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Partially polarized light-induced Freedericksz transition in nematic liquid crystals
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The combination of two noncoherent copropagating beams enables us to study the roles of the electromag-
netic field symmetry and angular momentum in optically induce@deeicksz transition. The particular choice
of the interaction geometry allows one to achieve all-optical control of the spatial and dynamic behavior of
orientational modes of this transition. The collective molecular precession rate is continuously controlled via
the light angular momentum transfer. This control is coupled with the change of twist deformation of molecular
orientation. Corresponding theoretical model is proposed and analytical solutions are obtained, providing
insight into the multitype deformation behavior of the orientational transition and the possibility of its optical
control. Excellent quantitative agreement between experimental and theoretical results is demonstrated.
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PACS numbe(s): 64.70.Md, 42.50.Ct, 42.25.Ja, 77.84.Nh

I. INTRODUCTION herent copropagating oppositely polarized beams, as further
development of the study started in REF]. In particular, a
The dielectric torquéDT) I'e=PX E (whereP is the po-  theoretical model is reported, which provides very important
larization of the medium an is the electric field of the information concerning the molecular orientation behavior in
light) exerted by electromagnetic field&MF) on transparent both space and time. The obtained analytical solution is in
anisotropic medium is one of the fascinating phenomena igxcellent quantitative agreement with experimental data.
physics[1]. Light-matter interactions via the DT have been  The organization of this paper is as follows. In the begin-
studied in different material systems, ranging from indi-ning of Sec. Il we describe very shortly the interaction ge-
vidual molecule$2] to macroscopic solidée.g., a half-wave ometry, which allows one to implement the light driven mo-
plate[1]). It was established that the long scale orientationalecular motor[9]. A general theoretical background is then
correlation of microscopic molecular axes in liquid-crystal provided. The concrete theoretical model is then established

materials may provide very efficient DT exerted by higp-

tical) frequency EMH3,4]. These interactions, however, are M, M,

relatively complicated for simulation because of strong in-

trinsic feedback and light-matter coupling. Namely, the DT A2 PBS, M4 C M2
depends upon the polarization state of light, which may be E, I

strongly modified due to the collective and spatially nonlocal
reorientation of liquid-crystal molecules via the DT. Rich
nature of the optical DT in nematic liquid cryst@LC) has
been demonstrated both experimentally and theoretically
(see, e.9.[4—6]). The light-induced Fredericksz transition
(LIFT) and the transfer of angular moment@AM) from the

EMF to the directom (the average direction of microscopic
molecular axesof the NLC are important examples of that
[6,7]. Coherent EMF has been applied for these experimental
and theoretical studies, where the AM and azimuthal sym-
metry (AS) of the light were coupled. The rotating plane of
polarization of the light has been used also to study the LIFT
[8]. Recently, we have used two noncoherent copropagatin@n
cross polarized beantBig. 1) to study separately the roles of
the AM and AS of the EMF in the LIFT9]. Optical excita-
tion and control of periodic molecular precession have bee

experimentally demonstratef®]. However, corresponding g um), L, - lens (with focal lengthf, =13 cm), E. : linearly po-

theory has not been provided until now. _ larized weak probe He-Ne laser bea, lens (with focal length
We report in the present work the detailed experimentak _ 10 cm), x,/2: half-wave platefor 632.8 nm, RF: red filter,D:
and theoretical study of the LIFT in the field of two Nonco- getector. INSETH: director of NLC (initially parallel with 2), ¢:

polar angle,p: azimuthal angleE,., : electric field components of
incident beamsK: wave vector of incident beamk; thickness of
*Author to whom correspondence should be addressed. FAXthe cell, squares are glass substrafaced atz=0 andz=L).
(418 656-2623. Electronic address: galstian@phy.ulaval.ca X, ¥, Z coordinate system.

