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Models of rotating stars & = 5 x 10~% and 10°® with masses between 2.5 and 7,Mre com-
puted from the pre-main sequence up to the end of the asyimgiant branch phase (AGB).
We discuss the impact of rotation on nucleosynthesis. Wev shat it plays a major role during
the phase of central He-burning. Rotational-induced ngixmansports indeed freshly produced
carbon and oxygen into the H-burning shell where some nemagsi elements are synthesized.
In the most massive early-AGB stars, those elements aralezvat the surface during the second
dredge-up event. We also follow the changes in surface amd @@mposition due to the interplay
between third dredge-up and hot bottom burning during thé\GB phase. We present the final
stellar yields and discuss our predictions in the contett@ichemical anomalies seen in galactic
globular clusters.
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Rotating AGB stars T. Decressin

1. Physical inputs of the stellar models

Both rotating and standard models for stars with initial segsbetween 2.5 to 7 Mare com-
puted atZ = 5x 1074 ([Fe/H] = —1.6). The metallicity dependence of our theoretical predii
is investigated for 7 M for which we compute a model @t= 10~°. The initial rotation velocity
of our models is taken equal to 300 km's

During main sequence, we follow in a self-consistent wayttéiesport of angular momentum
and of chemicals through meridional circulation and tuebgk using the prescriptions by [1] and
[2] (see also [3]). During He-burning, only local angularmmentum conservation is used as struc-
tural changes now dominate the momentum evolution. Roia@ltimixing is stopped during AGB
phase.

During the AGB phase mass loss is switched from Reimers ppéisn [4] to Blocker one
[5] (with n = 0.05) with an explicity’Z dependence. Diffusive overshooting [6}r = 0.016) is
added at the bottom of the convective envelope during th&GB-phase.

2. Pre-AGB phases
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Figure 1: Chemical profiles of selected nuclei for rotating (left) estdndard (right) 5 M stars at the end
of central He-burning phase. The arrows indicate the deg@ee®tration of the convective envelope during

the second dredge-up phase.

During the pre-AGB phases, rotation-induced mixing modiftee chemical structure of the
star with respect to the standard predictions. One strikifiect can be seen in Fig. 1 where the
chemicals profiles of some key elements at the end of theatdid-burning phase are displayed
for the 5 M, for rotating and standard cases. The non rotating modeteptea sharp CO core
surrounded by a He-rich layer where the signatures of the Cp{2 are well visible. On the other
hand, the rotating models show the signatures of an impodiffosion of C and O from the core



Rotating AGB stars T. Decressin

— ‘ 4 ; ‘

Rotating models Standard models]

(mass fraction)
T
o]
>
o]
(mass fraction)

(=]
hex
o
Bt
*
L
[
>
[
|
|

log (Abgpyp/Abyy,)
ox
>
log (Abgpyp/Abyy)

| | | | | | | | | | |
GO W0 G M P Y Y Y, «sgc,-ozzfoox/l’%&@e@
% o e % ©

[
Sl
~

Figure 2: Ratio of surface abundances after 2DUP completion to Irtes for the rotating (left) and
standard model (right).

to the more external layers. Part of this C and N is converiéa N in the He-rich layers where
some protons are also mixed.

For these patterns to be revealed at the surface requirest¢berence of the second dredge-up
(2DUP) event. This happens only in the higher mass stdrs @ M.; in less massive stars the
convective envelope sinks only into the H/He discontinuitying the 2DUP). In these objects the
convective envelope then sinks into the He-rich layers as/shin Fig. 1 where the arrows indicate
the deepest penetration of the convective envelope dutmg@DUP phase.

Fig. 2 illustrates the surface abundance variations dafier2DUP for all the stellar masses
considered, in both the standard and rotating cases. Caléments lighter than Mg are affected.
For the low mass stars, only the layers where the CNO cycleatggeoutside of the He-rich layers
are reached by the deepening convective envelope at thed plire massive rotating stars show a
strong increase of primary C, O, N and F abundance at theceuafter the 2DUP as those elements
are synthesized in the He-rich layers before being dredgetidoconvective envelope. The 7.M
rotating model aZ = 10~° shows stronger abundance variations.

