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ABSTRACT

Aims. One of the puzzling findings in the study of the chemical etiotuof (post-)AGB stars is why very similar stars (in ternfs o
metallicity, spectral type, infrared properties, etc.shpw a very dierent photospheric composition. We aim at extending thle sti
limited sample of s-process enriched post-AGB stars, iemt@obtain a statistically large enough sample that allesv® formulate
conclusions concerning the 3rd dredge-up occurrence.

Methods. We selected two post-AGB stars on the basis of IR coloursatidie of a past history of heavy mass loss: IRAS 08281-
4850 and IRAS 14325-6428. They are cool sources in the loctiedlanetary Nebulae (PNe) in the IRAS colour-colour thag
Abundances of both objects were derived for the first timehenhiasis of high-quality UVES and EMMI spectra, using a caity
compiled line list with accurate log(gf) values, togethethvwthe latest Kurucz model atmospheres.

Results. Both objects have very similar spectroscopically defin@elotive temperatures of 7750 - 8000 K. They are strongly carbo
and s-process enriched, with gA3Cratio of 1.9 and 1.6, and an flie] of +1.7 and+1.2, for IRAS 08281-4850 and IRAS 14325-6428
respectively. Moreover, the spectral energy distribgi(BEDS) point to heavy mass-loss during the preceding AGB@h
Conclusions. IRAS 08281-4850 and IRAS 14325-6428 are prototypical p&3B objects in the sense that they show strong post 3rd
dredge-up chemical enrichments. The neutron irradiatarteen extremelyigcient, despite the only mild sub-solar metallicity. This
is not conform with the recent chemical models. The existesfovery similar post-AGB stars without any enrichment eagihes
our poor knowledge of the details of the AGB nucleosynthasid dredge-up phenomena. We call for a very systematic claémi
study of all cool sources in the PN region of the IRAS colooiear diagram.

Key words. Stars: AGB and post-AGB — Stars: abundances — Stars: carBtars: individual: IRAS 14325-6428 — Stars: individual:
IRAS 08281-4850

1. Introduction mulate conclusions concerning the (post-)AGB evolutiogen-
eral.

Er?:;ﬁ:i:sazgaﬁo%ié%iggljiﬁtg'nge;hgf giaujgzt:]:);htehe(,\ji:?nrgigc During the past decennia, it has been realised that post-AGB

L tars are chemically much more diverse than previouslyghbu
e e s £V ary hycstend o have a oal erentphotospherc o
the AGB chemical evolution by a systematic study of post, sition than single objects, showing some degr fetion
AGB photosphere_s. Spectra of post-AGB stars are much ea§865). Thesingle objects, on their side, are also far from chem-
to study than their AGB precursors for several reasonst,Flr%a"y homogeneous. Some obijects are the most s-process en-

their atmospheres do not show the large amplitude pulsatiorh . .
; iched objects known to date (e.g. Reyniers et al. 2004, efad r
and the large mass loss rates that characterise AGB atrmesph rences therein), while others are not enriched at all. @his

Se_c_ond, their photospheres are hottertemnic transitions pre- chotomy is very strict, in the sense that mildly enhanceeéatsj
vail in post-AGB spectra, while molecular transitions pmm 0 not exist, except for a few rather atypical objects. Cleaini
gﬁ?o?t:(;?e\?vtiﬁé -rr;rlls :l(ljc]zvtvr;g: é?e?nueanr}[gfyutr?f% rﬁ[}ﬁran_tgal- Cogvolutionary AGB models do predict that there is a minimuimn in
y 9 ' $ip tie%l mass for the 3rd dredge-up to occur, at around 1;4&lg.
AGB stars evolve; on a vety fagt t(ack and whether the CUe K aniero et al. 2003). Hence post-AGB stars without anighel
Suaelzc\f&%:g?ﬁ:; I?ert(iarf)riiznzggﬁslsocfms?noﬁéheoglﬁg[gt sﬁa—irs burning products in their photosphere are theoreticalpeeted.
the broader contgxt of gtellar evolution Thgerefr())re edtiieg the However a strict dichotomy s not expected, since a more-grad
s L ' 4 ual transition between non-enriched and enriched objsqise-
stil "”?'ted Sa’.“F?'e of post-AGB stars is indispensable fday dicted if the transition from an O-rich AGB to a C-rich ,JA(?B sta
to attain a statistically large enough sample that allowt® dier- occurs over many thermal pulses. Furthermore, the s-[s@res
riched sub-class of post-AGB objects imposes another uedol
Send offprint requests to: M. Reyniers problem. These stars exhibit a large spread in s-procéiss e
* based on observations collected at the European Southéncy, as they do notobey the expected anti-correlatitmeden
Observatory, Chile (programmes 70.D-0278(A) and 73.D10A&Y) metallicity and s-procesdfieciency (see Fig. 4 of Van Winckel
** Postdoctoral fellow of the Fund for Scientific ResearchpBitzs ~ 2003). In other words, examples exist of very similar po&tBA

f refractory elements in their photosphere (see e.g. Maak e
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Table 1. Basic parameters of the two objects discussed in this study. Table 2. Observational log for the images obtained at the Euler tele-
scope at ESO, La Silla.

