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Summary

The solar photospheric abundance of silicon is derived from application of
theoretical oscillator strengths for transition arrays of the type 3pns—3pn’p in
Si 1 and 45—4p in Si 11. The two stages of ionization are in agreement and lead
to log N(51) = 7-55 on the scale where log N(H) = 12-00.

We discuss the interpretation of the profiles of strong Si 1 lines and suggest
a modification of the solar model atmosphere. The [Si 1] line at 10991-41 A is
found to be only a minor contributor to a blend with a telluric line.

1. Introduction

In a recent review of abundances in the solar photosphere, Miiller (1967)
concluded that the abundance of silicon is ill-determined. Indeed, her abundance
compilation contains two entries for silicon: log N(Si) = 7-70 and log N(Si) = 7-24
on the standard scale log N(H) = 12-00. This uncertainty results from uncertainties
in the absolute scale for the Si1 oscillator strengths. The former value is based on
laboratory determinations of oscillator strengths, and the latter on Coulomb approxi-
mation radial integrals with LS-coupling line strengths. In the present paper,
the opportunity is taken to redetermine the silicon abundance using the results of
intermediate coupling calculations for the Si1 spectrum (Warner 1967). It is
demonstrated that the abundance can be determined with an uncertainty of less
than about o'10 dex. This determination is based on selected Si1 lines, and two
Si 11 lines. A forbidden Si1 line is also discussed.

The techniques of abundance determination, the model solar atmosphere, and
the principal sources of observational data were described in the first paper of
this series (Lambert 1968). The model atmosphere given there was used in the
present calculations with the exception that for the analysis of certain strong lines
a variant of this atmosphere was constructed and adopted. Full details are given
in Section 2.2.1.

In much of the discussion the silicon abundance (log N(Si) = 7-50) derived
by Goldberg, Miiller & Aller (1960) will be adopted as a reference point. A revised
abundance will be given as a logarithmic difference, that is

[Si] = log N(Si)—log Nama(Si).

2. The St 1 spectrum
The number of identified SiI lines in the solar spectrum now totals several
hundred. A detailed description of the presence of SiI lines in the Fraunhofer
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spectrum is in preparation. The following Section discusses the theoretical oscillator
strengths employed in this paper and, in particular, it emphasizes the criteria
adopted for the selection of lines considered suitable for an abundance determination.

2.1 Oscillator strengths. The oscillator strengths used in this paper were
selected from extensive intermediate coupling calculations (with allowance for
configuration interaction where necessary) made by one of us (Warner 1967).
The transitions included here were chosen on the grounds of:

(1) absence of configuration interaction;

(ii) reliability of the dipole transition integrals.

- The radial integrals were calculated by the Scaled Thomas-Fermi-Dirac

(STFD) method (Warner 1968) and only those which show little sensitivity to
the energy parameters (i.e. absence of strong cancellation in the contributions to
the dipole integral) were accepted.

Several transition arrays of the type 3s23pms—3s23pn’p are acceptable on the
above precepts, but only four are at wavelengths suitable for use in the abundance
study. They are 4s—4p, 4p—5s, 4p-6s and 4p—7s. Transition arrays of the type
3523pnp—3s23pn’d and 3s23pnd—3523pn’f are not considered owing to the occurrence
of configuration interaction (in 3s23pnd) with the resulting probable decrease in
accuracy of the theoretical f~values.

In addition to the theoretical f-values, experimental measurements by Schulz
(1966) at Kiel were considered. These refer to the 4s—5p array (see Table V), for
which the theoretical approach is unreliable owing to cancellation in the dipole
integral. The absolute scale of Schulz’s f-values is not finalized (an increase of
o-20 dex* over the 1966 scale was recently reported (Miiller 1967)) so that in the
final assessment no weight is given to the result from the 4s—5p array. A measure-
ment for one line from this same array (1P-1D, log gf = —1'24) was given by Hey
(1959), which is 0-og dex larger than the value given by Schulz in 1966.

2.2 The Si1 spectrum

2.2.1 The transition array 4s—4p. The lines from the 45—4p array which are
present in the solar spectrum are listed in Table I. T'wo new solar identifications for
intercombination lines are included.

