PHYSICAL REVIEW A, VOLUME 63, 047802

Reply to “Comment on ‘Phenomenological damping in optical response tensors’ ”

A. D. Buckingham and P. Fischer
Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United Kingdom
(Received 19 September 2000; published 16 March 001

We show that damping factors must not be incorporated in the perturbation of the ground state by a static
electric field. If they are included, as in the theory of Stedratal. [preceding Comment, Phys. Rev.68,
047801(2001)], then there would be an electric dipole in thelirection induced in a hydrogen atom in the
Mg= +% state by a static electric field in thedirection. Such a dipole is excluded by symmetry.
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We note that Stedmaet al. (SNAD) [1] now agree that static electric field= ;. Such a ket may then be written in the
optical susceptibilities in the polarization formalism shouldform
have the signs of damping factors as in Bloemberde8], -
Flytzanis[4], Shen5], Butcher and Cottdi6], and our paper | dam[>:| V+ Z (i |'“B|9> Ii)F 1)
[7]. An important issue remaining, however, is the question 9F g iFg i AN E
of whether damping is “inevitable from any perturbation, ﬁ(‘"ig_ §rjg)
including a static field”[1]. Andrewset al. [8] and SNAD
assert that it is inevitable. We shall address this importanivhere u is a dipole operatorp;q is the transition angular
issue by considering the response of a spherical atorfrequency between the upper leyednd the ground statg,
to a static electric field and shall show that the assertion i&ndT'j4 is the associated damping factor. The summation is
false. over all excited stateg#g. The expectation value of the
Suppose that damping is necessary in the description afomponent of the atom’s dipole moment in the field would
the first-order perturbed ground-state ket of an atom in a then be
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If |g) is degenerate, as for a hydrogen or sodium atom in amwhich is an incorrect equation for the static polarizabitity

Mg==*3 spin state, theng) is complex, and both the real The correct equation fax is obtained from Eq(3) by omit-

and imaginary parts ofg|u.|j){j|xslg) are nonzero. The ting all T'jq.

imaginary part changes sign on interchangingnd 8. This We note that SNAD appear to have missed the notes in

would imply that a static field=, induces a dipole in thg  the epilogue to Bloembergen’s bo@k]; the section SNAD

direction in a spherical atom in @M s=+ 3 state. However, refer to has been replaced by the following statement: “The

this is incompatible with quantum theory, for such a dipolecorrect limiting behavior for the case that either the electro-

must be zero by symmetr§jt would be equal and opposite magnetic frequency or the material resonant frequency be-

for the Ms=+3 and — 3 states and therefore change signcomes very smallp—0 or w,4— 0, respectively, requires a

under time reversal more careful treatment of the damping terms, as has been
If |g) is nondegenerate, as for a helium atom, thgh  discussed in detail by Van Vleck and Weissk§F.”

may, without loss of generality, be chosen to be real. The SNAD do not refute our argument that inclusion of damp-

induced dipole would be ing leads to a complex kég®™) even for a nondegenerate
A ground state, such thag®™ is linearly independent of
=S MFX: = @ 198™*, which is incompatible with nondegeneracy.
i*9 72| w2 4 EFZ ) We_ conclude that .damping factors must not be in_corpo—
1974719 rated in the perturbation of the ground state by a static field.
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