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High-resolution measurements of the photoionization cross sections of the Na-isoelectronic iomsdlg
Al?" are presented, to be compared with earlier measurements in which structure in the most prominent peaks
was unresolved. These measurements have been normalized to the earlier ones in order to provide values of the
oscillator strengths of the newly resolved peaks, and comparison is made with multiconfiguration Hartree-Fock

calculations.
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[. INTRODUCTION is not always well suited to absolute measurements since,

owing to the high energy of the electrons in the plasma, the

The ready availability of access to synchrotron radiationparent ion beam may well contain a large fraction of meta-
from undulators on electron storage rings has led to a markestable states, but it does give access to highly charged ions.
increase in experimental data on photoionization of atomid’he experiment undertaken here makes use of an ECR
ions, and in particular on absolute measurements. This h&urce, but relies for the absolute values of the cross section
made it possible to carry out long awaited checks on theo®n measurements made earlier with a low-energy discharge
retical data from major computational programs such as thén source. The earlier measuremefitd] were carried out
OPACITY [1] and IRON[2] projects. Both the limitations ©On & beam line with substantially lower resolving power, and
and successes of those calculations have come to light, &though absolute, much of the structure could not be re-
can be seen in a recent review on this tof@t Such com- solved and thereby identified with certainty; comparison with
parisons with theoretical calculations make a fundamentaiheoretical calculations was therefore not definitive. This ex-
contribution to our understanding of basic atomic physicsperiment demonstrates the complementarity of the two ex-
probed by the photoionization process. The measuremenpgriments, the earlier one providing the absolute basis for the
are also relevant to the modeling of both stellar atmosphere§ieasurements, to which the results of the experiment pre-
bearing in mind that the vast majority of matter in the uni- sented here could be normalized, thereby providing absolute
verse is in ionic form, and laboratory plasmas. measurements with state-of-the-art spectral resolution.

Although the first absolute measurements were made
some time agd4], using the merged beam technique, they
were limited to cross sectiorrs 10 Mb since they were car-
ried out on a bending magnet source having limited photon The experimental work was carried out on beam line
flux. An undulator source, besides being much more intensel,0.0.1 at the Advanced Light Source at the Lawrence Berke-
also has the advantage that the radiation is well collimatedtey National Laboratory. This is an undulator beam line fitted
both vertically and horizontally, and is therefore ideally with a spherical grating monochromator covering the photon
matched to the merged beam type of experiment. Thienergy range 17-340 eV. Typical photon fluxes at a photon
method has now become a standard in synchrotron-radiatioenergy of 65 eV were betweenx2.0'? and 4x 10'3 photons/
laboratories in Japan at the Photon Factory and Spring-8, isec for bandpasses in the range 6—60 meV;, further details of
France at Super-ACO, in the USA at the Advanced Lightthe specification and performance of this beam line are to be
Source, and in Denmark on the storage ring ASTRID. found in Refs[12] and[13]. The exit beam from the mono-

It is instructive to study both isonuclear and isoelectronicchromator and its postfocusing optics were merged with the
sequences, to observe the evolution of spectral structure amah beam over a length of 29 cfi4]; the ions were gener-
cross sections. To date, the majority of such experimentated in an ECR source containing a resistively heated oven to
have been carried out using laser plasma soysgsvhich ~ vaporize the metal samples.
have good access to highly charged states; an example of a Although the experimental equipment contained the beam
very different behavior that can be observed is the Ar isoscanners and calibrated detectors required to make absolute
electronic sequence of iof6]. Recently, however, electron measurements, as pointed out earlier this was unnecessary
cyclotron resonancéECR) sources have been used with the for the measurements presented here, where the emphasis
merged beam method for measurements on the multiplyas on spectral resolution. Given the weakness of the parent
charged ions of Xe, Ba, and[@—-9]. This kind of ion source ion beam—typical currents for Al were in the range 1-10

