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FIG. 1. Exxperimental spectrum of a laser- ro-p od p
e range 4.40—5.00 A.

~ 73Ta XLV ( 29Cu-like) 3 d ' -3d 5
e n = spectator electron. D, F:

+
e n = . , : 3Ta XLIV (30Zn-like)

~ 73 a xLII ( 32CJe-like) 3 d ' -3d 5

spectator electrons.
+ four n =4
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II. EXPERIMENTAL

The spectra were produced by the impact of a 25-J,
600-psec Nd-glass laser with frequency doubling (A, =0.53
pm), focused onto a flat Ta foil. For wavelength calibra-
tion, Ta foils with deposits of sulfur or sodium chloride
were also used as targets. The emitted light was analyzed
by a pentaerythritol (PET) crystal spectrograph in first or-
der, and recorded on SB2 Kodak films. The intensities
have been corrected for the optical-density curve of the
film and for the densitometer sensitivity.

III. CALCULATIONS

The calculation of the positions of the different relativ-
istic subconfigurations (average energies) involved has
been made with the R.ELAc code. The values of the rela-
tivistic Slater integrals have been obtained with the same
potential, and their nonrelativistic averaged approxima-
tions, necessary for the use of the formulas, have been
computed. Using the angular coefficients given in Ref. 5,
we have calculated the mean value and the variance of the
wave-number distribution corresponding to each subarray.

(i) 2sNi-like transitions: 73Ta XI.VI 3d ' 3d 5f. For t-his

stage of ionization the spectrum consists of three lines
which can be labeled 3d 3/2-5fs/2, 3d s/2-5 f7/2, and
3ds/2-5fs/2. These are the only individual lines which
were computed in the present work. Their theoretical
strengths are like 14, 20, and 1 in the nonrelativistic limit.
The first two are denoted A and C on Fig. 1, the third one
not being observable on the recorded spectrum. The
width of the 3 peak is corisidered to be the experimental
width for all the lines.

(ii) 29cu-like spectrum: 73TaxI.v 3d' nl-3d 5fnl. For
this ionization stage and the following, no individual line
was computed, but only subarrays. We have only con-
sidered spectator electrons with nl=4s, 4p, 4d, 4f. The
results for the strongest two peaks are presented in Table
I. Each peak is thus the superposition of seven subarrays.
The width of each of the subarrays quoted in the table in-
cludes the experimental width, as the result of a convolu-
tion of two Gaussian curves. Thus the theoretical width

TABLE I. Results of the calculations of the positions and
widths of the subarrays belonging to the 73TaXLV (29Cu-like)
spectrum. Seven subarrays have been considered, corresponding
to the various 4l~ spectator electrons added.

3d3/2 Sf5/2

FWHM'
(A) (A)

3ds/2-Sf 7/2

FWHM'
(A) (A)

3d' 4s~/2 3d Sf4-si/2

3d'O4pi/2-3d Sf4pl/2
3d' 4p3/2 3d'Sf 4p3/2
3d' 4d3/2 3d'Sf 4d3/2
3d 4ds/2 3d Sf4d-s/2

3d "4fs/2-3d'Sf 4fs/2

3d '
4f7/2 3d'Sf -4f7/2

4.532
4.533
4.530
4.532
4.533
4.535
4.537

0.007
0.008
0.008
0.025
0.009
0.023
0.010

4.627
4.629
4.625
4.630
4.627
4.634
4.631

0.007
0.007
0.009
0.008
0.027
0.009
0.025

Resultant peak 4.532 0.010 4.628 0.011

'Full width at half maximum; the experimental width (0.0065 A)
is included.

for the first three lines of the table is much smaller than
the experimental one, but it is the resultant width which
was used for the normalization of the relative intensities.
These were obtained assuming local thermal equilibrium
(LTE), the area of each subarray (height Xwidth) being
taken proportional to its total strength (see Ref. 5, Appen-
dix A) multiplied by the Boltzmann factor. The value
T, =350 eV leads to a calculated width in excellent agree-
ment with experiment, but this width is not a sensitive
function of T, .

(iii) 30Zn-like spectrum: 73Ta XLIV 3d "nln 'l '-

3d 5fnln'l'. All the possibilities with n, n'=4 were taken
into account, so that each peak is the superposition of 28
subarrays.

(iv) For 73TaxLIII (»Cia-like) and 73TaxI.II (32Ge-like)
involving, respectively, 82 and 196 subarrays, the specta-
tor electrons were also assumed to be on the n =4 shell,
but simplifying assumptions were made to shorten the
computations (for instance, the same values of the radial
integrals were introduced in the calculation of the vari-
ances of all the subarrays). In the latter three cases, the

TABLE II. Comparison between theory and experiment for the different peaks of the spectrum.

Ions

73Ta XLVI ( 28Ni-like)

73Ta XLV ( 29Cu-like)
73Ta XLVI ( 28Ni-like)
73Ta XLIV ( 3OZn-like)

73Ta XLV ( 29Cu-like) t

73Ta XLIII ( 3 j Ga-like) ]

73Ta XLIV (3QZn-like) t
73Ta XLII ( 32Ge-like) ]
73Ta XLIII ( 3 I Ga-like)
+~

73Ta XLII ( 32Ge-like)
+~

Key
Transitions

J-J

3/2-5/2
3/2-5/2
5/2-7/2
3/2-5/2
5/2-7/2
3/2-5/2
5/2-7/2
3/2-5/2
5/2-7/2

5/2-7/2

Calc. A,

(A)

4.477
4.532
4.574
4.585
4.628
4.636
4.683 t

4.690
4.736

4.793

Expt. ' A,

(A)

4.478
4.530
4.574
4.584
4.629
4.635

4.685

4.742

4.799

Calc. FWHM
(A)

0.010

0.014
O.OI I 1,

0.020 l

O.OI6 t

0.024 1

0.023

0.028

Expt. FWHM
(A)

0.0065
0.010

0.020

0.016'

0.022

0.024

Blended

0
'The experimental uncertainty in the calibration is 1.5 & 10 ' A.
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V. CONCLUSION
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