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ACCRETION PROCESSES IN MIRA AB

M. Karovska,^ B. Wood,^ M. Marengo,^ J. C. Raymond,^ W. Hack,^ and E. Guinan"^

RESUMEN
La binaria en iriteraccion Mira AB representa un laboratorio ideal para estudiar la perdida de masa y los 
procesos de acrecion en sisternas qiie contienen una estrella AGB y una estrella acreciente compacta ya que 
sus componentes se resolvieron y pueden ser estudiados individualmente. Presentamos resultados de nuestro 
estudio de larga duracidii de procesos de acrecion en ('stx; sistema, los cuales incluyen observaciones recientes 
del HST qu(' sugieren que la tasa de acrecion sobr(‘ Mira B es mucho menor que antes, lo cual indica una posible 
disrupcion del disco de acix'cion.

ABSTRAGT
The Mira AB int('i acUng binary provid(\s an ideal laboratory for studying mass loss and accretion processes 
in systems containing an AGB star and a compact accretor, because its components have been resolved and 
can be studied individually. We prescnil, here results from our long term study of accretion processes in this 
system. These include i ('C('nl- HST observations suggesting that the accretion rate onto Mira B is much lower 
than before, indicating possible disruption of the accretion disk.
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1. INTRODUCTION
Mira (o Ceti, HD 14386) is the prototype for 

a class of pulsating stars on the asymptotic giant 
branch (AGB), likely progenitors of Planetary Neb­
ulae. Mira has a companion star, Mira B, which 
is locat('d about 0.6" away (Joy 1926, Karovska et 
al. 1991), corresponding to a projected distance of 
about 70 AU at Mira’s distance of 128±18 pc (Perry­
man et al. 1997). The strong pulsation-driven wind 
of Mira A forms an accix'tion disk around the com­
panion. Mira B is gc'iu'ially assumed to be a white 
dwarf (e. g. Rc'imcrs A Cassatella 1985).

Mira AB is one of the lew wind accix'tlng systems 
in which the com])oiiciits of the binary are resolvable. 
It is therefore a unique laboratory for studying wind 
accretion processes, a common but not yet under­
stood phenomenon in many astronomical sources.

In the past two decades we hav(' been carrying 
out multi-wavelength studies of this system using 
various ground- and s})a.ce-based facilities. We ap­
plied various observational teehniques including high 
resolution imaging and interferometry, photometry, 
and spectroscopy at wavc'kuigths ranging from X-ray 
to mid-IR to study the physical characteristics of 
the individual components, and the accretion phe-
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Fig. 1. HST/FOC image of Mira A (right) and its nearby 
hot companion Mira B (left) taken on December 11, 1995 
at 5500A. The stars are separated by an angular size of 
only 0 . 6  arcseconds (~70AU).

nornena in this system. We summarize here results 
from our observations of Mira AB and discuss recent 
variations in the UV spectrum of Mira B likely as­
sociated with changes in accretion processes in the 
system.

2. RECENT RESULTS
In 1995 we resolved the Mira AB system at UV 

and optical wavelengths using the HST/FOC cam­
era (Fig. 1) and obtained for the first time spec­
tra  of each component (Karovska et al. 1997). The 
UV image of Mira A showed evidence for mass out­
flow from Mira A in the direction of the companion 
(Fig. 2). The small hook-like appendage extending 
from Mira A toward Mira B could be material being 
gravitationally drawn toward the accreting compact 
companion.
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Fig. 2 . First UV image of Mira A showing an outflow 
toward Mira B (FOV ~0.15x0.15 arcseconds.)

Mid-IR imaging of the Mira AB circumbinary en­
vironment carried out in 1999 using the MIRAC3 
camera at the NASA Infrared Telescope Facility re­
solved a dusty envelope at 9.8, 11.7, and 18 fim 
(Marengo et al. 2001). We detected strong devia­
tions from spherical symmetry in the images of the 
system, including possible dust clumps in the direc­
tion of the companion (Fig. 3). These observations 
suggest that Mira B plays an active role in shaping 
the morphology of the circumstellar environment of 
Mira A as it evolves toward the Planetary Nebula 
phase.

