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THE EXTREMELY YOUNG PLANETARY NEBULA M 3-27

Francisco Ruiz-Escobedo!, Miriam Pefia!, and Ana Valeria Beltran-Sanchez!

RESUMEN

En esta memoria presentamos resultados parciales del anélisis espectrofotométrico de la joven nebulosa plane-
taria M 3-27. Las lineas de H™ tienen perfiles y velocidades radiales diferentes a las lineas de los demaés iones, lo
cual sugiere que son emitidas por la estrella central; debido a esto, la correccién por enrojecimiento se determiné
utilizando las lineas de Het. Encontramos la presencia de una zona interna de alta densidad electrénica (107
em~3) que dificulta el célculo de la temperatura electrénica. Calculamos las abundancias iénicas relativas a
Het, que se escalaron para obtener las abundancias idnicas relativas a HT, asi como las abundancias totales.

ABSTRACT

In this proceeding we present partial results of the spectrophotometric analysis of the young planetary nebula
M 3-27. The H* lines have different profiles and radial velocities than the lines of the other ions, suggesting
that they are emitted from the central star. Therefore, the correction for reddening was determined using the
He™ lines. We find the presence of an internal zone with a high electron density (107 cm™2), which complicates
the calculation of the electron temperature. We calculated ionic abundances relative to Het, which were then

escalated to obtain ionic abundances relative to HY, as well as total abundances.
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1. INTRODUCTION

Planetary nebulae (PNe) represent one of the last
evolutionary stages of low-intermediate initial mass
stars (~1 — 8 Mg). These objects are constituted by
shells of gas expanding around a central star, which
emits UV photons that ionize the gas. Emission lines
of different ions, produced by various mechanisms,
are detected in PNe spectra, such as collisionaly ex-
cited lines (CELs) and optical recombination lines
(ORLs).

Physical conditions of PNe, electronic tempera-
ture (7T,) and electronic density (n.), can be inferred
from different CELs and ORLs ratios, e.g., ne from
[STI] AN6731/6716 and O IT AN4649/4661, T, from
[OIIT] AA(5007 4 4959) /4363 and He I AA7281/6678.
Once physical condition are determined, ionic abun-
dances (X*!/H*) and total abundances of an ele-
ment (X/H) are calculated.

M3-27 is a young and compact PN, whose be-
haviour has been analysed since the late 1960s. Ko-
houtek (1968), Adams (1975), Ahern (1978) and
Barker (1978) found that M 3-27 exhibits a density
gradient, with an outer zone where n, ~ 103 — 10*
cm™3, an inner zone where n, > 10 cm ™3, and H1
Balmer lines are affected by self-absorption. Wes-
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son et al. (2005) estimated a T, = 13,000 K and
determined ionic and total abundances. Miranda et
al. (1997) reported that Ha has different profile and
velocity than CELs: Ha exhibits a P-Cygni pro-
file, attributed to a strong stellar wind, and broad
and extended wings up to 1500 km s~!, attributed
to Rayleigh-Raman photon scattering (Arrieta &
Torres-Peimbert 2003).

In this proceeding, we present partial results of
our analysis of M 3-27, complete results are presented
and discussed in detail in the published paper Ruiz-
Escobedo et al. (2024).

2. OBSERVATIONS

For this work, we analysed a set of optical spec-
tra of M 3-27 obtained using Boller & Chivens and
REOSC-Echelle spectrographs, which were attached
to the 2.1-m telescope at Observatorio Astronémico
Nacional San Pedro Martir (OAN-SPM), Mexico,
from 2004 to 2022. Boller & Chivens (B&Ch) spec-
tra (2004 and 2021) provide a spectral resolution of
R = 685 at 5000 A. REOSC-Echelle spectra (2004,
2019, 2021 and 2022), provide spectral resolutions
between R ~ 16,000— 18,000 at 5000 A. These spec-
tra were reduced following the standard routines in
IRAF? and were calibrated in wavelength and flux.

2IRAF is distributed by the National Optical Observatory,
which is operated by the Associated Universities for Research
in Astronomy, Inc., under contract to the National Science
Foundation.
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M 3-27 (2019 Echelle)
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Fig. 1. Profiles and v,4q of important lines. (Reproduced
from Figure 4 in Ruiz-Escobedo et al. (2024)).

3. ANALYSIS
3.1. Line profiles

We were able to analyse the line profiles from our
REOSC-Echelle spectra due to their high-resolution.
In Figure 1, we present the heliocentric radial veloc-
ities (vraq) of Ha, HB, He I A5876, and [O II1] A4959
lines as observed in REOSC-Echelle 2019 spectrum.
We found that Hel A5876 and [OIII] A4959 lines
have a vraq ~ —70 km s~! and show a single profile,
however, Ha and Hf lines exhibits a P-Cygni profile
with two emission peaks, one blue at —84 km s—!
and another red at —7 km s~!. Both HT lines also
show an absorption that fits in velocity with He I and
[O111] line profiles. Ha profile exhibits wide wings
that extends up to 1,500 km s~! attributed to Ra-
man scattering. These characteristics were found in
all the REOSC-Echelle spectra, indicating that HI
lines are affected by stellar emission, which cannot
be subtracted, whereas the lines of other ions are
emitted by the nebula.

