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lVe h a v e  coInbi[lecl  llll’I)A1{COS  prol)er Illotiorl and
parallax data for nearby stars with ground-based ra-
dial velocity Ineasuretllents to fiIIcl stars yvhich m a y
n a v e  passed (or will pass) close eliough to the Sun
to  per turb  the Oort cloLId, Close stellar eucouuters
could deflect large numbers of comets into the ill-
l]er solar system, with i~ossibly  serious consequences
f o r  t h e  i m p a c t  hazarcl on the F;arth. OIIly  one s t a r
(Gliese 710) is found with a predicted closest ap-
proach of less than 0.5 parsec, although several stars
COIIIe tvitl]in a b o u t  1 p a r s e c  during  a +8,.5 h’Jyr iutcr-
val.  III I[lost  cases the uncertainty in clc)sest  approactl
clistance is clominatecl either by uncertainties iu put~-
lishecl  raclial velocity measurelllents  or by uncertairl-
ties in the barycentric  motion of binary systems. \\Je
Ilave  beguu a program to obtaiu new raclial velocities
for stars in our sample with no previously publishec]
values.

K e y  \vorcls: S p a c e  astrometry; Conlets: g e n e r a l ;
Stars :  clistances; Stars: lcitlernatics

1 .  lN’I’I{OI)UC’1’ION

‘1’lIe  solar  systeln is surroutlded by a vast clolld o f
about  1012-1013  comets with orbits exkr]di[lg to iu-
tcrstcllar clistarlces, c a l l e d  t.ltc Oor t  c loud ,  Jvith  a
t o t a l  estitnated Inass of SOIIIe  teIIs  of Ilarlll IIIasses
(oort 19.50, \Veiss]]]al]  1 9 9 0 ) .  ‘1’IICSC collletary or-
I)its  arc pertllrt~cd l)y rallclol[l  l)assitlg s t a r s ,  I)y gi-
:I[lt [lloln.~[lar  clollds atlcl by the g a l a c t i c  gravita-
tiotlal  (icld.  [11 l)iirtic(llar, (“10s(’ or (’\’f’11 }) f’ll(>ll’iit  -

il]g l)assages of stars tllrougll tile f30rt  ( - 1 0 1 1 ( 1  I’a II (lr-

Ilf>(’t  large ulltlll)f’rs o f  colllf.ts itito t,lIc ititlrr  [)lafI-

clary region ( l [ i l l s  1!)81), initiating F;artl]-(.mssitlg

[.cjlll(~ttiry stlo~vcrs atl(l I)ossil)le (.ollisiolls \vit II  t,tle

ilartlt.  S11(’11  itnpacts (’0111(1  (’:IIIsC Ijiologi(”ill  rxtiflc-

(1011 f~v(,llts. Sot]lf’ t,(rrf~sti  ai illll)i~(. t cratfrs  a[l(l
st r:~t i~ral)lli(. rworcls of ill)l):l(.t alI(i f..yt irl(.t  iolt cvcl Its

Sllx,<(%t t  Ililt S(1(.11  ,SIIOU’(>l’S  lllil~ ll; l\}(> ()((.llrr(~( I it] tll(
II:ISI  I)yll;li]lital []l(NIcIs ( (g . ,  ” 1111( (t ;11. 1!)s7) Slll)w

tliat a coIlletary shelver has  a  ty[)ical clecay ti[lle o f
about 2-3 milllorl years,

Itvicleuce  of the clyua[nical influeuce of close recent
stellar passages 011 the Oort cloud coulc] co~tlc from
tl]e  obscr-ved  clistribution o f  colnetary a~)heliou  cli-
rectiotls. Al though  the  clistributior~  of Iong-periocl
(lO’; to 107 years) comet aphelia is largely isotropic
orl the sky, some norl-rar]clorn  clusters of orbits exist
and it has beeu suggested that these groupirgs record
tile tracks of receut stellar passages close to the solar
sys tem (Iliermann et al. 1 983), Ilo!vever, \Veissma Il
(1993)  s]lo}~,ecl t]lat it ~volllcl b e  dificult t o  Cletect a
c o m e t a r y  shower it] the orbital eleme[lt clistributions
of the comets, except for the inverse ser]]i-rnajor  axis,

l/aO, euergy distribution, arlcl that, there is currently
no evider]ce  of a cometary sho}ver  iu this distribution.

