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ABSTRACT

Over the last few years, many of the available data from modern experimental techniques and
sophisticated theoretical methods have become even more important to stellar spectroscopy.
Obviously, the shape of the spectral line is conditioned by natural broadening, Doppler and
collision broadening. In this paper, we have considered the Stark broadening as a dominant form
of collision broadening of the spectral lines of singly ionized rhodium. Here, Stark broadening
parameters widths and shifts have been calculated for 31 Rh Il transitions using the simplified
modified semiempirical method of Dimitrijevi¢é and Konjevic. We analyzed our results for Stark
shifts and compared these obtained values for the whole set of calculated transitions. Also, Stark
widths were analyzed on an appropriate model of the atmosphere of chemically peculiar stars,
type A.
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1 INTRODUCTION

Rhodium is one of the of the six platinum group
metals: platinum, palladium, rhodium, osmium,
iridium and ruthenium. It is also classified as a
noble metal, meaning that it does not react to
oxygen easily, acts as a fantastic catalyst and
is resistant to corrosion and oxidation. Stark
broadening parameters, line width and shift,
especially are needed in astrophysics, due to
constantly increasing resolution of satellite borne
spectrographs, and large telescopes. This
data on trace elements, which were previously
insignificant, now have increasing importance.

In [1] it is reported a few strong Rh | an Pd | in
spectra of v Equ as one of the example of cool
Ap star belonging to chemically peculiar (CP)
stars. Some atomic species have stronger lines
in the ultraviolet than in the photographic region,
which is why they can only be seen in the UV
region, for example Co Il. This star is also known
as sharpest-lined Ap star [2]. A line identification
study of A\ 3086-3807 confirms the previously
stated, see [3]

Neutral rhodium Rh | is better known in the
literature than its higher ionization states. Today,
both singly and doubly ionized rhodium were
detected in stellar spectra. Several singly ionized
rhodium Rh II, have been identified in different
astrophysical spectra such as the Solar spectrum
[4] and the spectra of the HgMn type star x Lupi
[5], the super-rich mercury star HD65949 [6], the
HgMn HD175640 [7] and the peculiar Przybilski’s
star HD101065 [8]. Some of these stars show the
presence of singly ionized rhodium because its
spectral lines at different wavelengths observed
A = 3093.5, 3162.2, 3187.9, 3207.3, 3307.4 and
3477.8, these 6 lines were identified as radiative
transitions [9].

Authors from [9] reported oscillatory strengths
for transitions of astrophysical interest to singly
ionized rhodium. Seventeen radiative lifetimes
of singly ionized rhodium have been measured
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with time-resolved laser-induced fluoroscence
techique and combine with theoretical branching
fractions calculated using a relativistic Hartee-
Fock model including core-polarization. As a
final result, a set of 113 Rh Il transitions in the
spectral range 1530-4180 is published in [9].

New experimentally determined branching
fractions and oscillator strengths (log gf) for
lines originating from 17 levels belonging to
5 terms of the first excited odd configuration
4d"(*D)5p in Rh Il are given in [10]. Spectra
of singly ionized rhodium Rh Il have been
recorded with a Fourier transform spectrometer
between (2200-4000 A) in energy range 25000
and 45000 cm~'. In this region, 49 lines have
been identified and measured. By combining
the branching fractions obtained from the spectra
with previously measured lifetimes, log gf values
are reported in [10]).

Rhodium atoms have 45 electrons and the shell
structure is 2, 8, 18, 16, 1. The ground state
electronic configuration of neutral Rhodium atom
is [Kr] 4d®5s' and the term symbol is *Fyo,
which follows noble gas [Kr]. It has one stable
isotope and 19 short-lived isotopes and isomers
[9]. Rhodium is a very important element for
stellar nucleosynthesis obtained from the r- and
s-processes. One example in ultra metal-poor
star CS 22892-052, indicated two different r-
processes, where are the new observed data
of the lighter n-capture elements in the 40<Z<56
domain (Nb, Ru, Rh, Pd, Ag and Cd). This stellar
r-process patterns are similar to the solar system
r-process abundance distribution [11].