IRAS 08281-4850 14325-6428
Equatorial coord. a0 082940.552 14 36 34.375 IRAS Date filter exptime airmass

02000 —490004.33 -644131.09 08281-4850 2005-10-07 UG 300.2 1.473

Galactic coord. I 266.08 313.87 BG 20.9 1.423

b -5.82 —-4.08 VG 150.5 1.408

Vis. magnitude \% 141 11.9 RG 60.6 1.392

Spectral Type A9l A8l IC 98.9 1.351
Source SIMBAD, except magnitude and spectral type 14325-6428 2005-08-04 uG 399.3 1.322

(this work). BG 299.5 1.311

VG 241.6 1.292

stars (in metallicity, spectral type, infrared excess, .el¢ but

with a totally diferent photospheric abundance pattern (see fd#eichmann 1985). We also obtained literature data fronci@ar
example Fig. 1 in Van Winckel & Reyniers 2001). This resukario et al. (1997, hereafter GL97) and Van de Steene et al.
dramatically illustrates that the 3rd dredge-up phenomero (2000, hereafter VdS00). The data are presented in Table 3.
not yet fully understood. Near-IR data of IRAS 08281-4850 were present in tAgra-

In this paper, we selected two objects with far infrarel@ase of the DENIS data set, but was deleted in thecdease.
colours typical of PNe from the IRAS point source catalogudhe data from the'® release have not been retained in the anal-
Apart from PNe, only post-AGB stars are typically found irysis. In order to construct the spectral energy distritu®ED),
this part of the colour-colour diagram (van Hoof et al. 1997yve first converted the Tycho-2 magnitudes to the Johnsoarsyst
Furthermore, the selected objects were not detected irattie r Using the formulas:
continuum above a detection limit of 3 mJy (Van de Steene & By — 0.240(Br — V1)

Pottasch 1993, 1995). Hence they do not seem to have evolved™ ' ~ - T
to th_e PN stage as yet and are very likely post-AGB stars. W/eJ = V7 - 0.090(Br - V1)
obtained JHKL images of the candidates with CASPIR on the

2.3-m telescope at Siding Spring Observatory in Australiart which were derived from Perryman et al. (1997). The Gunn-

der to assure the correct identification of the IRAS coursggd r magnitude from the Geneva system was converted to the
and obtain accurate positions (Van de Steene et al. 2000)oTw Johnson system using the formula:

these infrared selected post-AGB stars which are preséeted
(see Table 1) have counterparts in the USNO catalogue so tRat= I — 0.43- 0.15(B; - V)
their visual magnitudes are also known. They wergicently
bright to be observed in the optical at high resolution.

The paper is organised as follows: in the next section,
discuss the spectral energy distribution of the two objeatsl

quantify the total reddening towards the two sources. Int.Se ; : Ry
3 we briefly discuss the observation and reduction of the-hi ervations we adopt the Johnson photometric calibratidilew

resolution spectra, while in Sect. 4 we deal with the abundan r the VdS00 observations we adopt the MSSO photometric

analysis. Sect. 5 is a section devoted to théude interstellar calibration. The resulting spectral energy distributisrshown

bands in the spectrum of IRAS 14325-6428. In the discussibnn-rabIe 5.

(Sect. 6), we mainly focus on the s-process abundances. @lVe en

(Kent 1985) where B— V; can be calculated from the Geneva
hotometry using Egs. 12 and 13 from Harmanec & Bozi¢

V?SOOl). After that, the photometry was convertedif®, using

the absolute flux calibrations given in Table 4. For the GLB7 o

the paper with conclusions. 2.3. Fitting the SED
The SEDs of the post-AGB starsfBer from interstellar as well
2. Spectral energy distribution as circumstellar extinction. We assumed that this totahesibn
can be described by dR, = 3.1 galactic extinction curve as de-
2.1. Geneva Photometry fined by Fitzpatrick (1999). We furthermore assumed thairthe

Images were obtained for both objects with the Swiss Euler telrinsic spectrum of the stars can be described by an Atldarste
scope at La Silla (ESO) in 2005. The observing log is presentaimosphere model (Castelli & Kurucz 2004) with the paransete
in Table 2. The objects were unresolved in all images. The ifdiven in Table 8. We then used an iterative procedure to deter
ages were bias subtracted and flatfieldecin. The photome- Mine the amount of total extinctioA and the bolometric flux
try package was used to do the aperture photometry. In casér(')@'”D ) by minimizing the quadratic reS|duaI_s of {:\II observa-
crowded fieldaopror was used to subtract the neighbours. OrigoNs between 0.4 and #m. The results are given in Table 6.
to three standard stars per band per star were availabléador f10ts of the Kurucz stellar atmosphere models combined with
photometric calibration. The resulting magnitudes arsgneed the dereddened observed fluxes are shown in Figs. 1 and 2.

in Table 3.

