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Abstract. Line intensity ratios of Ne v1 lines with respect to a resonance line of Mgvi have been considered
for electron density and temperature determinations within the chromosphere—corona transition region.
The electron pressure within the transition region has been assumed to be constant. In addition, these ratios
would enable us to estimate the relative element abundances of neon to magnesium. An attempt has been
made to explain the extreme ultraviolet intensities of Ne vi and Mg VI lines as observed by ATM ultraviolet
spectrometer. The observed intensities correspond to the average quiet-Sun conditions near solar minimum.
Theoretical intensities for Nevi and Mgvi lines have been computed using a model solar atmosphere.
Theoretical intensities obtained by using the values 3.98 x 10> and 3.16 x 10~ ° for element abundance
of Ne and Mg, respectively, seem to agree well with the expected intensities. The agreement between some
of the expected and computed intensities suggests the need for future observations at higher spectral
resolutions to resolve difficulties arising out of blending due to two or more lines.

1. Introduction

Electron density and temperature diagnostics of solar plasma using emission lines have
been extensively reviewed (Gabriel and Jordan, 1972; Dwivedi, 1988). The usual proce-
dure has been to look for intensity ratios which are sensitive either to electron density
(n,) or electron temperature (7). In various investigations it has been noticed that the
quiet-Sun electron pressure (n,T) within the chromosphere—corona transition region
seems to have a constant canonical value of 6 x 10'* cm =3 K (Doschek, 1984). The
observed intensity of a particular Ne vi or Mg VI line is due to the several emitting layers.
Each layer would have different electron density and temperature values but the electron
pressure would be same in each of the emitting layer. It is, therefore, physically
meaningful to study the variation of theoretical intensity ratios with electron density (and
thus temperature) at constant electron pressure. The comparison of theoretical ratios
with observed ratios would then give effective values of electron density and temperature
within the emission regions. The ions Ne vl and MgvI have their respective maximum
relative ion abundance at the same temperature (Jordan, 1969) and their ionization
equilibrium curves overlap around this temperature. Therefore, Nevi and MgVI ions
would be rather useful for the density and temperature diagnostics of the transition
region.

Vernazza and Reeves (1978) have published a detailed paper on extreme ultraviolet
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composite spectra of representative solar features. The composite spectra are from the
ATM ultraviolet spectrometer data with a spectral resolution of 1.6 A over the range
280-1350 A. The absolute intensities, as listed by them, for Nevi and MgV lines
relevant to the average quite-Sun conditions form the basis of the present investigation.

Theion Nevihas two fine structure levels in the ground state. The relative populations
of these fine structure levels are constant for electron densities and temperatures
relevant for the formation of Nevi lines. Using this information and the observed
intensity of the NevI resonance line at 562.8 A we have analysed and discussed the
intensities of the other Nevi lines. We have calculated theoretical intensities for several
Nevi and Mgv1 lines using a model solar atmosphere. The theoretical intensities agree
rather well with the expected intensities when we choose element abundance values of
3.98 x 107> and 3.16 x 10~ for Ne and Mg, respectively.

In Section 2, we briefly describe line emissivity. Atomic data used are discussed in
Section 3. Observed and theoretical line intensities are discussed in Section 4. Electron
density and temperature diagnostic aspects of line intensity ratios are examined in
Section 5.

2. Line Emissivity

The volume emission coefficient in a radiative transition from the upper level j to a lower
level i is given by

e(if) = N, A(ji) =

4nA

ergem s~ 'sr1, (1)
ij
The wavelength for the transition is 4;;» 1 is Planck’s constant, c is the velocity of light,

and A(ji) is the spontaneous transition probability. The number density N; of the
emitting level can be further expressed as

N,(X*™) N(X*™) N(X) N(H)
N(XX*™) NX) NH) n

N, ) = @)

where X denotes the mth ionization stage of the element X, N;(X*™)/N(X*™)is the
population of level j relative to the total population of the ion X*™, N(X*)/N(X) is
the ionization ratio of the ion X *”. N(X)/N(H) is the abundance of the element X
relative to hydrogen. We have assumed N(H)/n, = 0.8 for the fully-ionized plasma. The
emissivity can now be written as

159 x 108 N.(X*™) N(X*™) N(X)
———— A(ji) n
4mi; (A) NX*+™)  NX) N(H)

e €)

Euiy =

We denote the observed line emission as I(4;). This is the intensity integrated over
the line of sight. In the case of two lines emitted from the same ion, the intensity ratio
can be expressed as

