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ABSTRACT

In the framework of the morphological survey of northern sky planetary nebulae, in progress at the IAC,
we investigate in detail those nebulae that show peculiarities or that have not been studied before. By means
of narrowband imaging and accurate two-dimensional spectroscopy we analyzed the peculiar nebula M1-75.
Its morphology is very complex, consisting of two contiguous shells, surrounded by two previously undetected
fainter lobes. Detailed plasma analysis showed an extreme nitrogen enrichment in the outermost shell
(N/O = 2.85), as well as a high helium abundance (He/H = 0.18), making this object a good candidate for
peculiar stellar evolutionary paths. The detected abundances of heavy elements are among the highest ever

detected in a galactic planetary nebula.

Subject headings: planetary nebulae: individual (M1-75) — stars: evolution

1. INTRODUCTION

The correspondence between the chemical and morphologi-
cal characteristics of planetary nebulac (PNs) was demon-
strated by Peimbert (1978), who defined Types I and II PNs on
the basis of their nitrogen and helium enrichment. In order to
build a constructive framework to compare observations and
theory, additional investigation is in order presently. In partic-
ular, the widening of homogeneous databases of galactic and
extragalactic PNs improves the field in a statistical sense.
Stanghellini, Corradi, & Schwarz (1993) used the survey of
southern PN images (Schwarz, Corradi, & Melnick 1992) to
study the correlations between nebular two-dimensional
shapes, and the evolutionary stages and the masses of the
central stars. More recently, Manchado et al. (1995) started a
survey of northern PNs via narrowband imagery.

Among the peculiar nebulae disclosed by Manchado et al.’s
survey is M1-75. According to the morphological classification
scheme given by Stanghellini et al. (1993), this is an irregular
nebula with a multiple/irregular shell structure with detached
lobes (or ringlets). We derive the information from narrowband
imagery and from differential spectroscopy.

2. OBSERVATIONS

We observed M1-75 through two narrowband filters:
Ho + [N 1] (FWHM 100 A) and [O m1] 15007 (FWHM 30 A),
using the 0.8 m IAC 80 telescope at the Observatorio del Teide
(Tenerife) in 1994 January. We used a 1024 x 1024 Thomson
CCD with pixel-size of 20 um. Four images of M1-75 were
taken at each filter, each lasting 15 minutes. These images were
added to obtain the final pictures of Figure 1 (Plate L1). The
pixel size is 07435 with a field of view 7.4. The seeing was less
than or equal to 1?5 throughout the observations.

The spectral data were collected at the Isaac Newton Tele-
scope (Observatorio del Roque de los Muchachos, La Palma)
in 1994 May, using the IDS (Intermediate Dispersion
Spectrograph) (Unger et al. 1988) with the 235 mm camera.

L49

The 300 1 mm ! grating R300V gave a dispersion of 3.12 A
pixel ~, covering a spectral range from 3600 to 7200 A. Spec-
tral resolution was 6.5 A. We used a long slit along the prin-
cipal axes of elongation. A second slit was placed 90° from the
first. We observed along the first slit with two exposures of 30
minutes each, and along the perpendicular slit with one 30
minute exposure. Slit positions with respect to the nebula are
presented in Figure 1.

3. SPECTRAL ANALYSIS

The two-dimensional spectra were cut so that one-°
dimensional spectra could be obtained for each different region
of the nebula. To show more precisely where the spectra were
extracted, we present in Figure 2 the surface brightness profile
of the [N ] 16584 line, extracted from the low-dispersion
spectrum at the principal position angle. In Figure 2 we can
single out three different zones within M1-75: zone A corre-
sponds to the central region; zone B is a second, attached,
irregular shell of higher emission in the light of [N 1]; and
zone C comprises the faint, extended, and asymmetrical ring-
lets (or lobes) about the shells. From Figure 2 we see that the
flux does not fall to zero between zones B and C. Thus the
outer structures are probably two-dimensional projections of
very thin shells or filaments, rather than rings. On the second-
ary slit position, only zones A and B were detected, as can be
inferred from Figure 1. The final one-dimensional spectrum of
region C is simply cut from the relative region of the first slit
position, whereas the final spectra for zones A and B are
obtained by adding these zone contributions from the two slit
positions. Figure 3 shows the one-dimensional spectra for
zones A, B, and C, respectively. There is a scarcity of nebular
lines in zone C. No stellar continuum has been detected.

