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Abstract

“l”hc Space lntcrfcromclly  Mission (SIM) is NASA’s flrsl space scicnm inlcrfctomclcr, and will enable fmlamcmlal
ncw discoveries in both Galactic and cx[ra-galac[ic  astronomy, including  cosmic dislanct  scale. It will also address
qucs[iom rclatccl to the origins and prcvalcncc of planc[ary SWCIIM. SIM is designed with a lom baseline,
providing l)igl~-tllrot]gl]j)~lt 4 pas global as[romclrs  and synthesis imaging, in the visib]c al a resolution of 10
]nilliatcscc. 1[ dcmom{mtcs  scvcml kc? tcchnolo~ics, including coro]m~;ra])llic-tylw  10“ cx(inction nulling of a
central brighi source, nccdcd for fahac nmsions  in NASA’s Origins Program, such as Ihc Ncx(  GcncM ion Space
‘1’clcscopc (NGSI’)  and T’crrcslrial P]ancl Finder (’1’1’1’).
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IN’I’ROD11CTION— .

S1 M is a 10 nm[cr baseline visible iakxfcromc.tcr  capable of global astronic[ric  mcasurctncl)ts  with 4 pas  (2 x 1 ()”1  1
ract) accmacy and narrow-aaglc  as(romc[ric mcasuamcm  011 Ihc order Of 1 pas (1’able 1), It will produce. a wc.al(l~ of
nw astronomical data and scrw  as a technology JJa[hflacJcr for a liltc Of fatom as[rop]qsics  nlissions. I’JIc baseline
colIccp[ for S1 M is dcrivcct from the Chbit ing Slcllar lntcrfctomc[cr  (0S1) coaccp[  dcvclolxd  at t IIC .JCI Propulsion
1,aboratov (Raymaa 1992). Tl)c SIM archi[cctu~ (1’igurc  1) rcp]rscl~ks a paradi~m  shift  from the cm of rigid
IIlonoli[llic lclcscopcs. SIM cmbraccs  lhc nelv paradigm of aclivc optics disttibu[cd acres a Iiphtwcight flexible
slmctorc which maximizes rcsola[ioa pcr unit nms carried into orbil. ‘J’his is a nc.ccssaty slcp fonvard  for fulutu
Io\v-cos[  Iargc-apcrtarc  space astrophysics missions, Tablc 1 sulnmarizcs the principal im[rumcnl  ancl lnissioa
pmmc(crs.  Figure 2 shows the cxpcc(cd tvidc-al@c  as[lomctric accumcy as a function of stellar magttiludc aart
ili[cgra[ion time.

“1’AIII  ,}; 1. SIM 1 astr(lmcni  and Mission Parmclcrs

laslt Umcnt
VIasclinc 10 Inclcm

Wavclcngjh Rmgc 400-- 1000 111)1
No. Sidcroskts 7
A]uxtmc 1 )imnckv 0.30 II)clcl s
Ashon]ct]  ic I’OV IO”x  lo”
lmriging P(IV 2.4 x 0.4 aIcscc
I)ctcctor Si K]) and Al’])

Missirm/blight SysIcm
(hbit 900 h Sill}-symh.
Orbit l’ei iod 103 min

1 mulch Vchic]c ])c]I[{-] I 7920
Mass 1800 kg,  (~g~o  maigin)
Powcl 1030 W (6370 nwgin)

1 ,ifctimc 5 ycal s
Scicncc l’crfonnaacc

AstroInctry (~viclc-aagk) 4 )tas oa 20 mag ia 10 III-S
ASIIOIIICtIy  (n:inmwmglc) 1 pas on 1 S m:Ig, ii) 3 hs
imaging Rcsolutim 10111:!s @ 500 1111)
lmagiag Scjlsitivi[y
l’oint Source 25 IIIag itl 1 hr
IMcnclcd  SOUIGC .,.

