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Recent developments of EUV diagnostics from transitions in Boron-like ions, C II, N III, 
O IV, Ne VI, Mg VIII, Al IX, Si X, and S XII, are discussed based on new atomic data 
(Zhang, Graziani & Pradhan (1994)) and systematic theoretical calculations of line intensity 
ratios (Peng & Pradhan 1995). The available EUV and UV lines which are good temperature 
and density diagnostics are summarized. Possible applications of these lines to the investigation 
of the physical conditions in astrophysical objects are proposed. 

1. Introduction 
The atomic structure of Boron-like ions affords useful diagnostics of sources in the 

EUV and UV spectral emissions. Previous studies have focused primarily on low-Z B-
like ions C II, N III, O IV, and Ne IV, and no systematic study of the isoelectronic 
sequence has been done. Previous works include the C II and O IV calculations by 
Hayes k Nussbaumer (1984, 1983), the C II work by Lennon et al. (1985), the N III 
calculations by Stafford et al. (1993), and the earlier work by Luo k Pradhan (1990) and 
Blum k Pradhan (1992) on C II, N III and O IV. By and large, there is good agreement 
between all of the above calculations that have all been carried out in the close coupling 
approximation using the R-matrix method. Recently Zhang et al. (1994) have provided 
extensive results for the collisional rate coefficients for B-like ions, that include the higher 
members of the sequence, calculated with high precision under the auspices of the Iron 
Project (Hummer et al. 1993). Some of the new data has been employed in diagnostic 
studies of the UV lines of O IV observed in gaseous nebulae and solar spectra (O'Shea 
et al. 1995; Keenan et al. 1993a) and Ne VI line ratios observed from the Sun (Keenan 
et al. 1993b; Cook et al. 1994; Keenan et al. this meeting). 

Recently a comprehensive and systematic study of the line ratios of B-like ions is 
reported by Peng k Pradhan (1995), using the new Zhang et al. data. Some line ratios for 
the EUV and UV lines are identified from the point of view of providing clean diagnostics, 
with the criterion that a temperature sensitive line ratio should be relatively independent 
of the density effects and vice-versa. While all possible line ratios in the 15-level model 
were considered, selected results are reported for a few of the ones that showed the best 
sensitivity in either the temperature or the density. In this report we focus on the EUV 
wavelength range with lines from B-Like ions while Z > 8. More extensive results of the 
UV lines from C, N, O ions are given in Peng k Pradhan (1995). 

2. The Atomic Data and Collisional-Radiative Model 

The atomic data involves the collisional rate coefficients and the radiative decay rates. 
The collisional rate coefficients are taken from the Zhang et al. (1994) and the radiative 
decay rates from the Dankworth k Trefftz (1978), Hayes k Nussbaumer (1983, 1984), 
and Merkelis et al. (1994). In this work B-like ions with Z > 12 are not considered since 
the collisional rate coefficients by Zhang et al. did not make a complete relativistic treat
ment and may not be as accurate as for the lower Z ions. The collisional calculations by 
Zhang et al. (1994) were carried out in a 8-state (15-level) close coupling approximation, 
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TABLE 1. Selected Line Ratios For Density Diagnostics 
i n , 2 pO i n , 3 pO 4 p 2 pO ( p 2 pO 

^5/2 ~ ^3/2 -^3/2 - J3/2 J5/2 — J3/2 ^3/2 ~ ^1/2 
4 p , 2 pO 4 p F~p5 4 p , J-pB 4 p 2 pO 

^3/2 — ^3/2 H / 2 _ ^3/2 ^1/2 _ ^3/2 ^1/2 ~ ^1/2 
Ne VI 999.6/1006.1 1006.1/1010.6 999.6/1010.6 993.0/997.4 
Mg VIII 773/784 784/791 773/791 764/771 
Al IX 692/704 704/713 692/713 681/689 
Si X 625/639 639/650 625/650 612/622 
S XII 520/539 539/554 520/554 504/516 

NOTES: Wavelengthes (A) for NeVI are in air (Morton 1991). For other ions the wavelength 
given are approximate. 

including the terms: 2s22p(2P1
0

/23/2), 2s2p2(4Pi/2,3/2,5/2, 2 A J / 2 , 5 / 2 , 2Si/2, 2-Pi/2,3/2)> 
2p3 (453/2, 2-D|/2 5/2i 2P°I23I2)- They also examined the effect of including the n=3 
terms, 2s23s(2S), 2s23p(2P°) and 2s23d(2D), and found these to enhance the excitation 
rate coefficients for some transitions in Ne VI. The Zhang et al. results are in agree
ment with those obtained earlier by Hayes (1992) for Ne VI and appear to indicate a 
general tendency for the resonances converging on to the n = 3 thresholds to enhance 
significantly the excitation of some of the higher n = 2 states (i.e. those dominated by 
2p3(4S0,2 D0,2 P0)). Recently, Keenan et al. (1994) used the 11-state data and calculated 
the Ne VI line ratios for comparison with solar UV observations. In the present work we 
study similar line ratios for Mg VII and Si X. Our collisional-radiative model includes 
the 15 levels as mentioned above. The level populations are determined by solving the 
coupled set of equations for the 15 levels system and intensity ratios are carried out in 
the optical thin plasma. 