For our calculations of Stark broadening
parameters we used simplified modified
semiempirical method [12] based on [13] since
a set of atomic data, needed for more accurate
semiclassical perturbation calculations [14, 15]
does not exist. There is no other experimental
and theoretical data for Stark widths and shifts
except our set of calculated values.
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2 THEORETICAL METHOD

The simplified modified semiempirical method [12], formulated for Stark broadening of isolated spectral
lines of singly and multiply charged ions in plasma is convenient for Rh Il lines. According to [12], full
width at half intensity maximum is:

2 3 * 2
Wamse = const):ﬁjj\j(o.g - %) 5 ( ;Zk) (0 = — b — 1) 2.1
k=i, f

where X\ is wavelength in [m], N perturber density in [m™%], T temperature in [K] and const =
2.21577x102°m? K1/ give us full width at half intensity of maximum w,s. in [m]. Here, k = i, f
and i is for initial atomic energy level of the considered spectral line and f for final. Here, with Z
denoted residual charges if ion. For neutral Z = 1, and for singly ionized Z = 2, for doubly ionized
Z = 3 efc. Effective principal quantum number denoted with n;, , where I;; (k = i, f) represent orbital
angular momentum quantum number.

In the case of the Stark shift for ions, there are two different formula. If we neglect transitions with
An = 0, where n denotes main principal number by summing all allowed transitions we get the
following shift formula:

2 -3
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where is
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if exist all levels we can find shift by next formula:
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where is
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—k§f2lk+1[(k+)[mk = (e +1)7] = le(ng,” = 1io)] (2.9)
3 RESULTS Here, we noted that wavelengths given in Table

1 are calculated ones, and consequently different
In our previous Study of S|ng|y ionized iridium from experimental ones. The transformation of
ion [16] we noted that it is possible to apply Starkwidth in A to the width expressed in angular
simplified modified semiempirical method [12] frequency units may be performed using the
when the conditions are satisfied. Because of following formula:
this reason we take available 31 lines of Rh Il \2
for calculations of Stark broadening parameters, W)= Z—w(s™) (3.1)
widths and shifts. Our results for Rh Il spectral 2me
lines are presented in Table 1. For calculations where c is the speed of light. If the width or shift
we used an electron density of 10> m=3 and should be corrected for the difference between
temperatures from 10000 up to 300000 Kelvins. calculated and experimental wavelength, this can
Energy levels for calculations have been taken be performed with next expression:
from [17]. ,

W' = Neap/Aen)*W (3.2)
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and for the shift the same formalism in the
appropriate designation. With W' is denoted
the corrected width, .., is the experimental, A,
the calculated wavelength and W the width from
Table 1.

We analyzed our results for a complete set of
calculated lines of single ionized rhodium. In
Section 2, we described a method for obtaining
Stark widths and shifts given by the indicated
formulas. If we make the ratio d/W we can see
that it does not depend on the temperature or
the wavelength or of the perturber density. This
is interesting because such a ratio is constant
for each line separately when varying these
parameters, here specifically for the temperature.
This ratio depends only on quantum numbers and
optical charge, which can be seen if we derive the
quotient shift and line width.

For example, for the 2490.8 A line, this ratio is
0.325 and it is the same for any temperature from
10000 to 300000 Kelvins. Also, the minimum
value of the ratio has line 2606.5 A with value
0.191, and the maximum for line 2520.5 A with
value 0.329. For all calculations in a given
wavelength range of interest, these ratios are
between 19.1% and 32.9% of the width of a
single line, which can be seen in Fig. 1.

The growing need for the spectral line data for
the concerning neutral and lowly ionized heavy
atoms Z > 37 is of enlarged interest in describing
a chemically peculiar star atmosphere. The Rh
Il spectrum has been intensively researched for
the last decade and is used in experimental and
technological terms. A look at NIST spectral
database reveals that there is a need of not only
for the characterizing the spectral line properties
but also the characterization of the energy levels,
please take a look at 2477.54 A, 2504.29 A, and
3964.54 A lines for instance. The decay times
and related oscillator strengths are investigated
by the means of the laser induced fluorescent
methods. In the [18], two wavelength methods
are used. Two Nd:YAG second harmonic lasers
are used, one for breakdown on the Rh surface
in a vacuum chamber and the second pulse
is exiting the desired level. The time domain
resolved decay is measured, the results are
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used for determining both oscillator strengths
and branching factors in [19]. From all previous
studies it is obvious that the Rh Il spectral
characteristics are not only of interest but
present open fields for further research in both
experimental and theoretical aspects of research.