3. High-resolution spectra: observation and
2.2. Additional Photometry reduction

We collected additional photometry from various survey& t High-resolution, high signal-to-noise optical spectrataf two

Tycho-2 Catalogue (Hgg et al. 2000), th€ 8ata release of program stars were taken in the framework of our ongoing pro-
DENIS (Epchtein et al. 1994), 2MASS (Skrutskie et al. 1997yram to study the photospheric chemical composition ofsstar
MSX (Egan et al. 2003), and the IRAS point source catalogire their last stages of evolution (e.g. Reyniers et al. 2004;
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Table 3. Broadband photometry for
IRAS 14325-6428. |IRAS 14325-6428

IRAS 08281-4850 and
is contained twice in the

DENIS catalogue. The data sets do not agree within the eraogins,

which may point to variability of the source. Both data sedseéhbeen

retained in the analysis.

phot. band 08281-4850 14325-6428
mag Amag mag Amag
Euler Geneva U 17.81 0.15 14.58 0.25
Euler Geneva B 14.76 0.10 12.08 0.10
Euler Geneva V 14.09 0.05 11.89 0.05
Euler Gunn-r 13.23 0.15
Euler 12.20 0.05
Tycho-2 By 12.676 0.209
Tycho-2 12.065 0.169
DENIS Gunn-i 10.297 0.04
DENIS J 9.202 0.07
DENIS K¢ 8.445 0.09
DENIS Gunn-i 10.431 0.02
DENIS J 9.292 0.05
DENIS K¢ 8.604 0.05
2MASS J 10.603 0.019 9.263 0.023
2MASS H 10.124 0.023 8.860 0.025
2MASS K 9.835 0.021 8.598 0.025
GL97J 10.68 0.05
GL97H 10.12 0.05
GL97 K 9.79 0.04
VdS00 J 9.27 0.05
VdS00 H 8.81 0.05
VdS00 K 8.61 0.05
VdSO00 L 8.27 0.10
F, AF, F, AF,
(Iy) (y) (Iy) (Jy)
MSX A 8.28 0.72 0.03
MSX C 12.13 3.35 0.18
MSX D 14.65 7.1 0.4
MSX E 21.34 17.7 1.1
IRAS 12 2.23 0.11 3.31 0.20
IRAS 25 9.83 0.59 30.6 1.2
IRAS 60 3.62 0.36 17.1 1.9

Table 6. The total extinctiorAy and the bolometric luminositly of the

program stars.

IRAS A, LatD=5Kpc
mag Lo

08281-4850 4.33 2450
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-11.50 WH\& 3
£ 120 @‘ N : ]
2 e \ ° 1
i -12.5ﬂ .
< r \ ]
2 -13.0F \ =
13,50 AN .

-0.5 0.0 05 1.0 15
log() (um)

Fig. 1. The spectral energy distribution of IRAS 08281-4850.
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Fig. 2. The spectral energy distribution of IRAS 14325-6428.
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Fig. 3. The spectra of IRAS 14325-6428 and IRAS 08281-4850 com-
pared with the A7lab standard HD 81471 and the non-enriclvst p
AGB star HD 133656.

Reyniers & Van Winckel 2003; Van de Steene & van Hoof
2003). IRAS 14325-6428 is observed with UVES on the VLT
UT2 telescope (Kueyen), as a member of a larger sample of
seven post-AGB objects that were observed in service mode du
ing ESO period #73. IRAS 08281-4850 was observed in visitor
mode with the EMMI echelle grating #9 with cross disperser
#3 at the NTT during period #70. The resolving power of the
UVES spectra varies betwee’5,000 and-60,000. The resolv-
ing power of our EMMI spectra is significantly lower8,400).
The spectral interval covered and some other details abeut t
observations are given in Table 7.
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Table 7. Log of the high-resolution observations. For IRAS 08281- IRAS 14325—6428 —10.0 km s-1
4850, a spectral gap occurs between 493nm and 500nm. Forgg ——r—+1 11 ‘<\gt‘ — ‘I‘n‘s‘)‘
IRAS 14325-6428, spectral gaps occur between 577 nm andrb@®d 94F CI i

between 854.4 nm and 864.5 nm due to the spatial gap betwedwdh 0ok - . e e E
UVES CCDs. e e S A ]
9.0 F . . « . ..' E

date UT exp.time wavelength /1$ 88 E

start (sec) interval (nm) gg — ‘} - =

IRAS 08281-4850 (NT F EMMI) Wb I ) . E

2003-02-04 01:11 9000 39595 75 wob R S S
IRAS 14325-6428 (VLT-UT2 UVES) 4‘4 E Lt ° A

2004-05-13 07:13 1800 374898 130 F : ]
2004-05-13 07:13 1800 670-3055 170 Sl
2004-05-13 06:39 1800 477681 190 s6F crmm ‘ ‘ ‘ ‘ ‘ E

