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RESUMEN

Se analizan los diversos tipos de nebulosas planetarias, NP, para estudiar la contribucion al enrique-
cimiento del medio interestelar, en helio y elementos pesados, debida a estrellas de poca masa. A par-
tir de observaciones de NP en la Galaxia y en las Nubes de Magallanes se encuentra que las NP de Tipo
I constituyen aproximadamente el 20% del total de NP. Las NP de Tipo II sirven como traza de gra-
dientes de composicion quimica a lo largo del disco de la Galaxia. Las NP de Tipo I enriquecen el
medio interestelar con helio producido por ellas mientras que las NP de Tipo II muestran el cociente
de He/H con el que se formaron. Se presenta evidencia en favor de una mayor masa para las NP de Ti-
po I que para las de Tipo II; esta evidencia indica que la frontera entre los dos tipos se encuentra
aproximadamente en 2.4 M &

ABSTRACT

To study the contribution from stars in the 1 < M/M@ < 5 range to the enrichment of the
interstellar medium a discussion of the various types of planetary nebulae (PN) is made. From ob-
servations of PN in the Galaxy and in the Magellanic Clouds it is found that PN of Type I comprise
about 20% of the total number of PN. Type II PN delineate well defined abundance gradients across
the galactic disk. Type I PN enrich significantly the interstellar medium with freshly made helium
while Type II PN present the He/H abundance ratios with which they were formed. Evidence is
presented that suggests that Type I PN are more massive than Type Il PN and that the dividing line
between them corresponds to objects of ~2.4 M &
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I. INTRODUCTION

Low mass stars eject a considerable fraction of their
masses into the interstellar medium before becoming
white dwarfs. Part of this process can be studied in the
planetary nebulae stage of stellar evolution. PN show
significant differences in their He, N and O abundances
(e.g. D’Odorico et al. 1976; Aller 1976; Torres-Peimbert
and Peimbert 1977; Barker 1978; Kaler 1979). Peimbert
(1978a) argues that for most PN, particularly those of
Type 11, the He and O enrichment due to their evolution
has not been considerable and that the differences are
related to the gradients present in the interstellar medium
at the time of formation of the progenitor stars. Alterna-
tively, Kaler et al (1978, see also Kaler 1978, 1979)
have proposed that the He enrichment in a substantial
fraction of PN is due to the second dredge-up episode. It
is the purpose of this paper to study the enrichment of

the ISM by PN and in particular, to study the relative
importancé that abundance gradients and the second
dredge-up episode have on the observed He/H abun-
dance ratios.

II. TYPES OF PLANETARY NEBULAE

Peimbert (1978a) has divided PN into four types
according to their chemical composition. In order of
decreasing helium and heavy element abundances the
types are: I)He and N rich, II) intermediate, III) high
velocity and IV) halo population. In what follows we
will define the various types.

Type I present N(He)/N(H) = 0.14, or log N/O >
0.0 for those objects without a He/H determination.
Type I-II present 0.140 > N(He)/N(H) = 0.125. Ty-
pes II and III present N(He)/N(H) < 0.125 and log
N/O < —0.2; Type Il PN are intermediate population
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objects with a distance to the galactic plane, z, smaller
than 1 kpc and a peculiar radial velocity, vpg, smaller
than 60 kms™ while Type IIl PN are population II
objects with a z larger than 1 kpc or a vpg larger than 60
km s7!. In many cases it is difficult to place an object
as Type 11 or Type III because the distances to most PN
are only poorly known; for optically thin PN the dif-
ference between the two most widely used distance
scales, those of Cahn and Kaler (1971) and Cudworth
(1974), is of about 1.5 and each of these scales only
provides a statistical distance since they are based on the
assumption that the root mean square mass is the same
for all PN. Type IV PN are extreme population II ob-
jects that belong to the halo, a discussion of them is
given elsewhere (Torres-Peimbert and Peimbert 1979).

Kaler (1979) has compiled a list of 98 objects with
determinations of one or more of the following abun-
dance ratios: He/H, N/H, O/H and N/O. To this list we
will add M3-35 and IC 4997 (see Tables 1 and 2) and
subtract M1-67 and NGC 6857 which are H II regions
and not PN (Pigmi§ and Recillas-Cruz 1979; Chopinet
and Lortet-Zuckermann 1976; Bridle and Kesteven
1970). The accuracy of the abundance determinations
varies considerably from object to object and extreme
care should be taken to analyze the data.

