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A B S T R A C T

\Vercport  sLlljtllillialcsccollcl-I>reciseastJrorlletric  rllc>asLlrclllc]ltsfor tile  late- ty~)e

star  .A131)oradus via a com}~ination  of VI,l I1 (~~ery lotlg basclitic  it~tcrferortletry)

and IIipparcos  satellite clata. OLlr astrolllottic  alla]ysis  results  in  the precise

deter nlinatio]l of the kinal~atics  of this star, that reveals an orbital motion

rcaclily  mplained as caused by tile gravitatio]lal  intmaction  \vitll a lo\v-lnass

companion, lioln the portion of the reflex  orbit covered  by our clata  and using

a revised Illass  of t]lc  ~Jrilllary star (().76 hl:j ) (Icrii’ed  from OLIL’  llcw’ value of

the parallax (66.3  < T < 67.2 ]]~illiarcsecollcls),  ~ve find the clynamical  mass of

the netvly-discovered coml)anioll  to be bcttieen 0.08 al~d 0.11 11;.  If accurate

pliotolnctric  ill formation  can })c obtained for t}]c low-lnass  conlpdniolt.  our

precise mass esti]natc  coulcl serve  as an accurate Calibratiorl  point  for diffcrellt

theoretical evolutionary mocle]s of low-mass objects. This represellts  the first

detection of a low-nlass  stellar compallio]l  usi]lg the \’l J})l  techniclue,  a technique

which will become an important tool  ill future searches for planets and bro~vn

dwarfs orbiting other stars.

Subject  headings:  astrometry t echn iques : interfemrtletric  - stars: individual

(AB l)oradus)  -- stars: kinematics - stars: low-mass, brcnvll dwaxfs



1. IN’TROD[JCYL’1ON

‘1’lle recclIt  discoveries  of several possil)le  [Jlanct  or l~ro~vlk d~varl candidates usi[ig ])lllsar

t inling; (\J:olszczan  S: Frail 1 992) or opt ical  spmtrosco~)y  ( hlay~r  & Q~l~’1~~ 1 ~~~~,~: ~larc~

& Butler 1996) have yielded a spectacular advatlce  ill tllc  search for low-mass stellar

col[lpanions. lIolvever,  pulsar ti[l]i[ig a]ld opticdl  spectroscopy do not yicl(l unal~lt)iguous

cstitnates  of the colnpanioll  Illasscs  due to tile u[ldeter[nilled  c)rl)ital illc]ination.  hlorcover,

alter] late explanations may exist for tllc  radial velocity variations (Gray 1997). Colll[)anion

masses can be uniquely determined by astrometric  measurements of the motions of stars in

the plane of the sky, which provic]e a full set of orbital  elements. S~ll>lllilliarcsecollc{  1’1,111

astrometry,  using phase-referencing techniques ( I,cstrade et a]. 1990), of weak] y-enlittillg

raclio stars has reachecl  precisiolls  better  than one  milliarcseconcl,  and S11OU1C1  be a powerful

tool for searching for very low-mass objects.

Since 1992 we have been monitoring, with milliarcseconc]  precision, the raclio positions

of a few SoLltl~crll-IIelllispllere  radio stars with VIJIII (C; uirado  et al. 1 996).  ‘1’he main

purpose of these astrometric observations is to contribute to the determination of the link

between the celestial radio reference frame, defillecl  by the VI,HI positions of extragalactic

radio sources, ant] the optical reference frame, clefinecl  by the positions of the stars

observed by tile Ituropean  Space AgcIlcy  ’s astrometric  satellite Ilipparcos  (I, illdegren  &

Kovalevsky  199,5; Lestrade et al. 1995). One of the stars of this program is .411 l)oradus

