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Abstract 

Planetary nebulae (PN) represents the short phase in the life of stars with masses 

(0.89-7) M☉. Several physical processes taking place during the red giant phase of 

low and intermediates-mass stars. These processes include :1) The regular (early ) 

wind and the envelope ejection, 2) The thermal pulses during Asymptotic Giant 

Branch (AGB ) phase. In this paper it is briefly discussed how such processes affect 

the mass range of  Planetary Nebulae(PN) nuclei(core) and their evolution, and the 

PN life time, and fading time for the masses which adopted. The Synthetic model is 

adopted. The envelope mass of star (MeN ) and transition time (ttr) calculated 

respectively for the parameter (MeR =1.5,2, 3×10
-3

 M☉). Another time scale is of 

capital importance for the understanding of PN and their nuclei, it is the fading time 

( tf). The results indicated that for each observed nebulae( ttr < tPN) also the fading 

time is sensitive to mass core(MH) of star,  the mass with 1.2 M☉ takes only (25 yr ) 

to fading, while the mass with (0.66 M☉)  takes about ( 4715 yr) years to fading. The 

calculations showed that (ttr) increases with the increasing of final mass( Mf). The 

initial nebulae radius will also increase with (Mf) thus will correlate with the 

location of nucleus on the HR diagram.  

 

 وزمن الخفوت وفقا الى النموذج التركيبي (PN)نشوء السدم الكوكبية 
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 لخلاصها

ل.(☉M(لك مددثلسمسدد ث 7- 0.89السدد ملالكبكة ددثل مرددللمصيمددثل حدد صالمددنلي دد الالا ددبملال دد)لك م دد ل  ددصابحلةدد ن 
هدذ لالعمم د تلل.قثلاليمصلذاتلالك للالباطئدثلبالبسدطها لكلع العمم  تلف ز  ئ ثل ي ثلخلاللمصيمثلا بملالعم ل

مصيمدثلالاةاد تلاليصاص دثلخدلاللطدبصلال قد ص ل-2المصيمثلالمةكصالالما ظمثلبازعلالغدلا لل-1 ي ثلف)لطبص نل
ل.AGBالعملاقل
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فد)لهددذالالةيددثل مددتلما  سددثلك ر ددثلل ددلر صلمدد الالك مدثللاددبال المدد (لالسدد ملباسددبئ  لبي دد الالسدد ملبزمددنلالخرددبتل
بزمددنلا ا قدد للم ص ددتلل( MeN)ك مددثلالغطدد نلملا مدد)لل.مك ددللال دد)لاع مدد تلة  ع مدد  لعمددالالامددبذجلال صك ةدد)ل

MeR =1.5,2, 3×10).يس ة م لة  ع م  لعمالمعممد تلالك مدثلالم ةق دثلةقد ملمخ مردث
-3

هاد كلمد الزماد)لمخدصل (
مباديتلالا د ئالاادلللكدللالسد ملل. (tf ) مدتل صاسد لللدللاهم دثلخ حدثلفد)لف دملالسد ملباسدبئ  لهدبلزمدنلالخردبت

  ددلرصلةك مددثلالمدد لل(tf )بانلزمددنلالخرددبتل ( ttr < tPN )المة اددثلزمددنلا ا قدد للاحددغصلمددنلزمددنلي دد الالسدد  م
 0.66)(للخرب  دد لة امد لالك ددللةقدد م لل25yr(ل ي د جل لل☉M 1.2(لي ددثلانلالك دللةقدد مل للMHال  د صب  ا) ل

M☉ 4715 ي  جل yrتلال )لم ص تلة اتلانلزمدنلا ا قد للاليس ة ل.(للك)ل خرتل(ttr)زا د لمدزلز د  الالك مدثلل  
(لكددذلكلاحدد ل طددصلالسدد  مل  زا دد لمددزلالك مددثللالا  ئ ددثللددذلكلف ددبلمددص ةطلمددزلمب ددزلاددبالالسدد ملفدداللMfالا  ئ ددث ل
ل.ل.HR diagramمخططل

 
Introduction 
     Planetary nebulae (PN) consists mainly of 

gas ejected slowly by a red giant. The nebular 

phase represents just short phase in life of those 

stars which ultimately become white dwarfs, and 

therefore the understanding of most properties 

of PN and their central stars is necessarily 

rooted to the study of the previous evolutionary 

history of these objects[1]. In particular, an 

impressive body of observational evidence now 

shows that red giants and supergiant are indeed 

losing mass with the appropriate expansion 

velocities (10~20 km/s) and in some cases, with 

the appropriate rate for the production of PN [2]. 

