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Comment on “Nondipole Resonant X-Ray Raman measurement selects the appropriate physical represen-

Spectroscopy: Polarized Inelastic Scattering tation. The measurement thus projects an undetermined
at the K Edge of Cl” guantum state into some measurement eigenstate and acts
as dfiltering procesqRef. [4], pp. 5-8).
Recently, Mills et al.[1] obtained experimental evi- Indeed, Eq. (1) shows thaky;,; can be measured if

dence of the violation of the quadrupole selection rules fothe coherence between scattering channels 1 and 2 is
the resonant x-ray scattering (RXS) tensor atkhedge absentiosi2 « 1/(gR) — 0 [3]. This isthe limit of hard
of Cl,. Together with corresponding results obtained inx rays (¢qR > 1) when a short wave x-ray photon can
the soft x-ray region [2], the novel experimental results‘see” an individual atom (slit) because of the orientational
of Ref. [1] concerning selection rules in the hard x-raydephasing of the scattering channels 1 and 2 [3]. Because
region relate to the core hole state symmetry and localef the independent scattering through the L core-excited
ization dilemma. There seems to be complete consensissates(c = o + o) the parity selection rules for the
[1-3] that the x-ray scattering tensor is invariant [3] with RXS tensor are violated [3], as experimentally confirmed
respect to localized (L) or delocalized (DL) representa-in [1].
tions for the core hole or to any orthogonal transforma- In the opposite limit ofsoft x-ray or forward scat-
tions between these representations. However, we cannigring (¢qR < 1), the orientational dephasing is strongly
agree with Millset al. [1] that this fact implies that “ar- suppressed and both scattering channels 1 and 2 are co-
guments involving localization or delocalization mecha-herent(o = (| f; + f»2|?>) # o1 + o3). Hence, the pho-
nisms are irrelevant to interpretations of resonant x-rayon “cannot distinguish” atoms (slits) and one cannot say
Raman emission measurements on homonuclear diatomilcat scattering through the L statfls and |2) are inde-
molecules” [1]. pendent events. Contrary to the total cross seahida),

The violation of the quadrupole selection rules for hardthe interference contribution and hence the notion of co-
X rays, predicted in [3] and observed in [1], is causedherence is not invariant. Moreover, it is possible to sup-
by interference scattering of x-ray photons and motivategress the Coherenoﬁi’j‘f between scattering channels
a consideration of selection rules of the x-ray scatterand 8 by an appropriate orthogonal transformation to the
ing process in terms of the classical Young's doublemew intermediate statds) and|B) [3]. A transforma-
slit experiment (YDSE). In a localized representationtion to the DL geraddg) and ungeradéu) states makes
the RXS amplitudef = F; + F», contains partial am- the scattering channels totally independent, since they do
plitudes F,, = f,e'®: expressed with the phase factor not interfere(orfy, = 0) [3], and leads directly to the strict
expligR,) [3] and which describes scattering through theparity selection rules for RXS [3]. The measurable quan-
core—.excr[ed statpr) with the core hole in theth atom at tities are now direct DL contributions = o, 0r0 =0,
the siteR,. Heref, = (e'Dy,)(eD,,), andq = k' — k  [23]. The experimental evidence of these parity selection
denotes the change of the photon momentum. The RXRyles for G shows that soft-x-ray photons scatter through
cross sectior(o = (|F|*)) is naturally divided into two DL independent channels. With resonant x-ray scattering
contributions typical for quantum mechanics, of diatomics we thus have an example, not uncommon in
12 1) quantum physics, that the measurement selects the appro-

g = U'dir + a-lnt’ H 1 1
priate physical representation ([4], pp. 5—8).

Od4ir = 0] t+ 02,

referring to the direct or “localized” ternarg;, and the

interference contributiono\2 which provides a natu- Faris Gel'mukhanov and Hans Agren

ral structure information [3] and forms a “bridge” Institute of Physics

between classical and wave mechanics. Hetg o« S-58183, Linkdping, Sweden

2 Re((fif2¢'®)), R = R, — Ry, and brackets denote

the averaging over molecular orientations. The meanin

of o, = {| f,|*) as the cross section with core excitation

only of thenth atom is very close to the meaning of the

intensity/; in the YDSE: ‘1, is the intensity of the wave [1] J.D. Mills, J.A. Sheehy, T.A. Ferrett, S.H. Southworth,

from hole 1 (which we find by measuring Whenoélzcﬂe 2 f-ti\/'%e;ég-(\i\gg';i)nd|e, and P.W. Langhoff, Phys. Rev.

is blocked off)” (see [4], pp. 1-3). The coherenesg,,, ett. 3, .

between scat)teEing (Ehlmrfels defined by the interferencd?! P- Glans, K. Gunnelin, P. Skytt, J.-H. Guo, N. Wassdahl,
- : J. Nordgren, H. Agren, F. Gel'mukhanov, T. Warwick,

parameterzR can be experimentally varied by means of and E. Rotenberg, Phys. Rev. Lets, 2448 (1996).

the scat_terlng angle_ and the wavelength [3]. [3] F. Ge'mukhanov and H. Agren, Phys. Rev. 49, 4378

Despite the equivalence of the L and DL represen- "~ (1994).

tations for o [3], statements can be made about RXS [4] R.P. Feynman, R.B. Leighton, and M.L. Sandghe

through L or DL core-excited states in reconciliation with Feynman Lectures on PhysicQuantum Mechanics

the well-known paradigm of quantum physics that the Vol. Il (Addison-Wesley, Menlo Park, CA, 1989).
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