From_the available data we have listed in Table 1 all
the objects with N(He)/N(H) = 0.125. The He/H, N/O
and O/H abundance ratios are average values derived
from the sources of column 7 giving equal weight to all
determinations and adopting a mean square temperature
fluctuation, t?, equal to 0.035. Determinations based
on the same observational data often yield slightly dif-
ferent results, due to different weighting procedures,
and were considered as independent. The heavy element
abundance by mass, Z, was computed under the assump-
tion that it is proportional to oxygen and that O consti-
tutes 45% of Z (Peimbert and Torres-Peimbert 1974).
R, z and r represent the galactocentric distance, the dis-
tance perpendicular to the galactic plane and the radius
of the object respectively; to derive these values we
adopted the Cudworth (1974) distance scale, R =10
kpc and the angular sizes in the catalogue of Perek and
Kohoutek (1967). To derive the velocities with respect
to the local standard of rest, v| gg, we adopted the solar
motion determined by Woolley et al (1970) and the
observed radial velocities compiled by Acker (1978).
The peculiar radial velocity, vpg, was obtained from
visr and the rotation curve by Burton (1971, equa-
tion 7).

In Table 1 we have included two bulge PN, it is not
clear if the helium excess corresponds to a higher He/H
abundance ratio in the region of the bulge where they
were formed or if they have produced it themselves.

In Table 2 we present the best observed planetary

nebulae of Types Il and III of the solar neighborhood
that were chosen considering the following criteria:
a) projected galactocentric distance between 7 and 13
kpc excluding H4-1 which is a Type IV PN; b) known
angular diameter, to be able to estimate the distance:
c)log T, >4.65, to exclude those objects with a sub-
stantial amount of neutral helium and thus without
accurate He/H ratios; d) objects whosg relevant line
intensities come from Torres-Peimbert and Peimbert
(1977) and show a semicolon were excluded; and
e) errors in their N(He)/N(H) ratio smaller than 0.012
according to Kaler (1979). By comparing different abun:
dance determinations it is estimated that the nominal
accuracy in the N/O ratio is about 0.1 dex. The columns
were derived in a similar fashion to those of Table 1
The He/H abundance ratios by Kaler (1979) of NGC
3211 and NGC 4361 were not taken into account due
to a misprint in the first case and to the very large dif
ferences with the results by Torres-Peimbert and Peim
bert (1977) and Barker (1978) in the second case. Kale!
(1979) has suggested that the usual formula to derive
the N/O abundance ratio does not apply to objects with
a very high degree of ionization, those with N(He*"),
N(He) = 0.50. Consequently we do not present N/C
ratios for these objects.

It should be emphasized that, unlike Table 2 wher
we present only the best observed PN with N(He)/N(H
< 0.125, in Table 1 we present all the known object:
with N(He)/N(H) = 0.125 and note that most of these
objects have observations of low accuracy and should be
observed again. Nevertheless we consider that the He-P
overabundances for Type I PN in Table 1 are significan
in defining them as a group.

I1l. ABUNDANCE GRADIENTS AND THE YIELD
OF PRIMARY ELEMENTS

In Figure 1 we have plotted the He/H versus N/(
abundance ratios given in Tables 1 and 2. No tight cor
relation is present for Type I PN between N/O and He/H
In this figure there is a very tight correlation for PN o
Types 11 and III. Moreover, II and III PN with low N/(
and He/H ratios are in the anticenter’s direction whil:
those with high N/O and He/H are in the center’s direc
tion. From this figure we conclude that two differen
effects are needed to explain the N/O versus He/H be
haviour in PN; one for PN of Types II and Il anc
another for PN of Type 1.