In a recent series of papers (Kwok 2008, Margio 

2006,2003,2001 ) [1], and previous papers 

(Wood and Kahn 1977,Renzini and Voli 1983, 

Iben and Renzini 1983) arguments are given 

indicating that at least two distinct mass loss 

regimes must operate in  Asymptotic Giant 

Branch (AGB) stars[3,4]: 

1- The regular  wind ( early AGB) 

2-Superwind ( tip AGB) 

     The idea that Planetary Nebulae (PN) 

originated from outer layers of red giant goes 

back to Shklovsky(1956)[5]. This hypothesis 

was supported by Abell and Goldriech(1966) 

who argued convincingly that red giants are the 

most likely progenitor of PN. Although this is 

generally accepted today [1, 4]. The details of 

the transition from red giant to PN remain in 

controversy Paczynski pointed out  that the PN 

progenitors must have similar luminosities to 

central stars of PN, and therefore are likely to be 

late types supergiant undergoing double-shell 

burning. There are several pieces of  evidence of 

observation: 

1- The observed expansion velocities of PN (20-

50 km/s) are higher than stellar wind velocities 

from AGB stars (3-20km/s)[6]. 

2-The observed densities of PN are higher than 

the expected densities in the remnants of red 

giant envelope.  

3- Many PN have well defined shell like 

structures whereas red giant envelope do not. 

The shell is dynamically constrained by two 

winds, the regular wind and super wind [7].   

4- Fast winds (1000-3000 km/s) from central 

stars of PN have also been detected by recent 

International Ultraviolet Explorer (IUE) 

observations[4]. Mass loss rate of Asymptotic 

Giant Branch (AGB) stars is in the range (10
-6

-

10
-5

 M☉/yr). The mass of the shell increases with 

the nebulae size[1,7].  

1- Wind and Super Wind in AGB Stars 
     Most red giants (including Asymptotic Giant 

Branch (AGB) stars) are losing mass at rate 

which is conveniently expressed by the Reimer 

formula stars whose mass loss rate (MLR) 

follows the Reimers expression are considered 

in the regular wind regime, and evolutionary 

studies show that AGB stars can reach MLR's of 

at most a few 10
-6

 M☉/yr [8,9]. In fact, 

combining current estimates of the mass, radius 

and expansion velocity of  PN, one derives that 

the MLR during the process leading to the PN 

ejection should be at least several 10
-5

 M☉ /yr, 

and possibly much higher. Both wind and super 

wind processes are currently parameterized in 

evolutionary calculations, through a numerical 

coefficient η placed in front of the Renzini's 

formula (eq.2), and parameter b entering into the 

expression for the envelope mass MPN (eq.1) at 

the starting of super wind regime[8]. 

MPN =b. f(MH / M☉) -----------------------------(1) 

Where MH is the mass inside the location of the 

hydrogen-burning shell (so called core mass), 
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and f(MH) is an appropriate function. MPN is 

clearly the mass ejection by super wind process 

[3].   

2- Masses of PN Nuclei and the Mass 

Range of Producers 
     Coupling evolutionary calculations and 

parameterized mass loss algorithms, Iben and 

Renzini (1983) gave the following expression 

relating the stellar final mass Mf [3]: 

Mf = 0.53η
-0.082

 +0.15 η
-0.35

 (Mi/ M☉ - 1) ---- (2) 

This expression is most accurate for 1/3 < η <2, 

and is insensitive to 1/2 < b <1[3]. Note that the 

final mass Mf (the mass of white dwarf remnant) 

is also practically identical to the mass of the 

central star during the PN phase. Of great 

interest is also the critical initial mass (Mw) 

below which the hydrogen-rich envelope is 

actually ejected before the core mass can reach 

the Chandrasekhar limit (1.4 M☉) and above 

which this limit is attained, carbon is ignited in 

the electron-degenerate core, thus leading to a 

supernova explosion. Therefore in the mass 

range 0.85≤ Mi ≤ Mw are those which eventually 

produce white dwarfs and then likely to 

experience a PN stage [8]. 

Mw/ M☉ =1.0+9.33η
0.35  

-3.53η
0.27

 + 0.8 (b -1.0) 

                           -----------------------------------(3) 

  Which implies a range for Mw from ( 4.7 – 8 ) 

M☉, for η values in the range ( 1/3 – 2) and  

(b=1 for Renzini model). By using these 

information we found the critical mass before 

reaching the Chandrasekhar  limit to be equal  

Mw =7.9 M☉ ( by adopting b=0.55 ) as shown in 

(Figure 1). This value of (b) represents the best 

value for critical initial mass Mw =7.9 M☉ and 

Chandrasekhar limit (1.4 M☉). 

