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dredge up.
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1. Introduction

Mass loss from primodial stars is very important becausenagtals released from the stars
enrich the interstellar medium, increasing the metajlicit the following generations of stars.
However, mass loss from single stars is not well underst8tellar winds from intermediate-mass
zero-metallicity stars are very weak without any metal$atdurface. During the AGB phase we
do not know whether the mass loss is dependent on metall@itythe other hand, mass loss from
primary stars during binary interaction is more well-defirsend understood. If the mass transfer
is non-conservative, the surroundings are enriched inlmelhsome of the material lost by the
primary is deposited on the secondary the surface abunaditice secondary becomes CNO rich
but otherwise metal-poor. This could be one way to form theeoled carbon enhanced metal poor
stars.

2. Evolution of single stars

We use the Cambridge STARS code, with nucleosynthesisyf &ix isotopes (Stancliffe et al
2005) to simulate the evolution of the primodial stars. Elge & Tout (2004) updated the opacity
table. The evolution of zero-metallicity stars differsrgigcantly from that at higher metallicity,
because of the absence of carbon, nitrogen and oxygen. ggarcannot be burned though the
CNO cycle so it is burned via the proton-proton chain. Thie$s temperature dependent so zero-
metallicity stars are considerably hotter. and their nggguence lifetime is much shorter. Also,
the burning is much extended around the core. The temperatuhe core is hot enough that
carbon is produced through the 3eaction. When the central carbon mass fraction reachag abo
1012, hydrogen burning switches to the CNO cycle. For stars marssive than BM..,, the core
is hot enough for helium to burn non-degenerately when hy@inas exhausted in centre, so these
stars remain on the blue side of the H-R diagram throughauitalehelium burning and the red
giant phase and first dredge up are absent. The surface atm@sdare unchanged during the He
burning phase. The critical mass for a helium flash to occomuish lower than for solar metallicity
because zero-metallicity stars are much hotter and henveeléss dengerate cores.

When He is depleted at the centre, the star undergoes a apgason and moves rapidly
to the red side of the H-R diagram. H and He burning are activevo seperate shells. The
energy generated by the He shell causes expansion andgoblihe outermost layers and then
the convective envelope deepens. This is second dredgéhumygh it is actually the first episode
of dredge up that occurs in zero-metallicity stars aba@aviL,.

Enough carbon is produced that the H is mainly burned thrabghCNO cycle in the H-
burning shell, and nitrogen is produced within there. Therimal profiles of hydrogen, carbon,
nitrogen and oxygen is shown in Figure 1 for WM7. Therefore, when the convective envelope
deepens, both carbon and nitrogen are dredged to the sulfaeeer-mass stars dredge up less
CNO elements because their convective envelopes pentdsateleeply. Another reason is that
because the stars are cooler, the CNO abundance is lowee iH-tturning shell. The surface
C/N ratio (Table 1) is in CNO quilibrium for lower mass stars utreases rapidly for Bl., and
7Mg, implying that the second dredge-up reaches down to tharhddurning shell for those stars.
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Also, the ratio oft?C/13C increases requiring an additional sourcédf that is not from the CNO
H-burning shell.
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Figure 1. Mass fraction profile of M, model at the end of central He burning

Mass 12C 13C 14N 160

3.0 251x101'8 718x1019 308x1016 7.80x1018
40 263x101 746x101 277x1012 6.05x1014
5.0 407x101 116x101 256x10° 356x10 1!
6.0 938x10% 120x10° 173x108 1.27x1010

7.0 264x10°% 264x10° 228x10% 385x10°°
Table 1: surface abundances at the end of the early AGB béfermal pulses

3. Massloss from AGB stars

Mass loss is probably negligible from intermediate-mass-peetallicity stars because stellar
winds are very weak without any metals at the surface. Howekie mechanism of mass loss
during AGB evolution is not well understood. It has been ssfgd that the increase of mass-loss
rate during the AGB may be caused by the onset of radial patsatVhether the mass loss would
then be dependent on metallicity is not known. From our nmdible M. releases negligible
metals because the dredge up is not deep enough. Whemodels completely dominate the
carbon yield, and to a less degree, the oxygen yield. Thisdalse the convective envelope needs
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to reach very close to the helium burning shell to dredge ubaraand this is only possible if the
star is more massive tharivh,. On the other hand, in order to dredge up nitrogen, the coireec
envelope only needs to reach the hydrogen burning regioithwitappens below 8. Without
any known initial mass function for zero-metallicity stawge cannot give an accurate prediction
of the relative contribution of different mass ranges. Assig a Salpater IMF we can see that the
higher-mass end of AGB stars would completely dominate teehecontribution. Unless the ratio
of 5Mg, to 7M,, is a few times higher than Salpater’s ratio we can even netllecontribution of
nitrogen from 9V, stars.

4. Binary stars

Mass transfer in binaries however is likely to proceed innailsir way to higher metallicity
stars. If the mass transfer is non-conservative, the sadiaogs are also enriched in metals. How-
ever, we don’'t know exactly how much mass is lost from the tyirsystems. Nevertheless, the
radius of a zero-metallicity intermediate mass star ontreases rapidly during the early AGB
phases and at second dredge up so, when the primary fills dseRobe, the mass lost contains a
significant amount of metals.

