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INTRODUCTION

Since the first observation of optical spatial solitons by Kerr in the late 1980s [START_REF] Maneuf | Stable selftrapping of laser beams: observation in a nonlinear planar waveguide[END_REF], spatial solitons have been studied in various nonlinear media [START_REF] Segev | Spatial solitons in photorefractive media[END_REF][START_REF] Calvo | Solitonlike beam propagation along lightinduced singularity of space charge in fast photorefractive media[END_REF][START_REF] Asaro | Soliton-induced waveguides in an organic photorefractive glass[END_REF][START_REF] Trompeter | Bloch oscillations and Zener tunneling in two-dimensional photonic lattices[END_REF][START_REF] Shih | Circular waveguides induced by two dimensional bright steady state photorefractive spatial screening solitons[END_REF][START_REF] Peccianti | All-optical switching and logic gating with spatial solitons in liquid crystals[END_REF][START_REF] Atchison | Observation of spatial solitons in AlGaAs waveguides[END_REF][START_REF] Barthelemy | Propagation soliton et auto-confinement de faisceaux laser par non linearité optique de Kerr[END_REF][START_REF] Fazio | Screening-photovoltaic bright solitons in lithium niobate and associated singlemode waveguides[END_REF][START_REF] Ryf | Launching one-transverse-dimensional photorefractive solitons in KNbO 3 crystals[END_REF][START_REF] Chauvet | Self-trapping of planar optical beams by use of the photorefractive effect in InP:Fe[END_REF][START_REF] Torruellas | Observation of two-dimensional spatial solitary waves in a quadratic medium[END_REF][START_REF] Assanto | Spatial solitons in nematic liquid crystals[END_REF][START_REF] Henninot | Experimental study of the nonlocality of spatial optical solitons excited in nematic liquid crystal[END_REF][START_REF] Duree | Observation of self-trapping of an optical beam due to the photorefractive effect[END_REF][START_REF] Neshev | Observation of discrete vortex solitons in optically induced photonic lattices[END_REF][START_REF] Kang | Observation of Manakov spatial solitons in AlGaAs planar waveguides[END_REF][START_REF] Friedrich | Dynamic electronically controlled angle steering of spatial solitons in AlGaAs slab waveguides[END_REF][START_REF] Peccianti | Signal readdressing by steering of spatial solitons in bulk nematic liquid crystals[END_REF][START_REF] Peccianti | Electrically assisted selfconfinement and waveguiding in planar nematic liquid crystal cells[END_REF]. These self-trapped beams that propagate without alteration of their transverse profiles have been observed, for instance, in quadratic media [START_REF] Torruellas | Observation of two-dimensional spatial solitary waves in a quadratic medium[END_REF] and also at very low power intensity in liquid crystals [START_REF] Peccianti | All-optical switching and logic gating with spatial solitons in liquid crystals[END_REF][START_REF] Assanto | Spatial solitons in nematic liquid crystals[END_REF][START_REF] Henninot | Experimental study of the nonlocality of spatial optical solitons excited in nematic liquid crystal[END_REF] or photorefractive media [START_REF] Segev | Spatial solitons in photorefractive media[END_REF][START_REF] Calvo | Solitonlike beam propagation along lightinduced singularity of space charge in fast photorefractive media[END_REF][START_REF] Asaro | Soliton-induced waveguides in an organic photorefractive glass[END_REF][START_REF] Shih | Circular waveguides induced by two dimensional bright steady state photorefractive spatial screening solitons[END_REF][START_REF] Fazio | Screening-photovoltaic bright solitons in lithium niobate and associated singlemode waveguides[END_REF][START_REF] Ryf | Launching one-transverse-dimensional photorefractive solitons in KNbO 3 crystals[END_REF][START_REF] Chauvet | Self-trapping of planar optical beams by use of the photorefractive effect in InP:Fe[END_REF][START_REF] Duree | Observation of self-trapping of an optical beam due to the photorefractive effect[END_REF], with recent studies devoted to propagation in periodic nonlinear media [START_REF] Trompeter | Bloch oscillations and Zener tunneling in two-dimensional photonic lattices[END_REF][START_REF] Neshev | Observation of discrete vortex solitons in optically induced photonic lattices[END_REF]. Optical nonlinear effects are essentially light polarization sensitive, which inspires vectorial analysis. Some media, such as Kerr Al-GaAs [START_REF] Kang | Observation of Manakov spatial solitons in AlGaAs planar waveguides[END_REF][START_REF] Friedrich | Dynamic electronically controlled angle steering of spatial solitons in AlGaAs slab waveguides[END_REF], show weak soliton polarization dependence while others, like liquid crystal [START_REF] Peccianti | Signal readdressing by steering of spatial solitons in bulk nematic liquid crystals[END_REF][START_REF] Peccianti | Electrically assisted selfconfinement and waveguiding in planar nematic liquid crystal cells[END_REF] or photorefractive (PR) materials, possess features that enhance anisotropy. In particular, the electro-optic effect, which is central in liquid crystals and PR media, explains light polarization sensitivity. However, polarization dependence of a scalar spatial soliton formation has been analyzed primarily in a one-dimensional (1D) case ͑1+1͒D [START_REF] Segev | Vector photorefractive spatial solitons[END_REF][START_REF] Singh | Vector interactions of steady-state planar solitons in biased photorefractive media[END_REF]. For photovoltaic screening solitons at the heart of this work, not only the electro-optic effect but also the photovoltaic effect is a function of light polarization. This motivates the present study where the case of a photovoltaic screening soliton in a LiNbO 3 crystal is treated in the frame of a ͑2+1͒D model. In addition, the space-charge field component perpendicular to the crystal c axis, which is usually neglected, is shown to affect soliton formation for particular configurations.

