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Phenomenological damping in optical response tensors
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Although perturbation theory applied to the optical response of a molecule or material system 1s only strictly
valid far from resonances, i1t is often applied to “‘near-resonance’” conditions by means of complex energies
incorporating damping. Inconsistent signs of the damping in optical response tensors have appeared in the
recent literature, as have errors in the treatment of the perturbation by a static field. The “‘equal-sign’™”
convention used in a recent publication yields an unphysical material response, and Koroteev's intimation that
linear electro-optical circular dichroism may exist 1n an optically active liguid under resonance conditions 1s
also fAlawed. We show that the isotropic part of the Pockels tensor vanishes.
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Relation between n-th order Molecular polarizability and
susceptibility depends on average of directional cosine, number
density.
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1.Introduction

Proof>Derivation of first order polarizability, a"us

From time-dependent schrodinger equation and wave function
described as linear combination of eigen functions.
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Wave function of statistical ensemble of
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":> by orthonormalitiy condition, _[ driu " (Nu (r) =4,

u,(f) = H Y C(H)u, (r), take dru,’ (F) then,

set,H,, = [driu, (F)H u, ()
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1.Introduction
9C3(t) .
) in==> DILENHO

And system have statistical probability of remain state ‘S’

=> P(S)ICS (1)C3(t) Take time derivative,

dC (t)
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Substitute the time derivation of C(t)
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1.Introduction

Ao a0 ~  From time dependent perturbation theory.
H=H +AV _
0 can be expanded as power seriesof A

_ (0) 1) 2 (2)
“:> IOnm_IOnm +/1/0nm +ﬂ’ IOnm Troeee

We can also consider about damping term, H®  =E §

nm=—"nm
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Substitute and rearrange by order of lambda. Then
we can get the relation denoted as below,
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1.Introduction
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If the perturbing potential is response of the applied field,

) V(t) = - wE®).E® = E@,)e™

Take integration about t,
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1.Introduction

expectation value of operator A
AN A
) <A>=Y 0uAmn =22 PanAm = 2 (0A) =tr (0 A
n,m n m n

So, expectation value of  is,
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at initial state, energy level of system is ground state,
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1.Introduction

At last, first order polarizability is,
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If there is no damping process,
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2.5ign of phenomenological damping coefficient

BRIEF REPORTS

foposed that the imaginary hinewidths should all be of th
ne sign, 1.e., the expressions for opftical response tensoy
sho only include the complex transition frequency-of its
complex coifjugate. but not both in th : ormula. We
term this the equal-sign convention, and show that it yields
unphysical results.

In Sec. III we discuss the form of the sum-owver-states
expressions for optical response tensors when the frequency
of an electromagnetic field approaches zero. In this case care
has to be taken to correct the corresponding relaxation terms
[9.16]. This seems not to have been appreciated in a number
of recent publications [15,17—21].

Apply time reversal potential
V(~t) = - woE(~t), E(-t) = E(w,)e™
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2.5ign of phenomenological damping coefficient

We require that real electric field induces real polarization

[ ]

—1
Pa{f}=EDJ_D:xL1ﬁ'{—m;m]Eﬂiw}e_"“”dm._ (5)
It follows that, Eg(—w@)=E}(),

(6)

,]['Llléf—w:_m}=xigafm; —w).

This argument holds for susceptibilities (and consequently
for polarizabilities] ders een that i the
alsign convention this requirement i1s not
15,.24.25], and a real electric field could give rise to ar
imApsary polarization.
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3.Pockels tensor in optically active liquids

Consider the application of a static electric field parallel
to the propagation direction of the light beam in a noncon-
ducting fluid [17,18] (an alternating electric field may lift
tume-reversal symunetry and mduce optical activity m a chi-
ral liquid [28]). Time reversal does not affect the fluid me-
dium 1n the electric field, but it reverses the direction of
propagation of the light beam relative to the field [29] If
there were a linear effect of the electric field, the refractive
index of the flud would depend on the direction of propaga-
tion, b ts15 not possible for a system fhat Ts+ume sym-
1ic. It follows that the Pockels effect. electric-fie
idduced optical activity, and m  particular circul;
electrothrehroism. are zero mn fwds.

Even powers of the static field may have an effect on the
refractive index of a flmd. The Kerr effect 1s such an ex-
ample, and there 15 also a contribution to the optical activity
quadratic 1 a static field [30].
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The ground state weakly perturbed
by electro static field is,

g)r=lg)+ 2. Vl,le)

W, (7)
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And the ground state perturbed by
optical field E O (et 1 gt is,

E, = >

(as shown in sec 1)
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3.Pockels tensor in optically active liquids

Derivation of Pockels tensor from second order polarization
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3.Pockels tensor in optically active liquids
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After doing same procedure as section 1(but lengthy....)
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3.Pockels tensor in optically active liquids

Statistical averaging in liquid leaves only the isotropic
susceptibility
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Because (9) is symmetric in a and B, (10) will be zero in any
isotropic, non-conducting fluid.

Pockel effect doesn’t appear in
isotropic, non-conducting fluid

[———|
| —

U= PR SOGANG

<& UNIVERSITY



IV. CONCLUSION

Perturbation expressions describe near-resonance optical
phenomena by mcluding damping phenomenologically. but
must ensure that a jreal electric field gives rise to a real pot
larization [[2,9—11.14] A sign convention used in a recent
publication for damping coefficients in sum-over-states ex-
pressions for optical response tensors [15] violates this re-
UITEIENt. 111 COITert ZeTo-Tequency ot of the dyTamg
usceptibilities ensures that the hinear electrooptic effect 1
forbidden by symmetry in any nonconducting 1sotropic syst
tem. contrary to recent predictions [17 18] It may further b¢
shown that optical rectification (0;w, —w) and difference-
frequency muxing (— 2w, — w) are m principle allowed m
optically active liquuds when o approaches resonance.
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