In Figure 2 we have plotted the He/H abundanc
ratio versus the radius of the shell with the idea o
checking the existence of a possible systematic effec
in the abundance determinations or an increase of th
He/H abundance ratio with radius. No such effects wer
found. This implies that Type Il PN do not becom


http://adsabs.harvard.edu/abs/1980RMxAA...5....9P

11

*8L6T ZOPUSW (ZT) 9L6T ‘Te 3@ IoTB (TI) $hibT OFOUTIRd (0T) $LL6T SOBH PUR Jnojng (6) 9L6T IPISIM (8) ¢8L6T Jodaed (L) ¢8L6T A9TMEH (9)
€LL6T WIOQUTD] pUe WIBQUTEJ-SAAIOL (§) ¢€L6T ‘Te 3° J88Tzueq (h) $8L6T >eZAzZ) pue JIBTTV

(€) ‘6L6T “8LBT “9L6T IOT® (T) ¢EL6T °TP 32 ISTIV (T)

20° T - ge - T - 6 sz (II-I 910° 8z¢" §8°8 62°0~ TA §TES DON
« 9z* h o+ 62 + A RS 9°TT  TTTI‘e tII-T §Z2°0- 9zT* 9hEZ JON
< [4A LT - ST - ge* - T°0T 5z II-I 2z0° LEE* 86°8 2e°0- Lzt 2eTE 09N
m XA € + T + 88° + h°ZT 5 II-I ST0° LEE" 18°8 €0°0- 0€T"* TLET OON
m
B Le* 8 - €z - 6T" - L°0T Zz II-1 . ze 0~ €T’ 059 09N
Z Te* 9h - Th - z0° - 8°6 z fII-I Sz2°0- geT” €589 DN
M i Lz - SS + 8z - T'9 z (II-T €T°0~ 9eT* ThL9 09N
< cee cees 92— coee ceee 8 mMHsm cees ceee cene £2°0~ LET® I-z W
= LT 0S + 25 - 1€e° + £°ST z I §2°0+ 08-T N
zZ
m T HS - 9e - SL* + 6°9 0T‘C I 92°0+ 60€9 09N
= 8z* - z - 6E° + L°0T 6°S I 600" 95¢”* 09°8 S0°0+ oHT* 8182 09N
> 06T+ ceee 8 a8mg 2T 0+ WHT® L2~
M 81" 1T + o+ 0T" + STt sz I H10* 89¢" 28°8 €€°0+ 6HT" Othe 09N
m ST* L6 - SHT- 0L + 6°TT L I L00* z6€" 6h°8 2T 0+ €9T" A A
j<3]
= 80" 19 + 6T + 0°T- 91T z I LT°0+ oLT* -1 ™
m Hhe w7 - 0z - 8T - 6°6 9 I 110° HTh® SL°8 20°0- 08T* €6ZL N
= 6T" 29° + £° 1T sz I 110° he €2°0+ S8T” 9- dd
Z L0* 82 ~ ze - 0° + h°6 héece I ST°0- s0z° 20€9 09N
o A 9T + 8Z + 9e* + S*L AR I 10°0- 872" Sthg 09N

(=9 (1-8 W) ({~S uD)) (°dy) (@)

a 4 3s1 z ¥ soanog adA, Z X (H/0)80T+2T  (0/N)BOT  H/®H 303[qp

A

A

d@& o9 LUYNRIO86T,

II'I ANV I SAdAL 40 GVINGIN AYVLINVTd

1479VL

Provided by the NASA Astrophysics Data System

2,

éxico °

de M

idad Nacional Auténoma

1versl

© Un


http://adsabs.harvard.edu/abs/1980RMxAA...5....9P

*5.6T ao8TZURQ (9) ¢8L6T JodIed ()
$6L6T “8LBT I2TBM (€) $LLBT 3IPQUTISJ PUR FJIOQUTSJ-SSIIOL (Z) BILET IIPQUIDJI-SDIIOL PUP 3IQUTSJ (T)

$4L6T ISTTTW Pue ASTMPH (h)