Lithium niobate ͑LiNbO 3 ͒, which is largely available and frequently used in the photonic and optoelectronics industry, is suitable for the formation of photorefractive spatial solitons. Dark photovoltaic solitons were first ob-served using defocusing nonlinearity [START_REF] Taya | Observation of dark photovoltaic spatial soliton[END_REF][START_REF] Duree | Dark photorefractive spatial solitons and photorefractive vortex solitons[END_REF], while bright photovoltaic solitons were observed in a more exotic ferroelectric crystal [START_REF] She | Observation of two-dimensional bright photovoltaic spatial solitons[END_REF]. More recently, bright solitons have been demonstrated in LiNbO 3 using an external applied field opposite and higher than the photovoltaic field [START_REF] Fazio | Screening-photovoltaic bright solitons in lithium niobate and associated singlemode waveguides[END_REF]. Bright solitons are easy to form and give rise to memorized circular low-loss waveguides inside a bulk medium. Bright spatial solitons can thus be considered as a simple and low-cost technique to form tridimensional optical circuits in LiNbO 3 that compare favorably with other techniques such as direct UV writing [START_REF] Mailis | Direct ultraviolet writing of channel waveguides in congruent lithium niobate single crystals[END_REF]. Many applications could be envisioned, such as compact optical information processing systems [START_REF] Coda | 3-D integrated optical interconnect induced by self-focused beam[END_REF][START_REF] Pettazi | Frequencydoubling in self-induced waveguides in lithium niobate[END_REF].

Beam self-focusing in LiNbO 3 has been exclusively studied for extraordinary polarization that benefits from the strong electro-optic coefficient r [START_REF] Zozulya | Propagation of an optical beam in a photorefractive medium in the presence of a photogalvanic nonlinearity or an externally applied electric field[END_REF] . In this work we present the possibility of using ordinary polarization to create bright spatial solitons and efficient circular waveguides in LiNbO 3 . The experimental results are explained throughout a time-dependent 3D numerical model. We show that most efficient waveguides are induced with ordinary polarized solitons when probed by extraordinary light, as confirmed by guiding tests at telecommunication wavelengths. Additionally, the presence of the space-charge field component perpendicular to the applied field, which is usually neglected for PR solitons, is shown to have an impact on beams for particular configurations.