FIG. 1. Experimental setup and interaction geome&y. initial
early polarized beam of argon-ion las@perating at 514 nim
\1/2: half-wave platéfor 514 nm), PBS ,: polarization beam split-
ters,M ,: mirrors, BS: 50/50% beam splittex,/4: quarter-wave
I|’5Iate (for 514 nm), C: homeotropic liquid crystal celithickness is
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and analytically solved for two principal geometries, when [(5¢/8Z)2(5zi5zj— 8ij)+2i;]E4=0, (3a)
the roles of the light AM and AS are separately analyzed in
LIFT. A short description of principal experimental condi- P,= (c/8m)|dyl z|{|Ex|*+|Ey|?} =const,  (3b)

tions and comparison of experimental and theoretical results
is presented in the Sec. Il. A summary of the work is thenwhereE, and ¢ are the slowly varying amplitude and phase,

provided. respectively P, is the value of the component of the Poyn-
ting vector in the mediumg;;=¢, §;;+&,n;n; is the local
Il. THEORY dielectric susceptibility tensor at light frequenéwith e,
=g—&,), andE,; arex,y,z components of the field, .
A. Recall The P, is constant, since the; depends upomonly [4]. We

Let us recall that the use of two copropagating noncoherwill keep in mind the harmonic character of our waves, but
ent beams with orthogonal polarizatiof&g. 1) allowed us in our further discussion we will omit the teren '* for the
to optically induce, study, and control the director reorienta-Sake of shortness.
tion in a homeotropiddirector is perpendicular to cell sub-  In general there are two solutions of E¢®): the ordinary
strate$ sample of NLC[9]. Two principal geometries of in- Wwave Eqq with the phase,i, and amplitudeE, (expressed
teraction have been studied, when two excitation beams haJy the corresponding constant Pointing vedeg):
(a) opposite circular andb) orthogonal linear polarizations.

The variation of the intensity ratio of these two beatfts Eoa=Eo( —sin ¢,cos¢,0)e! 0%,

fixed total intensity allowed the continuous modulation of

the AM of combined EMF for a given A$case(a)] and dyo/dz== e, (4a)
modulation of its AS for a given AMcase(b)]. Only a

qualitative discussion of obtained experimental results has |Eol?=8mPo/(c\e,),

been provided, and, for example, a plane reorientation of the , ,
director was assumed in the case of the precession rate codld the extraordinary wavBe, with the phasekoy, and
trol by the input AM of the light. We will show below that amPplitude E. (expressed by the corresponding constant

the situation is more complicated, which is, however, post0ynting vectorP,):

sible to model correctly and to control experimentally. Eoyi=Eo(e,,/61) Y 4(coS ¢,5in ¢
ext— e Y4 ’ 1

B. General theoretical background —£,Sin 20/(2¢,,))ekove?
In the corresponding theoretical model, we shall consider B
an infinite layer of homeotropically aligned NLC cell of dpe/dz== Ve, &)/e2 (4b)
thicknessL (inset to Fig. 3. Two noncoherent plane waves . Jor
with frequency» and wave numbek,= w/c, traveling in |[Eel*=8mPe/(cVe.).
the positive direction of the axis, are normally incident on One can see that the incident light is split inte™and * o”

the NLC at the planeg=0 (see beloyw. The directom may
be described by polar anglésand ¢, whered is the tilt angle
betweenn and thez axis, andg is the azimuthal angle be-
tween the localn,2 and(x,2 planes. We shall thus describe
the perturbation of the director as

waves, in such a manner that the electric field of the “
wave is in the §,z) plane, while the electric field of thed”
wave is perpendicular to that plane. Note that the initial en-
ergy splitting follows the local 1f,z) plane, as in the linear
Mauguin regimg 3]. However, several important differences
n=g,sin 6 cos ¢+ g,sin 6 sin ¢+ e,cos b, (1)  are present in our case, e.g., the director configuration is
influenced by the light field, the phase velocity, and the am-
wheree,, g/, ande, are unit vectors along the y, andz plitude of the extraordinary wave are changed along the
axes. propagation, etc. Consequently, in the case of multiple inci-
All functions depend upon the coordinatenly, since the ~dent waves, each wave will be split into the mentionexd “
interaction geometry is invariant to translation in they) ~ and “e” waves, and the total fields will be presented as
plane. In addition, we assume the following dependence of

the azimuthal angle on time “t” and space ‘2" Eori=So( — Sin ¢,c0s6,0), SOZE E g€ 0ol
m
e(z,1)=Qt+a(2), 2 (5a)
where(} is the frequency of rotation of the complex director Eext= S €COS @, SiN ¢, — &4 Sin 20/(2¢,,)],

configuration around theaxis anda(z) represents the twist
of the director deformation.