LT" T + 9¢€ - €2°C + T°21 ST £T0" §9¢° TL*8 60° T~ 60" 896¢ OI
LO" 9 + L - hh* - S°0T €2 1o oLe® 59°8 88°0- h60° Z299L OON
HT* 6¢ - 0z - 90°2 - AN €£¢C 0To" TLee 85°8 h6 "0~ h60° GEST OON
eT” 8¢ - e - hS'T + z°0T €£¢C 010 6LZ" T9°8 38°0- 860" ghhz OI
9T"* 66 + Th + h6°® + 9L € 110" 18¢C° h9°8 LL°0- 660° LOES OON
m 80" 9z - TE - T0° + 2°0T € et et et L0~ T0T* 920L DJ9N
M hl® L+ Lo+ 6h°  + 0°0T € tece e et 68°0- hOT*® 9789 JON
m LO" LE - 1T = 80°T + 0°6 w”mam 6T0° ¢6¢° 06°8 h8° 00— 90T"* 0TZ9 OON
7] 9T" T - h - 88° + €°0T €°Z €10 962° ZL'8 88°0- LOT"® Zhze J9ON
< 820" g - 9 + 6T + €°6 14 zz0° €6C° G6°8 Zh°0- LOT" ZLS9 OON
2 0TO0*™ 62 + he + 0z - 8°6 £°C 610" 962° 06°8 29°0- 80T* T0S¢ OI
] .
M 6T0"° 19T~ 0ST- LG+ 3°6 S e e et et oTT"* GE-¢€ W
23) 4 S - L - Sh* o+ €°6 héegce 6T0° 00¢g* 68°8 95°0- oTT" 0ZL9 D9SN
2 S0° - LT - T + G°6 €2 6T0° oog* 06°8 19°0- 0TT" 8T16€ OON
= ¢
= Sho* SC - he - 9" + 0°0T €2 Lzo* T0¢€" 90°6 0§°0- AN h889 OON
M 910° 6T + 0C + €0 - 0°0T € 920° €0€" h0°6 LE "0- e1T” LT0L J9N
€T’ LS - 8¢ - O0T°'T - 8°8 €2 0z0° s0¢° €6°8 Sh*0- eTT" 6004 OJ9SN
8z° € + 0T + L6 L°6 Z Tttt teec cer et LTIT® T9¢h JON
€T 6T - L - ze" L6 l 020° A% £€6°8 tece LTIT® TIZ¢ 09N
L00° L - T8 - €€+ z°6 € e M et M LIT® L66h QI
S0° 0T + LT + SZ° o+ 0°8 €zt heo” zie” 20°6 9z°0- €T €089 09N
(od) (1-S Ww{) ((-S ux) (od>) (od>)
a ddy 48Ty z g  @doanog Z X (H/0)BoT+zT  O/N 30T  H/®H  393fd0

d@& o9 LUYNRIO86T,

III ANV II STdAL 40 AVINGIN AYVLINVId AIAYISEO LSI9

q714vL

Provided by the NASA Astrophysics Data System

éxico

de M

idad Nacional Auténoma

1versl

© Un


http://adsabs.harvard.edu/abs/1980RMxAA...5....9P

rTOBORVKAA . 520 OP

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System

FNRICHMENT BY PLANETARY NEBULAE 13

T T T
He X
H
2 - _
PaN
V'S
PaN
PN
_ A
A ]
log (N/0Q)
| | . |

-1 -0.5 0

Fig. 1. Comparison of N(He)/N(H) and N(N)/N(O) ratios. Full
and open symbols represent PN in the direction of the galactic
center and galactic anticenter respectively. Triangles are Type I,
squares are Type I-II and circles are Types II or III. The solid
line is the least squares solution for PN of Types II and III.

Type I and that the initial conditions of both Types are
different.

In Figure 3, we have plotted O/H, N/H and He/H
versus galactocentric distance. Significative gradients are
present in the three abundance ratios for PN of Type II.
Abundance gradients derived from PN had been report-
ed before in the literature (D’Odorico et al. 1976; Aller
1976; Torres-Peimbert and Peimbert 1977 ; Barker 1978),
our results are more precise than previous determinations
because the sample in Table 2 is larger and includes
only the best observed objects available in the literature.
In Table 3 we present the logarithmic gradients together
with the standard deviation and the correlation coef-
ficient. NGC 5307 is a clearcut Type III PN that deviates
considerably from the correlations in the three plots
and that maybe should be excluded. The gradients with
NGC 5307 included are in excellent agreement with
those by Torres-Peimbert and Peimbert (1977) (which
also include NGC 5307).