I(Ay) _AGD) Ay N;(XT™)
1) A(/k) /li/' N,(X+™)

(4)
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The intensity ratio for the lines emitted from the same volume element but from
different elements X and Y is then given by

10,) _AGD

I(j‘k[) A(lk) Z p(]a I, x, y)q(x’ y)N(X, y) , (5)
where

| N, [N

/ _ Y
pb ) N(X) / N(Y)
a(x, y) = N(X+’")/N(Y+n)

’ NX) | N(Y)

_ NGO [N(Y)

V2= N(H)/ N(H)

In the second case the intensity ratio depends on the relative ionic concentrations of
the element and the relative element abundances. The ionization equilibrium curves of
Nevi and Mgvi almost overlap around the temperature for maximum ion concen-
tration. We, therefore, assume that lines from these two ions originate from the same
emitting layers. This assumption then justifies the use of the Equation (5) for line
intensity ratios. We have solved the steady state equations for the various levels to obtain
N,(Nevi)/N(Nevi) and N,(Mgvi)/N(Mgvl) as a function of electron density and
temperature. Electron density and temperature values are restricted by the constant
electron pressure parameter (n,7"). The first 11 lowermost levels are assumed for Ne vI.
For MgV the first 13 levels are considered.

3. Atomic Data

The atomic data needed to compute line intensities are the following: (i) wavelengths,
(i1) the radiative transition probabilities, and (iii) collision strengths. The wavelengths
for Nevi lines have been taken from Kelly and Palumbo (1973). MgvI line wavelengths
are from Edlen (1984).

RADIATIVE PROBABILITIES

Mgvr ion: the spontaneous radiative probabilities for allowed transitions have been
obtained in the following manner: For a given transition radiative probabilities of Ne1v
(Bhatia and Kastner, 1988), Mgv1, Siviii, S X, Ar Xi1, CaX1v (Bhatia and Mason, 1980)
were plotted against inverse of atomic number. A smooth curve was obtained through
the various points. The graphical values were then used in the actual computations. In
the case of the transition at 387.97 A, Wiese, Smith, and Miles (1969) value was used.
Similar procedure was adopted for the transitions between the doublet ground term
levels and the excited *P levels. Spontaneous radiative probabilities for transitions
among the ground state fine structure levels have been taken from Zeippen (1982).
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Nevr ion: in the case of NeVI transitions we have used the spontaneous transition
probabilities of O1v, Navil Six, and Sx11 (Flower and Nussbaumer, 1975a, b). The
procedure is the same as that for the Mgvi ion. Radiative excitation rate among the two
fine structure levels of the ground term of Nevl has been estimated by assuming
radiation temperature of 5000 K and a dilution factor of 5. We have also considered the
stimualted emission rate for transitions between the two fine structure levels.

COLLISION STRENGTHS (£,;)

Mg v ion: for a particular optically allowed transition log(€,;Z?) for Ne1v (Bhatia and
Kastner, 1984), Mgvi, Siviil, Sx, Arxil, and Caxiv (Bhatia and Mason, 1980) were
plotted against Z~ '. Z is the residual charge on the ion. The corresponding ©,; for Mg vI
was then obtained from the graphical value on the smooth curve. A similar procedure
was adopted for intersystem transitions and forbidden transitions involving upper
excited levels. In the case of forbidden transitions £,; values have been taken from
Saraph, Seaton, and Shemming (1969) and Czyzak, Aller, and Euwema (1974). We
noticed that log(Q,,Z?) vs Z~ ! for a forbidden transition can be fitted with a straight
line. Bhatia and Kastner (1984) suggest that Q; (forbidden) values for Ne1v calculated
by Giles (1981) should be preferred. We have estimated for Ne1v the difference, 4,
between log(€,;Z?) values according to Giles (1981) and our linear fit. In view of the
linear fit we have used the same A for Mg V1 transitions and obtained the corrected €;
(forbidden) values for use in our calculations. Revised forbidden €, values used by us
are, for most of the transitions, larger by a factor of 1.5 to 2 than that of Bhatia and
Mason (1980). Our ,; value for the transition *D?, — 2D3), is larger by a factor of 3.3
to that of Bhatia and Mason (1980).

Nevi ion: the collision strengths for all the transitions of O1v, Navii, Six, and S X11
listed by Flower and Nussbaumer (1975a, b) have been plotted against the residual
charge on the ion. The corresponding collision strengths for NevI transitions were then
read off from the smooth curve.

