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Light scattering from nonequilibrium steady states

T. Keyes
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(Received 8 August 1980)

We consider light scattering from nonequilibrium steady states (NESS) where both density fluctuations (already
studied by others) and orientational fluctuations are important scattering mechanisms. When orientational
fluctuations are important, the possibilities for new NESS scattering experiments seem to multiply considerably. A
theory is given for two promising new experiments: VH (vertical-horizontal) scattering in the presence of a sound
wave and VH-VV (vertical-horizontal-vertical-vertical) interference, which vanishes identically in equilibrium.

I. INTRODUCTION

In a series of papers,'”® Oppenheim and co-workers have shown how to calculate avei‘ages of dynamical
variables in nonequilibrium steady states (NESS). By choosing the product of the density with itself at a
later time as the dynamical variable, they obtained the NESS density-density correlation function, which
determines light scattering by density fluctuations; they predicted most interesting new features, absent
in equilibrium, in light scattering by NESS.

Density fluctuations, however, are only one source of light scattering. For systems composed of non-
spherical molecules, orientational fluctuations also constitute an important scattering mechanism. If we
ignore “collision-induced” or “multiple” scattering (such scattering may also show new features in NESS,
but we ignore it in this first paper), then the light scattering spectrum per volume I(?, w), in arbitrary

units is’

I(k, w):%;Ref e"wtdtfvd?d?'e"?'“"r")(ﬁi-g(?,t)-ﬁ,ﬁi -S(F,0) ), , (1)
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where V is the scattering volume, #; and #; are
unit vectors along the direction of incident and
scattered polarization, respectively, k is the
scattering vector, §(?,t) is the scattering source,
and ( )av denotes an average over the ensemble de-
scribing the system. For quasielastic scattering,

| k1= 2 sin(30), @)

where A is the wavelength of the incident radia-
tion and 6 the scattering angle.

The expression which we have found for S is”
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where € is the optical dielectric constant, a§and
A’ the “effective” trace and anisotropy of the
molecular polarizability, 6N the density fluctua~
tion, and @ the fluctuating second-rank orienta-
tional order tensor, discussed exhaustively else-
where.”

According to Egs. (1) and (3), light scattering
is determined by density correlations, orienta-
tional correlations, and density-orientation cross
correlations. In equilibrium, the cross correla-
tions vanish, as do correlations between different
tensorial components of . Since the density

[ ;
correlations have already been studied for NESS,
we should now, to complete the scattering calcu-
lation, look for new features in orientational cor-
relation functions, which exist in equilibrium, and
for possible nonzero values of correlation func-
tions, which vanish in equilibrium. In this paper
we examine both possibilities and, in each case,
find new effects which should be observable. The
number of possible scattering experiments, with
different geometry, 7, #,, and k is very large.
We have selected two experiments for study here
which are probably the most promising; other in-
teresting possibilities definitely remain.

II. BACKGROUND

A. Review of equilibrium hydrodynamics of fluids
of nonspherical molecules

Due to the translational invariance of the
equilibrium ensemble, the source correlation
functions in Eq. (1) then depend on T =¥’ only,
and we have

1
Ik, w)= 7 Re
of "t KRS 20 Ay -S £ (0) Ry, (4)
0o
where an equilibrium average is unsubscripted, and
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where a k subscript denotes a Fourier component.
The S’s are not really Fourier transformed vari-
ables, as the de' which defines them runs over
V only, not all space. In equilibrium, all scat-
tering volumes are equivalent and, furthermore,
the correlation functions are usually short ranged
with respect to the dimensions of V; under such
circumstances, S may be regarded as a Fourier
component. Equation (3) then gives S ¢ in terms
of 6Ng and Q@¢.

In order to calculate the light scattering corre-
lation functions at long times, the orientational
variable @ must be “coupled”®? to the hydrody-
namic conserved variables, the number (N,),
energy (E,), and momentum (g&,) densities. In
other words, an extended hydrodynamics is set
up in which the elements of Q are added to the
usual variables. If Ak is a vector whose elements
are the Fourier components of the chosen vari-
ables, then, on the (extended) hydrodynamic time
scale,

3 - - - -

57 Ae®A-g) =Mz - Az (DA.g), (5)
where My is the hydrodynamic matrix. Spatial
1sotropy causes Mg to form blocks; for our
choice of k Q¥ is uncoupled from other variables,
with®?®