A follow up HST/STIS spectroscopy of Mira 
A and Mira B carried out in July 1999 showed a 
dramatic change in the spectrum of Mira B. The 
HST/STIS spectra show an order of magnitude drop 
in UV emission from the HST/FOC spectra obtained 
in 1995 and more then an order of magnitude drop 
from what lUE observed a decade ago (Karovska et 
al. 1997; Wood, Karovska, Hack 2001).

In addition to the general fading of the accretion 
luminosity, another baffling development was the ap­
pearance of a forest of Lya-fluoresced H2 emission 
lines, which dominate the HST spectra despite not 
being seen at all in the 1995 observations or by lUE 
(Wood et al. 2002). A similar drop in the accretion 
luminosity and appearance of a set of Lya-fluoresced 
H2 emission lines (Werner band lines) were also de­
tected in the FUSE spectra obtained two years after 
the HST observations (Wood & Karovska 2004).

We analyzed the entire set of H2 lines from the 
HST and FUSE observations to refine estimates of

Fig. 3. Mid-IR images of Mira AB dust envelope showing 
an asymmetry toward Mira B (FOV ~2x2 arcseconds.)

the physical properties of the emitting H2 gas (Wood 
and Karovska 2004). Our analysis shows that the 
emission can be reproduced by an H2 layer with a 
temperature and column density of T=3900 K and 
log N(H2) —17.1. respectively.

We also detected significant changes in several 
prominent UV lines, including in the Mg II h&k 
lines. Figure 4 shows the Mg II k line profile observed 
by HST/STIS, plotted on a velocity scale centered on 
the stellar rest frame. We estimated the intrinsic line 
profile above the wind absorption feature (thin solid 
line in Fig. 4). The wind absorption was modeled to 
determine the mass loss rate (M) and terminal ve­
locity (Voo) that yield the best fit to the data (Wood, 
Karovska, & Hack 2001), shown as a thick solid line 
in Fig. 4.

The best fit estimate gives a mass loss rate for 
Mira B of M =  5 x 10“ ^̂  M ., yr~^ and an out­
flow velocity of Uoo == 250 km s^h  Similar analysis 
and fitting were carried out using a typical Mg II k 
line profile observed by lUE (Fig. 3b). In this case 
the best fit estimates for mass loss rate and outflow 
velocity are respectively M  =  1 x 10“ ^̂  M . y r“  ̂
and Voc = 400 krn s“ U The results show that the 
mass loss and terminal velocity of Mira B’s wind were 
much higher a decade before the HST observations.

3. DISCUSSION

Our current interpretation of the H2 lines is that 
they originate within Mira A's massive wind, even 
perhaps in the region of interaction between Mira 
A and Mira B winds. The H2 is being heated and 
photodissociated by Mira B’s Lya emission as the 
H2 molecules approach Mira B on their way to be­
ing accreted (Wood and Karovska 2004). Since H2 is 
likely the dominant constituent of Mira A's wind by 
mass, the Lya fluorescence heating and dissociation 
of H2 may be an important step in the accretion pro-
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Fig. 1. (a) The Mg 11 k line profile observed by
HST/STIS, i)lotted on a velocity scale centered on the 
stellar rest frame, (b) A typical Mg II k line profile ob­
served by lUE a dc'cade earlier

c(\ss, and the H2 lines a,i(' therefore useful accretion 
diagnostics.

We interpret the draniatie change in UV emission 
as a result of a d('cr('a,s('d accretion rate onto Mira B 
(by at k'ast an order of magnitude). This d(H-r('asc' is 
likely due to a disrupted accretion disk around tlu' 
aceretor.

This is in agix'c'iiu'iit with the analysis of wind 
absorption in the Mg II h M k lines which shows 
that the aecix't ion-driv('ii mass loss rate from Mira B

at the time of the HST/STIS observations is about 
20 times lower than what it was during the lUE era. 
consistent with a substantial decrease in accretion 
rate.

The drop in the UV flux observed with the HST 
and later with FUSE may be associated with the 
long-term variability of Mira B, and understanding 
the cause requires further multi-wavelength observa- 
ti(jns.
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