The abundances of the Orion nebula, assumed to be
located at R = 10.4 kpc, are: log He = 11.00, log

O = 875, and log N = 7.76 (Peimbert and Torres-
Peimbert 1977); which in the case of He and O are in
excellent agreement with those in Table 3 and indicate
that Type II PN have not enriched their envelopes with
freshly produced He and O. N is up by a factor of three
to four which indicates that PN have produced some N
in agreement with a previous result by Peimbert and
Torres-Peimbert (19715). The He and O gradients are
in excellent agreement with those reported by Peimbert
(1978b) for H II regions and with the O gradient by Tal-
ent and Dufour (1979). The O/H values and gradient
present in Type I PN are in very good agreement with
those of Type Il PN while their He/H ratios are very dif-
ferent (see Figure 3); this indicates that Type I PN have
not enriched their envelopes with freshly made O and
that the He/H enrichment in PN of Type I is not related
to their locations at birth but to some other stellar
property.

The high values and similar correlation coefficients
for the He, O and N abundance gradients of Type II
PN are due to their galactecentric distance and not to
their original mass. For He and O the gradient corre-
sponds to the interstellar medium gradient, while for N
it is a combination of the gradient present in the inter-
stellar medium plus a secondary production whose
mechanism, for the mass range comprised by PN of
Types 11 and III, is essentially independent of the
stellar mass.

By performing a linear fit to the data in Table 2, in-
stead of an exponential one, it is found that O/H=0
at R = 1547 kpc, in very good agreement with the H
IT region’s value of R = 15.77 kpc (Peimbert 1978b).
This result and the logarithmic abundance gradients in

T T T I
He
H A
2L A .
a a
A
A
» A -
D A
a
O o o =
[J [ ]
.‘. L) ° :. ° L
'+ ° o o -
. o o
1 1 1 1 ripc)
A .2 3 4

Fig. 2. Comparison of PN helium abundances with nebula
radii. Triangles are Ty_.e I, squares Type I-II and circles are
Types II or I1L
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TABLE 3
GALACTIC ABUNDANCES AND GRADIENTS

EVALUATED AT R = 10 kpc
d
— log(X) Correlation
dR coefficient t? Number of
X log(X)* (kpc™) r (10°%) objects Sample
He 11.02 £ .01 —0.019 = .006 -.59 3.5 21 1
11.03 .01 —0.029 + .005 —-.81 3.5 20 2
cee —0.008 + .008 R 0.0 11 3
8.83 +.04 —0.056 = .032 -.42 3.5 16 l.
0 8.84 + .03 —0.099 + .028 -.70 3.5 15 2
8.67 +.03 —0.044 + .028 -.39 0.0 16 1
8.68 + .03 —-0.078 £ .026 —-.64 0.0 15 2
—-0.059 £ .017 .. 0.0 11 3
N/O ~0.71+.05 ~0.12 £ .04 .61 3. 17 1
-0.69 + .04 -0.17 + .04 -.75 3.5 16 2
8.17 + .10 -0.18 + .08 -.51 3.5 15 1
N 8.21 +.08 -0.27 + .08 -.71 3.5 14 2
7.96 + .08 -0.16 + .07 -.56 0.0 15 1
-0.08 £ .02 S 0.0 11 3
* withlog H = 12.00.
(1) PN in Table 2; (2) PN in Table 2 without NGC 5307; (3) galactic H Il Regions (Talent and Dufour 1979).
Table 3 are based on the Cudworth (1974) distance TABLE 4
scale; the distance scale by Cahn and Kaler (1971) ] )
would have produced larger gradients and a smaller value YIELD OF PRIMARY ELEMENTS
for the distance at which O/H becomes zero.
In Table 3 we have also computed the O/H gradient t? p
under the assumption of no temperature variations along (10°%) (10°?) Sample
the line of sight, t> = 0.00. 3 s 824 )
Pagel (1978) has derived the yield of primary elements, 35 14+4 2
p, from H II regions of the solar neighborhood based 0.0 43 1
on the following assumptions: a) the simple model of 0.0 83 2

chemical evolution; b) a constant yield over the history
of the galactic disk; c)a constant surface density of the
gas for the galactocentric distances of interest, and d) a
total density proportional to exp(—a R), where « is
equal to 0.28 kpc™ for the exponential disc radius of
Schmidt’s (1965) model (Serrano 1978).

