
The distan
e to the Planetary Nebula M 2-43Lizette Guzmán, Yolanda Gómez, and Luis F. RodríguezCentro de Radioastronomía y Astrofísi
a, UNAM, MoreliaUNAM, A. P. 3-72,(Xangari), 58089 Morelia, Mi
hoa
án, Méxi
o.l.guzman, y.gomez, l.rodriguez�astrosmo.unam.mxSummary. We obtain the distan
e to the Planetary Nebula (PN) M2-43 using theangular expansion te
hnique. Using high quality radio 
ontinuum observations intwo epo
hs at 3.6 
m with the Very Large Array toward the planetary nebula M2-43. The time separation between the two epo
hs was 4.07 years. The 
omparison ofthe two epo
hs 
learly shows the expansion of the planetary nebula with an angularrate of 0.61 ± 0.09 mas year−1. Assuming that the expansion velo
ity in the planeof the sky and the expansion velo
ity along the line of sight are equal, we �nd adistan
e to the planetary nebula of 6.9 ± 1.5 kp
. On
e we have the distan
e we 
anderive the physi
al parameters of the nebula, su
h as the ionized mass, ele
troni
density, the emission measure and the kinemati
 age.Key words: ISM�planetary nebulae: individual (M 2-43)�stars: distan
es�te
hniques:interferometri
1 Introdu
tionWe present an angular expansion study of the PN M 2-43. This te
hnique measuresthe angular expansion parallax of a PN, from two epo
hs of radio interferometri
data obtained over a period of a few years. The measurement of the angular expan-sion parallax of a PN, provides an a

urate method to estimate their distan
es [12℄.Masson was the �rst to use this te
hnique to measure the distan
e to NGC 7027using interferometri
 data taken with only 2.8 years between the observations.This te
hnique has been applied with su

ess in several PNe, [12℄, [13℄, [14℄, [5℄,[7℄, [8℄, [9℄, [6℄, [4℄. In the next table we show a summary of all these 
ontributions.The angular expansion te
hnique has also been used for Hubble Spa
e Teles
opeWFPC2 data in several PNe [17℄, [15℄.We made an angular expansion study of the PN M 2-43, using Very Large Array(VLA) data taken at 3.6 
m with a time baseline of 4.07 years. Our goal was todete
t for the �rst time this expansion and use it to obtain an a

urate distan
eestimate to this PN. The planetary nebula M 2-43 (=PN G027.6+04.2) has beendete
ted at radio wavelengths, showing a 
ompa
t size with a diameter of 1.′′5 for itsmajor axis and ellipsoidal morphology [2℄, [10℄. >From the literature we �nd that the



194 Guzmán et al.Table 1. Distan
es to PNe using this te
hniqueName θ̇ (mas/yr) D (kp
) Referen
eBD+303639 1.69 +/- 1.30 2.80 +/- 3 Masson (1989)BD+303639 1.73 +/- 0.51 2.68 +/- 0.81 Hajian et al. (1993)NGC 3242 13.2 +/- 4.7 0.42 +/- 0.16 Hajian et al. (1995)NGC 6302 1.7 +/- 0.3 1.60 +/- 0.6 Gómez et al. (1993)NGC 6210 3.10 +/- 0.42 1.57 +/- 0.40 Hajian et al. (1995)NGC 6572 2.51 +/- 0.76 1.49 +/- 0.62 Hajian et al. (1995)NGC 7027 4.7 +/- 7 0.94 +/- 0.2 Masson (1986)NGC 7662 5.6 +/- 5 0.79 +/- 0.75 Hajian y Terzian (1996)VY 2-2 1.13 +/- 0.12 3.60 +/- 0.4 Christianto y Seaquist (1998)M 2-43 0.61 +/- 0.09 6.9 +/- 1.5 Guzmán et al. (2006)expansion velo
ities for M 2-43 measured with di�erent ions are in the range from26 to 30 km s−1 [1℄, [16℄. A
ker et al. (2002) found spe
tral eviden
e for turbulentvelo
ities in [WC℄-type PNe superimposed on a 
onstant expansion velo
ity pattern.The modelling made by A
ker et al. (2002) toward M 2-43, taking into a

ount theturbulen
e, gives an expansion velo
ity of 20 km s−1 with a turbulent 
omponent of10 km s−1. We also �nd that M 2-43 has a high radial velo
ity value (with respe
tto the lo
al standard of rest) of +111.6 ± 5 km s−1 [18℄. Previous estimates of thedistan
e to M 2-43 have been made using statisti
al methods and range from 1.4kp
 [3℄ to 5 kp
 [1℄. An a

