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Magnetochiral scattering of light: Optical manifestation of chirality
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We have investigated multiple scattering of light in systems subject to magneto@iital effects. Our
medium consists of magneto-optically active dipoles placed in a chiral geometry under the influence of an
external magnetic field. We have calculated the total and the differential scattering MC cross sections of this
system, explicitly showing that they are proportional geeudoscalamquantities. This provides an optical
measure for the degree of chirality, a pseudoscglaf an arbitrary geometrical configuration of scatterers
based on its scattering properties. We have calculgfed some simple chiral systems and we have even used
it to probe the degree of optical chirality of random systems. Finally, we have compavitd other recently
defined chiral measures in literature.
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[. INTRODUCTION magneto-optical activity, respectively. The last term of Eq.
(1) describes the MC effect in homogeneous and isotropic
The breaking of fundamental symmetries of nature manimedia. It is important to point out some of the major features
fests itself in various optical phenomena and is essential forelated to this effect. First, it depends on the relative orien-
our understanding of the interaction between light and comtation ofk andB. Secondly, the effect has opposite sign for
plex matter. One well-known example is the natural opticakhe two different chiral enantiometers. Finally, it is indepen-
activity discovered by Arago in 1811, a nonlocal optical re-dent of the state of polarization of light. Aside from its fun-
sponse in media that have broken mirror symmetry, nameglamental value for the understanding of the interaction be-
chiral media. Another example is the magnetically inducediween light and matter and the underlying symmetry
optical activity, first observed by Faraday in 18f8 and  principles that govern it, the MC effect in absorption has
associated with the breaking of time-reversal symmetry by &een suggested to be at the origin of the homochirality of life
magnetic field. Although physically distinct, the two effects [10], since it allows enantioselective photochemistry in a
manifest themselves quite similarly in homogeneous medignagnetic field with unpolarized lighif.1]. Unfortunately, the
as a rotation of the linear polarization of light. This resem-magnitude of the molecular MC effect is very weélkpi-
blance has motivated numerous works, pioneered by Pastegélly of the order of 10°) since it can be regarded, as dis-
[2], to search for a link between optical activity and the cussed above, as a cross effect between two already small
Faraday effect, but in vain. The existence of an optical effeckffects, the natural and magneto optical activity. That is why
providing such a link is only allowed to occur under condi- the MC effect has only been reported recently: in absorption
tions where both mirror and time-reversal symmetries argyy Rikken and Raupacfl2], and in refraction by Kleindi-
simultaneously broken. The cross effect between natural anghst and Wagnie [13] and by Valletet al.[14]. The electri-
magneto-optical activity is called theagnetochiral(MC)  cal analog of the MC effect was also recently repoftes].
effectand was first predicted in 1963], followed by studies In the present paper, we study the MC effecsaattering
in crystalline material§4]. The MC effect was later again of light. We have investigated multiple light scattering by
predicted independently several timgs-9], both for ab-  magneto-optically active scatterers distributed in a chiral
sorption and for refraction. configuration under the influence of an external magnetic
In order to deduce the MC effect in homogeneous andield. This approach is completely different from the tradi-
isotropic media, let us consider the propagation of light withtional molecular one that has been employed to model the
wave vectork through a magneto optically active chiral me- MC effect[5—9,16. Multiple light scattering has been stud-
dium with dielectric tensoe under the influence of a static jed for scatterers exhibiting rotatory powgt7]. In our
magnetic fieldB. Expandinge to first order ink andB, we  model magnetochirality is eollectiveeffect built up by mul-
have[4] tiple scattering. One single scatterer does not exhibit MC
: : effects since it is not made of a material that is natural opti-
gij(@.kB)=2(w) g+ alw)iejk+plw)ie;)B cally active. However, an assembly of magneto-optically gc-
+y(w)(B-k) 5, (1) tive particles distributed in a chiral configuration should gen-
erate MC effects since in such a system both mirror and
whereg;;y is the Levi-Civitatensor,w/27 is the optical fre-  time-reversal symmetry are broken.
qguency, anda and B are associated with the natural and In order to investigate how scattering is affected by the
MC effect, we have calculated the differential and the total
cross sections for a system composed of an arbitrary number
* Author to whom correspondence should be addressed; electron@af magneto-optically active scatterers in a magnetic field. We
address: felipe.pinheiro@polycnrs-gre.fr have investigated if these quantities are sensitive to the de-
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gree of chirality associated with the geometrical configuradish a quantitative measure of chirality is due to Gilag].
tion of the scatterers in space, and have concluded that scadsipovet al.[23] developed a molecular measure of chiral-
tering in MC media constitutes an optical manisfestation ofity based on the behavior of the response functions that char-
chirality, in addition to the well-known rotatory power. An acterize molecular optical activity. Harrig al. [18—20 pro-
optical parameter is introduced to quantify the chirality as-posed an elegant way, based on group theory, to measure the
sociated with the spatial geometry, which we have calculatedegree of chirality exhibited by a geometric object. They
for some simple chiral systems. We have also employed thisonstructed a variety of rotationally invariant pseudoscalars
parameter to probe the chirality of random systems, whictand applied them to quantify the degree of chirality of mol-
are in general chiral. Finally, we have compared it to recentlyecules of arbitrary shape, showing how these parameters
defined chiral measures in literatyrs8—20. govern a particular observable, such as the pitch of a choles-
This paper is organized as follows. In Sec. Il we briefly teric liquid crystal[18—2Q and the optical rotatory power
explain how to quantify chirality and we explore this concept[24].
to define an optical chiral parameter based on the scattering The choice for a chiral “order” parameter is not unique
properties of MC media. In Sec. Ill we calculate this param-[19], but must always be a pseudoscatarariant under ro-
eter for the simplest chiral geometry, the so called “twistedtations This last fact guarantees that no rotation of the object
H,” whereas in Sec. IV we employ it to quantify the degree exists that maps the mirror image of a chiral object onto
of chirality of random scattering systems. Finally, in Sec. Vitself.