Il. EXPERIMENTAL METHOD
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nA—each spectrum consisted of several overlapping scan: s & B 0 0% W
with a dwell time of 2 sec/point, to minimize the effects of ' ' ' B ' '
drift in the ion-beam or photon-beam overlap. A chopper in 10
the photon beam enabled measurements of the background ig 1
the ionization signal channel to be measured, and for the dat®> so0f 4 7 8 g0 ! T
shown here this background has been subtracted. As seen £ JMZ s Wl 7l / /\/\ 12
some of the spectra shown, this can result in a negative siga o8 = B ——— i —— 'A,N“ i /\.““""
nal where the signal was low and dominated by statistical 1 6

fluctuations. The data were corrected for varying ion currents®
and incident photon intensities. 50 |-
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Calculations were performed using the atomic structure
package of Froese Fischet al.[15] in a manner similar to
that described previous[)L0]. The large number of energeti- FIG. 1. The photoionization spectrum of Mand AP*, taken
cally, closely spaced, interacting states calls for ag,m Ref. [10].
configuration-interactioiCl) type of calculation. The wave

functions were obtained using the multiconfigured version Ot[o the experimental values seems approoriate. Because the
the program(McHF) in steps. The &, 2s, 2p, and 3 orbit- P pprop '

als were obtained by calculating the?2s22p®3p? 2P term ground state of both ions has a complete2 shell while all

multiconfigured, and then keeping these orbitals fixed forOf the excited states in these experiments have a promoted

Sibscasont s The and 3o wer opanes by 2, 2E50, 0 i o b grond st e
calculating the $%2s22p®3s3d 2P term, also multiconfig- q ' 9

ured, but with only the 8 and 3 orbitals varying. The 4, unng ?eeded 1;0r' the grolgn(? stabte and (ej?;(leted stateds tﬁ.lac'
4p, 4d, 5s, 5d, and & orbitals were likewise obtained in count for correlation would also be quite different, and while
T it is straightforward to extensively multiconfigure the ground

sz,lx steps with only those orbitals varying in each step._ The ate, it is not straightforwarind maybe not even usefib
P terms were used throughout as being representative

the configuration average, but only for the purpose of obtain: xtensively mu_Iticonfigure thg orbitals for a CI calculation.
ing the wave functions. ’ Because of this, the qorrelatlon qffse_t between the ground
Once the wave functions were obtained. a Cl calculationState andall of th.e excited states is different, and we have
was also performed in steps. Only those (’)dd-parity energevalu"jlted that difference to be 1.0 eV for MgWe r_lave
- ) " hosen not to correct the tabulated numbers accordingly, but
levels that have dipole allowed transitions from the groun

state were considerellS coupling was used, though it is not his error is not indicative of the relative placement of the
. . e ited-stat levels th Ives.

“good,” so all odd-parity terms having levels with=3/2 or excited-state energy levels themselves

1/2 were considered. We eventually dropgd#iterms, find-

ing that their levels had vanishingly sméll/alues. Starting IV. EXPERIMENTAL RESULTS
with the lower-lying configurations, we considered all levels +

2q 2 240 5 A. Mg
from the <S, “P, and terms. The P° subshell was

coupled last, so the configurations considered were the In order to guide the reader, we have reproduced in Fig. 1
3s22p®, 3p?2p°®, 4p?2p°®, and the 3nf2p°®, with n¢ being  the figure for the spectra of Mgand A", from the previ-
4s, 3d, 4d, and 5, 5d, and &l. In total, 52 energy levels ous papef10] on these two ions. This gives the numbering
were considered for Mg but program limitations prevented scheme which was used to identify the various peaks ob-
us from doing them all together. By dividing the problem served and which is used frequently in this paper.
into manifolds by energy region, we were able to keep track We focus first on peaks 3, 5, and 6 between 59 and 61.5
of which terms were interacting the most, and assign8&d eV, for which the data are shown in Table I. The peak at 61.3
term designations based on the predominant term for eadhV is the most prominent in the spectrum and was the one
level considered. whose assignment was a major point of discussion in the
When doing CI calculations such as these, the isoelecearlier paper$11,10. Given the scatter in the data points, it
tronic nature of Mg and AP" is not so useful and the ions seemed a reasonable simplification to use a Gaussian profile
were treated individually with respect to level interactionsfor the spectral lines, so the continuous lines seen in the
and the decisions taken for term designations. Even the stefigures are Gaussian fits to the data. It was assumed that the
wise process for performing the calculations was somewhgteak width would be the same for all the peaks, but this
different for the two ions, more as a consequence of thevidth was allowed to vary during the fitting process. In all
calculations being performed at different times on differentthe figures and text below, the spectral resolution given is the
computers than for any substantive reason. The descripticiull width at half maximum(FWHM) obtained from the fit-
given previously was for Mg, but a very similar procedure ting process, rather than the nominal value obtained from the
was followed for AP™. monochromator exit slit setting; also, any contribution from
Finally, a comment on the energy shift needed to comparéhe natural linewidth has been ignored. These fits were used
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TABLE I. Identities and parameters of the lines observed in"Mgtween 59 and 61.5 eV.

