
Revista Brasileira de Flsica, Vol. 15, n9 1, 1985 

Hp Fluxes from Planetary Nebulae 

LILIAN VIADANA, J.A. DE FREITAS PACHECO 

Observatório Nacional, Departamento de Astronomia, Rua Gal. Bruce 586, Rio de Janeiro, 
2092 1, RJ, Brasil 

Recebido em 24 de abril de 1985 

Abstract k present new measurements o f  HB-fluxes f o r  1 3  p l a n e t a r y  
nebulae. lnc l "d ing  i n  our sample a re  
measured probably belonging t o  the ga 
GHz combined w i t h  our data al lowed an 
f o r  those p lanetar ies .  Magnitudes a t  
tures are  a l s o  der ived f o r  the cent ra  
nebulae. 

i ve  ob jec t s  w i t h  no f 1"x h i t h e r t o  
a c t i c  bulge. The VLA f l uxes  a t  5 
eva luat ion  of the co lo r  e x c e s s  
4819 8 and the Zanstra tempera- 

s t a r s  o f  some o f  t h e  o b s e r v e d  

1. INTRODUCTION 

I t  was shown by ~ a n s  t r a l  t h a t  t h e  observed recomb i - 
na t i on  Balmer l i n e  f luxes  from p lanetary  nebulae could be a measure o f  

the Lyman continuum emission from the cen t ra l  s ta rs ,  provided t h a t  the  

nebulae be o p t i c a l l y  t h i c k  t o  such an i o n i z i n g  rad ia t i on .  Therefore, 

i f  t h i s  cond i t i on  i s  s a t i s f i e d ,  the  temperature o f  the  cen t ra l  s ta rcan  

be der ived i f  we a l s o  measure the  continuum f l u x  from the  s t a r  i t s e l f  

a t  any other wavelength and we assume a blackbody spectrum. 

On the o ther  hand, i f  we combine the  H6 and the  rad io f l uxes  

o f  the nebula, the  i n t e r s t e l l a r  e x t i n c t i o n  associated w i t h  the  ob jec t  

can be evaluated. The proper reddening co r rec t i on  i s  app l ied  t o  the 

observed l i n e  i n t e n s i t y  r a t i o s ,  a f t e r  which we ob ta in  the  physicalcon- 

d i t i o n s  ins ide  the nebula and i t s  chemical composition. l f  a s t a t i s t i -  

ca l  r e l a t i o n  between reddening and d is tance i s  known from measurements 

o f  nearby s tars ,  i t  i s  a l s o  poss ib le  t o  est imate r e l i a b l e  d istances t o  

the nebulae. 

I n  the  present work we present H @  f l u x  measurements f o r  13 

p lanetary  nebulae observed a t  the  B raz i l i an  Astrophysical  Observatory 

(OAB) . For some ob jec ts  i t was possi b l e  t o  est imate the  magnitudes o f  

the  cen t ra l  s ta rs  and consequently t o  evaluate the  Zanstra temperature. 

The reddening has been estimated f o r  a11 the nebulae w i t h  ava i lab leVLA 

f luxes a t  5 GHz. For most o f  them i t  was poss ib le  t o  compare our red- 





the p o s s i b i l i t y  t ha t  the  d i f f e r e n t  magnitude values der ived b y  b o t h  

groups a t  d i f f e r e n t  epochs are  r e a l ,  new observat ions o f  t h i s  o b j e c t  

a re  necessary t o  v e r i f y  the existence o r  no t  o f  such a v a r i a b i l i t y .  

Fig.1 - The logar i thm o f  
the observed H@- f l ux  as 
a f unc t i on  o f  the aper- 
t u r e  diaphragm diameter 
i n  seconds o f  a rc .  
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Inspect ion o f  Table 4 reveals the very we l l  known f a c t  t ha t  i n  

general T~ &e111 > T~ (HI) . The ra ther  la rge d i f f e rence  between both 

temperatures f o r  N G C  2792 should probably be a t t r i b u t e d  t o  t h e  f a c t  

t ha t  the  nebula i s  not  o p t i c a l l y  t h i c k  t o  the H- ion iz ing  r a d i a t i o n .  