While using Renzini value (b=1) gives higher 

value for critical initial mass, Mw =8 M☉, and 

also higher value for Chandrasekhar limit  

(1.4 M☉). According to eq.(2) PN nuclei should 

have masses ranging from slightly more than 

0.50 M☉ ( for Mi =0.85) up to 1.4 (for Mi = Mw).  

(Figure 2) indicated that the exact value of  η 

(~1.65) is applicable be  for getting the value of 

1.4 M☉.  Schonberner and Wiedemann indicated 

that all stars with Mi < Mw leave remnants with 

Mf= 0.6. Their analysis neither invalidates the 

arguments of Renzini, nor implies that all stars 

with Mi < Mw generate post AGB stars with 

essentially the same mass, a claim which, in any 

case, would be hard to justify in terms of stellar 

evolution theory, that’s argument agree with the 

Kaller (1982) idea [2,3]. 
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Figure 1: The relation between critical mass and η 

parameter with two values adopted. 
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Figure 2: At two values of η(1.65&1.55) when 

final mass reach Chandrasekhar limit(1.4Mo). 

3- The Super Wind Phase 
     The fact that the amount of the central star of 

PN can considerably vary depending on Mi may 

have important consequences for the PN life 

time. Also the super wind phase represents the 

beginning of a fast decrease in the envelope 

mass MeN of AGB stars[8]. 

Stellar structure calculations indicate that the 

average location on the HR diagram of an AGB 

star will at first move to the right, towards larger 

radii and increasing the radius, the super wind 

instability will most likely be enhanced. This 

tendency to larger radii (lower effective temp.) 

is reversed when MeN falls below a critical value 

of MeD, marking the departure of the star from 

the Hayashi  line. The value of MeD very small 

and should be in the range (0.001 - 0.01) M☉ 
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depending on the actual value of MH as 

indicated by Paczynski(1971) with Vasslaides 

and Wood (VW2003)[7]. Since the star is now 

contracting the super wind instability may 

become less violent, and suddenly gets 

quenched leavening a residual envelope mass 

MeN (≤MeD). This quantity plays a crucial role in 

the subsequent evolution of the stars, in 

particular the nebulae phase, follow from [3]: 

i) The fact that MeR << MPN    ii) The 

hydrodynamic nature of the super wind process, 

and iii) Episodic character of the super wind.   

4- Evolution of PN Nuclei 
     The transition from the AGB to the region of 

PN nuclei (which follows the super wind phase) 

is often regarded as practically instantaneous. 

The transition time ttr is defined as the time 

interval between the super wind quenching and 

the instant when the effective temperature of the 

remnant star reaches 30,000 ￮K, i.e. when the 

central become hot enough to excite the 

previously ejected envelop. Iben and Renzini 

(1983) give the following expression for ttr [3,8]: 

ttr =1.6 × 10
6
yr (MeR-MeN) / (MH / M☉  - 0.44)  

                   ---------------------------------------- (4) 

    Where MeN is the envelope mass when the 

star reaches Teff =30,000 ￮K, and from the 

models of Pyczynski (1971) one can derive  

MeN [6,9]:     

MeN ≃1.8× 10
-5

 (MH
-8.23

/ M☉ ) ----------------- (5) 

     According to Renzini Model and for values 

of (MH =0.60, MeN =1.2× 10
-3

 M☉) and by using 

Eq.(4), the resulting values of transition time are 

(ttr =3000,8000,and 17,000 yr), respectively for 

MeR =1.5,2 and 3.0 ×10
-3

 M☉. In present 

calculations, we used the values of  

(MH =0.66, MeN =0.489 *10
-3

 M☉), and the 

results of transition time are  

(ttr =7000,10000,17500yr) as shown in (Figures 

3 and 4). The age of PN (time since the phase of 

super wind) is roughly given by[6]:  

tPN= RPN/ vexp            -----------------------------( 6) 

By using the last equation, the value of age of 

PN is about (1000-25000)yr, comparing with 

theoretical values of tPN in range of  

(1000-30000 yr) as shown in (Table 1), where 

RPN is the observed nebular radius for galactic, 

and vexp is the nebular expansion velocity.  

Transition time(ttr) represents the beginning of 

phtoionzation phase while the fading time 

represents the end of PN life time, ttr < tPN,as 

shown in (Table 2 ). (Tables 2, 3 and 4) 

estimated that values of transition time and 

fading times by using different values of (MeR). 

The expression for the fading time is derived 

from the old Paczynski tracks, and although  it is 

of crucial importance to compute further grids of 

Post AGB sequences [9]. 

The stars with large core masses leave AGB 

phase with small (thin) H envelope but with 

high burning rate as shown in (Figure 3). 

Therefore the stars with large mass will be 

evaluating fastly, and has bright nebulae for a 

short period then fade. While the stars with low 

mass core will slow evolution to ionize the 

surrounding nebulae region before fade.  

