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SUMMARY 
The AY/AZ abundance ratio is studied taking into account mass 
loss from intermediate and massive stars, and the Yz vs. Z 
relation of Peimbert and Serrano (1980a). 

INTRODUCTION 
The most recent determinations of helium to heavy element en 
richment ratio AY/AZ, and yield of heavy elements Y?j have 
been discussed by Serrano and Peimbert (1980a), and Peimbert 
and Serrano (1980) respectively. Mean values of AY/AZ=3±1 and 
Y„=0.007 can be assumed as indicative estimates for the solar 
vicinity. Furthermore, while the abundance ratio AY/AZ does 
not vary significantly among different objects (main sequen
ce F,G,K, stars, supergiant stars, planetary nebulae, globu
lar clusters, extragalactic HII regions, Magellanic Clouds, 
dwarf spheroidal galaxies), Yz is found to increase with the 
mean metallicity of the galaxy. The linear relationship, 
Yz=0.6 Z+0.002 is proposed by Peimbert and Serrano (1980a). 
Theoretical values of AY/AZ and Yz calculated with usual as
sumptions for the mass ejected at the end of a star's life 
in form of helium and heavy elements , and for the initial 
mass function, turned out to be substantially smaller and hi_ 
gher respectively (0.3<AY/AZ$1; Yz = 0.019) than the observati£ 
nal ones (Hacyan et al. , 1976; Gingold, 1977; Arnett, 1978; 
Mallik, 1980). The incorporation of mass loss by stellar wind 
in evolutionary studies of massive stars lowered the amount 
of heavy elements ejected by these stars for any reasonable 
assumption for the initial mass function (Chiosi and Caimmi, 
1979). This fact would decrease Yz and increase AY/AZ without-
changing significantly the helium production. However, recent 
studies on the helium ejection by planetary nebulae (Peimbert 
and Serrano, 1980b) , helium enrichment due to mixing in dou
ble shell stars (Gingold, 1977) » and hot bottom burning in iri 
termediate mass stars undergoing mass loss by stellar wind 
(Renzini and Voli, 1980) brought further improvements to this 
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problem. The effects of contributions of newly synthesized 
helium, stellar mass loss, and different choices for the ini_ 
tial mass function on AY/AZ have been discussed in some de
tail by Serrano and Peimbert (1980a) using a simple model of 
chemical evolution of the solar neighbourhood. While the ob
servational AY/AZ and Yg values could be easily fitted, their 
simple model failed in reproducing other important properties 
of the solar vicinity, like the metallicity distribution in 
G dwarf stars, and the metal abundance of young stars. On the 
contrary, models that succesfully reproduced the overall pro
perties of the solar vicinity (Chiosi, 1977, 1980; Chiosi and 
Matteucci, 1980a), but made standard assumptions for the che
mical enrichment per stellar generation, were unable to fit 
the observed AY/AZ and Y%. In this paper, several new develop_ 
ments are taken into account , which might remove the above 
difficulties. The main novelty is in that the effect of metal 
content Z on mass loss by stellar wind from massive stars 
(Chiosi et al., 1980), and the Yz vs. Z relation of Peimbert 
and Serrano (1980a) are taken into account in the calculation 
of Yz. Furthermore, the results of Arnett (1978) and Renzini 
and Voli (1980) for the amounts of helium and heavy elements 
synthesized and ejected by stars at the end of their life, 
are used to update the calculation of element yields. 

CHEMICAL EVOLUTION COEFFICIENTS 
In the matrix formalism developped by Talbot and Arnett (1973), 
the yield Y^ of an element i , defined as the ratio of the f rac_ 
tionary mass of a newly synthesized element to the fractiona
ry mass of matter locked forever in long lived stars or stel
lar remnants, is written as 

Yi = Z... q.. X./(l-I.. q.. X ) , (1) 
where 15^ 1J J U U J 

q.. = / Q..(m) *(m) dm (2) 
1J m 1J 

is the production matrix per stellar generation, $(m) is the 
initial mass function, and Xj denotes the mass abundance of 
an element j. The matrix element Q^j(m) specifies the frac
tion of mass of a star of mass m, initially present in form 
of elements j , which is eventually ejected in form of elements 
i. The procedure for deriving the production matrix Q^dn) 
rests on the formalism of Talbot and Arnett (1973) but incor_ 
porates the results of Renzini and Voli (1980) for low and iri 
termediate mass stars (l<m<8), the nucleosynthesis of Arnett 
(1978), and finally the results of Chiosi et al. (.1978, 1980) 
for massive stars suffering mass loss by stellar wind, in the 
way discussed by Chiosi and Caimmi (1979) • A detailed descrijD 
tion of the production matrix Q—(m) incorporating the above 
sources of data is given elsewhere (Chiosi and Matteucci, 
1980b). Since all non zero features of the matrix Q^-(m) are 
found at m^l m@, the initial mass function $(m) has been nor 
malized by specifying the fraction £ of mass of the initial 
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mass function that corresponds to stars more massive than 
1 m@. Furthermore, as helium production mostly occurs in the 
range of intermediate mass stars for any reasonable initial 
mass function, whereas the bulk of heavy elements is ejected 
by massive stars (m>10 mg,) , in order to study separately he
lium and metal productions we have adopted a two zone $(m). 
Accordingly the initial mass function is written as 

m, 
m 'dm = Z, » m.Sm^rn. ( 3) A/ 

mi 
m 

>J 
n "h. m •'dm m <m<m 2V v n CO 

together with the supplementary conditions 
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respectively. A preliminary analysis (reported in 

d Matteucci, 1980b) was performed to see how our r£ 
Id have been affected by different choices for u,, 