The lines in this array range in equivalent width from very large (W, = 628 mA)
through medium to weak (minimum W, = 4 mA). In the interpretation of the
strongest lines a number of problems were encountered. These are discussed
first but it must be stressed that the absence of a completely successful interpretation
for the strongest lines does not detract from the accuracy of the abundance deter-
mination because the abundance is reliably established from the weak lines in
this and other transition arrays.

The first problem to be discussed relates to the measurement of the equivalent
width. The weak but extensive wings of strong lines make a substantial contribution
to the total equivalent width of the line. The depth of the line in the wings may be
written as

r(AX) = C[AXN2
where C is a constant. For such a profile, the contribution to the equivalent width

* ¢ dex ’ is equivalent to ¢ in the ten-based logarithm °.
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TaBLE 1

Si1 lines: the transition array 45—4p

log W /A
Multiplet Aj Ao X loggf W, +7 Remarkst
3po-3D 2-3 12031°56 4°95 +0°43 460 258 MMH457, Mo470
2—2 1227076 —0°43 233 2-28 Mo
2-1 12395°90 —1-66 88 1-85 Mo
1-2 11984°50 4°93 +o-19 350: 2°47 Mo
I-1 12103-62 —0-40 268 234 Mo
o-1 11991:63 4°92 —o0'16 350 246 Mo366, L340

3po-3P 22 1082714 4'95 +o0-22 628 276 deJN628, L6111, MMH456
2-1 10979°34 —0°64 230: 232 L
1I—2 1060343 4°93 —0°39 345 2°51 deJN34s, L340, MMH296
I-1 10749°39 —o0-28 388 256 deJN388, L363, MMH266
1-o 1078685 —0°39 340 2°50 deJN340, L3335, MMHz242
o-1 10660-90 4°92 —0°-34 350 2'52 deJN3s0, L345, MMH277

3po-38 2-1 10585°14 4°'95 —o0-02 470: 265 L470, MMH377
1-1 10371°'29 4°93 —0°7I 2I2 231 Lz12, MMH18s5
o1 10288-95 4°092 —1-48 91 195 Lg1i, MMH76

3po-1y 22 ¢768-35 4°95 -—2-40 28 1-46 L

3pe-1§ 10 843528 4-°93 —3-13 4: 0-67 RRT

1poipy 1-2 10869-57 508 +o0-32 600: 274 L6oo, MMHs54

1po_1p 1—1 15888:55 508 —0-03 593 2°57 Mo

1po_1§ 10 9413°51 508 —o0-41 230: 239 L

1po3p 12 12196°70 5-08 —2-88 16 112 Mo*
I-1 1239022 —1-81 75 1°78 Mo*

1po38 1-1 11890°48 508 —2-19 61 171 L

Notes :

* Denotes a2 new identification.
: Denotes an uncertain measurement.
+ This column gives the individual measurements of the equivalent width.

© Sources:
MMH = McMath Hulbert quoted by GMA.
Mo = Mohler (1955).
L = Delbouille & Roland Atlas (1963).

RRT = Moore, Minnaert & Houtgast (1966).
deJN = de Jager & Neven (1967).
from the interval A< AX< o is
AW, = r(AXg) x 2ANg

Line profile observations for the 4s3P°—4p3P multiplet (de Jager & Neven 1967)
provide an illustrative example. For A 10749 the wings with r(AA)<2 per cent
contribute about 40 mA or about 10 per cent to the total equivalent width. This
contribution, which would probably be omitted if the noise level were about 2
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per cent, is equivalent to a 30 per cent (o-11 dex) contribution in the abundance.
It will be noted that the equivalent width measurements for the 3P°-3P multiplet
exhibit a marked disagreement between the de Jager & Neven measurements and
those obtained at the McMath—Hulbert Observatory. Measurements obtained
from the Delbouille & Roland (1963) Atlas tracings are in good agreement with
the former values. Photographic measurements by Allen (1938), which do not
appear in Table I, are in reasonable agreement with the McMath-Hulbert data.
This disagreement is probably attributable to an underestimate of the contribution
from the extreme wings resulting from a combination of a higher noise level and
lower resolution than are available with the Jungfraujoch spectrometer used by
de Jager & Neven and by Delbouille & Roland. The latter measurements are
adopted where available.