Energy(eV) Identity Oscillator strength
Line® Expt. Calc. Weset al.[10] This work® This expt. Calc.
3a 59.21 58.23 (®? 'D+3s3d'D) 2Py, (3p? 'D+3s3d'D) 2Py, 0.005 0.027
3b 59.3 58.32 (p? 'D+3s3d'D) 2Py, (3p? D +3s3d'D) 2P, 0.01 0.049
49 60.7¢ 59.61 (P?°P) 2P (3p%°3P) “D © 0
5 60.98 60.02 (3s3d°D) “D, (3s4s 39) 2P (3s4s%S) 2P 0.021 0.065
60.12 0.01 0
61.0 (3p?3P) %S
61.41 : (3s3d 3D) 2D ' '
61.43 60.45 0.07 0.008

(3s4s 1S) 2Py,

#Experimental values are 20%.

®Numbering taken from Ref§11,10.
€Assignment for most prominent configuration.
INot observed in this experiment.

®From current theoretical calculation.

in partitioning the oscillator strength following normalization the narrow bandpass of this experiment would make it more
to the earlier absolute measurements; an errot-80% is  difficult to observe. Peak 5 is now seen to be three peaks, as
estimated for the values given in the tables. Varying resolushown in Fig. 3, where the spectral resolution was 11 meV.
tions were used for the spectra taken; use of the highest The spectrum in the region of peak 6 is shown in Fig. 4,
resolution of 7 meV was limited to the case where the cros@vhere with a bandwidth of 7 meV, four lines are now clearly
section was highest, as in th@-3>3d region of Mg shown ~ S€en in this region. The peak positions and oscillator
in Fig. 4. Elsewhere, a compromise between the count rattrengths n_ormallzed to the ea_rller absolu_te measurements
and resolution was necessary to obtain spectra in a reasofit® Shown in Table I, together with the previous assignments
able time period. a}nd those made in the present work based/quF calcula-

The data for peak 3 are shown in Fig. 2, where there is dions. The calculated energies should be shifted up\{vards by
spin-orbit doublet 2P, 1, associated with the strongly ~1 eV, the_value of this shift is takgn from tr;e ezxzperlmental
mixed 3p2 1D and %3d 1D configurations; this doublet is and theoretical values for the position of the®3s~ “P ), 3/

now clearly resolved at the 18-meV resolutiFWHM) of doublet, which was well resolved in the early experiment

the current experiment. The ratio of the peak areas is 2.05:111] and for which the identity and energies are well known.

which is distinct from 1.7:1 found in the earlier work; but USing this shift, and the relative calculated values of the

otherwise the results from the two experiments are identica@Scillator strengths compared to the experimental ones—the

We note that peak 4 was not observed in the current workiheory obviously overestimates the absolute values—it was

The reason for this is not clear, but it was a weak feature anBOSSible to assign the newly resolved levels as shown in the
table.
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FIG. 2. The photoionization spectrum of Mgn the region of FIG. 3. The photoionization spectrum of Mgn the region of
peak 3; the experimental resolution was 18 meV. peak 5; the experimental resolution was 11 meV.
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FIG. 4. The photoionization spectrum of Mgn the region of FIG. 5. The photoionization spectrum of Nigin the region
peak 6; the experimental resolution was 7 meV. between 64 and 68 eV; the experimental resolution was 30 meV.

) o ) The arrows indicate the positions of lines calculated from a Rydberg
There are still ambiguities: the weak lines at 61.41 andypgyysis.

