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Anyone out there? Galactic Halo Post-AGB stars
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Abstract. We present results of a survey of post-asymptotic giantdiratars (post-AGBSs) at high
galactic latitude. To date, few post-AGB stars are knowoudlghout the Galaxy and the number
of known members of the older populations like the galaddilolis even smaller. This study looks
at the number of post-AGB stars which are produced usingifft synthetic population methods
and compare the results with observations. The resultimhsyic populations are compared to
observational results from a complete and studied subsafngin the photographic Palomar-
Green (PG) survey (with high resolution spectroscopiofetup for post-AGB candidates) and the
SDSS spectroscopic database. The results show only twadzaegost-AGB stars in a complete
subsample of the PG survey spanning 4200°deyl one in the SDSS database. We discuss and
explore any observational biases which may cause the réfdoltind to be truely representative of
the halo population, one can expect the majority of Popuidtistars to fail to ascend the AGB and
evolve through other evolutionary channels such as thendgtéhorizontal branch.
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INTRODUCTION

In the standard scenario, all low and intermediate mass staould evolve up the
asymptotic giant branch (AGB) and enter the white dwarf ikmpkequence as post-
AGB stars. It is known that extreme horizontal branch (EHBjsbecome white dwarfs
without an AGB/post-AGB phase but their numbers are es@ohab be low £1%,
1, 2, 3]. The number of known PNe and post-AGB stars in theatjaldalo is quite
small. The Torun catalogue [4] is the most complete comipitedf known post-AGB
stars. However, most of the objects included in this cataogere detected due to their
IR excess including all of the IRAS objects from [5]. This danexpected to introduce
a bias in favour of higher mass pop. | post-AGB stars with degrsvelopes. Only 20
objects in the catalogue are possible or probable pop.rd.sta

Higher mass post-AGB stars have suffered from strong mass dod are evolving
quickly. As a result they can remain enshrouded in theiucnstellar envelope during
most of this phase. Extinction makes the star difficult teedetn the optical, but they
are easily found by the IR surveys mentioned above. Low masisAGB stars (of pop.
II) experience relatively small mass loss and evolve slowly a result little or no IR
excess is expected, but the stellar radiation is essgntialibsorbed.

Classifying post-AGB stars is difficult as some types of obj@ve a similar appearance.
Examples include, horizontal branch stars (HB), extremgHBB), post-EHB (pEHB)
and hot, massive MS stars. Accurate parameters and sorsatimedetailed chemical
abundance analyses tells them apart from post-AGB stakgetsr, the number of stars
contaminating the post-AGB region is expected to be small@ur findings can only
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increase the number of objects found in the post-AGB region.

Here we describe the results of systematic searches forgaigictic latitude post-AGB
stars facilitating optical and UV data. Results are comgarigh expectations based on
the standard scenarios and we discuss the implications.

POST-AGB STARSIN HIGH GALACTIC LATITUDE SURVEYS

Sloan Digital Sky Survey (SDSS): SDSS perfomed an imaging survey of 12,000 square
degrees of the northern sky, mostly wjth > 10°. An extensive spectroscopic database
of over 1.6 million objects followed-up is available. In aubr force apporach to iden-
tify post-AGB stars in SDSS we carried out Balmer line fittmfgall objects bluer than

g —r’ < 0.0. Quasars and other extra galactic objects were identifiddiscardedTq
and logy of the remaining objects were compared with post-AGB trakkthe enconly
one star remained with parameters compatible with a post-AGreaThis is obvi-
ously at odds with any plausible estimate of post-AGB nursbldpbwever, one has to
have in mind possible biases in the selection of SDSS tafgetsllow-up. Such biases
include some objects saturating, photometry not beinguenand post-AGBs are low
priority for follow-up. Some post-AGB objects are known metSDSS survey area [4]
but were not included in the spectroscopic database. Thiglg due to one of the rea-
sons mentioned above.