My yeqse=~T, (6)
where I is the collective, second rank reorien-
tation rate. The variable Qk is coupled to the z.
component of the momentum density gg with,®®
for the order (Qk s gk)

- ( T ika ' -
ikb R*(n—ng)
J

(B(T,t)C(¥,0)),, =(B(T,t)C(T’, 0)

The actual expressions for ¢ and b are not needed
here, but we will require

=(ge'? /m)a, (8)

where g¢? is”® the second-rank version of the
Kirkwood g factor (a measure of static orientation-
al order), (Qg Q%) =Ng'?, a#y, N is the number
of particles in V, M the particle mass, 8=1/k, T,
kg is Boltzmann constant, T the absolute tempera-
ture, and

ng=ab/T. ©)

Nz is the rotational contribution to the kinematic
shear viscosity, arising from the possibility that
stress can be relieved by rotation as well as
translation, and n is the usual kinematic shear
viscosity. The quantity R,

R=ng/n, (10)

is known!® for several liquids; typically R =0.5.
Another block in the M matrix couples (Q¢ —QF ),
Ng, Eg, and g’{z; we will discuss this block when
we need it.

B. Correlation functions in NESS

Oppenheim et al. have shown'~® how to use the
equilibrium M’s, plus certain equilibrium aver-
ages, to calculate IV¥ in NESS. They have given
various methods for evaluating NESS correlation
functions. We will use one of the most recent
and most simple of these methods.

For NESS linearly displaced from equilibrium,
Oppenheim finds,' "¢ for variables B and C,

oS ax(mEnc, 086 -3 [ ansE enc@, 0A™ (,00)-3®, (v

where the angular brackets denote correlation functions, the dot product is to be taken in the space of
hydrodynamic variables as well as in three-dimensional space, the ADis are the dissipative parts of the
time derivatives of the A’s, and the ¢’s are the NESS values of the conjugate forces to the (extended) hy-

drodynamic variables,
Py =B(D[K(F) = p],
¢z =B"-B(T),
bz =B(T)V(T),

(12a)
(12b)
(12¢)

@ is the chemical potential for a system at rest, ¥ is the velocity field, and

B(T) = 5 T(r),

(13)

Qq is not related to well known thermodynamic quantities.



23 LIGHT SCATTERING -FROM NONEQUILIBRIUM STEADY STATES 279

In all the NESS calculations performed so far, the A have been the usual hydrodynamic variables, in
which case

ADs - _T.p0s (14)

where the I°® are the dissipative fluxes. However, Eq. (14) does not hold for @, which is a nonconserved
variable. Using Eq. (14) for the usual hydrodynamic variables and performing a partial integration over
X, while leaving QD alone, one finds'"® (we write D instead of Diss from here on)

(B(%,t)C(T, 0),, =(B(T,t)C(T’, 0))
+ J ax (<B(Y~, DC(F, 0A(X) ¢ (%)

+ %fw dt(B(F,t+7)C(¥’, )I "™ (%, 0)) - VP(X)

-0

- %f_: dr(B(T,t+1)C(T’, T)é_D(?(, 0)) -20(§)> (15)

__The next step is “localization” of the X integral. If the correlation functions in Eq. (15) are short ranged,
¢(%) can be expanded in a Taylor series about x=#; following Oppenheim et al., we evaluate the right-
hand side (rhs) of Eq. (15) to first order in the gradient of ¢. The second term in Eq. (15) becomes*~®

Jax(B(z, nC(F, OK@) - B(8) =(B(E, 0C(F, 0K )+ $(F)

+fd?<<B(I~,t)C(?,0)K(§)>-[(?_i)-va(?)]m(v(pz), (16)

where
R - [ axE(%).

The first term on the rhs of Eq. (15) and the first term in Eq. (16) can be combined and the sum identified
as the expansion to first order in ¢ of the correlation function in an “homogeneous” system where the ¢’s
have constant values equal to Zﬁ(}") in NESS. Such an homogeneous system is just an equilibrium system
which may (if ¥ # 0) be in uniform motion, so no new tricks are needed to obtain this part of the correlation
function, which we denote as ( )§ (7).