The central cores of the strong lines are formed in those regions of the model
atmosphere (log 79 ¥ —3-0) for which the adopted temperature distribution is
especially ill-determined (see Lambert 1967). It should not be surprising to find
that an adjustment to the model in these outer layers is indicated through a
comparison of the predicted and observed line profiles. In the adopted model the
temperature decreased throughout the photosphere to attain a minimum value of
4730°K at log 7o = —2-5 and then increased outwards to a constant ‘ boundary’
temperature of 4900 °K. The computed profiles on the assumption of local thermo-
dynamic equilibrium reflect this temperature distribution. The cores of the strong
lines are predicted to be flat over about +o'1 to +o2 A at a central depth of
about 45 per cent (see Fig. 1). This prediction is not confirmed by the observations.
For example, A 10827, which is the strongest line in the multiplet 3Po-3P, has a
central depth of 73 per cent which decreases to about 57 per cent at o1 A from the
line centre. T'wo possibilities for resolving this discrepancy might be considered:
the retention of the adopted temperature distribution with the introduction of
non-LTE conditions for line formation or, alternatively, it might be possible to
revise the temperature distribution to seek agreement with the observed profiles
whilst retaining the assumption of LTE and, of course, agreement with the observa-
tions of the continuous spectrum in the far infrared and the ultra-violet.

Holweger (1967) has constructed a model atmosphere which together with the
assumptions of LTE appears to be consistent with line profile observations for all
lines except very strong resonance lines. In this model the temperature decreases
outwards from 4400°K at log 7o = —4-0 to 4210°K at log 7o = —5-0, and the
boundary temperature of 3900°K is approached at log 79 = —6-5. In view of the
success of this model, the Holweger temperature distribution for log 79 & —2°3
was fitted smoothly onto the previously adopted temperature distribution. Hol-
weger’s values for the microturbulence were also adopted instead of the previously
used value of 1°8 km/s at all depths. A typical profile computed with the revised
model is shown in Fig. 1. Although the core is deepened the agreement with the
observed profile (after correction for the instrumental profile) cannot be considered
as completely satisfactory. It is estimated that the temperature must be further
reduced to about 4000°K at log 7o = — 3. However, it is likely that with this further
modification the model would not be consistent with observations of the continuous
flux distribution in the far infrared and the ultraviolet. Although this discussion
prompts certain doubts about the validity of the assumption of L'TE, the remaining
discrepancies are of an insufficient magnitude to necessitate a full exploration in
this paper: for example, for a typical line the difference at the line core between the
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predicted and observed profiles amounts to an equivalent width discrepancy of less
than 5 per cent, or an abundance difference of less than 15 per cent.

A curve of growth analysis for the 3Po-3P multiplet indicates that the abundance
is [Si] = + 0-35, which is significantly greater than the mean value [Si] = +o0-05
which is suggested by the weaker lines in the 45—4p and other arrays. Since the
theoretical f-values are unlikely to be in error by a factor of two, an alternative
explanation is sought. A possible explanation is that the damping constant should
be increased above the calculated value. At the depth of formation of the SiI

r {AX) per cent

80 1 i 1 1 | 1 1 { | | I I I ! [ 1 1 1

AN (A°)

Fic. 1. The line profile for A 10827 (4s3P20—4p3P2). The observed profile (de Fager &
Neven 1967) is shown by the filled circles (red wing) and the open circles (blue wing). The
solid line shows the predicted profile for the modified model atmosphere. The broken line
gives the predicted profile for the original model atmosphere with a boundary temperature
of 4900°K.