All of the presented works are comparing their
results with adequate pseudo-relativistic Hartree-
Fock models. Having that in mind, it is our
belief that the set of data concerning a Stark
broadening parameters width and shift for the
known spectral line is of interest for both solar
models as well as experimental usage. The lack
of detailed knowledge of energy levels for Rh Il
led us to usage of simplified rather than detailed
MSE method.

Here, we considered the Stark broadening effect
for Rh Il spectral lines in A type star, as we
considered in our previos papers [20, 21, 22].
In Table 1 is placed spectral line of Rh Il with
wavelength 2511.1 A as 5s b®F4 - 5p z°F§
transition with a relative intensity of 300 [23].
We make a comparison of thermal Doppler and
Stark widths for Rh Il spectral line 5s b®F, -
5p z°F¢ (2511.1 A) in A type stars, a model
atmosphere with Tcys = 10000 K and log g =
4.5 [24], in Fig. 2. X axis is written with logr and
indicates Rosseland optical depth scale. This
chosen model is very similar to the models of
A type stars, where rhodium was detected in
their spectrum, which we wrote about in the
introduction of this paper. In the deeper layers
of the atmosphere, the Stark effect is below
the thermal Doppler, but as we go towards the
surface layers, it grows and becomes dominant
above the optical depth whose value is 2.5, see
Fig. 2. Although in deeper atmospheric layers
Stark broadening is less significant compared to
Doppler one, and it has an effect on the wings of
the spectral line and is still dominant. This fact
is supported by the growing abundance of this
element in the atmosphere of the star. In Fig.
2 we can see distribution of width for Stark and
Doppler one in marked temperature range, from
10000 to 40000 Kelvins, for the same model of A
type star with Ty = 10000 K and log g = 4.5 [24].
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Table 1. This table presents Rh Il electron-impact broadening parameters: Stark width-W and
shifts-d, both in [A] and angular units [s~!] for 31 transitions, obtained by the simplified
modified semiempirical method [13] for a perturber density of 102> m~— and temperature

range from 10000 up to 300000 K

Transition TK] WIA] d[A] Ws—1] dz—1]
ALA

&8s bFy - 5py5Dg 10000 061310-01  -0.13B0D-01  0.2229D+12  -0.501BD+11
22T6.2 20000 0.4335D-01 09760002 0AST6D+12  -0.354BD+11
50000 0.2742D-01 08173002 0.0968D+11  -0.2244D+11
100000 0.193890D-01 04365002 0.7048D+11  -0.15BTD+11
200000  013F1D-H -030BED-02  0.4984D+11  -0.1122D+11
300000 0.1118D-1 02520002 0.4068D+11  -0.01E2D+10

Bz a°F5 - Gp 25 Gy 10000 04491D-0  -D13580-01  DA552D+12  -0.4682D+11
23348 20000 0.3176D-01 08802002 OQA0FD+12 -0.331BD+11
50000  0.2009D-01 -08073D-02 06940D+11  -0.209BD+11
100000 01420D0-1M  -04204D-02  0.4908D+11  -014B4D+11
200000 0.1004D-01 -030360-02  0.347T0D+11  -0.1048D+11
300000 0.8200D-02 -02470D-02 0.2833D+#11  -0.BSETD+10

55 b*Pz - SpwiDg 10000  0.8034D-01  -0.1816D-01  0.2658D+12  -0.5347TD+11
23860 20000 058310-01  -0.1143D0-01  0.1880D+12  -0.37BID+11
50000  0.35930-1 -07227D-02  0.1189D+12  -0.2301D+11
100000 0.25410-01 05111002 0.B4a06D+11  -0.16D1D+11
200000 0ATITD-M 03614002 0.5944D#11  -0.119E6D+11
300000 0.146TD-H 02051002 0.4853D+11  -0.8763D+10