In order to find the photoinduced configuration of the di-
rector, it is necessary to take into account the perturbations
and ¢ for solution of Maxwell’s equations in the NLC. We The behavior ofe and 6 is then found by seeking the

shall consider the weak and slow perturbatisee below  palance condition among elastic, electromagnetic, and vis-
regime of the director, which will allow us to seek these cous torques acting on the direc{@-5]:

solutions in the formE=E,e'*o¥@ -1t in the geometrical
optics approximation4]: Telasit Tem™ Tvise=0, (6)

Se=(£,,/8)) V4>, Egnekovent?. (5b)
m



PRE 58

PARTIALLY POLARIZED LIGHT-INDUCED. . ..

4607

whereT,stand T, are found using the derivatives of cor- and

responding free energy densitied4,5,7]:
Felas=0.5K 1 (div n)2+0.5K 5(n- curl n)?

+0.5K3[nx curl n]?,

(78

The viscous torque is defined by the dissipation function:

R=(v/2)(an/at)?, (7¢)

whereK; are Frank’s elastic constantgjs the orientational
viscosity of the NLCE=E, 4+ E.,. The obtainedy and ¢
components of torques are

d d Felast

T _7 d I:elast
elasty™ 57 (961 9z)

a6

_ )
=(K3cog6+Ksir? 6) 7

36\?
—0.5(K;—Ky) 57 sin 260

ap\? . L,
~| 57| (0-25Kgsin 49+ K ,sirf 6sin 20),

d é’FeIast

T _7 d Felast
elaste™ 57 9(depl Iz)

de

(92
= SIFPA(K 02 0+ K,SirP6) —ot sin 20(Kc0s 2

9z

de

oz’
. d  OFem  9Fem
eMe 9z H(deldz)  de

a0
iz

+2K25in20)<

_ €afy . "
= 1676, (g)/8,)SIMPO(S.SE +c.c), (8b)
IR _
TViSC,(p: — W =— yQ Sln20.

Note [from Eq.(8a)] that the polar deformatiof is defined
by the extraordinary component of the total fig®)|, while
the twist deformation(the z dependence ofp) is defined
[from Eg. (8b)] by the crossed termSS; +c.c.). Theg
component of EQ(6), Tepasty T Temet Tvisc,, =0, is solved
for following boundary condition§5]:

~d  JFem Fem  €ag) 5 . ’
Temi= 57 30a0l02) a0 Tome, (©1/e22" SN IS, 6(z=0)=0(z=L)=0,
(8a) ©
da/dz(z=0)=dal/dz(z=L)=0,
Tuise,o= — (96l at) =0, to give thez dependence of the director:
z
fSinzﬁ(z’)['yQ—(sasi/167reu)(s”/szz)(SeS(’)‘+C.C.)]dz'
0
b (10

The conditions(9), used in Eq.(10), lead to the following
condition for the definition ofQ) [to keep the value of
da/dz(z=L) bounded

fL SifO(z') (g /e,,)(SeSy +c.c)dz’
0

€al)

- 16’778”’)/

JOL sifé(z')dz'
(11

Equations(10) and (11) are general solutions of material

equations.

K5sinf0(z)[ 1—sirf6(z)(Kz— K,)/K3]

C. Circular polarizations

Let us consider the case when two circularly polarized

noncoherent waved( andE,) with opposite circularity are
incident on the NLC:

i (0O)+1(0) 4,
1=Ep—————— €70

V2

(12
—il (0)+1,(0)
V2

,=E, eikoz+ia(t)

where |, (2)=[—sin ¢(2),cos¢(2)], l,(z)=[cos¢(2),

We shall further consider two concrete configurations ofsin ¢(2)]. Thel, andl, are unit vectors in thé,y) plane. The
incident electromagnetic fieldaised in our experiment for |, is parallel to the transverse vector componentof the

the NLC perturbationto find the corresponding director per- directorn (wheren, =n—n,, n, is the

turbations, defined by the set & «,6.

