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Abstract

This paper reports an extended experimental investigation, using the beam-
foil technique, of the intensity ratio of the fine-structure components in the
3s23p2P,,, ;,,-3s3p*?S,,; and *P,,, resonance transitions along the All
isoelectronic sequence. These intensity ratios are strongly influenced by
cancellation/enhancement effects arising from spin-orbit induced level
mixings, and are thus sensitive probes of the detailed atomic structure. New
data are given for Sill, PIII, SIV, K VII, ScIX, FeXIV and NiXVIL
Together with previous experimental results this comprehensive isoelec-
tronic study reveals significant and systematic deviations from theoretical
predictions.

1. Introduction

The 3s?3p?P,,, 3,,-3s3p*2S,,, and P, , resonance tran-
sitions in the All isoelectronic sequence provide an inter-
esting example of how interference effects may redistribute
the oscillator strength among various channels. The first
investigation of this problem was reported in [1], where the
beam-foil technique was used to study the relative intensities
of the transitions from both 3s3p?2S,, and ?P,, to the two
fine-structure levels of the P ground state in SIV, C1V,
Ar VI and TiX. The experimental intensity ratios, particu-
larly from the 2S,, level, were found to deviate significantly
from the LS value. A similar investigation of the homolo-
gous states 2s2p??S,,, and *P,,, in the BI sequence has
also been reported [2].

A theoretical analysis in the Al-sequence showed that a
qualitative explanation of the observed ratios could be
obtained in a single-configuration model, by considering
only the interaction between the 3s3p®?*S,,, *P,,, and
*P,,, states [1]. Due to the different phases of the mixing
coefficients this interaction leads to an enhancement in the
*P,,-2S;,, and *P;,,—?P,,, line strength and to a cancel-
lation in the ?P3,—S,,, and *P,,,-*P,,, channels. Hence
the ratios 1(3/2-1/2)/1(1/2-1/2) are strongly affected. More
detailed calculations, including configuration interactions
within the whole n =3 complex, changed the predicted
intensity ratios only slightly but resulted in good agreement
with the relativistic results of Huang [3] and Farrag et al.
[4]. Compared to the experimental results good agreement
was obtained for the ratios from *P,,,, where the predicted
deviations from the LS value in the beginning of the
sequence are rather small. However, for the transitions from
%S,/2, where the effect is much larger, significant discrep-
ancies were found in SIV, CIV and Ar VL. The high-Z
trend, on the other hand, seemed to be confirmed by the
experimental value for Ti X.

In a very recent study, Kastner [5] derived the intensity
ratios for the transitions from both 3s3p?2S,,, and *P,, in
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SiII from solar observations [6] by taking the optical thick-
ness of the solar source into account. The value obtained for
the 2P-2S transitions is in perfect agreement with the theo-
retical results. Thus, it seemed that the discrepancy between
theory and experiments, if real, is restricted to a narrow
range of ioms. This interesting problem stimulated the
present extension of the laboratory measurements to Sill,
PIII, K VII, ScIX, Fe XIV and NiXVI, in an effort to
provide a more comprehensive isoelectronic comparison
between theory and experiment. The analysis of Kastner [5]
shows, of course, also that once the fundamental atomic
physics problem has been settled, important information
about the solar opacity could be obtained using these inten-
sity ratios.

2. Experiments
2.1. General considerations

The beam-foil technique is, in all respects but one, eminently
suited for the measurements of relative intensities [1, 2].
First of all, the low particle density of the beam (<107
particles/cm®) and the high vacuum environment
(<10~ % torr) eliminates the potential problems of radiation
trapping or collisional deexcitation. Secondly, the photon-
counting detection technique used ensures a linear intensity
scale over a large dynamic range. Finally, in the present case
the measurements involve closely spaced lines (typically less
than 10A apart, see Table I) from a common upper level.
Hence, no corrections for the wavelength dependent detec-
tion efficiency is really necessary at the present level of accu-

Table 1. Wavelengths (in A) for the 3s23p2P-3s3p*3S and
2P transitions investigated in this work

ZP_ZP 2P_2S

Ton 1/2-1/2 3/2-1/2 1/2-1/2 3/2-1/2
SiIre 1193.29 1197.39 1304.37 1309.28
P IIE® 917.12 921.85 998.00 1003.60
S Iv® 748.40 753.76 809.67 815.95
clve 633.19 639.23 681.92 688.93
Ar VI 548.91 555.64 588.92 596.69
K VII® 484.26 491.72 517.93 526.45
Ca VIII® 432.87 441.09 461.71 471.09
Sc IX® 390.89 399.89 416.04 426.26
Ti X¢ 355.82 365.63 378.14 389.24
Fe XIV® 257.38 270.51 274.20 289.12
Ni XVI* 223.12 237.86 239.51

* Kelly [21].
® Ekberg and Svensson [16].
¢ Redfors and Litzeén [17].



