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Abstract. We present new yields GPAI from Wolf—Rayet stellar winds based on rotating stellavdals which account well
for numerous observed properties of massive stars. We sedynpacts on the yields of a change of initial mass, metgfli
and initial rotation velocity. We also consider theets of a change of mass loss rates during the Wolf-Rayeéphas

We show that for surface rotation velocities during the ddréourning phase matching to the observed ones, the quanitity
26l ejected by a star of a given initial mass and metallicityasighly doubled when theflects of rotation are taken into
account. The metallicity dependence of the yield is, on therchand, very similar to that obtained from non-rotatingdeds.
We estimate thadt least about 20% to 50% (e.g~ 0.6 — 1.4 M) of the live 25Al detected in the Milky—Way originates from
Wolf—Rayet stellar winds. We show the importance of a goanlKadge of the present metallicity gradient and star foromat
rate in our galaxy for modeling both the variation of #&l surface density with the galactocentric distance andgliobal
contribution of the Wolf—Rayet stellar winds to the presgaifictic mass of®Al .
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1. Introduction duced by one or more nucleosynthetic source to be observed.

The question which still remains to be solved is what is the na

26 . - o .
The Al radionuclide, live or e?<t|nct, is observed in at leasf;; e of these sources. A correct answer to this questiontis no
three diferent types of media : 1) excesses of daughter e|gs interesting on its own, but will enable to use the ermissi

6 i .
ments from=°Al are observed in presolar stardust grains (s% at 1.809 MeV as a penetrating tddbr studying regions of

the review by Clayton & NittleZ.2004); 2) evidence for injeCe,rrent nucleosynthetic activity in the Milky Way.

j[ion of Iive_ *°Alin the early Sollqar System nebulaé:aq bel found From the observed distribution of the emission in the plane
in meteorites (see e.g. MacPherson efal 1995 A)is also ¢ Galaxy it is generally inferred that the massive stars
detected in the galactic interstellar medium through iisage g e through their winds (Dearborn & Blake 1985; Vuissbz e

emis.sion I_ine ar1.809 _I\/IQV (Mahoney et ?'- 1982; Diehl et 1.2004) or through their ejections at the time of the supeain
199%). This difuse emission is observed in the plane of oYy,

: _ ) vent (Timmes et al._19B5; Woosley & WeaYer 1995), are the
Gal_axy. _From its total intensity galactieAl masses have beenmain sources GfAl (see also the review by Prantzos & Diehl
derived in the range from 1'5<M9 3 M® ' de_pendmg much ON1996 and references therein). Here we shall only address the
the assumed underlyirfAl depsny d|str|but|_on, and in partic- contribution of the winds of Wolf-Rayet (WR) stars.
ular, on the yet poorly determined scale height® (see e.g.
Fig. 4.7 in Knoddlseder 1997). In this paper we shall focus o
attention on the galactic interstel@Al .

Since this nuclide has a lifetime of roughly“Lgr, much Although WR stars end their lives as supernovae, and
shorter than the Galaxy lifetime, it must be continuousky-pr 5154 contribute to the interstellar medium enrichment of

VVolf—Rayet versus core collapse supernovae

Send offprint requests to: G. Meynet or A. Palacios 1 y—rays do not sffier any absorption by the interstellar medium.
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26Al through explosive nucleosynthesis, we distinguish the The purpose of the present work is to provide yields from
“wind” contribution from that of the “supernova explosion”"WR stellar winds based on recent grids of rotating stelladmo
considering that observations allow us to disentanglewlte tels (Meynet & Maedel 2003, 2004 hereafter paper X and XI
channels forr®Al production. Indeed the ejection 8fAl by respectively). In these previous two papers we have investi
the winds of massive stars is not accompanied by the ejectiated the ffects of rotation on the formation of the WR stars
of 5%Fe, a radionuclide with a lifetime of 2.2 Myrs, whereas itat different metallicities. We showed that the inclusion of ro-
ejection at the time of the supernova explosion is. Secondigtion makes the formation of WR stars easier, thus helging t
after a burst of star formation, the enrichment of the inied+rs reproduce the observed variations of the number ratio of WR
lar medium by the WR stellar winds begins prior to the erte O-type stars as a function of the metallicity, of the ratio
richment by the supernovae explosions (Cervifio ef al. ]2000C to WN stars for metallicities below aboxt= 0.020 (solar
Plischke et al._2002). This is due to the fact that WR stargetallicity), as well as the observed variation with the ahet
originate from more massive (and thus shorter lived) pregditity of the number fraction of type Ibc supernovae with re-
itors than the bulk of the core collapse supernovae (heneafipect to SNII (Prantzos & Boissier 20003). Furthermore, nede
cc-SNae). Therefore observations offmiently young associ- with rotation are able to account for the small (althougimiig
ations of massive stars, as the Cygnus region (Knddlsddeicant) fraction of WR stars presenting at their surface both
al.[2002), allow us in principle to disentangle WR wind andnd He—burning products (see e.g. Crowther ét al.]11995)eNon
cc-SNae contributions. of these observed features can be fitted by non-rotatingrstel

Recently, Smith [[2004a) has reported a first detectidfodels computed with recent mass loss rates prescripsess (
of the 1.117 and 1.332 MeV gamma-ray lines attributed feect. 2).

the radioactive decay dfFe from the inner Galaxy region,  pagpite the fact that the rotating models well reproduce the
using the Reuven Ramaty High Energy Solar Spectroscoigntioned above observed features as well as the obsenved su
Imager (RHESS_D' After a more deeper analy§|s, he reVisRfte enrichments (Heger & Langer 2000; Meynet & Maeder
his first flux estimates downwards, to a marginal 2.6 Sigmgyyy, hereafter paper V) and the number ratio of blue to red
detec'ucﬁ;g] level (Smithl_2004b). The observed flux in eadypergiants in the Small Magellanic Cloud (Maeder & Meynet
of the ®°Fe line amounts to about 10 % of tHéAl flux, oo hereafter paper VII), the rotating models have sorhe di

slightly smaller than the flux ratio predicted by Timmes & sies in accounting for the observed fraction of WC to WN
al. (I995) from calculations of type Il supernovgbereafter stars at high metallicity. Typically, rotating models seenan-

SNII) nucleosynthesis by Woosley & Weaver (1895). Takeflestimate this ratio at twice the solar metallicity by @the

?Gt face, SUCh_ an agreement would mean that all tl'_1e galagiior of two. In paper XI we attributed this remaining disgr

