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Abstract. We searched for Tc in a sample of long period variables selected by stellar luminosity derived from Hipparcos
parallaxes. Tc, as an unstable s-process element, is a good indicator for the evolutionary status of stars on the asymptotic giant
branch (AGB). In this paper we study the occurrence of Tc as a function of luminosity to provide constraints on the minimum
luminosity for the third dredge up as estimated from recent stellar evolution models.

A large number of AGB stars above the estimated theoretical limit for the third dredge up are found not to show Tc. We confirm
previous findings that only a small fraction of the semiregular variables show Tc lines in their spectra. Contrary to earlier results
by Little et al. (1987) we find also a significant number of Miras without Tc.

The presence and absence of Tc is discussed in relation to the mass distribution of AGB stars. We find that a large fraction of
the stars of our sample must have current masses of less thish, 1Gmbining our findings with stellar evolution scenarios

we conclude that the fraction of time a star is observed as a SRV or a Mira is dependent on its mass.
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1. Introduction models agree qualitatively in the sense that the 3DUP is more
L . ) efficient for more massive convective envelopes (e.g. Straniero
The _Asymp_totlc G'a”t. Branch (AGB) _phase IS an Importany; 5 1997) and for lower metallicities (e.g. Busso et al. 2001).
step in the final evolution for the majority of stars. In the mo owever, the quantitative results are still model dependent
Iuminous part of the AGB the behavior of a star is Ch"?‘raftattanzio 2002; Lugaro et al. 2003) and grids of new mod-
te:n;ed by the so called ThermaI.PuIses (TP), thgrmal '_”Slé’rs covering a wider range of stellar parameters are scarce.
p|I|t|es of the He Sh?” accompamed by changes in IummoE]- spite of the observational and theoretical uncertainties, the
ity, temperature, per_lod and internal structure (see e.g. BUS3Q o1\ ad s-element abundances of AGB-stars agree with the
et al. 1999 for a review). Between the repeated events of ¢xs e predictions and thus support the metallicity dependence
plosive He-burning heavy elements can be produced via f&e 3pyp (Busso et al. 2001; Abia et al. 2002). A first at-
s-process in the region hetween the hydrogen and the heli pt to directly check the conditions for the onset of 3DUP
shells. The freshly produced material is then brought to the stg servationally has been made by Lebzelter & Hron (1999).
lar surface by the convective envelope that temporarily extengs, oo nt constraints on the minimum (core) mass (and hence
to these very deep layers (3rd dredge up; 3DUP). This dreq inosity) for 3DUP and its ficiency also come from the
up is responsible for changing the elemental abundances of Served luminosity function of carbon stars in the LMC and
stellar atmosphere from oxygen rich into carbon rich. synthetic stellar evolution calculations.

During the last years considerable progress has been madeArnong the elements produced during the TP-AG e
with regard to models for the 3DUP and nucleosynthesis on the,, i, active element with a half life time of onlya 6 years.
thermally pulsing AGB (TP-AGB; Busso et al. 1999; Lugargg tact makes it to a reliable indicator of the 3DUP, be-
et al. 2003 and references therein). Théedent evolution cause due to the short life time any Tc we see in a star has

Send dorint s o] Lebzelter been produced during its previous evolution on the TP-AGB.
€ ﬁp Nt requests tot. Lebzetter, Technetium should be detectable at the surface after only a few
e-mail:lebzelter@astro.univie.ac.at ¢ Loul Gorielv & Mowlavi 2000). It should b ted at
* Partly based on observations collected at the European South%%rma pulses (Goriely owlavi ). Itshou _eno eda
is point that the absence of Tc does not necessarily mean the

Observatory, Paranal, Chile (ESO-Programme 65.L-0317(A)). t
** Visiting Astronomer, Kitt Peak National Observatory, Noaoabsence of TPs but rather the absence of 3DUP for several TPs.

which is operated by the Association of Universities for Researdtis could be caused by a too low initial mass on the TP-AGB

in Astronomy, Inc. (AURA) under cooperative agreement with ther by a too high mass loss rate at the end of the AGB-evolution.
National Science Foundation. We will come back to this point later on.
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Many long period variables (Miras, semiregular variableTable 1. Selection criteria for AGB stars with good parallaxes from
irregular variables), which are thought to be on the AGB, hatke Hipparcos catalogue (ESA 1997). The third column gives the cor-
been searched for Tc lines in their spectra (Little et al. 198#sponding sources as coded in the Hipparcos catalogue.