Nalliog
20}lMg/plx 1111 hr

SIM lcvcragcs on a number of past, current  and upcoming activit ics to significantly rudocc mission cost a ad risk,
11 bcacfl(s from the rich history of grouad-bascct iulcrfcromclcm  and associated JP1, pcrsomc],  rangi ag fronl lIIC Mark
1--  h4ark III sys(cms  at MI, Wilson, to the cuncmtly  opcra(iag Palomar l’cstbcd lntcrfc.rowc~c,r, rmd cwisioncd
Kcck lnicrfcrolnctc.r.  ~’hcsc programs provided some of [I)c first ia(crfclomc[ry tcchaology  dcmomratioms  usiag
s[arli[~l~t. I’hc ]Iltcrfcromctcr  ‘J’cclmology  Prog(am  (1’1’}’) at J1’I, focuses the firoond-basccl  on tcchaologics  ]Iccclcd fiM
space. ‘1’his b r o a d  progmm  ctlcompasscs  colliponcllts,  subsys(cms, and inlcgratccl  systems that val idate
ii~lcrfcr’omcter opcr~liom.  Critical ia[crfcromclcr components  such as sidcrostats, delay Iincs, and Iasc.rs alc c.unm{ly
in advaaccd  dcvc]opmcal  10 mcc[ the cm’ironmcnlal  rigors of space. Mc(Iology gauges ~vi[ll accoracics al the
piccmwtcr ICVC1  tha( arc ncccssary  for S1 M arc carrcat ly bci ng dcmoastm[ed ia t hc ]abora[ory.  Ground tcstbcds, like
lhc Miclo-1’mcision  IMcrfcrcmctcr (Ml’]) tcshcd, am dcmomhting  cnd-to-cmd cq~cratiol~ of an inlcr’fctomctcr  OH a
latgc flexible, flight-like shuciurc. Advances  it) the dcvclopmcl~( of moclcling tools arc caab]iap, ]Iipll-fidcli[y
pwdictioa  of S1 M’s pert’ormaacc ia space.

III addi{ion to global aad narmw-angle astromctry, SIM wilt a lso pxform s y n t h e s i s  imaging wilh 10-
mill iarcsccond  resolution. Ily combining di ffcrm sidcroslal  pair-s, and rotaliag lhc spacccrwfl  about the line of sight,
lhc imtromcnt  san~J>lcs the Fourier transform ‘(u, v)’ p]anc, from }vhich the ima~c briglttticss dis[ritmtion call kc
dcduccd. l;iga[c 3 shows the. cxJ)ccic.d imagiag scmilivity  for various objccl sim.s  (ill uails of 1() nli IIiarcsccolld
pixels.

~’able 2 summarim the aslromctric J)rogram  \vJ)ich SIM will uadcrlakc;  spccillc  targets or largc[ classes alc
iclcnti ficd. Son~c principal scicncc objcclivcs iucludc:
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Calit)ra[io]l of stellar aad “s[andard  candle” luminosities used iII cosmic distatlcc SGIIC and globular CIUS(CI
lncawrc.mcm
Prccisc shrdics  of galaclic dynamics iacluding rotation curves a ad halo objcc[  motiom
Scarclliac for plaack  do~vn to aa I\arlli mass
Measuring lbc apparent as[romctnc  motiol) ia gravitational microlcming  cvcn[s
10 milliarcscc  rcsolll[iol~ sylttbcsis  imagirlg of circ(rll~s[cllar  disks arolll~d young  stellar ob.jccis (>’S0S)
lmagiag  lbc narrow-liac rcgioms of aclivc galac[ic mc]ci (AGN)
I)cmons(rali])g  nulliag by imaging lIIC dus{ around ~ Pictoris 10 \vitl)it~  -0.1 All (1 .S. 10’0 m) of ihc slat, 10
scarvh for gaps or s[mchwc that may bc caused by Ihc prcscncc  of plarws

q’AIll ,112. SIM Aslromctric Program IIighligb[s
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];l~lll{li 3. SIM Rolalional Synthesis imaging, Scmilivi[y

S1 M QIUGINS.SCIENCU

“1’hc scicncc pro~ram  for SJM is very broad, al)cl Imro]vcs  many areas of aslroj)hysics.  It co~lliibulcs 10 the
scicn(ifw goals of NASA’s C)riSim  Program ill scvcrdl fandamcnta]  ways,  ~vitll regard to IIIC  s(udy of cx[msolw
platlclary SySICIIN, and in cs[ablisllil~g the costl~ic dishl]cc. scale. in tl~is paper wc focus 01) IIIC 01-icills  scicwc
topics acldrcsscd by SIM.