_ Al could originate from the SNII. However, as dlsc_ussegncy as due to one (or both) of the following two causes:

in Prantzos[(2004), more recent models of the evolution and 1) The incompleteness of the observed sample in high
nucle”osynthe5|s of cc-SNae such as ’thoie of Rauscher efalqjjicity regions might bias the result. This seems alyea
(200¢.)6(?r tleé)se.of Limongi & Chi& (2003), predict much 1, e the case at solar metallicity where according to Ma&sey
higher*"F&/®Al line flux ratios. These models seem thus 90hnson (1998) the observed YWUN ratio is overestimated.
leave more room for sources, such as the WR stellar winggq |ess juminous WC stars are mordfidult to detect than
ejecting®®Al and not®Fe. According to Prantzo5(2004), Withyye more luminous WN stars, especially in regions where the
these new stellar yields, the RHESSI results can be recdvegginction may be high. In contrast, in the Magellanic Clsud
provided that at least half GPAI originates from WR stellar where the models well reproduce the observed ratio, the star

winds. Th_gre are at .Iea?c,t three other arguments supporme nearly all the same metallicity, are at the same distanc
some additional contributions to that of the supernovastlfi . the internal extinction is low.

the new superncz)g/ae yields appear too low to allow an injactio 2) The mass loss rates during the post H—burning WN phase
rate of 2 M, of “Al per Myr (Prantzos 2004). Secondly the, e \nderestimated. This would increase the WC phase dura-
observation of a bump of emissivity at 1.809 MeV in thgqp, 4t the expense of the WN phase. Let us note that even if the
direction of the Cygnus region, a region with no sign of réceg, 544 |oss rates would be underestimated in the post H-lgurnin

supernova activity, also points towards the existence ofces /N phases, this would not deeply modify the present results
such as the WR stars, that ejé€Al even before the first 4q tar a26Al is concerned

supernovae appear (Knodlseder ef al. 2002). Finally, fitven
point of view of stellar evolution model€°Al enrichment Despite the above remainingfidculty, we think that the
of the interstellar medium by WR stars is an inherent affesent models can 8iciently well account for the observed
unavoidable consequence of the most massive stars evolufigoperties of massive stars to allow an acceptable estiofate
if their observed properties are to be reproduced (Meynit ettheir °Al yields. In Sect. 2 we briefly recall the physical ingre-
1997). An important contribution of WR stars to the galactidients of the models. Thefects of rotation of°Al production
26\ is therefore unavoidable. by WR stars at various metallicities are discussed in Seét. 3
small subset of the present models for the metallicities at
0.020 and 0.040 were already briefly discussed in Vuissoz et
2 The mass of the progenitors of type Il supernovae lies betweal- (2004). An estimate of the global contribution of WR star
11M, and 40M , excluding WR stars in the case of non—rotatingo the2®Al present in the Milky Way is given in Sect. 4, while
models. Sect. 5 presents the main conclusions of this work.
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2. Physical ingredients of the models

The grid of models presented here was computed with the

Geneva stellar evolution code. The physical ingredierg®ar
sentially the same as in paper X and Xl, except for the inolusi

— The dfect of rotation on the transport of the chemical

species and of the angular momentum are accounted for
as in papers VIl and VIII (Meynet & Maedér_2002). All
the models were computed up to the end of the He—burning

of the Ne—Na and Mg—Al reaction chains and the omission of phase.

the dfects of the wind anisotropies induced by rotation (see be-

low). Let us briefly recall the main points relevant f8Al pro-
duction:

— The initial compositions are adapted for th&elient metal-
licities considered here. For a given metalliciky(in mass
fraction), the initial helium mass fractionis given by the
relationY = Y, + AY/AZ - Z, whereY, is the primordial
helium abundance amtlY/AZ the slope of the helium—to—

As initial rotation, we have considered a value equal to 300
km.s™! on the ZAMS for all the initial masses and metallic-
ities considered. At solar metallicity, this initial valpeo-
duces time averaged equatorial velocities on the main se-
quence (hereafter MS) well in the observed rarigebe-
tween 200 and 250 kisr! . At low metallicities this ini-

tial rotational velocity corresponds also to mean values be
tween 200 and 250 kisr! on the MS, while at twice the
solar metallicity, the mean velocity is lower, between 160

metal enrichment law. We use the same values as in paperand 230 kns™! (see Table 1 in paper Xl). Presently we

VIl i.e. Yp = 0.23 andAY/AZ = 2.5. For the metallicities

do not know the distributions of the rotational velocities

Z = 0.004, 0.008 and 0.040 considered in this work, we at these non—solar metallicities and thus we do not know if

thus haveX = 0.757, 0.744, 0.640 and = 0.239, 0.248,

the adopted initial velocity corresponds to the average ob-

0.320 respectively. For the mixture of the heavy elements, served values. It may be that at lower metallicities, the ini
we adopt the same mixture as the one used to computetial velocity distribution contains a larger number of high
the opacity tables for solar composition (Iglesias & Rogers initial velocities (Maeder et al._.1989), in which case the ef

1996).

fects of rotation described below would be underestimated

— Since mass loss rates are a key ingredient of the modelsat low metallicity.
in the mass range considered here, let us recall the pre- The Ne—Na and Mg—Al nuclear reaction chains have been

scriptions used. The changes of the mass loss Mtesith

included in addition to the usual nuclear reactions for

rotation are taken into account as explained in Maeder & the H— and He—burning phases. The long—liveg (=
Meynet [2000a; hereafter paper V). As reference, we adopt 7.05x 10° yr) 25Al9 ground state is considered as a separate
the mass loss rates of Vink et 4l (2000, 2001) who account species from its short-livedy(, = 6.35 s )2°Al™ isomeric

for the occurrence of bi—stability limits which change the state. In the following, for purpose of simplicity, the leng
wind properties and mass loss rates. For the domain not lived 26Al9 ground state will be denoted by the symbol
covered by these authors we use the results by de Jager e€%Al . The nuclear reaction rates are taken from the NACRE
al. (1988). For the non-rotating models, since the empirica compilation (Angulo et all_1999). Arnould et al. {1999)
values for the mass loss rates are based on stars covering théave studied in a simple parametric model the uncertain-
whole range of rotational velocities, we must apply a reduc- ties on the abundances of some elements due to the un-
tion factor to the empirical rates to make them correspond certainties of the nuclear reaction rates. For what corscern
to the non rotating case. We used a value of 0.85, as in pa- 26Al they reach the interesting conclusion that the large un-
per VII. During the WR phase we use the mass loss rates certainties on théPAl( p, y)?’Si reaction rate scarcelyfact

by Nugis & Lamers[(2000). These rates, which account for the abundance GPAl , considering that &ven the highest

the clumping &ects in the winds, are smaller by a factor 2—

NACRE proton capture rates are not fast enough for lead-

3 compared to the ones used in our previous non-rotating ing to a substantial destruction of the two Al isotopes by the
“enhanced mass loss rate” stellar grids with predictions of timeH isconsumed” (Arnould et al[1999) .