Lebzelter & Hron 1999 and references therein) to check for a

relation between variability and dredge up. Miras with periods Goodness of fit <3.14 H30
of more than 300 days were found to show Tc in their spec- Trigonometric parallax >0 H11
tra, while most semiregular variables (SRVs) do not show Tc. Ol £0.5 H11,H16

Lebzelter & Hron (1999) argued that the small fraction of SRVs

with Tc are due to a contribution of high mass objects to this

class of variables. The majority of the SRVs are low mass stdidese observations were done in service mode. Resolution
that have not yet reached the minimum core mass (or equiw@s 50 000. Finally, some data came from an observing run
lently the necessary luminosity) predicted for the 3DUP. THe July 2000 at the ESO VLT using UVER(= 50 000).
results of Lebzelter & Hron (1999) were a first indication thdh all cases the wavelength range was chosen to include the
the luminosity limit derived from LMC stars and stellar evolutwo lines of Tc at 4262 and 4297 A, respectively. Data from
tion models actually also applies to galactic AGB stars. VLT /UVES also included a third Tc line at 4236 A. Thd\Sa-

Among the stars with reliable Hipparcos parallaxes are stilp achieved was typically better than 80 with a few faint stars
several AGB stars which are close to or brighter than the thdtving 3N ratios of only~20. Representative spectra of stars
retical 3DUP luminosity, have enough other observational datth and without Tc taken at similar spectral resolution as in
to reliably estimate their bolometric magnitudes, but have nitis work are shown in Fig. 1 of Lebzelter & Hron (1999).
yet been searched for Tc. In the light of the small number of A complete list of all stars observed in the course of this
stars with good Hipparcos parallaxes and results on the pre&pjects is given in Table 2. Not included are only those stars
ence of Tc a high demand exists to fill this observational gdpat were used as reference objects, i.e. for which the Tc con-
In this paper we will present measurements on the occurrefi@ets has not been determined during this investigation. A few
of Tc on an widely extended sample of M-type AGB stars witBbjects have been observed at more than one observatory.
Hipparcos parallaxes. All measurements gave consistent results on the technetium

Another group of AGB stars that has hardly been inve§ontents.
tigated for Tc lines in their spectra are Miras with periods
above_ 400 days. These_ vgriables are of spe_cial inte_rest_ for 818 pata from the literature
question of the 3DUP limit as observed period luminosity re-
lations for Miras (e.g. Alvarez & Mennessier 1997) suggeBeside the new observations information on the occurrence
that these stars should be above the luminosity limit and sho@fd Tc for further stars has been taken from the literature.
therefore all show Tc in their spectra. In the present paper w# measurements from the comprehensive paper by Little
also give new observational results on these long period Mir&s.al. (1987) have been taken into account. Little et al. intro-

duce five levels in their classification on the occurrence of
Tc, namelyyes, probable, possible, doubtfahd no. As in
2. The sample Lebzelter & Hron (1999) we will combingesand probable
into yesanddoubtfulandnointo no.

All semiregular and irregular variables presented in our pre-
We selected a sample of AGB stars with measured parallaxésus paper (Lebzelter & Hron 1999) were included in our sam-
in the Hipparcos Catalogue (ESA 1997). Only those stars weile. Again a few stars previously classifiedassiblevere re-
used for which the parallaxes followed the criteria listed iobserved and the new spectra were used for the classification.
Table 1. These criteria were chosen to exclude all stars wakllditional information on Tc-rich and Tc-poor stars came from
senseless parallaxes (trigonometric parak@y or bad astro- the papers by van Eck et al. (1998) and Abia et al. (2002). These
metric data due to modelling errors (goodness of fit). The mditerature data combined with our new measurements resulted
imum ratio of the error of the parallax over the parallax was sgra sample of 345 late type (AGB) stars checked for the occur-
lected to allow correction of the Lutz-Kelker bias (see belowjence of Tc lines. Table 3 summarizes theatient parts of the
Primary targets were those stars that have not been seard@dple.
for Tc in the past, and objects without a definite decision on Very briefly we want to discuss here the S and C type stars.
their Tc content. The selection of Miras with periods longetars like these are produced either by contamination from a
than 400 days was based on the General Catalogue of Variaht#e massive companion in a binary system or from their own
Stars (Kholopov et al. 1985-88, GCVS). 3DUP processes. Small samples of stars with these spectral

Observations obtained at three observatories were used.tlypes have been studied by van Eck et al. (1998) and Abia et al.
northern objects spectra were taken with the Coude spec{@B02) as well as Bergeat et al. (2002), respectively. The studies
graph and the Coude Feed telescope at Kitt Peak NatioofVan Eck et al. and Bergeat et al. indicated that most (but not
Observatory (KPNO). We had two observing runs in Januaayl) of the stars with Tc are found above the luminosity limit of
and July 2000, respectively. In both cases the spectral rége 3DUP. On the other hand, not all stars above the luminosity
olution achieved was 35000. Further observations were dipit showed Tc. However, as noted by Abia et al. (2002) it is
tained with Anglo-Australian Telescope (AAT) and UCLESextremely dfficult to exclude the existence of Tc lines in the

2.1. Observations
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Table 2. Observing log. Given are the name of the variable (Col. 1), its variability type (Col. 2), its spectral type (Col. 3) and its period
(Col. 4), respectively. All these data are taken from the General Catalogue of Variable Stars (GCVS, Kholopov et al. 1985-88). Column 5 lists
whether or not technetium could be detected in the obtained spectra. The last column gives the instrument used: KPNO — Coude Feed at KPNO,

AAT — UCLES at the AAT, UVES — UVES at the VLT.