wings the principal contribution (greater than 8o per cent) to the damping is
provided by Van der Waals broadening (this was calculated from the following
mean square radii: Ryp? = 943 and Riow? = 48-0a.u.). The predicted and the
observed profiles agree for [Si] = + 0-05 when the damping constant is increased
by a uniform factor d = 2-1 + o-2. The predicted profiles with the increased damping
constant must match the observations in the wings where the line depth is propor-
tional to the product of the abundance and the damping constant. To within the
uncertainties set by the present observations the profile also matches the observa-
tions in the core of the line. The derivation of the increased damping is dependent
on the accuracy of the oscillator strengths but, as the f-values for the weak inter-
combination lines in this array provide a mean abundance (see below) in good
agreement with results from other arrays, this supposition is probably correct.
Unfortunately the reason for the increased damping is not yet apparent, but it
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should be noted that similar deficiencies in the theoretical damping constants have
been noted for the Na D lines (Chamaraux 1967; d = 1-8 according to Lambert &
Warner 1967), and in the O 1 A 7774 triplet (d = 2-2, Miiller, Baschek & Holweger
1967).

The other lines in the 4s—4p array will be briefly discussed. For the multiplet
3Po-3D a curve of growth analysis with the modified model gives [Si] = —o-20.
If the damping constant increase d = 2-1 is applicable, the abundance is reduced
to [Si] = —o-50, which is not consistent with the result from the weak Si1 lines.
The probable explanation is that the adopted equivalent widths (from Mohler
(19535)) are in error. The solar spectra available to Mohler were probably similar
or inferior with respect to noise and resolution to the McMath~Hulbert tracings
which provided the equivalent widths for 3P°—3P. If it is assumed that a similar
underestimate was made by Mohler, one obtains an abundance [Si] = o-00 to
o-10 for d = 2-1. T'wo lines A 11984-50 and A 1199163 appear on the Delbouille &
Roland Atlas but cannot be measured with sufficient precision to check the proposed
explanation. Re-observation of this multiplet would be of interest.

The multiplet 3Po-3S gives the following results:

Aj 21 I-1 I-0
d=1 +037 +o0'13 —o0-15
[S1]
d= 21 +o'10 — 009 — 021

As the equivalent widths for these lines are obtained from the Delbouille &
Roland Atlas an appreciable systematic error is not expected. The principal feature
of these results is the significant variation between lines. This variation is reduced
but not eliminated when the damping constant is increased. As the adoption of LS
coupling line strengths leads to a marked increase in the variation: [Si] = + o-6o0,
— 020, — 074, one might suspect that the discrepancy will vanish with a subsequent
refinement of the intermediate coupling calculations.

The multiplet 1P—1D gives [Si] = o-40 with d = 1. This result strongly
suggests that the increase in damping constant to d = 2:1 is applicable to this
transition. 1Po-1P at X 15888 gives [Si] = —o-17 with d = 1. No weight should be
attached to this result in view of the probable underestimate of the equivalent width.
The equivalent width of the remaining singlet 1P°-1S at A 9413 is uncertain owing
to possible blending with an atmospheric line, but with 4 = 1 the abundance
[Si] = +o0°24 is obtained. :

The intercombination lines are substantially weaker and the interpretation is
correspondingly simpler. The five lines in Table I give a mean abundance [Si] =
+0-06, which is unchanged for d = 2. The mean abundance for all seven lines
weaker than log W,/A = —4-801is [Si] = —or01, or —0'03 with d = 2. The curve
of growth is given in Fig. 2. The scatter suggests an uncertainty of at least +o-05
dex.

2.2.2 The transition array 4p~5s. Table II gives details of 12 lines from the
4p—5s array. One line is newly identified in the solar spectrum. The composite
curve of growth is shown in Fig. 3. The mean abundance based on the 12 lines is
[Si] = —o-o5 with the standard theoretical damping constant (d = 1). With
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] J 1 | ! l
-3 -2 =1
log X
Fic. 2. The curve of growth for the weaker lines (log W/ A< —4-80) from the 45—4p
transition array. The solid line corresponds to [Si] = —o-01andd = 1.
TasLE 11