26A| yields (Meynet et al_1997).

— During the non—-WR phases of the present models, we 4st us finally recall that the wind anisotropies induced aro
sumed that the mass loss rates depend on the initial meti@D were neglected. This last choice appears justified émvi
licity as M(Z) = (Z/Zs)Y?M(Zs,) (Kudritzki & Puls[2000; of the results obtained in paper X. Indeed for the initialoeel
Vink et al.[2001), while during the WR phase we assumdds consideredifn = 300 kms™ ), the dfects of the wind
no metallicity dependence. A& = 0.040, we also com- anisotropies have been shown to be very small. Let us how-
puted a series of models with metallicity dependent ma@¥e’ emphasize that this is not true for higher initial véles
loss rates during the WR phase. According to Crowther @faedei2002).

al. (2002), mass loss rates during the WR phase may show
the same metallicity dependence as the winds of O-tyge

stars,j.e. scale with~ (Z/Z,)"2.

— A moderate overshooting is included in the present rotat-

Effects of rotation on
stars

26A production by WR

ing and non-rotating models. The radii of the convecti#Al is mainly produced by proton capture dAMg seeds
cores are increased with respect to their values obtairiedthe convective core during the central Hydrogen Burning
by the Schwarzschild criterion by a quantity equal to Oghase (see Fifl 1 and FIg. 2). In non-rotating stars, pahteof t
Hp, Where H is the pressure scale height estimated at tA®Al produced in the core, depending on the initial stellar snas

Schwarzschild boundary.

may appear at the surface due to the removal of the envelope by
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Fig. 1. Evolution as a function of time of surfacé®fls) and Fig. 2. Variation of the mass fractions 3PMg and 2°Al as
central g°Al;) mass fraction of®Al for both rotating (upper a function of the lagrangian mass inside a rotating and non—
panel) and non-rotating (lower panel) 12Q Mtellar models rotating 60 M, stellar model aZ =0.020 during the core H—
atZ = 0.020. Light dashed lines show the scaled values of tharning phase. In both models the mass fraction of hydrageni
mass fractions 6@ %Al x 2 1 and 10+ 2°Al x 10°. Bold  the convective core is equal to 0.4.

solid lines mimic a Kippenhahn like diagram, and show the

evolution of the mass of the convective core and that of tta to i ) . o

stellar mass as a function of time. The down—going arrowis ind* F_lnally, rotation decreases the minimum initial massaor
cate the beginning of the strong wind phase, and the up—going single star to enter the WR phase (see Table 2).

arrows indicate the beginning of the surfZéal enrichment. These ects, when accounted for in stellar models, much

improve the agreement between theory and observations for
what concerns the characteristics of the WR populations at
stellar winds. From this point on, stellar winds enrich thier-  different metallicities (see paper X and Xl). Through these
stellar medium irfeAl . Including rotation somewhat modifiesdifferent processes, rotation also modifies the quantity of
this picture, as we will show in the following sections. 26| ejected by massive stars undergoing strong winds.
Before entering into the details of théfects of rotation on In Fig. O to Fig.[B, we present the evolution of the
Al release by WR stars, let us briefly recall thoskeets of 26a| abundance in test models of 60 and 12Q &t different

rotation on massive star evolution which may be relevartién tmetallicities. In FiglXt and Table 1, we provide the wind &gec
context of?°Al nucleosynthesis : mass ofSAl

7(Mi.Z)

1. Rotation allows dfusion of the chemical species from the  MJ¢[M;, Zi] = f BAIs(M;, Zi, )IM(M;, Z, ldt (1)
convective core to the radiative envelope and vice versa; 0
this results in changes of the surface abundances alregshmodels withM; € [25 M, ;120 M, ] and metallicities from
during the Main Sequence phase. The surface enrichments 0.004 to Z= 0.04. Here we do not take the radioactive
given by the models are generally in good agreement wildcay of?°Al into account, provided that it is the production
the observed ones (see Heger & Langer 2000; Meynetréte of2°Al that is needed to estimate the contribution of WR
Maedei”2000; Maeder & Meyngt2001) stars to the present galactic mas$%fi .

2. Rotation increases mass loss (see Sect 2). More preciselyThe dfects of rotation o#°Al nucleosynthesis are the fol-
a rotating star of given initial mass and position in the HRywings:

diagram undergoes a higher mass loss than a non—rotating

star (paper VI). 1. As can be seen from Fi@l 1, rotation slows down the
3. Diffusion of elements actively contributing to the nuclear decrease in mass of the convective core during central

energy production inside the star together with enhanced hydrogen burning phase. This results from the fact that

mass loss allow massive stars to enter the WR phase at anrotational mixing continuously brings fresh H—fuel into

earlier stage of their evolution. As a consequence, the WR the core. The regions whef@Al is synthesized are closer

phase lasts for longer than in the case of non-rotating.stars to the surface, making it easier for the mixing to connect
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Table 1. Wind ejected mass @PAl in units of 10*M,, for both rotating and non—rotating models at th&atient metallicities
considered. Bold values are for models computed with nieitgldependent mass loss during the WR phase.

| Z | Uini (km/s) | Mi:120|\/ta M; =85 M M; =60 Y/ M; =40 M, M; =30 Mg M; =25 My |

300 25.74 13.07 7.567 1.980 0.962
0.04 300 22.44 11.87 7.2056 2.029
0 21.62 3.021 0.029
0.02 300 12.29 5.83 2.181 0.345
0 5.743 1.304 0.001
0.008 300 2.566 0.297 0.210 0.096
0.004 300 0.701 0.129 0.029 0.002

both regions, thus favouring an increase of the quantity 26Al . Less massive stars, favoured by the IMF, will now
of 25Al ejected. One notes also from Flg. 1 that whether contribute to the?®Al enrichment of the medium through
rotation is taken into account or not, the maximum content their winds, whereas their non-rotating counterpartsatoul
of 26Al inside the convective core is about the same in both only contribute through the supernova explosion (see Sect.
cases, and it is reached at 1 Myr. Afterwards, the amount 4).

of 26Al slowly decreases as its production via the reaction

25Mg(p, y)?Al is not sufficient anymore to compensate it

S ; ; 26
reduction due to radioactive decay. 3.1. Relative effects of mass loss and rotation on <°Al

