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By means of a comparative study, we identify a specific physical mechanism that leads to
circular-symmetric two-dimensional photorefractive solitons, and determine the conditions for their

observation. For a given photorefractive crystal, this allows the control of the transition from an

elliptical soliton-supporting regime to a round soliton-supporting one. This indicates a basic recipe
to generate electro-optic devices in three-dimensional crystals compatible with single-mode fiber. ©
2004 American Institute of Physid®Ol: 10.1063/1.18300715

Photorefraction supports optical spatial solitons both ininclude both round and elliptical self-trapping.
one and two transverse dimensidn§he two-dimensional The present effort is thus aimed at formulating a hypoth-
(2D) realization forms a fundamental component to a familyesis for the underlying physical mechanism leading to round
of innovative optical techniques, which range from optically soliton formation, predicting the associated conditions, and
written component, electro-optically  reconfigurable carrying out an experimental verification.
interconnects, to the enhancement of second-ordg?) Given the complexity of the mechanisms involved, our
responsé. The underlying nonlinearity is generally aniso- approach is based on a comparative study. The rationale is to
tropic and solitons reflect this in a generally elliptic intensity experimentally find and investigate two conditions that
profile I. In some cases, the nonspreading beam has a bellould be physically identical in a local isotropic model, but
shaped circular-symmetricound intensity distribution, and  {hat |ead to qualitatively distinct self-trapping phenomena: in
this condition arouses particular physical and applicative,ne round solitons form, whereas in the other, no accessible
interest? Since round propagation modes characterize botlystem parameters allow for the symmetric manifestation.
the more general class of sgturated solltqns and standard OPhe discriminating mechanism is then identified through the
:ﬁﬁ;gt‘?\gpggligf’fgﬁﬁz ansg?l?rlzfl-g)?tiisf:gﬁr,o? Srﬁ]urllg_r%g%toénalysis of the observed differences in the underlying non-
. o . . . g . linear response through electro-optic readdun order to

guided circuits into three-dimensional electro-optic . . . .
material® In this regard, the absence of a clear understandin xclude material-dependent effects, the study is realized in
of the mechanisms that control this transverse beam sha esa}mesa_mple_. .

Since diffusion and saturation components are the key to

represents a basic obstaéfeThis can be attributed to the h a h h il |
complexity of the photorefractive 2D nonlinearity, which on the pr_oces.,and t ey depend on.t e fransverse spatial scale,
by using different input beam sizeg=Axy,=Ay,, we pro-

top of being anisotropic, is also nonlo&al! with sample- , 20 ; .
dependent characteristits The end result is that devices €€d through a set of experiments in which their relative

based on 2D solitons can be difficult to design and reproWeight, compared to the anisotropic response, is changed.
duce. Monitoring the output soliton full width at half-maximum of
The issue is well illustrated by the apparent incompatthe intensity distribution, along the two transverse axes
ibility of experiments that findound self-trapping for a set (AX,Ay) and the corresponding round self-trapping stze
of parameterd,”***°and a second family of observations =Ax=Ay, we analyze the relationship between shape and
that find only elliptic self-trapping®*>*®*"The first suggest size in the steady-state regime.
that the nonlinearity can be approximated by a local satu- The setup, described in Refs. 1 and 14, makes use of a
rated responsjeg, but this is at odds with the fundamentally zero-cut 3.7Xx 4.2 X 2.4 mm crystal of paraelectric potas-
anisotropic nature of the self-lensifg:®*°A possible uni-  sium lithium tantalate niobatéKLTN), with a temperature-
fied picture based on pulsing along the propagation®asis dependent dielectric constart(T). The Gaussian launch
excluded by dedicated studiesA step forward has been peam was obtained from a cwpolarized argon-ion laser
achieved by also consider!ng effects due to charge diffusiogperating at\=514 nm. The input beam siz& was con-
and saturation, neglected in these early 2D approa?chés. trolled by the focusing optics. Steady-state was attained by
though the effort allows only numerical predictions, theselaunching a copropagatingpolarized plane wave of inten-
sity 1, and applying an external constant bias fiEldalong
¥Electronic mail: palange@ing.univag.it the transverse-axis. For each experiment, the input inten-
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FIG. 1. Approach to round self-trapping in the two regim&s.(squarep
and Ay (circley vs Ey for (a) €p=6.5um=¢ and (b) €;,=14 um+#¢
=10 um. Horizontal lines indicaté,,. Output intensity distribution foAx
={, in the two regimes(c) a circular soliton with a 1§m shift and(d) an
elliptical shape with a 2m shift. Vertical line indicates input position.

