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1. Introduction 

The permitted transitions 2s2 1S-2s2p1P and 2s2p 3P-2p2 3P in the Bel-like ions 
Cm, NIV and O v have been observed for some years in the solar spectrum (Hall et al., 
1963). Recently, intensity data have also been obtained for the intercombination line 
2s2 lS~2s2p 3Pt in these ions (Burton et al., 1970). A large number of excitation 
rate coefficients are needed before the intensity ratios of these transitions can be 
computed and compared with those observed. These excitation cross-sections are 
now becoming available (Osterbrock, 1970; Eissner, private communication), and 
the present paper gives the results of an analysis of the intensity data. Figure 1 shows 
a partial term scheme for the Bei-like ions and the observed transitions. 

2p2lS0-

2szlS, 

3r>0 i: 2s2p3P 

Fig. 1. Partial term scheme for Bei-like ions, with observed transitions indicated. 

2. Method 

The populations of the 2s2p 1P and 2s2p 3P0,i,2 levels have been computed as a 
function of density and temperature by solving the equation of statistical equilibrium 
for each level. The following processes have been included in the calculations; 
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collisional excitation from 2s2 XS to 2s2p 1P, 2s2p 3P, 2p2 XD, 2p2 1S, 2p2 3P, 
collisional excitation from 2s2p 3P to 2s2p XP, 2p2 1Z), 2p2 1S, 2p2 3P, 
collisional de-excitation from 2s2p 3P to 2s2 1S, 
radiative decay of 2s2p 1P, 2s2p 3 P 1 2 , 2p2 3P, 2p2 1D, 2p2 1S, 
collisional excitation and de-excitation between the levels of the 2s2p 3P term. 
The most important processes in determining the level populations are; 
for 2s2p 1P, collisions from 2s2 *S and spontaneous radiative decay to 2s2 1S. 
for 2s2p 3P, collisions from 2s2 1S; spontaneous radiative decay from 2s2p 3Pt to 

2s2 1S; mixing through collisions between the 2s2p 3P levels and through collisions 
to 2p2 3P followed by radiative decay back to 2s2p 3P; loss through collisions to 
2s2p 1P. 

for 2p2 3P, collisions from 2s2p 3P, and spontaneous radiative decay to 2s2p 3P. 
The equations for the relative intensities of the three observed multiplets are given 

below, omitting terms contributing a total of less than 10% to the total rates. 

£( 3 P- 3 P ' )_ A(1S-1P) IN(3P) ZC(3P-3P') 
ECS-'P) = A(3P-3P')'~NCS) CCS-'PJ (1 ) 

E(1S-3P1)_X(1S-1P) N^Pi) ACP^S) 

YCs-'pj ~ ICs^Fj' NCSJ ' NeCCs-^p) (2) 

where E is the intensity in erg/cm2/sec, X is the wavelength, N is the population, 
A is the spontaneous transition probability, C is the collisional excitation rate coeffi­
cient, and the 2p2 3P level is designated by 3P'. 

Thus the two parameters derived from the observations and which may be compared 
with calculated values are 

IN(3P)INCS) and N fP^/N CS) Nc. 

3. Data Used 

Table I gives the intensity data and some of the atomic data used in the analysis. 
The intensities are from Hall et al. (1963), Burton et al. (1970) and Freeman and 
Jones (1970). The permitted transition probabilities are from Wiese et al. (1966) 
and the forbidden transition probabilities are from Garstang and Shamey (1967). 
The collision strengths have been derived from Osterbrock (1970), from Eissner 
(private communication) and for the transitions between the levels of the 2s2p 3P 
terms, from the results of Saraph et al. (1969) for the 2p2 3P term of the same charge. 

4. Results 

The computed values of the parameters IN(3P)/N(iS) and 7V(3P1)/7V(1S') Ne in 
Cm, Niv and Ov are given in Figures 2, 3 and 4, as a function of density and 
temperature. 

The results of the comparison between the theoretical values and those derived 
from observations are given in Table II. 
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Ion 

Cm 

Niv 

Ov 

Transition 

2s2 XS -2s2p !/> 
2s2 rS -2s2p 3Pi 
2s2p 3P -2p2 3P 

2s2p 3Po-2s2p 3Pi 
2s2p 3Po-2s2p 3 P 2 

2s2p 3Pi-2s2p 3P2 

2s2 lS -2s2p ip 
2s2 *S -2s2p 3Pi 
2s2p 3P-2p2 3P 

2s2p 3Po-2s2p 3Pi 
2s2p 3Po-2s2p 3P2 

2s2p 3Pi-2s2p 3Pi 

2s2 !S -2s2p i p 
2s2 lS -2s2p 3Pi 
2s2p 3P -2p2 3P 

2s2p 3Po-2s2p 3Pi 
2s2p 3Po-2s2p 3P2 

2s2p3Pi-2s2p3P2 

TABLE I 

A (A) 

977 
1909 
1175 

~ 1 0 6 

765 
1487 
923 

~ 1 0 6 

630 
1218 
760 

~105 

Data 

Intensity erg cm" 

