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Since the early days of quantum theory, the photoelec-
tric effect has been a subject of continued interest. The
first system to be treated theoretically, was the hydro-
gen atom. With the advent of heavy-ion accelerators and
electron beam ion traps (EBIT) that are able to produce
bare or hydrogenlike high-Z ions up to U°?*, new possi-
bilities have been opened up to study the photoeffect in
single-electron systems other than hydrogen. While high-
Z hydrogen-like ions cannot easily be used as targets for
the photoelectric effect, it is possible to study the inverse
reaction, namely radiative recombination (RR) of free elec-
trons with bare ions, either in a trap or for projectiles.
This process plays an important role in plasma physics,
in particular for the spectroscopic analysis of fusion plas-
mas. In accelerator experiments performed at the GSI,
one observes radiative electron capture (REC) from low-Z
target atoms, in which the loosely bound electrons can be
considered as quasifree. Indeed, it turns out that for high-
Z ions, the single-electron photoeffect is most efficiently
studied by its inverse reaction, RR, which, to a very good
approximation, is experimentally implemented as REC.

The differential cross section for ionizing a single elec-
tron from a shell n with angular momentum j,, by an un-
polarized photon and using electron detectors insensitive
to the spin of the emitted electron is given by [1, 2, 3]
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Here X is the electron Compton wave length, and we have
averaged over the (27, +1) angular momentum projections
ln in the bound state, over the circular polarizations A =
+1 of the incoming photon and have summed over the
spin components ms = ﬂ:% of the emitted electron. The
transition matrix element is
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where « represents the set of Dirac matrices, 1, is the unit
vector of photon polarization, and k is the photon wave
vector. The initial bound-state spinor wave function is
characterized by a Dirac quantum number x,, = +(j, + 1)
and the angular momentum projection fx,,. The final con-
tinuum wave function describing the relativistic electron
emitted with asymptotic momentum p and spin projec-
tion mg is decomposed into partial waves.

We have calculated RR for capture into the K,L, and M
shells of various projectiles yielding good agreement with
experimental data [4]. In particular, we have shown that
for K-REC at moderately relativistic energies of a few hun-
dred MeV /u [5] the differential cross section roughly follows
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a sin’ # distribution including retardation, i.e., all multi-
poles. However, at forward angles the cross section has
been predicted [2] to be finite owing to magnetic spin-flip
transitions. In contrast, conservation of angular momen-
tum rigorously forbids the emission of electrons at angles of
0° or 180° without spin-flip. Recently, measurements per-
formed near 0° at the GSI Darmstadt [6] have confirmed
the predicted angular distribution. In this way, the elec-
tron spin and magnetic transitions manifest themselves in
a particularly clear-cut manner.

It is instructive to compare differential cross sections of
the photoeffect with those of the corresponding radiative
recombination [7]. For high velocities, the peak of the dis-
tribution for the photoeffect is increasingly shifted towards
forward angles as an effect of the retardation. This means
that the detailed structure is compressed into a narrow
forward cone. On the other hand, owing to the Lorentz
transformation to the laboratory system, the inverse pro-
cess, RR, decompresses the peak so that details become
more visible. Hence, REC (or RR) is the most practical
way to study the photoelectric effect at high energies [8].

We have also performed an extensive tabulation of to-
tal cross sections for radiative recombination and, conse-
quently, for the photoelectric effect of hydrogen-like ions
with charge numbers 1 < Z < 112 for the K, L, and M
shells and electron energies ranging from closely above the
threshold to the relativistic regime. The cross sections,
accurate to three digits, are based on fully relativistic cal-
culations including the effects of the finite nuclear size and
all multipole orders of the photon field [9].

In view of the high precision obtainable for the differ-
ential cross section, it is meaningful to investigate QED
corrections to the dynamics of photoionization and radia-
tive recombination [10, 11].

References

[1] R.H. Pratt, A. Ron, and H.K. Tseng, Revs. Mod.
Phys. 45 (1973) 273 .

[2] A. Ichihara et al. Phys. Rev. A 49 (1994) 1875 .

[3] J. Eichler and W.E. Meyerhof, Relativistic Atomic Colli-
sions, (Academic Press, San Diego, 1995).

[4] Th. Stohlker et al. Phys. Rev. Lett. 73 (1994) 3520 .

[5] J. Eichler et al. Phys. Rev.A 51 (1995) 3027 .

[6] Th. Stohlker et al. Phys. Rev. Lett. 82 (1999) 3232.

[7] A. Ichihara et al. Phys. Rev. A 54 (1996) 4954 .

[8] Th. Stohlker et al. Comm. At. Mol. Phys. 33 (1997) 271 .

[9] A.Ichihara and J. Eichler At. Data and Nucl. Data Tables
75, in press.

[10] Th. Beier et al. Physica Scripta T80 (1999) 322 .

[11] V.M. Shabaev et al., Phys. Rev. A, in press.