. . . . . FIG. 2. Lobe suppression. Numerical calculation of th@omponent of the
sity ratio was fixed to a glVGUS:|p/|b, wherel, is the peak  space-charge field neglecting propagation effectsi@of,=6.5 um and(b)
beam intensity. £o=14 um. Observed output intensity distribution with a zero-field readout
We identified two qualitatively different situations for (Ref. 2D, for (¢) £,=6.5um, (d) 11 um, and(€) 14 um, in conditions in
¢4=6.5 and 14im, shown in Fig. 1, and these constitute the""" 4*= o
extremities of our comparative study. F6§=6.5 um, we
scan different values of launaly and different values of bias |ateral lobes. The process is negligible in the second case, for
field Eq. As shown in Fig. 1a), for uy=2.4 ande, =12 500,  which the larger value of,=14 um leads to smaller nonlo-
a value of E;=3.5 kV/cm traps the beam to a rountk  cal components. We tested this phenomenological conjecture
=Ay={¢=6.5 um soliton, accompanied by an 1#n bend-  experimentally, through the readout, at zero bias field, of
ing shift for a longitudinal propagation of 2.4 mm Figcl  previously imprinted index patterns for different spatial
A different situation is found in the second case of Fih)l  scale<! The €,=6.5, 11, and 14im readouts are shown in
where the beam launched with a waistfgf~14 um does  Figs. 2c)-2(e), respectively. As expected, the first readout
not converge to a round soliton 6= ¢, for anyvalues ofE,  shows an asymmetric lobe structure and leads to a round
andu,. The reported scan ik, refers to a launchiy=1.4  soliton. The other twathe 11um case being intermedigte
and €, =11 000, and corresponds to the condition in whichhave an increasing symmetry in the lobes, not allowing the
self-trapping manifests the lowest beam elliptigigganning  formation of round solitons. This brings us to formulate the
both lower anchighervalues ofug). We can compare the two hypothesis that the lensing in tledirection, generally stron-
scans directly by observing the situation in whidlk=¢,  ger than in they-direction, is weakenod by the suppression
Figs. Xc) and Xd). In the second case, the beam ellipticity is of one of the lobes. The resulting asymmetry due to the
Ay/Ax=1.3 and the associated bending shift is i@ Fig.  enhancement of the remaining lobe causes soliton bending
1(d). As also shown in Fig. (b), increasingE, leads to a (self-refraction, without appreciably affecting the transverse
decrease imx and Ay, and, eventually, fo€ =9.5 um, to  shape.
the formation of aound soliton. Scans for intermediate val- This picture impliedwo independent conditions: thét)
ues of ;=8 and 11um, indicated a continuous transition the resulting index pattern support the soliton; &ngdone of
from one regime to the other, the first allowing for a roundthe lobes be suppressed. Conditidnis equivalent to veri-
soliton at¢ = ¢, the second only at the condition of havifig fying that the parametek&,, uy, €) giving rise to the soliton-
slightly lower than{,,. supporting refractive index pattethn, compensate diffrac-
The existence of these distinct regimes, dictated by théion. This condition can be estimated neglecting all nonlocal
spatial scalefy, is in contrast with standard self-trapping and anisotropic effect§for example, see Fig. 3 in Ref. 10
phenomena, in which the local isotropic model leads to only ~ Condition(ii) implies that, in the region manifesting the
one relevant physical quantitxlsézé’old,1 as a function of lobes, the configuration leading to round solitons must be
Uo. Here,d=(2k?Any/n)~*2 is the nonlinear spatial scale de- associated with a given precise relationship between the non-
termined by E, through the electro-optic responsen, local x-component of the space-charge field resporise,
=(1/2)n°gey(e, - 1)°EZ, wherek=2mn/\,n=2.3 is the un- =E4+E (due to the diffusion componet and charge satu-
perturbed index of refraction, amp=0.13 nf C™2is the qua-  ration oneEy), and the corresponding anisotropic p&gt(the
dratic electro-optic coefficient. lobey. This relationship must be preserved for all conditions
Pursuing the logic of our comparative approach, we analeading to round solitons, for different parametés, uo, €),
lyze the details of the photorefractive/electrostatic 2Dimplying a condition on their scaling that we can experimen-
problem,1 in the two cases of Figs(d) and Xd). The corre- tally test. An estimate of the diffusion and saturation field,
sponding numerical calculation of thecomponent of the for example, along the lines of the approximate approach of
space-charge fielH(x,y) in the two conditions, which trans- Ref. 22, indicates, respectively, thaEyo (kgT/q)ud(1
lates into the index patterfin(x,y) through the electro-optic  +u2)~2¢~* and Eqx eye, EAUZ(1+u3) 3¢ "1(N,q) %, wherekg is
effect, is shown in Figs.(2) and 2b). The striking feature is the Boltzman constanty is the electron charge, amd, is the
that the strongly distorted case of FigaRleads to a round crystal acceptor impurity concentration. In turn, the numeri-
soliton, whereas the-symmetric case of Fig.(B) leads to an  cal analysis of the electric field problem, two results of
elliptical beam shape. We deduce that in the first case, thevhich are shown in Figs.(3) and 2b), for a given circular-
smaller€,=6.5 um activates a relevant nonloc@symmet- symmetric intensity profild with a transverse sizé, indi-
ric) component due to charge diffusion and saturation, whicltates thatE,xE, (see also Ref. 19 For example, in the

at once tilts the index pattern and suppresses one of the tweases of Figs. @) and 2b), E,=aE,, with «=0.05 for both
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\ 0.08 axis), such as BaTi@ (Ref. 12 and KNbG, (Ref. 19 will
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sl have a greater difficulty in satisfying conditigi), if com-
Eoel o 0.06 . pared to SBN and KLTN.
2 2'0 e Bo4f T TR I We identify the mechanism that allows round solitons in
w 1'5 el 002 the asymmetric suppression of part of the anisotropic photo-

1'0 A ) A refractive response by charge diffusion and saturation ef-

0 00— 0" 13 fects. This implies a soliton existence curve in the three-
@) Soliton size, £ (um) (b) Soliton size, £ (um) dimensional parameter spafgy,{,uy], as opposed to the

fe. 3 o o b A _ | i ol _ reduced parameter spaaeé=A&E,, ), U], whereEy and{

. O omparison between the experimental round soliton existenc . _
points(squaresand the predicted scaling féa) condition (i) and(b) con- (ao no.t appear separately. This C,an form the key to the gnder
dition (ii). The filled square refers to the observation reported in Ref. 21.Stand|ng of a_pparently contradlctory_re_sults, and 'nd|c_ates
The triangle refers to conditions of Fig(d, leading to arelliptical beam  the basic recipe to generate the building block of guided
shape. electro-optic devices in three-dimensional crystals.
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