( : 111) :36705:.:  111} ’25617, All lkr lIcreafter),  all acti~c KOstar. l~ascd ot] its }Iigl]  ro t a t ion

l“atc (l J,. (,t = 0.5]] clays,  v sini w ]00:[ ~) kills),  ]it]liulll  al)Lilldallc(’  (]{[lt ;tlslii 19S2; \’iltlu

et a l .  19S7), allcl  mcmlmship  ill tllc  l’lciadm hlc)~’ing  Crc)ul)  (In]lis  et a l .  1985), AI) IJor

is con]n]only  accepted to 1)(: a YollIIP;  1)1( ’-lllzlit  l-sc’(l~l(~llct’ s t a r  coeval  Ivit}i  tlIr stars of tllc

l’lciades (*70 Ilyr). AI] l)or l]as an apl)arcllt ~)llysical colnl)anion,  l{st 1:~711, a cILI-lc s t a r ,

also a ral)id  rotator (J, im 199;1) (f),,, t <0.:3S days), sel)arated  l)j’ only 10 arcsec on tile  sky
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Irl this I,ctter lvc describe the results of our astrolllctric  analysis, ~vl~ich reveals au

accelerat ion in the position of All I)or that can k readil~’  explained as caused by the

gravitatiollal  interaction with a low-]nass  conlpanioll.

2. VL131 OBSEFWATIONS  AND llA~’A IiF~I~UCY1’ION

We performed VI,II1 measurements of A13 l)or at S.4 Gllz at multi~)lc  epochs ~vitll an

Australian array of radio telescopes (see l’able 1 ). For each experiment,,  ~ve interleaved

observations of the strollg background radio soLircc  1’1;S 0516621 usillg,  typically. a 2,50 sec

duty cycle which consisted of 140 SK on AH l)or , 70 scc on 0516-621, allcl 20 sec slcxv time

bet ween each source. The data were correlated at the Mark 11 IA corwlator  of the US Naval

Observatory in Washir]gton,  I)C.

F’or the astrometric  a n a l y s i s  w e  follo}vecl the phase-rcfercmcirlg  VI,BI techniclue

clcscribecl by l,estrade  et al. (1990) ancl usecl  the softtvare  SPRINT 1’, cleveloped  by one of

us (JFL). We outline brieffy  this analysis: first, we used the most accuxate parameters to

model the geometry of the interferometric  array (reference source coorclinates,  antenna

positions, and Earth orientation paramekrs  were obtainecl  from the International Ijarth

I{otat  ion Service; 199,5 I1;RS Annual l{eport),  and the ])ropagation  meclia  in orcler to

])loduce theoretical estil]latcs  of tllc  visibility l)lLasc t h a t  \Ycre sul~tractcd  froln  tllc  c)hscri 1

ones; S(’c.of 1, lve ‘ ,Iat []1{ (!sidual qllasi(l’  ])lla< ( 1 LVCC1  t ,;II:+ the ]rc: ical \<ll +)

tc) thr tilllt’s of tile star ohscrvatiorls  and  sublIactd  llIeJ II frol[)  tllc  star fringe ])1 Iascs (0

forIll tile  cliffcrential  resiclual  fvingc phase;  arid t I\ircl,  Jve carriecl  c)ut tllc  I’ourirr  t r a n s f o r m

of the Iesultirlg visil~iliti(’s. ‘1’tlis  [Jro\’idc(l  Ils a [)tlase-l(,fel(’rlce(l  llla})  c)l ttlc  s t a r  iVlICEX;

ccmrcli[iatm  arc wferrd to tlie  l)l{S 0516  6?1 I)osit  ion. ‘1’11(>  relative positiol~  of ttle  star is



tlICII  lou IId I)y Illcasuring tlir coord ina tes  ot t II(’  Ijriglll[lms  ]wak on t hc ~)lltlse-reftIrcIIc<:cl

Illap. Itxtcllsive  error allal~sis  at each  ot~servatiolla]  epoct]  tlas I)(T11 carried ollt to detcrlni[le

ttle  uncertailltics  of the relat ive coordinates dllc  to errors  irlllcrent  to the propagation

media, the reference source radio strllcturcl  and ttlc  geol[lctry of the intcrferonletrJ’  arra~’.