GCVS name Var.type Spectral type Period [d] Tc? Instrument
AgIRR M M6E-M9 394.78 no KPNO
Aqglv844 SRa M5-M7EP 369.00 no KPNO
AgrR M M5E-M8.5E 386.96 yes KPNO
AriT SRa M6E-M8E 316.60 no KPNO
AurNO Lc M2SIAB no KPNO
AurRU M M7E-M9E 466.47 yes KPNO
BooRX SRb M6.5E-M8IIE 340.00 no KPNO
BooV SRa M6E 258.01 no KPNO
CamRV SRb M4lI-111-M6 101.00 no KPNO
CapAG SRb M3l 25.00 no KPNO,AAT
CapT M M2E-M8.2 269.28 no KPNO
CasAA Lb M6l no KPNO
CasVyY SRb M6-M7 100.00 no KPNO
CetAG SRb M3 90.00 no KPNO
CetAM SRb MS5III 70.00 no KPNO
CetAT SRb M5 60.00 no KPNO,AAT
CetU M M2E-M6E 234.76 no UVES
CncBL Lb Ma3illl no KPNO
CncBO Lb: M3l no KPNO
CncBP SRb M3lil 40.00 no KPNO
CncX SRb C5,4(N3) 195.00 no KPNO
CrBRS SRa M7 332.20 no KPNO
CrBY SRb M8 300.00 no KPNO
CygW SRb M4E-M6E 131.10 yes KPNO
DelCT Lb M7 no KPNO,AAT
DelU SRb MS5II-1HI 110.00 yes KPNO
DraCQ Lb: M3IIIA no KPNO
DraWwz SRa M6E 401.70 yes KPNO
EriCY SRb M4lll 25.00 no KPNO,AAT
EriDQ SRb M4l 30.00 no KPNO
EriUU SRb M7 340.00 no KPNO
Eriw M M7E-M9 376.63 possible UVES
EriZ SRb M4l 80.00 no KPNO
GemNP Lb: M1.5 no KPNO
GemNZ SR M3II-IIS no KPNO
GemSW SRa M5l 680.00 no KPNO
GruS M M5E-MSIIIE 401.51 yes UVES
Herg SRb Mé6llII 89.20 no KPNO
HerRU M M6E-M9 484.83 yes KPNO
HerST SRb M6-711IAS 148.00 yes KPNO
HerU M M6.5E-M9.5E 406.10 possible KPNO
HerVv337 SRb M8 280.00 no KPNO
HorR M M5E-MSEII-III 407.60 yes UVES
HorT M M5IIE 217.60 no UVES
HorTwW SRb C7,2(N0) 158.00 yes AAT,UVES
HyalN SRb M4l 65.00 no KPNO
HyaR M M6E-M9ES 388.87 yes UVES
HyaRU M M6E-M8.8E 331.50 no UVES
LacRX SRb M7.5SE 650.00 yes KPNO
LacTV Lb C4,5(N3) no KPNO
LeoDE SRb: M2IIIABS no KPNO
LeoDF SRb M4lil 70.00 no KPNO
LeoVY Lb: M5.5111 no KPNO
LibY M M5E-M8.2E 275.70 no UVES
LMIiRX SRb M4IIIA 150.00 no KPNO
LynRT M M6E 394.60 yes KPNO
LynU M M7E-M9.5:E 433.60 no KPNO
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Table 2. continued.
GCVS name \Var.type Spectral type Period [d] Tc? Instrument
LynUX SRb: M6l no KPNO
LynUY Lb: M3IIIAB no KPNO
Lyrv398 Lb M6 no KPNO
MicT SRb M6E 347.00 no KPNO,AAT
MicU M M5E-M7E 334.29 no UVES
MonSY M M6E-M9 422.17 no KPNO
MonX SRa M1EIII-M6EP 155.80 no KPNO
Oriw SRb C5,4(N5) 212.00 no KPNO
PavNU SRb MellII 60.00 no AAT
PavS SRa M711E-M8III 380.86 possible AAT
PegBD SRb M6-M8 78.00 no KPNO
PegGO Lb M4 no KPNO
PegS M M5E-M8.5E 319.22 no KPNO
PegTW SRb M6-M8 929.30 no KPNO
PegUwW SRb M5-M7 106.00 yes KPNO
PegW M M6E-M8E 345.50 no KPNO
Peruz SRb M5II-111 927.00 no KPNO
PscTW Lb M8 no KPNO
PscTX Lb C7,2(N0) yes KPNO
SclY SRb M4 no UVES
SerDX SRa M5-M8 360.00 no KPNO
SerY SRa MS5IIE 432.70 no KPNO
SgeT SRb M4-M6.5 165.50 yes KPNO
SgrSu SRb M6l 60.00 no KPNO,AAT
TucT M M3IIE-M6IIE 250.30 no UVES
UMaCG Lb M4lIIA no KPNO
UMaCS Lb: M3IIIAB no KPNO
UMaTV SRb M5l 42.00 no KPNO
UMavw SR M2 610.00 no KPNO
VIrER SRb M4l 55.00 no UVES
VIrEV SRb MA4ll-111 120.00 no UVES
VirFW SRb: M3IIIAB 15.00 no KPNO
VIrRS M M6IIE-M8E 353.95 no UVES
VirS M M6IIIE-M9.5E 375.10 yes UVES
VirSW SRb M71ll 150.00 yes KPNO
VulDY Lb M3-M6 no KPNO
VuIFI Lb M3 no KPNO
Table 3. Sample description. (including data from the papers listed above) are carbon rich
objects, in only 6 of them Tc has been detected. Due to the
Te difficulties in the detection and in determining the evolutionary
yes no possible total  history of S and C stars we decided to limit our discussion to M
| | and MS stars. A few newly observed C-type stars are also listed
;?;?ssﬁm]pa%s_ magnitudes 7918 2451 212 Sigl but we will not include them in the further analysis.
variables with known period 73 208 21 302
Miras 52 77 19 148 2.3. Bolometric magnitudes
SRa 4 26 1 sl Bolometric magnitudes were taken from Kerschbaum & Hron
SRb 16 106 1 148 .
SRe 1 1 0 5 (1996) and Kerschbaum (_1999) where avallab_le. In these
SR 0 3 0 3 papers a blackbody was fitted to visual, near infrared and
Lb 5 30 0 35 IRAS photometry. In the case of a notable infrared excess
Lc 0 1 0 1 two blackbodies (star and dust shell) were fitted to the pho-

