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Abstract. New theoretical electron temperature sensitive emission line ratios in SilV involving the 
3d2D - 3p2p and 4s2S - 3pZP multiplets at ~ 1125 and 816 h, respectively, are derived using recent 
R-matrix electron excitation rate calculations. A comparison of these with observational data for a solar 
active region at the limb obtained with the Harvard S-055 spectrometer on board Skylab reveals that there 
is good agreement between theory and observation for ratios that include the 2D3/2, 5/2 - 2P3/2 transition 
at 1128.3 A. This is in contrast to the findings of Keenan, Dufton, and Kingston (1986) and provides support 
for the atomic data adopted in the calculations. However, the 21)3/2 - ~P1/2 line at 1122.5 A appears to be 
severely blended, as suggested previously by Burton and Ridgeley (1970) and Feldman and Doschek (1977), 
as it leads to electron temperature estimates that differ significantly from that expected in ionisation 
equilibrium. The fact that the I(1122.5 A)/I(1128.3 A) intensity ratios determined from several flare spectra 
are closer to theory than that for the active region indicates that the blending is probably due to species 
with relatively low ionization potentials, as noted by Flower and Nussbaumer (1975). Electron temperatures 
deduced for a sunspot are much lower than that predicted from ionisation balance calculations, in agreement 
with earlier results, and imply that a cooling flow may be present. 

I. Introduction 

In a recent  paper  Keenan,  Dufton,  and Kingston (1986) used electron excitation rates 

calculated with the R-matr ix  code (Burke and Robb,  1975) by Dufton and Kingston 

(1987) to derive the theoretical  electron temperature  sensitive emission line rat ios 

R ~ = I ( 3 d  2D3/~, 5/2 - -  3p 2P3/2)/I(3 p 2P1/2 - 3s  2S1/2 ) 

and 

R 2 = I ( 3 d  2D3/2, 5/2 - 3p 2P3/z)/I(3 p 2p3/2 - 3s 2S1/z) 

for the sodium-like ions A i m  and S i w .  A compar i son  o f  the A l i l I  results with high 

resolut ion (,,~ 0.06 A)  solar da t a  obta ined with the Nava l  Research  Labora to ry ' s  S082-B 

spect rograph on boa rd  Sky lab  showed reasonable  agreement between theory and 

observat ion (see also Doschek  and Fe ldman,  1987), but  a similar analysis for S i Iv  using 

low-resolut ion ( ~  2 A) EUV satellite spectra  for the quiet Sun and an active region 

revealed that  the calculat ions and observat ional  da t a  were incompatible .  Keenan  et al. 

(1984) came to the conclusion that  blending of  the 203/2, 5 / 2 -  2P3/2 transi t ion at 
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1128.3 A with lines arising from ions with relatively low ionization potentials was 
probably responsible for this discrepancy. 

In this paper we determine Si IV line strengths from somewhat higher resolution EUV 
spectrometer solar observations obtained with the Harvard instrument on board Skylab, 

and investigate if the disagreement between theory and observation found by Keenan 
et al. (1986) may be removed. 

2. Theoret ica l  Rat ios  

The atomic data adopted in the present calculations have been discussed by Keenan 
et al. (1986). Briefly, the model ion consisted of the four lowest LS states, namely 3s 2S, 
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Sitv emission line ratios R s = I ( 2 D 3 / 2 , 5 / 2  - 2 P 3 / 2 ) / I ( 2 S  U - 2/~ = 

and  R4 = 1(203/2,  5 / 2  - 2 p 3 / 2 ) / l ( 2 S u  - 2 p 3 / 2 )  = 1(1128.3 A)/I(818.1 A) 
plotted as a function of electron temperature. 
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3p 2p, 3d 2D, and 4s 2S, making a total of six levels when the fine structure splitting is 
included. (Henceforth, the two 2S terms will be denoted by the subscripts L (for lower) 
and U (for upper), respectively, to avoid confusion.) The only atomic processes 
considered were collisional excitation and de-excitation by electrons and spontaneous 
radiative decay, and the plasma was assumed to be optically thin. Further details may 
be found in Keenan et aL (1986). 

