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High-angular-resolution Imaging of Outflows and Bipolar Jets from Symbiotic Binaries
N. Law, R. Dekany & C. Mackay

1. Introduction

Symbiotic binaries contain an evolved red giant star treidfers material to a hotter, more compact com-
ponent, usually a white dwarf (Kenyon 1986). The systemslistenguished from other interacting binaries
by their large orbital periods, on the order of tens to huddref years. Because of the wide separation,
the mass transfer to the hot component occurs by Bondi-Hmpture of the red giant wind. However, this
steady-state situation often enters a dramatic new statdin@scales of years or decades, the hot compo-
nent enters an outburst phase defined by a large mass losgofK&iWebbink 1984; Fernandez-Castro et
al. 1995) and sometimes bipolar jets (Brocksopp et al. 28@koloski & Kenyon 2003). The Southern
Crab nebula (figure 1, Corradi et al. 2001) is an excellentrgra of the resulting complex nebulosity.

These outbursts are of particular interest because theahiarfs in symbiotic binaries may accrete enough
mass to approach the Chandrasekhar mass limit and explogada supernovae. The average accretion
rate of the white dwarf clearly depends on the amount of masisduring outbursts. We must therefore
determine the frequency and intensity of these events digirthe fate of these systems.
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Fig. 1.— (eft) He2-104, the Southern Crab in a 4000 second HST exposureGarradi et al. 2001a. Note
that resolving much of the structure requires sub-arcsicesolution. (ight) CH Cyg, log intensity scale.

The top four images are seeing-limited; the bottom two ard Hifistrating the dramatic improvements
from high-angular-resolution techniques. From Corradile2001b.



The occasional detection of bipolar jets from symbioticaies suggest that the systems can also be used to
further understand the nature and cause of collimated$etsh jets are found in a wide variety of accretion-
disk phenomena, from protostellar outflows to active gadaaiclei. The origin of jets in symbiotic binaries

is not well understood — few jets have been detected, and soeneven found in systems not in outburst
(Brocksopp, Bode & Eyres 2003).

There has been surprisingly little high-angular-resoluitoptical imaging of symbiotic binaries. A very
short exposure HST survey of eight symbiotic binaries is@nted by Brocksopp, Bode & Eyres (2003);
extended emission was detected in three of the sourcesadi@tral. 2001a and 2001b present beautiful
images of the symbiotic binaries He2-104 (the Southern JCaad CH Cyg (figure 1). Complex structure
is seen in the [N Il] emission line on scales ranging from scdkec to 20 arcseddigh-angular-resolution
optical imaging of a larger, more representative sampleneke systems is now required to study the nature
and causes of the outflows.

2. The Proposal — A High-Angular-Resolution Survey of Symhatic Binary Outflows

We propose a narrow-band high-angular-resolution imagiogramme of a representative sample of sym-
biotic binaries to search for outflows and collimated jet® WMl use the unique opportunity for narrow-band

visible-light adaptive optics imagingtarded by the new P200 LAMP (LuckyCam with Aperture Masking
at Palomar) instrument.

Bright line emission from symbiotic binaries’ outflow eventersists for decades or more (for example,
Corradi 2006; Brocksopp, Bode & Eyres 2003). We can thustoactsa detailed history of the mass-loss
events from these systems using the residual nebulosliessample will allow us determine outburst rates,
velocities, and the presence of jets for each of the studisttsis. Correlations between those properties
with the nature of the symbiotic stars can then be inves@jator the large majority of our targets, this will
be the first deep imaging on subarcsecond scales.

The outburst history of these sources can also be deternfioedpublically-available photometric mon-
itoring. Using this data, we will correlate the spacial piosis of detected ejecta in our images with the
outburst times, to constrain its proper motion. This wilbyide detail on the nature of the central engine —
distinguishing between protostar-like low-velocity floarsd the much faster X-Ray binary jets.