These assumptions imply that

1Az
= & AR @)

From equation (1) and Table 3, we have also derived
the yield of primary elements corresponding to PN of
Type 11. The results are given in Table 4 where again we

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System

(1) PN in Table 2; (2) PN in Table 2 without NGC 5307.

have assumed that the amount of mass in the form of O
constitutes 45% of Z. The considerably smaller yields
derived under the assumption of t* = 0.00 are due to:
a) the O/H values are smaller than for t2 = 0.035, and
b) the presence of a positive gradient in the electron
temperature that reduces the effect of temperature var-
iations along the line of sight for objects at larger galac-
tocentric distances.
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I'ig. 3. Abundance ratios of O/H, N/O and He/H compared to
the galactocentric distance. A value Rg = 10 kpc was adopted.
Symbols as in Figure 2. Lines are least square solutions to PN of
Types Il and I1I, without NGC 5307.

IV. NITROGEN ENRICHMENT AND THE AY/AZ RATIO
DERIVED FROM PN OF TYPES II AND III

We decided to study the abundance correlations of
PN of Types II and III that do not depend on distance
and the results are given/ in Table 5, where the errors
indicate the standard deviation.

An extrapolation of the He/H versus N/O relation in
Table 5 (see also Figure 1) to a pregalactic helium abun-

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System

dance of Yp = 0.23 yields log N/O = —1.65 which is
very close to the primary N/O ratio suggested by Lequeux
et al. (1979) based on irregular and blue compact galaxies.

A relationship of the type [N/O] = [ G/H] (where
the square brackets denote the usual logarithmic differ-
ence) with § = 1 is predicted by simple models of
chemical evolution with instant recycling approximation
assuming nitrogen to be of secondary origin (Talbot and
Arnett 1973). The result 8 = 1.24*0.22 indicates that
PN of Types II and III are producing nitrogen by a sec-
ondary process in agreement with the higher value
found for PN than for H II regions; this N enrichment
could have been produced during the first ascent up the
giant branch (Iben 1964, 1967a; Torres-Peimbert and
Peimbert 1971). From the He and O abundances and
assuming that there is no enrichment of these elements
in the PN envelopes it is found that Y =0.254 +2.2Z
(Table 5), this result is similar to that derived from H 11
regions (Lequeux ef al. 1979). The result for t> = 0.00
is also presented in Table 5.

A thorough discussion of the AY/AZ ratios and the p
values derived from observations of PN and other ob-
jects is presented elsewhere (Serrano and Peimbert
1980).

V. HELIUM ENRICHMENT AND THE FRACTION
OF PN OF TYPE I

Kaler er al. (1978) (see also Kaler 1978, 1979) have
proposed that the relatively high He/H and N/O values
as well as the positive correlation between them observed

[2d°d

40 L -

Fig. 4. Comparison of helium and heavy element abundances.
Symbols as in Figure 2. The solid line is the least squares solu-
tion of slope 2.2 for the PN of Types II and III; the broken line
is the least squares solution for galactic and extragalactic H II
regions by Lequeux et al. (1979).
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TABLE 5
ABUNDANCE CORRELATIONS FROM PN OF TYPES II AND III
Correlation
coefficient t? Number of
Relationship T (107%) objects

He/H = .126 +.003 + (.031 * .004)log(N/O) .87 3.5 17
log(N/O) = —11.59 = + (1.24 £ 0.22)[log(O/H) + 12] .84 3.5 15
log(N/O) = —-13.66 + + (1.50 + 0.28)[log(O/H) + 12] .83 0.0 15
Y = 0.254+.009 + (2.20 + 0.46)Z .79 3.5 16
Y = 0.249 + .010 + (3.63+0.76)Z .79 0.0 16

in PN is due to the second dredge-up episode, a process
predicted to occur in objects with masses larger than

o (Iben 1972; Iben and Truran 1978). This sugges-
tlon mlght apply to a small fraction of PN, those of Ty-
pe I, but it does not apply to the large majority of PN,
those of Types Il and Ill. There are four reasons why it
does not apply to those of Type II: a) the absolute value
of the He/H abundance ratio of H 11 regions and Type
II PN of the solar neighborhood are very similar (see
§111); b) the substantial spread in the He/H and N/H
values is strongly correlated with galactocentric distance
(see §HI); c) most PN progenitors have masses smaller
than 3 M@ (see below), and d) the second dredge-up
cpisode predicts that A(He/H) = 0.19 [N/O] (Kaler
et al. 1978) while from PN of Type 1l we found A(He/H)
= 0.03 [N/O] (Table 5), a difference of a factor of six
on the slope.