4. Observed and Theoretical Intensities

Nevi lines: the Ne VI ion has two fine structure levels in the ground state. The excited
level populations are governed by the relative populations of the ground term levels. It
is found that the relative population of the two fine structure levels is constant over the
range of electron density and temperature relevant for the formation of Nevi lines. The
ratio of the upper level population of the ground term to that of the lower level works
out to 2.04. Using this constant value and the observed intensity of the Ne v resonance
line at 562.80 A we have attempted to infer the expected intensity of the other Ne VI lines
and compare them with the observed values listed by Vernazza and Reeves (1978). The
observed values considered correspond to the average quiet-Sun conditions at solar
minimum.

The observed line at 561.4 A has been identified as 562.8 A NevI line along with
561.7 A Ne v line. The observed intensity is 18.31 ergs cm ~ 2 s ~ ! sr~ 1. Dufton, Doyle,
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and Kingston (1979) have shown that the contribution of Ne viI line to the total intensity
is negligibly small. Therefore, we attribute the observed intensity to the two close Ne vI
lines at 562.71 A and 562.80 A. It can be shown, using the constancy of the relative
population of the two fine structure levels, that the 562.80 A line would have an intensity
of 16.65ergscm~2s~!sr—'. The 562.71 A line would then have an intensity of
1.66 ergscm™2s~'sr— 1,

The 558.59 A Nevr line has a common upper level with the 562.71 A line. The
intensity of 558.59 A line would then be given by the atomic data for the two transitions
and the intensity of 562.7 A line. This works out to 9.40 ergs cm~2s~ ' sr~! for the
558.59 A line. The observed line at 556.80 A has been assigned by Vernazza and Reeves
(1978) to 558.6 A Nevr line and 557.0 A Cax line. The observed intensity of
18.95 ergs cm =2 s~ ! sr~ ! is twice the expected value for the Nevr line. We attribute
the residual value of 9.55 ergs cm =2 s~ ! sr~ ! to Cax line. This can be explained in the
following way. The line at 573.0 A has been assigned to 574.0 A Cax line by Vernazza
and Reeves (1978) with an intensity of 7.81. The expected intensity of 574.0 A Cax line
should be % of 557.0 A Cax line. This amounts to 4.78 ergs cm ~2s~ ' sr~ ! for 574.0 A
Cax line. We have attributed the residual intensity of 3.03 ergscm™2s !sr™! to
574.28 A C line (2s2p 'P° — 2s3d'D). This blending of C111 line with CaXx line has
not been mentioned by Vernazza and Reeves. We have arrived at this conclusion
regarding CI1II line by considering collision strengths and other atomic data for the
relevant transitions of Crx and OV together with the observed 977.00 A Cur line
intensity of 963.06 ergs cm =% s~ ! sr~! (Vernazza and Reeves, 1978).

The observed line at 434.6 A has been identified as 435.65 A Newv1 line blending
(probably) with the 434.9 A Mgvi1I line. The expected observable intensity (based on
the observed intensity of the 562.80 A line) would be 7.10 ergs cm~2s~ ' st~ . The
observed value is 28.32 ergscm ™~ ?s~!sr~!. The difference of 21.22 between the
expected and observed intensity values has been attributed by us to 434.71 A and
434.92 A MgV lines. This is explained in the following way. It has been shown (Raju
and Dwivedi, 1979) that for a spherically-symmetric solar atmosphere (Elzner, 1976)
and for the element abundance value of 3.16 x 10~ ° for Mg the computed intensities
for 434.71 A and 434.92 A Mgvii lines are 2.27 and 13.39 ergs cm ™~ 2s~ ' sr~ !, respec-
tively. In a similar manner assuming a value of 3.98 x 10~ for Ne element abundance
the computed intensity for 435.65 A NeV1 line is 7.57 ergs cm = 2s~ ' sr~!. The agree-
ment between the computed and expected NevI line intensities is very good. The
combined computed intensities for Nevi and Mgvii lines is 23.23. This value is quite
close to the observed intensity at 434.6 A.

The Nevi line at 433.18 A has an observable intensity of 4.26 ergs cm =2 s~ ! sy~ !
(based on the observed intensity at 562.80 A). The computed value is 4.54. The absence
of this line in the listing of Vernazza and Reeves (1978) is not clear. If we assume that
this line blends with the observed line at 434.6 A then the agreement between the
combined computed intensities and the observed value becomes excellent. Future
observations at high spectral resolutions are needed to resolve this difficulty.

