
This article was downloaded by:[Bochkarev, N.]
On: 20 December 2007
Access Details: [subscription number 788631019]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

On the problem of planetary nebula distance scales
P. R. Amnuel a
a School of Physics and Astronomy, Tel Aviv University, aviv, Israel

Online Publication Date: 01 January 1995
To cite this Article: Amnuel, P. R. (1995) 'On the problem of planetary nebula
distance scales', Astronomical & Astrophysical Transactions, 6:3, 213 - 220
To link to this article: DOI: 10.1080/10556799508232068

URL: http://dx.doi.org/10.1080/10556799508232068

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799508232068
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
08

:0
3 

20
 D

ec
em

be
r 2

00
7 

Astronomical and Astrophysical Transactions. 1995, 
Vol. 6 .  pp. 2!3-220 
Reprint1 available directly from the publisher. 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 
Gordon and Breach Science Publishers SA. 
Printed in Malaysia 

ON THE PROBLEM OF PLANETARY NEBULA 
DISTANCE SCALES 

P. R. AMNUEL 

School of Physics and Astronomy, Tel Aviv University, 69978, Tel Aviv, Israel 

(Received February 26, 1993) 

The difference between some galactic planetary nebula (PN) distance scales is analysed and the 
necessity of several distance scales used for different PN mass classes is suggested. Average PN 
parameters are estimated. 
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1 INTRODUCTION 

The planetary nebula (PN) distance scale problem is one of complicated and unre- 
solved. There are -1500 known PN in the Galaxy and only for -100 of them the 
distances are determined directly, using individual methods. The accuracy of the 
distance determinations is low, and the distances to  some nebulae determined by 
different methods may differ by a certain factor. 

However, nevertheless, no statistical investigation (determinations of the birth- 
rate, the distribution in the Galaxy, etc.) is possible without the distance estima- 
tions for a large number of PN. It is the reason why statistical distance scales are 
often used (Cahn and Kaler, 1971; Acker, 1978; Daub, 1982; Milne, 1979; etc.). 

Two basic problems arise’when the statistical distance scales are used: 
- the choice of PN calibrators having the most reliable distance determinations; 
- the necessity to  use the same physical parameters (particularly, the same P N  

masses or luminosities) for the whole PN sample. 
Cahn et al. (1992, hereafter CKS) have determined distances for the largest 

recent P N  sample (750 objects) using the statistical distance scale. 
Amnuel et  al. (1989, hereafter ARG) have suggested four different distance 

scales for different PN groups selected according to  their mass classes. AGR have 
suggested that P N  and their central star masses directly depend on the mass of the 
progenitor star (Weidemann, 1981; Weidemann and ICoester, 1983; \Veidemann, 
1984; Amnuel et a/ . ,  1987, etc.). 

All P N  were subdivided by AGR into three basic mass classes: 
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Central star Progenitor star 
mass (in M o )  mass (in M o )  

low mass PN ( L P N )  
intermediate mass PN (In-PN) 
massive PN (M-PN) 

<0.57 
0.57-0.64 

>0.64 

0.8-2 
2-3 
3-8 

Besides that,  the class of anomalous P N  (A-PN) was suggested where the second 
shell of a small mass (c0.08 Mo) was ejected by an In- or M-central star. 

According to  AGR, the utilization of the four classes of P N  calibrators leads to a 
more precise estimation of the distances to  different P N  groups and a more reliable 
investigation of the P N  birthrate, distribution in the Galaxy, etc. 

Below, statistical CKS (single distance scale for all P N )  and ARG (separate 
distance scale for each PN mass class) distance scales will be compared. 

2 COMPARISON OF CKS AND AGR DISTANCE SCALES 

Both works use PN radioemission data for the distance scale determination. CKS 
(unlike AGR) have not constructed direct dependences of radio surface brightness c on the P N  diameter D, but took into consideration a relation between T = lg $ 
( F  is the radio flux and 0 is the angular diameter) and lgp ,  where ,u = m. 
In fact, T - - lg C and p is a combination of D and C.  

The range of constant radio luminosities (optically thick PN) corresponds to the 
slope -2 in the lg c ( l g D )  dependence and +1/3 in the lgp(T) dependence. The 
range of constant PN mass (optically thin P N )  corresponds to the slope -5 in the 
lg C ( l g  D )  dependence and zero slope in the lg p ( T )  dependence. 

C I S  have used 19 PN for the calibration of their lg p ( T )  dependence. AGR have 
used 10, 12, 6 and 5 PN for the calibration of the L-, In-, M- and A-PN C -D 
dependences. 