Palomar-Green (PG) Catalogue: In an effort to double check the completely unex-
pected outcome of our search of the SDSS database, we sfirdleds from the PG
survey. This is a 10,714 square degrees photographic sofVvey-excess objects of
high galactic latitude [6]. 1874 objects were selected dov tesolution spectroscopic
follow-up based upon the criterid— B < —0.46 and given a spectral classification. Due
to the low resolution of the spectra the classifications waetlite broad or mistakenly la-
belled HBB, sd, sdB and sdBO which with higher resolutiodietup later determined
to be post-AGB, HBB, pHBB, pEHB, and pop. | and Il main sequeestars. Saffer et al.
[7] carried out intermediate resolution follow-up of a ewtion of stars categorised as
above and the resultinf-logg diagram is shown in Fig. 1. The interesting objects for
our study are the ten post-AGB candidates which are foundthed8] post-AGB tracks.
However, also apparent from the other tracks are the antpiglithe candidates with
the hotter objects possible post-EHBs and other potential pMS stars. Therefore, to
confidently classify the different types, high resolutigrestroscopy is required to de-
termine chemical compositon. In an effort to contain a catgsample for their study
and priortise objects for follow-up observations, [7] e¢del three fields (see Fig. 2) and
a brightness limiBpg < 14.7. Only three of the ten post-AGB candidates fulfill the cri-
teria, PG1212+369, PG1243+275 and PG2120+062. The highutes spectroscopy
revealed that PG1212+369 had a close secondary compongtt iivhad probably in-
teracted with, ruling it out as a post-AGB candidate [9]. R&3+275 is metal-poor and
its abundance makes it a strong post-AGB candidate. PGZBE20was confirmed as a
post-AGB star through its CNO depletion. Further detailthef object can be found in
[10]. Thus only two post-AGBs observed within the 4200 deggion of sky followed-
up for the complete sample. The position of all the cand&lateheTex-logg diagram
suggests that they are low mab& £ 0.55M,). This is in agreement with observed mass
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FIGURE 1. TheTe¢-logg diagram of the followed-up PG region. This table is Fig. 5 aff&r et al.
(1997). The solid symbols are halo B-type star candidatéstensquares are the complete sample (details
in this and their paper). The evolutionary tracks from lovhigh gravity are firstly, the two solid lines are
the post-AGB tracks of Schénberner (1983) for the statedsesad he dash-dot line is the pop. | ZAMS,
the various dashed, dotted and undulating curves are HB asteHB tracks with the solid He ZAMS at
the bottom.

distributions for similar WD populations [11, 12].

SYNTHETIC POPULATION PREDICTIONS

We generate a synthetic post-AGB galactic population uamgdaptation of the WD
Monte Carlo simulation of [13]. The simulation uses the gatamodel structure of [14]
to randomly assign locations of a large number of stars baseobserved densities.
Depending on population membership each star is given alliogyaan initial mass
and kinematical properties. Number densities of the thogrulations (thin disc, thick
disc and halo) are calibrated with the local population basethe Supernova Type la
Survey [SPY, 11, 15]. The evolution of each individual stprta the post-AGB phase
is determined from the Padova evolutionary tracks [16] aafd. rtherein. The tracks
give a metallicity range of Z=0.0001-0.1 corresponding {é-&/H] of —2.3 to 0.95.
This fully covers the range from observed populations wlrdaoh reproduced in the
simulation. All stars which are not old enough to have ewdlt@the tip of the AGB
are discarded. The evolution of the remaining stars is sl through the post-AGB
phase and the WD cooling sequence. We performed simulatging various mass and
metallicity post-AGB tracks of [8], [17], [18], [19] and [2@0 computeTes and logp.
The masses range from 0.524—-0.843and metallicitiesZz=0.0005 to 0.04 (equivalent
to [Fe/H]=1.6 to 0.3). All post-AGB tracks used for our analysis seedtz leave
the AGB as hydrogen-burners. He-burners evolve slower hansl would produce an
even higher number of observable stars. The higher massA@Btstars evolve much



TABLE 1. Simulated post-AGB population for various models in theaagf the Saffer et al. (1997)
complete sample.