tometry. Integrating over the blackbody gave the bolomet-
ric magnitude. For the remaining stars similar blackbody fits
were kindly provided by Franz Kerschbaum (private com-

crowed spectra of some of the C-rich stars. One S type Miraunication). Near Infrared photometry has been taken from
out of 15 shows no Tc in its spectrum. 17 SRVs in our sampBagnulo (1996), Fouque et al. (1992), Kerschbaum (1995),
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Kerschbaum & Hron (1994), Kerschbaum et al. (1996, 200Table 4. Comparison with literature values. Column 3 gives the
and Whitelock et al. (2000). Visual photometry came from theference for the literature value: LLMB...Little et al. (1987),

GCVS. LH99...Lebzelter & Hron (1999).
As blackbody fits are available for all our sample ob-

jects we could directly determine the bolometric magnitudes. ~~ GCVSname  Tcliterature reference  Tc new

Nevertheless, we compared the results with bolometric mag-  pqirR possible LLMB ho

nitudes calculated frork brightness and a bolometric correc- BooV yes LLMB no

tion based onJ — K using the relation given by Montedio CetU no LLMB  possible

et al. (1988) ford — K = 1.56 and the one by Costa & Frogel HerU no LLMB  possible

(1966) forJ-K > 1.56, respectively. It should be noted that the HyaRU possible LLMB no

above relations are mostly based on stars not really comparable ~ MicT possible LH99 no

to the objects in our sample. We found timay, values based MonX possible LH99 no

on blackbody fits are in the same range as those calculated us-  PavS no LH99  possible
Virsw possible LH99 yes

ing bolometric corrections for small values & K, but come

out at somewhat lower values for redder stars. We will present
a more detailed comparison of these two approaches in a forth-
Coming paper (Kerschbaum etal.,in preparation). diagram. Some OUtStanding peculiarity was SUSpeCted due to

To derive absolute bolometric magnitudes parallaxes wel® strange light curve behavpr. However, our new spectrum
taken from the Hipparcos catalogue. Where available the va[-Y B0O clearly shows no Tc lines.
ues from the re-calibration of the Hipparcos data by Pourbaix
et al. (2003) and Knapp et al. (2003) were used. A correctign Ragyits
for interstellar absorption was applied using the same approach
as Feast et al. (1982). This correction, however, was very small. The minimum luminosity for 3DUP
for the stars of our sample (0.01 to 0.03 mag). Finally, a coga-

rection for Lutz Kelker bias was applied following the metho ecen.t.stellar (_eyqlutlon calculations for stars W'.th .solar
outlined by Hanson (1979). metallicity and initial masses between 1 andvi3d indi-