St 1 lines: the transition array 4p—5s

Multiplet Aj Ao X log gf W, log W/A+7  Remarkst
8p-8po 3—2 1596017 5+08 +o:15 417 242 Mo
2-2 15558-00 5-96 —0°72 180 206 Mo
2-1  16094-96 —0-10 320 230 Mo
1-2 15361°37 5-95 —1'95 23 118 Mo
-1 15884-48 —0-73 146 1-96 Mo
Sp-3po 2-1  19505°86 6-10 —063 159 1°91I Mo
3D-1po 2—-1  14769-88  s5:96 —1°58 38 135 Mo
-1 14592°74 5'95 —I'42 89 179 Mo
sp-1po 1-1 17205°82  6-08 —1°55 44 1°41 Mo
1p-1po 2-1 21354'32 6-22 +0-09 388 226 Mo
1p-1po -1 13177°06 5-86 —0'49 250 228 Mo*
1p_3po 1-1 14221'52 5°86 —1'20 122 1°93 Mo

T See Notes to Table 1.

increased damping constant (d = 2-1) the mean abundance is decreased to
[Si] = —o'16.

It is shown below that the abundance [Si] = + o0-05 is suggested by the analysis
of the weak lines in other arrays. The array 4p—5s would appear not to be in good
agreement with this result. The probable explanation is that the equivalent widths
from Mohler’s (1955) catalogue are systematically in error. Unfortunately this
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Fi1c. 3. A composite curve of growth ([Si] = —o-05) for the 4p—ss transition array. The

solid line gives the computed curve of growth for X 15850, x = 5°96 eV and d = 1. The
broken line illustrates the effect of an increase in the damping constant to d = 2. The
computed curves of growth for differing wavelengths were displaced to fit that for X 15850
at log W,/A = —5ro.

TasLE 111
St 1 lines: the transition array 4p—6s
Multiplet Aj Ao X log gf W, log Wi/A+7 Remarkst

8D-8p° 32  8892-74 5'98 —o0'83 77 194 L
2-2 876642 596 —1-68 12 1°14 L1z, RRT13
2-1 894906 —1-12 48 173 L
-1 8883:68 5-95 —-1-78 15 1°23 L
1-o 8925-30 —1-42 32 1°56 L
3p-3po 22 9689-37 6°10 —1:09 49 1°70 L
1o 983936 6-08 —1-66 17 124 L
38-8po 1-2 989161 6-13 —1-33 22 1°35 L
1-1  10124'83 —2°'10 6-0 077 L*
3D-1po 2—1 866737 596 —2'04 7 096 L7-8, RRTS
-1 8606:00 5-95 —2'14 78 0°95 L7-8, RRTg
3p-1po o1 9423°95 6-08 —2-65 2 033 L¥
ip-1po 2-1 10582°16 6:°22 —1'01 37 1°54 L
1p-1po  1-1 809323 58 —145 57 1-85 Ls4, RRT66
1§-1po oI 12458'5s0 640 —1'87 10 0'90 Mo*
ip-3po 2-1  11005°I 6:22 —198 3 042 L*
1p-3po 1-1 833834 586 —1-90 17 1°32 L16, RRT1g

1 See Notes to Table 1.
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supposition cannot be checked owing to the lack of independent measurements of
equivalent widths obtained from spectra with a resolution and noise level superior
to that available to Mohler.

2.2.3 The transition array 4p—6s. Seventeen lines from the 4p—6s array are
listed in Table III. Four new solar identifications are included. The composite
curve of growth is given in Fig. 4. The mean abundance is [Si] = + 0-06, which is
reduced by less than o-o1 dex if the damping constant is increased by a factor of 2.

X<
o | -
o
+
~
T 3p-1p0
- - “3/,_1/,0
A 10_3/;0
o
O._._

! i l ] i
-3 -2 - 0]
log X

F1c. 4. The curve of growth for the 4p—6s transition array. The solid line corresponds to
[Si] = +o0°06. The broken line tllustrates the case d = 2.

With the exception of two lines the scatter about the mean curve is probably
attributable entirely to errors in the equivalent widths. The two exceptions are
1P-1Po with [Si] = +0-47 and 1D-3P¢ with [Si] = —o0-33. The former also gives
a significantly larger abundance in both 4p—5s and 4p—7ys. The mean abundance
from the array is unchanged if these two lines are omitted.