To be able to compare the theoretical predictions of
helium enrichment with the observations, it is nccessary
to estimate the initial masses of the PN progenitors.
Osterbrock (1973) obtains a mean distance (z) perpen-
dicular to the galactic plane for PN of Type Il of 150 pc
while Alloin ef al. (1976) obtain (z> = 130 pc from the
Cahn and Kaler (1971) distance scale and (z) = 190 pc
from the Cudworth (1974) distance scale; these values
correspond to an average mass on the main sequence of
1.4 to 1.5 Mg for the stellar progenitors of PN. This
average mass, the steepness of the IMF (Serrano 1978)
and the fact that low mass stars seldom become PN (van
den Bergh 1973; Alloin et al. 1976) imply that most
PN progenitors have masses smaller than 3 Mg, It is of
great importance to determine the fraction of PN of
Type I and the masses associated with these objects to
try to find out if they correspond to more massive pro-
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genitor stars than those of PN of Type Il. [f that werc
the case, the possibility that the He enrichment in Type
I PN were due to the second dredge-up mechanism
would be strengthened.

There are three objects in Table 1 for which a crude
estimate of their masses at the zero age main sequence
can be made: NGC 3132, NGC 2346 and NGC 2818.

Since the classification of HD 87892 as an A-type
star (Evans 1964), this object, located in the center of
NGC 3132, is no longer considered to be the ionizing
source of the PN. Méndez (1975) proposed a binary
nature for HD 87892 and computed the physical param-
eters of the optically fainter component responsible
for the PN ionization. Kohoutek and Laustsen (1977)
discovered a faint companion which they claim is
probably associated to HD 87892 (see also Méndez ¢1 al.
1978). The projected separation between both com-
ponents is of about 1500 AU which implies that their
binary nature has not affected their individual evolu-
tion. Méndez (1978) has estimated that the brighter
companion is an A2 V star, with Ty ~ 9500°K. log
g ~ 4.0 and M/M@ = 2.4%0.7, starting to evolve off
the main sequence. The Ca Il equivalent width of HD
87892 (Méndez 1978) implics a T,y = 9200°K (Rod-
gers 1971), which is not in contradiction with the tem-
perature inferred from the Balmer discontinuity (Stick-
land 1971); by adopting this temperature, logg = 4.00
and the models by Iben (1967h) we estimate a mass of
2.120.3 Mg for this object. By considering the time that
it takes a star to travel from the main sequence to the
PN phasc we estimate that the PN nucleus had an initial
mass on the main sequence of about 2.5 Mg (Iben
1967b, 1974).
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Lutz (1977) has classified the central star in NGC
2346 as A2 V. Unlike HD 87892 we do not know how
long has this star been on the main sequence. By assum-
' ing that the A2 V star has an unseen companion which
o has produced the PN shell and its ionization, and con-
sidering that we only have an upper limit for the age of
the A2 V star we can only estimate a lower limit of
about 2.5 My for the PN progenitor (Iben 1967b, 1974).
It should be mentioned that Méndez (1978) has given
arguments suggesting that the A star is a foreground
horizontal-branch object.

NGC 2818 apparently is a member of the open cluster
with the same name, the cluster has a main sequence
turn-off at about AS or (B-V), = 0.15%0.04 (Tifft
et al. 1972) which combined with the temperature
calibration by Code et al. (1976) and the models by
Iben (1967b) corresponds to a turn-off mass of 1.8+0.3
M@; again by considering the time that it takes a star
to travel from the main sequence to the PN phase a mass
of 2.1 Mg is estimated for the PN progenitor (Iben
1967b, 1974).

NGC 3132, NGC 2346 and NGC 2818, are mild
examples of He-N enrichment, under the hypothesis
that the more massive objects would show a higher He-N
enrichment, the lower mass limit for this process to occur
would be around 2.4 M®, the average of the three mass
determinations.