Plnwts of Nearby Stars—.—

H’hich marhy slmv  hmv plmds? I\’ho!  me those plmcts Iikc? II(W pcrva,sivc  we plmtcts  OIMI plnncfrity  S:btv!cttm

WOIIIId ncorby  stars? Ji’hnt sldi.vticd it~fivwmtiotl  am hc .gaincd  dmu[ the forttjo[ion  of tllc.vc .yj~.v!cmv,  and MIha[

Ovct ilic las[ ycxr tlIcrc h a v e  b e e n  t w o  significant
dcvclopmcnts in the nascent field of extra-solar platlctary
research Firs[ is [Iic illfcrcmc of companions lvitli n~asscs in
thc planclary  rmgc of 1 to 10 MJ, (where Jupilct mass MJ =
9.6.10-”’ solar n)asscs)  around lIVG marby stars 51 }’cg (Mayor
and (@lox 199S) and 70 Vir (Marcy and I]ullcr 1996) .
I“hcsc aw the first  positiw  results from precis ion radial
vclociiy s[udics, Second is the direct dctcc(iolt of a gcnuiuc
blown dwar(,  the companion of tltc ncalby stal Glicsc ??9
@4akajima  ct al, 1 9 9 5 ) .  Spcclroscopy  (Oppcnhcinlcr  c1 al.
1995) rwcals  strolg Ilictlmuc absorption bands, Such bal~ds
ate aot scct~ ia other s[ars, but arc common to large giant
plaacts  (e.g. Jupi(cr).

‘lhcsc discover ics dispel really my[lIs  about plallctaly
formatioa and brown  dwarfs. Plancls found by radial velocity
arc Pccali:it in all rcspccls:  Ihc plaac( olbiling S1 }’cg is in a
4 day orbit at about 10 solar radii, and tk oIic around 70 VII
lkls at] Cccclllricity of’ ().38. Follllalion  of’ SNC1]  giant planets

I’JGUR}l  4. }1 ST lmagc of lhc 13ro\va I)warf
G1 ,22911 (Nakrjinla c( al)
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“1’AIIl,Ii 3. Po(cnlial  Targc[ Stars in an As(romctric
Search for Earth-like F’lancts as a Function d
As[romctric  Accur~cy (from Shao 1996).
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tl~cl~carcsl fc\vslars  al~diillcrll~cdiatc-il~assIJlallc[s (LJrwus)
acccssiblclo  ongoing  or fulurc radial vc]ocity s[udics.

(6 MJ) in such ccccl~tric orbit is ]10[ explainable by
curmd  theory.

our cummt  Ulldcrs(alldillg  of plaliC.1 formation is
bascdon  only ollccxamplcj  the solar sys[ctn, ‘1’o iirs[
orctcr, wc cm divide the planets in[o rocky plallcls
(c.g, Vcl~(ls,  Earth, Mam)al~dgial)t  gasplams (c..g
Jllj~ilcr, Saltlrll, Ncj~l(lllc alldllrall~is).  Wc bclic\ct hat
allthcphmcts contain a rocky core which formed fitst
by Coalcscmccofdusty  malcrial. lntllccoolcr  (ouicr)
rcgiomga saccrctcdon  lolargcrocky  co!c.sto forln the
g,iarll planets. “1’hc cx[rxsolar plancl cai~didatcs
discovcrcdto  da(c arc not wsily  explained ~vith this
paradigm. ‘1’o m a k e  p l a n e t a r y  scicllcc in[o a
comparative field \vc need more data, specifically a
ccmus of planc[aty  bodies arouncl slats ill tllc solar
mighborhocrd,

SIM will contribu(c  ia a unique mamcr to this
ccmus,  11s aslromctric p r ec i s i on  co(iplcd lvi[h higl~
thr-oughpu[  cnab]c us to search for rocky planets around
Ovci- tllc. ncarcsi 10W stars, None of  tllcsc boclics am

O[)scmatiol~sarcllrgcl~{ly  nccdcdto  guide  our  Ulldcrs[alldillg  of planet formaiion,  it] patlicular  to addms tllc
following qucs(ions:

A latgc ccmus  of all nearby stars is nccdcd  lo awwci- IIICSC  questions.