Z" vector compo-
nent ofn). Thel, is perpendicular td,. TheE, , are wave
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amplitudes and5(t) is the chaotic phase shift between two where (&) =1— (1/2)[ £+ sin(27é)/(27)]— wé(1— €)cot(wé),

waves(thus we havd E,E,e'*V)=0, where theg ) assumes R=|A,|%/|A,|2.

time averaging Note that the parametd® represents the total AM of the
Using solutiong4), we can represent the fiel@2) in the  light incident on the NLC. Namely, we have a maximal AM

medium. Thus we have for the two polarization componentfor R=0 (when A; is maxima) and a minimal AM forR

of Eq: =1.
The polar perturbation amplitude, is found under the
E1o=iA1(—sin ¢,cos¢,00exp(ikoVe, 2), same assumptiori€gs. (15) and (16)], using thed compo-
) ) (139 nent of EQ.(6): Teastpt Temo™t Tvisco=0. TO solve this
E1e=(&,,/e)"*As[COS @, SN @, — &, siN 20/(25,,)] equation, we will consider terms up # only and we will
, use the Galerkin method, which consists in multiplying the
Xex;{ ikof ngglgzde’)’ equation by 2 sinfz) and integrating through the[4,5]. We
0 obtain finally

and for the two polarization components®§:

Ks—Ky
_Kaqz( 00— 2K 98)
Eoo=—1A(—sin ¢,cosp,0)exdikove, z+i5(t)], 3

13b N 4e, —5e
_ _ (130 + S:TS (|A1|2+|A2|2)( bo— Ta 03]=0,
Eze=(8,./e)) YA [ cOS @,5iN @, — £, SiN 20/(2¢,,)] I I
(18
z
Xexp{ikojo \/sis/szzd2’+i5(t)>- where the first and second terms represent the space-

averaged values of the elastic and electromagnetic torques,
The obtained total ordinary and extraordinary fields will be€SPeCtively. The nontrivial solution of this equation is
expressed by Eq5), with , (|AL2+|Ag)2) i —1

_ 2 0" (4g, —56,)/(8e))— (Kz— K1)/(2K3) '
Se:(SZZ/S)1/4(A1+Aze|5(t))exl{ikof \/SLSH/SZ Z,), - 2 : s ' :
0 wherel ;,,=81¢eK30%/ (g6, ) (See below The obtained so-
(14 lutions (17) and (19) demonstrate several important charac-

So=i(A1=Aze"V)explikoe, 2), teristics of the LIFT in the case of two noncoherent circularly
polarized copropagating waves.

(19

where First, the polar perturbation is achieved only when the
. : 2
Ay o= 1E1 VI, 1=2/(1+ 2 ), electromagnetic torque overcomes the elastic torgjgf:

127 TE12 T=2(1+Vey) +|A,|?=1;;,. That means, by the way, that the value of the

P = Pi,e:C\/alAi|2/(87T): P2, i=12, total intensity corresponding to the LIFT threshold will be

lor=2(A*+|A)=2l;,=14,. Thus, this threshold intensity

and, e.g.P; , represents the & component of the Pointing  COT"eSPonds to the total Poynting vector value:
vector of the ‘i” incident field in the medium, etc. 2
We will make some further assumptions to simplify the P, — P. +P: )=I..c\Ve /(87)=2P;: 20
solutions(10) and(11). Thus, we will seek the polar pertur- ot 21 (Piot Pie) =l e /(87) in» (20
bation in the following form(4,5]: o
wherePy;, represents the Pointing vector value for the LIFT

0(z)=6y,sinqz, q=m/L, (150  threshold in the case of single linearly polarized excitation
_ _ _ wave (i, is the corresponding intensjtyThis threshold is
and we will assume a weak perturbation regime: independent of the ratiR. Thus, the obtained threshold
. value is always equal to the LIFT threshold corresponding to
_ r_ the case of single circularly polarize®R€0) or nonpolar-
A=k ve! Z'—k z .
OEJO c1iez Ve ized wave[4].

) Second, the spatial and temporal behavior of the director
=ko\e, LbGeal(4e))<1, (16)  n depends on two optical parameters and, thus, may be op-

_ i ) tically controlled. Indeed, the polar reorientation anglde-
which supposes a small nonlinear phase shift between ©Fends upon the total intensity, only. At the same time, the

traordinary and ordinary waves. Final forms obtained fromyist component of the director deformation and the preces-
Egs.(10) and(11) for the ¢ perturbation are sion rate may be controlled algm addition tol ., sinceA
depends upom) by the intensity ratidR [see Eq.(17)]. For