‘I’}lc;sc> ll[lccrtairlties,  ]arlgirlgfrolll  0.3 to 1.7 lllillialcsccc)rlcls(  lllas). lvere 5-to-7  timcslargm

tllall  the errors due to the signal-to-noise  ratio of our \’1,1~1 data. ‘J’}]c rcwlllti[]g  ~)ositions

and Standard dcviatiOll  S a[’~ S] IOW’11  ill ‘lla]J]C ~.

3. ORB1l’  DIH’ERMINATION

‘] ’he measumcl  \~I,III  coordiriatcx  of AI) ]Ior (q’able 2), referrecl  to the II~RS radio

reference frame through the coordinates of })KS 0516-621, have ken used to derive

tile  star’s proper  motion, parallax, and position at a reference epoch (1993.00) via a

weighted-least-squares fit. Jr] our first analyses, the root-mean-square (rms) of the postfit

residuals ~vas about five-fold llighcr  than that of the otlier  southern stare illcluclecl  ill our

program (Guirado ct al. 1996), indicating that proper mot ioIl atlcl parallax aloIle clicl not

sufllce  to account for the trajectory of A13 I)or on the sky. ‘l’he systematic signature, both

in right ascension and declination, of the postfit resiclual  ])ositiolls  of AH l)or lecl us to

consider that the excursions were  produced by tile  gravitat  iollal ef[ect  of a companion other

tlian Rst 13711  in orbit arouncl  AI) l)or.

111 orclcr to enlarp;e ouI observat ional  til!]c-sl)an, \vc auglncl]tccl  tile IIuIIIber of clata

l)oil]ts  1)~’ usill~; I)ositiolls  of ,’ 11 l)or 111( ’aslird l)y tlIe IIil)parms sa te l l i t e  a t  scleral  C])oclIs

of~f’r  t]IC  ]Ilissio]l  lifet,  illlc ( 1 [)90.2 199:3.3),  duri]lg  a  tinlc illtcli’al  n(It co~’(r(cl })y tl)c \:l,lll

ci at, a. III tlLc final lli])l)arcws  solut  IoII (l’j>A 1997), .31igllecl  lvitll ttle  11’;1/S lefercllce frallle

(liovalc~rsk~  ct al. 1997), as arc tlIc \TIjlll  data, tl)c ]I)otioll o f  tlic  j)llotc)celitcl  o f  fill lhr

tyas found to be non-linear, cormt)orating the sigl~aturc  apparent in the \TI,l]I  residuals
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aII(l  sllo~ving that tile star was all astrc)[ile( ric (Io(lt)lt’. ‘1’llcrc  tvcrc .55 i[ldif’i(lllal d a t a

I)oints  for this star that were  colt] bi[led  to o])t aill illde[wndcnt  posit ion est imates at five

cliffemnt  epochs during the IIipparcos  nlissioll  (see ‘1’able 2). ‘J’hc standard cleviations  of

these  estimates arc of about 1.5 mas in right asce[lsioll  at]d 0.S lllas in declinat  ion. **D\Te

note  that the latter standarcl  deviations also account  for the uncertainty of the alignment

bctwmm  the raclio and optical rcfcvmlce  frames. > X

‘1)0 deterlllille  tlLc orbital clclnellts  of tll[ reflex  ]I)otioll of A}] l)or, ~ve colllbi]lcd  both

lTI,HI ancl Hipparcos  clata  sets  to estimate simultaneously the parameters that describe

the system via a weighkcl least-squares analysis based on the ‘1’hiele-Innm  method (Green

19s5).  ‘1’hese parameters include the five astrc)lnetric parameters and the sevell orbital

elements.  g’hc astrometric  paralneters  are tile  two position coorclinates,  the t~vo proper

motion components, and the para]]ax  of the mass center of the system  (central star and

low-mass companion ). I’he orbital elements are the period (P), semimajor  axis (al=

cl x Afc x (.W1+ Mc)-l, with a the selninlajor  axis of the relative orbit, Afl the mass of