This gave u.=1.3 , U 2 = .1.7 
s. With this choice for u. 

and m2= 10 m@ as the best 
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and m, ,the initial 
tion we have used is similar to the one proposed by 
1980). With the above values for \i , u2 and m2 , the 
X, 2 is about 3, which together with conditions (6) 
ixes the values of £j, C , A and B once Z, is given, 
ent data we estimate that £ is in the range 0.20 to 
el, I98O); in the following three values of Z will in the following three values of t, 
ed. Let us denote by q_±: the matrix elements q; ; per lP-J ij 

Table 1 (Noraalised q..) 

eneration divided by the normalization constants of 
al mass function. By doing this, the matrix elements 
e independent of £. Table 1 summarizes the values of 
ator and denominator summations of eq. (.1), indica-
and f* respectively, for two cases of mass loss from 

tars, and initial metallicity Z of the stellar models, 
of mass loss are indicated by the parameter a of 

Chiosi's et al. (.1978, 
1980) notation. With the 
yield definition (eq. l ) , 
the data of Table 1, and 
the normalization constants 
A and B (calculated for va 
rious £) we may derive the 
yields of helium and heavy 
elements. In the framework 
of the classical simple m£ 
del of galactic evolution 
(Pagel, 1980), we may iden_ 
tify the yield ratio YHe/Yz 
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with the abundance ratio AY/AZ. Our numerical results show 
that AY/AZ increases with the mean rate of mass loss from 
massive stars, independently of 5. In fact 
C is used, AY/AZ rises from 1.1 to about 2 
parameter a increases from 0. to 0.9. This 

no matter of what 
as the mass loss 
result confirms 

the previous analysis of Chiosi and Caimmi (.1979). 
Comparing the yield of metals Yz for the Galaxy and SMC 
(Peimbert and Serrano, 1980a) we may write 

ZS 
YZG ' 

where S 
lations 

A 
B 

BSPZS 
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and 
(3) 
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are given. If one assumes that the slopes u 
> m2 , 
and u 

m and £ 
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same in the Galaxy (solar vicinity) and SMC, the system of 
eqs. (8) and (9) can be solved and ^ and 5 for SMC calcula 
ted. From Peimbert's and Serrano's (1980a) relation,we esti" 
mate that Y7q/Y ZS'XZG" ~^ :°-5. Table 
ned for several combine, 
tions of £, and mass 
loss from massive stars. 
From these data we see 
that £ in SMC is about 
half of the correspond
ing galactic value. Al
though this result is 
mainly due to the adop
tion of the Yz vs. Z re 
lation of Peimbert and 
Serrano (1980a), mass 
loss by stellar wind 
from massive stars is needed 

2 summarizes the results obtai-
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to keep Yz close to the observa 
tional value. If the chemical properties of SMC may be thought 
of as indicative of those in early stages of the galaxy evo
lution, it reasonably follows that r, increases with the mean 
metallicity, thus making the initial mass function vary with 
time. 

CHEMICAL EVOLUTION OF THE SOLAR VICINITY? AND AY/AZ RATIO 
The results of the above section have been used in the chemi_ 
cal evolution model of the galactic disk described by Chiosi 
and Matteucci (1980a). The main properties of that model con 
sist in the combined effect of concentration of star formation 
in the highest density region of the galactic disk, and accu 
mulation of primordial gas flowing.in from outside at suita
ble rate. The competition between gas inflow and gas consump_ 

https://doi.org/10.1017/S0252921100095270 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100095270