The line at 403.1 A has been identified as 403.2 A Nev1 line blending (probably) with
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403.3 A Mgv1 line. The observable intensity for this Ne VI line (based on the 562.80 A
line intensity) would be 4.55 ergs cm ~2 s~ ! sr ~ 1. The theoretical intensity works out
to 4.83. The theoretical intensity for 403.31 A Mgvi line is 13.01 ergs cm = 2s~ 'sr™ .
Thus, the combined theoretical intensity is 17.84 ergs cm =2 s~ ! sr~ !, a value close to
the observed value of 25.73. The observed value is stated to have statistical error
exceeding 109;. There could be some unknown blends which could reduce the dis-
crepancy between the observed and the theoretical values.

The observed line at 401.3 A has been assigned to 401.7 A Nev1 line with an observed
intensity of 89.00 ergs cm ™2 s~ ! sr~!. The expected observable intensity for this line
is 21.96. Theoretical value amounts to 23.40 ergs cm ~2s~ ! sr~!. NevI has a line at
401.14 A close to the 401.70 A line. The 401.14 A line would have an observable
intensity of 8.30 and a theoretical value of 8.85 ergs cm~2s~! sr~!. These two lines
might be blending with the Mgv1 line at 400.66 A with a theoretical intensity of
8.81ergscm™?s~!sr~ ' The combined theoretical intensity is smaller by a factor of
2.2 as compared to the observed value of 8§9.00. This discrepancy is not clear at present.

The observed line at 399.7 A has been assigned probable identification status to Mgvi
399.2 A line by Vernazza and Reeves. However, the Ne VI line at 399.82 A would have
an observable intensity of 4.41 ergscm 2 s~ ! sr~! with a theoretical value of 4.69.
Theoretical intensity for the Mg vi1 line would be 4.53. The combined theoretical intensity
of 9.22 is smaller by a factor of 3 than the observed value of 30.06 ergs cm =2 s~ ' sr~ 1.
The observed value has a statistical error exceeding 109, . The reason for the discrepancy
between the observed and theoretical itnensities is not clear.

The weak Nevi line at 999.6 A would be blended with a strong Sixir 499.1 A line
in second order. Ne v1 line would have an observable value of 0.91 ergs cm =2 s~ ! sr ™!
and a theoretical value of 1.00. The observed line at 1005.6 A has been probably
identified as Nev1 line at 1006.1 A. The observed intensity is 5.02 ergs cm ~2s~ ' sr~ .
The expected intensity (based on the 562.80 A line intensity) is 0.55 and the computed
value is 0.60. A discrepancy amounting to a factor of 10 between the observed and
expected intensities has to be attributed to the blending of some unidentified strong lines.
The observed line at 1009.7 A is probably a blend of C11 and Ne V1 lines.

In Table I we have listed the expected and the theoretical intensities for the various
NevI lines. The expected intensities in column 3 refer to the values derived from the
constancy of the relative population of the fine structure levels and the observed intensity
of the 562.80 A line. Theoretical intensities in column 5 have been obtained by assuming:
(1) spherically-symmetric model solar atmosphere (Elzner, 1976), (ii) density dependent
ionization calculations of Jordan (1969), and (iii) the value of 3.98 x 10~> for the
element abundance of neon (Kato, 1976). We have calculated, in addition, theoretical
line intensities using (a) low density ion fractions obtained by Jordan (1969), (b) low
density ion fractions published by Arnaud and Rothenflug (1985). In case (a) Mg Vi1 line
intensities are 509, more than that of the high density case (Jordan, 1969) and NevI
line intensities are 159 more than that of the high density case (Jordan, 1969). In
case (b) MgVl line intensities are 409, more than that of the high density case and Ne vi
line intensities are 59, less than that of the high density case.
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TABLE 1

Line intensities of Ne vI lines

Transition Wavelength?® Intensities (ergs cm~2s~ 'sr™1)
25202 - 2522 (&)
Expected® Observed® Computed®
2D, - 2PY, 562.80 16.65 17.81
18.31
’Dyn — P3) 562.71 1.66 (Nevi, Nevir)© 1.78
2p,,, - 2P, 558.59 9.40 18.95 10.04
(Nevi, Cax)°
2812 - 2P, 435.65 7.10 28.32 7.57
(Ne vi, Mgvi)© (2.27,434.71 A: Mgvir;
13.39, 434.92 A: Mgvi)
2812 - 2PY, 433.18 4.26 - 4.54
2p,, - 2P, 403.26 455 25.73 4.83
(Nevi, Mgvi)©
2p,, - 2P0, 401.93 21.96 23.40
89.00
2P, , — 2P?, 401.14 8.30 8.85
2p,, - 2PY, 399.82 4.41 (Mgvi)© 4.69
4P, — 2PY, 999.60 0.92 (Sixin)° 1.0
“p,, - 2PY, 1006.1 0.55 5.02 0.60
(Nevr)
Py, - 2P0, 1010.6 0.15 1151 0.16
(Neviy, Cm)°©

a Nevi (Kelly and Palumbo, 1973), Mgvi (Edlén, 1984).
® Vernazza and Reeves (1978).
¢ Cf. text.