2.2.4 The transition array 4p—7s. Table IV gives the selected lines from the
4p—7s array. The composite curve of growth is shown in Fig. 5. The mean abundance
from the 13 lines is [Si] = +o-10. If the four lines which differ from the mean by
more than +o0-25dex are omitted the mean is then [Si] = +o-11. The r.m.s.
deviation for these nine lines is only +o0-04, which suggests that the scatter is
produced by measurement errors in the equivalent widths.

2.2.5 The transition array 4s—5p. It was pointed out in Section 2.1 that owing
to cancellation in the transition integral the theoretical f-values are unreliable.
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‘TasLE 1V
St 1 lines: the transition array 4p—7s
Multiplet  Aj Ao % loggf Wy log W,/A+7 Remarkst

3Sp-3p°  3-2 %7373°01 5°98 —1:30 42 177 RRT

2—2 4728598 596 —2'I5 5 0-84 RRT

10 739554 595 —1°89 II 117 RRT
3p-3po 2—2 %912°38 610 —1'56 13 121 Li13, RRT1s

2~-1 805791 —2'21 I3 021 Li-3, RRTz2-5

-1 797558 6:08 —2:17 5°9 0-87 Ls-9, RRT6

1o 8o1z-2y —2°'13 §°0 o-80 Ljs-0, RRT10
35-3po 12 804680 68 —1-80 6°5 o-89 L6:0, RRTY
8D-1P°  2-1 725542 5§5°96 —2'33 4 074 RRT
1p-1po  2-1 8550°37 6-°22 —2-33 8-2 0°:98 L8-2, RRTyg
1p-1po 1I-1  6848-57 58 —2:08 15 134 RRT15, MMHI16
ID-3P°  2-1  8764°94 6:22 —2:22 5°5 080 Ls-5, RRT2
1p-3pe -1 6985'51 586 —2:34 2 045 RRT

T See Notes to Table 1.

l ) i l | !
3 2 =
log X

F1G. 5. The curve of growth for the 4p—7s transition array. The solid line corresponds to
[Si] = +o'11. The key to the symbols is given in Fig. 4.
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TABLE V
Si1 lines: the transition array 45—5p
Multiplet Ay Ao X loggf* W, logW,/A+7 Remarkst
3po_3D 2-3 579787 4'95 —2-'07 38 1-82 RRT32, MMH44
1I—2 579308 4°93 —2°'25 39 183 RRT38, MMH40
o-1 5780°39 4°92 —2°55 24 162 RRT22, MMHz27
3po_3p 2-2 570841 4°95 —1-63 77 213 RRT77, MMH?77
1~2 §645-62 4-93 —2-28 35 1°79 RRT35, MMH31
-1 56090°43 —2-06 53 197 RRT'53, MMHs2
I-0  §70I-II —2°24 40 1:85 RRT'40, MMH36
o1 5665-56 —2'23 40 1-85 RRT40, MMH38
1po-1p I—2 5948'55 508 —1-33 88 2+18 RRT88, MMHS8g
ipo.1S 10  §772°15 508 —1-95 46 1-8¢9 RRT47, MMH4s

* From Schulz (1966).
+ See Notes to Table I, also MMH measurements include certain lines given by
Holweger (1967).

7+ Iog%

| ! I
-25 -2:0 -15 -0

I'og X

Fic. 6. The curve of growth for the 4s—sp transition array drawn for [Sf] = +o0-22 and
d=1.

Indeed, they lead to an abundance [Si] = — o4 which is not consistent with the
results from other arrays. Schulz (1966) measured the f-values for ten lines in the
4s-5p array. The curve of growth (Fig. 6), based on these f-values and the line
list given in Table V, exhibits remarkably little scatter. However, the mean
abundance [Si] = +o0-22 (which is reduced by o-05 dex for the case d = 2) is
appreciably greater than is obtained from other arrays. Similar abundances based
on different model atmospheres are reported by Grevesse (1967), Holweger (1967)
and Miiller (1967), whose results reduce to [Si] = +o0'24, +0'17 and +o0-20
respectively. This discrepancy suggests that the absolute scale for the experimental
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f-values is in error. Miiller (1967) reports that the 1966 scale should be increased
by o-20 dex. This would give [Si] = +o0-02. Alternatively, one might consider
normalization to the single measurement of Hey (1959). This (see Section z.1)
would give [Si] = +o0°13. In view of the uncertainty over the absolute scale no
weight will be attached to the abundance determinations from the 4s—5p array.

