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The K x-ray spectrum of Mg produced by 30-MeV oxygen ions is observed to consist of four regions of
K x-ray excitations. These regions consist of the K a satellite lines, the K 8 satellite lines, the Ka
hypersatellite lines, and the K 8 hypersatellite lines. The last region is observed for the first time and
corresponds to 1s—3p transitions in an atom consisting of double K -shell vacancies as well as multiple

L -shell vacancies.

The observable K x-ray transitionsfrom single-
collision events have undergone a revolutionary
change inthelastthree yearswith the use of high-
energy heavy-ion beams. Multiple-ionization states
dominate the spectra and lead to many new transi-
tions, In this paper we present the observation of
a group of x-ray transitions near the high-energy
limit for K x rays in Mg. As will be shown, these
x rays are KB hypersatellites, that is, 1s = 3p
transitions in atoms with double K-shell ionization
and a varying number of L-shell ionization states.

A 30-MeV oxygen beam from the University of
Texas tandem electrostatic accelerator was bom-
barded on a 99.9%-pure Mg foil. The x rays were
analyzed in a vacuum x-ray crystal (ADP) spec-
trometer placed at 90° to the beam line, A step-

TABLE I. Magnesium K x-ray transitions.

Observed Calculated Structure
Label energies (keV) energies (keV) Configuration designation
Koy, 1. 254} 1.254 Ka(2p)®
Kas 1.262 1.262 Ka(2p)®
Ka, 1.264
Kag 1.269
Kas 1.271 1.272 Ka(2p)* Ka
Kaq 1.272 satellites
Kog 1.274
Kay 1.281 1.284 Ka(2p)
Kay 1.284
Koy 1.296 1.298 Ka(2p)?
1.307 1.313 Ka(2p)
KB oee 1.295 KB(2p)° KB
1.322~1.324 1.321 KB(2p)° satellites
1.348 } 1.349 KB(2p)*
1.357
1.373 } 1.364 (Ka)'(2p)t
1.378
1.388 } 1.378 (Ka)*(2p)° Ka
1.390 hypersatellites
1.401 1.392 (Ka)"(2p)?
1.410 | 1.409 (Ka)"(2p)?
1.414
1.424~1.427
1.502 1.471 (KB (2p)!
1.520 KB
1.531 1.506 (KB)"(2p)®  hypersatellites
1.560 1.542 (KB (2p)?
1.589 1.581 (KB (2p)*
1.620 1.625 (KB (2p)°

=3

ping motor interfaced to a PDP-7 computer con-
trolled the crystal and detector movement, The
pulses from a flow-proportional counter were
histogrammed in a 20 480-channel array in the com-
puter. The step size was 0, 00011 &,

The observed K x-ray transitions in the range
of 10.0 to 7.2 A are given in Fig. 1. The data are
presented on a linear plot with three different
scales in order to emphasize the various types of
transitions. The long-wavelength or low-energy
region of Mg is easily understood and has recently
been discussed in detail.! This region, from
about 9.5 to 9.9 A, contains the Ko satellites con-
sisting of the Ko transitions from initial states
with the L-shell configurations (2p)" for n=6, 5,
4, ..., 1 and are thus designated as Ka(2p)".

The observed energies, Hartree—Fock-Slater cal-
culated energies, the configurations, and the
structure designation are given in Table I. It is
noted that the Kq, line is seen here where it was
not seen in Ref, 1. The observed energy, 1264¢eV,
is the same as seen by Kunzl.? The reason that
this line is observed here is that better statistics
have been obtained. As discussed in Ref. 1, the
absorption edge (1305 eV) falls below the Ka/(2p)!
transition which substantially decreases its inten-
sity relative to the other Kg satellites. The ob-
served resolution is 1.1 eV,

The second region, from about 9.5 to 9.1 A, of
K x-ray transitions is the K satellite region. The
transitions in this region do not lie in a self-con-
tained energy range but rather overlap the Ko
satellites on the low-energy end and overlap the
Kq hypersatellites on the high-energy end. The
characteristic KB transition KB(2p)® is, in fact,
buried beneath the Ko (2p)? peak and therefore not
clearly defined. The two peaks above Ka(2p)! at
energies of 1, 322-1, 324 keV (doublet) and 1. 348~
1. 357 keV (resolved doublet) are, respectively,
the KpB(2p)° and Kp(2p)* satellite transitions. The
results are summarized in Table I. The observed
resolution of these lines is about 4 eV.

The third region of excitation, from about 9.1
to 8.6 f\, consists of five closely spaced transitions
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(many being doublets) which cannot be explained

as KB transitions, These are assigned to the (Ko)*
(K hypersatellite) transitions calculated nearest
the observed peaks., This assignment is sugges-
tive of the proper type transition and not intended
to be a final assignment. These type Ko hyper-
satellites were recently discovered® in ion-atom
collisions for the case of Ca plus 30-MeV oxygen
where the hypersatellites occur between the Ko and
KB structures and there lend themselves to a unique
identification, The Kp-vs-(Ka)" interplay in this
region of Z can be resolved by studying the system-
atics of the Mg, Al, and Si structure with the ener-
gy resolution obtained in the present experiment,

A recently published letter® on Al, Ko, and KB
satellites implied that the structure above Kq is all
due to KB transitions., Such indeed must not be the
case, The observed resolution for these lines in
the present experiment is approximately 2 eV,

The new fourth region of excitation, ranging
from 8.6 to 7.6 &, which is the main point of this
communication, consists of x rays near the high-
energy x-ray limit for Mg. Five transitions be-
tween 1, 50 and 1, 62 keV are consistent with ener-
gies for 1s = 3p transitions frorm-atems with double
K-shell vacancies, and could thus be given the
name K@ hypersatellites (X9)"®. The results are
summarized in Table I, There are many possible
transitions in this energy region depending on the

degree of ionization of the atom in the 2s and 3s
shells in addition to the primary 2p shell used to
assign the peaks. It should be pointed out that the
maximum high-energy limit of this region is not
reached in this experiment. According to hfs
calculations the minimum energy is 1,410 keV,
which corresponds to (K8)"(2p)® transitions, andthe
maximum energy is 1,728 keV for the hydrogen-
like KB limit. The two peaks at 1.455 and 1. 468
keV not given in Table I probably belong to the
(KpP)" group. The observed resolution for the K8
hypersatellite transitions is approximately 7 eV
and is probably the natural width for these lines.

In summary, we have observed a new group of
fairly strong lines above the K satellites and Ko
hypersatellites which are shown to be due to K
transitions from atoms with double K-shell vacan-
cies. The relative intensities of the various groups
cannot be given accurately at this time owing to the
partially unresolved structure in the (Kq)" region
and to the K absorption-edge corrections in the
thick target. The (KP)"/(Ka)" ratio is nonetheless
estimated at 9%. These type transitions are very
likely to be observed in astronomical sources. A
further study of these types of transitions is needed
to get a complete understanding of ion-atom colli-
sions, especially for light elements where the prob-
abilities for multiple ionization are so predominant
and lead to a multitude of states.
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