Values listed in Table 1 show that for the higher metallicity
2. Due to rotational mixing, thé®Al surface abundance models the?®Al mass ejected is increased by a factor of about
begins to change at a much earlier time in the rotatings for typical WR progenitors with i ~ 40—-85 M, . For
model. This can also be seen from Hily. 2 which shows tiige 25 M, model, the?®Al mass released by rotating models
variations inside rotating and non-rotating 6Q Mgtellar s 33 times higher than the one obtained for non—rotatingone
models of the mass fractions Mg and %°Al at the mainly because in the latter case, these stars do not eeter th
middle of the core H—burning phase. While the abundanog/R phase and contribute very few through their winds to the
of these two elements are very similar, the maifiedences 26A| enrichment of the interstellar medium. In the lower mass
arise in the radiative envelope: in the non-rotating modekars, the wind during the WR phase is weaker than for the more
above the transition zone left over by the recession gfassive ones, and rotation—induced mixing is the main mech-
the convective core, the abundances present a flat profilgsm driving the evolution of the surface abundance pagter
at a level corresponding to the initial abundance (whiabn the contrary, in the mass range 16Q ML20 M, ], the sur-
is of course 0 for’°Al'). Instead in the rotating model, face abundances during the WR phase essentially result from
the inwards diusion of*Mg and the outwards fiiision  the dficiency of the wind to peelfthe star, so that theffects
of 2°Al smooth the profiles and produce changes of ths rotation—induced mixing do not appear that strikinglyesh
surface abundances while mass loss has not yet uncovejgghparing rotating and non—rotating models (see alsdTig. 4
layers previously pertaining to the convective core. It is interesting to note from FidJ4 that the yields from
Meynet et al.[(1997), computed for non-rotating models with
3. From Fig[l and Fidl3, it appears that most of #&l is  enhanced mass loss are lower than the ones obtained for rotat
ejected while the star is at the beginning of the WR phasgg models with lower mass loss rates compatible with thetmos
Indeed at this stage, the layers removed by the stellatent observational determination (see Sect. 2). Thitnaga
winds are heavily loaded iA°Al and the mass loss ratepoints out the importance of rotation, non solely in inchegs

is high. When layers processed by He—burning appearpgss loss, but mainly in allowing for transport of the cheatsic
the surface, the quantity 8PAl much decreases, becausgnroughout the stellar interiors.

26Al is destroyed (mainly by neutron capture) at the

beginning of the core He—burning phase. Since rotating

stars enter the.WR phase at an earlier evolutiqnary st_a‘,g_%. Metallicity dependence of 26 yields

than non-rotating ones (see FIg. 1), the period during

which 26Al is released into the ISM is longer, and the nefs shown in previous papers (Meynet efal. 1997, Vuissoz et al

yield of this nuclide is also increased when rotation is tak&004), the amount of®Al both synthesized and expelled by a

into account. This appears clearly in Table 1, where W&'R star increases with metallicity. This is already the dase

show the total wind ejected mass26Al for the computed non-rotating models, and rotation adds to thieet as can be

models. seen in Figs. 3 and 4.

In Fig.[3, we present the evolution of the surface and cen-

4. The lowering of the minimum mass for a star to enter ther mass fraction of®Al as a function of time for rotating 120

WR phase contributes to enhance considerably the tot&), stellar models at various metallicities. One sees that the

contribution of WR stars to the global galactic content dfigher the metallicity, the larger the amount?®Al produced
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Fig. 3. Same as Fig. 1 for rotating models of a 12@ Mtar at four diferent metallicities, as indicated on the plots.

in the convective core and the earlf@Al appears at the sur- loss rates are multiplied by a facter1.4. The resulting wind
face. Thus for a given initial mass and rotation, the mass gjected masses 8fAl are listed in bold face in Table 1. For
26A| ejected is greater at higher metallicity. This is also wethe most massive stars, the masses of ejeétatl do not
illustrated in Figl#. From the present models one expeats a differ by more than 13 % when the metallicity dependent mass
lation of the typeY (%Al Mini) o« Zﬁi between the yield and theloss rates are used. At first sight this may appear surprising
metallicity. Here, the value g8 depends on both initial massHowever the most massive stars enter the WR phase while
and rotation. Typically from the rotating stellar modelgtwi central H-burning is still going on. In that case a strongassn
Mini = 40, 60 and 120 M, one obtaing = 1.4, 1.8 and 1.4 re- loss produces a more important reduction of the convective
spectively in the metallicity range fro@=0.008 to 0.040. For H-burning core, accompanied by a severe reduction of the
the non-rotating 60 and 1204vand in the metallicity range central temperature. The end of the H-burning phase is then
from 0.02 to 0.04, one obtains values®équal to 1.2 and 1.9 lengthened, and thus tHEAI present inside the convective
respectively. As can be seen from these numerical examplese has more time to decaysitu before being expelled.

the concomitantféects of rotation and mass loss are intricat€he changes are however small and therefore one can conclude
and it is dificult to draw more general trends for what concerribat the use of metallicity dependent mass loss rate does not
the sensitivity of the yields on the initial metallicity. affect significantly the results.

3.3. Effects of metallicity dependent mass loss during 3.4. Yields dependence on initial velocity
the WR phase

Finally let us recall that in Table 1, the yields #RAl for ro-
For twice the solar metallicity, we computed models usirtigting models are given for an initial rotation velocity dret
Crowther et al. [[2002) prescription for the mass loss ratZ&MS of 300 kms™ . This value corresponds to an average

during the WR phase. For this metallicity, the derived masslocity during the MS phase between 200 and 25k i.e.
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death rate of massive stars in the Milky Way. Observations of
external spiral galaxies indicate that the expected suparn
frequency in our Galaxy igsy = 2.5’:8:2 per century, with 85%

of them coming from massive stars (Tammann €fal. 1994). We
adopt thenfsy = 2 per century for the death rate of massive
stars in the Milky Way. We use a Salpeter (1955) stellar MF
®(M) o« M~*9 with x = 1.35. The WR frequency is then

given by:
Muyp _
ey ®(M)dM Mg )
fwr = fsn—jm—— ~ fs M N Y
Ju o @(M)dM LSN
LSN

where M sy and Mg are the lowest masses of stars that
/ @Am@ Present work - v, = 300 kms™! may become supernovae and WR, respectively. The former
is M sy ~ 8 Mg, while the latter depends on metallicity and

log (*Al,) ejected through winds (in M)

‘ OA Present work — v, = 0 km.s™! . " .
adopted mass loss rates. According to our calculationsraith
] Meynet et al. (1997) tation Mywr ~ 21 M,, for Z = 27, (see Table 2). We consider
| | here the high metallicity models since, most of the WR stars
50 100 are found in the inner regions of our Galaxy where the metal-
Min (Mo) licity is higher (see below). Taking these values into actou

one obtainsfyr ~ 0.2 fsy, I. €. @ WR frequency of 0.4 per

Fig. 4. 28Al yields, as listed in Table 1, as a function of inicentury or 4000 WR stars per Myr. On the other hand, from the
tial stellar mass and metallicity. Filled symbols are forate Yields of Table 1 and our adopted IMF, an average WR yield of
ing models withui; = 300 kms™, open black squares and(M\Z’\Q ~ 3.410*M, can be defined far = 27, stars.
triangles are for non-rotating models and open grey circles The collective production rate 6fAl in the Galaxy by WR
connected by long—short dashed lines are from Meynet et siars can then be expressed as
(1997). The corresponding metallicity is indicated on tight W
part of the figure. Mo ~ 1.4 (Mzg)  fwr M. - Mvr-L 3