55 a°Fy - 5p 25053 10000 050910-01  -0.1500D-01 016430412 -0.4B42D+11
2415.9 20000 0.3500D-01 -0.1061D-01  Q162D+12  -0.3424D+11
50000 0227P70-M -DETI0D-02  07348Ds11  -0.2166D+11
100000  0.16100D-01 04745002  05196D+11  -0.1531D+11
200000 0.1138D-01 03365002  0.3674D+11  -0.10B3D+11
300000 0.9294D-02 02730002 030000+11  -0.BBA1D+10

55 a*Ggz - 5py3F3 10000 0.80270-01 04671001 0.2582D+12  -0.5374D+11
2420.2 20000 ©05676D-M  -D.11B20-01 08250412 -0.3BDOD+11
50000  0.3590D-01  -0.7474D-02  0.1154D+12  -0.2404D+11
100000 0.25380-01 -052B5D-02 0.B163D+11  -0.1700D+11
200000 0ATISD-M DITIHD-02  05TTZDs11 -0202D+11
300000 0.1466D-1 03051002 04713D+11  -0.0B12D+10

55 a°Fy - Bp 28053 10000 0.52390-01  -0.151BD-01  0.1684D+12  -0.4B70D+11
2421.0 20000 0.3704D-01 0073001 Q1190D+12  -0.3450D+11
50000  0.23430-01 -057BOD-02 0O7529D+11 -0.21B2D+11
100000  016570-M  -048B01D-02  0.5324D+11  -0.1543D+11
200000 071D 03305002 QATESD+11  -D10DID+11
300000 0.9565D-02 02772002 0.3074D#11 -0.BDOTD+10

8z a°Fy-5pzfGg 10000 0.49230-M 04501001 Q1574D+12  -04TIBD+11
24271 20000 034001 -DA0BID-01 011130+12  -0.33930+11
50000 02202001 -0ET10D-02  OF0400+11  -0.2146D+11
100000 0.1557D-1  -D47450-02  D4978D+11 -0A517D0+11
200000 010M1D- 03355002 0.35200+11  -0.10730+11
300000 0.89880-02 02740002 0.2874D+11  -0ETEOD+10
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Table 1: Continued.

Transiticn ] WAL o] Wis—'] ds-1]
MA]

65b'Gs-Bpx'GE 10000 0.63280-01 04716001 028120412 05472411
2431 20000 0.62430-01 04215001  0.19E3D+12  -0.3B800:11

BOOD0  0.39480-01 07FEE30-02  (0L12B3D0.12  0.2447D.11
100000  0.Z7e2D-01 05433002 QUEES2ED+11 07300411
200000 049740401 05E420-02  QUE2EAD+11 012240411
300000 018120401 03137002 0.61340:11 -0.9991D410

55 8"F - Gp ™G] 10000 0.E3E20-01  -0BsS0D-01 017040412 -0.4B0BD-11
24319 20000 0.5784D-01  -0.10880-01 012050412 40.34590411
GO0O00  0.23830-01 06638002 0O78230+11 -0.2184D211
100000 0.18820-01  -046700-02 (OLB3BOD+11  -0.1BEIDs11
200000 011e70HN 05444002 038110411 -00087Da11
300000 O0ET1D02 -028120-02 031120411 -0.B96ED410

55 8°Fg - 5p Z"DY 10000 0.E90-01 0ABED-01 0L16E810+12 -0.4B9E6D411
24567 20000 037610HN 01080-01 01176012 4054670411
BODD0  0.2379D-01  -07008D-02 074300+11 021890411
100000 06820401 -0.48580-02 (LE2B4D+11 -D1E4BDL11
200007 01830-1 A0.5B0ED-IZ  0A3TIED+11 -D108BEDa11
300003 087120402 02882002 (0.30330+11 -0.B9GBD+10

55 B°05 - GpatES 10000 0D.BOETDHM 00772001 DLEAEIDL12 -DBE21D411
24589 20000 06404001 -042E304 0.198950.12  -0.3004D411
GOOD0  0.40600-01 -0792E0-D2 (0QL12620.12  -0.24600411
100000 0.28640-01  -0GE04D-02 0B9230+11  -0.174BDs11
200000 02025001 -0.530E20-02  QUEIDAD+11 012340411
300000 0.1854D-1  -0.323E0-02 0OE1BID+11  -0.1D0BD411