The second term in Eq. (16) is the “nonlocality correction,” denoted ( )5, (). Evaluation may be compli-
cated in general, but, for autocorrelation functions (B =C), it can be shown'~3'¢ that

fd FdT T (r'”')(B(r HB(T'ONLLU(Y) = ( v —ﬁ—lik(gf———kﬁ"")eq 71628 am

So, the NL contribution to autocorrelation functions can also be derived from equilibrium properties. We
will see later that Eq. (17) is sufficient to tell us all wer need to know about the NL term.

The third term in Eq. (15) is already first order in qu, so we simply replace V¢(x) by qu(r) I(x) by
I ¢, and we remove fdx The last term might appear to require more mampulatlon However, the only
situations which we shall encounter in which $q is nonzero will be those where it is sw1tched on” by ve-
locity gradients, i.e., flow birefringence. So, ¢, will be O(VTI) and we may localize the Q term im-
mediately, obtaining

(B(T,t)C(T’, 0)),, =(B(T, 1)C(T, )C(F" Ngiom(T) +{B(T, )C(T Pk (T)

+ -‘gfw dT[(B(F,t+T)C(F, 7)I2, 3 - VO (F) - (B(F,t + T)C(F, T)th>'$0(_f‘)]. (18)

s

All correlation functions (B(T,#)C(T’, 0)),, are multiplied by €' ike and integrated over T and T/ in
calculating a light scattering spectrum. A major complication arises in light scattering from NESS be-~
cause, according to the localization scheme, we should use a different localization for each T. Although
more work may be needed on this problem, we will now assume, as have Oppenheim et al., that we may
simple localize the correlation functions about the center of V and proceed with the result for V centered

(F-1")
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aty,

< ( ) k(y)>av=<

§@)C -k>Hom(y +<Bk(t)c-k)NL (Y)

o3[ ar(Bet+ C-g (N2, ) FH(F) = (Be(t+ IIC.x (D@D, ) 9o(P)]. (19)

-0

Oppenheim has glven a mode coupling method for evaluation of the dissipative terms in Eq. (19). The

quantities I?

I, and Qtot are projected onto bilinear products of the A’s using Mori’s!! projection operator,

and the hydrodynamic timescale behavior of the resulting four-A correlation functions is evaluated with
the M matrix. Borrowing Oppenehim’s result, we finally obtain

(B )C-x (¥, =(Be®)C-)jom () +(Br(t)C.

i')rlﬂ, (—f')

Mg(t+T) M g(n -, o -
fd k ! k [(AakAy- gt}'v‘i’(Y)—(AaEAy-EQ_gt)'i’.o(Y)]

M (t+‘|') -u_p(7) -
o1 [ aret E (Aar Ayez 1B ) T3(3) =

with a sum over repeated indices. Equation (20)
is our starting point for calculation of correla-
tion functions which appear in NESS light scat-
tering.

As mentioned in the Introduction, we will next
discuss two possible experiments. Of course, for
each light scattering experiment there are also
different possible steady states. The simplest
states are those with constant temperature
gradients,

VT =const,

— 1 -
V¢E=k—T—zVT, $e=0,

other V¢ =0,

and those with constant velocity gradients,

(V¥)=const, ¢¢#0,

other —V>¢ =0.

The latter case requires more comment. Ina
true steady state, diagonal elements of (V¥)
vanish, as these are proportional to d9N/8¢. How-
ever, the NESS theory is applicable to nonsteady
states which vary slowly on the timescale of the

process being studied. So, a low-frequency sound
1

) feost 1@

+sin?(36)(Qx*(t)

1 €+
VH c) = = e\2
177k, 15 9) V(Aa)(3

Equation (22) has been extensively analyzed'* for
equilibrium. There, of course, no y dependence
exists, the cross correlations canish, and the M
matrices, Eqgs. (6) and (7), give the curly bracket,

—cos?k le,,nR e'kz"'> ) (23)

{t=ng® (e

(Aat Ay @B ) 00(P)], (20)

T
wave could provide (Vv);; which could be used,
under appropriate conditions, as a steady-state
quantity. Also, ¢4 will be nonzero in this case
due to'? the usual shear induced or'® accoustically
induced [for (V¥);;] molecular orientational or-
dering, which causes birefringence.

In their consideration of density fluctuations,
Oppenheim et al. found new contributions to hy-
drodynamic correlation functions with amplitudes
of order k° k7!, and 272, Although % is “small,”
only the 272 terms turned out to be important.
Thus, for a given scattering experiment, we will
choose a steady state so as to obtain the largest
possible inverse power of k.