Extended Analysis of Intensity Anomalies in the Al I Isoelectronic Sequence

racy. However, for the heavier ions, measured at Bochum,
this effect has been included using an experimentally deter-
mined relative efficiency calibration [7].

The low particle density also implies that the beam-foil
source is quite weak. This necessitates the use of fast mono-
chromators with rather wide slits (50-100 um) resulting in
line-widths between 0.25 and 1A. Hence, line-blending is a
potential source of systematic error. This important point
will be discussed in detail for the individual measurements
described below. However, the beam-foil method also offers
two features that help in evaluating this problem. First,
blending from lines belonging to a different charge state
may be investigated and largely eliminated by changing the
beam energy, since this results in different charge-state
distributions after the foil. Second, if a potential blend
emanates from a level with a shorter lifetime than that of the
state of interest, the inherent time-resolution of the beam-
foil technique may be utilized by recording the spectra at a
distance downstream of the foil (so-called delayed spectra)
where the perturbing influence of the blend should be
strongly reduced. Both these methods have been used in the
present work.

22. Sill and P 111

The measurements in SiIl and PIII have been performed
using the 330kV accelerator at the University of Toledo [8].
The light emitted after the 2 pg/cm? carbon foils was dis-
persed with a 1 m Acton Research normal-incidence mono-
chromator. The measurements were normalized against
beam intensity fluctuations by monitoring the total light
emitted immediately behind the foil using a fiber optic light-
guide and a photomultiplier tube. For both Si and P,
spectra were recorded at beam energies in the range 100 to
250keV. At these low energies, multiple scattering processes
in the foil cause a substantial beam-divergence after the foil,
which leads to a noticeable Doppler broadening of the spec-
tral lines. Thus, for the ?P-2S lines in Sill at 1304 and
1309 A, where a 1200 lines/mm grating was used in conjunc-
tion with a Hamamatsu R943-02 photomultiplier, a line-
width (FWHM) of 0.8 A was observed. All other lines were
measured with a 2400 lines/mm grating, and a channeltron
detector, which resulted in line-widths of around 0.5A. For
both gratings these widths are about twice the instrumental
values.

In Sill both the 2P-*S and ?P-?P multiplets appeared
unblended, but because of the Doppler broadening the
*P,,-?S,,; line at 1304.37A is affected by the intense
3s3p *P,-3p? 3P, transition in SiIII at 1303.32 A. However,
since the line-separation is 30% larger than the line-widths
the overlapping influence of the Silll line can accurately be
accounted for by fitting a sum of two Gaussian-shaped com-
ponents. A total of 19 spectral scans over the 2P-?S lines
were made, including 6 measurements at positions down-
stream of the foil corresponding to a delay-time of ! or 2 ns.
The intensity ratios obtained showed no systematic varia-
tions with the different energies (130 and 220keV) or delay-
times used. This supports the assumption that the lines are
indeed unblended. The weighted average of the 19 observa-
tions is 1.52 + 0.10 and is included in Table II as our final
result. For the ?P-2P transitions, 17 measurements were
made, and also in this case consistent intensity ratios were
obtained at three different energies (130, 170 and 220keV)
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Table II. Experimental and theoretical intensity ratios
I (3/2-1/2)/1(1/2-1/2) for the 3s%*3p?P,-3s3p* 251/2 and
*P,—*P,,, resonance transitions in the Al-sequence

P28, PPy,
Spectrum Experiment Theory* Experiment Theory?
Sill 1.7# 1.67 0.83* 0.524
1.52 + 0.10° 0.54 + 0.14°
P 111 1.40 + 0.08® 1.54 0.60 + 0.10° 0.539
SIV 1.12 +0.1° 1.38 0.52 + 0.02¢ 0.559
Clv 0.87 +0.13¢ 1.21 0.58 + 0.02¢ 0.586
Ar VI 0.75 + 0.05° 1.03 0.61 + 0.03° 0.619
K VII 0.75 + 0.10° 0.856 — 0.662
Ca VIII — 0.686 - 0.717
Sc IX 0.46 + 0.04° 0.529 — 0.786
Ti X 0.43 + 0.08¢ 0.391 0.75 £ 0.15¢ 0.874
Fe XIV 0.060 + 0.01° 0.0664 1.2 +04* 1.53
0.083 + 0.03*
0.067 + 0.02°
Ni XVI — 0.0150 1.6 + 0.4° 2.14

* Solar observations, analysed for optical thickness by Kastner [5].
* This work.