w 54L .. e e

0 52 A R R —

— 50 . E

The reduction of our UVES spectra was performed in the , g} E
dedicated “UVES context” of theupas environment and in- L
cluded bias correction, cosmic hit correction, flat-fietgliback- A fel N . E
ground correction and sky correction. We used average®@xtra "¢ ... t50 L L o
tion to convert frames from pixel-pixel to pixel-order spaghe wor s T T A
reduction of our EMMI spectrum was done within the echelle °°¢ . E
package inrar following the user’s guide by D. Willmarth and 2123 o L s e
J. Barnes (1994). The spectra were normalised by dividieg th ¢ Fell

individual orders by a smoothed spline function defineddlgio

7.0F e .

interactively identified continuum points. For a detailescrip- g LA U MO

tion of the reduction procedure, we refer to Reyniers (2002) 66 b E

Table 7, we also list some indicative signal-to-noise valfehe S S

final data product. -5.8 —-5.6 —-54 -5.2 -5.0 —4.8 —-4.6 —4.4
Sample spectra of our programme stars can be found in log(W, /)

Figs. 3 and 6. In Fig. 3, the spectra of IRAS 08281-4850

and IRAS 14325-6428 are compared with the spectra of thgg 4. The relatively high microturbulent velocity (= 10 km s?) for

ATlab standard HD 81471 and the non-enriched post-AGRAs 14325-6428 is also supported by the results of ionsratin

star HD 133656. The spectrum of HD 81471 is retrieved fropgy,.

UVESPORP, the library of high-resolution UVES spectra ofsta

across the Hertzsprung-Russell diagram (Bagnulo et al3)200

HD 133656 is discussed in Van Winckel et al. (1996). The spec- : .

trum of HD 133656 is an ESO1.5-AFEROS spe(ctrun?taken cl?n'ng point for the analysis of IRAS 08281-4850. As a conse-

June 27, 2001. This object has atmospheric parameters cSENCE: all lines that we used for IRAS 08281-4850 are also

parable with the program stars4T logg, &) = (8000K, 1.0, present in the .Ilne list of IRAS 14325-5428._Th|s choice en-

3.0kms?) but is slightly more metal deficient ([fi¢] = -0.9). Sures the consistency of the analyses, implying that a compa

The s-process enhancement of the two IRAS stars is clear fr@lﬂn between the abundance results is highly reliable. Bue t
e

the Bau line. IRAS 08281-4850 is the strongest s-enriched on&i€ Stronger s-process enrichment of IRAS 08281-4850 com-
but the stronger lines are also due to a slightly lower teaipee pared to IRAS 14325-6428, the spectrum of IRAS 08281-4850

of this object. shows significantly more lines of s-process elements. Toere
we performed an extra search for s-process lines in therspect

of IRAS 08281-4850. This explains why we have used 12 La

4. Abundance analysis and results lines and 1 Nd in the analysis of IRAS 08281-4850, against
only 5 Lan lines and no Nd lines for IRAS 14325-6428.

4.1. Method

The general methodology is already extensively discussedri 4.2, Abundance results

previous papers (e.g. Reyniers et al. 2004; Deroo et al.)200b . .

will not be repeated here. Here we only remind that we make ubge final results of our stellar atmosphere parameter daterm

of the latest Atlas models (Castelli & Kurucz 2004) in comain tion and our abundance analysis are listed in Table 8. Thte firs

tion with the latest version (April 2002) of Sneden’s LTEdin column of this table gives the actual ion. Then, for each, star

analysis program MOOG (Sneden 1973). The value of the ntipe following columns are listed: the number of lines used; t

croturbulent velocity of IRAS 14325-6428 derived from thenF mean equivalent width in mA; the absolute abundances by num-

lines is high & = 10 km s1), but this high value is also supportedder loge =log(N(elyN(H))+12; the line-to-line scatter; the

by the results of other ions as can be seen in Fig. 4. abundance relative to iron [Ee], and an estimate of the total
Since the spectral resolution of the UVES spectra is mugiicertainty on the abundanegy (see Sect. 4.3). For the ref-

higher than that of the EMMI spectrum, we started the analgrences of the solar abundances (the middle column) needed t

sis with IRAS 14325-6428. In order to avoid undetected béendalculate the [¢Fe] values: see Reyniers et al. (2007).

that are caused by the lower spectral resolution of the EMMI The abundances are also graphically presented in Fig. 5. On

spectrum, we took the line list of IRAS 14325-6428 as outtstathis figure, the dierent groups of elements are marked with dif-
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Table 8. Abundance results for IRAS 08281-4850 and IRAS14325-6828the explanation of the columns: see Sect. 4.2.