III. VH scattering

Let the incident and scattered light lie in the
xy plane, with k along the x axis. For# | z (out
of plane or “vertical”) and #; L Z (in plane or
“horizontal”) we have “VH” scattering, and®

VH €+2 2 vz
Sy = 5 Aa’[cosz0Q;* +s1n20Qk] (21)

or

“2(9))ay +0850 5ing 0[QFX()Q%E(¥)ay +(QV ()5 (Y ey ]
ORI b (22)

r
where we have ignored k? terms with respect to
k° terms. The hydrodynamic subtraction in Eq.
(23), which comes from the coupling of @** to
g°, gives rise to a “dip” or minimum in the low-
frequency VH spectrum.

Let us now consider which steady state will

~ give the most important new hydrodynamic fea-



tures in VH scattering. Oppenheim ef al. found,
and we shall see shortly, that the dominant con-
tributions come from the dissipative terms in

Eq. (20). The order in & of these terms is de-
termined by any k’s which appear as multiplica-
tive constants in the e#’s and the order of the

time integrals. If the product of e”’s has a contri-
bution of form e'kz, a “pure hydrodynamic” con-
tribution, the time integral gives 272, while a time
integral of e "¢ or e”(T**?! gives k°, k being neg-
ligible with respect to I at small k. Equations
(6) and (7) easily give

Mot -

epegpe=e ", (24)
Myt B\ _(r-se B 2
eq,',‘,ox,,:(l +—FR)8 (T-k "R)t—“l_T‘Re k T't, (25)
Mt kA , (r-p2 52

eQ;ez‘zz-f_(e (I‘kﬂR)t_eknt)' (26)

Consequently, (@;°(t)Q*) has a contribution of
order k° which arises from a=y [in Eq. (20)]
=g* two e ’s produce k® times a pure hydro-
dynamic tlme integral O(272); no other %° con-
tribution exists. Since the equilibrium hydro-
dynamic part of IVH has amplitude O(k?), our
new term has the same relative magnitude in %
as do the £~2 terms in density fluctuations.
Thus, NESS effects m VH scattering w1ll be
best observed if (gkg £Lfot) or/and (gkg kat)
are nonzero. It is immediately obvious'® that, to
lowest order in %, '

(gr &=z 12,1t ) =0 (tensorial symmetry; the
energy flux is a vector).
(27)

So the VH experiment must be done with a velocity
gradient; symmetry further requires zz longi-
tudinal stress, v,=fm(z), i.e., a sound wave.
Machta and Oppenheim have shown® that

(gegegIPE) =2(kT)PmN . (28)

Now, the dissipative fluxes are determined by the
relation

K2=K;-_ALIE°KQ. (29)

Our hydrodynamics has more variables, the Q’s,
than does that of Machta and Oppenheim, so our
12 has some extra subtractions, proportional

to @. However,
(g7 8-£Quot ) =0 (30)

so we can use Eq. (28).

In the presence of a sound wave ¢q will be non-
zero, SO we also need (gkg P th Y. The in-
dependence of linear and angula.r momenta gives
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(878 8 Qi) =0 (31)
and, it is also true that
z 2z —
(g &-vA ) =0, (32)
SO
V4 .
(gFg-t Q%) =0. (33)

Although we have selected the experiment based
on consideration of the largest hydrodynamic
term, we will give all the contributions to 7VH
which are O(k™!) and O(k~2) with respect to a term
of the same form which exists in equilibrium. It
is now easy to run quickly through all possible
dissipative contributions:

(@) yz,yz correlation; a=y =@*, possible non-
hydrodynamic part of same O(k) as equilibrium
nonhydrodynamic part—hence can be ignored,

(b) {Z2:32} correlation; identically zero,

(¢) xz,xz; a=y=Q", both hydrodynamic and
nonhydrodynamic parts of at most same order as
in Eq. (23); therefore can be ignored:

a=Q", y=g®and vice versa are identically
zero but

a=v=g%is the dominant term and should be
retained.

We may therefore use Egs. (28), (26), (20), (12),
(10), (9), and (8) to write down the only surviving

dissipative part of IVH,
4 2,
2> COSZ%QWg(Z) (Ef;f">R

X e'/z%t(};n +t> vo(y), (34)

AR -

where n is the number density.