26~ 321044000 © " ®)

well in the observed velocity range for the OB Main Sequenclze h ‘ ) ) ) dto be th
stars at solar metallicity. In order to estimate tlEeets of a h the case of a stationary regime as it assumed to be the case

higher initial velocity, we have computed, for solar medtitly, ‘F‘ the Milky Way, th_e galqctic mass &fAl QOes not vary with
a 60 M, stellar model withui,i = 500 km st. The quantity of time, so that at a given timie the productionR2s(t) and de-

; o6 .
26 ejected by the stellar winds is in this case of 2.6, struction D(t)) rates of<°Al are equal. The destruction rate

which is less than 20% higher than the yields obtained froiﬁ'neasy to evaluate, considering the evolution of4tA mass

the model withui,; = 300 km s*. Thus at least in this par- solely due to its decay , e.g.

ticular case, the yields do not appear to be very sensitive to B Mg
change of the initial velocity in the range between 300 arl 50 M2g(t) = M26(to) - €7 = Dag = =
kms?.
As P,g(t) = Dog(t), the production rate Al is then given by
4. Contribution of WR stars to the  25Al galactic ' a] VT
content PY = D% =M% = % Mo per unittime  (4)

Let us first consider a simple way to estimate the global cofhe total mass oAl originating from WR stars present in the
tribution of WR stars to the present d&3Al content of the Gajaxy is related to the production rate?8Al by these stars

Galaxy. According to van der Huchf (2002), the galactic dighrough Eq. (4). The mean lifetime 8fAl being of the order
tribution of WR stars shows a projected surface density of 2of 1.04 Myr, we finally have:

WR stars per kpcin the solar neighbourhood. Extrapolating . .
this estimate of the surface density to the whole Galaxysgive ME = 16 x ME ~ ME M. (5)

a total number of WR stars in the Galaxy of the order of about . o . _
2000. Since the average lifetime of WR stars-id Myr (e.g. 1hus Eq. (3) (and Eqg. (6) in the following) in addition to give

paper X]) this gives a galactic frequenéys ~ 2000 MyrL, the injection rate ofSAl by WR stars, can also be used to
Let us note that these numbers are likely to be lower limitgvaluate the total mass G?Al originating from WR stars.
since the star formation rate and the number of WR to O-tyfécording to our rough estimate from Eq. (3), the mass of
stars is much higher in inner galactic regions. 3 In the following, we will also discuss theffect of using a larger

The galactic frequency of WR stars may also be estimat&igpe & = 1.7) that could be more appropriate for massive stars when
by using a stellar Initial Mass Function (IMF) and the cutreraccounting for binarity corrections (Scalo 1986; Kroupalef.993).
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Table 2.Minimum masaVl, wr for a star to enter the WR phase
as a function oZ anduin; (from Meynet & Maeder (2004))

Uin z Z Z Z
(kms') | 0.04 0.02 0.008 0.004

Mowr 0 29 37 &2 52

Mo) | 300 21 22 25 32

26A1 contributed by WR stars amounts to 45 % and even
70 % of the observationally inferred mass of about 1.8 M
(Knodlsedef1997).

In a more formal way, théAl production rate (in solar

point, we performed three estimates with threfedent
galactic metallicity distributions in the Galaxy.

Ouir first choice fnodel Z1) is based on the metallicity gra-
dient deduced from observations of HIl regions by Shaver
et al. [198B) and to the galactic centre metal abundance
obtained by Najarro {1999). It corresponds to a metallic-
ity gradient ofdlogZ/dr = —0.07 dex.kpc® (with Z(8.5
kpc)=0.02) in the whole region lying between 1.7 and 15
kpc. In the inner 1.7 kpc, the metallicity was taken equal to
0.06 (.e. three times solar). Since we did not compute mod-
els at such a high metallicity, we estimated thal yields

for metallicities above 0.04 extrapolating those obtaiaed
solar and twice the solar metallicity.

Our second choicerfodel Z2) is based on the metallicity

mass per unit time) from galactic WR stars may be evaluated gradient proposed by Andrievsky et al. {ZD04), which relies

as
] R 120
Mg = f 2nror(r) f O(M)MYIM;, Zi(r)]dM dr, (6)
0 Muwr(r)

whereo(r) is the Star Formation Rate (hereafter SFR) per unit
surface in the Galaxy given as a function of galactocentse d
tancer and MY, is the mass of®Al ejected by a star of initial
massM; and initial metallicityz;(r), according to Eq. (1).
To account for the metallicity dependence of #34l yields
and of the lowest WR mag§l, wr in EqQ. (6), we use the Z-
dependent values given in Table 1 and in Table 2 respectively
The integration in Eq. (6) requires the following ingredi-
ents:

— o Normalization of both the SFR(r) and the IMF®(M).

We can either rely, as in our first simple estimate, on an ap-

proximate frequency of SNae events in the Galaxy; in this

case, the integrafoR 2nro(r)dr 8120<I)(M)dM is normal-
ized to 216 Myr~! (2 cc-SNae per century in the Galaxy).
We can also follow Knoddlseder (1999), and normalize the
SFR so that the total predicted Lyman continuum pho-
ton production of the Galactic population defined by the
IMF matches the observed Lyman continuum luminosity
Q. The actual value of Q as deduced by McKee & Williams
(1997) is equal to 2.56:10°® photons. st. In that case,

according to Eqgs. (18) and (20) of Knodlseder (1999), we

. 120
will have fl

R . Q
fo 2nro(r)dr normalized tofslzosH(M)CD(M)nmaJ(M)dM' s4(M)

being the time—averaged Lyman continuum luminosity and
Tiotal (M) the total lifetime of a star of initial maskl. To

®(M)dM = 1 and the star formation rate —

on cepheids observation. They divide the Galaxy into three
zones: Zone | encompasses the region between 4.0 and 6.6
kpc. In this zone metallicity varies according to the law
logZ/Z, = -0.128R; + 0.930,R; being the galactocentric
distance expressed in kpc. Zone Il extends from 6.6 to 10.6
kpc and has a metallicity law lagyZ, = —0.044Rs +0.363

(for Rs = 85 kpc,Z ~ Zy). The third zone goes from
10.6 to 14.6 kpc and has a metallicity law of the f6rm
log(Z + 0.024)/Z, = +0.004R; + 0.256. For galactocen-
tric distances inferior to 4 kpc, we take a constant value of
the metallicity equal to 2.6 Z..