.411 l)or, and AIC tile 11?:.ss of the low-mass compal~ion),  eccentricity (e), i:>clination  (i),

argulnent  of the periastron  (u), position angle of the node (Q), allcl epclch of periastron

passage (7 L). This simultaneous fit has the advantage that any sinusoidal be}laviour  of the

data is not absorbed by proper motion ancl parallax effects (Black &z Scarglc 1982). ‘l’he

result of this fit showed that our joint VI.B1 +- IIipparcos  data set  did not cover  a full orbit,

and orbits with periods longer than seven years fit the data equally well.

‘j’o i]ilsti  gate tll~ l)msil)]e  orl)its  fo r  All l)oi (( :isil~rlt Ivitll  tllc d a t a ,  \vc  LIS(K1 flIfJ

[1’ilielc-lnl)cs  l[lctllod  to t r ea t  tlIc Ilo]l-lilleal  e(l(latio]ls  of t}le cllil)lic  ]Ilolioll.  ‘I)llis  ]netllod

has  tile ad[(~lltage  to separa te  between tllc  tlllc ]Ioll-li[l(  al o r b i t a l  ])aramcters (1’, ( a[ld

‘7~, ) and the four linear ‘1’lliele-Inlles  coefficicllts  that are tllc  combinat ions of a, i, k’, atld  Q.

( ‘ollsequctlt  ly, ttlc  diltlellsioll  of’ tllc  I)ara[ncter  space to be searched is rducd froIIl sc\eI’I  to

tllrm.  l’ractically,  fve n]ade Inultiple  Iveigl)tecl-  lc:\st-s(lllaI(’s  f i ts , each fit had fixed Ialucs for
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a n d

three llon-lit~car o r b i t a l  cletne[)ts  tvllilc  wc solved  [or ttlc  four ‘1’hiele-[ll[les  coeiTicients

tl](’ five astrometric  parametcvs. We sanlplcd  a ~vide  range ofttic  paralnctcr sl)acc: 6 . .5

< 1) < 27..5 years by steps of .5 clays; 1990.0 < ?:, < 1990.0 + 1) by steps of 20 days:  O

< c < 1 by steps of 0.005. W’e selected as plausible solutions those w’hose ~z-diffcrcnm  }vith

the [ninimum  X2 was less thatl  1<5% of the latter value  (0.94 lnas). “I)he reslllting  ranges o f

tile astrometric  parameters ancl orhita]  elenlctlts arc given  in ‘J)a})le  3. }’or each plausible

orbit ,  Ive used Kepler’s third law (M~/(Jfl  -t !If,)z == a~/l)z) to esti]nate  the mass ~lfL- of

t hc unseen companion, AH Dor  C . 11’or this analysis, we used our nmv, more accurate, value

of t}lc  parallax (see ‘l’able 3) to scale tl]c  Inass  of the central star A}] l)or given  by l~ilhu  et

al. (1%S7) to 0.76+ 0.02 Nf@. We found that the mass of AB l)or C was constrained to the

range  0.0S - 0.11 h!<). This tight  constraint on tile mass for AH I)or C coLild not be obtainccl

from either  the VI,FII or IIipparcos data sets alone. An orbit corresponding to a mass of

AI]  Dor C near the center of the mass interval is displayed in Fig. 1. We are continuing to

obtain more VLBI data to make the range of the mass estimate narrower.