3. The Si11 spectrum

3.1 Introduction. In the recent revision of Rowland’s Preliminary Table (RRT),
Moore, Minnaert & Houtgast (1966) list seven Si 11 lines, which are apparently
present in the solar spectrum between A 2935 and A 8770. These seven lines and
one other tentative identification (unidentified in RRT) are listed in Table VI.
The proposed identifications and the possibility of their use for an abundance
determination will be examined.

'TaBLE VI
Si 11 lines in the solar spectrum
Transition log W, /A
array Multiplet  Aj Ao x loggf W, +7 Remarkst
353p%—3s%4p 2D-2P° g/2—3/2 385602 6°86 —o0-66 45 207 RRT
3/2~1/2 3862-60 —0:92 38 1'g9 RRT
3/2—3/2 3853-66 —162 23 178 RRT (1)

35245—3s24p  2S-2P° 1/2-3/2 634710 8-12 +0-21 55 1'94 RRT354, MMHj56
1/2-1/2 6371°36 —0-09 3I 160 RRT27, MMH34

3s23d-3s24f 2D-2F° g5/2-7/2 413089 9-84 +o-77 26 180 RRT (2)

o}

‘99 RRT (3)
‘99 RRT (4)

3s24p—3s%5s  2P-28° 3/2~1/2 5978:93 10'07 —0'07 5°5
1/2-1/2 5957°56 —0°37 §5*

(o}

Notes :

t See Notes to Table 1.

(1) A CN line contributes to the measured equivalent width.
(2) This is a suspected blend according to the RRT.

(3) Identification given as Si11? in the RRT.

(4) Unidentified in the RRT.

3.2 Oscillator strengths. An inspection of the term diagram indicates that the
combination of the Coulomb approximation radial integrals and LS coupling line
strengths should provide reliable f~values in the majority of cases. Such values are
listed in Table VI for all transitions except 353p2—3524p for which LS coupling does
not apply. Froese & Underhill (1966) computed Hartree-Fock wave functions
allowing for configuration interaction. Their results are in good agreement with
the Coulomb approximation calculations. Their results for 353p2~35s24p are adopted.

Experimental f-values are available for certain lines (Hey 1959, Schulz 1966).
The experimental and theoretical results are compared in Table VII. The measure-
ments by Hey are in good agreement with the theoretical results except for A 5978.
The measurements by Schulz for the multiplet 45-4p are a factor two smaller than
the theoretical results. Miiller (1967) reported an increase of 020 dex in the absolute
scale for the 1966 measurements of SiI lines but does not indicate whether a
similar adjustment is applicable to the Sii1r data. Table VII suggests that the
correction factor is common to the SiI and Si 11 data.
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TaBLE VII
log gf values for lines of the St 11 spectrum
log gf*
A CA FU H S

3856 —0-66 —074

3862 —0'92 —0°97

3853 —1:62

6347 +o0-21 +0:28 —0'03
6371 —0°09 —0-02 —o0-05 —0-31
4130 +0°77 +0°76

4128 +062 +0-58

5978 —0°07 +o0-02 —0-22

5957 —0°37 —o0-28

* CA = Coulomb approximation.
FU = Froese & Underhill (1966).

H = Hey (1959).
S = Schulz (1966).

3.3 Abundance analysis. Curves of growth were calculated for the multiplets
listed in Table VI, but only the 45s25-4p2P? is considered suitable for an abundance
determination. The other multiplets are discussed in the following Section.

With Coulomb approximation f-values the following abundances are obtained
from 4s25—4p2P0:

A 6347 [Si] = +o-15

A 6371 [Si] = —o0-06

and the mean abundance [Si] = +o0-05 is consistent with results from the Sii
lines.