3. Windson the TPAGB phase and comparison with globular cluster stars

Table 1 presents some structural parameters of AGB modelg i€ more massive in rotating
models at the beginning of the AGB phase as some mixing haea@ed this core during central
He-burning phase. Recurring third dredge-up (3DUP) presgong increase during TPAGB as
the final mass of the remnant is only a fevt 01, heavier.

Now we turn our attention to the chemical changes for low nsgs M < 3 My). The
surface abundance patterns obtained during the 2DUP isnomdijfied by recurring 3DUP events
(see Fig. 3). It mainly increases the carbon abundanceriruabundance raises after each 3DUP
and a positive production if found in the mean compositiowinfds.
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Rotating models Standard models
M(Ma) | Mapup (M) Ntp o Amax  Mf(Mg) | Mapup (M) Ntp o Amax Mg
2.5 0.72 24 0.73 0.78 0.67 30 0.68 0.74
3 0.84 24 0.82 0.86 0.77 30 0.77 0.83
4 0.86 33 0.80 0.89 0.86 27 0.85 0.88
5 0.89 49 0.79 0.91 0.90 30 0.88 0.92
7 1.07 >28 0.86 - 1.01 >15 1.00 -

Table 1: Structural parameter of TPAGB phase for rotating and stahaidels aZ = 5 x 10~%: core mass
after 2DUP completion, number of thermal pulses, maximuedde-up efficiency and final core mass
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Figure 3: Ratio of mean abundances in stellar winds to initial commsifor rotating (left) and standard
(right) models. The typical abundance variations seendbwghbr cluster stars are indicated by grey bars.

In massive TP-AGB stardf{ > 4 M,,) the bottom of the convective envelope reaches temper-
atures between 50 and %QLCP K, and hot bottom burning (HBB) occurs. It converts part af th
fresh primary carbon and neon produced within the convedtiermal pulses into nitrogen and
sodium respectively. However the Na abundance stays aabe tevel obtained after 2DUP. Mg
and Al surface abundance have a similar evolution in theingtand standard cases because they
were not modified in the pre TP-AGB phasé3ig and?®Mg increase due to their synthesis within
the thermal pulses followed by 3DUP. A8/g is not consumed the total Mg abundance increases.

AGB are often thought to be responsible of abundance anemsaéien exhibited by globular
cluster (GC) stars (see [7] in these proceedings). In Fige 3hws compare our predictions for the
wind composition with the GC data. The C-N anticorrelatiBhi$ obtained in none of our models
as AGB winds display strong carbon and nitrogen enrichmaetréspectively to the 3DUP and
HBB. Low-mass rotating AGBs slightly deplete O as the resoft rotational mixing during the
pre-AGB phase. However this O depletion is much too smalkpagn the oxygen data shown in
GCs. In all the models the raise in the Na abundance well reatttie observational trends. Last
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but not least the theoretical wind composition is at odd withnMg-Al anticorrelation seen in GCs
as all our AGB stars produce magnesium together with littiargities of aluminum. In addition
the theoretical magnesium isotopic composition that do¢satover the one found by [101%g
appears to be depleted in observed GC stars).

4. Conclusion

Rotation has several effects on the chemical patterns of éowl intermediate-mass stars.
During the central He-burning phase in particular it leadhe mixing of the He-burning products
into the He-rich layers where some protons are also tratexpinom the radiative envelope. There
N is synthesized. This effect is dominant in high-mass AGBssivhose convective envelope
penetrates into those deep layers during the 2DUP. Very letallitity stars are very sensitive to
this mechanism: due to their low initial abundance the wituts stronger.

The 3DUP and HBB modify the patterns resulting from the 2DldHow mass AGBs the
evolution of the surface abundances of nitrogen, oxygemisidated by the 2DUP whereas their
carbon abundance raises mainly thank to the 3DUP on the TB-ABe same is true for massive
AGB except that nitrogen increases also thanks to HBB on (h&\GB.

When compared to GC data one finds that only the Na increaséeaaproduced by all
the models; however only the low-mass rotating AGB staghilly deplete O. None of the other
observed patterns is reproduced by the AGB models. We mustdbnclude that these stars are
probably not responsible for the GC abundance anomalies.
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