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ABSTRACT 

The symbiot ic s ta r AG Dracon is was observed by the HEAO-2 
Imaging Propor t iona l Counter (IPC) and found t o be an unusual ly 
intense source of very soft X-rays. 

I. INTRODUCTION 

AG Draconis was observed w i th the IPC on 1980 Apr i l 11 , fo r an 
ef fect ive exposure time of 8800s. During the exposure, 2345 net IPC 
source counts were detected. The pulse-height d i s t r i bu t i on is shown 
in Figure 1 . The spectrum i s very s o f t , cons is tent with a l l of the 
counts being caused by photons of energy less than 0.28 keV. 

I I . DISCUSSION 

X-ray spectrum analysis i s performed by fo ld ing a source model 
spectrum through the de tec to r response f unc t i on and comparing the 
resul t with the data v ia a x t e s t . The source of the X-rays is 
assumed to be a volume of gas at a s ing le temperature having an 
emission spectrum (continuum plus l ines) as calculated by Raymond and 
Smith (1979). The source spectrum may be attenuated by a foreground 
column of mater ia l having the opac i ty per hydrogen nucleus of the 
i n t e r s t e l l a r medium given by Brown and Gould (1970). The source 
temper tu re , T , emiss ion measure, EM = N x Volume, and the 
foreground column d e n s i t y , NM, are f r ee parameters i n the f i t t i n g 
process. In add i t ion , the value of the IPC gain used by the detector 
response f unc t i on has been a l l owed to vary ± 10% to accomodate 
uncertainties in the IPC ca l i b ra t i on . 
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The r e s u l t s of the spect ra l f i t t i n g are shown in Figure 2. 
Below the sol id l i ne i s the 90 % conf idence region in the T versus 
NM p lane, determined using t he procedure descr ibed by Lampton, 
Margon and Bowyer (1976). Also shown are contours of the b e s t - f i t 
emission measures. I f we adopt the My of an ord inary K3 I I I star 
then the object 's V = 9.4 ind ica tes a distance of 700 pc. From the 
data of Hei les (1974) we then est imate a foreground i n t e r s t e l l a r 
hydrogen column dens i t y o f 3 x 10 cm"^ f o r t h i s d is tance i n 
th i s d i rec t i on . A fur ther l i m i t on the l i k e l y values of the emission 
measure can be made fo l l ow ing the technique described by Nordsieck, 
Cassinel l i and Anderson (1981). The absence of various coronal l ines 
in the v i sab le spectrum at the 1 A equ iva len t w id th leve l l im i t s 
allowable models t o the region of the EM versus T plane below the 
various l ines in Figure 3. The combination of these loc i transforms 
to the long-dashed l i n e i n Figure 2 . Together these numbers and 
reasonable est imates o f the u n c e r t a i n t i e s t h e r e i n lead to the 
fol lowing character ist ics for the X-ray source in AG Dra : 

T = 1.1 x 10 6 K . 
EM = 2.6 x 1 0 " cm~~ 
NH = 3 x 10 ' u cm"^ 
L£ ( . 2 - 1 . 0 keV) = 5 x K T * ergs s " 1 

Because of the uncer ta in ty i n the IPC gain and i t s re la t i ve l y 
broad smearing f unc t i on and because of the m u l t i p l i c i t y of and 
uncertainty in the free parameters i n the f i t t i n g procedure, a l l of 
these character ist ics are uncertain by factors of the order of 2. 

The impl icat ions of these observat ions are discussed in more 
deta i l by Anderson, Cass ine l l i and Sanders (1981) who f i nd that i f 
the source of the luminosi ty i s t o be associated with mass transfer 
from a red-giant t o a whi te dwar f , an e x t r a o r d i n a r i l y large mass 
loss rate i s required. On the other hand, t h i s luminosity would be 
produced i f about 10% of the acoust ic f l ux expected in a K3 I I I star 
were conve r ted t o X- rays i n a ch romosphere -corona r e g i o n . 
Ef f ic iencies of th i s order are not unusually high. 

Recently we have i n v e s t i g a t e d as an a l t e r n a t e input model 
spectrum a simple Planck f u n c t i o n . With the same foreground column 
dens-ity adopted above we f ind t ha t the best f i t temperature is 2.5 x 
10 K and the e m i t t i n g area cor responds t o a sphere of a 
thousasnd k i l o m e t e r s r a d i u s . J u s t a t t h e l o w e r l i m i t _ o f 
accep tab i l i t y i n the model f i t s i s a temperature of 1.5 x 10 K 
and a radius of 1.4 x 10 km . 

The X-ray observat ion was made dur ing the r i s e to the most 
recent, unusually br ight maximum. The object was to be reobserved, 
but t he u n t i m e l y demise of t he HEAO-2 s p e c e c r a f t made t h i s 
impossible. 
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Figure 2. The region below and to the left of the solid line 
is the 90% confidence region for the AG Dra temperature and 
absorption column density. Inside the 90% confidence region 
are contours of the best fit emission measures. Allowance 
has been made for a + 10% untertainty in the IPC gain. 
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DISCUSSION ON X-RAY OBSERVATIONS 

Keyes: The Hell 1640 A Zanstra temperature of AG Dra before out
burst interpreted with Hummer and Mihalas (1970) log g = 5«0 models, is 
about 120000K, and the stellar radius, implied by integration of the 
observed ultraviolet flux is very roughly 2.5x1 04 km. 

Viotti; We have estimated the hydrogen column density from the Ly 
interstellar line in the high resolution IDE spectra of AG Dra obtained 
after the outburst, and showing a detectable continuum down to^1200 A. 
We found log N(Hl)-^20.2 in agreement with the X-ray determination and 
with the weakness of the 2200 A band. 
As regards the other three X-ray sources, I note that they also are radio 
sources, and I would like to know what are the physical implications of 
this. 

Kwok; In response to Dr. Viotti question, the X-ray emission from 
HM Sge, V1016 Cyg, and RR Tel may be the result of wind interactions in 
these systems. If part of the kinetic energy from a hot star wind is 
dissipated in the collision process, enough X-^ays can be produced to be 
observable. 
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