bsol itudes derived f . data h cate, that 3DUP occurs for core masses above 0.58M,62
| Abso ute }él_msggltu fs berl\'\//le rom_Hlpparlcozooalta | aY%traniero et al. 1997; Herwig et al. 2000). The above range in
also been published earlier by Mennessier et al. ( )- It e mass mostly reflects the dependency of the core mass limit

to be noted that the values given by Mennessier et al. are BRtthe input physics of the calculations. The main factor driv-

simply calculated from the parallax but use an additional (S'ﬁ'g 3DUP (besides the input physics) is the mass of the convec-

tistical)_ inp_ut f_rom a classification of the star due to some thf\'/e envelope, which has to be larger than about\d,gsee e.g.
tometric criteria ¥, IRAS colors). In general we found a qw_t traniero et al. 1997). Thus at solar metallicity the twibedt
good agr_et_ament betwe_eq our values aqd their results, Wh'cgljﬁf sets of calculations predict 3DUP only for stars with initial
not surprising as very similar sources of infrared mez_agurememgsses above M. This limit is also supported by the anal-
have been used. The reason for the few stars witkrifig re- is of carbon star luminosity functions (Marigo et al. 1999a)

) s
sults could not be found, but as the Mennessier et al. val a comparison of flerent model calculations by Mowlavi
are based on a statistical approach, such deviations for a ‘@!99)

individual objects are not surprising.

Applying the classical core mass luminosity relation (e.g.
Marigo et al. 1999b) to the above core mass limits results in a
2.4. Comparing new measurements with literature luminosity limit for 3DUP of 7000 to 900Q. However, for a

data comparison with observations twéfects should be taken into

account: (i) during the first TPs the pre-flash (quiescent) surface

Some of the stars in the observed sample have been investightaunosity is significantly lower than predicted by a linear core
for Tc already before. We observed these stars to check corass luminosity relation (see Marigo et al. 1999b for a discus-
sistency in the classification and to clarify cases classified si8n). This is of special relevance for low mass stars where the
“possible” in the literature. In general, the agreement betweenvelope mass is larger than the minimum only during the first
the new measurements and the literature data is very gofmv pulses. (ii) neglecting the fast luminosity change during
Among the objects reobserved, those stars classified by LLNtg TP, the surface luminosity increases between two consecu-
as “doubtful” or “probable” all showed in the new data “no Tc'tive TPs by about a factor of 2 (e.g. Straniero et al. 1997).
or “Tc”, respectively. This justifies the assumption made before Thus instead of applying the core mass luminosity relation
on reducing the five classification levels of LLMB into threewe have estimated luminosity limits from the luminosity evo-
A few objects with dffering (or clarified) results exist. Theylution of the 1.50M; model of Straniero et al. (1997). For a
are listed in Table 4. In these cases the decision on the ocaare mass of 0.581,, the surface luminosity varies between
rence of Tc was based on our own spectra. An interesting cddg, = —3"9 and-4"8, for 0.62M,, the corresponding range
is the SRV V Boo. LLMB had originally classified the star ass from —472 to —5M1. Thus from these models we expect no
“probable”. Lebzelter & Hron (1999) found that the star hastars with Tc belowMp = —379. Above this luminosity, the
a puzzling location for a Tc rich star in the period-luminositfraction of Tc-rich stars should increase if the envelope mass is
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Therefore the dierence cannot be explained by the variability
of the star. The Tc classification is from Little et al. (1987). The
star is an oxygen rich Mira variable with a period of 317 days.
:— — In this context it is interesting to compare the Hipparcos dis-
i ] tances with those derived from photometric calibrations as-
L ] suming that all Miras belong to the same luminosity class
i J 1 - ] (Celis 1995). We found 9 M-stars stars among the AGB vari-
L T ) ables with good Hipparcos parallaxes (according to our crite-
iﬁ' ] ria) that are also found in the list of Celis. The photometri-

cally determined distances fall in five cases within the error

Ho—
il

T% - A i : _ bars given by the Hipparcos catalogue, in two further cases the
Tﬁ % %) $5 T 1 % ] distances from Celis are only slightly outside the Hipparcos

Q% ] error bars. The remaining two stars, o Cet and RV Sgr, show
- % 1 ] a somewhat larger fierence between the two approaches,
e 1 ] the latter one having the largedfset within this small sam-

% - ] ple. The distance from Celis would shift the star upwards
in Fig. 1 by 2.5 mag, i.e. clearly above the luminosity limit
for the 3DUP. This higher luminosity is supported by the
value expected from the period-luminosity relation of Miras
(Whitelock 1986), which is almost identical. In the light of this
Fig. 1. Colour-luminosity diagram for the M-type AGB stars withresult we doubt the Hipparcos distance to RV Sgr. However, a
good Hipparcos parallax searched for Tc lines in their spectrum. Op@iyre detailed analysis both of the distance and the Tc occur-

symbols denote non detections, filled squares represent stars sr}%yy‘-ce for RV Sgr is mandatory to draw a definite conclusion on

ing Tc, and open triangles mark unclear cases (possible). The full I'trPﬁs star.