we summarize the main results of this paper. In what follows, we will describe the scattering properties
of an assembly of magneto-optically active dipoles in a mag-
Il. MULTIPLE SCATTERING IN MAGNETOCHIRAL netic field.
MEDIA

. - B. Scattering by magneto-optically active particles
There are several scattering systems eligible for MC ef- g by mag preaty P

fects. The most obvious of them could be a system composed [n our model, we deal with dielectripointlike magneto-

of an assembly of MC scatterefse., made of a material Optical scatterersi.e., radiative dipoles much smaller than
exhibiting both the Faraday effect and natural optical activihe wavelength of lightlocated in vacuum. This model en-
ity). In order to study such a system, one should know preables us to find exactly all scattering propertjes., the off
cisely how an individual MC object scatters light. Math- shell T matrix) of any number of scatterers in analytic form
ematica”y' this means that the Scatteri]ﬁgnatrix of this and without any further approximation. This model exhibits
object should be known. However, to our knowledge, no2 scattering resonance, where the scattering cross section of a
calculation exists for such @ matrix. Alternatively, it is ~ Single scattering reaches its maximum value. The33T
possible to generate the MC effect in scattering systems bgatrix for a single scattering, up to first order in the mag-
considering magneto-optically active scatterers distributed imetic field B, takes the fornj25]

chiral geometries. This is the kind of system that will be
treated in the present work. Before we describe the light
scattering properties of such a system, it is instructive to
examine some general considerations about chirality itself
and how one can qugntlfy the d_egrge Qf chirality assoua.tegvhereu is the unit matrix andp is the antisymmetric Her-
with an arbitrary object or a distribution of scatterers in A i .
space. Afterward, we will discuss how a chiral configuration™itian tensor®;; =iy By . The parametet is the ordinary