IRAS08281-4850 IRAS14325-6428
Ter=7750K Ter =8000K
logg=1.0 (cgs) logg=1.0 (cgs)
&=45kms? &=100kms?
ion N W, loge oy [el/Fe] ow | sun| N W, loge ou [el/Fe] o
Ci 12 117 9.17 0.24 093 0.15857|30 64 9.09 0.12 1.07 0.13
N1 2 87 821 0.14 055 020799| 6 94 798 0.18 054 0.14
O1 2 84 889 0.10 036 0.22886| 10 72 8.89 0.11 0.58 0.14
Naur 1 61 6.76 0.76 025§ 6.33] 2 16 6.50 0.02 0.72 0.20
Mg 1 107 731 0.10 024 754| 3 72 752 0.13 0.53 0.18
Mg 754 3 56 7.25 0.09 0.26 0.19
Al 6.47| 1 147 574 -0.18 0.23
Si 733 1 17 7.26 0.48 0.24
Car 2 72 640 0.08 037 020636 2 18 6.20 0.02 0.39 0.20
Scn 3 110 325 0.11 041 0.123.17| 4 55 3.01 0.07 0.39 0.11
Tin 9 113 481 0.15 0.12 0.0y5.02| 26 84 458 0.11 0.11 0.04
Cr1 1 122 5.60 026 022567| 2 61 534 0.10 0.22 0.16
Cru 9 70 540 0.26 0.06 0.105.67| 17 58 523 0.11 0.11 0.04
Mn 539 2 24 507 011 0.23 0.15
Fer 19 79 729 0.14 0.11 01175134 37 7.07 0.13 0.11 0.11
Fen 15 98 7.18 0.11 0.00 751|122 74 6.96 0.11 0.00
Ni 1t 6.25| 3 33 567 024 -0.03 0.12
Y 9 116 3.81 0.17 190 00822415 70 3.01 0.19 1.32 0.06
Zru 1 170 3.85 158 0.2 260| 14 91 319 0.14 1.14 0.06
Ban 213 1 84 3.13 155 0.20
Lan 12 75 293 0.18 213 0081.13| 5 54 189 0.10 1.31 0.06
Cen 158 2 16 215 0.05 1.12 0.15
Ndu 1 52 278 1.61 0.214 1.50
Ndm 1 101 257 140 022 150 3 60 200 0.11 1.05 0.14
Smu 101 1 11 1.69 1.23 0.20
summary summary

[Fe/H] =-0.33 [F¢H] =-0.55

C/0=1.9 C/O=1.6

[a/Fe]=+0.2 (@: Mg, Ca, Ti) [o/Fe]=+0.3 (@: Mg, S, Ca, Ti)

[Is/Fe]=+1.74 [[9Fe]=+1.23

[hgFe]=+1.91 [hgFe]=+1.29

[hgls]=+0.17 [hgls] = +0.06

ferent symbols. We will summarize the main results for edch around the magic neutron number 82 (Ba, La, Ce, Pr, Nd, Sm).
these groups. Three s-process indices are generally defined-¢ls [hgFe]
. . - .. ._and [hdls]. To be consistent with our earlier papers on simi-
Metallicity Both stars are mildly metal deficient, with iron,, ¢tars (Van Winckel & Reyniers 2000; Reyniers et al. 2004
abundances of [i78] = ~0.33 and—O.5_5 for IRAS 08281- Reyniers & Cuypers 2005), we define the Is-index as the mean
4850 and IRAS14325-6428 respectively. The other irgf e v and zr abundances and the hs-index as the mean of the
peak elements, if present, follow this deficiency. Ba, La, Nd and Sm abundances, with unavailable elements esti

CNO-elements Both stars are clearly carbon enriched, with ag 44 ysing the tables of Malaney (1987). Al indices atedis
enrichment around [Ee]~+1 for both stars. As a conse-;, Taple 8.

quence, we derive also high@number ratios for both stars.
One has to note, however, that in IRAS 08281-4850 the un-
certainty on the oxygen abundance prevents an accuf@e
number ratio for this star.
-elements The simple mean of the [#le] values of the . .
@ (available) a-elel.\m?ents yields c{/Fe]z-Ef‘).% \éng +0.3 for Forthe erroranalysis, we followed the same method as destri

IRAS 08281-4850 and IRAS 14325-6428 respectively. Sudh Deroo et al. (2005). We slightly changed formula (1) obthi
an enhancement is normal for stars in this metallicity rang&®P€r. in the sense that for the uncertainty induced by tfieno
plods We confined the parameter spacedosistent models, i.e.

as a consequence of the galactic chemical evolution afi . =2 e
therefore does not correspond to an intrinsic enhancemerWOdels for which there is ionisation equilibrium between Fe

s-process elements It is clear that the s-process enrichment oﬁmd Far. To be more precise, in order o calculajeod, we stud-
the two objects under study is very strong. ied the abundance changes for twdfelientconsistent models