Mgvr lines: in the list of observed lines there are only two lines which have been
assigned the status of probable identification. These are at 403.31 A and 399.28 A. Both
these have been discussed along with the Nevi lines. The line at 400.66 A has also
been discussed along with Nev1 lines. The lines at 388.0 A ought to be observable with
their combined intensities. The observed line at 349.8 A with an intensity of
133.11 ergs cm ~2 s~ ! sr~ ! may belong to Siix. The nearby Mgv1 lines at 349 A have
sufficient intensity to be observable at high spectral resolution. The Mg V1 lines at 314 A
would blend with 313.74 A of Mg vt and 314.35 A line of Siviil. Vernazza and Reeves
list only the Mg vl lines but no intensity values are given for the quiet areas. No line
identified at 293 A. Mgv1 lines at 291.4 A are close to an observed line at 292.1 A but
its identification with NixviiI is uncertain. There is, however, a S XI line at 291.59 A
(not listed by Vernazza and Reeves) with an intensity 6.21 ergs cm ™2 s~ ' sr~ ! (Mali-
novsky and Héroux, 1973). No intensity value is given for this observed line. The two
lines at 270.4 A are not within the wavelength range considered by Vernazza and
Reeves. However, these lines would be blended by a very strong Fex1v line at 270.51 A
(Malinovsky and Héroux, 1973). We are not aware of any observational information
on the line at 268.99 A. The line at 1190.12 A would be blended by 1190.40 A Sim1 and
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1189.6 A C1 lines. We have computed intensities for several Mg V1 lines under the same
assumption as for the Nevi lines. We have assumed a value of 3.16 x 10~ > for the Mg
element abundance (Kato, 1976). This abundance value seems to be appropriate since
it gives rather excellent agreement between computed and expected intensities at
434.6 A. In Table II we have listed the MgVvI line intensities.

TABLE 1I

Line intensities of MgVl lines

Transition Wavelength? Intensities (ergs cm~2s~ ! sr~1!)
252p* — 2522p3 A)
Observed® Calculated®
Py, -89, 40331 25.73 13.01
(Nevi, Mgvi)©
4Py, - 459, 400.66 - 8.81
P, - 4S9, 399.28 30.06 4.53
(Mgvr)© -
2D, - 2P, 388.00 - 1.04
D, , - 2P, 387.93 - 0.12
2D, — 2PV, 387.77 - 0.58
2D, , - D2, 349.18 - 0.36
2Dy, - 2DY, 349.16 133.11 6.77
(Siix)°
2D, , - 2D, 349.12 - 5.11
2D, , - 2DY, 349.11 - 0.49
’S12 = 2P, 314.65 (Mgviii, Sivi)© 0.93
28,5 - 2PY, 314.54 - 0.53
2p,, - 2PY, 293.11 - 1.26
2p,, - 2P9, 293.02 - 0.28
P, - 2PY, 291.46 (Nixvii, Sxi1)° 0.53
2p,, - 2P, 291.36 - 0.53
2P,,, - 2DY, 270.40 (Fex1v)° 0.83
2p,, - DY, 270.39 - 6.08
2p,, - 2D, 268.99 - 3.03
2522p - 2522p°
2p,, - 489, 1191.67 - 0.37
2p,, - 59, 1190.12 26.41 1.22
(Sim, Cr)©

2 NevI (Kelly and Palumbo, 1973), Mgvi (Edlén, 1984).
® Vernazza and Reeves (1978).
¢ Cf. text.

5. Electron Density and Temperature Diagnostics

Nevl and MgVl lines originate predominently in the chromosphere—corona transition
region. The ionization equilibrium curves for Nevi and Mgvi overlap around the
temperature for maximum relative ion abundance. Moreover, the quiet-Sun electron
pressure parameter (n, T) seems to have a constant canonical value of 6 x 10'* ¢m =3 K.
We have calculated several line intensity ratios as a function of electron density and
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temperature and keeping the electron pressure constant. This procedure is meaningful
because the observed line intensities refer to the average physical conditions of the
emitting layers within which electron densities and temperatures vary but the electron
pressure remains constant. Thus we will get the effective electron density and the
corresponding temperature from a particular line intensity ratio. We have considered
three different cases of line intensity ratios.