of scatterers affects the properties of the light scattered ifRayleigh T matrix, to=— 47T w?/ (w5~ w?—2iT w*/3cy),
MC media. wq being the resonance frequency dndhe resonance line-

width. The parameter t, defined as t;
= — uktd/67 (where u=[9e/(c—1)?(ka)*]VB/k,V be-
e . ) , ) ) ing the Verdet constant of the scatterarits radius, anck
. By definition, a chiral object is an object whose mirror _ /¢ ) is related to the Faraday rotation inside the particle
image cannot be rotated to coincide with itself. It can be[25]_ The knowledge of the single scatterifignatrix in Eq.
readily seen that this implies having at least four particles for(z) allows us to obtain the total Bx 3N T matrix of an

the system to be chiral. A three-particle system is necessarilyssemply ofN magneto-optical scatterers situated at the po-
achiral since it is always contained in a plane, which is au

t(B,w)=toU+1t,®, )

A. What is chirality and how can we quantify it?

: ) - Sitionsrq,ry, ...y
tomatically its mirror plane.
Recent work has addressed the problem of whether chiral- glkriy * elk/ 11
ity can be quantified or measured, in much the same way that
one can quantify the degree of order of a ferromagnet. De- Tew=| t-(U-G-t) % : )
spite the ubiquity of chirality in naturéalmost all arbitrary ek ek’ ry

microscopic and macroscopic objects are chiral, from DNA

to a piece of rockand the important role played by chirality wherek andk’ are, respectively, the incident and the scat-
in several areas of research, from pharmaceutics to liquitered wave vectors, angk’|=|k|=k. The elements of the
crystals[21] and to the origin of lifg/10], only recently has 3NX3N G matrix are equal to the Green functions calcu-
real progress been made. One of the first attempts to estalated from the relative positions of the scatterg§]:
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exp(ikrym) S
- m[[u_rNMrNM]_(

for N=M.

. + U—3ryml for N#M,
Gym= ikrym (k"NM)2>[ " NM]] (4)

0

The set of Eqs(3) forms a system of linear equations that can be regarded as the magneto dichroism of the multiple
determines the electric field scattered by the magneto-opticaicattering system, associated with the energy removed from
particles, and its solution requires the diagonalization of thehe incident beam due the application of an external mag-
3NX 3N scattering matrif27]: netic field.

Until now, nothing was said about how the light scattering

M (k)=t(k)-[U—G(Kk)-t(k)] ™. properties of magneto-optically active particles are affected

(5)

We have modified the numerical code developed by Ruse
and Orlowski[27] in order to diagonalize the scattering ma-
trix M (k) in Eq. (5) for Faraday active scatterers. This pro-
vides the scattered field amplitude for particles distributed i
an arbitrary spatial configuration:

f(ok—o'k')=gs - f(k—k') g,

with

f(k—k')=>, M Mexp(ik-ry)exp —ik’ ry),
NM

(6)

n

y the chiral configuration and, more important, how these
Eroperties can be related to a measure of the degree of chiral-
ity. We recall that any chiral measure must be rotationally
invariant. This implies that we must perform an average over
all solid rotations in the expressid8) for %, (B,k) in order
to estimate magneto-optical chirality. The angularly averaged
magneto extinction cross section in MC media must neces-
sarily have the form

(TexdBK))az=0a(B)(B-k), (9)

where g is some pseudoscalar and the angular brackets
(- )4, denote the average over all solid rotations. This is

whereg,, andg, are, respectively, the incident and Scatteredmathematically equivalent to an average over the vedtors

polarization vectorgexpressed in the circular polarization

and B with fixed mutual orientation. Equatiof®) is mani-

basig and the sum is performed over all scatterers. Since th?estly rotationally invariant and obeys the two fundamental

Faraday effect is a small perturbation to the scattering,
will expandf linearly in the magnetic fieldf=f°+ %, with f*
given by