2
= é ﬂ Ksg instance, a given polar excitatig) would become stronger
21+R vy’ for an increase of total intensi§i ., while the behavior of
(17)  the @ and Q would depend on how thél,, would change
o(2)= é ﬂ f(f) the R. Both of these parametefs and () are larger forR
4 1+R \L)’ —0 and suppressed fdR— 1. Thus the director would be
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r_eorier_lted ina pIanea(_z 0) and has static_mary(l_: 0) con- pzvezc\/;|A2|2CO§(p0/(87T) = const.
figuration forR=1, while we would obtain maximal and
a when R=0. It is important to note that the continuous Note that we have constant Poynting vectors for ordinary and
optical control of() via R is coupled with the corresponding extraordinary waves, which suggests that ¢ghes also con-
twist deformation(«). Another interesting possibility is the stant. Thus we obtain from E¢2) that the dynamic preces-
control of the director rotation directiofihe sign of the(}) sion of the director is absent:
by a proper choice of the intensity ratio of used beams.
po=cons=0=0. (24
D. Linear polarizations Here also, we will assume the same conditions, expressed by
Now let us consider the case when two linearly polarizedEq. (15) and(16), to simplify the solutiong10) and(11). We
noncoherent waves with orthogonal polarizations are inciobtain thus
dent on the NLC:
. _ €a€y . 2 2
E]_: Eleyelkoz, - Q= 16’778”’)/ sin 2‘100(|Al| |A2| )1
E,=Epeefor" 1o, @ da/dz=0 29

Recall that only the AS of the input EMF may be modulated-l-aking into account Eq(24) we find from Eq.(25) that in

in this case, while its AM is always vanishing. As before, the o yeneral case sine2=0 ande(z t) = const. which finall
perturbation of the directar (the 6 and ¢) will be expressed g 3 e(z1) ' y

by Eqg.(1) and Eq.(2), and we will assume that all functions gives
depend only orz. p=mm/2, m=0,+1+2, ... . (26)
Using solutiong4), we can represent the fiel¢l) in the
medium for the polarization components Bf as We see that the vector component of the director in the
(x,y) plane is parallel to the polarization of one of the inci-
E10=A1C0S ¢o —sin ¢,cos ¢,0)explikoVe, 2), dent beamgalonge, for m=+1,+3,... and along, for m
(22) =0,+2,...). Indeed, we have obtained this degeneracy of

E1e=(&,,/e))"*AsSin @o[COS ,5iN @, — &, siN 260/(28,,)]  orientation using only the condition of the vanishing torque:

z I(Fent+F
XeXF{iKOJO\/SLS/Sz Z'), Temot Telasty= — (Femt Felasd

o

and for theE, as _ %afL
16'77'8“

Sirf 6 sin 20(|A|?—|A,?)=0.

E;0=Ax(—sin @o)(—sin ¢,cos ¢,0)exiko\e, z+i8(1)],
The following condition of the minimal free energy density

E2'9=(szz/su)1/4Azcos ©o will break this degeneracy and will define the final orienta-
. . tion of ¢:
X[cos¢,sin ¢, — &, sin 20/(2¢,,) ]
az(Fem"' Felas?
. _ .
><exp( ikof \/sLs/szzdz’-i—i&(t)). e CR L
0

. : , , X cos 2p(|A1]*—|A,|?)>0. (27)
The total ordinary and extraordinary fields will be expressed
by Eq. (5), where Using Egs. (26) and (27) we obtain the condition
_ , (—1)™(|A5|%—|A;]%) >0, which leads to
Se:(*‘Jzz/&‘n)1/4(A15|n @0+ A,c0s poe' oY)
ml2+7m  for |A?>|A,[?,

. z = 28
><exp<|k0f0 Ve e le, z’), P=am  for |AL2<|A% @8
_ (23) We see, therefore, that the linearly polarized wave with
Sy=(A1€0S @ — A,sin oe V) exp(ikoe, 2), higher intensity will always determine the directionrof.
We will find the final polar perturbation amplitudé,
and following the same way as for the circular wave excitation