5.1. INTENSITY RATIOS USING NeVI LINES

These ratios are independent of the ionic concentrations and the element abundance.
In Figure 1 we have plotted the various ratios against electron density. The corre-
sponding temperature is given by the constant electron pressure parameter. In view of
the excellent agreement between the expected and computed intensities we assume the
theoretical ratios, for the sake of consistency, to represent the expected ratios. The filled
circles in Figure 1 refer to the theoretical ratios. In Table III we have listed some of the
ratios and the corresponding derived electron densities and temperatures.

LogT (K)
5.78 S2 870 566 5.62 558 554 550 546 S.42
T . ! I ! I 1X999.60)
-1.24} T
-1.401 —

1(1006.10)

*
148 _’/—// _

[y}
=
< 1%
= o.1s\\ —
= 1{ 40193\
S oosl —
—J
g
- 000 Ne VI Line Ratios =
1\ ) =1"= 1(562.80)
- 0081
neT=6x10* ]
~0.6}- -
-0241— .

1( 401.14)
~032}- .
\o\?\“__ Shi
-040 ] ] 1 ! I Z |t*
8.

00 904 908 912 916 920 924 928 932 936
Logng

Fig. 1. Log of theoretical intensity ratios I(4;)/I(4,,) for Nev1 lines as a function of logn, and logT for

a constant electron pressure parameter #,T (= 6 x 10'* cm ™32 K). The corresponding log T scale is shown

at the top. The filled circles refer to the theoretical intensity ratios. 4;; and 4,, are in A. Density-dependent
ion fractions have been used (Jordan, 1969).
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TABLE III

Electron densities and temperatures derived from Nev1 line ratios

A (A)/AA) n,(cm~3) T (K)

401.14/562.80 1.51 x 10° 3.97 x 105
401.93/562.80 1.51 x 10° 3.97 x 10°
435.65/562.80 1.52 x 10° 3.95 x 10°
999.6/562.80 1.59 x 10° 3.77 x 10°
1006.1/562.80 1.59 x 10° 3.77 x 10%

We notice that we get different temperatures and electron densities. This is due to the
fact that line intensity ratios contain a sensitive exponential factor involving the line
wavelengths and the temperature.

5.2. INTENSITY RATIOS USING Mg VI LINES

We have chosen the 314.65 A line as reference line to obtain intensity ratios for the
following reasons. The upper level of the transition for this line is 2s2p* >S , which is
radiatively connected only to the levels 25°2p>*P;, . The *P5, ,, levels show
relatively more sensitivity to electron density variations than the other fine structure
levels of the ground term. We have combined the intensities of three lines at 388 A for
estimating the ratio. Similarly four lines at 349 A have been combined into one line. In
Figure 2 we have plotted the various ratios against electron density. The corresponding
temperature is given by the electron pressure parameter. In view of the excellent
agreement between some of the computed and expected Ne VI line intensities with the
help of Mgvi and Mgvi line intensities, we assume, for the sake of consistency,
theoretical MgV1 line intensities to represent the expected MgvI line intensities. The
filled circles in Figure 2 represent the theoretical ratios. The derived electron densities
and temperatures from the various line ratios are given in Table IV.

As in the case of Ne vI different ratios give different electron density and temperature
values. The Mg VI ion has maximum ionic abundance at 3.76 x 10° K, same as NeVI.
The temperatures derived from MgVl line ratios are larger because the layers con-
tributing to the observed line intensities are relatively broader for temperatures greater
than the temperature for maximum ion concentration than is the case for NevI lines.
For temperatures less than the temperature for maximum ion concentration the layers
contributing to MgvI lines are thinner than those for Nevi lines.

5.3. INTENSITY RATIOS USING NeVI LINES AND THE RESONANCE LINE OF MgVI

In Figures 3 and 4 we have shown the Nevi to Mg VI line intensity ratios as a function
of electron density and temperature. We have chosen the resonance line at 400.66 A as
the reference line. The various intensity ratios and the derived electron densities and
temperatures are given in Table V.