However i t  i s  worth t o  mention t h a t  c a h n 3  c o n s i d e r s  t h a t  n e b u l a  

as being o p t i c a l l  y  t h i c k  ,to the  Lyman continuum rad ia t i on .  He adopts 

d i f f e r e n t  values f o r  the  s t e l l a r  and H@ f luxes  but  even w i t h  h i s  f i g -  

ures the hydrogen Zanstra temperature i s  ra ther  low. An a l t e r n a t i v e  

explanat ion may be re la ted  t o  the  existence o f  an expanding atmosphere, 

s t rong l y  supported by the observat ion o f  P-Cyg p r o f i l e s  i n  UV l i n e s  

from many p lanetar ies .  I f  a c e r t a i n  amount o f  the 4686 r a d i a t i o n  i s  

formed i n  such a wind, we are  c e r t a i n l y  overest imat ing the amount o f  

t h e  rad ia t  ion  shortward o f  2288 and consequentl y, t he  HeII Zanstra tem- 

perature.  

I n  the case o f  N G C  5189 a r e l  i ab le  d istance has been r e c e n t l  y  

der ived b y  G a t h  i e r ' l  . Based on h i s  data, one can conclude tha t  wi th 

a nebular rad ius  o f  about 0.6 pc and an unusual ly  h igh  ionized mass o f  

about 2.9 Mo, the nebula i s  probably p a r t i a l l y  t ransparent  t o  the H 

- i o n i z i n g  rad ia t i on .  As a consequence, the H -  Z a n s t r a  t e m p e r a t u r e  



f l u x  a t  t h e  e f f e c t i v e  wavelength o f  o u r  f i l t e r .  

Tab le  2 - Standard Objects  

TELESCOPE REFERENGES 

(2) , (3) 
(5) 

O) , (4) , (5) 

0) , (4) 96) 
0) , (2) , (4) , 

(5) , (6) 

(2) 

(2) , (4) 

(2) 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

References: (2) Kohoutek & Mart  i n  ( 1  981) ; (3) Cahn (1984) ; (4) Carrasco 

e t  aZ. (1983) ; 6 )  Pot tasch  (1984) ; (6) Pacheco e t  aZ. (1985) . 

The measurements were reduced through s  t a n d a  r d  p h o t o r n e t  r i c  

techniques w i t h  the  atmospher ic  e x t i n c t i o n  be ing  eva lua ted  each n i g h t .  

Table 3 shows t h e  r e s u l t s  f o r  o u r  p r o g r a m e  o b j e c t s .  The f i r s t  

c o l u m s  i d e n t i f i e s  t h e  nebula and t h e  second g i v e s  t h e  l o g a r i t h m  o f  t h e  

f l u x  i n  e r g  crn-2 s-'. T y p i c a l  e r r o r s  a r e  o f  t h e  o r d e r  o f  0.02 i n  l o g  

F The t h i r d  column g ives  t h e  number o f  independent measurements,the 
HB ' 

f o u r t h  t h e  d a t e  o f  t h e  observ ing  m i s s i o n  and t h e  f i f t h  g i v e s  t h e  t e l e -  

scope used. 



Table 3 - Programe Objects 

1 OBJEtTS iog F (erg cm-* 5-1) 
HB 

DATE TELESCOPE 

(a) 17/18 September 1982; (b) 29/May to 3/June 1984 

3. MAGNITUDES AND ZANSTRA TEMPERATURES 

The São Carlos f ilters used at the 0.6m telescope a l lowed a 

trustful evaluation of the continuum flux at ~48198, allowing one to 

estimate the magnitude of the central star at this wavelength. A de- 

tailed analysis of the correction due to the nebular continuum anission 

will be given in a future paper Pacheco et aZq6 , where Scanner 

data recently obtained from central stars of planetaries will be pre- 

sented. 

Under the assumption that the star radiates like a blackbody 

the geometrical dilution factor can be written as a function of the 

resulting continuum flux of the stellar radiation at 148198. 

where R is the stellar radius, D is the distance and T is theeffective 

stellar temperature. 



I f  t h e  nebula i s  o p t i c a l l y  t h i c k  t o  t h e  i o n i z i n g  r a d i a t i o n  we 

can equate t h e  r a t e  o f  photons e m i t t e d  by t h e  s t a r ,  s h o r t w a r d  o f  t h e  

Lyman l i m i t  b ), t o  t h e  t o t a l  r a t e  o f  recombinat ions ( e x c e p t  i n g  t h e  L 
ground l e v e l )  i n s i d e  the  nebula, namel y, 

v 
L 

where aB(Hl ,Td i s  t h e  t o t a l  recombina t ion  r a t e  f o r  hydrogen e x c e p t i n g  

t h e  fundamental l e v e l ,  Te i s  t h e  e l e t r o n i c  temperature and n n a r e  
e '  P 

t h e  e l e c t r o n  and t h e  p r o t o n  d e n s i t i e s  r e s p e c t i v e l y .  