61.43 eV could both be assigned to thes48 S) 2Py, 1
doublet, but the theoretical value for the splitting is 0.20 eV,is based on both thecHF calculations and also on a simple
so the energies would not match the experimental ones d&ydberg calculation for amd series, based on the line at
well, after accounting for the 1-eV shift. In this instance the61.3 eV being 33d and that at 64.46 beingsdd; a quan-
relative calculated values of the oscillator strengths do notum defect of 0.19 was determined, consistent witth se-
help; both indicate an order of magnitude of difference in theries. This analysis gave some idea of where the prominent
relative oscillator strengths, in clear contradiction with ex-configurations might lie and are indicated by arrows in the
periment if the assignments shown are correct. figure; the results are also shown in the table. The experi-
Even though the current experiment has a similar resolumental oscillator strengths shown have been calculated by
tion to that of Esteva and Mehimdi6], comparison with normalization to the earlier experiment.
the earlier experimenfwhere the target species was pro- The MCHF calculation predicts that there will be strong
duced in a dischargend their later revised assignmefts]] interaction between thei® 'S and 34d configurations, and
does not produce any new information. The weak lines afor that reason it is impossible to be certain of the individual
61.41 and 61.43 eV were not observed in the earlier experiassignments in the region around 64.5 eV. The prominent
ment, but lines at 61.09 and 61.22 eV were in contrast to theonfigurations are (&d °D) “D, (3p? !S) 2P, and (34d
more recent experimenf&0,11], including this one. The ma- D) 2D,2P, and since the fine structure in these configura-
jor difference was that Mehimaet al.[17] assigned the lines tions is not resolved, even at the much enhanced resolution
at 61.30 and 61.38 eV to £3s 1S) 2P3,2,1,2transitions[17], of the present experiment, the assignments are speculative.
whereas these were originally reassigned to a mixture oEven so, we have made the assignments based on relative
(3s3d 3D) 2P, 2D transitions[10]. The basis for this reas- values of the calculated oscillator strengths, as before. There
signment was that, in principle,s3d transitions were ex- is no good match to line 11 at 64.88 eV, seen in both this and
pected to be much stronger thas43 transitions. Configu- the previous experiment, probably as a result of configura-
ration mixing makes the situation far more complex, but thetion interaction shifting this line by a greater amount than
MCHF calculations supported this; also, absolute values of theredicted by theory. The possibility arises that it could be
oscillator strengths were available to assist in the analysiglue to a 35s configuration, but ouMcHF calculation indi-
The current measurements support the more recent analysiates that thas transitions should have negligible oscillator
and the newly resolved structure matchesniaeiF calcula-  strengths. We return to this point below when discussing the
tions quite well, apart from the absolute values of the oscil-Rydberg analysis of a possibies series.
lator strengths. It was also possible to extend the analysis by The second group of peaks-a65.7 eV was rather easier
proposing individual assignments for the fine structure reto assign, since they are not so strongly perturbed and match
solved in the current work, as seen in Table I. the theoretical calculations quite well; they are based prima-
The region between 64 and 68 eV is shown in Fig. 5rily on (3s5d °D) configurations. Above that, again the
where peaks were seen previoull{] but not resolved. The assignments become somewhat speculative; it would be pos-
Gaussian fits are not shown for this figure, but were used igible to assign the triplet of lines at 66.24, 66.29, and 66.42
calculating the oscillator strengths as before in those regionsV to the calculated $d configurations at 65.19, 65.28, and
where the structure was not clearly resolved or scatter in the5.37 eV, in a way similar to thes®d lines, but it is not
data prevented the peaks concerned from being clearly delear that this would give the best alignment of the experi-
fined. This was particularly the case for the doublet in themental energies with the theoretical values. In Table Il, there-
region of 66.25 eV, and the peaks between 66.9 and 67.5 eYbre, the lines have been listed in their energy order. Based
The two prominent features at64.5 and 65.7 eV are seen to on the present calculation, it is difficult to be definitive on
contain several lines. The analysis, summarized in Table llthe individual assignments of each line, but it seems clear
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TABLE II. Identities, parameters, and effective principal quantum numhets ¢f the lines observed in Mg between 64 and 68 eV.