In this case the line intensity ratios are dependent, in addition, on the relative element
abundances and the relative ionic concentrations of Ne vi and Mg vI. The intensity ratio
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Fig. 2. Same as Figure 1 but for Mgvi lines.
TABLE 1V
Electron densities and temperatures derived from Mgvi line ratios
2 (A)AA) n, (cm?) T (K)
268.99/314.65 1.33 x 10° 4.51 x 10°
270.39/314.65 1.33 x 10° 4.51 x 10°
349.14/314.65 1.29 x 10° 4.65 x 10°
387.93/314.65 1.28 x 10° 4.69 x 10°
400.66/314.65 1.27 x 10° 4.72 x 10°
1190.12/314.65 1.20 x 10° 5.00 x 10°
1190.12/1191.67 1.22 x 10° 4.92 x 10°

251

© Kluwer Academic Publishers ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993SoPh..145..241R

3SPh; CT45; ZZA1RD

K]

252 P. K. RAJU AND ASHEESH K. GUPTA
Log T (K)
5.78 5.7 5.70 566 562 558 554 5§50 5.46 S5.42
052 I ! ' ' ! ! T donsa
1(40066)
044 -
1(562.80)
1(400-66)
0.364 ~—
028 1(562.80)
1(400.66)
020 —
1(558.60)
1(400.66)
= 0.12 p
= 1(400-14)
£ oo 11%00-66) |
= 1(435.65
= 1(400.66)
£ -004 —
bl
o
S -on —
~020|£ —
-0.28 Line Ratios: I{NeVI)/ I{MgV1) .
ne T=6x10"
-036 —
-0.44 1 ! 1 ] ] 1 L
900 904 908 9.12 9.16 9.20 9.24 928 932 936
Logne
Fig. 3. Same as Figure 1 but for Ne vi lines with respect to the 400.66 A Mgvi line. ————: theoretical curve
using low density ion fractions given by Jordan (1969). — - — - —-: theoretical curve using low density ion
fractions published by Arnaud and Rothenflug (1985). Open circle and filled square represent theoretical
ratios.
TABLE V
Electron densities and temperatures derived from Nevi/MgvVI line
ratios
2 (A)AA) n, (em™?) T(K)
401.14/400.66 1.23 x 10° 4.88 x 10°
401.94/400.66 1.23 x 10° 4.88 x 10°
435.65/400.66 1.24 x 10° 4.84 x 10°
558.65/400.66 1.26 x 10° 476 x 10°
562.80/400.66 1.26 x 10° 476 x 10°
999.6/400.66 1.29 x 10° 4.65 x 10°
1006.1/400.66 1.29 x 10° 4.65 x 10°
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Fig. 4. Same as Figure 1 but for Ne vi lines with respect to the 400.66 A Mg Vi line.

curves in Figures 3 and 4 are drawn for equal element abundances of Ne and Mg. The
theoretical ratios shown on the curves are the normalised values given by the equation

{I(}.(NGVI)) }normalized _ log { [().,(NCVI)) }actual _
I(A(Mgv1)) I(A(Mgv1))

o {N(Ne) / N(Mg)} |
N(H) /| N(H)

We have assumed N(Ne)/N(H) = 3.98 x 10~° and N(Mg)/N(H) = 3.16 x 10~ for
the respective element abundances as these values explain the expected line intensities
rather well. We notice that the derived electron densities and temperatures are nearly
the same as those derived from Mg VI line ratios. This is primarily due to the fact that
higher Ne element abundance relative to Mg outweighs the thinness of layers, which

contribute to Ne vI lines, at temperatures greater than the temperature for maximum ion
concentration.
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6. Results and Discussion

The emission coefficient of a line is directly proportional to the number density of the
upper level of the transition. Any variation in line emissivity with electron density and
temperature would be due to the changes in the population of the upper level. In the
present study, the occupation of higher levels is essentially governed by occupation of
the ground term levels. Therefore, a change in the occupation of the ground levels would
be reflected in the variation in the line emission.

The Ne viion has two fine structure levels in the ground state. Since we are concerned
here with the averaged quiet-Sun conditions for the chromosphere—corona transition
region therelative population of the ground term fine structure levels are rather insensitive
to electron density and temperature. Thus, the variation of line ratios shown in Figure 1
are due to the temperature in an exponential form which appears in the line ratios. It
can be shown that the line ratio is directly proportional to this exponential factor. It is
of the form

ox {_1.44x108< 11 >}
P T \LA&) A

when we express line emissivities in terms of branching ratios and other atomic para-
meters.

