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Summary:

-  λ Boo stars are Population I, A0-F3 stars with strongly depleted α and Fe-peak elements abundances but relatively normal solar 
abundances of C, N, O, and S.  These unusual stars constitute 1% of field A stars at various ages and are not related to other 
phenomenon such as Ap or Am stars, but are sometimes classified as δ Scuti. (Paunzen 2004) Well known stars such as β Pic, 
Vega, and HR8799 have also been suggested to be λ Boo type stars.

-  Accretion from a debris disk or ISM pockets are proposed mechanisms to explain the phenomenon by deferentially accreting 
gas over dust (Waters 1992, Venn 1990).  Internal stellar convection mechanisms have also been proposed. (Paunzen 2004)

-  Using Herschel PACS observations of 8 λ Boo stars, we find that there is likely a trend with IR excess which is consistent with an 
external mechanism for the phenomenon (8/8 have photospheric excess at 100/160 μm).  Spectroscopic abundances also 
suggest a correlation with disk parameters.

-  3 of the stars host well resolved debris disks.  Based on constraints on the radial extent and temperature of the excess dust 
emission we find that all 8 are consistent with dust grains of a debris disk rather then the ISM.

PSF Subtraction:

PACS 100 μm images of 6 λ Boo stars with 40”x40” FOV with 
North up.  HD 31295 is a resolved debris disk with symmetric 
disk ansae structure rather then anti-symmetric bow-shock 
structure.  λ Boo and ρ Vir are also resolved debris disks 
from the DEBRIS survey and not shown here (Booth 2013). 
HD 221756 and HD183324 likely have background galaxies 
which are masked in the residuals on the right.  HD198160 is 
the most compact likely due to its binarity truncating the 
disk's outer radius.

SED Fitting:

SEDs are fit using archival photometry and the 100/160 μm 
observations with Herschel PACS.  HD11413 shown above 
was established to have an excess from Spitzer MIPS 70 μm 
data but the addition of PACS data has yielded a well resolved 
disk of measured temperature.

Future Work:

-  Reanalysis of ESO archival spectroscopy for NLTE effects in 
abundances will be carried out on this sample.

- A spectroscopic analysis of the DEBRIS survey to better 
understand any correlation with excess emissions and stellar 
surface abundances is currently underway.

Stellar Surface Abundances:

LTE abundances were taken from the literature (Stürenburg 
1993, Paunzen 1999a) and used to give a metric for the 
degree of λ Boo type under-abundances.  When available, 
elements like Fe, Ca, Si, Mg, Ti, Cr, etc. were averaged 
relative to solar.  The error bars represent the standard 
deviation of those abundances, which typically had errors of 
0.2 dex individually.  The disk mass and radius were 
estimated using derivations from the SED fits (Wyatt 2008). 
In general the abundance pattern seems to be correlated 
with disk radius (temperature), and disk mass such that 
massive disks farther out have equivalent abundances to 
smaller disks closer in.

Debris Disk vs ISM Dust:

Typical debris disk grains are larger then ISM dust grains (10  
vs 0.1 μm) since the dust will be collisionally generated in 
the disk rather than remnant gas and dust from stellar 
ejecta.  Since small grains will have a higher equilibrium 
temperature then larger grains at the same distance, the 
debris disk and ISM can be differentiated based on the 
measured temperature and radial extent. Given the range in 
temperature of the observed disks (55-91 K), it is clear that 
ISM grains would have to lie at an uncharacteristically large 
orbit (200-1000 AU) while 10 μm debris disk grains place the 
dust at the observed 100-150 AU radii, regardless of 
assumed composition. 
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