Energy Identity Oscillator strength
Line Expt. Calc. Weset al.[10] This work Expt. Calc. n* Energy(eV)
3s%P, 4dy),
9 64.21 63.28 +3s %P, 55y, (3p? 1s) 2Py, 0.013 0.005
+3s °P; 4dyp 5
3s 3P, 5s
o as 63.4 3 Sz (354 %D) “D 0.004
: 63.52 +3s °Py 4d3), 0.023 0.007 b
10 3 (3p% 1S) 2Py, 3.81 64.46
63.63 +3s 3Pg 5511 0.006
64.51 1Ry 2 0.018
. (3s4d D) 2D
63.67 +3s 3P, 4dgp, 0.005
N (3s4d D) %P
3s Py 5810 3 2
11 64.88 63.69 h (3s4d °D) 2P 0.009 0.014
+3s "Py 4d3pn 5
3 4
b 65.57 64.53 Sum of %6 (3s5d °D) °D 0.032 0.007 . o583
65.70 64.64 and 35d lines (3s5d 'D) *P 0.034 0.004 ' '
65.83 64.74 (3s5d °D) *D 0.021 0.009
66.24 o
66.29 65.19 (3s6d °D) "D 0.01 0.002
1% 66.42 65.26 (3s6d 'D) *D 0.011 0.001 5.81 66.55
66.55 65.28 (3s6d 'D) Py, 0.008 0.001
66.72 65.37 (3s6d °D) *D 0.006 0.005
65.81 (3s6d °D) 2P 0.01 0.002
+(3s6d D) 2Py,
66.99 0.02 6.81 67.02
67.32 0.011 7.81 67.30
67.45 0.011 8.81 67.49
Series limit e 68.2¢

#These values refer to the two lines observed at 64.46 eV and 64.51 eV in this experiment.
®This assumes that the line at 64.46 eV is tlierdember of the Rydberg series.

‘Observed by Kjeldsest al.[11], but not numbered by them.

dCalculated value.

that this group of lines belongs to configurations of the typegree of configuration interaction in the spectrum attempts to
(3s6d 1°D). At higher energies, no positive assignmentsconfirm the presence of ams series, were inconclusive.
can be made, although highed transitions are likely to be
the most prominent. The series limit calculated from the Ry- B. A2+
dberg series analysis is at68.2 eV. . . . )

An attempt was also made to calculate the positions of the 1h€ ion-beam intensity for ;%I* was generally in the
ns series, using the position of the well-establishedl—10 nArange and did not remain stable for.pe_rlods of more
2p53s? 2P, line at 49.90 e\[11,16] and the 34s line that than a few hours, thereby limiting the statistical accuracy
is part of the line at 60.98 e{see Table)l A quantum defect obtainable in the experiment. We therefore focused on the
of 1.28 was obtained in this way, consistent withssseries, ~ Strongest peaks in the spectrum observed previoly,
and the positions of the higher series members did coincidaumbered 5-12 originally; the summary of our results and
with lines in the experimental spectrum; also the series limiassignments and a comparison with the previous data are
was calculated to be at 68.3 eV, in fair agreement with thagiven in Table III.
for the nd series. However, in general, the calculated posi- The strongest of the lines is peak 6 situated at 89.89 eV,
tions of thens series overlapped with lines already assignedand is shown in Fig. 6. These data were taken at a resolution
to nd configurations. The only exception was the line atof 40 meV, and it is clearly seen that at this resolution peak
64.27 eV, calculated by the Rydberg analysis to be at 64.36 has two components. From the data in the main part of Fig.
eV and therefore possiblys3s; the MCHF calculations puts 6, it is not obvious that there is also a peak at 89.27 eV,
the (3s5s 3S) 2P, line at 63.60 eV, somewhat closer than which was designated peak £0]. The inset shows the result
the 1-eV discrepancy expected. In view of this, the facts thaof the sum of 15 scans through a narrower energy region,
the ns series is expected to be very weak and the large dendicating that we also see this peak. The main spectrum was
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TABLE lII. Identities and parameters of the lines observed iA*Al

