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INTRODUCTION

The measurement of transition energies in highly charged ions
represents an important test of quantum electrodynamics (QED) in strong
fields. The OED gontributions to the hydrogenic transition energies
increase as (o¢Z2) , where o¢ is the fine structure constant and Z is
the atomic number. Transitions in hydrogenic ions of sulfur, chlorine,
argon, and iron have previously been measured to a precision of 100 ppm
or better. These measurements are in satisfactory agreement with
accurate calculations of the energy levels, and this confirms the
calculation of the QED contributions to the energy levels of
one-electron ions.

In the case of highly charged two-electron ions, the situation at
the present time is far from satisfactory. Precision measurements of
the energies of several transitions in sulfur, chlorine, argon, and
iron have been performed using beam foil techniques. These
measurements have been compared to recent calculations, but there is
not general agreement on the theoretical treatment of the QED
contributions to the transition inergies in twa—elgctron ions. In
three-electron ions, only the 1s"2s S - 1s 2p P3/2 transition has
been measured and calculated to high préecision.

We report here the measurement of wavelengths and abundances from
solar flare spectra. Solar flares are bright sources of X-ray lines,
and high-resolution spectra can be obtained in about 30 sec of
observation time. Since the high-temperature phase of a flare
typically persists for at least several minutes, spectra can be
accumulated and added together to improve the signal to noise ratio.
The statistics can also be improved by making measurements using data
from a large number of flares.

WAVELENGTH MEASUREMENTS

Transitions in ions of argon, potassium, calcium, and iron with
one, two, and three electrons have been identified. The wavelengths of
the transitions in two-electron and three—electron ions are measured by
using the hydrogenic transitions as references. The wavelengths are
compared to recent high precision calculations, and the QED
contributions to the transition energies can be determined. This work
greatly expands the number of precision measurements of transitions in
highly charged two-electron ions that are available for comparison with
theory.
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The data were recorded by the Naval Research Laboratory crystal
spectrograph on the Air Force P78-1 spacecraft. The spectrograph
consists of four crystals mounted on a common rotating shaft. The
wavelength regions that are covered (and the strongest resonance lines
in each wavelength region) are 1.80 to 1.98 2 (Fe XXV), 2.96 to 3.10 ]
(Ca XX), 3.13 to 3.25 & (Ca XIX), and 8.23 to 8.52 & (Mg XII). The
first three wavelength regions are covered by Ge crystals (2d = 4.00068
3), and the fourth wavelength region is covered by an ADP crystal (2d =
10,6416 X). Dielectronic satellite lines and inner-shell transitioms
from lower stages of ionization generally fall on the long wavelength
side of the resongnce lines. ;hese highly charged ions are produced in
the hot (1.0 x 10 to 2.5 x 10 K) plasmas associated with solar
flares.

On each spectral scan, the shaft rotates 450 steps in one direction
and then 450 steps in the opposite direction. Both halves of the scan
are over the same wavelength region, and the two halves are folded and
added together to improve the signal to noise ratio. The two spectra
are folded so that the centroids of the Ca XIX resonance lines in the
two spectra are aligned. This eliminates any possible misregistration
of the spectra due to the motion of the flare plasma. The wavelength
scales are also stretched to account for the angular rotatiom of the
shaft on each of the 900 steps. These angular displacements were

measured to a precision of 1 arc sec in the laboratory before launch.

For this study, which is still in progress, we have selected for
analysis the data from five flares with good signal to noise ratios.
The signal to noise ratio is improved by adding together several scans
near the time of peak emission for each flare.

The wavelengths of si§ isolated trinsitions in Ar XVII, K XVIII,
and Fe XXV of the type ls §,6 = lsnp P, (n=3~8) are measured. The
line profiles of these isolatgd transitions are found to be nearly
Gaussian in shape and with full widths at half maximum of 1 to 3 nd.
Gaussian profiles are expected when thermal Doppler broadening is the
dominant broadening mechanism. The wavelengths are measured by fitting
Gaussian profiles to the spectral features. For each flare spectrum,
the precision of the Gaussian fit to a spectral feature is typically
0.05 mA. The standard deviation of the wavelength measurements of a
given spectral feature in the five flare spectra is typicallyzbﬁtween
0.05 and 0.5 m8. The Ca XIX and Fe XXV Sransitions to,the ls SO
level from the 1s2p "P., 1s2s Sl’ 1s2p Pl’ and ls2p P, levels
(transitions designated w,x,v, and z respectively) are bfended with
dielectronic satellite lines from lower stages of ionization. Using
theoretical line intensities, these dielectronic satellite lines are
numerically removed from the data, and the wavelengths of the w,x,y,
and z transitions are measured in the resulting spectra. A synthetic
satellite spectrum is produced by using the theoretical wavelengths and
by convolving the theoretical intensities with Gaussian profiles. The
wavelength and intensity scales of the synthetic spectrum are
normalized to the data, and the synthetic spectrum is subtracted from
the spectral data.
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We have compared the measured transition energieszwith the
calculated values for five transitions of the type ls S0 - lsnp P
(n=2-5) in argon, potassium, calcium, and iron. Ermolaev and Jones
(1974) have calculated all of these transitions, and Safronova (1981)
has calculated the n=2 transitions. For n>2, we also compare the
measurements to the transition energy obtained by using Safronova’s
ground state energy and the excited state energy of Ermolaev and Jones.
Drake (1984) has calculated the transitions from the n=2 and 3 levels.
For four of the five transitions, the measurements agree best with the
calculations of Safronova and of Drake. N ’

ABUNDANCES

In addition to providing accurate wavelengths, the intensities of
lines of Fe XXV, Ca XX, Ca XIX, K XVIII, and Ar XVII can be used to
determine their relative solar abundances. This can be done because Fe
XXV and Ca XX are formed at nearly the same temperature, and a similar
comment applies to the lines of Ca XIX, K XVIII, and Ar XVII. The
relative intensities of these lines therefore depend primarily on the
relative abundances, assuming that ionization equilibrium occurs in the
flare plasma. Accurate collisional excitation rate coefficients and
other necessary atomic data for the lines are available in the
literature. Preliminary values of the relative abundances are:
A(K)/A(Ca) = 0.11, A(Ar)/A(Ca) = 0.73, and A(Ca)/A(Fe) = 0.10. A more
detailed discussion will be published elsewhere.
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