VARIABILITY OF THE EMISSION-LINE SPECTRUM OF THE
NUCLEUS OF THE SEYFERT GALAXY NGC 7469
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Abstract. It is shown that the emission lines ‘of the NGC 7469 nucleus spectrum are variable. Time
variability of hydrogen lines is less than 20 days. The Ha emission line is at the profile base about
a factor of two narrower than the Hy line. Estimation of the density of hydrogen envelope, where
Balmer lines wings were emitted, gives the value of about 108-10° cm-3.

There are many reasons now for considering the nuclei of Seyfert galaxies as super-
stars with gaseous envelopes, emitting gas which can be compared with envelopes of
peculiar stars or planetary nebulae.

During recent years it was shown that the emission line spectra of the nuclei of
some Seyfert galaxies are variable (Andrillat and Souffrin, 1968, Khachikian and
Weedman, 1971; Pronik and Chuvaev, 1972; Cherepashchuck and Lyutyi, 1973;
Pronik, 1971, 1974a, b). This evidences that the physical conditions in the envelopes
of Seyfert galaxy nuclei are variable. Investigations of such variations are important
in the determination of the structure of Seyfert nuclei and their envelopes.

Variability of emission lines in the spectrum of the nucleus of Seyfert galaxy NGC
7469 was observed in 1971-1972. Twelve spectrograms with dispersion 380 A mm ™!
in the region 3700-6800 A in 1971, September 22 and October 14, and 1972, January 7
and September 18 have been obtained at the prime focus of 2.6 m Shajn telescope
with V. Pronik’s high speed spectrograph.

The profiles of the hydrogen lines Hae—HJ averaged for each date are shown in
Figure 1. One can see that:

(1) Profiles of Balmer lines on the same date differ from each other. The most
peculiar among the Balmer lines is Ha. Its profile for all observations is about a factor
of two narrower than that of Hy-HJ.

(2) Profiles of emission lines are variable with time. The most variations were ob-
served in the profile of HB. This profile was like that of Ha in 1972, January 7
whereas in 1972, September 18 — like those of Hy—Hé.

(3) Time variation of hydrogen line profiles is less than 20 days.

Relative intensities of the brightest emission lines of the nucleus of NGC 7469 are
shown in Table I. It summarizes the data from different sources. Intensities given in
Table I corrected for interstellar absorption in the nucleus of Galaxy according to
Wampler’s data (Wampler, 1971) were used for the Balmer decrement calculations.
The results are given in Figure 2, showing that the Balmer decrement is variable.
Figures 3 and 4 show that relative intensities of emission lines correlate with the
equivalent width of HB and the intensity of the continuum of the NGC 7469 nucleus.
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Fig. 1. Profiles of emission Balmer lines of NGC 7469 nucleus averaged for each date. Short vertical
lines show the average square errors for each spectral line. Long vertical lines are drawn for easier
comparison of the details of the spectral line profiles.
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Fig. 2. Correlation between the relative line intensities /us/[us and the equivalent width of the
Hp line Was.
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Fig. 3. Correlation between Wxs and intensity of the continuum I»(I, were calculated from data
of Lyuty (1974)).
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Fig. 4. Balmer decrements of the emission spectrum of the NGC 7469 nucleus:

N1 according Anderson (1970) and our data 1972, September 18,
N 2 - 1971, September 22,

N 3 - 1971, October 14,

N 4 - according to Seyfert (1943) and Dibay and Pronik (1967),
N 5-1972, January 7.

The most common model for the nuclei envelopes of Seyfert galaxies is a thin or
thick moving layer (Anderson, 1971; Ulrich, 1972). The theory of the Balmer decre-
ments of such envelopes was given by Sobolev (1947), Boyarchuk (1966) and Gershberg
(1974). Comparison of decrements of Figure 2 with the theoretical recombination
decrements (Boyarchuk, 1966) allows us to obtain the parameters for the inner vari-
able envelope for different dates. It was found that the inner part of the NGC 7469
nucleus envelope is optically thick. Table II gives its parameters for two dates: for
1972, January 7, when the Balmer decrement Iy,: Iy,: Iys: Iy, was the slopest and
for 1972, September 18 — when it was the steepest of all the decrements observed.
The columns of Table II are: (1) the date, (2) electron temperature T, (3) electron
density 7., (4) size of the envelope R, (5) mass M of that part of the envelope where
the Balmer lines are variable.

TABLE 11
Properties of the regions producing the variable Balmer emission
Date T K necm=3 Rcm @/—ﬁlo
1972,Jan. 7 2x 104 109 1.6 x 1018 17
1972, Sept. 18 3 x 104 108 5.0 x 1016 25

Thus our results show that physical conditions in the inner part of the hydrogen
envelope of the nucleus of NGC 7469 are variable. In 1972, January 7 we observed
the dense inner part of the envelope. In 1972, September 18 its T, rose and we could
observe the more rarefied outer part of the envelope.
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About a month earlier Lyuty observed a strong decrease in the (U—B) of the
NGC 7469 nucleus (Lyuty, 1974). This may be the cause of T, rising in the envelope.
Seyfert (1943), Dibay and Pronik (1967), Anderson (1970) and Wampler (1971) ob-
served the NGC 7469 envelope to have different values of 7, (Table I, Figure 2).

Our observations show that the inner variable envelope of the NGC 7469 nucleus
is surrounded by a more extended and rarefied envelope, 10'8-102! cm in size. This
part of the envelope is more stable.

~ According to Dibay and Pronik, lines of [O 1] 3727 A and N,+ N, [O m] are
emitted in the rarefied part of envelope, were n, is equal to 10 to 106 cm 3. Our data
show that the intensities of 3727 A and N, + N, are also variable. For a detailed
investigation of the character of such variations and physical conditions in this part
of the envelope additional observations are needed.

The detailed results of this investigation will be published in the Astronomicheskij
Zhurnal, 1975.
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