55 B%Fy - GpztDg 10000 05183041 -04BBI0- 0.18980+12  -0.4BEZD411
24589 20000 038690401 041040-D1 011430412 -0.343BD411
EDOD0  0.23200-01 06580002 072390+11  0.217EDs11
100000 018410401 -0.48360-02 0E1720+11  -0.1E3BD411
200000 01160001 -0.34300-02 0.3614D+11 00870411
300000 084730402 02850002 0E9E1D+11  -0.BETEDs10

55 8°F4 -Gpz Dy 10000  0.49930-01 -04BTD-01  0.95B4D+12 046130211

2481.0 20000 03534041 0084011 010890412 03403041
50000 0.22350-01 -0.6920D-02 0.6962D.+11 021620411
100003 0A6810-01  -0.46930-02 (049180+11 016220411
200000 01118051 0.54500-02  03LFE0+11 - FEDL11
300003 08912650402 02826002 0.23380+11 -0.87B6D+10

55 B35y, - Bp ZIH2 10000 078390-01 00742001 023480412  -40.6354D411
24706 20000 054020401 00232001 0L1680D.12  -40.57BED211
50000  0.3418D-01 -077900-02 010800412 -0.2384D411
100000 0.24180-01  -06BOED-D2 074250+11 016830411
200000 0ATOADH0N -05BAE0-02  OLE2B0D.11 -D1187D.11
300007 0.43950-01 051800402 042670411 D997 EDL10
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Table 1: Continued.

Transition T WA djA] Wi—1] q=-1]
MA]

55 @°Fy -5pz°FY 10000 0481804041 -0UBE7T0-D1 014B3Dw1Z 147560411
24908 20000 0.34070-1 01108001 01034012 4033630411

B0O00  02E6E0-01  -07D0ED-02 OES42D:11 021270411
100000  0.15240-01  -045540-02 048280411 -0.1B04Ds11
200000 OQAPTD-0M -05B03D-02  0.3Z71D+11 4010640411
300000 0.879E0-02 -0.2BEDD-02 0.2ET1D+11  -0.BES4D+10

55 @"Fz - Bp Z°F§ 10000 064340-00 -0AEWD-M 018330-12 -0.4%1BD411
25039 20000 0.383430-01 -0157D-01 01164012 -0.347Daid
50000  0.24300-01  -0F3200-02 O0730MD+11 021950411
100000 04718001 0617ED-02  OE1E3D+11  -01ESEDs11
200000 0.A60H 056800-02 038510411 -0.1100D411
300000 O08e1D-02 -02m8ED-02  0.Z9E1D+11  -40.BWED410

56 8°Fy - Bp Z°F} 10000 0E27D-01 -0ETD-01 01680D+12 4048820411
26061 20000  0.537450-07 -0015DD-01 011248012 034520411
BOO00 0.23890-07  -0727aD-02 071100+11  -0.21830411
100000 046750501 06184002 0.B0E7D+11  -0.1B44Ds11
200000 011840401 03EFTD-02  D3BEED+11 A0.1D92D411
300000 0.85700-02 -025700-02 0.29030+11 -0.6814D410

6g 8°Fy - 5p Z°F§ 10000 0611001 -04B170-01 01627012 -0.4B52Da11
26107 20000 035314001 0143001 010B0D+12 034170411
50000  0.22880-01 -07232D-02 06831011 -0.216810411
100000  0.16180-01 06114002 043300+11  -01BE2BD411
200000 011430407 05616002 034160411 010810411
00000 0.83320-02  -0.20E2D-02  D2FEID+11 -0.BEZ2Ds10

B8 B3Py - BpYIPY 10000 0.85620-01 -00B42D-01  0.2558D+12  -0.5B02D411
26111 20000 0.60640-01 -04302Z0-01 01809012 -0.368DD411
BO000 0.382930-01  -0AZ3ED-02 011440412 -0.24500411
100000 0.Z7080-01 -066240-02 O0.B0EAD+11  -0.1740Ds11
200000 049150401 D411ED-02 06719011 012300411
300000 018830-01 03382002 04570D+11 4010040411