3.4 Discussion. A straightforward analysis for the transition 3s3p2-3s24p gives
[Si] = —o-31, which is significantly smaller than the above result (A 3853:66 was
not included owing to blending with a CN line). Inspection of the Utrecht Atlas
reveals that both A 3856 and A 3862 are appreciably blended, with the latter barely
discernible as a separate line. A large error in the abundance must be anticipated.
The line A 4130 suggests [Si] = +o'21 but according to the RRT the Fraunhofer
line is probably a blend and no weight can be given to this result. Finally, both
A 5978 and A 5957 give [Si] = +o0-5, which may be supposed a sufficient reason to
reject these tentative identifications.

4. The [S71] line: 3p21D2—3p21S

The predicted wavelength for the forbidden transition 1D2-15, within the 3p2
ground configuration is 1099141+ 0'01 A from the improved energy levels for
Si 1 given by Radziemski et al. (1967). Bowen (1948) first suggested that this line
should be of a sufficient intensity to be detectable in the solar spectrum. Babcock &
Moore (1947, p. 12) report the detection of this line but give no estimate for its
equivalent width. The Delbouille and Roland Atlas (1963) shows that there is a
line at the predicted wavelength with an equivalent width of about 8 mA. However,
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Babcock & Moore list an atmospheric water vapour line at this wavelength
(10 991-40 A). It is likely, therefore, that the measured feature is a blend and not
wholly attributable to the [Si 1] line.

An estimate for the predicted intensity of the [Si 1} line confirms this conclusion.
The f-value was calculated using the methods of Pasternak (1940) and Garstang
(1951). The electric quadrupole integral, as calculated by the Hartree-Fock and
STFD methods, is only one-half that adopted by Pasternak and therefore the
f-value is approximately one-quarter of his, that is A; = 0854 s or gf = 155 %
10-8, Full details of the calculation are given elsewhere (Warner 1967).

With the revised abundance for Si the predicted equivalent width for the
[Si 1] line is 1-6 mA. The large discrepancy between the observed and predicted
strength can be attributed to the identified atmospheric line.

From a careful analysis of spectra obtained at a high altitude station and over a
range in zenith distance it should be possible to separate out the solar component
to the blend at A 10991-40. Furthermore, in observations of the west limb of the
Sun the [Si1] line would be shifted by 0-06 A into the red wing of the atmospheric
line. Examination of the transition probabilities for other forbidden transitions
indicates that no further [Si1] lines are expected to be present in the solar spectrum.

5. Concluding remarks

The abundance determinations from the Si1 and Si11 lines are summarised
in Table VIII. Two points should be noted. Firstly, the results from four transition
arrays in SiI are in good agreement: total spread with the increased damping is
o-277 dex but since the 4p—5s determination may be based on inaccurate equivalent
widths, this spread could be as small as 0-14 dex. Secondly, the determination from
the two Si 11 lines is in satisfactory agreement with the Si I results.

TaBLE VIII
Summary of abundance results
T'ransition No. of [Si]

Spectrum array lines d=1 d=2
Sit 45—4p i —o0-01 —0-03
4p—5s 12 —o0-05§ —o0-16
4p—bs 17 +o0-06 +o0-06
4p—7s 9 +o-11 +o-11
Sinn 45-4p 2 +o0-05 +o0-02

The mean abundance with equal weight given to all lines is [Si} = +o0-03 for
d = 1 or or0o for d = 2. If the transition array 4p—5s is omitted the results are
[Si] = +0-06 and +o0-05 for d = 1 and d = 2 respectively. The result [Si} =
+ 0-05 is adopted and the silicon abundance is

log MO _ 445 — 7-55— 12°00.
N(H)

The uncertainty in this determination is less than 4 o-10 dex and possibly as
small as + o0-05 dex.

Silicon is one of two principal electron contributors in the outer layers of the
photosphere (magnesium is the other). As the derived abundance is in good agree-
ment with that adopted (log V(Si)/N(H) = —4-53) for the calculation of the gas
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and electron distribution, a recalculation using the revised abundance would lead
to a negligible (< 0-005 dex) revision of the above result.
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