S o m e  \vork  has beeu do~le irl tile pas t  to  search fc)r
s te l lar  perturbers of the cometary CIOUCI.  hliilliiri  &
Orlov (1996)  studiecl close encou[lters with the SUII
by 1946 stars contained in the I’reli[ninar-y  Version
o f  t h e  l’hircl Catalogue  of NTearby S t a r s  (Gliese k
Jahreiss 1991) .  ‘1’l~ey fouucl  that 3 stars may Ilave
hacl aud 22 can have encourlters }vith tile SUII  ~vitllin
2 parsecs, ~vith i)redictious beirg valicl o v e r  al)out
+ 1 millioll years from the preserlt epoch. hlattrw+
( 1994) Inacle  a silllilar stucly  although it  \vas Iilllitrd
tc) stars frorl[  the solar t]eigllbourllc)ocl  ~vithiu a radims
of atjout 5 [)c, al]cl he lists close approach distatl(.fw
f o r  6  stars ill the I]car future (Ivitllil] .5X  I()”yr froltl

Uow’)

iNevertlleless,  tile accuracy ofr]lost grouucl-based [jar-
allax allcl [)roper Il]otio[l  rtleasurcmerlls i s  ty[)ically
lill}ited  to several Il]illiarcseco[lds or  Illilli:ir<-se(.olicls
per yf.ar, rcs~wctively, ‘1’llis I]leasure[l]ellt a c c u r a c y
i II I I roses a se l,erf’ Iifl]itatiorl OII tllr ac(ura(-y  o f  [)rf-
dlctlolls of p:ist or fut([rf,  (’losf~  stellar passages.

O u r  ail[l  is to Sf’iir(’11  for  Ilcart)y  s t a r s  ~vllicll lIaIc
[mssml o r  \vill l)ass  stll[i(’ielltly,  close t o  1110 Sun
to  (-it(lS~ a  sigllificallt, p(~rt (Irt]at lol~ o f  tll(’ ort>its of
(.oltlf~ts ill t,t]f. Oorl  cloll  cl. [II order  to cl(~[(~r]]lltlf~  tllf~.sc
(lose  a[~l)roa(.lles  as ~)rfx-is(~ly  as pmssit)lc  }vt. Ilai,r  Ilsr(l
tll(’ v e r y  a((uratc astrotlif~t  rir (Iilta (t I](ati [)rf,(i>slot~
of 1 IIlilli iir(. sr(-oll(l  atI(l I [llilli;tr(,s(~(.c)ll(l  l)(~r yf~;~r  for
tllf, [mr:~llax  illl(l l)rolwr IIlotiotl, r(,slxvtiv(~ly) froll)
111P Ilil)[mr(.os  saltllil(,.



2. ol]sl’;l {\ ’,\’I’loNj\r, ” [)!1’1’1 {\Nl) /lrit\[,\’s[s

S]gllili(’illlf I)(rtl]rtjatiol]s of’ tltc Oort  (.1011[1  a r e  l)os-
sil)le  (JIIt t o  iI (Iistallrc of iilm{]t 2-3 [w. \Ve sele(. tf~(l