3. Detailed Observation Plan

Program DesignWe plan to image a representative sample of symbiotic lesasihere extended nebulae
in have been detected in lower-resolution imaging. Thesemftions will allow us to determine the proper
motions of previously-detected central ejecta. The praopetions are often large enough to be measured
easily — 0.55 arcsec per year for CH Cyg, for example (Tageaquist & Mattei 1986). We will also search
for structure on sub-arcsecond scales. In particular, Z Rasljust entered a major outburst stage with new
jets detected in optical spectra (Skopal, ATel #882, SepQD&SR Those jets may be visible to our imaging
by the requested observation time, giving a direct expangiocity calibration.

LAMP LAMP is a new ultra-low-noise, fast-frame-rate, visiblghHt camera to be placed behind the Palo-
mar 200" adaptive optics system. The camera uses an L3CGDMsekay, Baldwin & Tubbs 2004 or



Offset (")
‘"
P
. K

,

|
i

I

|

Offset {")

Fig. 2.— CFHT adaptive optics imaging of a classical T-Tgetiin Ha, with ~0.15 arcsec resolution.
Although a diterent type of target, the image illustrates that visibigi AO imaging can give excellent
resolution images of faint nebulosity. From Dougados e2@00.

Law, Mackay & Baldwin 2006) to obtain images at 30 frames pe&osd with &ective 0.1 electrons read-
out noise. At 600nm, images with FWHMD.03-0.05 arcsec and Strehl ratios of 0.05-0.1 are expéoted
be produced by the Palomar 200" AO system and LAMP. The Plisfaloposal (N. Law) is the project
lead for the instrument, which has been developed spetyfital the P200. More details can be found at
www.astro.caltech.edunlaw/lamp'.

Narrow-band, High-Contrast Imaging We will primarily image in a narrow [N I1] filter § = 6583nm,
width ~1nm). Low-ionisation species such as [N 1] are likely to be best tracers of large-scale outflows
(Corradi et al. 2001a, Corradi et al. 1999). Every ten sespadder automated software control, a PSF will
be obtained in a nearby continuum filter (where the starigltdominate).

Requested TimeBecause LAMP is a new instrument for P200, detailed calitmatof sensitivity are not
available. In particular, the to-be-determined final Streltio sets the #ective background within one
arcsec of the sources. For that reason, we scale the expgoseseused by other studies (Corradi et al 1999,
2001ab). In the [N I1] filter, one hour exposures will beffszient. We will also undertake more detailed
studies of Z And and CH Cyg, in a variety of narrow band filterstudy the evolution of the nebulae since
detailed HST imaging. This will require an extra 3 hours ofdi We request two nights in total.

Feasibility Spectacular emission has been detected in moderate Isegjting-limitedexposures< 1 hour)

for a large fraction of symbiotic binaries using 2-4m clastescopes (for example, Corradi et al. 2001a,
2001b, Corradi et al. 1999, Brocksopp, Bode & Eyres (200Bpugados et al. 2000 demonstrated the use
of PSF calibration in the visible behind the 3.4m CFHT’s AGtsyn to detect nebulosity near bright stars on
0.1-0.2 arcsec scales in 1000 second integrations (figuré2y demonstrates that low-Strehl visible-light
AO imaging of nebular targets is feasible.



Name RA Dec mV
AG Dra 160141 +664810 9.8
Hen 3-1341 170837 -172631 13.0
HM Sge 194157 +164440 11.0
Z And 233340 +484906 10.5
CH Cyg 192433 +501429 8.8
HBV 475 205101 +353454 121
RS Oph 175013 -064228 4.3
V1016 Cyg 195705 +394936 10.0
V1329 Cyg 205101 +353454 121
FN Sgr 185355 -185940 9.0

Table 1: The proposed symbiotic binary targets.

4. Summary

We propose deep imaging of a representative sample of syimlimaries. Our sample will allow us
determine outburst rates, velocities, and the presencf |
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