55 c'Pz - Spw’Df 10000 08061004  -00BGED-D1  OEP0E0.12  -0.66G5D.11
25134 20000 0B84070H -003200-01 01911D0e12 038660411
B0O00  040620-01 -0B3G7D-02 01208012 -40.2458D411
100000  0.28650-01 -060020-02 (0B6544D+11  -0.176004+11
200000 0.20260-01 -041730-02 0620411 -0.1244D411
300000  0.16540-01 034V D-02  049330+11  AL10MEDs11

58 @LFy, - Bp Z-Fg 10000 0.43840-01  -00B0ED-01 014480412 -047YEFDa11
2820.E 20000 0348301 013D 01024D412 03T 10411
BO000 0.21840-01  -07190D0-02 068D -0.2132D411
100000 0.15440-01  -060840-02 04590411 -0 1E0FD411
200000 0.90920-01 -0.569ED-02 0.32380+11  -01D6ED411
300000 0.89180-02 -0253E0-02 028440411  -0ET0O3D410
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Table 1: Continued.

Transitian Ly WIA] @A) Wis—1] df-1]
MA]

55 0F°P: - Bp I"F“I' 10000 OES10D-n -018820-00 024800412  -0.65080+11
2837 1 20000 OE0I7D-01 31331 D OL7E1D+12 -0.38850+11

B0000  03808D-01 -0.8417D-D2 DL1114D412  -0.2463D+11
10000 DEEHID-01 -0EeR2D-D2  DTETED+11 -00T742D+11
200000 0L19030-1 -0.4209D0-02  DUESEAD411 -012320+11
300000  016B4D-01 -0.34380-D2 D4547D411 -0.1008D+11

558%0, -5pE'DY 10000 OLIDMD.00  -0.19880-0n  OUBBESDM12  -D.ET11D+M
25869 20000  OFO0E2D-M -Q4120-n 020240412 -0.40380+11
BIO00  044790-1 -0.89300-02 OQL1ZE0D41Z2  -0.2554D.11
100000 O03ETD-H -0.E7D-02  DUBOB4D4 11 -0.13080+11
200000 0.2239D-01 -044670-02 DLELD2D411 -DOEFTDE1
30000 DLIB2AD-01 -0.36847D-02  DE2I D11 0010430+ 11

55 0°Fy - Gp 2707 10000  068E3D-01 -0018670-01  DU1BBBDL12  -0.E254D+11
2687 .2 20000 048Z30-01 -013200-01  D13BED412 -0.5715D+L11
50000 031740401 -0.B3490-02  DEFE2D.11 -0.23490+11
100000  0.22020-01  -0.6904D-02  DE1BED411 -018E1D+M
200000 LIEETD-H -041750-02  D43BID411 -0.1T7EDeT
300000 012710 -0.34080-02 03577 Oe11 -0.8582D0+10

558°P; -BEZ0D§ 10000 07117040 -018780-01 DLBO0GDM12 -0.62840.11
26873 20000  0.B03AD- -013280- Quid1ED412 -0ETEITD+M
EJO00  O3EID-N  -0.E3E9D-02  DUBBEED.11  -0.23E30+11
100003 0Z22R1D-01 -0.59389D-D2 (0B33304+11 -01871D+11
200000 DIEEID-01 -0.41800-02 044780411 -011820+11
300000 1289001 -0.3429D-02 0L3BBEED.11 -0.88480410

55833, -BoysDy 10000 OBZF70-M  -DAWTOM 0253000412 -0.54%40.11
28033 20000 OLESEID-01 01308001 QUIEEFDLAZ  -0.3885D0.:11
EODO0  OLWO0M0-01  -0.8340008 Q10290412 024570411
100000 0.261704M  -0.BI51DD8  O0FFED4+11 -DA7I7D+1
MO0 08610 -0.44200-02 051440411 -D.1229D 11
0000 045110401 -0.3809D-02  0.42000411  -D.1003Ds11

55a'Hy -Bpy*HE 10000 0.11040.00 -0.21080-0n  OUL30BOC412  -0.6845D0+11
26065 20000 0FE0A0D-01 -004810-0 EEADe12 041330411
B0000  04835D-01  -0.84280-D2 0L136BDO412 -0.2814D+11
100000  034500-01 -0.68680-02 DBE7E0411  -0.1848D+11
200000 0MEAD-01 -047140-02 0LEB420.411 -0.1307D% 11
300000 0201501 -0.38490-02  QUESEED411 -01067D+1