[described after the Eq17)]:
A1,=TE1o, o= @(z=0}),

(|Aq|%sirf@+|Az|*coS @)/}, — 1

2__
P10= Ve, As|*cog o /(8m) = const, 0" (@s, - 55,01(8e)) -~ (Kg- Kp)I(2Kg) 2
P1e=C\e, |Ay|?sirPe,/(87)=const, Note that the only difference in this case would be the con-

tribution of each incident wave in the electromagnetic
P2V0=c\/;|A2|Zsin2<p0/(87r)=const, torque, which is expressed here by corresponding weights
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“sin?¢” and “cos?p.” Obviously, we have to take into ac- |AL)2+ A2 1+ VE+ &
count Eq.(28) to define the wave with principal contribution I'=Ks0?y I 2 -1,
in Eq. (29). Thus, the stronger wave becomes the& vave lin
and the value of the LIFT threshold is defined by its inten-
sity, since the threshold condition becomes raxt|A.) Moy_ & (31)
=l;, . The corresponding total Poynting vector value will be Nox &3+ VET+ §3'

Piot=P1+P2=(|A1|2+|Ag|?)c Ve, /(8) (|AL2+]Ag)?) =1
=ljnc\e, /(87)(1+R)=Pj(1+R),  (30)

2
lin 1+ gi_—f— ga

and¢; are Stokes parameters:

where R=min(|A;%|A]>)/max (A% |A.]?). These results are 3= (| Agl2= |AL D) (| A2+ |A]2)
in agreement with those reported in Rg4]. Namely, the '
threshold and the initial growth of the director perturbation &= 2|A1]|A5l(cos 8(1) ) (|AL)2+]|A).

in the case of the LIFT induction by an arbitrarily polarized
single beam is described there as(noyx,noyy)e“sin gz In our caset;=0 (for noncoherent cross-polarized copropa-
where gating beamswe should obtain

§1/(263)=0 (ngy=0), when §>0,

(Noy/Mox) oo L 2l&l/E== (ngx=0), when £&<0,

(32)

and IIl. COMPARISON WITH EXPERIMENTAL RESULTS

A. Experimental setup and interaction geometry
(|AL[2+ A% —— lin(1+R). _— .
£,-0 We describe first the experimental sefl§j and results

(Fig. 1) to compare with our theoretical model. The linearly

The system of Eq(32) shows the same results as our deri_polanzed Ga_usga_m be_aE] of an argon ion Iase(loperatlng_
vation[Egs. (28) and (30)]. at 514.5 nmis divided in two separate arms after travgrsmg

Note that the paramete® represents here the AS of the the A1/2 half-wave plate(for 514.5 nm and the polariza-
incident light, in contrast to the previous case. Obviously, thdional beam splitter PBS The deviated beam is reflected
case of twocoherentcopropagating beams would be differ- from two mirrorsM; andM;, and then returned to the initial
ent, depending, for instance, upon the phase shift betweegptical path and combined with the directly transmitted beam
these beams. This case was intensively studied by number 8% the simple beam splitter BS. The optical path difference
research groupgt-6. of two beams exceeds the coherence length of the laser used

The solutions obtained aboyé&qgs. (28)—(30)] demon-  (as checked by interferomejryThe further control of the
strate important differences of the LIFT with respect to thepolarizations of the two beams is performed by thg4
previous geometry. First, for any rati® of intensities of quarter-wave platéfor 514.5 nn). In order to obtain an op-
impinging waves, they suggest planar=const) and sta- tical field composed of two beams with orthogonal linear or
tionary (Q=0) director reorientatioficompare Eq(17) and  circular polarizations, the optical axis of the/4 plate is
Eq. (25]. Second, the total input intensity corresponding tooriented parallel or at 45° with respect to the plane of initial
the LIFT threshold will depend linearly upon the intensity polarizations of two beams, correspondingly. The intensity
ratio R [see Eq.30)], since the transition threshold is over- ratio R of these two beams is easily controlled by rotating the
come by one(strongey beam only, while the second beam \;/2 plate. The combined excitation beam is focused by the
does not contribute in this process. This is the reason of thiensL; and is normally incident on the NLC sampl In
dependence upolR. Indeed, its value changes frof,;, our experiment, the sample studied was au®@-thick ho-
=Py, (when we direct all the input power into single linearly meotropic NLC film. The NLC used is E7 from Merck Ltd.
polarized wave, i.e.R=0) to P,=2P;, (when the input The combined beam spot diameter at the sample igu80
power is initially distributed between two noncoherent cross-The weak linearly polarized probe bedsy of the He-Ne
polarized impinging waves of equal intensity, i.®=1). laser(operating at 632.8 njris counterpropagating with re-
Similar doubling of the LIFT threshold was predicted in Ref. spect to the excitation beams, and is focused in the director
[4] for a single excitation beam when its polarization is perturbation area by the lerls,. The transmitted probe
changed from linear to a nonpolarized or circular. Howeverpeam is then collimated by the lehs and is reflected from
as we have mentioned above, the latter case may be accomie second polarization beam splitter BBfait of the princi-
panied by complex AM transfer phenomenon, which is ab-al axis. The polarization plane of the probe beam is rotated
sent in our case. by means of the second half-wave platg2 (for the 632.8
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0 0.2 04 0.6 0.8 1 FIG. 3. Demonstration of control of molecular precession rate
Ratio (12/11) (Q)) and polar reorientatiofi) by simultaneous modulation of the

