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Abstract. With the aim of investigating the resonance system of NO, equivalent width calculations have
been made for the 213.575 nm, Q,(31.5) line of the 1-0 band of y-system of NO for the photospheric

HSRA model, and for the line 214.012 nm, Q,(25.5) line of the same band system for Zwaan’s (1974)
sunspot model.

Calculations show that y-band system would not show up in the photospheric spectrum whereas a
sunspot model yields an equivalent width of 72 mA suggesting that sunspots may provide relatively
more favourable conditions for the detections of the resonance systems of some abundant molecules in
the inaccessible ultraviolet region.

1. Introduction

The resonance systems of some of the abundant umbral molecules fall in the UV
region at wavelengths shorter than 290 nm and thus not accessible to observations
made from the ground. In spite of the fact that the molecular abundances in
sunspots are generally much larger than in the solar photosphere, investigations
concerning predictions of molecular line strengths in the said UV region have been
made only for the photospheric case. Recently the cases of the molecules H,, CO
and SiO have been considered by Krishna Swamy (1975, 1976) using the HSRA
model by Gingerich et al. (1971). The present investigation aims to show that the
y-band system of NO, electronic transition A°3" — X1, 2, practically undetect-
able in the photospheric spectrum, would probably be considerably enhanced in the
umbral spectrum.

2. Equivalent Width Calculations

The method adopted for equivalent width calculations is the weak line approach as
used by Waddell (1958). The models selected for the calculations are the HSRA
photospheric model and the Zwaan’s (1974) sunspot model, hereinafter called
ZSM-74. The ZSM-74 model was selected for these calculations since this model is
more refined than the earlier continuum based sunspot models (cf., Zwaan, 1974).
HSRA abundances have been adopted except for nitrogen for which the abundance
quoted by Boyer and Sotirovski (1973) has been used along with a H to He ratio of
10: 1. For the continuous opacity calculations the absorption cross-sections for All,
Mgl, and Sil by Travis and Matsushima (1968) and the absorption cross-section for
H, H and scattering due to H, H, and electrons by Tsuji (1964) were used.
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For the photospheric case the 213.575 nm, Q;(31.5) line of the 1—0 band of
v-system of NO was selected for equivalent width calculations for the following
reasons. At this wavelength the contributions to the continuous opacity by the
molecules CO and SiO are expected to be inappreciable (cf., Krishna Swamy,
1976). An inspection of Franck-Condon factors by McCallum et al. (1972) suggests
that the 1-0 band would be the strongest band. Further, under photospheric
conditions, the population of the rotational levels is expected to peak around the
rotational quantum number J = 31.5 for which the rotational line strength factors S;
from Schadee (1964) show the largest values for the Q; branch. Molecular con-
stants from Carpenter and Franzosa (1965) along with a band oscillator strength of
8.09x107* given by Farmer et al. (1972) were used. An equivalent width of
0.4 mA is obtained for the HSRA photospheric model at the centre of the disc
when along with the other sources enumerated above the additional source of
opacity suggested by Matsushima (1968) is also included. However, the equivalent
width calculated by us without the additional source of opacity again turns out to be
small (<1 mA) for detection in the photospheric spectrum.

Under sunspot conditions, the population of the rotational levels is expected to
peak around J=26.5. The 214.012 nm, Q;(25.5) line of the 1-0 band of the
v-system of NO was selected for equivalent width calculations to avoid con-
taminations by the molecules CO and SiO. The contributions by the latter mole-
cules are expected to become inappreciable at this wavelength as per predictions
for the photospheric case by Krishna Swamy (1976) and opacity considerations by
Tarafdar and Vardya (1972). Other abundant molecules such as H,, N,, CH, CN,
MgH, TiO, NH, OH, SiH and H,O are not expected to contaminate the predicted
equivalent widths since their resonance systems fall elsewhere. An equivalent width
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Fig. 1. Dependence of equivalent width W;(mA) on the rotational quantum number J of the lower
level for the lines of the Q; branch of the 1-0 band of y-system of NO in the sunspot mode] ZSM-74.
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of 72.0 mA results for the selected line of the y-band of NO in ZSM-74 at the
centre of the disk. From the contribution function of this line the average depth of
formation is established to be 7(500 nm)=0.178 where the temperature is T =
3552 K. At this temperature in the weak line approximation the equivalent widths
of the lines of the Q, branch of the 1-0 band of the y-system of NO are expected
to manifest a variation approximately as shown in Figure 1.

3. Discussions

Before establishing the presence of NO y-system in the sunspot spectrum, the
following points need further consideration:

(i) The spectrum of NO considered by us runs from 214.8 nm (J"=0.5) to
207.4 nm (J"=70). In this wavelength region we calculated the opacity due to
molecules CO(A—X) and SiO(A—X). The opacity due to these molecules is less
than 107> cm” g™ " at all tabulated depths in the model ZSM-74.

(i1) The opacity due to Aluminium starts becoming important (>10 cm’g™) at
207.4 nm and shorter wavelengths. Therefore, we have restricted the W, versus J
plot up to only 207.4 nm marked by an arrow in the figure.

(iti) The value of oscillator strength used by us is from the investigation carried
out by Farmer et al. (1972) and this value is in good agreement with the values
determined earlier by various authors.

(iv) The value of the dissociation potential of NO used by us is 6.51 eV, whereas
JANAF Thermochemical Tables (Stull et al., 1970) give a value of 6.48 eV. The
latter value reduces the expected equivalent widths by a factor of 0.90 only.

Among the various electronic transitions originating from the ground electronic
state namely B, v, 8, and ¢ bands, the y-band only has been investigated by us here.
The 6 and ¢ bands were not investigated by us since these bands fall in the
region 184.0nm to 210.0 nm and 170.0 nm to 190.0 nm respectively. Our cal-
culations of metallic continuous opacity in this wavelength region show that the
opacity gets considerably enhanced in the upper photospheric layers of the umbra
and consequently absorption lines of these systems will not be visible. For B-bands
an inspection of the Franck-Condon factors suggests that the bands originating
from higher vibrational levels (v"”) should be most intense.

4. Conclusion

Thus the y-band system of NO will not show up in the photospheric spectrum since
even without the unknown opacity source of Matsushima (1968) the equivalent
widths of the 1—0 band of this system turn out to be inappreciable. However, this
band of the y-system gets considerably strengthened in sunspots and may show up
in their spectra. This also suggests that sunspots may provide relatively more
favourable conditions for the detection of the resonance systems of some abundant
molecules in the inaccessible ultraviolet region.
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