K ,
fik—k’,B)=—-—a(B) >, (MAM.®.M¥N)
47T NMNI

Xexplik-ry)exp —ik’ ryr), (7)
where the dimensionless quantityB)=(VB/T')(cy/wy)?
measures the strength of the magnetic field Ehgdis the 3
X 3 scattering matrix foB=0. For an atom subject to the
Zeeman effecte(B) is typically the ratio between the Zee-
man splitting and the resonance linewid&8]. The corre-
spondingmagneto extinction cross sectiorixt(B,k), linear

W&ymmetry relationgparity and reciprocityin MC media, as

can be easily verified. Using Eq®) and(9), we can writeg
as

2-Im 2 (TrMgM- @ Mg A

NMN’

g=

Xexpik-ryn))keans (10

where ryy=ry —ry and @ )im=1i€mkm. Notice that,
since M'JM depend only on the positions of the scatterers

{rn} and not ork, they will not be affected by the average.
Consequently, the term in the angular brackets in @&G)

involves an average of the tyg&(1—kk)expk-r))qcan,

in the magnetic field and integrated over all scattered anglegyhich can be obtained analytically as

can be obtained from the optical theor¢2®]:
1 1 1
ol (Bk)=— E|m2 f1(ok— ok)

a(B)
=——-1Im

2 m 2 Tr(MgM- @My Ay

NMN’

Xexgik-(ry=rn)1,

®)

where QAy)j= 8 —kik; /k? is the projector upon the space
of transverse polarization, normal ko Notice that we have

(ki(8j—kjki)exp(ik 1)) car

J2(kr)

:|F|5ka 1(k|’)—i[Fi5JK+Fj5ik+Fkb‘ij]T

+ija(KN)TiFry, (12)

wherej,(x) is the spherical Bessel function of the first kind
and of ordern. In addition, since My™);=(M§'");i, we

have TrMAM. @, - MMN)= —Tr(MY'M. - M¥N). As a

traced over polarization, which means that the Faraday effecesult, the terms wittN=N" in the sum of Eq(10) vanish.

itself cancels and that only MC effects remain. Equati®n

Consequently, we can simplify E¢LO) to
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L
27

>

N <N,M
XSin(K- N ) ke am -

This clearly represents a pseudoscalar, since under a mirr
operation{ry} and My({ry}) transform asry— —ry and
Mo({rn)) —Mo({ —rn}) =Mo({rn})- Inserting Eq.(11) into
Eq. (12), it follows that

g= i(TrMY™M. @ - MY - Ay

12

1
-—Re

g=5-Re X Tr(Mg™ @7 -Mg™)
T N'<NM
. Ja(kryne)
X|ja(Kryw) — ——
Krnny
+(FNN"MQM'(DFNNFM3AN )
dot ka(B )
—=—2L3Re > Tr(A-MIN A
dQ (4m)°  NN'LML

PHYSICAL REVIEW E56, 016607 (2002

Ja(kryne). (13

The second observable of interest is the angular distribu-
tion of the light scattered by all particles. With this purpose,
we have calculated the differential magneto cross section lin-
gar inB,(da/dQ)(ck—a'k’,B), using the relation

do K ”
E(U —o'k’,B)

B |f%(ock—a'k")+fY(ock—a'k’,B)|?
(4)?

(14)

wheref%ok—o'k’) is the scattering field amplitude inde-
pendent ofB. Using Eq.(7) to calculatef(ock—o’k’) and
inserting the resulting expression into Ed44) one obtains,
after summing over outgoing polarization and after averag-
ing over incident polarization,

MEML . . M* " Myexd —ik-ry +ik’ Iy ]. (15)

Since we are interested in scattering quantities sensitive tealues of the wavelength of the incident light. Each scat-

chirality, we will again perform an average of the scatterers
positions over all rotations in E4L5), as we did for the total

terer was set on resonance with the incident radiation, i.e.,
we seth=\q. In addition,g was normalized by the normal