1208 stilrs froth the fiil)[)arros (~atitlog’(lr  (f S,\ 1$)!)  7),
\vl]osfJ l)ro~wr [Ilotioll  cotlll)illed with an assutllrd ra-
(Iiat velocity of 100 Icln S–lItn[)lied  an inlpact para]tl -
eter of l] IJarscrs of less. ‘1’his radial velocity is fij’c
t iti]es  t Ilc local stellar velocity dispersiotl, to allolv  ill-
trills irally Iligller  ve[oci(y  s tars  [0 be illrludcd. ‘1’1}11s,
star+ W,l]OSC [)ro[wr  motic)tl  in I[lilliarcscconds  per year
~vere Ifss tlla[l 0.06  tilnes the s q u a r e  o f  ttie [)arallax
itl Illilliar(-scro] lcls. f o r  p a r a l l a x  values greater tllatl
4.5  Illilliarcst?t’ollc{s,  arc tl]c  best candidates  to  Ilave
ai)l)roarhcs }vithin  3 pc frotn  the S u n  o v e r  +10 hlyr
froln tile ])rcsc]}t e p o c h .  l;or  sll]allcr [)arallax values
tllc ir]l[)lied  proper nlotion li[nit i s  a t  or  be low the
lli[)parcos lllcasurclnent  accuracy.

It] order to cletermine  pas t  or  fu ture  c lose  encoum
ters with the Sun, we searched for publisl]rx]  raclial
veloci ty  measurements  in the literat urc. \Ve fou ttcl
values for 472 of out 1208 stars (about 40 perce[lt of
t be sample) which were combiuecf  wit b the llippar-
cos  satellite data to calculate the ti[ne and dis tance
of the close passages assuming straight Iilie  motion,
156 out of the 472 stars are recognized members of
binary or multi~)le  systems.

For so]ne of these binary or multiple systellls the sys-
temic radial velocity is reported, whereas for sor[lc
otl~er  systelns it is not clear wlkethcr  it is the systemic
radial velocity or the radial velocity of one co[t]po-
Iient. Other stars shcnv long- term changes  itl their
raclial veloci t ies  that  COUIC1 imply that they belollg
to long-period multiple systems. In solne papers the
radial velocity uncertainty is not given, or the au-
tliors only report ttle probable  er ror  for  tile list of
observed stars in Ivbicb  the one c)f interest is itlcluclccl.
in these cases it is cliff icult to derive ar] accurate error
estilt]ate  for tile calculated closest approach clistal]ce
allcl eporb.

\Ve l]alrc i n v e s t i g a t e d  s e v e r a l  effcrts whirli tr]ight
lnake tile siinl>le  linear Iuot  ion [Iioclrl  used above itt -
adcquate, illcluditlg  tllt]lt  i[)lescatteritlg I)y ottlcr stars
along a s tar’s  pattl tolvard o r  a w a y  frolll tllr SLIt  I,

galartic rotation, atld oscillation perpctldicutar  to ttlc
I)lane o f  the Galaxy ‘1’l]e effecl  of  s te l lar  irltcrac-
tiolls is st~iall,  about 4.5 arcscr deflection for a solar
ll)ilS5 star I)assi[lg  1 parsec f r o m  anotl]cr solar  I]lass
slar lvitll  a re la t ive  velocity of 20 k[ll s–’, J’;vetl over
ii l)atll Iellgtll of 100 parser, tile rlt]s  dcflertioll (1(1(,
to  s[lrll  rtl(:outltrrs (:issilt]litlg a stellar drtlsity of ().1
1,,-:)) is less  tll:,ll 1 ;~rtlllill,l[e. ‘1’l]is defl((tic)[) at
I 00 I);lr>fv \V()[ll(l (.llall~f. (lie  illll)il(’t [)ilri~lll(~l~r 1)~
1(s> tlIai I ().02 parsw. ‘1’11(> cH’(Y-1, o f  galattif. rot:i-
Iic)l] is also Itllilll[)ort;il]!  [)llt to a (Iistall{.e  of at lfiilSt

100” [)r, sill(e i t  i s  otlly tllc tillif d e r i v a t i v e  of ttl(
rot al ioll-iticlll{wl  I)rolwr  Iltotiotls ~vlli(.li is it]] [mrtatlt
()>,’ illittic)ll  al)olit tllV [)litllr  of tll( (ia IilXy (’;1[1 {’iills(’
(Ii fferrllti;tl :t(.(f,l(,rat  i{)li l)f~ttvt~f,ll  a slar ;Lllfl I II(, SI) II,