total intensity and angular momentum of input EMF. The initial
perturbation is induced by single circularly polarized beam and a

FIG. 2. Molecular precession raf@ vs the intensity ratioR weak beam of opposed circularity is then added.

=1,/1, of two circularly polarized noncoherent copropagating
beams for a total input intensity ¢f=1.65 kW/cn?. The line is a

theoretical fit by formula17). while approachingR=1. The corresponding theoretical

curve is drawn in the same figure using E#j7) (for the )

nm). The polarization state of the output probe beam is ana®f our theory. We have used the following material param-
lyzed by means of the detectdr The noise or reflections of eters for this curveiy=2.92, &, =2.28, y=05P, K3

the excitation beams are cut off by the red filter RF. The—K1)/K3=0.379, K3=7.5x10"" dyne (see, e.g., in Ref.
period of the output probe beam intensity modulatioe-  [3]). Excellent quantitative agreement is achieved.

sulted from its polarization dynamical changedetected for An example of the action of simultaneous variatiorl gf
different fixed excitation conditions and orientationshgf2 ~ @ndR on the director reorientation and precession is demon-
plate. strated in Fig. 3. This corresponds to the situation when the

Note thatl,, and R are varied independently in this ex- reorientation and precession are initiated by a single beam
perimental setup. That is, the rotation of the half-wave platdR=0), and a small quantityfew percent of oppositely
\1/2 leads to variation of th® at constant,, and fixing its ~ Polarized copropagating photons is added to the first beam.
orientation allows separate variation of thg. One can see that the modulation defdefined by thef) is
enhanced, while the precession rélds decreased, as pre-
dicted by our theorysee Eq.(17)].

We have no direct experimental tools to check the predic-

First, we use two beams with opposite circular polariza+ion of our theory concerning the twist component of the
tions, normally incident on the sampleptical axis of the  djrector reorientatiofisee Eq.(17)]. However, these predic-
)\1/4 plate is oriented at 45° with reSpeCt to the initial |ineartions may be eas"y interpreted qua|itative|y_ Name|y, let us

B. Circular polarization case

polarization plang suppose that we have a small and initially “plane” director
Optically induced Fredericksz transitiotor LIFT) is ob-

served above a certain threshold value of the total intensity 1, g

l- The value ofly, in this case appears to be independent n .

from the value of AM(defined byR) carried by the com- T~

bined beanm9]. Its value(thely,) is twice as high as the one N\ MEe

corresponding to the single linearly polarized beam. These
results are in agreement with the predictions of our theory
[see Eq(20)].

Once the threshold is achieved, the behavior of the NLC
system is essentially affected by the value of the input AM
(or R). Namely, when two circularly polarized beams are of
equal intensitiesR=1) the reorientation is quite stable, thus
confirming our theoretical predictiong¢0, =0). Peri- FIG. 4. Schematic demonstration of origins of the twist. The
odic rotation of the NLC director around tlzeaxis occurs for — «pjane” of the initial director reorientation is supposed to be in the
all other casesi.e., when theR# 1, and hence the incident plane (,,2); E.: circularly polarized input waveE, : elliptically
light carries a nonvanishing AM Strong dependence of the polarized output wavéwith principal axis®); A: relative phase shift
precession period oR is observed(at fixed |y). Inverted  between ordinary and extraordinary wavesprincipal axis of the
oscillation period versuR is plotted in Fig. 2 for total input output ellipse of a copropagating opposed circularly polarized
intensity| =1.65 kW/cnt. The inverted period tends to zero wave.