Finally in model Z3, we consider a much shallower gra-
dient of dlogZ/dr = —0.04 dex.kpc! in the whole re-
gion between 4.4 and 12.9 kpc as suggested by Daflon &
Cunhal(Z003). For galactocentric distances below 4.4, we
suppose a constant metallicity equal to 0.03 and for galac-
tocentric distance above 12.9 kpc, we take a constant metal-
licity equal to 0.013.

These three hypotheses not only account for the various
values of the metallicity gradients found in the literature
but also for the dierent views on the metallicity of the
galactic centre. For instance Raez et al. [2000) and
Najarro et al. [[2004) find that the mean [A§ of the
Galactic Centre stars is similar to that of the solar neigh-
bourhood stars, while Najarr@_(1999) obtains values be-
tween 2 and 3 times the solar metallicity.

e Different estimates can be found in the literature for the
radial distribution of the present Star Formation Rate & th
Galaxyo(r). We chose to consider twoftirent prescrip-
tions : Paladini et al.[{2004), give the distribution of HII
regions in our Galaxy as a function of the galactocentric

evaluate these two quantities, we make use of Eqgs. (21) distance. HIl regions are considered to be good tracers of

of Knodlseder [(1999), which is a rough approximation

the SFR, and we suppose that their surface density distribu-

when taking rotation into account, considering that these tion is directly proportionalto it. Wang & SilK{1994), on an

estimates are for non-rotating models witfffelient mass

other hand, give the SFR per unit surface, based on obser-

loss prescriptions than the ones used in the present papervations of various tracers (Lyman continuum photons from

Keeping this in mind, we nevertheless found it interesting
to estimate theféect of normalization on th€Al injection

rates predicted by Eg. (6), and used both SNae and Lyman

continuum for this purpose.

HIl regions; pulsars; supernova remnants) and normalized
to the solar neighbourhood.

— o The metallicity gradient plays an important role for de- ¢ There is an error in the expression given by Andrievsky et al.
termining the global contribution of WR stars to the galaggooZ) for this zone, that can be corrected consideringZlog(
tic 26Al enrichment. In order to illustrate quantitatively thig.024)/Z, instead of loZ/Z.
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Applying Eq. (6) with a Salpeter IMF slope, a SFR from IMF Salpeter : &(M) « M -2%
Wang & Silk (1994) and a normalization on the rate of SNae 15
events, leads to an injection rateMf~ 0.3 — 0.6 My /Myr of
26A| for the non—rotating models and to values between 0.9 and
1.3 M, /Myr for the rotating models, not far from the order of %
magnitude estimates performed above (see Eqg. 3). Rotatlon, %
other physical ingredients being the same, thus roughly dou,
bles the contribution of the WR stellar winds to the galactic?
25Al enrichment, as can be seen from values in Table 3. Thiss | /

L

TTT‘TTT{TTT{TTT{TTT{TTT TTT{TTT‘TTT{TTT{TTT{TTT

SFR Wang & Silk |- SFR Wang & Silk

P

Model 21 1 i Model 71

v = 0 km s :7 J Vi = 300 km 57!

M,

Mg- 0565 M, | Mg= 1242 W,

remark holds whatever the combination of the physical ingre
dients entering Eq. (6) used. In that respect, rotation t{fer
adopted value for the initial velocity;,; = 300 kms™ ) has a

-

i lwra
T T

[

7
T

similar impact on the global contribution of the WR starsias a SFR Wang & Silk | SFR Wang & Silk
enhancement of mass loss rates (see Meynet[etall 1997). 5 Vodel 72 ,, | odel 72

In Fig.[, Fig.[6, Figl and Fidl18, we compare the theo-> Uy = 0 km 5! d ¥y = 300 km 57
retical mass surface density profiles?8Al , X6 (dashed his- & vg- 067N, | W= 1.336 M,
tograms) with the profile deduced from COMPTEL data anal—% 05 */ h
ysis (Knoddlseddr 1997; black curve). In Aig. 5, we use thR SF & | ¥
from Wang & Silk [199%), normalized to a rate of 2 SNae per ’ / / m 1
century. In Fig[B and Figl7 , the SFR is estimated following  FHH4HHAHHHRRHHHHHHHHAH AR
Fig. 3 of Paladini et al.[{2004), and it is normalized eithar o I

SFR Wang & Silk | SFR Wang & Silk

the SNae rate (Fidl6), or on the total galactic Lyman continT

uum luminosity (Figll7). For each case we compare thece ¢ Model 23 Wodel 73 ]
of rotation and of the adopted galactic metallicity gradliém :@ Uy = 0 km 57! v, =M kms!
F!gures .5 to 7, we used a Salpetgr IMF; fIy. 8 is analogous to | g 0346 N, e 076 ),
Fig.[d (right panels) and Fifl 7 (right panels) but for a Kraup (5| 1 i
IMF (®(M) o« M~27). S
i 1 ]
— The theoretical predictions are in general below the ob- LM ML e B X L ALY T
served surface density curve. This is expected sinceinour 0 <« 4 6 8 10 0 =2 4 6 8 10 I2
estimate we only account for the contribution of the winds Galactocentric radius (kpe) ~ Galactocentric radius (kpc)

of WR stars, while other sources as the supernovae likely

also contribute. _ _ _ _ ) 9
_ In the present theoretical framework, the fraction corig- 5. Mass surface density profile &Al (in 1072 Mg -kpc

tributed by other sources could be estimated from the disas a function of the galactocentric radius for an IMF index
crepancy between the theoretical and observed histograffsl-35 and a SFR from Wang & Silk (1994), normalized in
From Fig.[5 to Fig[l7, we see that the contribution derder to reproduce a rate of 2 SNae events per century in the
other sources than WR stars is much larger when the yiefdglaxy. The black histogram with error bars is the profile de-
of non—rotating models are accounted for. As recalled fficed from COMPTEL data analysis (Knodiseder 1997). The
Sect. 1 (See paper X| for more details), the non_rotatiﬁ@Shed hiStOgI‘amS are the predicted distribution for tlee pr
models fail to fit many observed properties of WR star pogcriptions adopted when using non—rotating (left panelspo
ulations that rotating models succeed in reproducing. W&ing models (right panels).

will thus preferentially trust the results obtained frone th

rotating models.

