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Introduction 
Planetary Nebulae 

(PN/PNe) come 
in a variety of 

shapes 



Introduction 

 Why do stars evolve from spherical objects into  asymmetric 
PNe? 

 How does this impact the recycling of material back into the 
galaxy? 

 Theories suggest companion stars may play a role (Sahai 2012) 



Asymptotic Giant Branch (AGB) Stars 
 Phase prior to PN stage 
 “Red Giant stars” 
 Inert C/O core from He 

fusion 
 Surface temperature has 

decreased 
 Variable stars: luminosity 

changes periodically  
(~1 year cycle). 



Challenges Seeking Companions 
 White dwarf (WD) & 

main sequence (MS) 
stars are smaller and 
thus less luminous 
 

 Variability of the AGB 
star prevents certain 
methods of detecting the 
companion from being 
viable (Sahai 2008) 

 One exception: Mira is a binary 
system consisting of Mira A: an 
AGB star, and Mira B: a WD 
companion  
(Riemers & Cassatella 1985) 



Blackbody Spectra 
Hotter objects 

emit larger 
amounts of 
radiation as 

well as higher 
energy 

radiation 



UV spectra were taken by GALEX of the 
following objects: 



Process 
 Determine UV emission lines that can be emitted 

by AGB stars 
 Determine UV emission lines that have been 

found in AGB binaries, as well as other interacting  
or accreting systems 

 Use GALEXSpec to reduce data 
 Use IRAF to plot data and measure central 

wavelength, flux, fwhm, and wavelength range 
 Calculate flux/noise  



Ultraviolet Observations in AGB Systems 
AGB stars (although cool) emit SOME UV 

light (possibly chromospheric emission): 
 Mg h & k lines (centered at 2800 Å) 
 Fe II lines (various) (Judge & Jordan 1991) 
 C II features centered around 2325 Å  

(Johnson & Luttermoser 1987; Stencel 1982) 
AGB stars emit relatively little flux at 

wavelengths less than 2800 Å due to their 
temperatures. 



EY Hya—our “poster child” 



EY Hya Line Identifications 



The Resolution Challenge… 
The low resolution of the GALEX grism 

made it challenging to identify lines… 
 



The Resolution Challenge... 
Example:  
 “Face on Mars” 
 
Viking 1 





The Resolution Challenge... 



W Peg 
Wait…what 
spectrum? 
 
Phase affects 
the UV 
output of 
AGB stars 
(Luttermoser 
2000) 



EP Aqr 
Asymmetric double 
line profiles seen in 
CO lines 
(Kerschbaum & 
Oloffson 1999).  
C II line shows 
similar structure. 
 
Common in O-rich 
AGBs. Suggested to 
be caused by a 
multiple shell 
structure with 
differential mass loss 
rates  
 



V Hya 



Challenges Faced 
 The low resolution certainly affected the observations 

and analysis 
 FUV observations are only available for EY Hya as 

there was an instrument failure 
 The emissions of variables can vary by phase, which 

may impact the observations and analysis 
(Luttermoser 2000). 

 Some spectra had very odd shapes, likely due to winds 
(Shore 1993). 

 



Summary 
 FUV observations are critical to identifying companions. 

NUV features are theorized to be primarily AGB 
chromospheric features  
(Riemers & Cassatella 1985; Judge and Jordan 1991; Johnson & Luttermoser 1987).  

 EY Hya is the only object with FUV data. Due to the low 
resolution, the findings thus far only weakly suggest an 
accretion disk (and thus a companion) may be present 

 Other researchers indicate V Hya likely has a companion 
(Evans 2009), but our data is inconclusive. 

 Phase, line shape, and chromospheric dynamics are 
important to consider 



Next Steps 
 A proposal is being written to obtain FUV via the 

Cosmic Origins Spectrograph (COS) on board the 
Hubble Space Telescope. The lowest resolution still 
exceeds the resolution of GALEX. 

 Additional NUV observations may be made as well due 
to the resolution challenges faced 

 X-ray observations may also be considered down the 
road. 
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