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Special features of the experiment







Spectra were recorded at 4 different crystal settings,

covering an x ray energy region of 4.45 to 5.8 keV (or 2.1378
—2.7863 A).

The energy regions, of course, overlapped allowing a full
spectrum to be constructed.
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FIG. 1. Spectrum of barium in the region 4.45-4.85 keV. This region contains 35, 5 —2p; » electric dipole transitions as well as
several core-changing transitions. F-like lines are denoted by F, O-like lines by O. M2, 3G, and E2L denote Ne-like lines. Line N1 is
not seen because of vignetting. The positions of the lines of He-like zinc (w) and H-like zinc (Ly-a) are indicated. The lines are ob-
served in second order and serve as calibration lines.

Physical Review A44, 1836 (1991)



Core changing transitions ?

transition ~ wavelength, A

(252p f.rz 2p3 2 ha—12p1 2 2P3 2 3P 2 ha 2.76135
(252p1 2p ;..-'I_JI a—1252p1 ;212p3 2 38)3 1‘.555.[]7




In total 4 elements were injected from the MEVVA ion
source to calibrate this spectral region

TABLE I. Calibration line energies used in the experiment.
The values for the He-like resonance line 1s2p 'P, —1s5%'S,,
denoted w, are taken from calculations by Vainstein and
Safranova [29] and are adjusted by an empirical correction
found in [30]. The values for the hydrogenic 2p *Py,; — 1528, 5

II lines are taken from [28]. All values are in eV,

Element Ly-ce Ty

Ti 4976.89

Vv 5443.63 3205.33
Cr 3682.32
Zn 9318.48 8998.97

The Zn lines were used in second order, otherwise they seem a
little out of place here.






As a side issue, and a re-surfaced problem ...




The interesting thing about the work on this level is that
it appears to show that hyperfine induced transitions
decay faster than the calculations predict
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FIG. 2. Caleulsted Auger rates for the 2p° 10750 snanes &t
functions of atomic number. The solid curves indicare 1he re-
sulix from the MCDF calculations with the Coalamb and Beein
interactions for the Auger operator. The dash-doted carves
represeni the waloes from the MCDF calzulazions with the
Coulomb operator only. The dashed curve displays the predic-
tions from the nonrelativistic muliconfiguration Hartree-Fock
mawlel. The rorves are Isheled by rhe inisial et of the trangi-
lions, For the 2g, - state, MCDFC coincides with MODFR.

Auger rates for the 2p>3s? 2P
levels of Na-like ions, 1< Z < 92,
from M.H, Chen

The 2p33s? 2P levels can
also x ray decay.
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b) Tungsten spectroscopy

i) Tungsten may be interesting for fusion diagnostics

Alkalilike Spectra in the Promethium Isoelectronic Sequence

L. J. Curtis and D. G. Ellis
Department of Physics and Astvonomy, The University of Toledo, Toledo, Ohio 43606

{Received 23 July 1980; revised manuscript received 10 November 1980)

Highly ionized members of the Pm sequence should produce strong resonance lines in
the uv spectra of hot plasmas contaminated by heavy elements. These ions for Z2=74
have an alkali structure with ground configuration 4f*6s. Hartree-Fock calculations show
that in W v thro UXxx11 the dominant resonance lines are the 55-bp doublets in the

range A =100—400 A, Approximate predictions are given for the doublet wavelengths, line
strengths, and mean lives. '

Phys. Rev. Lett. 45, 2099 (1980)



-
i '..--'
-
i

a—————
e ————
-
T

-
Ty
-
a

2 §y oo w 008 010
gvl

FIG. 1. Configuration energies in the promethium iso-
electronic sequence. E/t? is plotted against 1/, where
¢=Z — 60 is the core charge and E is the average energy
of the configuration above the ground-state configuration
4f 155, These energies are the results of single-con-
figuration Hartree-Fock calculations with no relativistic
corrections. Triangles, 4f'5p; filled circles, 47 “5d;

open squares, 4f *5s%; open circles, 4f135s5p; filled
squares, 4f '“5s%p,




TABLE l1II

. 58 °8—5p°P lines in Pm sequence.

Z Spectrum

Line

A (A)

7 (ps)

S (a.u.)

T4 WXV

From Curtis and Ellis 77 Ir XVII
Phys. Rev. Letts, 45 2099

79 Au XI1X

B2 Pb xx11

92 U xxx11

1/2-1/2
1/2-3/2

1/2-1/2
1/2-3/2

1/2-1/2
1/2-3/2

1/2-1/2
1/2-3/2

1/2-1/2
1/2-3/2

379
277

325
226

2097
199

263
166

186
96

80
31

63
20

o6
16

47
11

31
4

1.16

0.96

0.86

0.73

0.47

TABLE Il. 55 25—5p P lines in the P sequence.
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Theodosiou and Raftopoulos
Phys. Rev. A28, 1186 (1983)




Theodousiou’s

predictions Experimental work

SEARCH FOR PROMETHIUM-LIKE GOLD LINES AND OTHER TRANSITIONS OF INTEREST
TO FUSION RESEARCH *

B.M. JOHNSON and KW, JOMES
Brookhaven National Laberatery, Upton, New York 11973, LIS A,

T.H. KRUSE
Ruigers Untversiny. Plscaraway, New Jersey 08901, UL5A.