Ijllt cjvf,r tll( lit[l(+ ;111(1 (liStillll’f>S lJ’l)i(’itll  J’ (.ollsi(lorf ’(1
Il(r(. this  ;~lso rfs(llls  ill OIlly :Lsltl;I II l’lliill~f, ill Illl[j;ll’t
I):(r:ittl(,t{,r

:). 1{1’:s1:1;1’s

:111 I lie (lose  $tCllill’ [)assagcs  witllilt 5 [)(- \vlli(-tl tv( (’ai I
l~rm]irt  a r e  roll(elltratrd  ill a ti[t]e  itltcrval of at)o{lt
* 8.5 Ylyr. S e v e r a l  s t a r s  rotl)itlg  lvitllitl al)ollt 2 - 3
[x. arc ill [)ritl(’i[)le tile IIlost  pla[tsit~lc  [x’rturbcrs o f
ttlc Oort rlol]cl,  arid  particularly c)tle oft Ilesel Gl, 710
(}11(’ t3!182fi), r,,ay tlave  a future lx]lctratir,,g passage
tllrougll  tllc outer Oort cloud,

‘1’llr [Jrcdirte(l rlosest ap[)roacll d is tances  vers~ls tilne

\
of [)ast (negative tin]cs) or future positive ti[lles) ell-
rc~ultters  are sl]c)lvll in L’igurc 1. ‘1$ le size of tile circle
is [)roportio]lal  to tllc v isual  Inagrlitude of the star
a t  the Illiss  distarlre. Fro[ll  this p l o t  }ve see tliat the
[)assages at large titllcs are donli(lated by tbc brighter
stars. “Ibis  suggests au o}xervationa] h]as due to tbc
f a c t  t h a t  lllost of tile s tars  that  hacl or \vill Ilave  a
close passage at large times call only b e  c u r r e n t l y
observed if they are itltrinsica[ly bright. LJncert. aill-
ties iu time allcl clistance of tile closest passages have
rlkean values of about 20(X ancl 30Yc,, r e s p e c t i v e l y .
A bout 50’% of ttle satnple have er rors  above  10%,
tvtlercas about 15(XI  of the satn[)le have  er rors  over
50%.
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‘1’tle average llull~l~er of stars passing witllill ally dis-
t allcc, 1), of tlie Sun  is givet~ by h’ = 7r l)? v [J., lvllcre
v is tllc velocity of tl]e  Sufi relati~’e  to tile local stars
and p. is tile local det~sity  of stars (\Veisstl]  all 19S0).
;Isslill]illg  that v  =  20 ktll S - *  at](l p. =  0.0S [x-;]
(;111(1] 1973) 011( fill(ls N =  5.1 l)Z illyr-i ,  Jvllrre  1)
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( 1(.lI<JII.  ,1 If, ast s([ll;lr(w fit ((j t i l e  [I;lta fillcls il slo[)(
o f  1 ,8S,  ‘1’11(, lower  slolw [0 t Ilc [it te(l (fat;i is [)rolxlllly
ilt(lt(.at  [VP of ol)srr-val  IOIIal l(t(’c]llll~l(,t(,llf~ss, siii(v~ tlie
llil)lmr{ws  (Iitla arr COI[)[)I(’IC  (Iolvfl to atmlit l t l a g l l i -
1  1)(Ic !) ;~i)(l (wtlsr(l[t(~lltly,  faitltrr Io\v II IaSS s ta rs  near

III(’ [J(ril)llcry of o(ir  srarfll ar~>a w e r e  likrly [Ilisse(l.
“1’llis olwrvational il](’oltll)lctfilf’ss  is  a lso  evi(lrtlt ill
t II(’ (lf~(’rcase in e[lcoullt er freq(lellcy  al]d  t Ile iiicrciiw

it) tile rneali brightn(ws of tllc s tars  el]coutlterirlg  tile
s o l a r  systrttl a s  oIIC nlo~’cs a}vay fron]  t.l]e presetlt
rlmcll ill tilne.
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Close Approach Distance (kAU)