3. EUV Line Ratios of Density and Temperature Diagnostics 

There are a number of transitions in the EUV that could potentially be employed as 
temperature or density diagnostics in B-like ions. The present work involved a com
prehensive study of all the line ratios along the isoelectronic sequence as functions of 
temperature and density. Below we present selected results (line ratios for other ions 
and lines may be obtained on request from the authors). 

Fig. 1 shows a typical intensity ratios 7(4Ps/2 —2 Pi/2)/Ki^>3/2 —2 -P3/2) f°r the ions 
considered in the low density regime. The wavelengths of the UV and the EUV lines in 
the line ratio ( 4P5 / 2 - 2 P3°/2) /(4P3/2 - 2 P£/2)

 r a n g e f r o m t h e ** (2327.6, 2329.1) pair 
in C II, to AA (520.3, 539.3) in S XII. The densities range from 102 cm"3 for C II up to 
101 2cm- 3 for S XII. The criterion used here is that the temperature sensitivity be small 
and the value of line ratio be not too small or large. Depending on the ion charge, the 
line intensities involving the 4 P levels are sensitive to wide range of electron densities. 
Table 1. gives ratios of wavelengths of lines involving the 4 P levels for the various ions 
that were found to be reasonably temperature-independent so as to serve as good density 
diagnostics. 

Unlike density sensitive lines temperature sensitivity requires that the energy differ
ences between the upper levels should be large enough so as to affect a temperature-
dependence through the electron excitation rate coefficients. Further, to minimise den
sity dependence the radiative decay rates should be much larger than the collisional 

https://doi.org/10.1017/S0252921100036587 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100036587


DIAGNOSTICS OF EVU EMISSION FROM B-IONS 591 

a. 

0? 

0. 
11006.6 
/ 783.3 

704.1 
639.3 

S XII 520.3/539.3 

J I I I I l__l I I i i l ' i ' _L , I 
8 

iog,0(Nj 
10 12 14 

FIGURE 1. Density Diagnostic Line Ratios 

TABLE 2. Selected Line Ratios For Temperature Diagnostics 

ION 

CII 
N III 
OIV 
NeVI 
Mg VIII 
M I X 
SiX 
SXII 

*Pj - 2 P% 
''Dj-'P], 

905/1337 
687/992 
556/791 
403/563 
317/437 
287/393 
261/356 
222/300 

NOTE: Wavelengthes (A) are not observed but caculated. 

de-excitation or redistribution rates from, or between, the upper levels. The 2s2p2 

(2^?3/2,5/2i 25i/2, 2Pi/2,3/i) levels, lying above the metastable 4 P term, fulfill these 
criteria and give rise to a number of lines that could be used as good temperature diag
nostics. All possible line ratios were investigated and it was found that the ratios of lines 
2Dj —2 Pj, and 2Pj —2 Pj, are particularly sensitive to electron temperature. Table 2 
gives a wavelength ratios for these multiplets in the ions considered. The individual fine 
structure components are very close in wavelength and most have not been observed. 

Fig. 2 shows four ions considered. With increasing ion charge there is a larger spread 
with density. However, the line ratios given provide an example of the lines that might 
be used as temperature indicators in the EUV. The temperatures considered are scaled 
with ion charge as z2. 
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FIGURE 2. Temperature Disagnostic Line Ratios 

4. Conclusion 

A sample of the extensive study of temperature and density dependent EUV and UV 
line ratios of B-like ions has been summarized. Line ratios are investigated for pairs 
of transitions along the isoelectronic sequence, making it possible to employ a given 
diagnostic ratio for more than one ion in the sequence for the same or similar sources, 
and to enable a study of the temperature and density dependence as function of ion 
charge. These line ratios should be applicable to the astronomical objects like QSQs, 
AGNs, nova and hot stars. 

This work was supported by a grant from the U.S. National Science Foundation (PHY-
9421898). The computational work was carried out on the Cray Y-MP at the Ohio 
Supercomputer Center in Columbus, Ohio. 
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