(Teg=7750K, logg=0.6) and (Tz=8250K, logg=1.5), together
The s-process elements observed in evolved stars can bedliviwith a change of the microturbulent velocity&&2 kms™. The
into two groups: the light s-process elements around thaanatptal uncertainty on the [#fe] abundances:,: can be found in
neutron number 50 (Sr, Y, Zr) and the heavy s-process eleameFdble 8, and is the quadratic sum of the uncertainty on thexmea

9.3. Uncertainty estimates
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Fig.5. [el/Fe] values for IRAS 14325-6428ugper panel) and Fig.6. Four clear difuse interstellar bands in the spectrum of
IRAS 08281-48501pwer panel). The uncertainty on the [#le] values IRAS 14325-6428. A spectral synthesis is overplotted in tedacil-
is the total uncertainty as listed in Table 8. itate the DIB-detection.

due to line-to-line scatter, the uncertainty induced byrtiualel,

and the uncertainty on the Fe abundance: . . :
y listed in Table 9. The columns of this table represent: restew

3 T\, 5 OFe \, length of the DIB; the observed wavelength in IRAS 14325-
Ttot = \/( \/N_) + (mod)? + (W) 6428; the heliocentric radial velocity of the DIB; the measl
el Fe equivalent width; the intrinsic strength of the DIB as saethie
If less than 5 lines were available, a line-to-line scatf€r.@dex DIB standard HD 183143; and the (interstellar) reddening de
was applied. rived from the latter relation. The reference for columnsgid
(5) is Herbig (1995).

The heliocentric radial velocities of the DIBs show some
scatter, but they are definitely fthrent from the heliocentric
Diffuse Interstellar Bands (DIBs) are broad absorption lines wélocity of the star {87 kms?) and show velocities very dif-
interstellar origin that are seen in the spectra of reddebgrtts. ferent from any expected outflow of the circumstellar mate-
The carriers of these DIBs are still not known, but polyayclirial. Therefore, the DIBs seen in the spectrum of IRAS 14325-
aromatic hydrocarbons (PAHs) are amongst the most probab#28 are the imprint of aimterstellar cloud between the object
candidate carriers. Due to the severe mass loss in the pngceénd the observer. A rough estimate for the distance towaes t
AGB phase, post-AGB stars are often enshrouded by carlobn-rPIB producing cloud is obtained through the formula of Lang
circumstellar dust, causing severe reddening. Therefmrst- (1980), which describes the rotation of the Galactic Plgisdql-
AGB stars are ideal testlabs to search for possiieumstel- ing 1.6 kpc. Obviously, this distance is also a lower limit floe
lar DIBs. If, on the other hand, the DIBs are detected to be inlistance towards IRAS 14325-6428. The scatter in the DIB ve-
terstellar, a rough division can be made between the ieftast locities could be caused byftirent DIB producing clouds in the
and circumstellar component of the total reddening towérds line of sight towards IRAS 14325-6428, but also the rest wave
post-AGB star, since some DIBs correlate quite well with thiengths of the DIBs are flicult to quantify due to their complex
interstellar reddening. fine structure (e.g. Galazutdinov et al. 2003).

For most DIBs, there is a correlation between its strength
; : and the reddening that is caused by the DIB producing cloud.
5.1. DiBsin IRAS 14325-6428 The DIB standard that is often used to quantify this relgtien
During our analysis of IRAS 14325-6428, we realised thairgjr HD 183143 (E(B-V)=1.28). In Table 9, the DIB strengths of
DIBs are indeed present in this spectrum. We initiated aesyst this standard, normalized to E(B-¥)1, are given in column
atic search for DIBs. First, we selected eight well-knowi arb, together with the inferred reddening for the DIB prodacin
widely studied DIBs from the list in Herbig (1995). For eadh ocloud towards IRAS 14325-6428 (column 6). A mean interatell
these DIBs, we made a spectral synthesis in the vicinity ef theddening of E(B-V} 0.6 is obtained. If we combine this with
DIB wavelength, based on the abundances found in our abtimetotal reddening towards IRAS 14325-6428 of E(Bgy¥ 1.1
dance analysis (Table 8). The DIB can then easily be idedtifée (Table 6), we can conclude that a significant fraction (acoun
the spectral feature that is not fitted. Four DIBs are showrign 50 %) of the total reddening towards IRAS 14325-6428 is of in-
6. The studied DIBs in the spectrum of IRAS 14325-6428 aterstellar origin.