Post-AGB Mass MSMass MSMet. N° N° N° Grid
Mg Mg 2) thindisc thick disc  halo Total Ref.
0.524 1.00 0.021 1£2 36+4 160+9 208+10 [19]
0.546 0.80 0.021 133 28+4 59+5 99+8 [8]

0.565 1.00 0.021 &1 1+1 13+3 1543 [8]

0.605 3.00 0.021 a0 0+1 16+3 16+3 [19]
0.569 1.00 0.016 1 3+1 97+7 100+7 [17]
0.597 1.50 0.016 1 1+1 32+4 34+4 [17]
0.633 2.00 0.016 &0 0+0 9+2 9+2 [17]
0.530 1.20 0.008 1 1+1 34+4 36+4 [20]
0.531 1.00 0.0024 0+1 2+1 37+4 40+ 4 [20]
0.533 1.20 0.004 1 2+1 35+4 37+4 [20]
0.623 1.50 0.001 &0 2+1 35+4 37+4 [17]
0.663 2.00 0.001 a0 0+0 6+2 7+2 [17]
0.534 1.00 0.0005 1+1 2+1 36+4 39+4 [20]
0.599 2.00 0.0005 0+0 0+0 3+1 3+1 [20]
Observed - - 0 0 2(?) 2

o indicates ara-enhanced initial composition.

quicker to hotter temperatures and so will spend less tint®top of the H-R diagram
and resulting in less post-AGB stars at a given time. The fioal-AGB population is
normalised to the local WD population as described in [13].

Simulation of the Complete PG Subsample: We simulated the [7] sample of post-AGB
candidates by selecting the stars from the same fields aygptlye same brightness limit
(Bpg < 14.7) as those for the complete sample defined in [7]. We appltedhperature
criterion of 14,000-34,000K. This was defined at the low emeltd the PQJ — B cutoff
criteria and the photometric uncertainty attached to #msl the top end by the hottest
found post-AGB candidate in their sample. These criteracamservative and can be
interpreted as a lower limit on the number of stars which &hde observed in that
survey.

THE RESULTS

The resulting post-AGB numbers differ greatly from one kreanother and there is a
general trend with mass and metallicity. Fig. 2 shows a sated post-AGB population,
within the brightness and positional criteria set out, aiag a mass of 0.546..
We run the simulation for each post-AGB evolutionary track have obtained and
summarise the most relevant tracks in Tab.1l. The massex] sda¢ the final post-
AGB/WD and the initial ZAMS in their respective papers. Thetallicities are the initial
compositions of the stars on the MS. The numbers for eachlgopu and the total
are given. The reference for the model used is stated in thedotlumn. The original
simulation contains a multiple of the evolved stars preseotir galaxy. A normalisation
factor is calculated and a random set of stars selecteddantiiti-Galaxy. This way 100
synthetic representations of the Galaxy are produced.
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FIGURE 2. Left: An Aitoff-Hammer projection of the post-AGB population frothe three selected
complete regions in galactic coordinates. This examplerisf0.546/1, assumed post-AGB mass. The
red, square, open symbols represent thin disc post-AGBltck, filled, diamonds the thick disc and
the blue filled circles the haldright: A spatial coordinate projection of the post-AGB populatibiote
the galactic centre is at vector [X,Z]=(0,0) and the objectsverge to our Sun’s position in the galaxy at
approximately [X,Z]=(8500,0).