L.J. CURTIS and D.G. ELLIS
I The University of Toledn, Toledo, Ohia 43606, UL5.A.

‘I'\ 50 MeV ™ Muclear Instruments and Methods 202 (1982) 53-58
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FIG. 3. Experimental spectra obtained by colliding 31- o 150-
MeV gold ions on carbon foils (adapted from Ref. 5). The twao
large arrows at the top of the figure indicate the 55 25-5p 2P line
wavelengths predicied by the DF approximation. The dotted line
indicates the HFP predictions (from Ref. 1), The solid lines ending
in the two arrows give the predicted DF line separation shified 1o
overlap with the experimental lings. The energy splittings are seen
to agree very well,
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Another Experiment, also Beam-Foil

Tentative Identification of the 55 —5 p Transitions
in Pm I-Like Au XIX Z. Phys. D1, 381 (1986)

E. Tribert and P.H. Heckmann

Au 20MeV 0-200pe Au 20MeV  200-.00ps

Sit width 015 mm Slit width ID.15mm

Coaunts /12 pC

Counts # &pC

LO0 - 600 ps

Slit width 0.2mm

T |
Wavelength / nm
Fig.1. Spectrum of Au at 20 MeV ion energy with the spectrometer W'L’Lﬂ
%5 30 3

40

|
T v T T
30 35

viewing at the foil and at the first about 200 ps of the decay, Line

width (FWHM) 0.12 mmn. The gap oear 30 nm is due to a foil break- ) . ) !
15 20

age detected too late Wavelength / nm

Fig. 2a, b. Spectrum as in Fig. 1. a Flight time interval 200-400ps.
Ling width 0.12 nm. b Flight time interval 400-600 ps. Line width
0.15 nm (wider spectrometer slits}

T N 1

5 Ly




Results from the work by Trabert and Heckmann

Wavelength (nm) Tentative
identification
This work Theory
19.88
19.97
45 20.32
67 2058 19.9 (1} Au XIX 55-5p5,
18.643 [5]
4 20.93
38 21.12
25 21.39
3 21.50
30 2356
50 23.72
37 31.37 29.7 [1) Au XIX 55-5p, 4
29.033 [5]
23 3186
25 32.00
32 32.47

3282




Of course, if Pm-like ions show such interesting behavior, it is







Other experiments to verify this interesting collapse

wavelength

Unpublished beam-foil spectrum of 30 MeV Lead from
RIKEN



Experiments other than beam-foil ?
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EBIT experiments




EUV-spectra from tungsten Pm-like w'e
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Excitation function kne 305 24e- 0024
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The current situation

Table 1
A comparison of wavelengths for the 5s 2S-5p 2P doublet transitions for a number of Pr-like lines (a; 1/2-1/2, b; 1/2-3/2)
Ton DF wavelength Present calculation Experimental
wavelength
W a 37079 jn62 3653
b 26242 2637 258.2
Ir a 3192l 3138
b 21238 2134
Au a 200.33 2859 33T
b 18643 15868 205.8
Ph a 255.70 2515
b 154 98 154.5 153.0
U a 179 .63 175.1 175.4
b 87.25 862

The DF results are from [18]. The present calculated results are single configuration calculations done using the Cowan code [16]. The
experimental wavelengths agree quite reasonably with both calculations for the case studied here, namely Pm-like W. Wavelengths are
in A, with an uncertainty of around 0.2 A.The Au wavelengths are from [2], where the wavelength uncertainly is around 0.3 A. The Ph
wavelength for the 1/2-3/2 transition is from an unpublished beam-foil study [22]. Unfortunately it was not possible to accurately
calibrate the spectrometer in this Pb experiment and therefore a conservative error of 1 A is given. The U wavelength for the 1/2-1/2
transition is from [4] where the line identifications were given as tentative. The work here supports the identification for U in [4].




Following the good agreement between the
EBIT spectra and the calculated wavelengths for
the Pm-like resonance lhines. an attempt to find
these lines in ASDEX Upgrade tokamak spectra
was undertaken. Spectra were recorded using a 2.2
m-grazing mmcidence spectrometer centered at the
predicted wavelengths with similar line dispersions
as in the EBIT spectra. These spectra are still un-
der investigation. however there are interesting
comncidences between the EBIT and the tokamak
spectra, unfortunately there are some line blending
problems which make 1dentification in the toka-
mak more troublesome.




A little optimistic
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