5. Diffuse Interstellar Bands
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Table 9. Studied DIBs in the spectrum of IRAS 14325-6428. ity stars, because more neutrons become available pes@ed-
In practise, such a trend has not been found for post-AGRB.star
DIB A obs.1 Vhelio EW % E(B-V) The very recent res_ults of the population syr_mthesis__ mod-
&) &) (kms™ (A) HD183143 from DIB els by Bonaci¢ Marinovi¢ et al. (2006) and Bonacic Nhanic

578045 5779.43 —16.6 0.417 0.626 0.7 etal. (2007) are very interesting in this context. Theirrapgh
5796.98 5796.15 -6.3 0.087 0.186 0.5 is to combine stellar population synthesis with a rapidiatel
5849.65 5849.57 -1.1 0.042 0.064 0.7  evolution code including AGB nucleosynthesis and evohutio
6195.95 6195.61 -13.2 0.043 0.063 0.7  Interestingly, their models do reproduce both the obsedied
628386 628360  -9.2 1.043 1.520 0.7 chotomy (see Fig. 1d in Bonati¢ Marinovic et al. 2006Y] #me
6379.20  6378.95 -8.5 0.041 0.096 04 observed spread. Contrary to previous models, only a linite
6613.62 6613.28 -12.4 0.138 0.280 0.5

spread in the strength of tHéC pocket is needed to reproduce
the observedféiciency spread. With the new results presented
in this paper, we are able to add two important datapoints to
constrain this promising new generation of models. Indées,

. two stars discussed here show a strong s-process enrichment
5.2. DIBs in IRAS 08281-4850 although they are only mildly metal deficient. Particulatthe
results of IRAS 08281-4850 are on the predicted boundafies o

IRAS 08281-4850 spectra, we were not able to do a similaystu°th the [hds] index (Fig. 3 of Bonatic Marinovic et al. 2007)
for this source. A qualitative comparison of the strengtiihgf 2nd the Zr overabundance (Fig. 8 of Bonatic Marinoviclet a

strong DIB at 6196 A indicates that IRAS 08281-4850 has 0&907)'

tainly weaker DIBs than IRAS 14325-6428. The total reddgnin

towards IRAS 08281-4850 is, however, stronger than the@ne ¥, Conclusion
wards IRAS 14325-6428, implying that the circumstellar eom

ponent of the total reddening of IRAS 08281-4850 is probabWith the comprehensive abundance analysis presentedsn thi
large. paper, the objects IRAS 08281-4850 and IRAS 14325-6428 join
the group of post-AGB stars with a clear post third dredge-up
signature, since they do not only show a clear carbon enhance
6. Discussion ment, but also a strong enrichment in s-process elemenis. Th
enrichment is surprisingly strong with a high ratio of heaey-
IRAS 08281-4850 and IRAS 14325-6428 were selected on tggs ||gh'[ s-process elements, despite the on|y mild mef&l de
basis of their position in the IRAS colour-colour diagrangiency of both objects. This provides additional evidenicthe
(Pottasch et al. 1988) and the lack of free-free radio camtim intrinsic s-processféciency spread in (post-)AGB stars. A sys-
emission (Van de Steene & Pottasch 1993, 1995). Both objef@fatic analysis of post-AGB stars in the PNe locus of theSRA
remained poorly studied until now. Our chemical analysi- prcolour-colour diagram would be a very rewarding program to
sented in this paper shows that both objects are among tteshoistudy the relation between the AGB nucleosynthesis, thegere
members of the s-process enhanced post-AGB stars known,odficiency and the overall stellar evolution of the central.star
date and illustrates that the rich IRAS legacy of objectshim t
transition between the AGB and the PN phase is far from beifghowledgements. MR is grateful to Sara Regibo for the preliminary analysis
harvested. Although the distance to the objects is notvalk ¢ £ 8 e o e e knowiedmncial support
strained, both O_bjeCtS do not show an ex}r_emely hlgh, IumW'Osfrom the Fund for Scientific Research - Fﬁaﬁders (BelgiumHgscknowlezges
(Table 6) and, given the sub-solar metallicity, both olgj@epre- support from the Belgian Science Policytde through grant ME33/017.
sent the final evolutionary phase of a star with a low initialss
(Mi <2 M@).
There is general agreement that the source of the neutrGigferences
for the s-process in low and intermediate AGB stars is #5€ * Bagnulo, S., Jehin, E., Ledoux, C., et al. 2003, The Messetgé, 10
source”. A long standing problem is the formation of i€ Beichmann, C. A. 1985, Infrared Astronomical Satellite AB) catalogs and
pocketitself. Stellar models using a standard treatmemixifhig agisgsb Eépl_aﬂatory Sucp/lilement (Pasadena: Jet Prapuksimratory, 1985,
H H H edite eicnmann, C.A.
cannot reproduce théc pocketat a Ie.vel which is hlgh enQuQrbonaéié Mgrinovi(':, A, Izzard,)R. G., Lugaro, M., & Pol3, R. 2006, Memorie
for the s-process to take place (Herwig 2005). Until nowgh® ™ o114 Societa Astronomica Italiana, 77, 879
no satisfying description for this phenomenon, and tifiediént  Bonagic Marinovic, A. A., Izzard, R. G., Lugaro, M., & RolO. R. 2007, astro-
modeling groups use fierent descriptions. Many models use ph0703122
some kind of overshoot mechanism (e.g. Herwig et al. 199@&'“'\7 ‘%N 'fg;‘t‘;zﬁ F\*/\-/'—f%?ﬁeasetg;ﬂgoio%m 3. 126, 1050
AI_S(_) dlfferentlall rotation has recently been studied as a Possibi& o 'p Reyniers, M., van Wincgkel, H. Goriely, S., & Siek. 2005, AGA,
mixing mechanism driving the proton engulfment, but thigro 438 987
tionally induced mixing alone cannot account for the forioat Egan, M. P., Price, S. D., Kraemer, K. E., et al. 2003, VizieRli@ Data
of a large enough®C pocket (Herwig et al. 2003). Other groups_ Catalog, 5114, 0
avoid this formation problem by assuming an ad-H pocket EEzCS;?rIEkNE de Batz, B, Copet, . stal. 1994, Ap&sS, A7,
in the He intershell (models by e.g. Gallino et al. 1998) oaélh  £,que, P, Chevallier. L., Cohen, M., et al. 2000, AGAS] 1213
hoc proton density profile (models by e.g. Goriely & Mowlavigalazutdinov, G. A., Musaev, F. A, Bondar, A. V., & KrelowsK. 2003,
2000). The observed spread in s-procdBsiency (see Sect. 1) MNRAS, 345, 365
is then reproduced by a variald&C pocket strength. Since theGallino, R., Arlandini, C., Busso, M., et al. 1998, ApJ, 4988
13C pocket is build upon primary synthesisée, the formation Gagg'é‘glr_'g'?)':” Manchado, A., Pych, W., & Pottasch, S.987) AZAS, 126,
is thought to be largely independent of the initial metélfi@and  Goriely, S. & Mowlavi, N. 2000, A&A, 362, 599
aricher s-process nucleosynthesis is expected for lowillice Harmanec, P. & Bozi¢, H. 2001, A&A, 369, 1140