‘1’hc astroluctric dctc.c{ioll of dark companions  to lumilmus primaries is achicwd  by measuring the tratwcrsc
rcflcxll~otiol~  of[lwjJritlla~  asi[orl)its tl)cco]l~ll~ol] ccll[cr ofll~ass oftllcsys[cllj,  As[romctricd  c[cctiollc liffcrsfrom
tl)c radial vc]ocity lcchaiquc ia thal the nqni///dr  of the as[rolnciric  sigliaturc  is ii~dcpcndcnl  of the orbihl
il~clinatirrn, ‘1’\vo dimcmional  astromc[ric  information uniquely dcfillcs  the orbital ilicliuation of !hc companiol~j
alldadislallcc ~ll~iqllcly  dcfil]cs tllcs(cllar  lllass, illcrct]y  llt~iq(lclyd cflt~il~gt l~cll~ass  ofthc compa]lioll, Aslromc[l-ic
cojl~l):it~ioll  dctcc[iolli sdol]c\  ~iaIlarro\\-ailglcas  [1-olllct~,so  SIM’s]>crforll\  allc.ci l~tl)is]>rojccl will bc bct\vcc]~ 0.6
and 1 pas. l’llcsi?coftl~caj)~)arcl~t rcflcxmolionis:

. .
\vl)crcR  isll]co]bital sciwa[ion,D is the disiamc  to the syslc.m, m is the. mass ofthc companion and M. is the
lt~:lssoftllc]~arcl~[ s[ar. Starspols  movil]ga  crosstltcs  [cll:lrdisk siari to bc.comca sigllificall[~~roblcill  for as[romc[ty
at 1 pas; howcvcr  this difllculty be ovcrcomc  by pcrforminf: multi-color aslromctry  -- cfl”cc(ivcly  solving for the
:ls{roll~c[ric crroril]cl[lccdby thcslarspots(S1mo  1996).

Scarchil~g forda&conll~nionsto stars ncarcrthall  100 pc (1 pc = 3.1.1016  ]t)), SIM with a 1 pas narrow-angtc
aslronlclric accurac~~is scmi[ivc to reflex moliom  ofampliludc  grcafcrthaa  0.02. solar masses and periods sholtcr
tl)allt\vicc  tllclllisslol~ lcl~gtll (l~oj~)illally a5yr1~~issioll, socolll[~allioI~ }~criodss lloflcrtltal~ I(lycars).  ‘l”his nflcx
lt)otiol]  scl~siti\~ity corrcsl~orlds  toplaI~cts  \vitl~ll~asscs  do\vllto  l°/Oof Jupiter orbit ii]gsolar-lIlass  s[[lrs, so SIM will
casilydc[cc[  gasgial~[ ai~dbro\vlt d\\'arf-tyl~  col~\l}al\iol~s  arolllid  a\,c~largc ]~llt~)l)crof candicla[c stars -- cIIouglI  to
cslablishhighly  significant mass dislribu[iom,  I’able 3 gives an cstima[c ofthc mlmbcr  ofacccssib]c  target slars
vithin2S pc for an carlh-likcplanct  scarchas  a fu[~ctionof  the sys[cm astromctric  accumcy  (as cxlrtctcd from the
Glicsccatalog,  Shao 1996). SIM’S 0.6 - lpas lmr[~~}v-ailglc astroll~c[ric  ~wrforll~l~cis cal~al)lc ofdctcctillg  cattll..
mass companions around lhc ncarcs[ 12 -90 stars. ‘J’his  progrdm has important implications fot-the I’cr[cs[rial
Planc( Finder mission.



Cllaradcrizing  Brown Dwarfs-. .— —

]Jir’ccl dc(cction of tl~c ‘super’-pkrncts is of crmsichab]c  intcrcsl  both from  tlIc poill[  of vkw of coltvcyiltg
cxcdcn]cnl  of this field 10 lIIC public  al krrgc and for carqing  O(I[ detailed s{adics  of these sys(cm. lnclecd, the
rccclll publicity aflordcd ihc dircc[ dctcc[ion al~d spectroscopy of the bmtm dwarf Glicsc 22911 is a tcstamcnl to botl~
Ihcse jus[ifica(lons. The modeling of planchry  aln]ospl]crcs  is still  in its  infancy. 1 ,OW  tcmpmlurcs  rc,wll in
forl~la[ion  of many molcculcs, which make the modeling ditTlcal[, I’his is unfortuwrtc  simc  detection stm[cg,ics
require a Rood  know]cdgc  of lhc cmi[[cd spcc[rum, For cxan~J~lc, llw sJ)cclnlnl  of Glicsc 22911 JJcaks al 1 I(III  circa
thugh  ‘I’M: 900 K (Matlhcws ct al, 1996). Furilm.rmorc  the s[rong,cst spcc[rdl fcatur-cs in GIicsc 22911’s spcc[nln~
arc duc 10 mclhanc, remarkably similar to the rctlcc(cd  sJwc(run\  of JuJ}itcr.

