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Self-deflection characteristics of bright photovoltaic
spatial solitons in closed-circuit realization

Liu Jinsong, Xu Jun, Zhou X iang
(Department of A pplied Physics, Xidian University, X{ an, 710071)

Abstract: The self deflection process of bright photovoltaic spatial solitons in photovoltaic photore-
fractive media & ivestigated by taking into account diffusion effects. By using perturbation techniques, it
B found that the center of the optical beam moves on a parabolic trajectory and, moreover, the central
spatial frequency component shifts linearly with the propagation distance. Both the spatial deflection and
the angular deviation are proportional to the product of two dimensionless quantities w hich are associated
with the diffusion and the photovoltaic process, respectively. The photovoltaic solitons have a similar w ay

to screening solitons in selfbending process.
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Photorefractive spatial solitons have attracted much interest in the past few years''™ 01 At

present, several generic types of scalar solitons are know n: quast steady-state solitons' '™ ¥ screen-

[4~ 8] [9.1

. . . . 0 . .
ing solitons and photovoltaic solitons | Whereas planar screening solitons have been pre-

dicted to occur in a photorefractive material with an external applied field at steadystate when the
field is nonuniformly screened!*™ ™ photovoltaic solitons have been predicted to occur and have
been observed in photorefractive materials with a strong photovoltaic current( LiNbO3) and refrac-
tive index perturbation associated with photovoltaic field is used to guide and confine the planar

photovoltaic soliton'*™ '

As previously pointed out!'? | the diffusion process introduces an asymmetric tilt in the light
induced photorefractive waveguide, which in turn is expected to affect the propagation

characteristics of photorefractive solitons. The effect of diffusion on the screening solitons has been

*  Supported by the science foundation of Shanxi province, HuaWei foundation and the national natural science foundatin of

China under grant No. 69878022.
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studied, w hich result in a selfbending process of bright screening solitons in a biased now-phote-
voltaic photorefractive crystal'” . In this paper, we investigate the effect of diffusion on the phote-
voltaic solitons in closed-circuit realization, which has not been revealed ever. By using perturbation
methods which involve the conservation laws of the nonlinear wave equation, we find that the
bright photovoltaic solitons have a similar way to the bright screening solitons in selfbending pro-
cess, that is, the beam center shifts quadratically with the propagation distance, whereas the angle
between the central wavevector and the propagation axis varies linearly.

In order to analyze the selfdeflection process of a planar bright photovoltaic soliton, let us
consider an optical beam that propagates in a photovoltaie- photorefractive material along the z axis
and is permitted to diffract only along the x direction. Moreover, let us assume that the optical
beam is linearly polarized along x direction. Under these conditions, the perturbed extraordinary
refractive index is given by (fe)’= ne— nernEscl ™, where r33 is the electro-optic coefficient,
ne is the unperturbed extraordinary index of refraction, and Esc is the space-charge field induced
in this crystal. In typical photovoltaie-photorefractive media and for relatively broad beam configu-
rations, under the case of taking into account diffusion effects, the value of the induced space
charge electric field can be directly obtained from the Kukhtarev Vinetskii model'"” and it is ap-
proximately given by Esc=- EyI1/(I+ 1a)] - (ksT/e)* (01/0x)/(I+ Ia) (1)
where kg is Boltzmann’ s constant, T is the absolute temperature, and /4 is the so-called dark irra-
diance that phenomenologically accounts for the rate of thermally generated electrons. In Eq. (1),
I= I(x, z) is the power density profile of the optical beam and it is related to the slowly varying
envelope ® through Poynting’ s vector, i. e. [ = (‘ne/ 2To) | Pl 2, where Th = ( Ho/ &) 1/2, and
E .= kEYrN s/ (el) is the photovoltaic field/constant, where £ is the photovoltaic constant, N 4 is
the acceptor density, M and e are, respectively, the electron mobility and the charge, and YR is the
carrier recombination rate.

In turn, the envelope propagation equation can be obtained by substituting the expression on
the perturbed refractive index (induced by the space-charge field) into the paraxial wave equa-
tion. After appropriate normalization, the envelope U obeys the following dy namically evolution e-
quation: iUg+ Us/2+ al UL U/(1+1 U+ (I UIP)U/(1+1 Uy = 0 (2)
where U= (n. 2Th14) Y2 ¢ s the power density normalized with respect to the dark irradiance,
and Ug= 0 U/ 0E, etc. In Eq. (2), s= x/x0, where x¢ is an arbitrary spatial width, and &=
2/ (konx) is the normalized coordinate, where ko= 27 X is the free-space wavevector of the
light wave employed. The dimensionless quantities a and ¥ are associated with the photovoltaic
and diffusion processes, respectively, and they are given by a= (koxo)”(nern/2) E, and Y=
(ksT/2e)( koxoner ). For the purpose of simplicity, loss effects have been neglected in Eq. (2) .