6993.07 6992.82 -7.7 0.079 0.142 0.6
mean &o) -9.4(x4.8) 0.6 &0.1)

Due to the lower resolution and the lowefNSratio of the
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Table 4. Absolute flux calibration for the various photometric bands
used in this paper.

phot. band 0-mag flux reference
Wm2um?

2MASS J 3.12910° Cohen et al. 2003

2MASS H 1.13%10° "

2MASS Kg 4.283«10°10 "

Cousins ¢ 1.196<10°8 Lamla 1982

DENIS Gunn-i 1.2610°8 Fouqué et al. 2000

DENIS J 3.1%10° "

DENIS K¢ 4.34¢10710 ”

Geneva U 5.75410® Rufener & Nicolet 1988

Geneva B 2.88410°8 ”

Geneva V 3.73810°8 ”

Johnson B 7.2010°8 Johnson 1965, 1966

Johnson V 3.9%10°8 ”

Johnson R 1.7610°8 ”

Johnson J 3x410° ”

Johnson H 1.2610°° ”

Johnson K 3.910°%0 ”

MSSO J 3.0310° Thomas et al. 1973

MSSOH 1.1%10° "

MSSO K 4.0%1010 "

MSSO L 6.1&10 1! "

Table 5. The spectral energy distribution (sorted by wavelengtimi
asAF, in Sl units.

A 08281-4850 14325-6428
AR, AR, AF, AR,
um W m2 wWm wm Wm2

0.3464 15810° 2.2x10® 29410 7.6x10°
0.4227 1510 1510 1.7%10% 1.7x10™

0.4442 3.1x108  6.6x10°M
0.5488 4.7410% 22101 3.60x108 1.7x10
0.5537 3.4x10% 5810

0.6938 1.1&10 1.6x10%
0.7886 1.2410 59x10°%

0.7910 6.3810% 12«10
0.7910 7.2%10°1%  2.7x10°%
1.2280 7.4%10°%  3.5x10°%
1.2280 8.12101 54x10

12350 2.22101 55x10° 7.6%108 2.1x10%"
1.2500 2.2%1017° 1.1x10% 7.42<10%8 3.5x10
1.6200 1.8%10*° 8.6x107'°

1.6500 57810 2.7x10°%
1.6620 1.68107'° 4.9x10'° 538107 1.6x10%
2.1450 3.3%10%  1.6x10
2.1450 3.98101%  3.4x10°

2.1590 1.0810'% 2.9x10%° 3.36x10%° 1.0x10%
2.1900 1.0410%% 3.9x10°°

2.2000 3.1810%% 15«10
3.6000 1.09101% 1.1x10%
8.2800 259101  1.ax10°M
12.0000 5.5%10% 2.7x10* 8.2%10% 5.0x10%
12.1300 8.2%10°8® 4.4x10
14.6500 1.451012 8.8x10°
21.3400 2481012 1.5x10713

25.0000 1.1810%% 7.1x10* 3.6710%? 1.4x10°%
60.0000 1.8%10'% 1.8x<10* 8.54x10*® 9.5<10°%