SIM’S  ~~ili I is tlIC OIIly way 10 dilcc[ly dctcc[ the majori[y of bro\vll dwarfs infcmd  from indircc[
(radial velocity or astromctric perturbations) techniques. la sludics of such sysicms, SIM and 11ST uill play
comJ}lcn~cn[ary  roles -- S1 M will enable us 10 cxplolc and s[udy brown dwarf companions ~viih orbital scparalicms
ICSS than 1 atcscc, }!hilc }1S’1’  cm image sys[cIns al larger scpat-aiioms (SCC Fig,urc 4). lJsing Glicsc 2?91] as a
prolotyJ>c,  lhc absolulc magniludc in the rmgc  0.8-1 j!In is bclwccn 17.5 and 1 S (Nakajima  c1 al 1995). SIM need
only achicw a con[ais( of 104:1 to image aad measure the. flux from Glicsc 2291]-like ol)jccls. 1[ will bc interesting
10 scc how the spcclram of the brown  dwarfs  depends on clTccti\’c icmpcraturc,  Glicsc 22911 ~vi[h “I”,n = 9(KI K peaks
at 1 micron whmas JuJ)ilcr  (g’,m = 120 K) peaks at wavclcnghs  longer lhan 10 pm (lhc true cmiucd spcc[tum).
~’lms  wc have a ral)gc  of near’ly a fac(or  of 10 in “1’,n  over which wc ~vill bc able to dctcrlninc (Iw optical spcclmIn  cf
bmw dwarfs al 1 YO spcclml rcsolu[ion. S1 M caa syalhcsim  i magcs of such compact objects cfflcicn(ly;  all image
caa bc syn[hcsizcxl  in roughly six hours.

Sldlar l)cbris  J)isks— — . — .

H ‘hall is the nottire  and di.vtriblition  o~<:ir{:iltt),v[ellot, tnoleriot  covund  nloin ,wqiienm  o)d pre-ntaiti .wqur)we  stcvx?
Ji ‘hat are  the iwplicwtion.v  jbr the formation oJ .Tlar,v nn[i plmwtmy  .y)’stctns? Con the pt”csence  of pkws  h e

infirtvd from  structure in these disk?

771P  l)ctcdion of I~iw-Zodiocal  l)i,wk l’Jm 1 RAS satellite rwcalcd that many main -scqucacc stars aw sutlom]dcd
by disks of circun]s(cl]ar  dust, will)  slars SUCII as Vega and ~ Pictoris having, up to 104 more material than in our
solar syslcm,  ~’he cxac( distrih[ion of Ihc dust in lhcsc solar systems is poorly known,  OJ)tical coroaa~mJhic
mcasui-cmc.n[s (Ariyn~owicl.,  }Iurrows and Parcscc 1989; GoJin~owski,  Durlaacc  and CYamJ~in  1993) and Illcrmal Ill
mcasuf-cmcn[s  (Backman, Gillct[, and Wit(cborn  1985) ha\’c probed the ccniral 4-20 ascc of the [3 l’ic disk,
corwJ)ondiag  10 a rcg,ion from 75-300 ALJ (the dis[ancc to ~ }’ic being rougldy 1 Spc). 3 ‘I)c coromgfaphic
n~casmmcnts  sl~o~~’ an R-band surface brightness of-15 mag ascc”? al 100 All,  inclcasing as R-2 closer to t IIC slar.
‘Jhis sut-face brightness is cowsis(cat with tlv.xc being aJ~J~roxilnatcly 10“ more material in orbi[  aroancl P Pic than
around  the Sun, with ~ Pic being 10 limes brigh[cr than (1)c Sun. and with lhc [3 Pic disk bciap, seem almos[  cdgc-
on, ‘J’l)c inlcresl in lhc ~ Pic syslcm is incr-cased b! rcccnt announcclncnl  by }Iur[ows  ofdistor[iolis  in tllc disk seen

i n  }1S’1’  itnagc!y -- presumably duc to the g~avltational idhlcjlcc  of onc or IIlorc unseen conam{ratccl bodies
(}lurlows  1996).