In Figure 1 the theoretical emission line ratios 

R3 = I(2D3/2. s/2 - 2 - P 3 / 2 ) / I ( 2 S u  - 2 p , / 2 )  = I(1128.3 A)/I(815.0 ~,) 

and 

R4 = 1(2i)3/2, 5/2 - 2P3/2)/1(2Su - 2P3/2) = I(1128.3 A)/I(818.1 ,~) 

are plotted as a function of electron temperature for a range of values of log T e about 
that of maximum SiIv fractional abundance in ionisation equilibrium, log Tma x = 4.8 
(Arnaud and Rothenflug, 1985). We note that the ratios 

R 5 = 1 ( 2 0 3 / 2  - 2 P 1 / 2 ) / I ( 2 S  U - 2P1/2)  = I(1122.5 .&)/I(815.0 A )  

and 

R 6 = 1 ( 2 0 3 / 2  - 2 P 1 / 2 ) / I ( 2 3  U - 2P3/2)  = I ( 1 1 2 2 . 5  A)/I(818.1 A) 

are related to those in Figure 1 by the expressions: 

R 5 = R 4 ,  

R 6 / R  4 = 0 . 5 .  

(1) 

(2) 

3. Observational Data 

The 2D - 2p and 2 S  U - 2 p  multiplets in Siw have been observed in solar spectra 
obtained with the Harvard S-055 EUV spectrometer flown on Skylab during 
1973-1974. This instrument could either operate in a raster mode or spectral scanning 
mode covering the wavelength range 280-1350 ,~. Operating in the spectrometer mode, 
the instrument observed a spatial area of 5 • 5 arc sec with a spectral resolution of 
approximately 1.6 ~_, using an integration time of 0.04 s and a step length of 0.2112 A. 
A full description of the instrument and its calibration may be found in Reeves et aL 

(1977) and Reeves, Huber, and Timothy (1977). 
In Table I we summarize Silv line fluxes observed in several solar features. These 

include (a) the large two-ribbon flare of 7 September, 1973 (discussed by Doyle, 1983), 
(b) an active region at the limb observed on 16 December, 1973 (Doyle, Mason, and 
Vernazza, 1985), and (c) a sunspot plume near disc centre recorded on 29 August, 1973 
(Noyes et al., 1985). Due the strong Lyman continuum in the flare observations, no 
measurements of the 2S U - 2p multiplet at ~ 816 A are available for these features. Only 
the 2S U - 2p3/2 component of this multiplet at 818.1 .~ could be resolved in the sunspot 
and active region observations, as the 2S~ - 2P1/2 line at 815.0 ~ is severely blended 
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TABLE I 

Observed Silv line fluxes (erg cm -2  s - l )  

Solar feature 1(1122.5 A.) I(1128.3/~) I(818.1 A) R = I(1122.5 A)/I(1128.3 ~.) 

7 September, 1973 
Flare 12:55 UT 37 110 53 480 - 0.69 

7 September, 1973 
Flare 14: 03 UT 18 260 25 060 - 0.73 

7 September, 1973 
Flare 15:52 UT 10995 15040 - 0.73 

16 December, 1973 
Active region 500 477 60 1.05 

29 August, 1973 
Sunspot 1760 2130 205 0.83 

with the strong 3s23p ZP3/2 - 3s3p 2 2S,/2 S Iv line at 816.0 A. Furthermore, we note 
that the eD3/2 -2P1/2 line at 1122.5A is blended with the second order NevlI 
2s2p  3P 1 - 2p  2 3P 1 a n d  2s2p  3P 2 - 2p 2 3P 2 transitions at 561.4 and 561.7 A, respec- 
tively. It was possible to remove the contribution of these lines to the blend in two ways, 
the first by using the intensity of the second order Ne vii 2s2p 3P 2 - 2 p  2 3P 1 line at 
564.5 A and the theoretical NevII intensity ratio calculations of Keenan et al. (1984). 
The second involved measuring the ratio of the NevIi 561 A complex to the NevI 
2s22p 2p3/2 - 2s2p 2 2/)3/2, 5/2 line at 562.8 ~ in first order, which was then used in 
conjunction with the NevI line in second order to estimate the Nevn contribution to 
the blend. Both these methods lead to essentially the same Siw 1122.5 A fluxes, thereby 
providing support for their use. 