Energy(eV) Identity Oscillator strength
Line Expt. Calc. Weset al. [10] This work This expt. Calc.
5 89.29 88.63 (83d °D) “D (3s3d °D) “D 0.053 0.071
23 2
’ 89.72 88.95 read 5D 2D, 2p (3p% °P2) “P3p 0.081 0.097
S ,
89.88 89.06 ( ) (3s3d °D) 2Py 0.164 0.205
89.90 89.19 (3s3d °D) ?Py,,°D 0.132 0.421
7* 91.39 90.65 (84s %9) 2P (3s4s 3S) 2Py, 0.051 0.022
7 92.18 91.29 (B? 1) 2Py, (3s4s 1S) 2Pg, 0.011 0.001
8P 91.69 (P2 19) 2Py, (3s4s 1S) 2Py, 0
9 96.67 3
10 96.87 e 3s 3Py 4d[5/2,3/2 (8940°0) 0 0063 0.034
. S )
96.30 ( 01,2 4d[ (3s4d 1D) 2P, 4 0.081 0.462
11 97.50 96.55
(3s4d 3D) 2Py, 58 0.059 0.044
12 99.53 (3s 3Py 1) 5d[5/2,3/2 0.09%

&To be compared with 0.068 from RgfL0]; see text.

PNot observed in this experiment, but see text.

¢(3s4d D) 2Py, + (3s4d 3D) 2Pg,.

4(3s4d °D) 2P, + (3s4d D) 2Pg,.

®To be compared with 99.55 eV and 0.061 from Hé&0|; see text.

the result of three scans, so it was possible to estimate thewer member of the doublet, according to eucHF calcu-
oscillator strength of peak 5 by normalization to peak 6. Thigation this member could be assigned to thes3@ 3D)
gives approximate agreement with the previous result foPP,, configuration. The theoretical value of the splitting is
peak 5(see Table lll, although the present result is less then wrong by an order of magnitude, but the high oscillator
reliable,~ =50%, because the two experimental runs werestrengths calculated here support this assignment. The calcu-
separated by several hours. Consequently, drifts in the ovelation also gives significant oscillator strength to the nearby
lap integral for the ion and photon beams could render th&D configuration, which would not be resolved in our ex-
comparison between two different runs in this way prone toperiment. The third component at lower energy would then
error. be (3p? 3P,) 2P.

The region near peak 6 was scanned at higher resolution The next region, between 91.2 and 92.6, is shown in Fig.
(11 meV), and the results are shown in Fig. 7. Now it is clear8, taken with a resolution of 58 meV. Peak 8, originally seen
that peak 6 actually has three components, with a spin-orbét 92.52 eV with an oscillator strength of 0.014, was not
doublet at 89.88 and 89.90 eV. If we assume an energy difebserved. Since this has an oscillator strength five times
ference between theory and experiment of 0.82 eV for themaller than that of peak 5, which with the resolution of the
present experiment was very difficult to observe, it was not
considered worthwhile to devote substantial time to further

12000
10000 |- o 12000 e
: 15000} : :
8000 [ oo - ] 1 10000 [
@ L 5000 . I” “ ] r
S 6000 |- J ! : | 1 8000 [
8 : ‘ ] 2 :
g 4000 - S 6000 [
(=] [
— : 8 .
2000 |- c 4000 |
: S ,
or 2000 [
2000 L—— . [ T . 0 :_ i ._'. i L gl | It LA B I
89 89.2 89.4 89.6 89.8 20 ; T l 7 H
Photon energy (eV) _2000'..‘l PRS- RPN AR  PRPRPRTIN AR NS AR

L ) _ 80.6 89.65 89.7 89.75 898 89.85 89.9 89.95 90
FIG. 6. The photoionization spectrum of %Al in the region Photon energy (eV)

between 89.1 and 90 eV, the experimental resolution was 40 meV.
The inset shows the peak at 89.27 eV, where the data were taken FIG. 7. The photoionization spectrum of 2Al in the region
over a much longer periosee text between 89.6 and 90 eV; the experimental resolution was 11 meV.
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8000 — T T 71— T T ably due to the different resolutions used in the two experi-

X ] ments. No additional structure was seen in this region com-

6000 I~ 71 pared to the previous work, although the peaks are now quite
2000 [ 1 clearly resolved with our 58-meV resolution. The detailed