The observed HB f l u x  f rom t h e  nebula i s  

where a  (T ) i s  t h e  e f f e c t i v e  recombina t ion  c o e f f  i c i e n t  f o r  H 6  
H6 e 

emiss ion Brock lehurs t  7 -  

From e q u a t i o m  (1) , (2)  and (3) one o b t a i n  

where we have d e f i n e d  

The f i r s t  member o f  equa t ion  (4) i s  a  f u n c t i o n  o f  t h e  s t a r ' s  

temperature o n l y ,  whi l e  the  second member d e p e n d s  o n  t h e  observed 

q u a n t i t i e s  and on t h e  r a t i o  o f t w o  recombina t ion  c o e f f i c i e n t s , w h i c h  has 

a weak dependence on t h e  e l e c t r o n  temperature.  A s i m i l a r  equa t ion  can 

be d e r i v e d  f o r  t h e  i o n i z e d  he l ium recombinat ion l i n e s ,  u s i n g  t h e  r a t e  

o f  i o n i z i n g  photons shor twards 2288 and adequate recombinat i o n  c o e f  - 
f i c i e n t s .  The temperatures d e r i v e d  from these ions a r e  then known r e-  

s p e c t i v e l y  as the  H and H e I I  Zans t ra  temperatures.  

Our r e s u l t s  a r e  shown i n  Table 4. The second column g i v e s  t h e  

r e s u l t i n g  s t a r  magnitudes a t  4819 (not c o r r e c t e d  f o r  reddening) a n d  

the  o t h e r  colums t h e  d e r i v e d  Zans t ra  temperatures.  The I i n e  i n t e n s i  t y  



r a t  i o  I X4686 (H~II) /rHB arid t h e  r e i  evant  e l e c t  r o n  temperatures were 

taken from Ka le r8  and Pott:aschs. 

Table 4 

For NGC 2440 our  observed continuum f l u x  i s  e n t i r e l y  c o n s i s t e n t  

w i t h  t h e  lower  l i m i t  f o r  t h e  magnitude o f  t h e  c e n t r a l  s t a r  V > 16 de- 

r i v e d  r e c e n t l y  by Reay e t  aL9 . For NGC 2792 cahn3 g i v e s  a magnitude 

B=14.01. Our va lues i s  f a i n t e r  b u t  i s  based on seven i n d e p e n d e n t f a i r l y  

cons i s t e n t  measurements. From the  compi l a t  i o n  by Po t tasch s we f i n d  a 

v i s u a l  magnitude vm=14.4 f o r  NGC 2867 w h i l e  we d e r i v e d  from o u r  own 

data a va lue  0.6 f a i n t e r .  The r e s u l t i n g  v a l u e  f o r  NGC 5189 p r e s e n t e d  

here  i s  a lmost  one magnitude f a i n t e r  than  t h a t  r e p o r t e d  by Reay e t  aL9. 

From t h e  a n a l y s i s  o f  Fabry-Perot images a t  severa1 wavelengths those  

au thors  ach ieve  a good d i s c r i m i n a t i o n  between t h e  nebula and t h e  s t a r ,  

d e r i v i n g  a v i s u a l  magni tude ~ = 1 4 . 0 .  Fol l ow ing  Reay and P o t t a s c h l o  ( p r i  - 
v a t e  comunicat ion) t h e r e  were r e p o r t s  o f  even f a i n t e r  magn i t u d e s  f o r  

NGC 5189, r i s i n g  t h e  p o s s i b i l i t y  o f  a  r e a l  t ime  v a r i a b i l i t y .  

As a consequence o f  the  f a i n t e r  magnitudes t h a t  w e  have d e r i v e d  

f o r  NGC 2867 and NGC 5 \89 ,  we found t h a t  t h e  Zanstra temperatures f o r  

the c e n t r a l  s t a r s  o f  these p l a n e t a r i e s  a r e  somewhat h i g h e r  than  those 

ob ta ined  r e s p e c t i v e l y  b y  P o t t a s c h  "nd ~ a t h i e r "  . T h e  d i s -  

crepancy between o u r  r e s u l  t s  and those  by Reay e t  a2.' f o r  NGC 5 1 8 9  

r e f l e c t s  m a i n l y  t h e  d i f f e r e n c e  i n  t h e  adopted HB- f lux .  Our measured 

va lue  i s  a lmost  a  f a c t o r  o f  two h i g h e r .  F i g u r e  1 shows t h e  H @ - f l u x  f o r  