CONCLUSION

The observed PG subsample of [7] implies that there are \@wypost-AGBs in the
halo and the ones that exist have low mas#s:(0.55M,)). The masses are very much
in agreement with halo WD mass distributions both within khidky Way and other
galaxies [11, 12]. However, our synthetic galactic modevshthat the lower the mass
of the central star (and progenitor) the slower the evoluaod the number of stars
meeting our brightness and temperature criteria will iasee This is displayed in Fig. 16
of [20]. In the same figure, a small metallicity effect can bersand this is reflected in
our numbers but this is fairly small effect at sub-solar rietaes. Our results suggest,
as the observational fields are complete, the evolutionatigspor timescales for the
majority of halo stars differ from the theory. Increasing ttentral star evolutionary
speed across the HR diagram would bring the observed andetiead populations in
agreement, however, a PN would be a likely result. Even fdW¢rare known in the
halo than post-AGBs ruling out that option. An alternatiedusion is that the majority
of evolved stars in the halo do not ascend the AGB. Obvioudlkiyg,would reduce the
expected number of post-AGB stars and would also be consistth the HB post-AGB
ratio observed in the [7] sample. A similar HB to post-AGBaas observed in M32 by
[21]. Brown et al. [21] propose that this is unlikely due toiaarease in evolutionary
speed or circumstellar absorption. The post-AGB popufati@y not be observed as
they do not exist. Instead of ascending the AGB, the pop. Ib Btars would evolve
via the EHB and straight on to the WD cooling track. If this e tcase for all such
populations then there would be implications for subsetgalactic evolution.



ACKNOWLEDGMENTS

We would like to thank Achim Weiss and Peter Wood for theiphaaid co-operation for
their respective post-AGB tracks. S.W. would like to than& Science and Technology
Facilties Council (STFC) and the organising committee fi@irtfinancial support. S.C.
acknowledges financial support from the European Commrigeithe form of a Marie
Curie Intra European Fellowship.

REFERENCES

1. J. S. Drilling, and D. Schonberné&A 146, L23 (1985).

2. U.HeberA&A 155, 33 (1986).

3. R.A. Saffer, P. Bergeron, D. Koester, and J. Lieb&pt] 432, 351 (1994).

4. R.Szczerba, N. Siédmiak, G. Staska, and J. BorkowskB&A 469, 799 (2007).

5. 0. Suarez, P. Garcia-Lario, A. Manchado, M. Manteiga, #a,land S. R. Pottasci\&A 458, 173
(2006).

6. R.F. Green, M. Schmidt, and J. Liebe&xpJS61, 305 (1986).

7. R.A. Saffer, F. P. Keenan, N. C. Hambly, P. L. Dufton, anididbert,ApJ491, 172 (1997).

8. D. SchdnberneApJ272, 708 (1983).

9. N.C. Hambly, W. R. J. Rolleston, F. P. Keenan, P. L. Duftorg R. A. SafferApJS111, 419 (1997).

10. B.B. Lynn, F. P. Keenan, P. L. Dufton, R. A. Saffer, W. RRalleston, and J. V. Smoke¥JNRAS
349, 821 (2004).

11. E. Pauli, R. Napiwotzki, U. Heber, M. Altmann, and M. Olliechen,A&A 447, 173 (2006).

12. J. Liebert, P. Bergeron, and J. B. HolbekQ,JS156, 47 (2005).

13. R. NapiwotzkiJournal of Physics Conference Serig®, 012004 (2009).

14. A.C. Robin, C. Reylé, S. Derriére, and S. PicaA®RIA 409, 523 (2003).

15. R. Napiwotzki, N. Christlieb, H. Drechsel, et alhe Messenget12, 25 (2003).

16. L. Girardi, A. Bressan, G. Bertelli, and C. Chics&AS 141, 371 (2000).

17. E. Vassiliadis, and P. R. Woo#ipJ 413, 641 (1993).

18. E. Vassiliadis, and P. R. Woo#lpJS92, 125 (1994).

19. T. Blocker A&A 299, 755 (1995).

20. A.Weiss, and J. W. Fergusoh&A 508, 1343 (2009).

21. T. M. Brown, E. Smith, H. C. Ferguson, A. V. Sweigart, R.kdnble, and C. W. BowersApJ 682,
319 (2008).