£ - ] assignment of these lines is not clear, because the experimen-
3 2000L[ ] tal energies do not correlate well with the calculated ones;
z i ] comparison with the structure and assignments given by
° 0F . Brilly et al. [18] does not help, because the energies of the
r ] lines we have measured do not coincide accurately with
-2000 - I ] theirs, and they do not provide any intensity information.
4000 T, Evepso, i.tisclearthatthese Iine;greto beassoci.atedwith

912 914 916 91.8 92 922 924 928 configurations based ons8d transitions, as found in the
Photon energy (eV) previous work. As above, our assignment has taken into ac-

count the theoretical values of the oscillator strengths when
FIG. 8. The photoionization spectrum of Al in the region choosing the most likely configurations.
between 91.2 and 91.6 eV; the experimental resolution was 58 meV. peagk 12 was also observed in the present experiment, at a
slightly different energy; 28 successive scans were necessary
measurements on peak 8. The two peaks seen in Fig. 8 hayg see this peak clearly. The value of its oscillator strength
been identified with peaks*7and 7, as numbered in the estimated from this experiment, given the uncertainty in our
previous work; although possibly as a result of the improvechormalization procedure where different experimental runs

resolution available to the current experiment peak 7 has @ere involved as outlined earlier, is likely to be less reliable
slightly different energy of 92.18 eV compared with 92.06 than the earlier value from Ref10].

eV originally. To some extent this depends on the reliability

of our Gaqssian fjt; the scatter in the data WOL_JId not give V. CONCLUSIONS

much confidence in the position we found for this peak, but

we found that the fitting process would always converge to The order-of-magnitude improvement in resolution in the
the same position even though the estimate was moved by #&gsults of this experiment in comparison to the earlier work
much as+0.2 eV. Whereas the assignment for peakig  [11,10 has permitted us to make more definitive assignments
unchanged, there is now confusion in the assignments fo®f the most prominent spectral peaks. These peaks were
peaks 7 and 8, compared to the previous work. Given theifound to contain many more structures than observed origi-
low oscillator strengths and the correlation with the calcu-nally, most of which were identifiable by means of mgHF
lated energies, these peaks could more reasonably be aglculations. Also, the general behavior of the oscillator
signed to the (84s 1S) ?P doublet rather than the (8 'S)  strengths, in terms of relative intensities(is some extent

2P thought originally. We assume, even though we do notorne out by the experiment, but agreement with the absolute
observe it, that peak 8 exists with an oscillator strength ratheyalues obtained by the experiment is rather poor. This is
less than peak 7, noting that in the previous work they werédargely due to the strong mixing among different configura-
found to have comparable oscillator strengths. This differtions, particularly in the region of theddexcitations in Mg/,
ence between the two experiments may arise because the twdich are strongly perturbed by thep3'S, configuration.
peaks were only barely resolved in the previous work. This particular perturbation is less obvious in the case of

Figure 9 shows our data for peaks 9, 10, and 11 in théAl>", and in fact, as seen in Table Ill, we have changed this
96.4—97.4 eV photon energy region, where again there ar@ssignment compared to the earlier work. It can also be seen
slight energy differences from the earlier data, again probthat in general the agreement between experiment and theory

in the case of the oscillator strengths is somewhat better for
20000 ———— Al?* than for Mg". This indicates that configuration inter-
i ] action is less prominent in At; simplistically, this would
] be expected since the orbitals will be better localized in the
] field of the doubly charged ion.

The most reliable part of thacHF calculation is in deter-
mining the energies of the various configurations; the actual
assignments are somewhat arbitrary because in most cases
the levels are strongly mixed. The degree of this mixing
influences the calculated value of the oscillator strength; and
this is the least satisfactory aspect of the present calculation,
largely because of its sensitivity to the relative positions of
the interacting configurations and the precise form of the
wave functions, particularly for thel orbitals. Now that
much of the underlying structure has been resolved, it may

FIG. 9. The photoionization spectrum of %l in the region be worthwhile to attempt more refined calculations to im-
between 96.4 and 97.4 eV, the experimental resolution was 58 meyrove this. Even within the limited abilities of the present
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