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Orientation effects in elastic scattering Method of calculation of the single and multiple

. . excitation/ionization = wavefunctions, as well as the
of p0|anzed X-rays by linear molecules approximations employed are described in detail by Yairel.

, (1994, 1998).

Victor Yavna, Alexey Hopersky, Then the expression for the differential cross section of the

Alexey Nadolinsky and Svetlana Yavna anomalous elastic scattering of polarized photon by linear
molecule into the solid angldQ in atomic units has the form :
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Strong orientation effect is discovered theoretically upon the
change of the scheme of suggested experiment on anomalo
elastic x-ray scattering of linearly polarized x-ray radiation by
linear diatomics near the ionization thresholds of inner molecula
orbitals. Studied are the effects on the shape of theoreticatxponent over the spherical functloﬁét) oftherank =0, (=
scattering spectra of additional excitations/ionizations of outer-;
shell electrons. Within the one-centre approximation for the
molecular orbitals wavefunctions the analytical structure of theD <(p‘2el(kmj)‘¢> it (2t +2) Tyl | j, (k)| nyt )
linear molecule’s formfactor is obtained. The dipole transition D T AN

matrix elements and photoabsorption cross sections are calculateﬂ Wz P, (c0s9, ),

by the methods of the theory of non-orthogonal orbitals. K
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where \(p} is the molecule ground state wavefunctionjs the

1. Introduction

Recently, the interest to the studies of the fundamental process
elastic scattering of x-ray radiation by atoms (Peatal., 1994,
Hopersky et al, 1997) and molecules (Gel'mukhanet al,
1997) near the inner shell ionization thresholds has significantl
grown. Of particular interest are the regions of the scatteringnolecular axis OZw is the energy of the scattered photoris
spectra in the immediate vicinity of ionization thresholds. Thosethe speed of light;j; is the spherical Bessel function of the first
are the regions of anomalous dispersion. After scattering
photon, an atom or a molecule remains in its initial state.
Nevertheless, during its virtual existence in the excited state ikind and of the powet; C‘ﬂlﬂz are the angular coefficients with
can demonstrate its real many-electron nature. Studies on suc
peculiarities can give a unique information on the structure and

properties of scatterers, specifically, on many-electron effects and b _ - (- l)'l H1(| ‘C(t)HI )%
q /12

Almber of electrons in moleculg;is thej-th electron’s radius-
vector; 8is the angle between the vectkisandk, (the scattering
yangle); ©, is the angle between the scattering vedtoand

%nd and of the order R is the Legendre polynomial of the first

He structure:

their quantum interference. |1|

Within the dipole approximation, the anomalous dispersion
2. Theory Kramers-Heisenberg terms of the amplitude of the elastic
scattering of photon by molecule have the form:
Consider the case of the scattering of the x-ray photon With
energyw, wavevectok, and polarization vectoe. Let us define (w) a z
the scattering plane as the one containing the wavevectors OEQ
incidentk,; and scattered, photons. Consider the case when the
polarization vectors of incider#; and scattered, photons are Sﬂ = W, =i l]_ny /2'

perpendicular to the scattering plan@@)° = 1. In non-  whereq = 2/3 atq = 0 anda = 1/3 atq = +1; £ is the set of the
relativistic approximation, let us define the wavefunction of thequantum numbers of the virtual electran; is the energy of the

-electron with principal quantum numbemnd the spin part
Pry principal 4 pin b transition from the ground state) to the excited stat#rpﬂyvg>

\ D

X, which transforms according to irreducible representatioith ) ) _ ]
the string i, in the form of one-centre expansion over the With the vacancy in they-shell; ', is the total decay width for

functionsChytuOwith fixed values of angular momentum the vacancy in the excited state; the symb(z implies

¢ny> =\”W)}(=\”W§W ' (f)ﬂ”“(ﬂci’), e>f

summation/integration over the states of the discrete/continuous
where radial and angular parts of the wavefuncfibguOare

R™Y(r) and Y*(3,¢ ), andr, 3, ¢ are spherical coordinates.

spectra; ESq is the electric dipole transition operator.
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3. Results of the calculations

In studies of the effect of the processes of multiple
In this work we calculate the differential cross sections ofexcitation/ionization on the anomalous elastic scattering spectrum
anomalous elastic scattering of photon by molecule originallythe following virtual states are included:
oriented with respect to the scattering plane and the polarizationrlor(t3* 13 Y30 )moley, moino ()2t 2Meo (n = 4, 5)
vectors of incident and scattered photons. Considered are twgndmo 50 (%*)noey (n = 6, 7);m=2 — CO andr=1l — Nb. In
proposed experimental schemes displayed in Figure 1. In theyis work in calculation of wavefunctions and matrix elements we
scheme (a) the molecular axis is perpendicular to the polarizatiogmployed the one-centre method by Yaehal 1998, 2000
vectors of incident and scattered photons, and it lies in the plane The differential cross sections of anomalous elastic scattering
of Scattering being para”el to the wavevector of incident photonof photon by the Nand CO molecules for the Scattering ang'e of
In this case the sum over the ra’]lﬂ the expresion foQﬁy (w ) 0O calculated with inclusion of the pl’ocesses of Single and

. . multiple excitation/ionization are shown in Figure 2 and Figure 3
contains two termsy(= £1). In the scheme (b) the molecular axis respectively.

is parallel to the polarization vectors of incident and scattered 'Aq it follows from the data in Figures 2,3, the swap from
photons and perpendicular to the scattering plane. In this case they o e (b) (series of the excited statesina; n>f) to scheme
sum over the rang has only one terng(= 0). @) ’

Note that in the case of the molecules CO apdhd shape
and the absolute values of the differential cross sections of elastic
scattering hardly depend on the scattering aéglk is known
(Gel'mukhanov et al, 1997) that the criterion of such

independence is R<A[4n(sin@/2))™", where R is
internuclear distance is the incident photon wavelength. In the
near edge regions this inequality is fulfilled for the CO and N
molecules Roo= 1,128 A;R  =1,098 AjAco=17,85 A4~ =

30,41 A). For this reason we display the calculations results for
the angle &
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Figure 2

Differential cross section of anomalous elastic scattering of linearly
polarized x-ray radiation by the ,Nmolecule. Squares represent the
rezults of calculation with inclusion of only the channels of single
excitation/ionization, solid line — with additional inclusion of virtual
states of one photon double excitation/ionization.

Figure 1

The orientation of the Nmolecule with respect to the polarization vectors
of incident and scattered photons in the schemes of the proposetferies of the excited stateso™'nrc n>f) leads to a strong
anomalous elastic scattering experimedtis a photon sourced is a orientation effect — the appearance in the long-wave spectral
detector of the scattered photons. region of an additional giant elastic scattering resonance
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connected with the virtual excitatiomo—2mt with the width of
0,20 eV (Tronet al, 1980), the oscillator strength of 0,232 and
the energy of 402,1 eV (this work) for the, Mnd with the width

of 0,16 eV (Domkeet al, 1990), the oscillator strength of 0,118
and the energy of 296,1 eV (this work) for the CO molecule.
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Figure 3

Differential cross section of anomalous elastic scattering of linearly

4. Conclusion

The results obtained support the general conclusion of molecular
spectra theory on orientation effect and concretize it as applied to
the problem of theoretical description of the process of
anomalous elastic scattering of polarized x-ray radiation by a free
molecule oriented in space.

With the CO and Bmolecules as an example it is shown that
the inclusion of the processes of multiple excitation/ionization
significantly refines the results of calculations as compared with
those where only the channels of single excitation/ionization are
included.

The results of the calculations performed in this work are
predictions.
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