NGC 5189 as a f u n c t i o n  o f  the  diaphragm dimension.  T h i s  i 1 l u s t r a t e s  

I 
1 

! OBJECT 
1 "48 I 9 T~ (HI I 

15.40 / 43900 

N2867 15.05 73500 

15.10 77300 

~ ~ 3 2 0 - 2 8 . 1  15.14 40000 

the  importance o f  measuring extended nebulae w i t h  t h e  l a r g e s t  d i a -  

phragms p o s s i b l e ,  o t h e r w i s e  r a d i a t i o n  c o u l d  be los t .Tak ing  i n t o  account 

TZ (H~II) 

88350 

99600 

1 08000 

- 



g i v e s  i n  t h i s  case o n l y  a  lower  l i m i t  t o  t h e  e f f e c t i v e  temperature o f  

t h e  s t a r ,  w i t h  the  T (He11) temperature c e r t a i n l y  much neare r  t o  r e -  
Z 

a l  i t y .  I n  f a c t ,  t h e  c o l o r  ten iperature d e r  i v e d  b y  p o t t a s c h 5  ; T = 
C 

= 100000 K ,  agrees much b e t t e r  w i t h  t h e  v a l u e  o b t a i n e d  h e r e i n  f rom t h e  

H e I I  A4686 1 ine .  

4. THE INTERSTELLAR REDDENING 

S i n c e  t h e  r a d i o  emiss ion  f rom t h e  nebulae i s  p r a c t i c a l l y  n o t  a f -  

f e c t e d  by t h e  i n t e r s t e l  l a r  g r a i n s ,  t h e  observed f l u x  i n  t h i s  s p e c t r a l  

r e g i o n  can be used t o  p r e d i c t  t h e  H f 3  f l u x .  The r a d i o  emiss ion  i s  d u e t o  

thermal Bremsstrahlung and i n  t h i s  case t h e  emiss ion  r a t e  per  u n i t  v o l -  

ume and per  f requency i n t e r v a l  i s  

where <(Z) i s  a  f u n c t i o n  o f  t h e  charge and d e n s i t i e s  f o r  i o n s  o t h e r  

than hydrogen, g i s  t h e  Gaunt f a c t o r  and t h e  o t h e r  symbols have t h e i r  

usual rneani ng. 
ff 

The H B  emiss ion r a t e  per  u n i  t volume i s  

I f  t h e  nebula i s  o p t i c a l l y  t h i n  t o  t h e  r a d i o  emiss ion,  t h e  p r e -  

d i c t e d  H B  f l u x  i s  

where Sv i s t h e  observed r a d i o- f  l u x .  The c o l o r  excess E(B-V) i s  g i v e n  

by 

"h.B 
E(B-v) = 0 .682  l o g  - (9) 

F~~ 

r e l a t i n g  the  r a t i o  between t h e  p r e d i c t e d  and the  observed H B  f l u x .  

Tab le  5 shows t h e  r e s u l t i n g  c o l o r  excess f o r  p l a n e t a r i e s  i n  t h e  

g a l a c t i c  bu lge.  The r a d i o  f l u x e s  and t h e  angu la r  r a d i u s  g i v e n  respec t -  

i v e l y  i n  columns two and t h r e e  a r e  f rom G a t h i e r  e t  a Z . 1 2  . Table 5 

a l s o  g i v e s  t h e  e l e c t r o n  d e n s i t y  f o r  those nebulae es t imated  f rom t h e  



equat i o n  

where F 0  i s  the de-reddened i@ f l u x ,  D i s  the d i s t a n c e  t o  t h e  neb- 
HB 

u l a  i n  k i l o p a r s e c s ,  t i s  t h e  e l e c t r o n  temperature i n  u n i t s  o f  l o 4 K  and 

O i s  t h e  angu la r  r a d i u s  i n  arc-seconds. I n  o u r  c a l c u l a t i o n s  we have 

assumed D = 8 kpc and Te = 104 OK f o r  a l  1  these o b j e c t s  suspected tobe  

i n  t h e  bu lge  o f  o u r  ga laxy .  