The optical extinction constant was determined by fitting
the observed Balmer decrement (Ha, HB, and Hy lines) in
region B, since its spectrum have the highest signal-to-noise
ratio, to the theoretical Balmer lines ratios (Brocklehurst 1971)
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FiG. 1.—Top) Hx + [N 1] image of M1-75. The picture has been displayed at two levels of intensity to show both the bright and faint features. The slit positions
of low-resolution spectra are shown. (Bottom) [O 1] image of M1-75. In both filters, the field of view is 104”.
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FiG. 2.—Surface brightness profile of the [N 1] 16584 line extracted from
the low-dispersion spectra along the major elongation axis.

adopting case B recombination (T, = 10* K and N, = 10*
cm~3). Taking into account the errors involved in the flux
measurement of the Balmer lines, we adopted c; = 2.3 + 0.1,
which is in good agreement with the value c; = 2.4 given by

- Aller & Keyes (1987). The observed line fluxes were dered-

dened using the reddening function, f(4), derived from the

_normal extinction law (Whitford 1958). Although a slightly

lower value for the extinction is deduced from the Hoa/Hp ratio
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in region A, we used the same value as in region B, because line
flux measurements in the central region are more uncertain. In
Table 1 we list the observed and dereddened relative intensities
of the nebular lines corresponding to the spectra of Figure 3.
All intensities are scaled to I3 = 100, except those of region C
where no Hf flux was detected and intensities are scaled to
Iy, = 100.

Ionic abundances were calculated for the three zones via the
five-level atom program provided by Preite-Martinez (1986).
The calculation of the physical conditions in zones A and C
was not possible (see Table 2). Low-excitation ionic abun-
dances were calculated with the [N 1] electron temperatures,
while high-excitation lines were treated with the [O 1] one.
Column (1) gives the diagnostic, whiles columns (2) and (3) give
the values for that diagnostic in the A and B zones. In region C,
it was not possible to calculate the electron density and tem-
perature, due to the weakness of the diagnostic lines. However,
assuming the same electronic temperature than in region B and
an electronic density of 100 cm ™3, it was possible to derive a
value of 6 x 10™* for the N*/H* abundance. Even if all the
nitrogen was in this ionization state (N *), the nitrogen abun-
dances will be 6 times higher than the solar value. The ionic
and elemental abundances, derived on the basis of the standard
ionization correction factors, as well as their associated errors,
are given at the end of Table 2. Errors were estimated taking
into account the uncertainties associated with the line strength
measurements and those due to the electron densities and tem-
perature calculations. Helium abundances were calculated
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1 F1G. 3—One-dimensional spectra of M1-75 (top) zone A, (center) zone B, and (bottom) zone C. The Ha and [N 1] spectral region is shown at different scale in