The higher the metallicity of the inner galactic regions— Around 50% of the total mass 8fAl in the Galaxy origi-

(r < 6), the more important the WR contribution to the nates from the regions between 3 kpc and 6 kpc, whatever
26A| synthesis. In particular, models labelled a3, with the metallicity gradient adopted. This is related to thepgha
the shallow metallicity gradient and an adopted value of of the SFR, which presents a peak in this region (see Fig. 3
0.03 for the metallicity in the innermost regions, lead te th  in Prantzos & Auberf 1995 and in Paladini et [al._2004),
lower 26Al injection rates in all the cases presented here.  mainly due to the presence of a ring of molecular clouds
In the outer regions, beyond 8 kpc, there is a deficitin all the around 5 kpc.

models considered here when the initial rotation velocity- The important dependence of the theoretical results on
assumed is that af; = 300 km st . If the initial distribu- the adopted metallicity distribution in the Galaxy appears
tion of rotation favours faster rotation at lower metatijci clearly through these numerical experiments. Depending on
such a deficit could be smaller, but at the present time the the metallicity distribution law adopted, both the totabgu
observational evidence for such a behaviour remains indi- tity of 26Al and the radial distribution of th€Al predicted

rect (Maeder et al._1999). to be deposited by the WR stellar winds vary significantly.
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INF Salpeter : (M) « M 2% IMF Salpeter : (M) « M -2%
1A6VTTT{TTT‘ITI‘TTT‘TTT{TTI"TTT‘ITT‘TTT{TTI‘TTT‘TTTA . TTT{TTT‘IIT‘TTT‘TTT{TIIiTTT‘TTT‘TTT{TTI‘TTT‘TTTA
: SFR Paladini et al. : SFR Paladini et al. : Lye normalization i Lyc normalization :
1L Model 71 1 { Model 71 i g Model 71 I [ Model 71 i
L 4 4 X | 4
s v, = 0 km st fin v, =300 km st | ge v = 0 km s n v =300 km s
I M= 0551 M, | J Mg 12634, | 5 Mg 0493 M, | J M- 11304, |
05+ -+ - 5 1 |
I I ] W[ I ]
lllllllmﬁllllllllllllllllll ““‘ /1111}111/}‘7#11}111\\‘\\ ‘\\\\\\‘ \‘\\\
TTT‘TIT‘TTTTTT‘TTT{ITI‘TTT‘TT{ITT T TTT{TII‘TTT\\\‘\\\‘\\\‘\\\‘\\‘\\\
SFR Paladini et al. : SFR Paladini et al. : Lye normalization : Lye normalization :
Model 72 1 { ] Model 72 i 9 Model 72 1 [ Model 72 i
4 4 X | i
v, =0kms! 1/ v =30kmst | S v, =0kmst v, = 300 km 5!
ug- 032, | J Mg= 1393 M, o Mg- 0566 M, | J M= 1.247 M,
il i

b o LA A A A AL e oo A A AL L
TTT‘TTT‘TTT\\\‘\\\‘\\\‘\\\‘\\‘\\ TTT‘TTT‘TTTi\\\‘\\\‘\\\‘\\\‘\\‘\\
SFR Paladini et al. : SFR Paladini et al. : Lye normalization : Lye normalization :
Model Z3 T Model 73 9 Model 73 B Model 73
X |
vy, = 0 km st v, = 300 km 57! 20 Uy = 0 km s7! n v = 300 km s
Ng'= 0.371 M, Mg'= 0.943 M, o Mgi= 0.333 M, i M= 0.84 M,
I a [ i
: / '/ [ P [ | :
Olltll lllm““‘l/illllllllll bllll OAIAIAAlllm““‘l/lllllllllll ““‘
0 2 4 6 B8 10 0 2 4 6 8 10 12 0 2 4 6 8 10 0 2 4 6 8 10 12
Galactocentric radius (kpc)  Galactocentric radius (kpc) Galactocentric radius (kpc) ~ Galactocentric radius (kpe)

Fig.6.Same as Fig. 5, for a SFR based on Paladini et al. (2004y. 7. Same as Fig. 5, for a SFR based on Paladini et al.

number counts of HIl clouds, anﬁf 2rro(r)dr

812°q>(|\/|)d|\/| (2004) number counts of HIl clouds, normalized to the ob-

normalized to 2 16SNagMyr. served Lyman continuum luminosity of ©2.56 133 photons

st

Shallower metallicity gradients, as adopted in moda)
produce smaller values for?@i and smoother profiles of
Y26. This conclusion holds whether rotation is included or
not.

Thus from the observed distribution &g, it is not pos-
sible to infer constraints on the metallicity dependence of
the stellar yields (even if only one source dominates), un-
less more reliable and concordant estimates of the galactic
metallicity gradients are obtained.

Comparing Fig[b, Fig[d6 and Fidl 7 also allows us to
study the &ects of the choice of the SFR or that of its
normalization on thé%Al distribution and injection rate by
WR stars. The SFR adopted entirely determines the shape
of the surface density distribution predicted : while the
Wang & Silk (1994) prescription leads to a monotonous
decrease oEy¢ With increasing galactocentric radius, the 5 Note that within the errorbars from observations, the shaipe
values derived from Paladini et gl. {2004) all present a |lopined with the Wang & Silki{1994) prescription also matctiesob-
surface density in the inner regions, a peak in the regisarved distribution.

of the molecular clouds ring, and then a monotonous
decrease, in better agreement with the nominal observed
distributior?. On the other hand, as can be seen from Table
3, these dierences between the two prescriptions used for
the SFR (Fig[lb and Fidl 6) only slightlyffact the total
contributed mass of®Al predicted, both for rotating and
non-rotating WR models.

Changing the normalization, and adjusting the SFR to the
match the observed galactic Lyman continuum luminosity
does not change the results significantly, despite the fact
that the value adopted of 2.56 photons'.sorresponds

to a lower rate of SNae events, namely 1.2 SNae per
century. The masses deduced when the same value for
Q as Knodiseder (1999), i.e. 3.5 photons'.are to be
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IMF Kroupa : ®(M) « M 27 Table 3. 2%Al injection rates predicted by the ftiérent mod-
els computed :4) Salpeter's IMF, SFR from Wang & Silk

