-
longs to the cubic system, which is optically isotropic. While 4
it was illuminated strongly at th@b®* resonance, we ob-
served self-focusing [7]. The refractive index becomes beal
power dependent. We report a phenomenon accompanyigs
the self-focusing: a power-dependent polarisation distrib
tion variation. We show a simple experimental arrangemerit \;
which enables one to determine the laser-induced thermf|*
isation and a beam shape is necessary, a good knowledgg _* : .
of this birefringence in the corresponding material becomesig. 1. conoscopic pattern due to laser-induced stress birefringence in
indispensable. ThsGas012
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signal forming this conoscopic pattern, two photodiodes arand the analyser. This pattern means that a distinguished di-
used. One of them replaces the camera. It collects the whotection is induced: the direction, with which one dielectric
light transmitted through the second polariser, we denote thigrinciple axise, coincides. We then havg, = ¢y # ¢,. The
signalP.. The other one measures the input beam power. Botbrystal becomes then optically uniaxial, similar to the case of
photodiode signals are fed to a digital oscilloscdpeis nor-  a natural uniaxial crystal [8]. Theaxis along the light propa-
malised to the total transmitted beam power at the exit facgation plays the role of the optical axis.

of the sample, i.e. before entering the second polariser. We It is shown in [9] that in the case of cw operation a cylin-
denote this quantity as the relative transmitted intenkify,  drical rod with uniform internal heat generation and constant
It is dimensionless. We will see in the following that this surface temperature presents a quadratic radial temperature
quantity is directly comparable to a theoretical integrationdependence

All measurements are carried out at room temperature. The

process of the conoscopic pattern formation is found to b&(r) = T(ro) +(Q/4K) (r3—r?) 1)
reversible. Figure 2 shows the relative transmitted intensity, ) ) .
lexp: @s @ function of the beam powe?Y, whererg is the radius of the sampld{ro) is the boundary

condition, K is the thermal conductivity an€ is the heat
generation rate per unit volume. This leads to a similar de-
2 Analysis pendence in the index of refraction distribution. The change
of the refractive index can be separated into a temperature-
As is shown in [7], wheTbsGasOx; is excited to the reson- and a stress-dependent variation. The temperature-dependent
ance of the’Fg—°D,4 absorption line offb ions, the subse- change of refractive index as a function of radiusin
quent fluorescence populates fte#+ ground state sublevels TbsGaOaz is determined in [7]:
"Fo—"Fe; these emissions in the visible and IR range are well s )
known. The fraction of the absorbed optical power which isAN( = —2.8x10"no P (r/Wo)~ . (2)
not converted into optical emission is conducted as heat to t
sample.
As noted in the introduction, th&b3Ga012 presents

hLfehe stress-dependent change of refractive index is more com-
plicated. In fact, the temperature gradient generates mechan-

a cubic symmetry, it is usually optically isotropic. We de. ical stresses in the material, since the hotter inside area is

note z as the light-propagation axis, and assume the initiag?rzzgg'sn?nd ;rgnrin?jxr?czr;s}lr%g Zééhﬁecggfsreguéer ;or:;z dl—:t(iec
polarisation parallel to thg axis. The dielectric constants of y P yaq

the medium arey = ¢, = £,. When the exciting light power temperature distribution turn out to be quadrat_ic [9]. These
is low, the sample heating has neither a significant influencg’ €SSes generate thermal strains in the rod, which in turn pro-
on the refractive index, nor on the crystal symmetry. It re- uce refractive index variations via the photoelastic effect.

mains an isotropic medium. Experimentally we observed that Since ThsGa0y2 is a cubic crystal, the indicatrix is

a linearly polarised light beam passing through is stopped af: SPhere. Under stress the indicatrix becomes an ellipsoid. We
terwards by a second crossed polariser, leaving a complete n chose a cylindrical coordinates system as described in [9],

dark field of view. d the photoelastic changes in the refractive index are

With increasing beam power, the dark backgroundisre-, =~ _ 3 2
placed gradually by a bright illuminated area with a dark*"™" = (@Q/2K) noCrr® (3)
cross whose arms are parallel to the directions of the polariser

Any = —(@Q/2K) n3Cyr? | (4)

whereAn, andAn, are due to the radial and tangential stress
componentsC; andC, are functions of the elasto-optical co-
efficients of the materialyg is the linear refractive index at
resonance wavelength, ands the thermal expansion coef-
ficient. The difference between them, which is called stress
birefringence is then

AN — Any = (@Q/K) n§ Cgr? (5)

whereCg is a constant.

In cylindrical coordinates the principal axes of the in-
duced birefringence are radially and tangentially directed at
each point in the sample transverse section. The magnitude

of the stress birefringence increases quadratically with radius.

. . + Measurements . . .

ol 6 o Calculation ] As a consequence, a linearly polarised beam passing through

the sample will experience a phase difference between the

two components along andn,, respectively. Hence a polar-

o 20 a0 80 80 100 120 140 160 1s0 lsation chan_gg at each point of the transverse section, yields
Input beam power P (mW) a spatial elliptical polarisation pattern, except for points lo-

Fig. 2. Relative transmitted intensity as a function of the beam power. Operffated along the andy axes, Where the p0|ari§ati0n remains
circles denote the result of our calculation, solid dots are our measuremenltiiear. Although this pattern is not random, in the literature

Relative transmitted intensity
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it is frequently called a depolarisation [2,9]. If one placesstress birefringence ifib3GasO12 in a cylindrical coordinates
a polariser with its polarisation oriented perpendicularly tosystem a#t88 nmis
the initial polarisation, then the transmitted intensity is
AN, — Ang = 0.245(1/27L) P (r /ro)?
| = lp &P sirf2 sir((zL /A1) (AN, — Ang)) (6)
_ ) o ~with P measured in Watt.

where® is the angle with respect to the initial polarisation  The results of the present work explain why the magneto-
and 8 is the absorption coefficient. By integrating over thegptical applications of th&bsGasO1. at the resonance are
cross-sectional area of the sample, the total transmitted iomplicated at high power [10]. The laser-induced symme-
tenSity can be evaluated. When normalised to the abSOfptlQFy Change may lead to numerous interesting app”cationS,
term, lo &, one gets a dimensionless quantly, which  for example, in the determination of the material characteris-
has the same meaning as the experimental quakiifyde-  tics concerning the heat conversion efficiency and the stress-
fined previouslyli has an analyticaP-dependent expression induced strain coefficients. In addition, this effect can be used

1 Sin(C1 P) to _determine the_ beam polarisation._Compared to natural u_ni—
Iy = = (1_ 7T> ; (7) axial crystals, it is unnecessary to align the beam propagation

CrP and the optical axis because the optical axis is the propagation

4
) i direction itself.
where Cr = 2n8aCBn/kK, n is the fraction of the power

dissipated as heat in the sample. This theoretical functiofcknowledgementsve wish to thank B. Boulanger and J. Moret-Bailly for
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Consequently the difference between the radial and tangential

refractive index change is

An;— Any = 0.245(0/27L) P(r/r)® . ®) References
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