The “Hom” term is just the spectrum in a mov-
ing system. Carrying out® a Gallilean transform,
it is easy to show that

I (e, t59) = F 7O (1) (35)
This is nothing but the Doppler shifted spectrum
which one expects in a moving system. Our the-

ory contains the Hom average to first order in
¢, so for our purposes

IRE (ko t; 9) =1 (k, )[1 - ik ~F ()] (36)

However, for a Z sound wave in VH scattering,
k¥ =0, and the Hom term is just the equilibrium
term. For the same reason, Eq. (17) shows that
the NL term vanishes [note that we are now treat-
ing the source as a single entity, not as a sum of
terms to be obtained separately, so Eq. (11), de-
rived for autocorrelation functions, holds]and



282 T. KEYES 23

we finally obtain

4
V(e 1;9) = (A} (“2> ng'?

3
2
X {e'” - coszéé?lf-f;qR

x[l—(len +t> Vv(y)]} . (37)

Equation (37) is our principal result for VH
scattering. It clearly shows that a sound wave
propagating along the z axis can make an impor-
tant change in IV®, The value of Vv is comparable
to the sound frequency vs, so the importance of
the new term is of order vs/k?n. However, the
condition for validity of NESS theory for the non-
steady state is v, <<%, so Eq. (37) cannot be used
in the indicated regime of greatest interest,
vs~k%*n. We conclude that we have probably found
an important effect in VH scattering, which can-
not be properly evaluated until the existing for-
malism is extended to nonsteady states; we plan
to do this in a future article.

IV. VH-VYV scattering

We now turn to a phenomenon which does not
exist at all in equilibrium—correlation between
light scattered at VV and as VH. We envision
the following experiment. The geometry is as in
VH scattering, but the scattered beam is split;
the V component of one beam and the H component
of the other are selected. The beams are then
detected in such a way as to yield (S‘;f-H (t)S‘_"é). The
best way to carry out the latter step is by no

means obvious to us, but it surely seems possible.

For example, one could simply detect the beams
on the surface of two separate phototubes and find
the correlations of the two photocurrents. One
attractive feature of the experiment is that it is
a null experiment; all the optics must be adjusted
to give zero correlation in equilibrium, and one
only measures the change when —V’Zﬁ is made non-~
Zero.

Equation (21) gives SYH, and, for the chosen
geometry,

3

since Ny =0Ng, 2 # 0. We shall calculate the sym-
metrized cross correlation, defined as C

4
DA =(ﬁ> (a°Ng +Aa® QF), (38)

Call, 9= TS B (08 n + (ST ()Tt

(39)

In this paper, we examine C, on the hydrody-
namic timescale.

Now, Qf, k|l %, does not couple to any hydro-
dynamic variables, nor, as we have seen, does
Q%z. So, on the hydrodynamic timescale, the dis-
sipative part of C; is

4
O EEPLINY (%3)

xcos36[(Ng(t)Q=g)ay +(QF N-E)av] .-
(40)

We follow the same logic as in the last section.
The only possibility of a 22 term comes from
C2, so we choose a NESS which best produces
that term. Then we evaluate all contributions to
Cs which might be important in the chosen NESS.

Evaluation of C? requires e¥f, i.e., we need
that block of M which contains N and, as it turns
out, also contains g*, E, and (@™ -@*). Since
we study the hydrodynamic timescale, however,
N Eeed not be coupled to €, and we can use the
usual M, as well as the usual e¥’, which have
been given®'® by Oppenheim et al. All the ele-
ments of e¥! have amplitude O(k°).

The hydrodynamic part of eg,f,oxz is O(k?), so
this can at best produce C2 of O(%k°). The hydro-
dynamic part of e‘g,ﬁzgz is O(@k), soan O(k"!) term
is possible here if

z ¢4
g;A-g,{—m} +#0.

Gtot

There are two ways to make the average non-
zero. For a temperature gradient along z, we
need (gg¢A g,y I2 ), Which is nonzero for ¥ =N, E
and has been evaluated® by Oppenheim ef al. Also,
when y =g ¥, the average will be nonzero for xz
shear flow. Machta andOppenheim have shown® that
NESS shear states are harder to observe than

vr states, so we now focus on a state with a
temperature gradient along 2.