¢ Engstrom et al. [1].

¢ Huang [3] (MCDF) and Farrag et al. [4] (RELAC).

with an average value of 0.54 + 0.14. The larger relative
uncertainty in this case is due to the low intensity observed
for these lines, caused by the low efficiency of the channel-
tron detector in this wavelength range. Because of the poor
statistics, measurements with different delay-times were not
performed.

In PII the 3s?3p*P,,, 5,-3s3p**?S,,, transitions are
found at 998.0 and 1003.6 A, respectively, whereas the corre-
sponding transitions from *P,,, occur at 917.1 and 921.8A
[9]. The only known blend in any of these lines is the PV
3d?Ds,,~4p *P;, transition at 997.6A [10]. In order to
minimize the perturbing influence of this blend the relative
intensities in P III were measured at beam energies of 120,
150 and 250keV, whereas the optimum energy for the pro-
duction of two-times ionized Phosphorus is around 400 keV.
At these low energies less than one percent of the beam after
the foil 1s predicted to be in charge state +4. Despite this
low charge state abundance the blend cannot be ignored in
an accurate intensity measurement, since even the weaker
fine-structure component, 3d 2D5,,~4p 2P, ,, at 1000.4 A is
observable in the spectra, see Fig. 1. Furthermore, the life-
time of the 4p 2P levels in P V is 0.4 ns [11] which is almost
identical to the 0.48 ns predicted by Huang [3] for 3s3p??2S
in P III. Hence, measurements with different delay-times are
not an effective tool in this case, and the blend must be
deconvoluted from the observed spectra. For this purpose
we performed constrained fits of four Gaussian-shaped lines
to the observed ?P-°S and 2D-?P peaks. In this process the
line separations were fixed to their accurately known values
[9, 10], and the intensity ratio of the two P V lines was held
constant at the LS-coupling value of 9/5. This technique
thus takes into account the small but non-negligible wave-
length separation between the two blending lines. In all, 18
successful scans over the *P,-?S,,, lines were analyzed in
this way giving an average intensity ratio of 1.40 + 0.08.
Without the blend correction an average of 1.23 was
obtained. The ?P,-*P, ;2 intensity ratio was measured in 20
spectral scans and showed no significant variation with
respect to the three energies or to the different delay-times

Physica Scripta 52



518 L. Engstrom et al.

300+ 4

1 1
1005
RN v L] 1 T ¥ T r L 7 L 4
200 v v 7
By, -2, S 1.0MeV Py .35y,
0.4 os delay
1004 -1
O%Q 1 L i A H 1 1 ) 1 1 . = N
810 815 820
T T { T T L 1 1 L T T ¥ 1 L
100f - x 1
P1z- 31 Sc 9 MeV ®sr - 453
50| Faacta fl
P -*5n
(tast scam)
obl L L i L i A I . J. 1 .l - 3
615 620 425

Fig. 1. Beam-foil spectra (intensity in counts vs. wavelength in A) showing
the 3s?3p *P-3s3p? S transitions in P I, SIV and ScIX. The P spectrum
also contains the 3d 2D-4p 2P transitions in PV, and in Sc two of the
3s3p? “P-3p>*S lines from ScIX are also included. Note that in S and Sc
the interval between the P-2S peaks has been recorded with very low
normalization.

used. Our final results are given in Table II, and represents
the weighted average of the individual results.

23.81v

In the previous investigation of STV [1] the intensity ratios
were measured at a beam energy of 1.2 MeV. However, at
energies of 5MeV or higher, where the STV lines have dis-
appeared, a fairly intense line remained at exactly the same
wavelength as the 2P, ,,—2S,, transition, i.e. 809.65 A. At the
time of publication of ref. [1] this potential blend was not
identified. However, in a subsequent analysis this line has
been identified as the 2p°3s3p 2Dy, 2p°3p? *Ds,, transition
in core-excited Na-like sulphur [12]. Furthermore, an inves-
tigation of the relative excitation functions, i.e. light-yield as
a function of beam energy, for a number of singly- and
doubly-excited states in S V-SIX [13] have shown that the
intensity of this core-excited S VI transition may not be neg-
ligible even at 1.2MeV. Hence a remeasurement of the
2P-2S intensity ratio in S IV was undertaken in the present
study.

