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SUMMALRY: Stark width and shift of Call 393.367 nim resonance spectral line
at 43 000 I electron temperature have been measured and compared with existing

theoretical values.

INTRODUCTION

Spectral lines of 1onized light elements in hot
star spectra are present in large number. Informa-
tions about Stark broadening parameters of ionized
calcium spectral lines are of great astrophysical in-
terest (for the evaluation of a physical modelling of

stellar atmosphere abundance.)

A large number of experimental papers deal
with the broadening of singly — ionized ¢alcium spec-
tral lines. Many of them are devoted to the investiga-
tion of the principal resonance spectral lines. About

only three experiments (Robert and Kckerle, 1967;
Roberts and Barnard, 1972 and HadZiomerspahic¢ et
al, 1973) concern investigation of Call resonance li-
nes Stark broadening parameters at electron temper-

ature (T) larger than 20 000 K. However, there are

no published experimental data on Stark parameters
at T' larger than 30 000 K. Existing experimental
Call Stark broadening data of the resonance lines
were selected and presented graphically in Fig. 1 in
Konjevi¢c and Wiese (1990). It 1s seen that large dis-
crepancies still exist, where the experimental data

points fall into two groups separated by more than

factor of two. |
The aim of our investigation 1s to provide ex-

perimental Stark FWHM (fullwidth at half max-

mum intensity) (w) and shift (d) values for reso-

nance 393.367 nm Call spectral line in a linear low-
pressure pulsed arc operating in No at 43 000 K
clectron temperature. Our experimental data are

compared with relevant experimental (Robert and
Eckerle, 1967; Roberts and Barnard, 1970; Hadzi-
omerspahié et al, 1973 and Jones et al, 1972) and
theoretical (Sahal-Bréchot 1969; Barnes and Peach,
1970; Jones et al, 1971; Griem, 1974; Dimitrijevic
and Konjevi¢, 1981; Dimitrijevi¢c and Konjevié, 1987;
Dimitrijevi¢ and Sahal-Bréchot, 1993) values.

2. EXPERIMENT

The linear pulsed arc, that has been used as a
plasma source, has been described elsewhere (DjeniZe

et al, 1990; DjenizZe et al, 1991). Calcium atoms have
been obtained as impurities by sputtering from the
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Fi1g. 1 Stark FWIIM (w) versus the electron temperature for the Call 45?S — 4p2P? resonance lines at
N = 10?3 m~3 electron density. Experimental results: e, our data, o, HadZiomerspahi¢ et al 1973; A,

Roberts and Barnard 1972; V, Robert and Ickerle 1967; o, Jones et al 1972. Calculated values: JBG, Jones
et al 1971 and Griem 1974 SB Sahal-Brechot 1969: DK Dmntruevm and Konjevi¢c 1981; BP, Barnes and
Peach 1970 and DSB, Dm‘utnjewc and Sahal-Bréechot 1993.
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Fig. 2 Stark shift (d) versus the electron temperature at N = 1023 m~3 electron density. DKy, Dimtryevic
and Konjevi¢ 1987. Other notation is the same as in Fig. 1. '
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glass walls of the discharge tube painted prelimi-
nary with calcium salts. In order to release impu-
rity atoms from glass walls more successfully we have

used special kind of the energy source described else-

where (Djenize et al, 1992) in details. It consists
of two separate condensers of 8 and 0.3 pI* that
were discharged in succession after controlled time
intervals. Condensers were charged to energies 58 J
and 28 J, respectively. We have obtained homoge-
nous distribution of the impurities and simultane-
ously, resonably high electron concentration (order

1022 m~3). In this way it was ensured that Stark

effect has a dominant role on both broadening and
shift of spectral lines. We have used N9 as a driving
gas at the pressurc of 430 Pa.

The line profiles were recorded by a shot-by-
shot technique described elsewhere (Djenize et al,

1990, 1991; Purié et al, 1987). The measured pro-

files were of Voigt type due to the convolution of
the Lorentzian Stark and Gaussian profiles caused
by Doppler and instrumental broadening. Van der
Waals and resonance broadening were found to be
negligible. The self-absorption of the measured spec-

tral lines can be neglected owing to the very low con-

centration of the investigated emitting atomic species
in the plasma. Reproducibility of the investigated

spectral line radiation intensities was 85% what can
be taken as acceptable considering the method used
to introduction the impurity atoms. A standard de-

convolution procedure (Davies and Vaughan, 1963)

was used. The Stark width values were measured 30
ps after the beginning of a discharge. Estimated er-

rors In our experimentally measured Stark FWHM
(wm) data were within £15% at given electron tem-
perature and density. The Stark shifts were mea-
sured relative to the unshifted spectral lines emitted
by the same plasma. The unshifted spectral lines
were observed at later times during plasma decay

and at considerably lower electron densities (Puri¢
and Konjevié, 1972). Stark-shift data (dp,) were de-
termined with absolute error of £0.002 nm at given
electron temperature and density. The electron tem-
perature (T) was found from the ratios of the relative

Intensities of 347.9 nm NIV, 393.8 and 393.4 nm NIII

and 399.5 nm NII spectral lines, assuming existence
of the LTI, with the estimated error of £12%. The
necessary atomic data were taken frorn (Wiese et al,
1966). The electron density (N) was measured us-
Ing the Stark broadening of convenient 399.5 nm NII
spectral line with an estimated error of £10%.

3. RESULTS

| We have measured w and d of 3293.367 nim Call

resonance spectral lines belonging to ¢S—*P% (No. 1)
multiplet of 4s-4p transition array at 43 000 K elec-
tron temperature and 1.76x10%° m™3 electron den-
sity. Measured values are the following:

Wy = 0.0286 nm and d,, = —0.0140 nm
within estimated accuracy of +15%.

4. DISCUSSION

~ Our results for w and d are presented graphi-
cally in Fig. 1 and 2, respectively, together with the

other authors experimental data (for the T > 20 000
K) and various theoretical calculations as a function

of the electron temperature at N = 1 x 10?3 m~3
electron density.

From Figs. one can conclude:

1. The agreement between the w,, and dy

values with the calculated values on the base of the
quantum mechaniccal theory (BP) (Barnes and Pe-

ach, 1970) is very good, within 9%.

2. Within the accuraccy of the measurements,
the agreement between the w,, value with the re-

‘sults of the semiclassical (SB) (Sahal-Bréchot, 1969)

and (DSB) (Dimitrijevi¢ and Sahal-Bréchot, 1993)
and semiempirical (DK) (Dimitrijevi¢ and Konjevic,
1981) calculations is satisfactory (within 25%).

3. Acceptable discrepancy exists, within 40%,
between w,, and Griem’s 1974 theoretical results.
4. Distinct disagreement exists, up to the fac-

tor of 2.7, between d,, and calculated (DK, ) values
according to Eq. (4) from Dimitrijevic and Kon-

jevié (1987) (based on the modified semiempirical

approaches) and up to the factor of 3.0, between

dn and calculated (DSB) values (Dimitrijevi¢ and
Sahal-Bréchot, 1993) based on the semiclassical ap-

proaches. - .
Direct comparison of our results with experi-
mental data of other authors is not posible due to the

different electron temperature (plasma composition)
at wich the data were recorded.
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OpuguHaanu Hayyiu pao

HItapkoBy mHpHuy M rioMepaj pe3oHaHTHE J1H-
Huje 393.367 nm M3 crnickrpa Call cMo Mepmin na
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- eJIEKTpOHCKO) TeMIiepatypu on 43 000 K 1 ynopenninn

ca 110cToje M TCOPU JCKMM BPCLHOCTHMA.