SIM can mcaw-c  the total briglltacss  of the ~ Pic disk and of oihcr systcnls Ivithin a mngc of dis[allccs  from the
CCIII ral star Illat is clitical  for Origins goals. I’o\vard  ~ Pie, the nulling systcm \\ill measure the visible cxo-mdiacal
mission at disianccs of about 0.2 AU (as dc[crmit]cd by tllc 10 m inlcrfcromc[cr  baseline and the 0.5 mm opcrxtinf,
wavelength) 10 about 3.S AU (as dctcrmincd by the 0.33 m aJ~flurc of the individual tclcscopcs),  I’llis is just  the
range of distances where the l’crrcstrial Plancl Fil\dcr will bc searching for planets, so that cxJ>anding our’ kno\vJcdgc
of lhc inner mdiacal  clouds of even a fcw stars is very irllJ)ortarlt,

Fig,um 5 plots the prcdictcd 5(K) nm emission from ihc P l’ic disk out 10 4 AIJ ([oJ) curve). ‘J’hc  middle CUIVC
sho~vs lIIC same model, but for a syslcm with 100 limes Jcss circunlstcllar n~atct ial, l’hc bottom cunc shows the
SIM ilnaging dc[cclion limil as SC( by (IIC leakage of tllc attenuated siaiJigl)t  fronl [i Pic tllrou~h the nulling systcm,
wi(h a maximum attcmation  of 10”3 (due to P Pie’s flnitc size), “1’hc P l’ic disk is n]casi]rHblc  agai M the
at[cnmtcd  s[arligl~{  in ICSS lllaa 1000 SCC. I’hc middle curve -- rcJ>rcscntativc  of systems 10-- 100 times faill[cr  than



~ Pic (}vhicll iacladcs  most of the sample of probab]c disk syslcms idcll[ificd ii) IIIC  If{AS suncy) s h o u l d  bc
dctcctablc by this tcclmiqac,
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J’lGIJRli 5: }ho-Zoctical  }{missioa  Surface IIriglllacss from [~ Picloris

‘1’hc ll~itlimulll data thal SIM will obtaia arc total flIIx mcas(lrcmcals oftlic cxo-z,ocliacal C1OUCI  tol~’arcl  cloy,cm of ~
Pic analogs.  A sccoadary goal \vill bc to der ive simp]c imaging  iilforma[iol~  by rotating Ihc ialcrfcrolnctcr  aroatld
the liac of sight to tllc star, tlwcby  rotatil~g, the grating fullctioa On  the sky, by varying lIIC ]vavclcl~~lh d
obscn’a{  ioa from 0.S 10 1 pal,  and by vafyi]lg \\’llicll tclcscopcs  ftmt IIW nalliar,  bean] combiner. ‘1’lIC combilia{ion
of these techniques wi]l allow u-v Covcmgc  sufl~cica[ to search for SII’lIC[lIICS  sach as gaps or dcasity clhatlccmcats
duc 10 possible prcscacc  of planets, in the. cxo-z.odiacal cloud. ‘1’l)is cxpcrimcnt  provides a dirccl lCS[ of tl~c
tcchaiqacs  plaaacd  for I’crrcsll-ial  Plaact Fiadcr,

lmagitlg J’S()  dish 1( is a gcwral  Iy acccp(ccl observational fac[ that many young sicllat- obiccls (YSOS)  -- and ‘1’
‘1’sari s[ars ia paflicular -- arc accompanied by crp[ically thick circmstcllat disks, Appmii  malc]y 3[) -- 50% d
YSOS cxllibit an iafrarcd  cxccss inclicatilc of the mproccssiag of visib]c raclia[ioa  by tlIcsc disks, aad }lS’1’/WJ’PC2
has resolved II)CSC  disks ii) scvc]al ias[aaccs (c,g. orioa NcbHla, by O’l)cll a~)d Wca 1994; Ill 130 by Sta@fclct(
1996). “1’hcsc disks arc profoaadly ialcrcs[iag as tlwy am tlloughf to bc both crilical to star form~[ion  aad the
plogcai(ors of plaaclary systcm. ~’hc physics of such sysfcms  is poorly understood (Ilodcahcimcr  1995).