Note that AGR have suggested ten criteria for the P N  classification (Table 1 
lists those criteria as well as the criteria of Peimbert’s (1978) classification), and 
besides, only three of them are related to the distance parameter. Therefore, AGR’s 
P N  classification varies little if criteria related to the distance are not used. 

Figure 1 shows AGR’s calibration curves in the lgp  - T plane. Figure 2, in 
contrast, shows CKS’s calibrators in the lg C - lg D plane (CKS’s calibrators are 
classified using AGR’s criteria). PNe stratification is seen and this effect should be 
taken into consideration. 

The number of different PN classes in the CIC3 and AGR calibrator samples are 
listed in Table 2. 

The C I S  distance scale is close to  the AGR scale averaged over all PN classes. 
The local birthrate of galactic P N  is (4.1. f 0.7) x ~ c - ~ y r - l  according to 

p ~ - ~ y r - l  according to  AGR. However, the latter value CIC3 and (4 .5f0 .6)  x 
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Table 1 The criteria of PN classification 

Criterion AGR criteria 
number 

Criteria used b y  
Peimbert (1978) 

1 
2 

3 

4 
5 

6 

7 

8 
9 

10 

Mass of a central star 
Zanstra temperature of a central star 
T, (HI) and T, (HeII) 
Chemical abundance of PN (N/O- 
He/H dependence) 
Presence of hydrogen molecules 
Dependence of T, (HI)/T, (HeII) ratio 
on P N  radio surface brightness 
Dependence of low frequency break in 
PN radio spectrum on P N  diameter D 
Dependence of PN electron density n, 
on diameter D 
Morphology of PN 
Proper velocity of PN, Vp 
PN distance from the galactic plane, z 

no 
no 

Chemical abundance of PN (N/O and/ 
or He/H values) 
no 
no 

no 

no 

Morphology. of PN 
Proper velocity of PN, Vp 
PN distance from the galactic plane, z 

is a sum of three birthrates for L-, In- and M-PN (Table 3). The distribution of 
P N  in the Galaxy is approximated by AGR as 

1 7 . 0 ' )  = n(0) . lo-mr-l*, 

where n(0) and n(r) are the spatial number densities of P N  in the galactic centre 
region and at  distance r kpc from the centre, and z is the distance from the galactic 
plane. 

Let us discuss the consequences of a single distance scale used for different PN 
classes. 

At present there are independent distance determinations for 91 galactic PN (see 
AGR) with some.degree of reliability. The reliability of the distance scales can be 
checked comparing the distances obtained by CKS or AGR scales with independent 
ones of all PN which have corresponding estimates. The CKS scale, on the avera.ge, - 1.6 times overestimates the distances to 28 L-PN, and - 2.0 times, to 14 A-PN. 
The distances to 12 M-PN are N 1.5-fold underestimated. For 37 In-PN, the CI<S 
scale gives, on the average, the distances which are equal to those determined by 

Table 2 The number of different PNe classes in calibrator samples 

CKS sample A G R  sample 

G P N e  
In-PNe 
M-PNe 
A-PNe 
unclassified 

10 
12 
6 
5 
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Figure 1 
lines 2 correspond to AGR calibration curves for L-, In-, M- and A-PN. 

AGR calibrators in the lg p - T plane. Lines 1 correspond to CI<S calibration curve, 

independent methods. The same results are obtained when CIC3’s distances are 
compared with AGR’s ones (see Figure 3). The values of ( & K S / ~ A G R )  are - 1.7, - 0.9, - 0.6 and - 2.0 for 133 L-, 108 In-, 26 M- and 17 A-PN, respectively. 

An overestimated distance scale for L-PN (- 1.6 times) leads to an overesti- 
mated local surface number density of P N  uo (- 2.6 times). Then, the value of 
the concentration parameter m decreases from 0.22 to - 0.16 which corresponds to 
more massive progenitor stars. On the contrary, the value of ( z )  increases from 220 
to 350 kpc, which corresponds to less massive progenitors. The estimated number 
of L-PN in the Galaxy decreases three or more times (Table 3).  

Underestimated distances for M-PN (- 1.5 times) lead to an underestimated 
local surface number density of PN (- 2.2 times), then the number of M-PN in 
the Galaxy increases to - 1500 or more. The ( z )  value decreases from 120 pc to - 80 pc, which corresponds to more massive progenitors. On the contrary, AGR 
find a relation between M-PN and galactic arms, which is not seen if CKS’s distance 
scale is used (Table 4). 

For In-PN, the AGR and CKS distance scales give similar distances (Figure 3), 
then the average parameters of this P N  class do not change when CICS or In-PN 
AGR scales are used. 