The experiment was performed at the 3MV Pelletron
tandem accelerator at the University of Lund and included
three main modifications compared to the previous mea-
surement. First the beam energy was lowered to 1.0 MeV
(which represents a low-energy record for the machine) to
further suppress the S VI line. Secondly, since the blending
transition is expected to have a decay time of 0.18 ns with
very little cascade feeding [14], compared to 0.30ns for the
%S,,, level in STV [15] we recorded spectra with delay times
of 0.0, 0.1, 0.2, 0.4 and 0.5ns. To compensate for beam-
fluctuations during the wavelength scans the experimental
set-up was modified to allow a photomultiplier to register
the total light yield immediately behind the foil, in addition
to the normal charge normalization from a Faraday cup.
Light normalization was implemented since we found a
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small but systematic increase in the data collection times,
for a fixed amount of charge, as a function of foil exposure
time. This observation is interpreted as an increased beam
scatter due to foil thickening. Thus, at this low energy an
increasing fraction of the beam miss the 1cm diameter
Faraday cup placed 18cm away from the foil. To test the
different normalizations we measured the peak intensities of
a number of SIV, SV and S VI lines as a function of foil
exposure time. With light normalization the intensities of all
the lines remained constant, as expected, whereas charge
normalization resulted in a small non-linear increase in the
signal after about half the foil lifetime. To further compen-
sate for this effect the ?P-2S lines were measured using alter-
nating scan directions.

A total of 17 scans have been measured and the intensity
ratio at the foil (zero delay time) is slightly larger (0.9 com-
pared to 0.78) than in Ref. [1], presumably due to the com-
bination of a lower energy and the light normalization.
However, at a delay-time of 0.2 ns the ratio has increased to
about 1.1. This value then remains constant in the spectra
recorded with even larger delays (Fig. 1). Thus, our new
result of for SIV is 1.12 + 0.1, which is clearly in better
accord with the isoelectronic trend established in this work.

24. KVII, SclX, Fe XIV and Ni XV1I

These measurements have been made at the Dynamitron
tandem accelerator at the University of Bochum, using a
2.2m grazing-incidence monochromator equipped with a
600 lines/mm grating. As mentioned above, the intensity
ratios measured at Bochum do include a small correction
for the decreasing efficiency of the grazing-incidence instru-
ment with increasing wavelength in the present spectral
region [7]. Typical corrections are between 2 and 4%.
Further details of the experimental set-up can be found in
Ref. [2], which describes similar relative intensity measure-
ments in the B-sequence. Figure 2 shows the isoelectronic
evolution of the transition energies for the 3s?3p2P-
3s3p??S and 3s3p?*P-3p*“*S multiplets along the Al-
sequence. Within the range of ions studied in Bochum two
crossings occur in Fig. 2. Thus, in K VII the *P,,-*S,,
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Fig. 2. Isoelectronic plot of the wavenumbers (o) for the 3s23p 2P-3s3p? 2S
and 3s3p? *P-3p3*S transitions, scaled by the effective nuclear charge ({).
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transition is blended by the *P,,~*S;,, line (A4 = 0.13A),
and in Ca VIII the *P;,,—?S,,, and *P,,,—*S,,, lines coin-
cide within 0.1 A [16, 17]. In K VII this blend is corrected
for, but Ca VIII, where the blending line is the most intense
of the quartet transitions, was not investigated.

In K VII spectral scans were recorded at beam energies of
5 and 7MeV, covering the wavelength interval 516-527 A
which, in addition to the 2P-2S transitions, also contains
the two stronger, well resolved components of the *P-*S
multiplet. To correct for the *P,,,—*S;,, blend we used the
same technique of constrained Gaussian fits as in P III, dis-
cussed above. Thus, all line separations were fixed to the
accurate values given in Ref. [16]. Furthermore, the relative
intensities of the *P-*S lines were also fixed to the values of
2.88, 1.97 and 1 obtained in a theoretical calculation using
the Cowan code [18]. This calculation was performed in a
single-configuration mode only, but we note that the results
are very close to the LS values 3, 2 and 1. In the spectra
recorded at the foil (zero delay time) the blend correction
amounts to typically 25%. However, the theoretical calcu-
lation also shows that the lifetime of the *S level is only
0.063 ns compared to the value of 0.17 ns for %S, according
to Huang [3]. Hence by again recording delayed spectra the
perturbing influence of the blend can be significantly
reduced. At a delay time of 50ps the correction has been
reduced to about 11% and at 100 ps delay it is about 8%.
The results obtained after the correction at the three delay
positions are quite consistent. The final result given in Table
IT is the average of 5 independent measurements, and the
uncertainty quoted includes the estimated statistical error
due to the blend correction.