55 IFF; - BpzIPg 10000 0ESE2D-01 -0.20680-01  DZBWD412 -0.65684D+11
2638.8 20000  0E2EED-01 -0014620-1 DUIESED.12  -0.39580+11
BO000  039E30-01  -0.82490-02 D0F2D+12 -0.256020.11
100000  0.26020-01 -0.65400-02 OFEEID411  -0A7E9D+1
200000 0L18E20-01 -0.4824D-02  DLESEOD411 -01261D+M
300000 0161801 -0.57VED-02  D4ASTTD411 -010210e1
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Table 1: Continued.

Transition TI¥] WiA] df] Ws—*] gis—1]
AJA]

s b'Fa - BpzF) 10000 D.BETID-01  -D20FD-01  DTEEDs12  -DUE216D411
Z705.8 20000 0.4B58D-D1  -0014330-01 Q12500412 -D3GAED0411
50000 0.30730-D1  -DS0B4D-02 OTFE0FDs11  -D2E320411
100000 0.29730-01  -DB4080-02  0.EB91DL11  -DU1B48D411
200000 0.1B3ED-1 04632002 0.3854D:11 -D118ED4+11
300000 0128601 -0FF00D-02 Q.3Z2EDs11 -DOEZZDLI0

B b'Fy - BpZHE 10000 08800 02043001 QA7B3DL12  -DE21B0411
7153 20000  0.48300-01  -DU144ED-01 012470212 -D3EI D41
50000 030850~ 091360402 OFBESED411  -D2E34D0411
100000 0.21820-01 08460002 OQ6EBD+11  -D16500411
200000 01B430-01  -D4GEBD-0Z 038470411 -DL11EFDe11
G00000  0U1EED0-01 0UIF300-02 032190411 -DUSE29D40

B2 bAF,4 -Bpz=Ge 10000 OFR1BD-D1 02578001 OE2Ds12 052380411
29101 © 20000 O5MED-01 -DABBID-0T 011820412 -DET3I90LT1
50000 0.33620-D1  -D10630-01 O7HEBED:11 -D23660411
100000 0.23770-01  -DT7Ei0D02  QEZBED+11 -DIETZD41
200000 01881001 -DS31ED02 037300411 011830411
300000 01373001 04341002 030630411 -D.965ED410

for all lines SHIFT/WIDTH marked with pointtype ~ ©
09 | 4

08 .
0.7 .

0.6 8

dw

05t -
04} .
03} P @ & ¢ - E i

0.2t L A -

-2200 2300 2400 2500 2600 2700 2800 2900 3000
Wavelenght [A]

Fig. 1. Ratio of calculated Stark shifts and widths for all spectral lines for singly ionized
rhodium
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Fig. 2. Stark widths for Rh Il spectral lines 5s b>F, - 5p z3F3 (\=2511.1 A), for an A type star
atmosphere model with 7. ;; = 10,000 K and log ¢ = 4.5, as a function of the Rosseland optical
depth
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Fig. 3. Stark widths for Rh Il spectral lines 5s b°F, - 5p z°F; (A\=2511.1 A), for an A type star
atmosphere model with 7. = 10,000 K and log ¢ = 4.5, as a function of the temperature
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One can see from our results it follows that in
atmospheres of A type stars exist layers where
Stark broadening effect should be taken into
account for modeling and investigation stellar
plasmas.

4 CONCLUSION

We have performed a simplified MSE method for
calculation of Stark broadening parameters for 31
transitions in Rh II. Stark broadening parameters
widths and shifts have been calculated.

We can see that Stark broadening is more
important or comparable to Doppler broadening
for important layers and that its significance
increases with the increase of the optical depth.
One should note that even when the Doppler
width is larger than Stark width, due to the
differences between Gaussian and Lorentzian
profiles, Stark broadening may be important in
line wings.

The principal pressure broadening mechanism
for A type stars is Stark broadening, so this
data are usefull for determination of abundances,
radiative transfer calculations, stellar opacity
calculations, modelling of stellar atmospheres
and stellar spectra analysis and synthezis.
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