If In-PN AGR distance scale is used for all P N  distance estimations, then the 
number of P N  in the Galaxy decreases to - 16000 as compared with - 34000 
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Table 3 

Sample 

AGR LPNe -220 -6.4 -2.3 2.9 x 10‘ 
In-PNe -150 -2.5 -0.3 5.4 x lo3 
M-PNe -120 -0.5 -0.1 3.5 x 102 

AGR LPNe -350 -2.5 -0.6 7.6 x lo3 
(In) In-PNe -150 -2.5 -0.3 5.4 x lo3 

M-PNe -80 -1.1 -0.4 1.6 x lo3 
CKS all -150 -5.3 -2.5 1.2 x 10‘ 

Note: in AGR(In) sample all PNe distances are estimated according to 
In-PNe distance scale only. 

as obtained by AGR. The use of the CKS distance scale leads to  the estimate of - 12000 for the P N  number in the Galaxy. 

3 PN IN THE MAGELLANIC CLOUDS 

The reliability of the CKS distance scale was checked by the authors by the de- 
termination of the distances to the Large and Small Magellanic Clouds. Figure 4 
shows the C - D  dependences for the LMC and SMC PN using CI<S’s data (the 
radio intensities and angular diameters) if the distances of 47 and 57 kpc to the 
LMC and SMC are accepted. 

The C -D best fit line for 12 PN in the LMC is 

lg = -(3.0 f 0.4) - (20.9 f 0.2)lg D ,  (2) 

with the correlation coefficient p = -0.93. No transition from optically thick to 
thin region is seen (as for the galactic In- and M-PN in AGR’s sample). CKS’s 
dependence leads to underestimated values of the P N  diameters (or the LMC dis- 
tance) when D > 0.4 pc. The c - D line for AGR In-PN (Figure 4) is most close to 

Table 4 The galactic distribution of M-PNe 

CKS sample AGR sample 

number of PNe in a m  
between a r m s  
on boundaries of arms 
not determined 

6 
7 
4 
4 ’  

12 
2 
3 
4 
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Figure 2 CKS calibrators subdivided into four classes according to AGR criteria in the 
lg c -1gD plane. Lines 1 correspond to CKS calibration curve, lines 2 correspond to AGR 
calibration curves for L-, In-, M- and A-PN. 

line (2) in all diameter values. The LMC distance estimated using the AGR In-PN 
-D line is 51 f 8 kpc. 

~ 

The 1-0  dependence for 7 P N  in the SMC (CICS data) is less reliable ( p  = 
-0.77) 

lg = -(3.5 f 1.3) - (21.2 f 0.6)lg D, (3) 

and better corresponds to the CKS line. The SMC distance estimate using the AGR 
In-PN line is 60 f 19 kpc. 

The determination of the mass classes for the Magellanic Cloud PN is a more 
complicated problem than for galactic PN since six of ten criteria cannot be used 
(Amnuel, 1994). In particular, the n,  - D dependences are practically the same 
for all PN classes in the Magellanic Clouds. The scarcity of angular diameter data 
does not allow now to select a sufficient number of the Ma.gellanic Cloud P N  for the c -D construction. 6 of 12 P N  in the LMC (Figure 4) belong to  the M-cla.ss, 2 
P N  to  the In-class and for 4 PN, the mass class cannot be determined. As for the 
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d (CKS) 

Figure 3 Comparison of PN distances determined by CKS and AGR distance scales. 

SMC, only for 3 of 7 P N  the mass clam is determined (one PN in each of the L-, 
In- and M-classes). 

4 CONCLUSION 

A differentiation of the PN distance scales leads to  a more precise determination of 
the birthrates, galactic distributions and other characteristics of the PN belonging 
to  different galactic populations. In particular, a single distance scale leads to 
overestimated distances for low mass PN and underestimated distances for massive 
PN.  

The essential problems are: 
- correct PN classification which would be independent of any distance scale; 
- use of reliable samples of calibrators for each PN mass class C -D or p - T 

line determination. 
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Figure 4 
line 2 corresponds to AGR In-PN curve, 3 is the best fit line obtained for observational points. 

c - D  dependences for the Magellanic Cloud PN. Line 1 corresponds to CI<S curve, 

Before estimating the P N  distance scales, it is necessary to  determine the P N  
mass classes (using the values of He/H and N/O abundances, the Zanstra tempera- 
tures of the central stars, molecular hydrogen existence, data on the P N  morphology 
and peculiar velocity). If the classification of a P N  is not possible, then the distance 
can be estimated using the c -D dependence for In-PN. 

A differentiation of P N  onto a larger number of classes is not expedient now 
because the peculiarities of different PN begin to play a more essential role tha.n 
the average parameters of a group. 
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