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Inner-shell alignment by Compton scattering
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The alignment of the 2p state by Compton scattering is investigated. Here, Compton scattering is under-
stood as the inelastic scattering of large-momentum photons, electrons, or ions. At the peak position of the
2p Compton profile the alignment parameter A&o has its maximum possible value, +0.5.

If a projectile with large momentum pl is inelastically
scattered by a bound atomic electron, the energy distribu-
tion of either the projectile or the ejected electron reflects in
essence what is called a Compton profile (CP). Up to now,
measurements of this type have been made for incident
photons (the usual Compton effect), electrons, '~ and ions. 3

It is the aim of this paper to show that strong alignment of
the atomic state results from this kind of scattering. For a
momentum transfer q which is 1arge compared to the aver-
age intrinsic momentum pc„= Z/2 of the atomic electron, it
is easy to show that the doubly differential scattering cross
section factorizes (atomic units are used):

trons) v = q and f(p) = p q+ q /2, where

q = (pt + pt' —2ptpt' cos0)'

is the momentum transfer, 0 the scattering angle, and pI'

the projectile momentum after the interaction. For incident
ions and the measurement of the energy distribution of the
ejected electron v = 2v and f(p) = v(p, —p) holds. v is the
projectile velocity and p, the electron momentum (i.e. ,
E, =0.5p,'). Here, we are interested in the alignment of the
initial atomic state, i.e., in the Compton profiles of the mag-
netic substates 2po and 2pl. For hydrogenic wave functions
one obtains (per electron)4

with

1

d'cr 1 do.
dEdQ v dQ

2 x
SmZ(I +x')' '

3' = Jg +2',

25

5~Z(I +x')4
(2)

J(p, ) =~„d'pl&(p)l'&(E —f(p))
Within this so-called impulse approximation, J(p, ) is the

Compton profile, E the energy loss of the projectile, p(p)
the wave function of the bound electron, and Z the atomic
number of the target atom. (do./d Q ) is the relevant
scattering cross section, i.e., the Rutherford cross section in
the case of electrons and ions and the Thomson cross sec-
tion in the case of photons. The coefficient v= dE/dp, and
the function f(p) are determined by kinematics. For mea-
surements of the projectile's energy loss (photons, elec-

with x=p, /po, . Here, p, =q/2 —E/q holds for electrons
and photons and p, =p, cos8, —E/w for ions. Figures
l(a)-1(c) show a comparison of the double differential
cross section for a 2po initial state between an exact first
Born approximation (solid curves) and the impulse approxi-
mation of Eq. (1) (broken curves). The figures hold for in-

cident photons (a), electrons (b), and protons (c). The
agreement is fairly good. In each, figure caption ~ = q/pa, is
indicated. Since this ratio is about the same for a11 three
processes, one expects nearly the same validity of the im-

pulse approximation. An inspection of the matrix element
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FIG 1. Comparison between the first Born approximation (solid curves) and the impulse approximation (broken curves) for a 2po initial
state. El is the projectile energy, 8 the scattering angle (8, the electron emission angle in case of incident ions), and E the energy loss (E~
the electron's kinetic energy in case of tons). (a) incident photons, ~ =4.3; (b) incident electrons (see Ref. 9), ~ =5.0; (c) incident protons,
]c = 5.4.
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reveals that for K )& 4m the Born and impulse approxima-
tion become identical. The Born approximation of Fig. 1(a)
has been taken from Ref. 5, where it has been claimed er-
roneously that the impulse approximation does not repro-
duce the double peak structure of the Born approximation.
The minimum of the cross section occurs at p, =0 where
the corresponding CP has a node. Such an inversion of the
usual peak structure of a CP at p, =0 occurs for every mag-
netic substate with hydro genic quantum numbers
I+ m = odd. s From Eq. (2) the component Azo of the align-
ment tensor follows:7
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Azo= (Jzt, i
—Jzto)/3Jzt, = (I —7x )/(2+10x ) . (3)

Thus, if the Compton-scattered particle is measured in coin-
cidence with an x-ray or an Auger electron, which are both
charcteristic for the 2p hole, an anisotropic emission intensi-
ty I follows. In the case of x-ray emission an intensity I is
predicted:~

(4)

(Shell-specific Compton scattering by coincidence measure-
ments is a well-established technique; see Ref. 8.) In Eq.
(4), $ is the angle between the quantization axis and the x-
ray detector. Inspection of the 5 function in Eq. (I) reveals
that the quantization axis is parallel to q for photons and
electrons and parallel to v for ions. The coefficient Ip is
proportional to the 2p CP. Figure 2 shows I(x) for P = 90'
and the magic angle /=54. 7'. In the latter case, I reflects
the undisturbed 2p Compton profile. Interestingly, the
curve for /=90' demonstrates the effect of peak inversion.
The curves have been calculated for an x-ray transition
parameter o.&=0.5, which corresponds to an LI line. The
effect of Coster-Kronig transitions which admixture
electron-hole concentrations from nonaligned states prior to
the x-ray transition is neglected. This would slightly reduce
the influence of alignment, but would not destroy the effect
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of inversion in Fig. 2. Thus, measurements of this kind are
sensitive to CP's of magnetic substates.

Figures l(a) and 1(b) have been calculated for Z = 5, for
which an experiment of the kind described is impossible
(there are no Lt lines). The reason is that the first Born ap-
proximation in Fig. 1(a) is taken from Ref. 5 and the au-
thors did not calculate for larger Z values, and Fig. 1(b)
shall demonstrate the large difference in absolute cross sec-
tions between photon and electron scattering. Nevertheless,
Figs. 1(a) and l(b) reveal the general behavior of the cross
section; within the impulse approximation the target nuclear
charge Z enters only in po, (and not in der/dQ). Thus, ex-
tension to other Z values can easily be achieved. Especially,
the strong correlation effect of Fig. 2 remains unchanged.

FIG. 2. The Compton profile of a 2p initial state, coincident with
an JI photon. Solid curve: /=90' broken curve: @=54.7'. The
inset shows the positions of the Compton detector 1 and the x-ray
detector 2.
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