Binary models with initial mass ratio of two-third are usé&ar example, in the M. models
the envelope can be completely lost to leave C/O white dwhifM,. Significant amounts of
metals are released from the primary. It seems that changegial orbital period have only a
small effect on the compositions released. The radii of thess®nly increase rapidly after the start
of second dredge up, so there is little change if Roche Lolegflow first occurs after this. The
remnant mass increases as the binary period increase$ibatanly a very small effect on the total
metals released from primary because the envelope is cire/ec

The fraction of metals released from the primary stars igesat orders of magnitude higher
than the metals released during the single-star mass ldéisouyh not all the metals would be
released to the medium, even if only small fraction of thestieensferred is lost from the system,
the enrichment can be more significant than the single stars.

Normally, mass transfer would proceed very rapidly becaighe primary’s greater mass
and deep convective envelope. During the ensuing commagla® evolution, these metals can
be released to the ISM. Alternatively, even if the systeno wide for Roche lobe overflow,
Tout and Eggleton (1988) suggested that mass loss may by &adanced by the presence of
a moderately close companion. Mass is lost by the primaryhagla rate. A small fraction of
the matter can be accreted by the secondary. The systemsmiéing to the loss of angular
momentum and remains too wide for Roche-lobe overflow. Théshanism provides a possible
formation scenerio for carbon enhanced matel poor stars.
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Primary MassM., Period (days) FinalMass  '°C N 160
7.0 1.0 1.00366 P®7x10° 411x107 152x10°°
7.0 4.0 1.03236 H0x10° 523x107 1.93x10°’
6.0 1.0 0.95516  89x107 267x107 242x10°
6.0 3.0 0.97650 D1x10°® 268x107 292x10°
5.0 1.0 0.91337 @7x101 520x10° 9.25x10 1
5.00 3.00 0.93518 .51x10 19 1.08x108 1.68x1010
5.00 10.00 0.9406 97x10 11 664x10° 1.04x1010

Table2: Amount of metals released from primary in binargiattion

5. Carbon enhanced metal poor stars

There have been two discoveries of carbon enhanced HMR bt&r§107-5240 (Christlieb
et al 2002, 2004) and HE 1317-2326 (Frebel et al 2005, Aoki 2086). The[Fe/H] of both
stars are around-5.4. The former doesn't have significant enrichment of Sr wttike latter has
unexpectedly high Sr abundances. Carbon is very much eatiaatative to the solar Fe, by a
factor of several thousands. Nitrogen and oxygen are aleaglyy enhanced by a factor of more
than 100. The abundace ratio of I€ of 40 to 150 for HE0107-5240 is similar to the surface
abundances of the early AGB phases of 8M,, stars. The obversetfC/3C ratio, which is
greater than 50, also fits well with the models. One possimimétion scenario for HE 0107-
5240 is that it is the secondary star of a wide binary systemhi€h the original primary star
has already evolved into an unseen white dwarf. Mass wasfeard to the secondary through
wind accretion during the AGB phases of the primary. To haxgdeed RLOF and hence common
envelope evolution, the minimum initial period of the binaystem must have been at least 600
days. Such a period would increase to around 30 years atésemqrday. HE 0107-5240 would
now be the secondary star of a wide binary system of which tiggnal primary star has already
evolved into an unseen white dwarf. The radial velocity efsecondary would be aboub&ms !
now. All this explains the non-detection of radial velocigriation of HE 0107-5240 (Bessell et
al 2004). We model a primodial. ®M., star accreting @M. from the wind of a M, star. The
abundances from the models are estimated for two extrenss egshe accreted material mixes
with the whole star and b) the accreted material remains iariace layer. (see table 3). The
observed errors quoted are the differences between 1D aratrBBspheric analsyses while the
value from the 3D is used as the principal value. The totalarhof CNO elements transferred
to the secondary is too small to fit the original date in Chebtet al 2004. However, the 3D
abundances of C, N, and O published by Collet et al 2006 argfisigntly lower, by -0.8 dex or
more, than the 1D analysis. Therefore, it is possible treabtiserved high CNO abundances of HE
0107-5240 are owing to mass transfer from AGB stars by wirdedion. However, our models do
not show any significant surface enhancement of Na whichesvelol to up more than a factor of
6 up. On the other hand HE 1327-2326 has strong enrichmehgingutron-capture element Sr.
This would fit in the binary scenario if the mass transfer os@fter the start of third dredge up,
when the surface of the primary is enriched in neutron-gaptelement. Also, HE 1327-2326 is
much more enriched in nitrogen, which can be produced in btibim burning in late AGB stars.
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On the whole, the abundances seems to suggest that binasfetraccurs at a later stage than in
HE-0107-5240 which is adequately fit with early AGB massdfan

Element observed log(X) With mixing Without mixing

C 5.72+£1.09 6.63 5.96
N 2.914+2.02 4.57 3.90
@) 495+0.71 3.80 3.13

Table 3: Observed Abundances compared with binary models

6. Conclusion

Binary models of intermediate stars are worth investigatiin particular, mass transfer to
the secondary during AGB phases could result in chemicabufar stars such as the carbon-
enhanced-metal poor stars. The abundances of HE 0107-%24Becmodeled by wind accre-
tion from a ™, primary during early AGB phases. On the other hand, if thesmemnsfer is
non-conservative metals are released from the AGB staes sdicond dredge up and enrich the
insterstellar medium.
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