To explain the observed He/H abundance ratios in
Type I PN the efficiency of helium production by the
second dredge-up mechanism has to be higher than that
proposed by Kaler et al. (1978), since according to
them the He/H ratios of NGC 2818, NGC 2346 and
NGC 3132 correspond to masses in the 5-7 M range,
masses which are considerably higher than those derived
here.

Other mechanisms not associated with a high mass
might be responsible for the Type I phenomenon, in
this respect it should be noted that Me 2-2 and Hu 1-2
show high vpp values possibly indicating a low mass for
the PN progenitors, nevertheless a smaller distance for
Hu 1-2 and a larger one for Me 2-2 would reduce the
vpg values considerably.

To estimate the fraction of Type I PN we have sub-
tracted from the sample in §11 5 bulge PN and 15 ob-
jects with log T, < 4.65, which reduces the number of
PN in the sample to 78. From Table 1 the number of Ty-
pe I PN is 10 and the number of Type I-11 PN is 7 which
amount to fractions of 13% and 9% respectively.
Webster (1978), based on previous work (Webster 1976;
Osmer 1976; Dufour and Killen 1977), presented a
review on PN in the Magellanic Clouds; from this review,
it is found that 5 out of 19 PN are of Type I which
amounts to a fraction ot 26% There are several selection
effects difficult to evalute. PN of Types I and 11 are still
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very bright at sizes of 0.4 pc (see Figure 2) and their
velocities of expansion are similar (Wilson 1950), there-
fore it can be concluded that the lifetimes of PN of
Types 1 and Il are also similar; NGC 6302 seems to be
an exception since ‘it shows a relatively large velocity of
expansion (Minkowski and Johnson 1967). If Type I
objects are really more massive than other types of PN,
then dust absorption in the galactic plane would pro-
duce a selection effect against finding Type I objects in
the Galaxy; this effect would not apply to PN in the
Magellanic Clouds. Alternatively, due to their higher
masses. Type I PN would become optically thin in a
later phase making them, on the average, brighter than
PN of other types.

Considering the size of the samples and the selection
effects it is estimated that the fraction of Type I PN is in
the 10 to 30% range.

An estimate of the mass range for the progenitor
stars of the various types of PN can be made under the
following assumptions: a)the fraction of stars that
produce Type I PN is 20%: b) Type I PN correspond to
the most massive PN progenitors with a lower mass
limit of approximately 2.4 Mg in the main sequence:
¢) stars with main sequence masses smaller than 1 M@
seldom become PN (van den Bergh 1973; Alloin et al.
1976): d) The IMF by Serrano (1978) with the high-mass
portion and the low-mass portion merging at 1.5 Mgo-
These assumptions imply that stars in the 2.4 to 4.6
Mg, range produce PN of Type I and stars in the 1 to
2.4 M@ range produce PN of Types Il and III.

V1. CONCLUSIONS

The very large He/H and N/O ratios derived for PN of
Type I and their lack of correlation with galactocentric
distance (see Table 1 and Figure 3) cannot be attributed
to the abundance gradients present in the Galaxy nor to
observational errors; these objects indeed show an excess
of He and N with respect to Type Il PN and H 1 regions
located at similar galactocentric distances. This excess is
probably produced by the stellar evolution of the parent
star and might be associated to the second dredge-up
mechanism. ;

The He/H and O/H abundance ratios of Type Il PN
are similar to those of H II regions at comparable galac-
tocentric distances. This result implies that PN have not
enriched appreciably their envelopes with freshly made
He and O and that they can be used to study the yield
of primary elements and the AY/AZ ratio.

Type I PN comprise: a) objects that show a mild
case of helium enrichment, produced by the progenitor
star that should be classified as Type I. and b) Type
IT objects that have been misclassified due to observa-
tional errors. In past photographic work weak lines have
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been systematically overestimated, this effect yields
higher He/H ratios and higher electron temperatures
which in turn produce spuriously large N*/O* and N/O
ratios. Type I-1l PN should be reclassified based on
better observations.

The yield of primary elements and the AY/AZ ratio
derived from Type 1l PN as well as the contribution of
Type I PN to the helium enrichment of the interstellar
medium have been used elsewhere in models of galactic
chemical evolution (Serrano and Peimbert 1980).
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