When the diffusion process is neglected, we can obtain the bright solitary wave solutions of
Eq.(2) with Y= 0. That is, by expressing the beam envelope U in the usual fashion: U= r'/*x
y(s)exp(ig), substituting this latter form of U into Eq.(2) and integrating Eq. (2) (with Y=
0), we can obtain the bright photovoltaic solitons as follbwing V=- (o/r)ln(1+ r)+ a (3)
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(¥ = Qa/r)[In(1+ ry*)= y’(1+ r)] (4)
where Vrepresents a nonlinear shift of the propagation constant, y (s) is a normalized real fune-
tion bounded between 0y (s) I and r is defined as r = Imax/ Ta> O( Imax= 1(0)). In obtaining
Eqgs. (3) and (4),we have employed the y~boundary conditions, that is y(0)= 1, y(s - Foo)=
0,dy/ds= 0 at s= 0. The functional form y('s) of these selftrapped waves can then be deter
mined by numerically integrating Eq. (4).

In order to investigate the effects of diffusion on the propagation of these photovoltaic sol+
tons, we solve Eq. (2) by using perturbative procedures previously employed within the context of
nonlinear fiber optics' '®'”. Keeping in mind that the beam evolution under the action of diffusion
is approximately adiabatic !

U= r'"y[s+ u(§)Jespli &+ ©(&) (s+ u(§)+ o(E)]) (5)
where U= r"?y(s)exp(iVE) is the steadystate bright screening soliton of Eq. (2) whit y= 0.

,we make the following ansatz for the solution of Eq. ( 2):

In Eq. (5), u( &) represents a shift in the position of the beam center, ®(&) is associated with the
angle between the central wavevector of this beam and the propagation axis &, and 0( &) is a phase
factor which is allowed to vary during propagation. T he equations of motion of these real variables
is obtained by substituting Eq. (5) into the two complex conservation laws of Eq. (2)''®"". T hese
are established by multiplying Eq. (2) with U and U, and integrating over the coordinate s. A

straightforw ard calculation yields follow ing results:

du(&)/d&= - o(g) (6)
do(g)/dg= *(§)/2 (7)
do(g)/d&= 4vak(r) (8)

where the dimensionless function k(r) 15given by
1

% oo 2 oo _
kr) = | ds =B 2 (e r) - 1+ ryz(s)]}“ oodsy2(s)] (9)

1+ ryz(s)

Fig. 1 gives the dependence of the k(r ) function on r, and this function reaches a maximum close
to r= 10. 0.02
Integrating Eqgs. (6),(7) and ( 8), we have the fot _:::;)
lowing equation of motion for ©(&), u( &) and of &): < -0.04
o(g) = 4vak(r)E (10) = -o.06
) -0.08
u(§) =- 2vak(r)g (11) -0.10

(%) = 8 Y(]k(r)]2€3/3 (12) _0'01.2001 0.01 0.1 10 100 (oo

r

Egs.(10), (11) and ( 12) demonstrate that in the abs
sence of diffusion, i. e. Y= 0, the variables @= u= 0= (. Fig. 1 Dependence of the k(r) fundion on r
On the other hand, be taking diffusion effects into account, Eq. (11) shows that the beam center
follows a parabolic trajectory, whereas Eq. (10) implies that the center spatial frequency com pe-
nent shifts linearly with the propagation distance. From these latter results, one quickly finds that
the beam has suffered a lateral displacement distance given by

xa= 2Yak(r)z/(kinixi) (13)

where z is the actual propagation distance. Moreover, the angular deflection, i. e. the angle be-
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tween the central wavevector of this solitary beam and the zaxis can also be evaluated from
Eq.(10) and is given by 00= 4aB(r)z/(kinix?d) (14)
It is to point out that whether ©(&), u (&), 0(&) or x4, 04 is proportional to the produce of ¥ and
a which are associated with the diffusions and photovoltaic processes, respectively. As expected,
Egs. (10)~ (14) similar to Egs. (6) ~ (10) in Ref. 13 and the reference describes the selbending
process of screening solitons.

From Egs. (10~ (11), we can define the normalized spatial and angular frequency shifts as
following As= — u( &)/ (2va) and Ak,= o &)/(4Ya), respectively. Fig. 2 and Fig. 3 give the
dependence of As and Ak, function on r,respectively. These figures show that the center of the
optical beam moves on a parabolic trajectory and, moreover, the central spatial frequency com po-

nent shifts linearly with the propagation distance.
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In summary, the self deflection of @ht photovoltaic spatial solitons arising from diffusion
effects has been investigated by using a perturbation model. We have found that the center of the
solitary beam moves on a parabolic trajectory, w hereas its central spatial frequent component shifts
linearly with the propagation distance. Obviously, in the absence of diffusion, the selfbending pre-
cess can not occur. The photovoltaic solitons have a similar way to the screening solitons in self

bending process. Ref erences
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Study on discharge and brealk-down characteristic of (0O
laser with distributing of gold rings

Chen Xiaoyan, Wang Yuzhi
(Department of Applied Physics, Southwest Jiaotong University, Chengdu, 610031)

Abstract: In order to study the discharge and breale down characterstics of CO» laser with dis-
tributing of gold rings , a comparison experiment has been carried out with CO, laser tubes one w as ty p+
cal, the other was improved by putting a series of gold rings in the discharge capillary . Two kinds of gas-
eshelium and neon have been used in th eriment. The results showed that both the break- down
voltage and the terminal voltage of the@; tube with gold rings are increasing significantly in
comparison with the tube without gold rings.
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