order to bring out the relation between these lines.
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TABLE 1
OBSERVED AND DEREDDENED LINE INTENSITY RATIOS FOR M1-75
A B c*
Line f(’\) Lobs Lyer Lobs Tger Lobs Tder
23727 [O 1] 0.257 32.7 122446 55.8 221435
23869 [Ne 111] 0.231 48.7 165437
24340 Hry 0.135 31.0 63£10
24363 [O 111] 0.129 17.3 3449
24686 He 11 0.043 100.5 129417 64.6 8446 e ‘
4740 [Ar 1v] 0.030 e 8.2 10.144
4861 HB 0.000 100.0 100 100.0 100
24959 [O 111 -0.024 278.4 251413 499.9 45017
25007 [O 111] -0.030 917.8 788440  1590.4 1357450
25200 [N 1] -0.083 28.1 18.441.7
25412 He 11 -0.133 204  11.143.0 e
A5755 [N 11] -0.205 66.1 21.7+1.1
25876 He 1 -0.225 34.2 10.140.7
26300 [O 1] -0.298 112.9 23.141.0
6312 [S m]+He 11 -0.299 33.2 7.340.8 46.4 9.540.6
26364 [O 1] -0.310 .. 39.8 7.7+0.4
26436 [Ar V] -0.316 32.9 6.5+0.8 7.7 1.440.3 e
26548 [N 11] -0.338 159.7  28.5+2.6  1795.5 297411 254.9 255423
26563 Ha -0.340 14173 253418  1788.5 295411 100.0 100
26584 [N 11] -0.343 686.8  12316.2  6384.7 1055439  1119.8 1120497
26678 He 1 -0.353 e 15.5 2.440.3
6717 [S 11) -0.362 47.3 7.640.5 395.2 59+42.2
6731 [S 1) -0.364 56.3 9.140.6 467.4 69+2.6
A7005 [Ar V] -0.380 99.5  13.840.9 30.0 4.0+0.3
A7135 [Ar 111 -0.396 173.4  21.741.2 327.1 40+£1.5
F(HB)® 27.4 150.4 e
F(Ha)b 69.4 443.6 2.76
® Intensities scaled to Iy, = 100.0.
b Dereddened flux in units of 10~ *3 ergscm~2s™ %,
TABLE 2 regarding collisional excitation (e.g., Clegg 1987). Given that
PLASMA DIAGNOSTICS AND CHEMICAL ABUNDANCES the ionization potentials to produce N* and O* are similar,
we set N*/O* equal to N/O.
A B
Te [N 1] 110752 11075  +175 4. DISCUSSION
a
:: [[SOHI]H] 11(1);(5) 4280 lffgg fgs; 00 The electron density is almost the same in region A and.in
- the outer shell zone B. This result would exclude a density
Ot+/Ht x10° 204  +2. 11.5 +4. enhancement due to a shock front between the inner region
Ot /Ht x10° 3.6  +2. 6.0 1.5 and the attached shell. In fact, shock excitation does not seem
O°/Ht x10° 36 104 to play any significant role, as deduced from the low [O 1]
O/H x10* 2.4 2.8 26300 to Ha ratio (Riera 1990). We can then conclude that the
N+ /H* x10° 18 402 171 +13 quasi-multiple shell structure is not due, in this case, to
N/H x10* 1.24 10.0 dynamical phenomena.
From Table 2 we see that the helium and nitrogen abun-
St/H* x107 36 05 29.7  £24 dances are high. These results confirm the earlier work of Aller
S/H x10° 3.9 26.0 & Keyes (1987), who found N/O = 1.7 and He/H = 0.19 and
Art+ /H+ x107 15.7 +1.4 13.5 +3. subsequently classified M1-75 as a Type I PN. However, they
Ardt /Ht x107 . 11. +5. did not carry out a spatially resolved abundance calculation. If
Artt /Ht x107 23.7 +2. 5.2 +0.9 we refer to region B, where the abundance determinations are
Ar/H x10° 3.9 3.0 very reliable, the N/O ratio (equal to 2.85) is among the highest
Net+/Ht x10° ' 2.3 £1 ever found in a PNs. To be sure of this statement, we calculat'ed
Ne/H x10° 56 : the elemental abundances using our method, from the line
: fluxes given by other authors in the cases of the PNs (K3-61,
Het /Ht (5876) L 0.089 +0.012 M1-35, M1-42, and Me2-2) with very high abundances (Henry
Hett /H* (4686) 0.15 +0.03 0.090 +0.015 1990; Perinotto 1991). We have referred to the original line flux
He/H 20.15 0.18 determination (Aller & Keyes 1987), and found that in all four
N+ /O 05 075 2.85 1 casei there l\)avas nolpossible dt.atem‘;iltlatlion1 ((;t('):)l(l)e IZI(*,Actron tetrlrll-
N+ /st 50 : 576 perature, whose value was assumed to be 10, . Among the

2 Assumed values.

PNs with higher N/O we found, NGC 2440, Hu 1-2, M3-3,
and, NGC 6302. Peimbert & Torres-Peimbert (1987) reported

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995ApJ...444L..49G

) D 440 . AT

[T995AG

L52 GUERRERO, STANGHELLINI, & MANCHADO

values of N/O equal to 1.5, 1.6 and 1.7 for NGC 2440, Hu 1-2
and M3-3, respectively. Aller et al. (1981) found a value of
N/O = 1.6 for NGC 6302. All those values are far below the
N/O ratio of M1-75.

Calculations by Becker & Iben (1980) and Garcia-Berro &
Iben (1994) show that, after the second dredge-up, N/O abun-
dances are lower or equal to unity. Iben & Tutukov (1995)
predict that, for binary evolution in a common envelope phase,
with initial mass between four and 6 solar masses, a nitrogen
and helium enrichments very close to the ones observed by us
in M1-75. However, there is no indication that M1-75 hosts a
binary star, nor is any star observable; thus we cannot con-
clude that the object has gone through the necessary common
envelope phase.

On the whole, the scenario including binarity of the nucleus

is only an indication at this point, given the impossibility to
observe the very faint central star. Further investigation on the
central star of nebulae similar to M1-75 will certainly help to
the understanding of the evolutionary path of their precursors.

The IACB0 is operated on the island of Tenerife by the
Instituto de Astrofisica de Canarias in the Spanish Observ-
atorio del Teide. The 2.5 m Isaac Newton Telescope is oper-
ated on the island of La Palma by the Royal Greenwich
Observatory in the Spanish Observatorio del Roque de los
Muchachos of the Instituto de Astrofisica de Canarias. This
research was partially funded through grant PB90-0570 from
the Direccion General de Investigacion Cientififica y Técnica
of the Spanish Ministerio de Educacion y Ciencia.
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