3.1 .  Radia l  Velocit  if-s

Itl Itlost cases the uncertairlty  in tllc closest approach
distauce is c]ominated  e i t h e r  by urlcertaiutim in the
published radial velocity measurements or by uncer-
tainties in the baryccrltric motioti of binary systelm.
}Jor the stars iu our sample that arc part of multi-
ple  stellar systen]s, ort.)ital  motiom could contribute
to the measurecl values of proper motion and raclial
velocity, aucl our esti~natc  of the uncertainty ia miss
distances may have to be iucreased. Sonle siligle stars
a r e  fourld  t o  h a v e  loug-tertn chauges iu ttieir xliea-
surcd radial velocities, which  coulcl  be i[lterpreted ei-
ther as evidence for loug-period binary syst,elus  \vit,ll
ullidentificcl ron][)ailiolls  or as tltc result of fitting dif-
ferent s[wctral lines at different epoctls.

3.2. [’ast  and f~llt u r e  C’lose Approacl)es

;\ t o t a l  o f  1 1 3  s t a r s  are prwlicted to  COIIIC ;vitlli[l a

(fist at)cc of5 lx- duritlg a tillle in terval  of about  + 8.5
\lyr, ~vitll  rol]gl]ly  equal Ill]t]llmrs  ofclosc a~)[)roactl(w
ill Illc  [)asl atld f u t u r e . ‘[’l~c dyl~alllieal effect of t Ilww
s t a r s  01) tl)e Oort c l o u d  (lel)f~tl(ls I]ot o[tly otl tltf~ir

l)roxitl)ity I)llt also oil tllcir [I IaSS  atl(l Iio!v ]OItg t]lc

(,tlcolllltcr  1:1s(s, ‘1’llc relalivf’ illfll]etl(w  o f  tll(wf~ stars

olt tllf’ cot]i(’tary o r b i t s  catl be estittlatd frolll  tll(, dif-
fcrct]t  ial attractio[l excrte(l o[l tl]e  Slit) al]fl a (wll~rt  ill
I Iir f.lol](l, \vlli(.11  rrslilts in a I]ct ctlatlge of ttir velo(. i!y
of t 11(~ (.otllet  \vit II res[m.  t to t Ilc Slitl.  ‘1’II(J  tlct v(’lo(’-

A\~ 01) ;III ~)orl (.]oll(f (.olt]ft (Ii]e toity [~ertllrl):iti(~lt, ,

:1 sill~l(~ (’II)W s t e l l a r  [)il SS; l~(, (’;ill I)f, sllow’11 to I)(I :1[)-

I)rosltl\:t(,ly l~r,>l,orti(,il;il 10 jl.j’.-’l)-’ ,  )vll(>rr 11.

‘1’lle rrlativc [ilagllitllfic  of tllf’ St(’llill_  p(r[(lrl)alio[l  ot]
tl)e oort  clotl(l  ilS a fl]l]ctiorl  of til)]c i s  sllolvtl  it] l:ig-
urc :i. ‘I’l Ir lllag[lit(ldc  is giv(’11  i[~ iirl)itrary IItiits aII(l
re[)rcwllts  a  first -or(ler  [It(’trsttre  of tile  gr;ll’ililtioll;ll
irlfll]ellce  of o[lr (-low stellar [)assage reliLti\’f’  to t 11(’
otliers.  ‘1’llis idetltifies  tile s t a r s  n]ost likely t o  ~)er-
t urf) tile Oort c l o u d ,  altllo(lgll  tllr real pert Ilrl)al  iotl
olI tile eolllctary orbits can oI~ly bf~ mtilnatml  tllroilgli
dy[larllical  Siflli]liitiolls.