MC cross section. The calculation of the angularly average@éxtinction cross section of the system, which, for the set of

differential cross section linear inB (do/dQ(ok
—a'k’,B))., implies the construction of a rotationally in-
variant scalar from the three vectds k, andk’. It can be
verified that the only possible form fo{do/dQ(ok
—a'k’,B)),,. obeying parity and reciprocity relations is

(i)

a?{(gk—%U k,B)

=H(k-k")B-(kxk")+C(k-k")B-(k+k"), (16)
where H(k-k") is a scalar representing the photonic Hall
effect [30] whereasC(k-k’) is a pseudoscalar associated
with the MC effect. We can thus explicitly obtain an expres-
sion for the functiorC(k-k’) using Eq.(15) and by putting
B=k in Eq. (16).

In the following, we will numerically calculatey and
(dat/dQ(ok—0o'K',B))ar-

Ill. SCATTERING CHIRAL MEASURES
FOR THE TWISTED H

The “twisted H,” depicted in Fig. 1, has the convenient
property that its chirality depends in a simple way on the
angle y between its arms. In Fig. 2 we have numerically
calculated the parametey in Eq. (13) for four magneto-

parameters used here, can be adequately approximated by
o9=No, (whereN=4 andar=37\(2)/27r is the on resonance
extinction cross section for one scatt¢rgince we are in the
independent scattering regime. In Fig. 2 we see ghathib-

its an oscillatory behavior as a function of the anglend
vanishesexactly at the configurations for which the H is
achiral. These configurations correspond to the angjes
=na/2, with n integer. If the value of the incident wave-
length is modified, the dependencegadn y changes, as one
can see in Fig. 2, bug still vanishes at the same angles. For
different values of the wavelength,g may also vanish at

mmmmmmmmmmmmm oo

‘

Y

e Y

FIG. 1. Four scatterers located at the vertices of the simplest

optically active pointlike scatterers placed at the vertices othiral geometry: the so called “twisted H.” The coordinates of the

the twisted H as a function of the angjefor two different

scatterers arp= (r/2)cos(/2),=(r/2)sin(y/2),+d/2].
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0.0 0.2 0.4 0.6 0.8 1.0

g/c

vn 0
FIG. 4. A typical histogram for the on resonance valuegof

associated with 1000 different realizations of the positions\Nof

=10 scatterers randomly distributed in a sphere of densityn-

; stant. The values aj were normalized byrg and the paramete,

light wave number The dashed curve corresponds to the Valuesdefined in the text, equals~0.01. The dotted curve corresponds to

kr=3.0 a_1ndkd_=4.0. The c_iotted curve presents the Chifa' param-, Gaussian fit to the data, whose full width at half maximum was
eter ¢y~ sin(2y) introduced in Refs[18-20. g was normalized by used to determine the variandey

0o=No,, whereN=4 ando,=3\3/27.

FIG. 2. The on resonance optical chiral paramgtptotted as a
function of the angley between the “twisted H” arms. The solid
curve corresponds to the valuks=2.0 andkd=6.0 (with k the

means that the intensity of the light scattered by an assembly
of magneto-optically active particles under the influence of a
magnetic field can also be regarded as an optical manifesta-
tion of the degree of chirality associated with the geometrical
configuration of these scatterers in space.

In spite of its simplicity, the “twisted H” is an illustrative
example of a chiral system. The results presented here could
be experimentally verified by means of light scattering mea-
surements performed in samples composed of identical Far-
aday active “twisted H” molecules dispersed in a liquid. In
the single scattering regime this directly provides the optical
parameterg and(da/dQ (ok— o'k’ ,B)) 4, .

