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a, UNAM, MoreliaUNAM, A. P. 3-72,(Xangari), 58089 Morelia, Mi
hoa
án, Méxi
oy.gomez�astrosmo.unam.mxSummary. The measurement of the angular expansion rate of a planetary nebula(PN), from radio interferometri
 data, provides a reliable method to establish thedistan
e to PNe and in some 
ases the proper motion of ansae. We present a 
ompar-ison of Very Large Array data sets toward the PN NGC 7009, the "Saturn Nebula",taken with a time separation of 8.09 years. This PN shows a pair of low-ionizationknots along its major axis and in this work we 
on�rm the proper motion of theknots previously measured at opti
al wavelengths. We �nd that the �ux densitiesof the jets that 
onne
t the ansae with the main body of the nebula seem to havediminished in about 30% over the period between the two observations.Key words: ISM�planetary nebulae:individual (M 2-43; NGC 7009)�stars: distan
es�te
hniques: interferometri
1 Introdu
tionRadio images of planetary nebulae (PNe) made with the Very Large Array (VLA)at high angular resolution <0.1′′ ([15℄, [25℄, [7℄, [8℄, [10℄) have revealed the presen
eof 
ompa
t nebulae with non 
ir
ular morphologies. It is believed that physi
ally
ompa
t planetary nebulae are very young obje
ts. Then, the origin and 
hara
-teristi
 time for the appearan
e of non 
ir
ular stru
tures are a matter of greatinterest to understand the origin and formation of PNe. However, to 
on�rm theyoung age proposed for these 
ompa
t bipolar planetary nebulae, it is ne
essary tohave a

urate distan
es.To date, the angular expansion te
hnique, �rst applied in radio wavelengths by[18℄ to NGC 7027, seems to be very su

essful in estimating distan
es to planetarynebulae ([18℄, [19℄, [20℄, [7℄, [12℄, [13℄; [14℄; [11℄, [5℄). This te
hnique involves a mea-surement of the angular expansion rate of the nebula from radio interferometri
 dataobtained at two epo
hs over a period of a few years. A distan
e estimate 
an be ob-tained based on a geometri
 and kinemati
 model for the nebula. A
tually, it is theun
ertainties of this model the limiting fa
tor of the method to get the distan
e. ForPNe with distan
es > 1 kp
 the expe
ted angular expansion rate is <2 mas yr−1.
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ently, Guzmán et al. (2006) have been su

essful in estimating the angularexpansion rate toward the 
ompa
t planetary nebula M 2-43 (see Fig. 1), for whi
ha distan
e of 6.9 ± 1.5 kp
, and a kinemati
 age of ∼500 years were determined. Thedistan
e estimate was very important to 
on�rm that M 2-43 is a young planetarynebula that is relatively remote from the Sun. This is the largest distan
e for a PNmeasured, up to now, with the angular expansion te
hnique [10℄.
1999.72+1995.65 1999.72−1995.65

VLA 3.6 cmFig. 1. Color images of the 3.6 
m 
ontinuum emission from M 2-43 for the average(left) of the two epo
hs (1995.65 and 1999.72) and the di�eren
e (right). For detailsof these results see [10℄.Motivated with the result of M 2-43, we de
ided to attempt to measure thedistan
e to NGC 7009 (PN G037.7-34.5), the "Saturn Nebula" (see Fig. 2), whi
h isan ellipti
al PN that exhibits weak jets, along its major axis, that are 
onne
ted toa pair of low-ionization knots, also 
alled ansae. The ansae (handles) are present inPNe with bipolar, rotating, episodi
 jets (BRETS; e.g. [17℄) and fast, low ionizationemission regions (FLIERS; [3℄).In NGC 7009 the ansae are moving at radial velo
ities of 100 km s−1, relativeto the nu
leus ([22℄, [2℄). Looking in the literature measurements of proper motionstoward other PNe, we found that only a handful of obje
ts (KjPn 8; [21℄, Hen 2-90; [24℄, NGC 7009; [6℄) have been measured. In parti
ular, something that 
alledour attention, was that at radio wavelengths there was no published measurementof proper motions of ansae. Previous measurements of proper motions of ansae inPNe have been done only in the opti
al regime. Then we de
ided to applied the
ross-
alibration te
hnique not only to estimate the angular expansion rate of themain body of the nebula, in order to get its distan
e, but also to estimate the propermotions of the ansae. The details of this work 
an be found in [23℄.
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Fig. 2. HST Image of the "Saturn Nebula" PN NGC 7009 (Bali
k, et al.;http://ad.usno.navy.mil/pne/images/ng
7009.jpg).2 ObservationsThe observations used for this work were taken from the ar
hive of the VLA ofthe NRAO1. The observations were made in 1989 Mar
h 28 (epo
h 1989.24) and1997 April 29 (epo
h 1997.33), with a time separation of 8.09 years. Both sets ofobservations were made at 3.6 
m in the B 
on�guration of the VLA. The data wereredu
ed using the standard VLA pro
edures in the software pa
kage Astronomi
alImaging Pro
essing System (AIPS) of NRAO and then 
ross-
alibrated using thepro
edure of [18℄.3 ResultsFig. 3, shows a 
olor image of the 
ontinuum 3.6 
m emission toward NGC 7009. Itis possible to distinguish three main stru
tures. The brightest (red 
olor) 
orrespondto the main body of the nebula with an ellipti
al shape and angular dimensions of
32′′ × 24′′. The se
ond stru
ture is 
onstituted by the faint jets that emanate fromthe main body of the nebula and extend about 8′′ to the east and west, along themajor axis of the nebula. Finally, the third stru
ture are the ansae, with angulardimensions of a few ar
 se
. It is believed that the ansae are the termination points ofthe jets. Even when the ansae appear not as bright as the main body, it is possible toestimate with good a

ura
y the angular displa
ement of the peak position betweenthe two epo
hs.
1 The National Radio Astronomy Observatory is operated by Asso
iated Universi-ties In
. under 
ooperative agreement with the National S
ien
e Foundation.
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NGC 7009