‘1’l)c Illost  si~llifica[lt imrtllrbrr in o u r  d a t a  set  is ,11-
:01 (fll~’ 1’1<576),  a (ri[)le star systerl], w’llosc’ close ell -
coutlter lvith the Suu, 7.3 Myr ago at 3 parsecs. Ivas
detcrmittcd by \’l Jfl[ astrotnetry by [,estradr et a l .
(19!) 7), in g o o d  agree~nent tvittl tl]e values  of(j.tl \lyr
and 2.7  pc f r o m  t h e  present ivork  !vithiu tile ui\cer-
taint ies. l’he re la t ive  perturbatiol~ has heel]  calcii-
latecl  considering tbe total Illass (about 6 hl(,, ) of tile
three stars .  IIotll t h e  t o t a l  m a s s  atlcl tl]e  SIOIV [ms-
s+gc SCctll to c o m b i n e  efflcie]ltly to  compensate  for
ttle co~nparatively large  miss  dis tance.  ‘1’he secolid
[)otentiallv major perturber is the massive star ,-IQ
l’u~) (lll[; 3 8 9 6 5 ) ,  tvith a Iniss  clista[ice of  1.7 lx.
}Ic)tll  Algol  arlcl AQ Pu~)  hacl t h e i r  c l o s e  I)assagm ill
tile J)ast. Gl, 710 is the most significant perturber iu
ttle future.
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encourltrrs.

III additio]l, ttlc culnulative effect .>
of several ral]doln  stars Ilot necessarily fxlc)tlgillg  to
ttlc sallle [tlultiple systel]}  m a y  a l s o  l)lay  an ill][mr-
tatlt r o l e .  StOCllit5ti C encoutlters \vitll wvcr:il tlIas -

sive stars closely s[)aced  itl ti[lle migtlt causr a sig[lif-
ica[ltly lar,geref~m-t  than consi(leril(g ttl(’illscl):~r:+tt’ly.
Sllel] g r o u p s  ofetlcoutiters are prcsf’l]t  ill tllr [)ast  at
atmut ‘2 \Iyr aild about  1  Xlyr,  and or](’ ill tll(> fulllr(’
Lvittli[l tt]e  next  ( ) ,1  \l\r. .Notc, tlo~vc}’(’r, IIlat  sollle{)f
tllc closest a[)[)roa(ll tlt]ltw ltavc  large 1111(’~rtililitifs.

3 . 3 .  ‘1’lIe f(tt(lre(’losf [)assa:(of(jf,  710



Xfvfrt lIeless, (;[, 710 d o e s  a[)[war t o  exl~il)it lol Ig-

t(,rll] radi; ~i velocity cliatlges. ,?11{1  frorll  tfle  ra(liiil  vr-
Io,.ity  values rclmrted Ire sas[wct tl]at C;I, 710  f]lay
bf. a Iollg-lwriod biaary star. Llcasaretl]rtlts  [Iladc
itl tile 19z1O’S  s h o w  r a d i a l  v e l o c i t i e s  lnorc ]Iegative
that] -20 klN S–l , ~vl~creas observatiorls betwmll  1984
allcl 19!)7 rr[)ort valaes less negative thaa -1.5 Iitl) s–l
(kvitli c,llcexce[)tiot] of-26,3*  15,0 knI S-1 wllicl]cail
Ije r[llwl  out  dae t o  i t s  large aacertair]ty). (Jnfortu-
aately, a gap ia the observations for forty years be-
tlveen  o l d  aad nlore receat measare[nents preve[lt us
froln  ktlow’iag  if the radial velocity chat[ged slllootbly
d{]ritlg  this  tinlr. Ally  ulll)ublistled  p r e v i o u s  ~lro[)er
ltlotioa, I)arallax and raclial v e l o c i t y  measareroclits
Ivoald  he]]) us better utlclerstaacl t h e  l o n g - t e r m  mo -
tiollof GI, 710.