We checked the sensitivity o; oLlr solution to a different choice of epochs of the

IIipparcos  positions by repcatil~,g the astrolnetric  analyses ~vith  IIipparcos  positiolls  at

epochs other than those shown i), ‘l’able 2; the new results C1O not change significantly the

ranges given in Table 3. Regarding the astrometric  parameters, the proper motion in right

ascension and declination found in our analysis are consistent with long-term optical values

(ll~hite  et al. 198s) tc) ~vithin ttvice  the standard dc~iation  of the optical estimates. ‘ xA l s o ,

our ticw parallax coincides wit]]  ~)rcviously reported values at t]lr linlit of tile  quotecl

ul]certaillties  (Illllis  et al. 1{) S(;). l“irlallj,  ivc liote  t}lat  our estinlates  given in ‘~’al)lc  3 mig}lt

1)( :Ifrccted  l)y a  possit)le i]lcc)l]sislf>l]c~’ I)etivcerl tllc  t~vc) c{if[br~’lt  d a t a  tj’l)r~  \rl)?ll .311cl

IIi])l)alcos.  Since  tllcre is ]lo ottrlal)pillg  l)et~vccn tile  ]wrtions  of the orbit salnl)lecl l)) e a c h

data t) ’p(’, it is cliff icult  to witi[llatc  tllc  effect of s(lcll  all ill(”Cjll  Si$tcil  C”J’. flO}Y(i’(’l’,  this (’ffcc~

is unlikely to be significant given  the Iligll  precision of thr alig[llncilt  het~veen tile  raclio and
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ol)t ical reference frames ( Kovalcvsky  et al. 1997 ).WV

4. ALTERNATE EXPLANATIONS

Some alternate explanations for the shifts in positions of .411 Dor,  such as stellar

pulsation or surface activity, can be r(llecl  out because the slnallest  semimajor  axis for

the possible orbits investigated is w20  mas, equivalent  to  a}>out 60 stellar radii. q’he

gravitational interaction of AR Ilor with Rst 137}] can be. also rulecl out, as we calculate

the ivobt)]e l)rocluccxl  by Rst 13711 OIL Al] ])or to have al] amplitude of w3° alld ~2000  yr

period, given the commoI~ parallax ancl the Inass  for both stars (for this estimate, Ive scaled

thr mass of Rst 137B given by Vilhu  et al. (19S7) to 0.21 h! ~, ). hlost of this orbital motion

appears as a linear  position clrift  during  the short (compared with the 2000 yr period)

time-span of our observations and it is absorbed by the proper motion estimate. ~’he

corresponding acceleration, about 0.03 mas/yr2,  produces a shift less than 0.,5 mas iIl our

&ycar  data span and, therefore, is not detectable in our present measulcments.  llo~vcvcr,

the gravitational interaction with Rst 137B will become significant, after a few more years

of observation and we plan to include this effect in future astromctric  atlalyses.

5. DISCUSSION

\h’itll a mass bet~reell  0.0S and 0.11 hlc), All l)or {~ is ‘Xone o f  tllc fe~v 10}Y ]]lass

ol~jects  neal [ilc IIydrogcll  bur[ling  li]nit  lvl]ose  ],lass lI:is I.wcl]  dctcrmilled  dyIlaInicalljr’%

(llcIII~ ,V Nl( il]tll~  I,,Ji;).  AIIIJoI  .  G.(’ls  a  ]al ~ O] Jrtllnily  t conlbinr  a I)recise

n)ass  determination with photometric and/or slwctra] i]lforlnation  for a yoLIng lo~v-nlass

ol]ject. 111 I)articular , a sl]  itable  ~Jllotolnetric  calil]latioll  Jvould locate  t h i s  ol)ject  ill a

Irlass-l[[lllillosity  diagrarll  a n d  ivould * * a d d  a  I)ew l)recise poi[~t t o  tile d a t a  gil’ell bj lIeIltj-
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& ~!c~;artlly ( 1993)  for calibration of the low eIId of the Illain sequence (1) ’At~to[la  &

lllazitelli  1985:  Burroux  et al .  1993;  I~arrafc  et al. 19!)6).  *Y

.F\ll  a~)[)roxir~late  cxpcctecl  magnitude for Af~l)or C call be calculated from our mass

mtilnate  and assumed age (w70  Myr, assuming that AI] l)or and AR I)or C are coeval)

by usillg  theore t i ca l  ck’olutiollary  tracks for lcr~’ lokv [[lass stars alld  t.)ro~vll  dlvarfs.  ‘J’tle