VLA 3.6 cmFig. 3. Color image of the radio 
ontinuum at 3.6 
m of NGC 7009. This image 
or-respond to the average of the two epo
hs (1989.24+1997.33). The ansae are 
learlydete
ted at both sides.3.1 Proper motions of the ansaeFig. 4 shows the displa
ement of the peak position of the eastern and western ansaein NGC 7009. The measurement of the proper motion for the eastern ansa is 23 ± 6mas yr−1 and for the western ansa is 34 ± 10 mas yr−1. We found in the literaturetwo previous measurements of these proper motions. From photographi
 plates [16℄estimated a value of ∼16 mas yr−1 for the proper motion of the ansae in NGC 7009.A re
ent determination is that obtained by [6℄, who used HST images to obtain avalue of 28±8 mas yr−1 for the eastern ansa (the western ansa was not in
luded inthe observations). These previous results are in good agreement with the derived byus using radio observations.Assuming a distan
e of 0.86 ± 0.34 kp
, the average of 14 available values ([1℄, [6℄), we obtain 
rude estimates for the velo
ities in the plane of the sky of 100and 140 km s−1, for the east and west ansae, respe
tively. Also assuming that theansae move ballisti
ally (i. e. with no a

eleration or de
eleration) we estimate anage of ∼850 years if they originated from the 
entral star and of ∼300 years if theyoriginated from the edge of the main body of the planetary nebula.3.2 A lower limit to the distan
e of the nebulaAfter subtra
ting the older data (1989.24) of NGC 7009 from the more re
ent one(1997.33), we were expe
ting to see the 
hara
teristi
 expansion signature wherean outer region of positive emission is surrounding an inner region of �negative�
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Fig. 4. Contour images of NGC 7009 at 3.6 
m for 1989.24 (left) and 1997.33(right). The top and bottom parts of the panel show the eastern and western ansae,respe
tively. The 
rosses mark the peak position of the ansae for 1989.24. Note thesmall displa
ement of the peak position of the lobes for 1997.33. The 
ontours are-4, 4, 5, 6, 8, 10, 12, 15, 20, 30, 40, 60, 80, 120, 200, 300, 400, and 500 times 19.5
µJy beam−1, the average rms noise of the two images. The beam is 1.′′74 × 1.′′50.emission, as was found for M 2-43 (see Fig. 1). However, we failed to dete
t a
lear expansion signature (see Fig. 6), an only an upper limit to the expansion wasobtained, resulting in a lower limit to the distan
e of ≥700 p
. This lower limit is
onsistent with the weighted average of 14 available values ([1℄, [6℄), of 860±340 p
.3.3 A de
reasing �ux emission from the JetsA 
omparison of the �ux density of the main body in the two epo
hs shows that the�ux remains 
onstant (within ≤1 %). However, there is a marginal eviden
e, for theeast and west jets, that the �ux density de
reased from ∼0.9±0.1 mJy in 1989.24to ∼0.6±0.1 mJy in 1997.33, a de
rease of about 30%. Fig. 6 shows a 
lose up ofthe western jet where this 
hange in �ux is more evident. Considering an ele
tron
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Fig. 5. 3.6 
m 
ontour images of NGC 7009 for the di�eren
e 1997.33−1989.24data. The 
ontours are -5, -4, -3, 3, 4, and 5 times 20 µJy beam−1. The synthesizedbeam (1.′′00×0.′′81 with a position angle of −10◦) is shown in the bottom left 
ornerof the image [23℄.density for the jets between 1000 − 4000 
m−3 ([4℄, [9℄) the re
ombination times
alesare between 30 to 120 yrs, pointing out that this 
hange over the 8-year period is
onsistent with re
ombination theory.4 Con
lusionsInterferometri
 data taken with a few years of separation 
an reveal the angularexpansion of the nebula and it is possible to estimate its distan
e from this mea-surements (e.g. M 2-43; [10℄).In NGC 7009 we measured the proper motions of the ansae, obtaining valuesof 23±6 and 34±10 mas yr−1 for the eastern and western ansae, respe
tively. Thisis the �rst time that proper motions of ansae in planetary nebulae are determinedwith radio observations.Referen
es1. A
ker, A., Mar
out, J., O
hsenbein, F., Stenholm, B., & Tylenda, R. 1992,Strasbourg-ESO Catalogue of Gala
ti
 Planetary Nebulae, ESO, Gar
hing2. Bali
k, B., Preston, H. L., & I
ke, V. 1987, AJ, 94, 16413. Bali
k, B., Rugers M., Terzian Y., & Chengalur J. N., 1993, ApJ, 411, 7784. Bohigas, J., López, J. A., & Aguilar, L. 1994, A&A, 291, 595
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Fig. 6. 3.6 
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ontour images for the western jet of NGC 7009 for the two epo
hsseparated in time by 8.09 years. The 
ontours are -4, -3, 3, 4, 5, 6, 8, 10, 12, 15, 20,30, 40, 60, 80, 120, 200, and 300 times 12 µJy beam−1. The 
rosses mark the peakposition of the lobes for the 1989.24 epo
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