In Sc there are no known lines that should interfere with
the measurements. This conclusion is supported by the
observed spectrum and the measured line-widths, neither of
which indicate the presence of any blends (Fig. 1). The
results obtained at 9 and 11 MeV beam energies are also in
perfect agreement and our final value given in Table II is the
weighted average of 7 independent scans. Because of time
limitations the *P-2P intensities in K VII and ScIX were
not measured.

For Fe and Ni we have analyzed spectra recorded pre-
viously for other purposes at energies of 20 and 28 MeV,
respectively. This material has also been complemented by
new measurements in Ni at 36 MeV. Because of the cancel-
lation effects in the ?P,,—%S,,, transition probability this
line becomes progressively weaker in the higher members of
the isoelectronic sequence. Thus, while it could be observed
in Fe it was completely lost in the background noise in Ni.
This trend is consistent with the results of Redfors and
Litzén [17] who, using the laser-produced plasma tech-
nique, observed the *P,,,—*S, , line in all ions between Ca
and Fe but not in Co or Ni. In Fe XIV we obtained the
intensity ratio of 0.067 + 0.02. In this case the uncertainty
arising from the background correction for the weak
*P;,,-2S,,, line is a substantial factor in the total uncer-
tainty. The quoted error estimate has also been increased
from the statistical value of 0.014 to take into account that
only one measurement has been made.

In Fe XIV the 2P-2P intensity ratio could not be mea-
sured because of severe blending by unknown lines in both
the 1/2-1/2 and 3/2-1/2 channels. In Ni XVI, on the other
hand, both lines appear unblended but the *P;,—*P,, tran-
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sition at 237.86A is affected by the less intense
3s?3d *Dy,;,-3s3p('P)3d ?Ds,, transition in the same ion at
237.47 A [17]. In the spectra recorded with 30 or 40 pm slits
the observed line widths are slightly smaller than the
separation of the two lines and hence quite accurate
*P;,,—P,,, intensities should be obtained from a fit of two
Gaussian shaped components. As an average of 6 measure-
ments we obtain the intensity ratio of 1.6 + 0.4.

3. Discussion

Table II summarizes the intensity ratios obtained by theory
[3, 4], and by solar [5] and laboratory observations in the
spectra between SilI nd Ni XVI. This material is also pre-
sented in Fig. 3. In SiIl and Fe XIV we may compare the
two sets of experimental data. The most striking observ-
ation is the large deviation of the *P-2P ratio in Sill
obtained from the solar analysis with both the laboratory
and the theoretical results. However, this discrepancy is
most likely due to non-negligible optical thickness in the
solar observations, as can be inferred from the analysis by
Kastner presented graphically in Fig. 2 of Ref. [5]. For the
“P-2S ratio in Sill, on the other hand, the same figure
shows that the value of 1.7 obtained should correspond to
an optically thin situation, and hence be directly compar-
able to the beam-foil result. Unfortunately no error estimate
is given for the solar data, so the discrepancy between the
two results may or may not be significant. In any case we
note that the beam-foil value seems to be more consistent
with the isoelectronic trend established in this work (Fig. 3).
In the case of Fe XIV two results from active regions in the
sun are available [5, 19, 20]. For the *P-?S ratio Table II
shows that there is perfect agreement between the solar and
laboratory results. Hence the value obtained for the 2P—2P
lines (which could not be measured in this work because of
severe blending) from the astronomical observation [19]
should most likely also pertain to optically thin conditions,
and be directly comparable with the theoretical predictions.