THEORETICAL BACKGROUND AND NUMERICAL MODEL

The system of Eqs. [START_REF] Maneuf | Stable selftrapping of laser beams: observation in a nonlinear planar waveguide[END_REF], suitable to describe the photorefractive effect in a medium with one deep-level donor and where transport is electron-dominated, is used to model beam self-trapping in LiNbO 3 :
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where I is the light intensity; I d is the equivalent dark intensity; N A , N D , N D + , and n e are the densities of shallow acceptors, deep donors, deep ionized donors, and free electrons, respectively; s is the photo-excitation coefficient; ␥ is the recombination constant; k B is the Boltzmann constant; is the electron mobility; and T is the crystal temperature. We assume a photovoltaic effect throughout ␤ ph , which depends on polarization. ␤ ph = ␤ ph31 and ␤ ph = ␤ ph33 for ordinary and extraordinary beam polarization in a LiNbO 3 crystal, respectively. ͓ε͔ is the static dielectric tensor, is the charge density, and J ជ is the current den- sity. Note that in this model the space-charge field E ជ ͑r ជ͒ produced in a point location by the charge density is expressed through the integral Eq. (1e) (dV being an elementary volume), which is easier to solve by a 3D discrete fast Fourier transform than the usual Poisson equation. To obtain the evolution of the light-induced space-charge field E ជ , a numerical resolution of the system is necessary [START_REF] Devaux | New time-dependent photorefractive three-dimensional model: application to self-trapped beam with large bending[END_REF].

From the set of Eqs. (1), usual assumptions are made. The density of acceptors is assumed to be greater than the density of free electrons ͑N A ӷn e ͒. Moreover, the generation time of free electrons is neglected as compared with the characteristic evolution time of the space charge. Following these hypotheses we obtain from Eqs. (1a)-(1d),

n ˜e = ͑I + I d ͒͑N ˜D -N ˜D + ͒ N ˜D + , ͑2͒ ץ ץt =-E 0ͭ ٌ ជ ͓n ˜e͔ • E ជ + n ˜eٌ ជ • E ជ + k B T eE 0 ⌬n ˜eͮ -E ph ͑N ˜D -N ˜D + ͒Ic ជ , ͑3͒
where n ˜e, N ˜D, and N ˜D + are free electrons, donors, and ionized donor densities normalized to N A ; ˜is the spacecharge density normalized to eN A , = s / ␥N A ; and E ph is the photovoltaic field given by

E ph = ␤ ph ␥N A es . ͑4͒
For a monochromatic beam of wavelength , light propagation is given by the paraxial wave equation (PWE)

ץ ץz A͑x,y,z͒ = i 1 2k ٌ Ќ 2 A͑x,y,z͒ + i 2 ⌬nA͑x,y,z͒, ͑5͒
where ٌ Ќ 2 = ץ͑ 2 / ץx 2 , ץ 2 / ץy 2 ͒,A x and A y are the transverse components of the optical field with I,= ͉A͉ 2 , and k =2n/ is the wave vector in the unperturbed medium of refractive index n. Note that the PWE is not strictly valid for an extraordinary polarized beam because of the crystal anisotropy as shown in [START_REF] Ciattoni | Optical propagation in uniaxial crystals orthogonal to the optical axis: paraxial theory and beyond[END_REF]. However, experimental results presented farther on in the paper are predicted adequately with Eq. ( 5), which justifies that model refinement is not necessary.

The index perturbation ⌬n induced by the photorefractive space-charge field by electro-optic effect is given by

⌬n Ӎ - 1 2 n 3 ͓r͔ ΄ E X E Y E Z ΅ , ͑6͒
with [r] as the linear electro-optic tensor of LiNbO 3 and ͑E X ,E Y ,E Z ͒ as the space-charge field components.

For a given crystallographic configuration and light polarization, the numerical method consists of solving Eq. (1e) by 3D discrete fast Fourier transform ( 2) and ( 3) by the iterative method to obtain the space-charge field at a given time step, and the refractive index perturbation is deduced from Eq. ( 6) [START_REF] Devaux | New time-dependent photorefractive three-dimensional model: application to self-trapped beam with large bending[END_REF]. Light propagation is simultaneously calculated in each successive elementary propagation step by the split-step Fourier method. This process can be repeated until a steady-state regime is reached.

In this work we consider a standard configuration where an external field is applied along the LiNbO 3 z axis while a beam propagates perpendicular to the z axis. Note that the z axis corresponds to the LiNbO 3 c crystalline axis.