Inodel  X of IIurrows  ct al. (1993) yiclcls  a lu[ni[losity  for Al] l)or C of log(I,/l.@  )m-2. (5,

a])d all cf~ective  tcml)eraturc  of ~3000  K. ‘J’aki]lg tile  bolc)lnctric  corrcctio]is  clcrivecl f o r

other very low mass stars in the P]ciacles  (I Ian]ilton  &’ Stauffer  1993), ancl using OLIr

parallax determination, wc can estimate the ex})ectcd  apparent magnitudes of Al] l)or C

to be mV w]6 and mK N9. ‘l’he magnitude difference between AR Dor  (mt=6.95)  and its

clark companion, along  with their separation, ranging from 0!’2 to 0!’7, makes the direct

detection of AB Dor  C unlikely with ground-based telescopes and very near the limits of the

H S’1”s Wk’PC2 capabilities (Schroeder & Golimowski  1996). ‘1’he contrast of the sources

is more favorable for detection at near-i nfrarccl  wavelengths (mK=6 ancl 9 for All Dor  and

All l~,>r C, respectively), but the spatial resolution of g;~~uucl-based  sout hem hemisphere

infrarecl  ckwices is still too coarse. ‘1’hc NICMOS camera that has now been deployed on

11S”1” in 1997 appears to be the best way to get photometric information of AR Dor  C.

W C have shown that VI,II1 phase-referencing, enhanced  in this case with II ipparcos

pc)sitiolls,  is one of the most powerful tcchuiclues  for searching for very lolv-mass  colnpanions

orbiting stars. Significant improvement of the precision of this techniclue  is potentially

])clssi})lc.  l(~~re]l  Jvitll  a  s imi la r  JIrmisic)rl  to t }Iat acllie~d  for All IJor.  ille  a])])licat ion o f

t h i s  tccllllicllle  to IIealby  (< .5 ])c) h’1-cltvarfs  coulcl I)c Cxtraorclirlarjr  ef[’wti~e  for cletecti~lg

substellar  companions with masses as low as 1 Jupiter tnass  ancl orbital periods less than

f!T,c Jears (I,cstraclc et al. 1 996).
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FIGURE CAPTION

Figure 1. An orbit for the reflex  motioll of AH I)or corresponding to a conlpallion

mass of 0.094 Mo. Plots show right ascension (a) and cleclination  (b) of All I)or for the

observatio]l  epochs after subtractir]g  proper mot ion ancl I)arallax  effects; tllc  five earliest

c~)ochs correspond to }Iipparcos  data; tllc  continuous  lille corresponds to the least-squares

fitted reflex orbital Illotio]l  of’ Al]  l)c)r. ‘1’llc apparent orbit  is s}lo~v]l ill ~)lot (c), also ~vitll

proper motion ancl parallax effects subtractecl.
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TABLE 1 Phase-referencecl  VI,131 observations of A13 Dor

Epoch Antcmnasl R e c o r d i n g  r n o d e2 I n t e g r a t i o n  SNR4

tilne (hours)

25 Apr 92 (1992.23) ‘I’,ll ,1’ hllilll  A 2.7 1:3

G Scp 92 (1992.6S) ‘J’,]],]’ Mkll  I A ~.g ’23

14 Feb 93 (1993.12) T,II MkIII  H 2.7 10

24 OCt 94 (1994.81) ‘I’,ll ,1’ Mkl]l  1) 7.7 15

2] ~eb 95 (]995. ]4) T,H hlkIII  B 1.7 8

’24 I“eb 96 (1996.15) ~’,11 hlkIII A 3.s 90

15 hfay 96 (1996.37) q’,11 Mklll A 2.1 25

] ‘1’hc symbols correspond to the following Australian antennas: ‘I’, 70 m NTASA l)ShT

alltenna at I’iclbinbilla;  11, 26 m atltenna of h’loullt  I)leasanL Observatory at IIobart;  1’, 64 m

~J’Nl’ antenna at l’arkes.