marks the approximate minimum luminosity of an AGB-star when her i . It f . is the f hat th

third dredge up sets in. The dotted line shows the approximate maxi- Another interesting result from Fig. 1 is the aCFt a.tt _er?

mum Iuminosity at this stage. See Sect. 3.1 for details. are a number of stars clearly above the 3DUP luminosity limit
showing no Tc lines in their spectra. This result is independent

of the variability class attributed. We will come back to this
high enough for repeated 3DUP. However, it has to be keptggint later.

luminosity limit) are still uncertain. that technetium is detected in stars of &l K colors. This
means that there is no dependency of the detection of Tc on the
3.2. Comparison with observations temperature of the star. We can therefore exclude that any non

detection of Tc lines may be due to a temperattiieot.
In Fig.1 we plot a HRD of our sample of AGB stars.

J - K has been used as a temperature indicator (e.g. BesSeB. Period dependency of the 3DUP

et al. 1996; Houdashelt et al. 2000). However, as noted Aymuch larger sample could be used to investigate the depen-
Bessell et al. (1996), for the cooler Mirds- K is of only lim-  dency of the occurrence of Tc on the characteristics of the vari-
ited use as a temperature indicator. Sources of near inframity, especia”y the Var|ab|||ty period_ As mentioned above
photometry have been described above. The full line in the figittie et al. (1987) concluded from their measurements that all
ure marks the approximate minimum luminosity for 3DUP agiiras with periods longer than about 300 days show Tc lines
discussed above. Error bars are derived from the error of {Retheir spectra. Lebzelter & Hron (1999) found a few SRVs
parallaxo, given in the Hipparcos catalogue. with Tc at periods around 150 days. Data on long period ob-
Taking into account the error in the parallax it can be se@stts, both Miras and SRVs, were rare. As a part of the present
that all but one star with technetium are found above or Veﬁiject we could extend the list of |ong period Objects S|gn|f|_

close to the estimated theoretical third dredge up limit. Th@ntly. Figure 2 shows the period distribution of the SRVs and
two possiblecases lie slightly below the limit. It has to be takefMiras in our sample.

into account that for a significant fraction of the stars no near \we calculated the fraction of Tc rich stars within each

infrared light curves exist. This introducesafurtherscatterinlgériod bin separated by variability type. The result is pre-
the luminosities that has not be included in the error bars giveanted in Fig. 3. It can be seen from Fig. 3 that, opposite to
For those stars where we have multiple measurements we §iRd findings of Little et al. (1987), not all Miras with peri-

that this scatter is typically of the order of 0.05 to 0.4 magyys above 300 days have Tc. Taking into account only the
Only for the Mira variables we expect bolometric variations Qfiear cases, only about 45% of the Miras with periods be-

up to 1 mag. _ _ ~ tween 300 and 400 days show this signature of the third dredge
One star, RV Sgr, is clearly below the third dredge up limit

ar}d Sti!' shows Tc lines in its spectrum. THemagnitude of 1 o et would be shifted a little bit towards lower luminosities us-
this object has been taken from Whitelock et al. (2000), whgy the distance from Celis, but the star would still remain in the
give an almost complete near infrared light curve of RV Sg8DUP region.
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in short period Miras, which are thought to be metal poor
(e.g.Hron 1991). On the other hand, thdfelience between
Tc rich and Tc poor SRVs is not significant, i.e. both groups
show the same period distribution. However, one has to take
- 1 into account the small number of SRVs with Tc. In our sample
there are only 20 SRVs (13%) with Tc.

ﬂ ] T 4. Discussion
A ,_l: ,_l:'_‘ —_—

We could show that the available observations are consistent
i ] with the luminosity limit for 3DUP as estimated from recent
- . stellar evolution models: only stars brighter than this limit
L i show Tc lines (excluding RV Sgr). However, our investiga-
tion also demonstrates that being brighter than this approxi-

mate 3DUP limit is not a dficient criterion for a star to show
i H ) Tc lines. This result is independent of variability class although

] the fraction of stars above the 3DUP limit with Tc is dependent
H 1 on the variability type: among the SRVs, only 15% of the stars
= show Tc, while 44% of the Miras are Tc-rich. Irregular vari-
ables show almost the same fraction as SRVs. We therefore
have to ask, why obviously no Tc is detected in more than half
Fig. 2. Histogram showing the period distribution of the SRVs (topf the stars above the 3DUP luminosity limit. For this analysis

panel) and the Miras (bottom panel) in our sample. we will concentrate on the SRVs. The Miras have significantly
—————— larger luminosity uncertainties due to larger luminosity varia-
- = . tions and parallax errors.