The “Hom” term is zero, since the Hom state
is just an equilibrium state with a different tem-
perature, and C;=0 in equilibrium. The NL term
is also zero. Although C; is not an autocorrela-
tion function, it is a combination of them:

Cylk, t)a[(Aa®QF (1) + @l Ny (1) (AQ®QL% + @SN - v
~(Aa*QF (1)Q-E)a — (@2 Ne(ON_p)ul;
(41)

the total NL term comes from the three separate
NL terms. However, the Hom part of the first
term in Eq. (41) is, due to vanishing of Hom cross
correlations, equal to the sum of the two sub-
tractions, and so the combination of the three NL
terms obtained from Eq. (17) vanishes.

We therefore obtain
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€+2)‘* SlBVT(y)

D
C(kty)—ozA (3 P

Mp(t+1) Mp(t+7)  M_g(7)
[f dT(e k;z » eM B +2N: ’ e xzkz‘r (42)
Y=N,E Qg

Hg(ter) -M_p(1) ME(tet) -M_ (1) z D,
+% f dT(eszgz Exy +eyy sz £ <ng-f71E,fot >
-t

In the Appendix of Ref. 3 we find

e,m— ((e* +e- ')x,,/m+29gT’~>:n—ez>, (43)

et = 222 Xe (gtit ghot_gptrty (44)
where

g, =tikc - k2[(C,/ Cy = )T g + vy | =t ikc — KT, , (45)

Er=~kTr, (46)

h is the enthalpy density, c is the adiabatic sound velocity, C, and C, the constant pressure and volume
heat capacities, I'; the thermal diffusivity, v, the longitudinal viscosity,

ap)
- 47)
Xn (Bn .’ (
aP)
= — . 48)
Xe <3e I (
P is the pressure, and e is the usual thermodynamic energy density. We also find, in Ref. 3,
=N o [P E = M)
Oy =(g¥N-g I tot) =NkpT ( e (49)
oh/n
6s = (82 E-l Bl ) =NRsT (557 : , (50)
8u,v

Since we are interested in the hydrodynamic timescale, we substitute the hydrodynamic part of Eq. (26),
and Eqgs. (43)-(50), into Eq. (42), the result for the sum in Eq. (42) being

_1ika -k2nt En+T) (_X_n Xe 1 Xeh Xe )
Z= ¢ T { € E2(n+T)F +k2c?\m Ont 5 O ) + T Rm+Tp) \nm O = 5, O

2 - .
+e_k21‘Tt[ 1 (x_g_h_ 6, - _x_g;eE)] +e-kzr,,\[k (n+T';) coskct — kc sinkct (_Xzz 6, + Xe GE)]}
m m m

k*(n+Tp)\nm [2(n+T )P +k2c?
(51)
Equation (51) may be further simplified with results taken from the Appendix of Ref. 3,
(’r—‘nﬂ gy + 22 0,3) =N(kzTc)?, : (52)
Xe Byg g \__n KBTCe
(m n o *’E)‘ e =50 (53)
We also use Eqgs. (8) and (9) and the fact that
kc>>any other hydrodynamic frequency, and Eq.
(42) becomes
. . (€ +2 7) (2)
Cy(k,t;y)=najra 3 cosze[VkB (MN)i|\=R -g——kaT
1 CpT k2 k2 smkct -2 >
—_— tpl K20t _ ,-k2T pt k2T gt
(kz(n+FT) me? Xe(e ‘ e )~ e , (54)
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our final result for VV-VH scattering.

There is no reason why C; should be small com-
pared to correlations ordinarily observed in light
scattering. Reading the right-hand side from left
to right, all the factors up to cos36 are typical of
any light scattering experiment. For VI =~0.1°/
cm, a fairly conservative gradient, the rest of
the term before { } may, typically, be s1. Fora
perfect gas, (CpT/mc?)y,~1 and, in a liquid,
might be ~107%, Upon Fourier transformation and
taking the real part, an e **** decay gives a con-
tribution w/[w?+ (k?A)]; the amplitude of the re-
sulting spectrum is quite substantial. We think
that VH-VV scattering would be an interesting
experiment to try.

V. SUMMARY

We have shown that light scattering experiments
on liquids of nonspherical molecules in NESS show

a rich collection of phenomena, much of which is
missed if one simply focuses on density fluctua-
tions. Particularly intriguing is the possibility

of observing phenomena which vanish identically
in equilibrium, a feature which is attractive both
theoretically and experimentally. We have surely
not given all the possible new experiments here.
For example, an “HH-HV” experiment also seems
possible. It appears that NESS could open an
entire new area of light scattering experiments.
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