Vernazza and Mason (1978) have considered four Ne vI line ratios. Two of them are
common to our ratios. They have considered these ratios at constant temperature. We
have considered some additional ratios which have not been discussed by them. Our
discussion of Ne vI line ratios at constant pressure seem more appropriate for conditions
within the chromosphere—corona transition region. In addition, our discussion of Ne vI
lines is more detailed in the light of the observed values listed by Vernazza and Reeves.
Moreover, Vernazza and Mason (1978) have scaled the atomic data in an arbitrary
manner to fit some observed ratios. This aspect was discussed in detail by Dwivedi and
Raju (1980). The comments by Dwivedi and Raju (1980) were later justified in a paper
by Brown et al. (1986). Very recently Dwivedi and Gupta (1991) have considered Ne vi
line ratios. As stated earlier our analysis of observational data on NeVI lines is more
exhaustive.

The Mgvi ion has five fine structure levels in the ground state. This ion has been
considered earlier by Feldman ez al. (1978), Bhatia and Mason (1980), and Raju and
Dwivedi (1990). In the present investigation we have used improved atomic data for
Mgv1 transitions and the line ratios have been discussed, as in the case of Nevl, at
constant electron pressure. Mg VI fine-structure levels are sensitive to electron density
values relevant to the chromosphere-corona transition region. Therefore, MgvI line
ratios are useful for electron density and temperature diagnostics of the transition region.

Figures 3 and 4 show the variation of NevI to MgVl line ratio with electron density
and temperature at constant electron pressure parameter. These ratios are more sensi-
tive to electron density and temperature than Nevi or MgVI line ratios. This is due to
the dependence, in addition, of these line ratios on the relative ionic concentrations of
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Nevr and Mgvi. We have used the density-dependent ion fractions computed by Jordan
(1969). At high temperatures ionic concentrations of Mg V1 is greater than that of Ne vI.
This difference decreases with decreasing temperature. This explains the steeper rise of
the ratio with increasing electron density. Then a nearly narrow plateau region is
reached. This region extends till about the temperature for maximum ionic concen-
tration. Thereafter, the ionic concentration of Mg VI starts decreasing relative to that of
Nevi and the line ratios start increasing with electron density once again. The theoretical
ratios are reasonably away from the plateau region and are thus useful for electron
density and temperature determinations. We have shown in Figure 3, for the sake of
comparison, the theoretical curve for the line ratio 7(562.80)/1(400.66) using (a) low-
density ion fractions given by Jordan (1969), and (b) low-density ion fractions published
by Arnaud and Rothenflug (1985).

The comparison of theoretical and expected intensities of Nevi and MgV lines
suggest the need to observe these lines in future at higher spectral resolutions. This will
help in resolving the difficulties associated with blending of two or more lines. In
particular, lines around 558, 435, 401, 399.8, 349, and 314 A. The agreement between
the theoretical and the available observed Nevi and Mg V1 line intensities is a testimony
to the reliability of atomic data, element abundance values of Ne and Mg, and the
atmospheric model used in the present study. In literature we find that, depending upon
the solar feature being considered, the relative abundance value of neon to magnesium
ranges from 0.97 to 3 (Widing, Feldman, and Bhatia, 1986; Widing and Feldman, 1989;
Feldman and Widing, 1990). In an extensive review paper Feldman (1992) has shown
that element abundances of the upper solar atmosphere are not fixed. It has been
emphasized that one must consider the element abundances of the region while cal-
culating the plasma properties of the solar atmosphere. However, our analysis of the
ATM data (Vernazza and Reeves, 1978) shows that the value of 1.26 for the relative
abundance of neon to magnesium seem to explain the expected intensities for the
averaged quiet solar conditions at solar minimum within the chromosphere—corona
transition region.

7. Conclusion

We have shown that the assumption of constant electron pressure to estimate electron
densities and temperatures within the chromosphere—corona transition region from
Nevi/MgVI line ratios is a reasonable one. We find that the values of 3.98 x 10~ ° and .
3.16 x 10~ > for neon and magnesium element abundances respectively seem to give
rather good agreement between theoretical and expected intensities based on ATM
ultraviolet spectrometer data. This amounts to a value of 1.26 for the ratio of neon to
magnesium element abundance for the average quiet-Sun conditions near solar mini-
mum. As has been discussed above the element abundances are not fixed but vary from
region to region. Our analysis of the observed Nevi and MgvV1 line intensities for the
averaged quiet-Sun conditions suggests the need for future observations at higher
spectral resolutions to facilitate more detailed electron density and temperature diagnos-
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tics of the chromosphere—corona transition region and derivation of reliable relative
abundance of neon to magnesium.
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