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S. Djenize, A. Sreckovié¢ and S. Bukvié

Faculty of Physics, University of Belgrade, POB 368, 11000 Belgrade, Serbia and Montenegro

(Received: December 18, 2003; Accepted: January 16, 2004)

SUMMARY: Using the relative line intensity (/) ratios of the astrophysically im-
portant 518.360 nm, 517.268 nm and 516.732 nm neutral magnesium (Mg I) lines in

the 3p 3P(i172 —4s 351 transition we have obtained the ratios of corresponding tran-

sition probability values (Einstein’s A values). They represent the first experimental
data based on the analysis of the emission spectral lines. The linear, low-pressure,
pulsed arc was used as a plasma source operated in the helium with magnesium
atoms introduced as impurities from discharge electrodes, providing there is no
self-absorption within the investigated range of Mg I spectrum. We have found ex-
cellent agreement with theoretical transition probability ratios tabulated by NIST

(2003).
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1. INTRODUCTION

The 516.732 nm, 517.268 nm and 518.360 nm
spectral lines of the neutral magnesium (Mg I) in
the 3p 3P5”172 — 45 38 transition are useful for in-
vestigations of various cosmic light sources. They
are of interest in the astrophysical plasma diagnos-
tics and modeling (Greenhill et al. 2002, Bower et
al. 2001, Allende Prieto et al. 1999, Garcia Lorenco,
Mediavilla and Arribas 1999). The transition prob-
ability (Einstein’s A) values of these lines are of im-
portance in radiation processes used in plasma mod-
eling and diagnostics. However, their ratios (NIST
2003, Kurucz and Bell 1995) show mutual scatter up
to a factor 1.42 caused by large difference between
the A values corresponding to the 516.732 nm Mg I
transition. On the other hand, only one experiment
is dedicated to the line intensities investigation in
this transition (Penkin and Shabanova 1962) and it
is based on anomalous dispersion measurements.
The aim of this work is to present the transition prob-
ability ratios of the mentioned Mg I transitions us-
ing the relative line intensity ratio (RLIR) method

(Griem 1964, Djenize and Bukvié¢ 2001, Djenize et
al. 2002, 2003a, 2004, Srec¢kovi¢ et al. 2001, 2002)
in the emission spectra, not applied up to now in the
case of the Mg I 3p 3]—7(‘))’1’2 — 4s 38 transition. Our
experimental transition probability ratios are com-
pared with tabulated ones (Wiese et al. 1969, NIST
2003, Kurucz and Bell 1995). We have found excel-
lent agreement with values presented by NIST (2003)
which were calculated by Weiss (1967) and were rec-
ommended in Wiese et al. (1969).

2. EXPERIMENT

A linear, low pressure arc has been used as a
plasma source. A pulsed discharge was driven in a
pyrex discharge tube of 5 mm inner diameter and
plasma length of 14 cm (Fig. 1 in Djenize et al.
1991). The tube has end-on quartz windows. The
magnesium atoms have been introduced through ero-
sion of the magnesium metal bands deposited on the
discharge electrodes following the idea described in
Djenize et al. (1990ab, 1991, 1992). The working
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gas was helium at 552 Pa in flowing regime. Inves-
tigated Mg I spectral lines remain isolated in the
helium plasma. The plasma length of 14 cm enables
detectable intensities of the Mg I lines. Namely, the
density of the magnesium atoms is low because they
are introduced as impurities in the helium plasma.
Due to this fact our plasma behaves as an optically
thin source of Mg I lines. A capacitor of 14 uF was
charged up to 55 J bank energy. Spectroscopic ob-
servation of isolated spectral lines was made end - on
along the axis of the discharge tube.

The line profiles were recorded using a step-
by-step technique with a photomultiplier (EMI
9789QB) and a grating spectrograph system (Zeiss-
PGS with the reciprocal linear dispersion of 0.73
nm/mm in the first order). The spectrograph exit
slit (10 pm) with the calibrated photomultiplier was
micrometrically moved along the spectral plane in
small wavelength steps (7.3 pm). The averaged pho-
tomultiplier signal (seven shots in the same spectral
range) was digitized using an oscilloscope attached
to the computer (Djenize and Bukvié¢ 2001, Djenize
et al. 2002, 2003ab, 2004). The recorded Mg I spec-
tral line profiles are shown in Fig. 1. The lines are
well isolated, with continuum close to zero, which en-
ables high accuracy of the measured line intensities
(I) (within +4%).
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Fig. 1. Mg I spectral line profiles 40 us after the

beginning of the discharge. The mean wavelength in
the multiplet is denoted with < A >.

The plasma parameters were found using well-
known diagnostical methods. Electron density (N)
decay was obtained by the use of the single wave-
length interferometry technique at a 632. 8 nm He
- Ne laser wavelength (Ashby et al. 1965). Electron
temperature (T') was obtained from the He I 587.6
nm and He I 468.6 nm lines intensity ratio (Griem
1964). The maxima of the plasma parameters were :
T =54000 K £ 8% and N = 1.3 102> m~3+£7%. The
absence of the self - absorption in the Mg I line inten-
sities was checked by a method described in Djenize
and Bukvi¢ (2001).
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3. TRANSITION PROBABILITY RATIO

When two spectral lines (denoted with 1 and
2) arise from the same upper energy level their rela-
tive line intensity ratio is given as (Griem 1964):

([1/12)m = A1A2/A2\ (1)

where A and A denote transition probability and the
wavelength of the transition. I, denotes measured
relative line intensity. Eq. (1) enables determination
of the transition probability ratio on the basis of the
measured relative line intensities. The characteris-
tics of the investigated Mg I transitions are given in
Table 1.