We first present the case of a 532 nm beam, either extraordinary or ordinary, polarized propagating along the y crystallographic axis. Considering a null electric field component along propagation ͑E Y =0͒, index perturbations induced by the electro-optic effect [START_REF] Yeh | Introduction to Photorefractive Nonlinear Optics[END_REF] for extraordinary and ordinary polarization are given by Eqs. ( 7) and ( 8) for this specific configuration, respectively:

⌬n Z Ӎ - 1 2 n e 3 r 33 E Z , ͑7͒ ⌬n X Ӎ - 1 2 n o 3 r 13 E Z . ͑8͒
With r 33 = 32 pm/ V and r 13 =9,4 pm/V, note that the E X component of the space-charge field does not play a role in the index change. Parameters of the numerical simulation are optical power 114 W, applied field 40 kV/ cm, N A =2 ϫ 10 26 cm -3 N D /N A = 2, and I d =I max / 100. A 12 m beam FWHM is considered at the input face of a 20 mm long crystal. Other parameters are taken from [START_REF] Devaux | New time-dependent photorefractive three-dimensional model: application to self-trapped beam with large bending[END_REF].

For an extraordinary polarized beam, calculated intensity distribution along with index perturbation and transverse space-charge field components at the crystal output are presented in Fig. 1 for a photovoltaic field E ph set to -35 kV/ cm. This value of E ph is chosen to obtain a selftrapped beam when the best confinement is reached. Images correspond to an illumination time leading to the best confinement. A slightly elliptical spot (Fig. 1(a)) is obtained (FWHM z =10 m, FWHM x =14 m), which is consistent with the asymmetric index distribution (Fig. 1(b)) produced by the transverse component E Z of the spacecharge field (Fig. 1(c)). Such a distribution is in accordance with previously published results on a 2D photorefractive model [START_REF] Zozulya | Propagation of an optical beam in a photorefractive medium in the presence of a photogalvanic nonlinearity or an externally applied electric field[END_REF]. Component E X of the space-charge field, which is perpendicular to the applied field, has an antisymmetric distribution with four lobes as shown in (Fig. 1(d)). This component does not influence the refractive index distribution for the present electro-optic configuration but, however, contributes to charge displacement.

For an ordinary polarized beam, calculated intensity distribution, along with index perturbation and transverse space-charge field components at the crystal output, are presented in Fig. 2. E ph is arbitrarily taken identically as the one for extraordinary polarization, despite the fact that it could be polarization-dependent throughout the photovoltaic coefficient. In such a case we can observe that the trapped beam FWHM x =38 m, FWHM z =24 m is less confined compared with extraordinary polarized light due to the lower value of the electro-optic coefficient r 13 associated with ordinary polarization, which is approximately three times lower than the r 33 associated with extraordinary polarization.

For different configurations, the space-charge field component perpendicular to the applied field can also affect the self-focusing behavior. As an example, we still consider a LiNbO 3 crystal biased along the z axis but not for a beam propagating along the x crystallographic axis. For this particular configuration and with ordinary polarization, both E Y and E Z components contribute to the in-dex change throughout the two electro-optic coefficients r 13 and r 22 =6,7 pm/V, according to the expression

⌬n Y Ӎ - 1 2 n o 3 ͑r 22 E Y + r 13 E Z ͒. ͑9͒
In this case, numerical simulations reveal a higher degree of anisotropy as shown in Fig. 3. An obvious consequence is the formation of an output-trapped beam with a tilted elliptical intensity distribution (Fig. 3(a)). This tilt is due to the asymmetric shape of E Y (Fig. 3(d)) that, added to E Z , gives rise to the rotated refractive index perturbation (Fig. 3(b)). This characteristic is easier to visualize during the initial self-focusing of wide beams since weak variations of the refractive index have a strong influence on light distribution. On the contrary, beam tilt is hardly noticeable for strongly confined self-trapped beams since the amplitude of E Z prevails over the E Y component. For extraordinary polarization, no tilt is present for the elliptical shape since the index perturbation only depends on the E Z electric field component and the r 33 electro-optic coefficient, as in Eq. ( 7).

EXPERIMENTAL RESULTS

In order to verify the predicted behavior, the optical setup is composed of a cw visible laser source (either at 532 nm or 633 nm) whose beam is focused at the entrance faces of congruent undoped LiNbO 3 (photonic grade) samples. Beam power and polarization can be varied, thanks to the combination of a polarizer and a half-wave plate. The beam propagates perpendicular to the c axis either along a 7 mm or 20 mm long distance in the crystal, depending on the sample. A microscope objective images the exit face of the sample on a CCD camera. An external electric field of typically E 0 = 40 kV/ cm amplitude is applied in the direction of the LiNbO 3 crystal c axis in order to induce a self-focusing effect [START_REF] Fazio | Screening-photovoltaic bright solitons in lithium niobate and associated singlemode waveguides[END_REF]. We note that no light beam is used to artificially increase the sample dark irradiance.