4.1. Observational error sources

We first want to discuss the firent ingredients of our in-
vestigation. Hipparcos parallaxes are currently the best known
source for distance determination of individual objects. Platais
et al. (2003) have investigated the impact of wradhg | col-

i - ors used in the reduction of the Hipparcos measurements.
I / 1 However, for most stars there was no significant modification

in the astrometry when using corre¢t— | values. Platais

, ‘; | et al. conclude that theffiect is either insignificant or it has
/ > { ' ‘ L somehow been accounted for. We have shown here that bright-
** ness variations due to stellar pulsation provides only a minor
effect.
For M and S type stars, high resolution spectroscopy al-
Fig. 3. Fraction of stars with Tc lines within each period bin. Filleqqgys to prove the presence or absence of Tc lines in most cases.

and open boxes mark Mira variables clearly and possibly showing T,siple problems in C-rich stars have been mentioned before.
respectively (connected by a solid line). Asterisks mark semiregu

variables (connected by a dotted line). Only stars with spectral type. ﬁfltTe prgsent ?ape{ ;ve foudnd Ehat :Ihe dftecttlon of tiChne?um
and MS have been plotted here. For S- and C-type stars see text. IS aiSo obviously not dependent on Ive tlemperature o
the star. We (Lebzelter & Hron 1999) have shown that also the

measurements of Little et al. (1987) that have been obtained

up. Even combining clear and possible cases, 100% is nesea somewhat lower resolution are — with some exceptions —
reached. For periods between 400 and 450 days the fractieliable sources for the occurrence of Tc in red giant stars. We
of Tc rich stars drops even further. Only the four Miras wittherefore conclude that our approach is correct.
periods between 450 and 500 days all show Tc. Two Miras
with even larger periods show no Tc. Semiregular varlablgl
with Tc are found at periods between 100 and 250 days an
around 425 days. The fraction of SRVs with Tc is typically oThe detection of Tc in the atmosphere of a red giant is an un-
the order of 20 to 30%. deniable evidence of an ongoing s-process within the star and a

A statistical analysis (t-test) of the period distribution ofecent 3DUP event. On the other hand, there are several possi-
Miras shows, as expected, a highly significarffedtience be- ble reasons for the absence of Tc. As can be seen from the cal-
tween the group of Miras showing Tc and those showirgylations of Busso et al. (1992) and Goriely & Mowlavi (2000)
not Tc. This reflects the fact that technetium is not founttie reduction of Tc during the interpulse phase dug-ttecay

g Dredge up termination and metallicity effects
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never endangers its survival. However, if no 3DUP takes place
over several thermal pulses, the Tc produced earlier may decay
below the detection limit (Busso et al. 1992). Such a situation
could possibly occur if the envelope mass is reduced below the
minimum mass for 3DUP. The solar metallicity Mg models
of Herwig et al. (2000) may be an example for this. The ter- B
mination of 3DUP could contribute to the apparent decrease I
of Tc-rich Miras with periods longer than 400 days. These -
stars are the most luminous, i.e. evolved objects among the
Miras and mass loss could have reduced their envelope mass -
significantly.
Another possible féect preventing 3DUP is the influence -
of metallicity. As discussed earlier, a lower metallicity in-
creases the chance for 3DUP. If this behavior can be extrap- L
olated to metallicities higher than the solar metallicity it could I
explain the lack of Tc in the stars above the 3DUP luminos- . R
ity limit. According to the scale heights of SRVs and Miras
(Kerschbaum & Hron 1992), Miras (except for the short period
Miras) and SRVs should have a similar (solarlike) metalliCity;;, 4 periog-uminosity diagram for SRVs. Same symbols as in
Furthermore, the strengths of the metallic lines in the spectr . 1. Solid and dashed lines mark the first and second overtone PL re-

stars with and without Tc are very similar, indicating no larggtions from Fox & Wood (1982) for 1.0, 1.5 and\8,, respectively
differences in metallicity. (from right to left).

4.3. Influence of the stellar mass properties of SRVs (Olofsson et al. 2002), masses abdig 2

In Fig. 1 ked Wth ) | umi _seem to be unlikely for the Tc-poor stars.
n Fig. 1 we marked notonly the approximate lower luminosity Combining all this we can therefore interpret our results in

I|m|t_ for _the th|_rd dredge up, but also the expected MaxXIMUfe sense that our sample contains a large fraction of stars with
luminosity during the thermal pulse cycle when 3DUP Sets if. ., ot mass below 10,. Alvarez & Mennessier (1997)
This maximum luminosity is the luminosity during quiescent e interpreted the scatter in their temperature-period relation
hydrogen burning and should represent the stellar lumino Miras as a scatter in stellar mass. They conclude that Miras
for one third to one half of the pulse cycle time (e.g. Straniegq]ow a mass range between 0.8 and\2,8with a mean mass

et al. 1997). Since on average the luminosity INCreases Wit am,. Since there are some indications that there is an evo-
core mass, all stars with core masses smaller than the l'm'tllfi’trionary path from SRVs to Miras (see e.g. the discussion in
3DUP discussed in Sect. 3.1 are expected to be found af[ ®bzelter & Hron 1999) this mass range is consistent with our

sults.