4. Results and Discussion 

In Table II the observed Si Iv line ratios are summarized along with the derived logarith- 
mic electron temperatures. An inspection of the table reveals that the value of 
log Te estimated for the active region from R4 is close to the temperature of maximum 

TABLE II 

Observed SiIv line ratios and derived 
logarithmic electron temperatures 

Active region Sunspot 

R 4 8.0 10.4 

R 6 8.3 8.6 
log T e (R4) 4.64 4.56 
log T e (R6) 4.43 4.42 
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SiIv fractional abundance in ionisation equilibrium, logTma x = 4.8 (Arnaud and 
Rothenflug, 1985). This provides support for the atomic data adopted in the calculations 
and, furthermore, implies that the SiIv 1128.3 A line is relatively unblended, in 
contrast to the findings of Keenan, Dufton, and Kingston (1986) who suggested blend- 
ing to explain a discrepancy between theory and observation for the ratio 
R2 = 1(112813 ]Q/I(1393.8 .~). A more likely cause of this is an error in the 1393.8 
line flux. We have already ruled out optical depth effects in the 1393.8 A transition (see 
Keenan, Dufton, and Kingston, 1986, and also Roussel-Duprr, Francis, and Billings, 
1979). However, the R2 ratio analyzed by Keenan et al. was determined by Dupree and 
Reeves (1971) from a low resolution EUV spectrum covering the wavelength range 
300-1400 ,~, obtained by a spectrometer on board the Orbiting Astronomical Observa- 
tory (OSO) IV satellite. As the 1393.8 A line occurred near the edge of the instrumental 
spectral coverage (see Figure 2(a) of Dupree and Reeves, 1971) it is possible that its 
intensity was not well determined. 

The temperature deduced for the active region from R 6 in Table II is approximately 
0.4 dex less than log Tma x. A probable cause of this disagreement is blending in the 
1122.5 .~ feature, as suggested previously by Flower and Nussbaumer (1975). To 
support this, we note that the theoretical ratio R = I(1122.5 A)/I(1128.3 A) is 0.5, which 
is independent of electron temperature and density. However, an inspection of Table I 
shows that for the solar features analysed R > 0.69. The fact that the R ratios 
determined from flare spectra are closer to theory than that for the active region indicates 
that any blending is probably due to lifies of species with relatively low ionization 
potentials. Both Burton and Ridgeley (1970) and Feldman and Doschek (1977) have 
noted that the 1122.5 ,~ line is blended with an unresolved Fe III transition only 0.04 
away. The 1128.3 A line will also be blended with Feln transitions at 1128.0 A and 
1128.7 A in low resolution spectra, although the high resolution (0.06 ~,) Skylab observa- 
tions of Feldman and Doschek show that the contribution of the Fe uI lines to the total 
flux is small, at least in solar limb spectra, such as the present active region data. 
However, we should point out that this may not be true with disc observations, where 
the Fe III lines may be much stronger relative to SiIv. 

In the case of the sunspot observations the electron temperatures derived from R 4 

and R 6 a r e  in slightly better agreement than those for the active region, although they 
are about a factor of two smaller than Tm~,. Noyes et al. (1985) note that for this sunspot 
the intensities of the lines formed near log Te = 5.0 are up to ,,, 40 times larger than the 
average quiet-Sun values of Vernazza and Reeves (1978), although lines formed near 
log T e = 4.3 and 6.0 are only enhanced by a factor of two. Hence, the FeuI line in the 
1122.5 A blend should contribute a smaller amount to the total flUX in this case as 
log Tm~,(Fe III)= 4.4 (Arnaud and Rothenflug, 1985). Furthermore, Doyle et al. (1985) 
point out that temperature diagnostics for several other ions in this sunspot, such as S IV 
and O v, lead to values of T e significantly lower than Tma x, which probably indicates 
a cooling flow (Raymond and Foukal, 1982). The similar effect found here for Si IV is, 
therefore, not surprising. 
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5. Conclusions 
The three principal conclusions are: 

(1) The electron temperature derived from the R 4 = 1(1128.3 4)/1(818.1 A) ratio 
observed for a solar active region at the limb is in good agreement with ionisation 
balance calculations, providing support for the atomic data adopted in the analysis and, 
furthermore, implying that, at least for limb observations, the 1128.3 ~ line is not 
significantly blended with other species, as suggested by Keenan et aL (1986). 