Table 1. Characteristics of the investigated Mg I
transitions. Jy and J; are the inner quantum num-
bers of the final (f) and initial (i) state of the tran-
sition. Atomic data (the energy of the initial levels
(E;) and the wavelengths (X)) are taken from NIST
(2003). Transition probability values (A) are given
in 10® s~! units. The indices: N (NIST 2003), W
(Wiese 1969) and K (Kurucz and Bell 1995) denote
tabulated transition probabilities.

Multiplet A E; AN Aw Ape
(nm) (eV)
3p 3P0 4538
Jf - J;
2—-1 518.36043 5.108 0.575 0.575 0.547
1—-1 517.26844 5.108 0.346 0.346  0.329
0—-1 516.73213 5.108 0.116 0.116 0.078

4. RESULTS AND DISCUSSION

Using the measured relative line intensities
(I,,) we have obtained, on the basis of Eq. (1), the
transition probability ratio of the Mg I transitions
during the entire plasma decay. They are presented
in Fig. 2. They show (Fig. 2 abc) mutual scatter

within the estimated uncertainties of £8%. Our av-
eraged transition probability ratios are presented in

Table 2 together with values taken from NIST (2003)
and Kurucz and Bell (1995). One notices that our
experimental transition probability values are in very
good agreement (within +£4%) with the values pro-
vided by NIST. In the case of the A (518.3 nm) / A
(517.2 nm) ratio also the value tabulated by Kurucz
and Bell (1995) agrees well. Large differences were
found between our and Kurucz and Bell’s (1995) val-
ues in the cases of the A (518.3 nm) / A (516.7 nm)
and A (517.2 nm) / A (516.7 nm) ratios. They are
caused by low A value adopted by Kurucz and Bell
(1995) for the Mg I 516.7 nm transition. We have
found that this A value must be higher by approxi-
mately 41%.
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Fig. 2. Mg I transition probability ratios (a, b,

¢) during the plasma decay. The solid and dashed
lines represent calculated ratios taking A values from
NIST (2003) and Kurucz and Bell (1995), respec-
tively (see Table 2). Open circles represent our ex-
perimental values obtained from Eq. (1) with an es-
timated accuracy of £ 8%. Dotted line denotes our
averaged experimental values.

Table 2. Transition probability ratios of the Mg I
lines. The symbol Tw (this work) denotes our exper-
imentally obtained results. Data from NIST (2003)
and Kurucz and Bell (1995) represent tabulated the-
oretical values (see Table 1).

Mg I lines | Transition probability ratios
(nm) Tw NIST | Kurucz
518.3/517.2 | 1.71£8% | 1.66 1.66
518.3/516.7 | 5.16+8% | 4.96 7.01
517.2/516.7 | 3.06+8% | 2.98 4.22

5. CONCLUSION

On the basis of the accurately measured inten-
sities of three Mg I spectral lines we have obtained
corresponding probability ratios. They are in excel-
lent agreement with values provided by NIST. This
implies that the transition probability values of the
518.360 nm, 517.268 nm and 516.732 nm Mg I lines

presented by NIST (see Table 2) represent reliable

atomic data (within £5% uncertainties) to be used
in the plasma diagnostics and modeling.
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OJHOCH BEPOBATHOTRA IIPEJIA3A Y Mg I 3p - 4s ITPEJIA3Y

C. Benmxe, A. Cpehrosuh u C. Bykeuh

Qusuuxy paxyamem Ynusepsaumema y beoepady, I105. 368, 11000 Beozpad, Cpbuja w Lpna I'opa

UDK 52-355.3
Opuzurasru Hay4HY Pad

Ha ocuoBy penaruBHux wunteHsurera (I)
acTpopm3mukn UMHTepecaHTHHUX ©518.360 nm,
517.268 nm m 516.732 nm CHEKTpAJHUX JIWH-
nja aroma wmarmesujyma (Mg I) y npemasy
3p 3135’,172 — 4s 3S) ompemmnm cMO OmHOCE HU-
xoBux BeposarHofa mnpenasza (Ajumrajuosu A
roepunujeatr). OBKM OIHOCU NPEACTABILAJY IIP-
Be EKCIepPUMEHTAJHEe MOJATKe NOOUjeHe Ha OC-
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HOBY €MUCHUOHUX JIWHUja. JIMHeapHW MMIyJICHU
JTyK, HA HUCKOM IIPUTHUCKY, Kopumhen je kao
M3BOD IJIa3Me Y XEeJNUjyMy Ca aTOMHMa MarHe3wn-
jyma, kao meuncrohama, o6e3bebyjyhu oncycrso
CaMOAaICopNuNje y MHTEH3UTETUMAa KCIUTUBAHUX
Mg I cmekrpanaux muauja. Habeno je m3panpen-
HO Cllararme Ca TEeOPHUjCKU oApeheHrM OomHOCHMMAa
BepoBatHoha mnpesaza rtabemupannx y NIST-y
(2003).