minosities smaller than this maximum luminosity. Stars wi
larger core masses should have luminosities above the lumi- Independent information about the mass range of the SRV

nosity minimum — but not necessarily 3DUP because they m

values, i.e. total masses of more thald. Wood (1982). However, one has to remember that these mod-
For the stars without Tc which are brighter than the ming|s correspond to the quiescent H-burning stage, i.e. their lu-
mum luminosity there are two plausible explanations in teMiSinosity is the maximum value attained during a TP-cycle for
of mass: (a) the stars have core (and maybe also envelop@lven total mass. Thus when comparing the models with the
masses smaller than the 3DUP-limit but are in a phase gNservations one has to take that into account in addition to the
the TP cycle with luminosities higher than the minimum suksarallax errors. Most of the Tc-rich stars are compatible with
face luminosity (e.g. the quiescent hydrogen burning phasgyjst overtone pulsation and pulsation masses of 1N, 2Two
(b) the stars have core masses higher than the 3DUP-ligithese stars should have a higher mass and a higher pulsatior
(hence higher luminosities) but envelope masses below #gde. For the stars without Tc a wider range in mass and pul-
minimum value required for 3DUP. Case (a) would correspor@tion mode is required. While this fits with stellar evolution
to stars with a total mass below about M&? in early stages and nucleosynthesis for the stars on the right side of thig 1
of the TP-AGB. For case (b) a wider mass range is allowggst overtone PL relation, the lack of Tc-rich stars to the left
(i.e. also masses above M) but the stars have to be in adyf the 1.5M, first overtone PL relation points to pulsation
vanced stages of the TP-AGB and the more massive objegfSower mass stars in higher overtones. The existence of (at
would need to have high mass loss. Given the typical mass I%t) two pulsation modes among SRVs is also in agreement
with findings from the LMC presented by Wood (2000) and
2 Due to the lack of published models between 1 and,5nore from field SRVs by Kerschbaum & Olofsson (1998). The sin-
accurate constraints areffifiult to set from this point of view. gle Tc-rich star at a period of about 30 daysi®ri. Although
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its location would indicate a high mass it is a peculiar objebe checked by comparison with constraints from stellar pulsa-
(see the discussion in Lebzelter & Hron 1999). tion theory. A large fraction of the stars therefore should have

The SRVs at bolometric luminosities abov&™ pose a a current total mass of less than M3. We suspect that the
problem since such luminosities would require masses ofatsence of Tc in a significant fraction of long period Miras
least 3M, both from stellar evolution and from pulsation theis due to a reduction of the envelope mass below the critical
ory. For such masses the current stellar evolution models pligit by mass loss. To set further constraints on the mass range
dict continuous 3DUP but only one star shows Tc. One of tigé AGB stars stellar evolution models between 1 andM.5
Tc-poor objects (RV Boo) is known to have peculiar mass log®uld be needed.
(Bergmann et al. 2000). The other two stars (SV Peg, T Mic) We find that the lower fraction of Tc rich SRVs compared
seem to be quite typical SRVs. From their spectra and thédrthe Miras most likely reflects a lower mean mass of SRVs.
galactic latitude a supergiant nature can be excluded. Their highmbining our findings with stellar evolution scenarios we
luminosity may be due to an incorrect parallax but a furthepnclude that the fraction of time a star is observed as a SRV
analysis of these stars is needed. or a Mira is dependent on its mass.

In a forthcoming paper (Hron et al., in preparation) we will
compare our findings of the present paper with a similar inves-
tigation on AGB stars in the Galactic Bulge. With current in-

Our results also have some implications on the variable stgf&imentation the Galactic Bulge represents the distance limit
on the AGB. Miras and SRVs occupy the same region abolf¥ such an investigation. Cur_rently plaljned instruments may
the 3DUP limit in Fig. 1. Still both groups havefitirent frac- P€ able to search for Tc also in LMC Miras and beyond. This
tions of Tc rich objects (about 50% of the Miras versus approill then allow to test the 3DUP limit with the help of Tc in
imately 25% of the SRVs). A comparison of the occurren&Vironments of dferent metallicity. o

of Tc and pulsational parameters like period or visual light am- Furthermore, one can hope that the small existing sample of
plitude shows no indication of a correlation. This reduces tf@ras with reliable distances can be extended by future space
possibility that stellar pulsation (and the related changes in fR&fOmMetry missions,

atmospheric structure) has some influence on flieiency of

the 3DUP. It seems therefore likely that thé&eience between
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