2 We used the hlark 111 system (Rogers et al. 19S3) to recorcl  twenty-eight 2 MHz

adjacent chanllels covering 8402.99-8458.99 LIIIz  (mode A) or fourteen 2 hlIIz acljacent

channels covering S402.99- S430.99 MIIz (mode B). Right-hancl  circular polarization (I13EF,

convclltion  ) }vas recorded.

3 I’otal  intcgrat,iorl  tilne resulting frolll  tile  cohcre]lt  addition of tile \T1,}~I data b~ using tllc

phase-reference mapping technique.

4 Sigllal-to-lloise  ratio of the All I)or detections.



15

TABLE 2 J2000 estimates of the. position of AB Dor’

—. —— ——

Rpoch  ‘1’c.ch nique o A

— —. —- —-—

1090.3S8S Ilip~Jarcos 5 h 28”144 :77474  ,1 0!00026 65°26’ .56!’241 6 i 0!’0007

1990.5640 11 ip])arco.s @ ~s~~L 44:7$Jj,5~ j (j:(j(j[)~~  - 65”26’ 56!’2272  + 0!’0007

1991.0490 IIi])])arcos 5’128’”44:77578 :1 0’?00024 - 65”26’ 56!’2615 + 0!’0007

1991.5330 Hipparcos 5 h 28n’ 44:78942  + 0!0002.5 –65° 26’56!’07757 + 0!’000S

1992.0180 llip~)arcos 5}’ 2~”L 44y7~~02  ;[ oyo0024 -.65”26’ 5~<’1 ] 60 -1 0!’0009

1992.2329 VI,}]] 5h ‘28”’ 44!77687 +. 0:00019 –65° 26’ 56!’0049 + 0!’0007

1992.6849 VII]] 5t’ 28’” 44!80124 + 0!00018 –65° 26’55!’9395 + 0!’0006

1993.1233 VLB1 5h2~”’44f78492  ~ 0!00024 –~5°26’55!’9137  + 0!’0008

1994.s137 VL}I1 5h28n’44!8176S  + 0!00019  –65°26’55!’6S66  + 0!’0005

1995.1425 VI.BI 5h2Srn44?S0247  + 0:00027  –65°26’55!’624S  + 0!’0011

1996.1507 vI,~jI 5h28n’44fS1137  I} 0!00013  –65°26’55!;4S52  + 0!’0003

1996.3607 VLII1 5}’2Snt44fS1776  4. 0 $ 0 0 0 1 S  –65°26’55!’378,5  + 0!’0010
—. ——

1 v],}]] ~~ositiox~s  of A}] ])or~vel’e  c!etcrlllil]ccl tvith lefcrellcct  otlleI1t~{Sc oorc]illatcs  of the

background radio source PKS0516-621  (CY=5h16n’ 44!926178,  6=-6207’5!’3S930)
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TABLE 3 J2000.o astrometric’  ancl orbital

parameters of AI] Dor

—-—

cl’: 5h 2s’” 44?79.18 – 44:7969

62: ...~~o ~(j’ ,55!’9:33  - 5!5!’914

pa; 0:0074 - o:oos3yI’-”1

/1s: 0!’130 - (j:~]4,5  y,- I

7r: 0!’0663 –  0!’0672

P: 6 . 5  –  27.5yr

al: 0!’021 –  0!’075

e: 0.28 – 0.78

i: 59° – 7]0

w: 77° – 127°

0: 127° –  142°

r,l . : 1991. ,5 – 1992.2

1

2

3

M:: 0.08 – 0.11 ME)
——— .—

q’he astrometric parameters correspond to the mass center of the

systclll  A]] ]) O r/A}]  ] )ot ~~.

‘1’he reference cpocll  is 1993.00.

Mass  range obtaillcxl  froln  tllc  period ancl semimajor axis of cacll

plausible ort~it via Kepler>s third latv. ‘J’he mass acloptml  for the

celltral star All I)or  was 0.76 Nl:,,.
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