urate distan
e value for M 2-43 is very important for abetter estimate of the physi
al parameters and evolutionary stage of the PN.2 ObservationsWe made observations toward M 2-43 with the VLA of the NRAO1 at 3.6 
m in theA 
on�guration. The observations were made in 1995 August 24 (epo
h 1995.65)and 1999 September 19 (epo
h 1999.72), the time interval between observations wasof 4.07 years with an angular resolution of ∼ 0.′′3 with natural weighting. The datawas redu
ed using the standard VLA pro
edures and then 
ross-
alibrated in phaseand amplitude using the pro
edure of Masson (1986; 1989). In Figure 1 we show apanel of the individual images for ea
h epo
h in
luding the di�eren
e image that
learly shows the signature of expansion with the outer parts of the sour
e appearingas positive and the inner parts of the sour
e appearing as negative and the model.The details of this work 
an be seen in Guzmán et al. 2006.3 ResultsWe modeled the di�eren
e map (Fig.1:bottom-left) following Gómez, Rodríguez, &Moran (1993). A �rst image was made 
on
atenating the two epo
h data sets and
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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Fig. 1. Top: 
ontour images of the 3.6 
m 
ontinuum emission from M 2-43 for1995.65 (left) and 1999.72 (right). The 
ontours are -4, 4, 8, 20, 40, 70, 100, 200,300, 500, 700, 900, 1000, 1100, 1200, 1300, 1500, and 1700 times 15 µJy, the averagerms noise of the images. Bottom: 
ontour images of the 3.6 
m di�eren
e image(left) and of the �model� (right) obtained as des
ribed in the text. The 
ontours are-19, -18, -17, -15, -12, -10, -8, -6, -5, -4, -3, 3, 4, 5, 6, 8, 10, 12, 15, and 17 times 22
µJy, the rms noise of the di�eren
e image. The restoring beam (0.′′32× 0.′′31 with aposition angle of 0◦) is shown in the bottom left 
orner of ea
h image.the se
ond image was made taking the �rst image and expanding it in a self-similarway by a fa
tor of (1 + ǫ), where ǫ << 1. The �rst image was then subtra
tedfrom the se
ond one for di�erent values of ǫ to produ
e a set of �model� images.The best agreement with the di�eren
e image was obtained for ǫ = 0.0075 ± 0.0008(see Fig.1:bottom-right). The radius of maximum emission, θ, is estimated to be
0.′′33 ± 0.′′03 from the images of the full free-free emission (top part of Fig. 1). Theangular expansion rate of this radius of maximum emission is:

θ̇ =
θ ǫ

∆t
,and from our measurements we �nd θ̇ = 0.61 ± 0.09 mas yr−1. The distan
e to theplanetary nebula will then be given by,
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,where vexp is the expansion velo
ity of the nebula at the point of maximum emission.Then adopting the modelling made by A
ker et al. (2002) for the expansion velo
ityof 20 ± 3 km s−1 for M 2-43 in 
ombination with our angular expansion rate weestimate a distan
e of 6.9 ± 1.5 kp
. Using the fa
t that we have the radial LSRvelo
ity for M 2-43 is +111.6 ± 5 km s−1 [18℄ and knowing that the dispersionvelo
ity deviation with respe
t to their respe
tive lo
al standard of rest is around40 km s−1 for PNe [11℄, we 
an plot this velo
ity as a fun
tion of the distan
e tothe Sun (see Fig. 2). The kinemati
 distan
e obtained in Fig. 2 and the angularexpansion distan
e are 
onsistent with the distan
e of 6.9 ± 1.5 kp
 for M 2-43.

Fig. 2. In this �gure we show (solid line) the expe
ted LSR radial velo
ity as afun
tion of distan
e to the Sun in the dire
tion of M 2-43 for the gala
ti
 rotationmodel of Brand & Blitz (1993). The point marks the estimated distan
e and theobserved LSR radial velo
ity for M 2-43.4 Con
lusionsWe presented VLA observations made at 3.6 
m of the planetary nebula M 2-43during two epo
hs separated by 4.07 years. Assuming a self-similar expansion forthe ionized gas we determine an angular expansion rate for M 2-43 of 0.61 ± 0.09mas year−1 and using an expansion velo
ity of 20 km s−1 imply a distan
e to the
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. This distan
e estimate is in agreement with the high radialLSR velo
ity reported for this nebula. Adopting a distan
e of 6.9 kp
 we derive aionized mass of 0.035 M⊙ and a kinemati
 age of 500 years for M 2-43, suggestingthat it is a very young and relatively remote planetary nebula. This is the mostdistant PN that has been measured using this te
hnique.Referen
es1. A
ker, A., Gesi
ki, K., Grosdidier, Y., & Durand, S. 2002, A&A, 384, 6202. Aaquist, O. B., & Kwok, S. 1990, A&AS, 84, 2293. Cahn, J. H., Kaler, J. B., & Stanghellini, L. 1992, A&AS, 94, 3994. Christiano, H., & Seaquist, E. R. 1998, AJ, 115, 24665. Gómez, Y., Rodríguez, L. F., & Moran, J. M. 1993, ApJ, 416, 620.6. Hajian, A. R., & Terzian, Y. 1996, PASP, 108, 4197. Hajian, A. R., Terzian, Y., & Bignell, C. 1993, AJ, 106, 19658. Hajian, A. R., Terzian, Y., & Bignell, C. 1995, AJ, 109, 26009. Kawamura, J., & Masson, C. 1996, ApJ, 461, 28210. Lee, T.-H., & Kwok, S. 2005, ApJ, 632, 34011. Ma
iel, W. J. & Dutra, C. M. 1992, A&A, 262, 27112. Masson, C. R. 1986, ApJ, 302, L2713. Masson, C. R. 1989a, ApJ, 336, 29414. Masson, C. R. 1989b, ApJ, 346, 24315. Palen, S., Bali
k, B., Hajian, A. R., Terzian, Y., Bond, H. E., & Panagia, N.2002, AJ, 123, 266616. Peña, M., Medina, S., & Stasi«ska, G. 2003, RMxAC, 18, 8417. Reed, D. S., Bali
k, B., Hajian, A. R., Klayton, T. L., Giovanardi, S., Casertano,S., Panagia, N., & Terzian, Y. 1999, AJ, 118, 243018. S
hneider, S. E., Terzian, Y., Purgathofer, A., & Perinotto, M. 1983, ApJS, 52,399