Sol]~eass~lltl})tiolls  are thus  requi red  ill order to ob-
tait~ all estimateof the closest approach distatlce for
this star. lirst, as mentioned above, one possible irl-
terpretatioil is tocomider  GI, 710 as part of alollg-
periocl  binary. Assan]it}g a circular ort,it aacl taking
r a d i a l  ~relocities  of -23.3 ktn  s–l atlcl -13 .9  kn~ s–l
(t l]rm radial velocity with tbe lo}vest uncertainty of the
]Ilorcrecenl measuremetlts)  asup~)er arlcf Iokverli[uit,
respectively, we obtaia a raclial velocity of the biaary
svstem  o f  -18.6 ktn  s–l. Jf’ith these  assamptiolls,
C~I, 710COL11C1  llaveafuture c]osecacouater wi th  the
S o l a r  SystelIl ia aboot 1 hlyr, p a s s i n g  tl]rougb t i le
Oort cloud at aa e s t i m a t e d  c l o s e s t  clistarlce of 5.3
X 1 04  AIJ frc)ln tt~e  Surt,  Ilo;f,ever,  o r b i t a l  contribw
tio[ts to  the  measured prol)er nlotioa coald iacrease
the uacertairlty of the miss distaare.

O[ltlte ottlerlla]lcl, aclifferetit itlter[,ret;it iollcolllcll)c
ado[)ted. \\Tc coald ass(lr]lc  Illat.  the r a d i a l  v e l o c i t y
valaes it] tile 19.10’s  resulted froth fits tospcctrai liltcs
dif ferent  than the orles  fitte(l i]] l]]orc  recent i]leasl]rc-
Illrllts aad also t h a t  t h e  lattrr arc the rt]ost  reliablf,
II]ciisllreliletlts, yieldiag a valae o f  -13.9  krn S–l. Itl
[Ila[  case, lve ot)taill a fllt~lre  c l o s e s t  ii[ll)roa(’li  dis-
ta[t[e of7. O x10’* AU ill al)ollt 1.3 hlyr.

If it is inderd a bitlary systeltll tile mf;wared  radial
I,cl(]city  of(”;  I, 7 1 0  ;vill colltillllt~  to slo~vly cll:~llg’c illl(l

Ivill t)r coast;~llt  i f  Ilot,  \\rf~  SIIOIII(I  t)c at)le  tO  dislirb
:+llisll I)rt}vcf.tt t Ilcsc IJossil)ilit  ies ill 1(, ss tll:lll  a tl(’(”:(flc
\vllll  il Iilll s – ’ tli(’:isltr(.lll(~llts.

‘1. (’OA’(’[,  (’SIONS

tll( Illltlltxr of st;trs fvith  I)re(li(tccl  (lose [)ilSSa~OS.

‘I’f  Ic [)rosetlt  wwrk is il start itlg Iwi(lt  for  furtllcr tly -
Il;ill]i(alstll(li(s Oftll(’  itlflucll,’e  Oftllrse close stellar
[)ilSS?l~(}S  (>11 tlld Oort ~loll[l,

‘\(’l;x o\\ ’I,ltl)(;\l I:s’l’s

\\’e tllallk .1.1;  , (iizis, 1 1 .  Jallrciss  a[ld  ,1.1{.  Sta[]ff(’r
forki[ldly  [)rolridillgas  !vittl  itlforlnatioaoll  Cl, 710,
‘1’l]isresfarrh  ist,ased  oaclata fromttlel  lip~)arcosas-
troll lrtry  satellite and has also made use of the Sit]v
bad database, operatecl at CI)S, Strasbourg,  [raace.
‘1’llis  research \vas  carried oat at the Jet I’ro[)ulsic)ll
l,at>oratory, Califor[lia  Ir]stit Liteofrl`ecl]ilology,  ultder
cot]tract  Ivitb  t!]e ,Natiorlal  .4eroaautics  slid S[)ace
,I[l[[]irlistratiorl.
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