Tab le  5 

I 

Table 6 compares f o r  t h e  remain ing p l a n e t a r i e s  t h e  c o l o r  exces- 

d e r i v e d  f rom d í f f e r e n t  methods. I n  t h e  t h i r d  colurnn a r e  shown t h e  p re -  

sen t  r e s u l t s  u s i n g  t h e  r a d i o  and t h e  @3 f l u x e s .  The f o u r t h  a n d  t h e  

f i f t h  columns g i v e  t h e  c o l o r  excess d e r i v e d  f rom t h e  comparison between 

the  observed and t h e  c a l c u l a t e d  1 i n e  r a t i o s  f o r  hydrogen (Balrner 1 ines) 

and HeII. The l a s t  column g i v e s  the  c o l o r  excess d e r i v e d  f r o m t h e  h22008 

i n t e r s t e l l a r  f e a t u r e . 1 - h e s e  r e s u l t s  a r e  f r o m  G a t h i e r l ' . E x c e p t -  

i ng  NGC 2452, t h e  d i f f e r e n t  methods agree f a i r l y  w e l l  and o u r  new value 

f o r  t h e  HB f l u x  f o r  NGC 5189 e l  im ina tes  t h e  d isc repancy  e x i s t i n g  be- 

f o r e .  

5. CONCLUSIONS 

We presen t  newmeasurements o f  H B  f l u x e s  f rom 13 p l a n e t a r y  

nebulae, i n c l u d i n g  f i v e  o b j e c t s  i n  t h e  g a l a c t i c  c e n t e r  w i t h  no f l u x e s  

h i t h e r t o  measured. The a c t u a l  da ta  f o r  these o b j e c t s ,  combined w i t h  

VLA measurements a t  5GHz a l l o w e d  an e v a l u a t i o n  f o r  t h e  c o l o r  excessand 



Table 6  

I I  I 

t h e  nebu la r  e l e c t r o n  d e n s i t y  f o r  these p l a n e t a r i e s .  The r e l a t i v e l y  h i g h  

e l e c t r o n  d e n s i t i e s  d e r i v e d  f o r  those nebulae i n d i c a t e  a  s e l e c t i o n e f f e c t  

i n  t h e  sense t h a t  o n l y  h i g h  s u r f a c e  b r i g h t n e s s  o b j e c t s  have been de- 

t e c t e d  i n  t h e  g a l a c t i c  c e n t e r .  

We emphasize t h e  importance o f  u s i n g  l a r g e  a p e r t u r e  d  i a p h r a g m s  

when measuring nebulae o f  low s u r f a c e  b r i g h t n e s s .  NGC5189 i s  a  g o o d  

example, s i n c e  f o r  t h i s  o b j e c t s  we o b t a i n  an H B  f l u x  a lmos t  t w i c e  t h e  

f i g u r e  c u r r e n t l y  found i n  t h e  l i t e r a t u r e .  On t h e  o t h e r  hand, t h e  d i f -  

f e r e n t  magnitude es t imates  f o r  the  c e n t r a l  s t a r  o f  t h a t  nebula b r i n g s  

about t h e  q u e s t i o n  r e g a r d i n g  t h e  e x i s t e n c e  o f  t i m e  v a r i a b i l i t i e s .  New 

observa t ions  o f  t h i s  c e n t r a l  s t a r  a r e  b a d l y  needed. 

L& a r e  v e r y  g r a t e f u l  t o  Dr. Jarbas Cas t ro  Neto f rom t h e  I n s t i t u -  

t o  de F í s i c a  e  Química de São Car los  f o r  h i s  e x c e l l e n t  work i n  p r e p a r i n g  

t h e  i n t e r f e r e n t i a l  f i l t e r s  f o r  us. The cho ice  o f  most o f  o u r  p r o g r a m e  

o b j e c t s  were m o t i v a t e d  by a  cons tan t  c o n t a c t  w i t h  Dr. S.R. Po t tasch .  
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ished 

r o n .  

127, 

Apresentamos para 13 nebulosas planetá ' r ias novos f luxos  HB medi- 
dos no Observatório Astrof  í s i c o  Brasi l e i  ro .  São inc lu ídos  na nossa amos- 
t r a  5 ob je tos  do bojo ga lác t i co  com f l uxos  desconhecidos a t é  o momento. 
Essas medidas, combinadas com o f l u x o  rád io  observado em 5GHz, são u t i -  
l izadas para a determinação do excesso de cor dos ob je tos  o b s e r v a d o s .  

são também determinadas para alguns desses ob je tos  as magnitudes a A4819 
8 e temperaturas de Zanstra da e s t r e l a  cen t ra l .  