In the following, we will focus our attention on multiple
scattering of light by randomly distributed particles.

other values ofy, but the zeros required by symmetat the
achiral configurationsremain unchanged. For comparison,
we show by a dotted line the chiral paramater sin(2y) for
the twisted H proposed by Harret al. [18—-20 which, for
the set of valuekr=2.0 andkd=6.0, nicely follows our
optical parameteg.

In Fig. 3, we have numerically calculated the differential
MC cross section averaged over all solid rotations,
(dot/dQ(ok—o'k’,B))4,, for the “twisted H” as a func-
tion of the angley and for the particular case wheke B
andk 1 k’. We observe again its oscillatory dependenceyon
and, likeg, its cancellation for achiral configurations. This

8X10-3"'|"'|-"|"'|"'

6x10°
IV. PROBING THE CHIRALITY OF RANDOM

4x10° 7 SCATTERING SYSTEMS

2x10° F /
0

A system composed of a large number of randomly dis-
tributed particles will in general be chiral. Our purpose will
be to quantify the degree of chirality of this kind of system
using the scattering parametgdefined in Eq(13). We have

-2x10°f V&

Magnetochiral differential cross section

FIG. 3. The on resonance magnetochiral differential scattering

-4x10®

numerically calculated) for 1000 different random configu-
rations ofN scatterers distributed in a sphere of radRuand

-6x10° E volumeV, and have studied the behaviorghés a function of
-8x10° . \ . \ N for two distinct situations: increasiny while keepingV
0.0 0.2 0.4 vn 0.6 0.8 1.0 constant and increasin§l while keeping the densityp

=N/V of the scatterers constant.
In Fig. 4, we show a typical histogram for the valuegof

for 1000 realizations oN=10 scatterers randomly distrib-
uted in a sphere. The histogram shows a distribution centered
at the origin, as expected on the basis of the law of large
numbers. Since we have a large number of realizations of the
disorder, the mirror image of any configuration is equally

cross section averaged over all solid rotatioddot/dQ(ok
—a'k’,B))4,, plotted as a function of for the “twisted H” with
kr=3.0 andkd=9.0 and fork LB and kL k' (solid curve. The
dotted curve presents the chiral parametersin(2y) introduced in
Refs.[18-20. (doY/dQ(ck— c'k’,B)) 4, was normalized byr,.
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—e— Ag/o, Density constant | A

G AW}\.S/RB 1
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FIG. 5. The variancedg and Ay of the chiral parameterg FIG. 6. As in Fig. 5, but now withN scatterers distributed in a

(full circles and solid ling and ¢ (empty squares and dotted ljne  sphere at constant volume and wifk-0.000 25N.

obtained from 1000 different realizations of the disorder, as a func-

tion of the numbeN of scatterers randomly distributed in a sphere ¢/R® by multiplying the latter by the optical quantity®.

of density constant and with~0.01 . The valueg of were calcu-  This demonstrates that the correspondence betgesd
lated on resonance and normalizeddyy=Na, . In order to show is not only valid for the “twisted H” case discussed in Sec.

dimensionless quantities, the valuesjofvere multiplied byx3/R® 1, but applies more generally to random systems.
(where\ is the light wavelength anR is the radius of the sphere In Fig. 6, Ag andA ¢ are shown as a function of if V is
This reveals the proportionality relatiohg/oqo< (A y/RE)A3 be- kept constant, i.e., wherp was varied. In this case;
tweenAg andAy. To allow a better comparison betweAry and ~0.000 2%. We observe that bothg andA i increase lin-

A, we have multiplied the values df by an appropriate con-

. : ) ; early with the number of scatterers. The comparison between
stant numerical factor. The lines are just a guide for the eyes.