T T T T 1 ¥ ¥ 1] L T i T T ¥

251 7
352 3p 2P, - 353p2 55,5, %Py,

Al -sequence

13/2-17211112-112)
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13 15 17 19 21 23 25 27
Z
Fig. 3. Experimental intensity ratios for the 3s*3p 2P,-3s3p? S, , (circles)
and P,,, (+) transitions in the All isoelectronic sequence. The smooth
curves represent the theoretical predictions [3, 4]. See footnote to Table 11
for references to the experimental data.
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Table II also contains the theoretical results from two
relativistic studies of the low-lying levels in the Al-sequence.
Of these, Huang [3] uses the MCDF technique with the
Breit and Lamb shift contributions to the energies included
perturbatively, whereas Farrag et al. [4] ignore the higher-
order effects in their treatment using the relativistic para-
metric potential (RELAC) method. Both investigations
include the complete n = 3 complex to capture the most
important correlation effects. The relative intensities, i.e.
transition probabilities, obtained in the two theoretical
investigations agree to at least two significant digits and are
quoted as a single number for each ion in Table II. Both
studies give transition energies that are slightly larger than
experiment (typically by 2%), but since the different fine-
structure components deviate in the same direction the
intensity ratios are only marginally affected (<1%) by a
scaling with the experimental wavelengths. Furthermore, the
important energy separation between the interacting
3s3p*2S,,, and 2P, levels is predicted to better than 2%,
typically, in all ions between Si and Ni.

Nevertheless, despite these quality indicators for the theo-
retical predictions, the results in Table II and Fig. 3 clearly
show a systematic discrepancy between theory and experi-
ment concerning the *P,~?S,,, intensity ratio in the begin-
ning of the sequence. Thus, the present extended
experimental investigation confirms the trend observed in
Ref. [1]. For the P,~?P, , ratio, on the other hand, the new
data for Fe XIV and NiXVI, together with the previous
result in TiX, seem to indicate a new trend where theory
and experiment may diverge for the more highly ionized
members of the sequence.

At first sight the combined picture shown in Fig. 3 may
be somewhat surprising: Concerning the intensities from the
?S,,, level, theory and experiment disagree in the beginning
of the sequence but converge for the higher members,
whereas the opposite trend seems to hold in the 2P, case.
However, one must bear in mind that the experimental
intensity ratios test the quality of the theoretical results with
quite different sensitivities along the sequence. This impor-
tant point may perhaps be most clearly seen in a straightfor-
ward single-configuration model, which only takes into
account the mixing of the three J = 1/2 levels of the 3s3p?
configuration (%S, 2P and “P). Within this approximation,
Ref. [1] derived simple analytical expressions giving the
ratio of the line strengths R = S(3/2-1/2)/S(1/2-1/2), i.e. the
intensity ratio except for a wavelength dependent factor,
from 3s3p? *S,, and *P, , to the two ground state levels as
a function of the ratio (r) of the mixing coefficients of the
two doublet levels.

-
2 J6rl+1

r=a,fa,, ’S = a| 2S> + a,| Py + as|4P>,

2(1_“3 )
2— J2/3- 7]

. r =d)ja,, *P =a||*S) + a,|*P) + a4 |*P).

These functions are illustrated for 0 < || < 1 in Fig. 2 of
Ref. [1].

Numerical values for the mixing coefficients have been
obtained from a single-configuration calculation using the
Cowan code [18]. The results for a, and a, are shown in
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Fig. 4. Isoelectronic evolution of the composition of the state labled
3s3p??S,,, in the beginning of the sequence. The results are obtained in a
single configuration approximation, ie. 2S = a,|2S) + a,|*P) + a,{*P).
The crossing occurs around Se (Z = 34).

Fig. 4, and to a good approximation a; = —a, and a5 = a;.
In Fig. 5 we show the derivative of R with respect to r. The
approximate positions on these curves for the different ions
from Si to Ni are also indicated using the calculated mixing
coefficients (Fig. 4). Comparing Figs 3 and 5 we note that
for the intensity ratio from *S the discrepancy between
theory and experiment occurs in the region of the sequence
where the theoretical results are most sensitive to small
changes in the composition of the wavefunctions. For the
higher members of the sequence the demands on theory are
much less severe, and in this range there is good agreement
with the experimental results. For the intensities of the tran-
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Fig. 5. The derivative of the ratio of the line strengths S(3/2-1/2)/8(1/2-1/2)
with respect to the absolute value of the ratio (r) of the mixing coefficients
between the 3s3p??S,,, and P, , levels. These results are obtained from
analytical expressions derived in [1], within a single-configuration approx-
imation.
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sitions from the *P,,, level, Fig. 5 shows the opposite iso-
electronic trend, although with much less drastic changes.
This may explain why theory and experiment agree in the
beginning of the sequence, while they seem to diverge for
higher ionization stages.

Finally we should also remark that for ions beyond Ni
the derivative of the ?P intensities with respect to the mixing
coefficients increases dramatically, and hence experimental
studies of the 2P intensity ratio in this region would be
highly desirable as further sensitive tests of the theoretical
predictions.
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