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Niroductiol
SYimbiotic system binary

e-type star (RG or AGB)
pact Companion(WD or MS)

actions in bir stem

lass loss from red giants & Formation of PNs

retion on to compact stars & Nova-like eruptions
otoionization and radiative transfer within gaseous nebulae.

tant implications
oe Ia supernovae
- 8 origin of Post-AGB phase (e.g. Ba star binaries)
o the shape of planetary nebulae
1 Important for investigate the late stage of stellar
evolution and binary evolution




Schematic representation
of the geometric structure
of the inner and outer
nebula (Solf & Ulrich 1985)
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Chandra X-ray image of R
Aqr jet + Schematic
representation of the
inner nebula (Nichols &
Slavin 2009)
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rbital parameters of R Aqr

arameter from radial velocity
del with VLBI astrometry

ion between symbiotic phenomena and
motion
atics in Mira variable

= Evolution of binary system



glieoretical orbital models
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ax = 4.720.8 mas (d =214 +45/-32 pc)

pparcos value © = 5.071£3.15 mas

Uga = 32.240.8mas/yr, piy.. = -29.5+0.7mas/ yr
X Hipparcos value (ug = 32.98+1.46mas/yr, py,.. = -32.61£1.13mas/ yr)
= Difference of motion in dec : the sign of the orbital motion



VERASObservations and Orbital models

Orbital Position on the sky plane at d=200pc¢

____________ MMM = 1: Hipparcos
i - (1991.25)

BRSISEl = 2: VERA obs.

(2004-2007)

= 3: Future
(2010-2013)



VERAYODbservations and Orbital models

-1.53~-1.56 -2.70~-2.53 -2.59~-2.43 -2.65~-2.60 -2.42~-2.55

Vy -0.38~-0.31 0.48~ 0.79 0.64~ 0.95 -1.23~-1.11 -1.41~-1.30
Vy -1.42~-1.19 -1.86~-1.02 -1.81~-0.99 -1.03~ 0.35 -1.58~-0.35
Vy 0.60~ 0.88 2.04~2.25 2.00~ 2.26 0.76~1.41 0.52~1.24
Vy -0.77~0.11 0.07~1.41 0.07~1.41 2.95~7.65 1.98~ 6.43

1.22~1.70 0.74~1.59 0.55~1.46 2.39~ 2.58 2.18~2.85

Kamohara et al. (2010) : ug, = 32.2%£0.8mas/ yr1, tye. = -29.5%0.7mas/ yr

Hipparcos : Hra = 32.98x1.46mas/ yr, lye = -32.61+1.13mas/yr



Future works

“orrelation between orbital and pulsation
period in radial velocity

= Relation between the orbital motion and pulsation

15943 + 471 days  15568.70 + 485.51 days
0.25 1+ 0.07 0.27 £ 0.06
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106 £ 19° 112.67 £ 17.19°

—24.9+ 0.2km/s —25.05+ 0.19 km/s

4.0+ 0.4km/s 3.77 £ 0.27 km/s

395.71 £ 1.47 days

0.57 + 0.22 km/s

Resonanced orbital motion and pulsation
in period 2005 to 2007



Summary

rbital parameters
ital parameters from before studies,

more data

orbital model
are with VLBI observations (KVN + VERA)