(2) A discrepancy exists between theory and observation for the ratio 
R 6 = I(1122.5 4)/1(818.1 A) in the active region, which is probably due to blending of 
the 1122.5 A line. The fact that the blending in the active region data appears to be 
more severe than in the solar flare observations indicates that ions with relatively low 
ionization potentials are probably responsible, as previously suggested by Flower and 
Nussbaumer (1975). Burton and Ridgeley (1970) and Feldman and Doschek (1977) 
both note that the blending species is probably Fern. 

(3) In the case of the sunspot, slightly better agreement is found between electron 
temperatures deduced from R 4 and R 6, which is probably a result of the lines formed 
near log T~ = 5.0 being enhanced, thereby making the contribution of FeIn 
(log Tmax = 4.4) to the 1122.5 * blend less important. The estimated electron tempera- 
ture is about a factor of two smaller than irma,,, similar to the results derived using 
diagnostics for several other species in this sunspot, and indicates that a cooling flow 
is probably present. 

Acknowledgements 

We would like to thank Professor A. E. Kingston and Dr P. L. Dufton for providing 
Siw electron excitation rates in advance of publication. We would also like to thank 
Professor H. B. Gilbody and Dr R. W. P. McWhirter for their continued interest in the 
work, Dr G. A. Doschek for useful discussions and an anonymous referee for many 
helpful suggestions. FPK is grateful to the SERC for financial support. 

References 

Arnaud, M. and Rothenflug, R.: 1985, Astron. Astrophys. Suppl. 60, 425. 
Burke, P. G. and Robb, W. D.: 1975, Adv. Atom. Molec. Phys. 11, 143. 
Burton, W. M. and Ridgeley, A.: 1970, Solar Phys. 14, 3. 
Dosehek, G. A. and Feldman, U.: 1987, Astrophys. J. 315, L67. 
Doyle, J. G.: 1983, Solar Phys. 89, 115. 
Doyle, J. Q., Mason, H. E., and Vernazza, J. E.: 1985, Astron. Astrophys. 150, 69. 
Doyle, J. G., Raymond, J. C., Noyes, R. W. and Kingston, A. E.: 1985, Astrophys. J. 297, 816. 
Dufton, P. L. and Kingston, A. E.: 1987, J. Phys. B20, 3899. 
Dupree, A. K. and Reeves, E. M.: 1971, Astrophys. J. 165, 599. 
Feldman, U. and Doschek, G. A.: 1977, Astron. Astrophys. 61, 295. 
Flower, D. R. and Nussbaumer, H.: 1975, Astron. Astrophys. 42, 265. 
Keenan, F. P., Berrington, K. A., Burke, P. G., Kingston, A. E., and Dufton, P. L.: 1984,Monthly Notices Roy. 

Astron. Soc. 207, 459. 
Keenan, F. P., Dufton, P. L., and Kingston, A. E.: 1986, Astron. Astrophys, 169, 319. 
Noyes, R. W., Raymond, J. C., Doyle, J. G., and Kingston, A. E.: 1985, Astrophys. J. 297, 805. 
Raymond, J. C. and Foukal, P.V.: 1982, Astrophys. J. 253, 323. 
Reeves, E. M., Huber, M. C. E. and Timothy, J. G.: 1977, Appl. Optics 16, 837. 
Reeves, E. M., Timothy, J. G., Huber, M. C. E. and Withbroe, G. L.: 1977, Appl. Optics 16, 849. 
Roussel-Dupr6, R., Francis, M. H., and Billings, D. E.: 1979, Monthly Notices Roy. Astron. Soc. 187, 9. 
Vernazza, J. E. and Reeves, E. M.: 1978, Astrophys. J. Suppl. 37, 485. 