Experiments are first performed for a beam at 532 nm focused to a 12 m FWHM spot at the input face of a 20 mm long LiNbO 3 sample, and propagation is along the y crystallographic axis.

Dynamics of self-trapping are presented in Figs. 4 and5 for extraordinary and ordinary polarized light, respectively, until best focusing is reached. We observe, surprisingly, that self-trapped beams are obtained for both polarizations, as revealed by the similar beam sizes present at the input and output crystal face. Indeed, slightly elliptical beams with a FWHM of 12 m and 14 m, respectively, in the directions parallel (z) and perpendicular (x) to the applied field are formed. Note that longer induction time is, however, necessary for ordinary light.

The self-trapped beam depicted in Fig. 4(f) is in good agreement with the calculated light intensity distribution shown in Fig. 1(a). However, despite the weaker electrooptic coefficient r 13 associated with ordinary polarization, an efficiently trapped beam is observed experimentally for ordinary light. To explain this fact the polarization dependence of the photovoltaic effect has to be considered.

We thus performed additional simulations for ordinary light, considering E ph as a free parameter.

The best fit with the experiment is obtained for E ph = -24 kV/ cm (Fig. 6).

For self-trapping in LiNbO 3 , the photorefractive spacecharge field amplitude is given by a competition between the applied field and the adverse photovoltaic field. As a consequence, in the studied configurations the weaker photovoltaic effect linked to ordinary polarization permits the formation of a larger space-charge field that compensates for the low value of the electro-optic coefficient r 13 . Similar self-induced waveguides are then formed for both polarizations. In addition, as observed experimentally, formation time is expected to be longer for ordinary than for extraordinary polarized light since a space-charge field of larger amplitude is generated for ordinary polarization. Finally, a comparison between experiment and theory allows us to deduce a ratio ␤ 33 / ␤ 31 = 1.46 between the photovoltaic coefficients. This result is consistent with previously published values [START_REF] Sturman | The photovoltaic and photoreceptive effects in noncentrosymmetric materials[END_REF], ␤ ph33 =4ϫ 10 -9 cm/ V and ␤ ph31 =2ϫ 10 -9 cm/ V. In a second stage we study a different electro-optic configuration. Beam propagation along the x crystallographic axis in a 7 mm long LiNbO 3 sample is now considered. When biased to E 0 = 40 kV/ cm, similar results than in a previous configuration (Fig. 4) are observed, as expected from theory. However, when ordinary polarized light is launched, a different beam trapping behavior than for the y propagation is observed. Indeed, the beam intensity redistributes into an elliptical shape, which is now tilted with respect to the crystal c axis. This phenomenon is better observed during the initial self-trapping stage as depicted in Fig. 7.

Note that a long wavelength is used ͑632 nm͒ in the latter experiment, which explains the greater response time as compared with former experiments ͑532 nm͒.A s predicted by the above theory, appearance of the tilted ellipse is due to the presence of two transverse space-charge field components, namely E Y and E Z . Both components now combine to give the induced waveguide as specified by Eq. ( 9). The resulting anisotropy is, however, hardly measurable when strong focusing is reached since ellipticity becomes too weak. Such anisotropy was mentioned in a recent paper on vortex beam propagation in photorefractive LiNbO 3 [START_REF] Passier | Impact of tensorial nature of the electro-optic effect on vortex beam propagation in photorefractive media[END_REF]. Note that for the reported experiments, self-trapped beams have identical dimensions for power varying from w ͑I =10 3 W/m 2 ͒ up to 200 w ͑I =10 5 W/m 2 ͒, while increasing power reduces the formation time in accordance with the basic single deep-center model.