0.023 
0.015 
0.012 

0.006 
< 0.0019 

0.0032 

0.024 
0.0011 
0.0016 

-2 sec- 1 Q 

3.75 
1.1 

23.3 

0.38 
0.21 
0.95 

3.5 
0.55 

17.7 

0.28 
0.16 
0.64 

3.1 
0.35 

16.7 

0.24 
0.12 
0.58 

A sec- 1 

1.9 x 102 

9.2 x 102 

3.6 x 103 
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Fig. 2. The variation of ZN(3P)INQ-S) and (N3Pi)/N(1S)(llNe) with Ne and Te for Cm. 
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Fig. 3. As for Figure 2, for Niv 
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Fig. 4. As for Figure 2, for Ov. 
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The temperature tabulated for each ion is that at which the function 

f , iV(ion) . . . / dh \ „,,._ 
Ne

2 \ / Te-
1/2 — e~w/kT' d log T 

J N(E) \dlogTj 
AT 

has its maximum value, where N(ion)/N(E) is the ionization equilibrium population 
ratio, taken from Jordan (1969); Te is the electron temperature; (dh/d logT) - 1 is the 
logarithmic temperature gradient; W is the energy of the transition in eV; Ne and 
dh/d log Tare taken from the model of the solar atmosphere derived by Jordan (1965) 
from the absolute intensities of EUV lines. If results with an accuracy of only about 
10% are required, the same temperature can be used for each transition in an ion. 

The values of IN(3P)/N(1S) derived from Equation (1) and the above tempera­
tures, and the electron densities derived from these ratios are given in Table II. 

The values of 7V(3P1)/A
r(15) Ne derived from Equation (2), and from the above 

values of IN(3P)/N(1S) and Ne are also tabulated. The values of these parameters 
expected from the EUV model of Jordan (1965) are given for comparison. 

A. Cm RESULTS 

From Table II it can be seen that the agreement between the 'observed' and 'predicted' 
values of IN(3P)/N(1S) and Ne is entirely satisfactory. However, there is a difference 
of about a factor of 3 in the values of jV(3P1)/A

r(15') Ne derived from Equations (1) 
and (2). Allowing for the integration over the atmosphere in calculating the intensities, 
instead of taking the same temperature for both lines, would reduce this to a dis­
crepancy of a factor of 2.5. A satisfactory solution cannot be obtained by changing 
the temperature at which the lines are formed. It is unlikely that either ^4(3P1-15) or 
C(15-1P) is incorrect by a factor of three. The most likely source of error is the 
intensity data used because of the wide separation in the wavelengths of the 1S-3Pl 

and iS-1P transitions. Each intensity is expected to be correct to within a factor of two, 
so a factor of three does lie within the upper limit to the expected error. 

The calculations for Cm may also be used to interpret the changes in the 
£(3P-3P ' ) /£(15-1P) ratio from quiet to active regions as observed from OSO IV 
by Noyes et al. (1970). For the two active regions for which data are available the 
ratio changes by a factor of about 1.35. At a constant temperature of 5.6 x 104K and 
JVe(quiet) = l x 1010 cm - 3 , this corresponds to an increase of a factor of 8 in electron 
density from the quiet Sun to the active regions. 

B. Niv RESULTS 

The results for Niv, given in Table II, show that the ratio of SN(3P)/N(1S) derived 
for the observations is a factor of 2 larger than that predicted by the calculations and 
the EUV model. Considering the weakness of the 3P-3P' multiplet and the possible 
blending with a member of the Lyman series this agreement is satisfactory. The Niv 
lines do not provide a sensitive method of determining electron density. 

Only an upper limit is available for the intensity of the intercombination transition. 
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The difference between the values of JV(3P1)/JV(15) Ne derived from Equations (1) and 
(2) is then a factor of 5. 

c. Ov RESULTS 

The value of SN^/N^S) derived from ECP^PyE^S-1?) is a factor 2.9 smaller 
than that predicted by the calculations and the EUV model. Since the 3P-3P' multiplet 
is weak the origin of the difference is probably the relative intensity data. 

The value of N(3Pt) N^S) Ne derived from Equation (2) is a factor of 1.7 smaller 
than that predicted by the EUV model; this agreement is satisfactory. 

The change of a factor ~ 1.1 in the ratio £'(3/>-3P')/£'(15-1P) observed by Noyes 
et al. (1970) from quiet to active regions implies a density increase of about a factor 
of 5, taking A/,, (quiet) = 2.5 x 109 cm"3. 

The transition 2s 2p 1P-2p2 XD is also observed in Ov at 1317 A. The computed 
value of E(1P-lD)IE(lS-1P) is 0.0092, a factor of 2.7 smaller than the observed value 
of 0.024. This factor is just within the expected accuracy of the intensity data. 

5. Conclusions 

For Cm, Niv and Ov, the observed ratios £'(3P-3P')/£'(1S'-1P) agree with those 
predicted by the model derived from total fluxes and the theoretical excitation rate 
coefficients, within the expected accuracy of the intensity data. 

The intercombination line 1S-3P in Cm, is stronger than expected from the observed 
ratio of the 1S-1P and 3P-3P' transitions, but the intensity data used are not suffi­
ciently reliable to conclude that the errors lie in the theoretical calculations of the 
populations and intensities. 
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DISCUSSION 

E. Trefftz: In which direction is the derived electron density for Cm wrong by a factor of three? 
Is it too high? 

C. Jordan: No, the density derived using the intersystem line and resonance line is too low. 
E. Trefftz: Could this be due to a process not included in the calculation? 
C. Jordan: No, another process would not help as it is essentially the 3Pi population compared with 

the total 3P population which gives the low density. Even bringing the 3P relative populations up to 
a Boltzmann distribution would only change the result by about twenty percent. 
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