Fading time is about 4715 yr for core with mass 

( ~0.66 adopted) shown in (Table 2), while core 

with mass 1.2 will have fading time about 25 yr 

in compared with Kwok model the fading time 

for core with mass 0.60  is about 7150 yr while 

it become  for  MH =1.2 M☉, tf =30 yr. The 

beginning of super wind marks the starting of 

fast decrease in the envelope mass MeN of AGB 

stars, (Table 2) indicated the values of MeN for 

the masses which adopted. 
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Figure 3: Mass of envelope as a function of the 

mass stars. 
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function of mass core. (Transition time comparing 

with fading time). 
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Table 1:Represents the radii of samples of PN in 

galgtic plane and the age of PN. 

 

tPN(yr) 

 

Radius 

( km 10
13

)
 

 

Radius 

PN( '') 

 

Name PN 

 

2162 0.1364 "22 NGC1535 

4556 0.3000 "10 NGC2452 

5225 0.5000 "6 NGC2792 

5225 0.5000 "6 NGC2867 

1292 0.1250 "24 NGC3132 

5225 0.5000 "6 NGC3211 

5225 0.5000 "6 NGC3918 

5225 0.5000 "6 IC4187 

11921 0.7500 "4 IC2448 

23592 1.500 "2 IC2165 

Table 2: represents the values of mass core(Mc) 

and mass of envelope(MeN),transition time (ttr) 

,fading time(tf), according to value of residual 

mass (MeR) ~1.5*10
-3

 Mo 

 

tf (10
3
)yr 

 

ttr(10
3
)yr 

 

MeN  

(10
-3

 M☉) 

 

MH / M☉ 

 

Mi/ M☉ 

 

4.715 7.0467 0.489 0.669 0.89 

4.388 7.095 0.460 0.674 0.95 

4.134 7.124 0.437 0.678 1 

1.348 6.608 0.167 0.762 2 

0.494 5.623 0.070 0.846 3 

0.199 4.785 0.032 0.930 4 

0.087 4.1322 0.016 1.014 5 

0.040 3.6232 0.008 1.098 6 

0.025 3.220 0.004 1.180 5 

Table 3: Represents the values of mass core and 

mass of envelope(MeN ),Transition time( ttr) 

,fading time(tf), according to value of residual 

mass(MeR) ~2*10
-3

 M☉ 

 

tf 

(10
3
)yr 

 

ttr(10
3
)yr 

 

MeN 

(10
-3

 M☉) 

 

MH/M☉ 

 

Mi/ 

M☉ 

4.715 10.534 0.489 0.669 0.89 

4.388 .50810 0.460 0.674 0.95 

4.134 10.477 0.437 0.678 1 

1.348 9.088 0.167 0.762 2 

0.494 7.591 0.070 0.846 3 

0.199 6.416 0.032 0.930 4 

0.087 5.524 0.016 1.014 5 

0.040 4.833 0.008 1.098 6 

0.025 4.299 0.004 1.180 7 

Table 4: Represents the values of mass core (Mc) 

And mass of envelope (MeN ), transition time, 

fading Time, according to value of residual mass 

( MeR) ~3*10
-3

M☉ 

 

tf 

(10
3
)yr 

 

ttr(10
3
)yr 

 

MeN  

(10
-3

 M☉) 

 

MH / M☉ 

 

Mi/ M☉ 

 

4.715 17.510 0.489 0.669 0.89 

4.388 17.313 0.460 0.674 0.95 

4.134 17.182 0.437 0.678 1 

1.348 14.040 0.167 0.762 2 

0.494 11.525 0.070 0.846 3 

0.199 9.677 0.032 0.930 4 

0.087 8.309 0.016 1.014 5 

0.040 7.268 0.008 1.098 6 

0.025 6.454 0.004 1.180 7 

Conclusions 
1. The shell is dynamically constrained by 

two winds the mass loss rate of AGB 

stars (10
-6

-10
-5

). The mass of the shell 

increase with the nebulae size. 

2. The super wind marks the beginning of 

fast decrease in the envelope mass MeN 

of AGB stars. 

3. The results indicated that MeN as a 

function of mass core estimates that the 

stars with large core masses leave AGB 

phase with small (thin) H envelope but 

with high burning rate. 

4. As a results  the stars with large mass 

will fast evolution and bright the 

nebulae for a short period then fade. 

While the stars with low mass core will 

slow evolution to ionize the surrounding 

nebulae region before fade. 

5. The critical initial mass MW below 

which the hydrogen –rich envelope is 

actually ejected before the core mass 

can reach the Chandrasekhar limit  

(~1.4 M☉ ). 

6. The fact that the amount of super wind 

material around the central stars of PN 

can considerably vary depending on Mi 

may have important consequences for 

PN lifetimes.  

7. The central stars evolutionary tracks 

require a small residual H envelope 
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mass at the end of Asymptotic Giant 

Branch (AGB)phase, in order to obtain a 

reasonable transition time. 

8. The nebulae radius increases with the 

final mass will correlate with the 

location of nucleus on the HR diagram. 
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