1A6TTT{TTT{TTT‘TTT‘TTT{TTTTTT{TTT{TTT{TTT‘TTT{TTT . . .
r 1 (1994), SNae normalization (Fig. 5B) Salpeter’s IMF, SFR
h SNae normalization | Lyc normalization | from Paladini et al. (2004), SNae normalization (Fig. &) (
““& Vodel 71 1 Vodel 71 1 Salpeter’'s IMF, SFR from Paladini et al. (2004), Lyc normal-
X s o a0kmst ] ization (Fig. 7); D) Kroupa’s IMF, SFR from Paladini et al.
f " . (2004), Lyc normalization (Fig. 8);H) Kroupa’s IMF, SFR
] =070l 1 g= L0z, from Paladini et al. (2004), SNae normalization (Fig. 8).
" m 1 1 Model a |z | 2] 22| z3] z
2y — in 0 300 0 300 0 300
llllll/m_lllllll1}11}1111/7‘\‘%\\ U,l
VTTT{TTT{TTT‘TTT{TTT{TTT"TTT{TTT{TTT‘TTTTT‘TTTA (kmS)
T . b Mag (A) 0.563 | 1.242 | 0.617 | 1.336 | 0.346 | 0.876
SNae normalization | Lyc normalization |
0 I ] (Mo -Myr™)
Ex Vodel 72 T { Model 72 7 Mas (B) 0551 | 1.263 | 0.632 | 1.393 | 0.371 | 0.943
s v, = 300 km 5! v, =300 kms? | (Mo Myr 1)
5 Mgt= 0,838 M, J Mg= 1195, Mz¢ (C) 0.493 | 1.130 | 0.566 | 1.247 | 0.333 | 0.844
= + . (Mo Myr )
R %—L ] Mg (D) 0.434 | 1.082 | 0.500 | 1.195 | 0.292 | 0.805
T ;i 1 (Mo Myr ™)
H/}}H\}H}’M;WM}HJ H}}\ 1}111 Mg (E) 0.305 | 0.759 | 0.351 | 0.838 | 0.205 | 0.565
I I ] (Mo .Myr™)
SNae normalization | Lyc normalization |
b Model 73 1 Model 73
£ ]
s v, = 300 km 57! v, = 300 km 57! . )
g N . 20% to 93% of the observational estimates of the actual total
2 Y= 0ol Yg= 0805 N galactic?®Al mass (1.5 - 3 M ). The predicted masses are little
LI affected & 10% variation) by the uncertainties on the galactic
I 4_% ] SFR, the IMF slope or the quantity against which the number
=== l/m“mjm“ Ay of massive stars is to be normalized. On the other hand, #he pr

0 é 4 6 B 10 0 2 4 6 8 10 12 dicted total mass of°Al originating from WR stars varies by

as much as 30% according to the galactic metallicity gradien
adopted. The shape of the predicted surface density distrib
tions of 2°Al , X,6, against the galactocentric radius strongly
depends on the SFR adopted, so that the comparison with the
Fig. 8. Same as right column of Fig. 6 and Fig. 7 for a Kroupealues deduced from observations is of little interest.

IMF.

Galactocentric radius (kpc)  Galactocentric radius (kpc)

- ) _ 5. Conclusion
multiplied by 1.37, which leads in the most favorable case

to 1.70 M, of the present ga|actic massAl originating We have studied the impact of rotation and initial metallic-
from WR stars. ity on the yields of?®Al ejected by the WR stellar winds.
Finally, using an IMF slope of x= 1.7 (Scalo, 1986; When making use of rotation velocities corresponding to the
Kroupa 1993) rather than 1.35 lowers the total galactPserved average rotational velocities during the MS phase
mass of2®Al predicted by the models as was shown ihe. for values around 200 kisr! , the inclusion of rotation,
Fig.[ and in Palacios et al_{2004 in their Fig. 3), withowll other things being equal, roughly doubles the WR contrib
aﬂ-‘ecting the Shape of tif8Al surface density distribution. tion. ngher initial rotation velocities would still incese the
quantity of?®Al ejected by the WR stellar winds.
We compared theffects of rotation and those induced by
From the above estimates and comparisons, we can can-enhancement of the mass loss rates. On one hand, non—
clude that when stellar models accounting for the observeatating models with enhanced mass loss rates (Meynet et al.
properties of the WR star populations are used (otating [1997) as well as the rotating models presented here (fortwhic
models), WR stars appear to be significant if not dominart cahe mass loss rates are quite small), are both able to repeodu
tributors to the present d&§Al content of the Milky Way. The the observed variation with the metallicity of the number of
predictions for the total mass &fAl originating from WR stars WR to O-type stars. On the other hand, %Al yields pre-
vary from 0.6 M, to 1.4 M, (see Table 3), whereas for the blacklicted are dferent, especially in the lower mass domain. This
histogram to which we compare our predictions, Knodlsedisrevidence of the fact that rotation has other more sulfdets
(1997) obtained a total galactic mass’®Al of 1.8 + 0.1 M,, .  rather than an enhancement of the mass loss rates, as already
The values listed in Tab. 3 show that WR stars can account fminted out in Sect. 3. Our rotating models thus predict wind
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ejected masses that are about a factor of 1.4 superior to fdiesias, C. A., Rogers, F.J. 1996, ApJ, 464, 943
ones provided by Meynet et al. (1997). de Jager, C., Nieuwenhuijzen, H., van der Hucht, K.A. 1988AS,
We showed that the use of metallicity dependent mass loss 72, 259
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The global contribution of WR stars remaingfdiult to as- Knodlseder, J., 1999, ApJ, 510, 915
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may significantly &ect the contribution of WR stars to the tota[1aeder, A. & Meynet, G. 2000b, ARAA, 38, 143

galactic mass ofAl , which can amount to 0.6 M(shallow Maeder, A., Meynet, G. 2001, A&A, 373, 555, (paper VII)
metallicity gradient with Kroupa’s IMF) up to 1.4 M(steep Mahoney, W., Ling, J., Jacobson, A., Lingenfelter, R., 1982J, 262,
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metallicity gradient with Salpeter’'s IMF). Massey, P. and Johnson, O., 1998, ApJ, 505, 793

In that respect the study of associations such as the Cygfikee, C. F. and Williams, J. P., 1997, ApJ, 476, 144
region, stficiently young to prevent supernovae having mudfieynet, G. and Maeder, A., 2004, A&A, submitted (paper XI)
contributed to the?®Al enrichment are of prime importance.Meynet, G. and Maeder, A., 2003, A&A, 404, 975, (paper X)
Possibly the detection of the 1.809 MeV emission aroundMieynet, G. and Maeder, A., 2002, A&A, 390, 561 (paper VIII)
single source would be even more important. In that respé&tgynet, G. and Maeder, A., 2000, A&A, 361, 101, (paper V)
the upper limit found fos>~Vel (Oberlack et a[_2000) alreadyMeynet, G., Arnould. M., Prantzos, N., Paulus, G., 1997, A&RO,
provides a strong constraint. The binary nature of the abjec 460
however requires some care when comparisons are made WRf0: F., 1999, New Astron. Rev., 44, 213 _
a single star model. This particular case will be studiecsii 'N&arro. F.. Figer, D. F., Hillier, D. J., Kudritzki, R. P.0@4, pre-print

. ! astro-pioA07188
in a forthcoming paper. Nugis, T., Lamers, H.J.G.L.M., 2000, A&A, 360, 227
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