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ABSTRACT

We observed a sample of 56 Vega candidate stars with the IRS and MIPS instruments on-board the Spitzer Space Telescope. All 
stars were in the spectral range of F0-F9, forming a homogeneous sample in terms of stellar mass and luminosity. In this 
contribution we present our first results related to (1) the identification of bogus disks among Vega candidates; (2) the detections of
warm debris disks; and (3) the long-term temporal change of the incidence of debris systems around F-type stars.
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One of the major discoveries of the IRAS mission was that
main-sequence stars can be accompanied by circumstellar
dust disks (Vega phenomenon). Since the destruction time-
scales of dust grains orbiting main-sequence stars are sig-
nificantly shorter than the age of the central star, the
observed dust grains in these circumstellar disks must be 
continuously replenished (Backman & Paresce 1993). 
Collisional erosion of minor bodies in exosolar analogs of our
Solar System, or the sublimation of comets are the best
explanations for the replenishment process (Harper et al. 
1984, Backman & Paresce 1993).

In our program we investigate a sample of 78 F-type, Vega
candidate stars,  whose infrared excess above the photo-
sphere - indication for the presence of a disk - was in most 
cases already measured by ISO or IRAS.  Our goal is to
study (1) the temporal evolution of debris disks, including
both evolution of the geometrical structure of the disk and of
grain processing of the disk material; (2) individual systems
with very high fractional luminosity;  (3) old stars with warm
debris disks; and (4) debris disks in young moving groups. 
Our results will be used to verify model predictions for F stars, 
and can be compared with the outcome of the large programs
dedicated to A and G-type stars.

In the last few years several IRAS-based debris disk candidates turned
out to be bogus. Examples are HD155826 (Lisse et al. 2002), or the list
of Kalas et al. 2002. Most common problems are
1/ contamination by background objects (cirrus knots, galaxies), 
2/ Pleiades-like nebulosity, or
3/ unreliable point source detection by IRAS.
Part of our debris disk candidates is based on IRAS data. We utilized
higher resolution mid- and far-infrared observations with MIPS to identify
bogus debris systems in our sample. An example is shown below, which
demonstrates that the far-infrared emission is not related to the F-type
star HD 56099. 

We found twelve objects which were proposed to be debris systems
earlier in the literature, but our analysis did not confirm these claims.  

As a first attempt to investigate the overall temporal evolution of debris
systems around F-type stars we studied the incidence of disks as a 
function of stellar age. The histogram below shows that stars younger
than ~30Myr (log(Age) < 7.5) are surrounded by dust disks with a high
probability (9/10), while the same ratio among the oldest stars of the
sample (log(Age) > 9.5) is only ~10%. At intermediate ages a smooth
decrease of the incidence rate can be seen.  

Rieke et al. (2005) found that younger A-type stars show excess
thermal emission more frequently and with higher fractional excess
than do the older stars. About 50% of the younger stars (age < 90Myr)  
in their sample exhibit excess emission above the photosphere at 24 
or 25µm. This is consistent what we found in our F-star sample.

The high detection rate among the younger population of our sample
may be an indication that the process of forming planetesimals -
whose collisions responsible for replenishing dust grains - is on-going
in these systems (Kenyon & Bromley 2002, 2004).

Age determination for main-sequence field stars is 
challenging, and sometimes results in very uncertain
values. On the other hand, ages of young stellar kinematic
groups, discovered mainly in recent years, are relatively
well determined (e.g. Zuckerman & Song 2004). 

In order to obtain more reliable age estimates for our
sample, we performed a systematic investigation of the
possible relationship between our candidate stars and
nearby moving groups, stellar associations. Due to this
study six new moving group members were identified (for
details see Moór et al. 2006). We note that revised ages of
these objects are usually lower than the earlier values.

For a number of stars not associated with groups or with
associations, age estimates could be found in the
literature. In most of these cases the age determination
was based on isochrone fitting.
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OBSERVATIONS

� We have observed so far 56 F-type main-sequence
and subgiant stars using the IRS and MIPS 
instruments on-board the Spitzer Space Telescope.

� The sample includes two groups of stars: 
a) objects where earlier data (IRAS, ISO) indicated
the presence debris disks; 
and
b)  members of nearby, young (<150Myr) stellar
kinematic groups (e.g. Tucana-Horologium, GAYA2, 
AB Dor).

� We performed photometric observations with the
MIPS 24, 70, and in most cases with the 160µm 
filters. The MIPS BCD files were processed with the
SSC MOPEX software.  SSC APEX software 
package was used to detect sources and extract the
photometry using PRF fitting on the final maps.

� Low-resolution IRS spectra were processed using
the SMART package starting from the BCD products.

DETECTION STATISTICS

56 F-type have been observed so far with the MIPS instru-
ment. At 24µm all stars were detected, while at 70µm 23 stars
could be observed. At 160µm only 12 objects exceeded the
detection limit.  After excluding bogus disks, for the rest of the
sample photospheric predictions were subtracted from the
measured fluxes and checked for excess above the
photosphere. 

In total, 24 confirmed debris disks were identified. Eleven of
them are new discoveries. Among the 24 systems, 3 peak at
24µm, the rest are cold debris disk. The derived fractional
luminosity values are in the range of 10-5 to 2x10-3.

Example: the SED of one of our confirmed VEGA systems HD 30447. 

Kurucz model of the stellar photosphere and the best-fit emission

model for simple blackbody dust grains are also shown.

Using similar criteria as Mannings & Barlow (1998) we identified in the IRAS database 16 old (age > 500Myr) F-type stars which exhibit
only mid-infrared excess and weak or absent far-infrared excess emission.

In most cases, however, our Spitzer observations did not confirm the existence of mid-infrared excess (in 15 cases only the pure
photosphere was detected).  Only one old system, HD169666 harbours a warm debris disk. It is consistent with earlier claims (Laureijs et
al. 2002, Hines et al. 2005, Bryden et al. 2006) that such type of old warm debris systems are very rare.  

In the moving group subsample of the programme two additional warm systems were found. Both objects belong to the Tucana-
Horologium association. 

Future Plans

Flux ratio (Fmeas/Fphot ) vs.  predicted

photospheric fluxes (Fphot
) for 56 F-type

stars measured at 24µm with MIPS. For

15 stars in the sample this ratio is 

anomalously high indicating significant 24 

µm excess above the photosphere. 

Distribution of stellar ages. The total number of stars and the number

of stars with infrared excess are plotted with different colours, as

indicated in the legend.    
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After all planned Spitzer observations are completed we
analyze the evolution of debris disk parameters around F-
type stars. The results will be compared with the outcome
of similar Spitzer programmes dedicated to A-type and G, 
K-type stars
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