A2
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reorientation[say, in the planel(,z), Fig. 4]. Consider an LR L L
input wave E. which is initially circularly polarized. The
corresponding ordinary and extraordinary components_of
will propagate in perturbed NLC with different phase veloc-
ity. Thus, along the propagation, the circular polarizaijan
z=0 interface will be transformed into elliptical polariza-
tion E, (near the output=L interface, with a principal axis

&, which is tilted at 45 degrees, say in thd,, +1, quarter.
Note that the ellipticity will be defined by the relative phase
shift A between ordinary and extraordinary waves. Recall
also that the dielectric torque of the ligkexerted on the
directop is very sensitive to the polarization state of light.
This would give rise a “preferred direction” of reorientation
(parallel with&) near the outpuz=L interface. At the same
time, there is an azimuthal symmefiground thez axis) near

to the input plane=0, since we have a circularly polarized
input beam. The above-mentioned ellipticity axiear the
z=L) will try to reorient the director from the plané(z) o
towards a new plane, which would contain the directin ,FIG._S. Depen_d_ence of the_thresljold power for the light-induced
Any small azimuthal reorientation of the initial plane of the Freedericks transition on the intensity rafio=1, /1, of two cross
director will immediately create a new preferred direction,p0|a_r'zed noncoherent copropagating beams. The line is a theoreti-
which will make 45° with respect to the new plane of the cal fit by the formula(30).

director reorientation, etc. Two important consequences fol-

low due to this effect. First, persistent director precessions . o . .

may be achieved in the dynamically stabilized regime. Seclinearly polarized beajm confirming our theoretical predic-
ond, the driving torque is always applied asymmetricallyt'ons- Finally, the above-threshold director configuration is
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(from the side of the output=L plane, which will give rise
the twisting effect.

ound to be quite stable, also confirming our theoretical pre-
dictions[see Eq.(24)].

Let us suppose now that we have another copropagating

(with the first wave circularly polarized wave. Then, the
samedirector deformation would lead to the formation of
another preferred direction (near to the=L interface, Fig.
4), which will be crossed witlg, if two copropagating waves

had opposed circularity at the input. Thus, director planen
deformations would be favored, since the two preferred di
rections(& and #) will compensate each other. These phe-
nomena are predicted and mathematically described by oy,

model.

C. Linear polarization case

IV. SUMMARY

The combination of two noncoherent beams enabled us to
separately study the roles of the EMF symmetry and angular
momentum in optically induced Federicksz transition. We
ave establishetboth theoretically and experimentgligev-

‘eral important characteristics of the collective molecular re-

orientation behavior. Thus, the director precession (gte
ay be controlled by the AM of input EMF. However, this
control is coupled with configurational changes, in particular,
with orientational twist deformation. The angular momentum
of the light does not change the LIFT threshold, while the

Now, the principal optical axis of the quarter-wave plateazimuthal symmetry of EMF may change it twice, etc.
N1/4 is chosen so that it does not change the polarization A rich variety of multistability phenomena have been ob-
states of two linearly cross-polarized noncoherent copropaserved in our experiment in both static and dynamic excita-

gating beams.

Here also a LIFT is observed above a certain thresholdnental

tion regimes. However, we have presented here the experi-
results corresponding to relatively small

value of the total intensity, since the initial director orienta-reorientations, which allowed us to obtain analytical solu-
tion in this geometry is normal to both incident linear polar-tions of our model. The model provides for multistability

izations(as in Sec. Il B. The observed threshold value de-
pends on the paramet& (Fig. 5, circles, as was predicted

phenomena as well, but consistent comparison with a corre-
sponding experiment is possible only in terms of numerical

by our model. We emphasize that the total intensity of theSimulation. These results are to be presented shortly else-

combined beam depends &, while the transition is initi-

where.

ated and controlled only by the stronger excitation field. The
corresponding theoretical curve is presented in the same fig-
ure. We use the same material parameters as for the previous
fit and we obtain excellent quantitative agreement of experi- We are grateful to the Natural Sciences and Engineering
mental data with the Eq30) without any adjustment. As Research CounciiNSERQ of Canada and Fonds pour la
one can see, the threshold valueRat 1 (circular symmetry ~ Formation de Chercheurs et I'Aidela Recherché FCAR)

is twice as high as the one correspondingRe 0 (single  of Quebec for their financial support of this work.
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