Finally, guiding properties of induced waveguides have been assessed in the near infrared. Self-trapped beams are first formed with E 0 = 40 kV/ cm with either ordinary or extraordinary light polarizations. Once the best trapping level is reached, the trapped beam and the applied field are switched off, then memorized waveguides are probed with near-IR beams. Typical results are presented in Fig. 8 for an extraordinary polarized probed beam. On the one hand, it shows that, when induced by an extraordinary polarized self-trapped beam in the visible range, waveguides are not strong enough to properly guide near-IR beams (fig. 8(a) and 8(b)). Losses are already detectable at 1.06 m (Fig. 8(a)) but are more obvious at 1.55 m (Fig. 8(b)). The wavelength dependence is expected from simple waveguide theory. On the other hand, when induced by ordinary polarized beams, waveguides display much stronger guiding properties. For instance, a probe at 1.06 m is efficiently confined (Fig. 8(c)) and even a 1.55 m wavelength beam can be properly guided (Fig. 8(d)). These results clearly demonstrate that ordinary polarized spatial solitons induce deeper waveguides than extraordinary polarized solitons in LiNbO 3 . Indeed, a fixed waveguide created with ordinary polarization profits from a deeper space-charge field in conjunction with a larger electro-optic r 33 coefficient when probed with extraordinary polarization.

CONCLUSION

It is shown experimentally that a similar self-trapping behavior is observed in photorefractive LiNbO 3 for extraordinary and for ordinary polarized beams. This polarization independence is due to a balance between electrooptic and photovoltaic coefficients, as confirmed by a timedependent ͑2+1͒D photorefractive numerical model. Moreover, additional photorefractive anisotropy is revealed for a particular electro-optic configuration because both space-charge field components along and perpendicular to the c axis contributes to beam self-trapping. Finally, most efficient waveguides are shown to be formed when writing beams are ordinary polarized. Such photoinduced waveguides are able to properly guide near-IF signals. 
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 1 Fig. 1. (Color online) Calculated light intensity distribution for (a) extraordinary polarization, refractive index distribution and (b) transverse components (c) E Z and (d) E X of the space-charge field normalized to E 0 at the exit face for light propagation along the y crystallographic axis in a 20 mm long LiNbO 3 crystal.

Fig. 2 .

 2 Fig. 2. (Color online) Calculated light intensity distribution for (a) ordinary polarization, (b) refractive index distribution, and transverse components (c) E Z and (d) E X of the space-charge field normalized to E 0 at the exit face for light propagation along the y crystallographic axis in a 20 mm long LiNbO 3 crystal.

Fig. 3 .

 3 Fig. 3. (Color online) Calculated light intensity distribution for (a) ordinary polarization in a transient regime, (b) refractive index distribution, and transverse components (c) E Z and (d) E Y of the space-charge field normalized to E 0 at the exit face for propagation along the x crystallographic axis in a 7 mm long LiNbO 3 crystal. Parameters are identical to those in Fig. 1 except = 632 nm, input FWHM= 16 m, and E ph = -26 kV/ cm.

Fig. 4 .

 4 Fig. 4. Self-focusing dynamic of an extraordinary polarized beam for E 0 = 40 kV/ cm, = 532 nm, input power= 114 W, and input beam FWHM= 12 m. Images are taken at regular intervals from (a) t = 0 s for a free diffracting beam to (f) t = 450 s for the most confined beam.

Fig. 5 .

 5 Fig.5. Self-focusing dynamic of an ordinary polarized beam for E 0 = 40 kV/ cm, input power= 114 W, and input beam FWHM =12 m. Images are taken at regular intervals from (a) t = 0 for a free diffracting beam to (f) t = 1020 s for the most confined beam.

Fig. 6 .

 6 Fig. 6. (Color online) Calculated light intensity distribution for (a) ordinary polarization FWHM x =14 m, FWHM z =10 m, (b) refractive index distribution, and (c) transverse components E Z and (d) E X of the space-charge field normalized to E 0 at the exit face for light propagation along the y crystallographic axis in a 20 mm long LiNbO 3 crystal for E ph = -24 kV/ cm.

Fig. 7 .

 7 Fig. 7. Self-focusing dynamic for an ordinary polarized beam propagating along the x crystallographic axis for E 0 = 40 kV/ cm, = 632 nm, L = 7 mm, and P = 400 W. Images are taken at regular time intervals from (a) a free diffracting beam to (f) t = 70 min . Interferences are caused by CCD sensor internal reflection.

Fig. 8 .

 8 Fig. 8. Images at the exit face of waveguides formed with (a,b) extraordinary and (c,d) ordinary polarized trapped beam when excited with an extraordinary polarized probe at either (a,c) 1.06 m or (b,d) 1.5 m wavelengths.