3.2. Reddening correction

Because of the stellar contribution to HT lines,
the extinction correction of M 3-27 was performed
using Hel lines. For this purpose, we used the
methodology proposed by Zamora et al. (2022) based
on the observed fluxes and theoretical intensities of
ANT281, 6678, 5875 and 4922 lines relative to A6678,
which serves as the reference wavelength (f(Aret))-
These lines, which are unaffected by effects of ne,
are plotted as points in the plane log(Fy/Fie) —
log(Iy/15%) = f(A) — f(Arer) and a linear regression
is applied, the slope of the regression represents the
value of ¢(HB). We obtained values of ¢(H/j) rang-
ing from 0.39 to 0.63 for OAN-SPM observations,
which were then used to correct the line intensities
for effects of reddening.
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Fig. 2. Line evolution of important lines. (Reproduced
from Figure 3 in Ruiz-Escobedo et al. (2024)).

3.3. Temporal evolution of line intensities

In Figure 2, we present the temporal evolution
of the intensities relative to HS of some important
lines of M 3-27 in a period between 1968 to 2021.
Data from the 1970s are taken from the previous
studies in literature, while data from the 2000s are
from OAN-SPM observations. The [OIII] nebular
line A5007 shows a decrement in its intensity, from
~ 4HpB in the 1970s to ~ 1.7HfS in the 2000s. In
contrast, [O I1I] auroral line AM363 remaining at ~ 1
HB during all the period. A similar effect is also
observed in the nebular and auroral lines of [O11],
[NTI] and [STI]. [Nelll] A3869 does not show either
important changes in its intensity, remaining at ~
1.5 HB.

This effect is attributed to an increase in the
plasma ne, which suppresses the emission of nebu-
lar lines because these lines have lower critical den-
sities (neit) than the auroral lines. An increase in
the plasma n. throughout the period has been found
a will be discussed in the next sections.

We also found a significant increase in Har inten-
sity, from ~ 4HpB to ~ 12Hf in 2021. This confirms
that Ha emission is affected by stellar emission and
suggests substantial changes in stellar emission over
a short period of time.

3.4. Physical conditions

Physical conditions and abundances were calcu-
lated using PyNeb (Luridiana et al. 2015). From
OAN-SPM data, we also found the presence of a den-
sity gradient in M 3-27, an outer zone where n, ~ 103
cm™> and an inner zone where n, = 107 cm™3;
besides, most of the line diagnostic ratios used for
T. determination are showed more sensitive to ne,
therefore, the estimation of a T, becomes difficult.
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TABLE 1
REPRESENTATIVE ABUNDANCES OF M 3-27

Echelle 2019 B&Ch 2021

CELs

O*/H* (x10-7) Neb.  0.63%9:3 —
Ot/H* (x107°) Aur. — 1.6070 78
OT2/H* (x107%) 1687035, 1.8670%8

NT/H* (x107%) Neb. 2.29+0.31 2207928
ORLs

O+2/H* (x107%) 5.5015:28 —
ADF(012) 3.2610°51 —
124+log(O/H) 8.22F5-07 8.30 +0.06
log(N/O) 1.55: —0.87+0.17

:: Very uncertain value.

By an assuming a ne = 107 ecm™3, a T, ~ 17,000 K
is determined from the [O III] AX(5007 4+ 4959) /4363
line ratio for REOSC-Echelle 2019 and B&Ch 2021
spectra. From REOSC-Echelle 2019 spectrum, ne
and T, from ORLs were determined: ne ~ 10* cm™3
from O I AA4661/4649 and a T, = 8,000 K from He I
AA7281/6678 (by using Zhang et al. 2005 formula).

3.5. Ionic and total abundances

For ionic abundances calculations, two n. zones
and a single T were assumed for CELs, while a single
ne and T, zone were assumed for ORLs. Since HI
lines are affected by stellar emission, we determined
ionic abundances relative to Hel A5876 line ( g—;)
using the following formula:

Xt Iy €Hel5876 (1)
Het  Ipgerssre €x

Where I /ITHerss76 is the line intensity relative to
Hel A5876 and €pgerss7e/€x is the ratio of Hel and
the line emissivities. These values were escalated to
obtain the ionic abundances relative to H' by assum-
ing that Het/HT = He/H = 0.11, the mean He/H
for Galactic disc PNe (Kingsburgh & Barlow 1994).
Therefore, ionic abundances relative to HT were cal-
culated as: %(H6+) = 0.11 x g—;
discrepancy factor, ADF(O%?2), was also calculated.

Total abundances were determined from the ionic
abundances and corrected using ionization correction
factors (ICFs) by Kingsburgh & Barlow (1994). Rep-
resentative abundances are presented in Table 1.

4. DISCUSSION

We found that the inner n, has changed from
10% em ™3, in the 1970s, to 107 cm ™3 in the 2000’s.

Abundance

This increment suppresses the emission of nebular
lines with low n¢.;. Additionally, we identified sig-
nificant changes in Ha/HS intensity, which we at-
tribute to important variations in central star emis-
sion.

Our results show that almost all O in M 3-27 is
present in the form of O2 and O has a minimal
contribution to O/H total abundance. We derived a
sub-solar 12+log(O/H) value, ranging from 8.22 to
8.30, which is lower than the 8.60 value reported by
Wesson et al. (2005). The O abundance has impli-
cations on the determination of total abundances of
other elements, such as N, due the construction of
their ICFs. As is shown in Table 1, if OF abundance
is determined using the nebular line [OII] A3727,
which is suppressed by effects of ne, the total N
abundance will be overestimated and highly uncer-
tain. However, this is no the case if O abundance
is determined from the auroral line [O II] A7325, in
which case the N abundance behaves accordingly to
values of disc PNe. Therefore, we adopted the to-
tal abundances derived from B&Ch data. We also
derived a ADF(O12) = 3.26 lower than the value of
5.48 reported by Wesson et al. (2005).

M 3-27 is a challenging PN for its analysis, due to
its high density and its important changes in short
periods of time. Further observations and analysis
of M 3-27 are needed.
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