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BALLIK-RAMSEY BAND IN SOLAR SPECTRUM

M. C. Pande, K. Sinha, Uttar Pradesh State Observatory, Naini Tal

Received 30 January 1973

Equivalent width calculations for a line 1:83 p of the 0—0 vibrational band of the Ballik-Ramsey band

system has been carried out in two photospheric models — BCA and HSRA. Centre-to-limb variation

of the above line is given for BCA. Calculations show that this band may be observable in the photospheric
spectrum.

Banmk-PaMmcelieBckasi 10JI0Ca B COJHEYHOM CIIEKTpE

Pacuer sxBuBanenTHON mupmubl mus auaEA 1.83 1 0—O0 BuOpanmonnoit monocel Bamimk-PamceiieBckoit

CHCTEMBI II0JIOC OBLIT BEINOJIHEH B ABYX poTochepuueckux monaensx — BCA u HSRA. HM3MmeHenne oT LeHTpa

x kparo CoyHIIa BRIMENPABEACHHOM THHUN puBoauTcs i BCA. BuluucieHHs IOKA3BIBAKOT, YTO 3Ta I0JIOCA
MOXeT Habnrogarcs B criekTpe GpoTochepsl.

1. Introduction

In an earlier investigation (Sinha, 1973) the absence
of Phillips bands in the solar photospheric spectrum
was reported. The same reasons as given in the reffered
paper prompted us to investigate theoretically the
possible presence or absence of Ballik-Ramsey 0—0
band in the photospheric spectrum.

For this selected a line at 1-83 p (N = 35), because
it is expected to be the strongest line under photo-
spheric temperatures. Centre-to-limb variation of equi-
valent width of this line was obtained for the BCA
photosphere (Gingerich and De Jager, 1968). To
check the results, the equivalent width of this line
was calculated for the centre of the disk in HSRA
(Gingerich et al., 1971). Here we report the results
of this investigation.

2. Equivalent Width Calculations

The equivalent width calculations are carried out
with the same technique as outlined in Gaur et al.
(1971). The oscillator strength (= 2783 x 107%) is
calculated in the same manner as given in Sinha
(1973).

The molecular constants and the wavelength are
taken from Ballik-Ramsey (1963). The concentration-
optical depth run in BCA is taken from Pande and
Gaur (1972). The same run in HSRA is obtained
with the help of the following equations:

(21)  P(C) = p(C) [1 L KO, p0) ]

pe)  K(CO)

_ KO, pO)

(2.(7;) P(0)= p(0) [1 + o) * K(co)]
_29-n9
(2.3) p(Co) = K(Cy)

where K’s denote the dissociation constants, P's the
fictitious pressures, p’s the free partial pressures and
the terms within brackets refer to the relevant species
with usual notations.

3. Results and Discussions

The equivalent width in HSRA for the 1-83 p line
turns out to be 1-88 mA at the centre of the disk. The
results in BCA are presented in Table 1.

Table 1

Sr. No. cos @ Equivalent width (mA)

1. 1-00 1-45
2. 0-75 2.10
3. 0-50 2-66
4. 0-30 2:62

An inspection of Table 1 suggests that cos @ = 0-5
may be the best centre-to-limb position for detecting
the lines of the 0—0 Ballik-Ramsey band. This is also
supported by the following argument. The 1-782 p line
arising from the rotational level J = 10, will be about
half as intense as the 1-83 p line originating from the
level J = 34 under photospheric temperatures. The
equivalent widths of the two lines are respectively
0-72 mA and 1-45 mA at cos @ = 1 for BCA. If the
same center-to-limb variation is assumed for both the
lines then the maximum equivalent widths attained
atcos @ = 0-5will be 1-32 mA & 2-66 mA respectively.
In brief, we suggest that the observations for detecting
the Ballik-Ramsey 0—0 band lines should be made
at center-to-limb positions around cos @ = 0-5.

Presently a controversy is going on about the pre-
sence or absence of the C, Swan bands in sunspots.

-
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For example, Branch (1969) and Schadee (1970)
consider that the C, Swan band lines are considerably
weakened in the umbral spectrum, while Wohl (1972)
thinks that these lines get strengthened in spots as
compared with the photosphere. If the C, Swan band
lines get strengthened in sunspot spectrum then it is
reasonable to expect that the Ballik-Ramsey 0—0 band
lines will also be strengthened. This gives us an addi-
tional criterion for resolving the present controversy
about C, in sunspots. The strongest C, lines belonging
to the Swan and Ballik-Kamsey bands should be
studied at various center-to-limb positions so as to
locate the place on the disk at which spot/photosphere
contrast in these lines attains maximum. Of course,
very careful location of the continuum in sunspot
spectra and judicious corrections for scattered photo-
spheric light will be needed in such an investigation.
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It is shown that while the triplet states of Swan bands are populated through an LTE path, the singlet states
of Phillips bands are not. The problems regarding the observations of the various bands of C, molecules
in the solar photospheric and umbral spectra are discussed in the light of this result.

OGpasosanne Mosekyn C, B comeqnoit armocdepe

TToka3ano, 4TO B TO BpeMs Kak TPHIUIETHBIE cocTosiHus mosioc Cpana 3acensrorcs mocpenctsoM LTE,
CHHTYJIEHTHBIE COCTOsiHES moyioc duumunca He 3acensrorcsa. [Ipobremsr, Kacaromuecs HabmoneHnit pa3nmy-
HBIX Tostoc Monekynt C, B CHEKTPax CONIHeYHOM dpoTochepsl 1 IATHA, 06CYKIAFOTCA B CBETE 3THX PE3yIbTATOB.

1. Introduction

While considering the abundances and the excitation
equilibrium of C, molecules in the photosphere and
sunspots one encounters the following problems:

(i) The absence of Phillips bands coupled with the
presence of Swan bands in the photospheric spectrum
(Sinha, 1973).

(ii) The absence or presence of the uninvestigated
Ballik-Ramsey bands in the photospheric and spot
spectra (Pande and Sinha, 1974).

(iii) Centre-to-limb variations of profiles of C,
Swan band lines in the photospheric and sunspot
spectra. For the photospheric case, the observations
and model based theoretical predictions do not match
near the limb if homogeneous models and LTE are
assumed (Raghavan, 1968).

(iv) Observational evidence for the absence (Branch,
1969; Schadee, 1970; Sotirovski, 1971), presence

(Wahl, 1972) or weakening (Harvey, 1972) of C, Swan
band lines in the spectra of umbrae of spots is con-
flicting. Theoretical LTE calculations of the equi-
valent widths of C, Swan band lines lead to the absence

of these bands in the umbral spectrum (Sotirovski,
1971; Branch, 1969).

These problems cannot be lucidly interpreted unless
one clarifies whether the processes of formation and
disappearance of C, molecules in the solar atmosphere
correspond to LTE or not. With this in view, we
have investigated the problem of photodissociation and
radiative association of C, molecules in the photo-
sphere and sunspots (cf. section 2) and have discussed
the implications of the results obtained.

2. Absence of C, Molecules in Singlet States

The radiative association probabilities for the bands
of the Swan and Phillips systems are calculated by

Publishing House of the Czechoslovak Academy of Sciences * Provided by the NASA Astrophysics Data System