MASS LOSS AND AY/AZ RATIO 547 

tion by star formation gives a non monotonic time dependence 
of the star formation rate, which starts low, rises to a ma
ximum, and then decreases to the present day value. The time 
scale of disk formation was found to be in the range 3 to 
UxlO9 ys. 
The main results of model computations under the new yields 
and C(Z) relation, are reported in Table 3. All these models 
have been calculated with 
the same parameters as far r.»i. 3 <Hod.i B..«it.> 
as inflow a*nd star forma
tion rate is concerned, na 
mely T = 3 * 1 0 9 ys, K=2 and 
v=2.7 in the notation of 
Chiosi and Matteucci 
(1980a). The fraction £ 
of the initial mass funjc_ 
tion above 1 ni0 is let in. 
crease with Z as indicat
ed in Table 2, until it 
reaches the present day 
value that is reported in 
Table 3. As expected, both 
the metal yield Y£ and 
abundance Z increase with 
£, the same holds for the Helium abundance. Moreover, Yz v& 
ries with the average rate of mass loss from massive stars. 
The AY/AZ ratio is always at least a factor of two larger 
than in standard computations, in good agreement with the ob_ 
servational estimates. This agreement might even be better 
if one takes into account that the observational metal enrich 
ment Z is mostly derived from measurements of carbon and oxy_ 
gen abundances in HII regions. Therefore, this experimental 
quantity should be compared with the theoretical AY/ACO aburi 
dance ratio (reported in Table 3) rather than with AY/AZ. 
The two cases of Table 3 indicated by £=0.35, a=0.83 and 
a=0.90 probably encompass the observational situation, suc-
cesfully reproducing all major constraints on the chemical 
evolution of the solar vicinity. 
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a : surface mass density of gas in M /pc* 

o^ : rate of star formation in M /pc*/10* ys 

For all nodel the tine scale of disk foraatio 

+ : initial He-0.200 

REFERENCES 
Arnett, 
Chiosi , 

Chiosi , 
Chiosi , 
Chiosi, 
Chiosi , 
Chiosi , 
Chiosi , 

W.D. 1978, Astrophys. J. 219, 1008 
C. 1977, in "Chemical and Dynamical evolution of our 
galaxy", IAU Coll. U5, ed. Basinska-Greezik E. and 
Mayor M. , p . 6.1 
C. 1980, Astron. Astrophys. 8_3, 206 
C , Caimmi, R. 1979, Astron. Astrophys. 8j3, 23^ 
C., Bertelli, G., Nasi, E., Greggio, L. 1980, preprint 
C., Matteucci, F. 1980a, Astron. Astrophys. submitted 
C., Matteucci, F. 1980b, in preparation 
C., Nasi, E., Sreenivasan, S.R. 1978, Astron. Astr£ 
phys . _63, 103 

https://doi.org/10.1017/S0252921100095270 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100095270


548 C. CHIOSI AND F. MATTEUCCI 

Gingold, R.A. 1977, M.N.R.A.S. I78 , 569 
Hacyan, S., Dultzin-Hacyan, D., Torres-Peimbert , S., Peim-

bert, M. 1976, Rev. Mexicana Astron. Astrof. 1̂ , 355 
Mallik, D.C.V. 1980, Astrophys. Space Sci. 69., 133 
Pagel, B.E.J. 1980, preprint 
Peimbert , M., Serrano, A.P. 1980a, preprint 
Peimbert , M., Serrano, A.P. 1980b, Rev. Mexicana Astron. 

Astrof. _5» 9 
Renzini, A., Voli, M. 1980, Astron. Astrophys., in press 
Serrano, A.P., Peimbert, M. I98O, preprint 
Talbot, R.J., Arnett, W.D. 1973, Astrophys. J. 186, 69 
Tinsley, B.M. 1980, Fundamentals of Cosmic Physics, Vol. 5, 

p. 287 

https://doi.org/10.1017/S0252921100095270 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100095270


MASS LOSS AND AY/AZ RATIO 549 

DISCUSSION 

GOLDBERG: Can you say a little more about why you expect M to decrease 
with decreasing Z? 

CHIOSI: Very preliminary observational analyses of wind characteristics 
in OB stars of SMC indicate that the wind structure may be 

different in these stars compared with their galactic countepart 
(Hutchings 1980). From this work one may also infer that the rates of 
mass loss are lower than in galactic stars. A quantitative estimate is 
however still missing. In addition to this, if one supposes the wind to 
be driven by radiation pressure, as SMC is less metal rich than the 
galacy one might perhaps infer that owing to the lower Z a lower abundance 
of absorbing ions is at disposal. The dependency of K in the force mul
tiplier on the ion abundance was discussed by Castor et al. (1975). 
In the computations of stellar models with mass loss by radiation pres
sure we assumed the mass loss rate given by Castor et al. (1975), but 
we took into account the metallicity dependence. This results into a 
lower rate of mass loss per given initial mass (let me remind you that 
the star luminosity does not depend too much on Z). The relation between 
initial mass and mass of the core shown here is obtained from those 
numerical models. Finally it is worth pointing out that also adopting a 
relationship for the rate of mass loss like those which depend on lumi
nosity, radius and mass and assuming that the proportionality constant 
is the same , a lower mass loss rate would result due to the fact that 
low metal stars have smaller radii. 

HENRICHS: In your calculations of the Helium-core mass as a function of 

initial mass depending on Zyou calculated this relation over a 
wide range of Zwhile keeping the value of <X constant (o( being the force 
multiplier exponent in Castor et al.'s theory). Don't you expect that 
<*• will depend on Zover such a large range? Aid are your final results 
sensitive to your assumption of a constant value of/X = 0.9? 

MATTEUCCI: In Castor et al's. formulation there is no explicit depend
ence of o( on Z. 
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