Ag andA ¢ in Fig. 6 confirms, fol constant, the relation of
probable, so thatg)=0. We will consider the variancag proportionality between these two chiral parameters. In order
=(g?)—(g)? of g as a candidate to probe the typical de-t0 understand the linear depe_ndenceAaj on N we regall
gree of Ch|ra||ty of an arbitrary random Conﬁguration' that we need at least four parthIeS to constitute a chiral Sys-
In Fig. 5, we plot the values ofig as a function of the tem. This suggests considering the chiral paramgts the
number of particles distributed in a sphere witttonstant. Sum of the contributions of groups of four particles, with
The variances\g were determined by taking the full width random sign but with fixed absolute valgg. Since(g)
at half maximum of the Gaussian fit to the histogramgyof =0 and since}) distinct forms exist to group four particles
for 1000 different realizations of the disordesee Fig. 4  together, we can estimate the normalizegl as

One rglevzalnt dimgnsio.nle§s paramgter in the problem is the Ag \/@ 1 N ,
quantity {=4mp/k®, which is essentially the number of par- —= ~— (g4)°. (18
ticles per cubic wavelength. For the valuepothosen in Fig. oo No N 4

5 we have/~0.01, which means that we are in the so called_ . o o .
Taking the limitN—c and noticing by the analysis of Eq.

independent scattering regime and that only the first order 3 _
of scattering are relevant. This allows us to normalizgin (13 thatgs~1/(kR)*, we can rewrite Eq(18) as

Fig. 5 by 0p=No, . As expectedAg vanishes folN=2,3,
since it is impossible to generate a chiral configuration withAg VN(N—1)(N-2)(N-3) N
only two or three particles. In addition, we observe that theo N(kR)3 (kR)3
normalized Ag increases until it reaches, for roughly (19

=30 particles in the sphere, an asymptotic value of approxi-

mately Ag/ oy~1.35x 10" 4. For comparison, we also show This heuristic argument confirms the linear dependence of
in Fig. 5 the behavior of the varianaey of the chiral pa- Ag on N observed in Fig. 6 for largBl. However, for larger
rametery proposed by Harrist al.[18—-2( as a function of  densities(typically for {~1) this relation is lost.

N. The comparison between the two curves in Fig. 5 clearly

+ ..~p)\3+..._

reveal; that the two chiral measu@andzﬂ_are, statistica]ly V. SUMMARY AND CONCLUSION
speaking proportional The observed relation of proportion-
ality betweenAg andA ¢ is given by In this paper we have investigated scattering of light in
magnetochiral media. In order to generate MC effects, we
Ag Ay, have studied multiple light scattering from chiral geometries
—o N, (17) “opti ive pointl :
oo RS of magneto-optically active pointlike scatterers. We have cal

culated the total and the differential scattering cross sections
showing that we can establish a correspondence between thésuch media, showing that they are proportional to pseudo-
optical chiral measurey and the purely geometrical one scalar quantities. We have concluded that light scattering in

016607-6



MAGNETOCHIRAL SCATTERING OF LIGHT: OPTICA.. .. PHYSICAL REVIEW E 66, 016607 (2002

MC media is sensitive to the degree of chirality exhibited by~sin(2y) as the chiral order parametérdefined by Harris
the geometrical distribution of the scatterers in the spaceet al.[18-2( for the “twisted H.” In Sec. IV we calculated
This constitutes an optical manifestation of chirality, in ad-g for N randomly distributed scatterers in a sphere of volume
dition to the well known optical rotatory power. We have V and densityp, a system which will, in general, be chiral.
introduced in Sec. Il a parametgito measure or to quantify We studied the behavior of the variantg as a function of
the degree of chirality of an arbitrary configuration of par- N for two distinct cases: increasing while keepingp con-
ticles subject to MC effects, whose construction is based ostant and increasiny while keepingV constant, i.e., increas-
the properties of light scattered by such a configuration. As @ng p. We have concluded that the variandeg andA ¢ are
genuine MC parameteg is linear in the external magnetic proportional.
flelql and independent of the polarization, in contrast to the ACKNOWLEDGMENTS
optical rotatory power. We have shown thlgis a pseudo-
scalar and vanishes for configurations composed of two or We gratefully acknowledge G. hs, G. Rikken, G.
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