Kocrlicr ct al. have imaged the disks aromct  .scvcral ‘1’ ‘1’auri  stars ia millimclcr  \va\’c (Kocracr  1993, Koctl~cr
1995a, Kocracr  1995b).  la particular [hcs find that the classical ‘1’ ‘1’auri star GM Auriga  at a ctistamc of 140 pc )~s
a large circams[cllar  disk cx[cadiag  OU[  to 1000 AU wilh a mass of roagldy 0.1 solar masses, T’his  same disk Iraq
bcm ill~agcd with WIiPC12, ~vhcrc. the disk is obsewcd to bc iacli acd al 25 ctcgmcs to t IW liwof-sight, a ad covcN
rouchly  6 ascc2 (Stapclfcld[ 1996). ‘1’hc prospect fol a syntllcsixcd image of tllc region mar  the. ccmtral s~ar is
especially ii~lcrcsiii~g bccaasc the 12 aad 25 pm IRAS data OH this objcc[ indicates Ihc ptcscJIcc of a ccII[ral clcariag
ia IIK disk -- cs(imatcs of the si~,c of tl~c clearing arc from ().2 to 1 Au iii radi[ls,  Sllrf:lcc p] IOfOInCIry  as C]OSC as 200”

mill iarcscc to the central slar measures V-band sarfacc brigh{acss from 14,5 to 17.5 arcscc-z, su~l;icnl  for imaging
~vilh SIM cvca wi[h low con[rasi,  and a 10 lailliarcscc rcsola(ioa imacc of a sa~a]l por(ion  of the disk }vilh a
lninia~ual SNR of 10 could bc synthesized roughly 30 hours, resolving fcatum  as small as 1.4 AU. SIM’S 10
milliarmcc  imagiag  rcsolutioa and nailing capability ~voald bc sufficicll[ to image the larger (1 AU raclius) clcariac,
si zc.



I’hc Ccpheid l)istance  Scale—.

1 :slablislling lIw disiancc scale is a ft]ldaltlclial  prciblcm  in cosi~mlogy. hrcnt  cslimtcs of tlw }lubblc
pmmclcr arc in the range of 45-90 km s-] Mpc-l, Iargc clvwgh  to stro@y  affect  moclcls  for tlIc Llni}wsc’s  cvo]ul ion
ailcl fomc some ralhcr wlcomfortablc  potctl(ial discrepancies witl) il~fcrrud globular clmlcr  ages (C’llaboycr 1995;
(Yu-lboycr ct al, 1996). Of crucial impofla[~cc. in sctt ing tlm disiancc  scale is an accura[c calibration of ~cpl~cid
lumitlosi(ics, This problcm is so important that its so]ulion  is OHC of I]ic prilna~  scicncc goals of lhc } ]ubblc
Space ‘lk]cscopc, ‘1’hc fiml results of tbc 11 S’1’ dctcrlninat  ion of lIIC 1 ]ubb]c COJN ati( via ~cpl]cids is cxpcctcd to
IIavc ail utlccr(aill(y of 10% (Kcmicu[l  1 995).

SIM will imptovc this situation it) several important ways: mcasuri]lg  prcci.sc parallaxcs  of Galac[ic (cpllcids,
itllpro\’illg cxtinc[ion cs(iluatcs for the ncarcs[  C@hcids, aild dircc[ly dctcrlllillilg  tllc distance to M31 and its
~cphcid population. By directly measuring tllc dis[atlccs to galac(ic ~cpllcids by trigo]lomct!ic parallax as
acc~lm[cly as 0. S’ZI, tlicir lumil]ositics will bccomc  kllo~vtl to l%. I’llis as[romclric  program is quite simple,
ilw~lvillg 10 n~c.asurclncnts  of 50 stars witllill 5 kpc, “I’l Icy arc all briglltcr Ilmtl V-12, so tltc titllc rcquircmcrlls  art
modcs[,  about 2 days. q’his study will give higll-ficlc]ity  itlfonllation on tl~c period-lumillosi(y rc.la[iotl for (ialactic.
~cphcids  required to make a calibration to ~cpllcids in dis[anl galaxies.

Otlcc astromctric distances arc available at such precision, cx[inc[ion along tlLc Iitlc of sight to (’cphcids bcconlcs
the domiualll  source of lumitlosi[y  error in llIC P-1, diagram. SIM call address  this problcm as WC1l, If ot~c
simultaneously dctcrlnil~cs  tllc flux, spcc[ruln,  allcl stlb(cndcd solid angle to a Iiigll accuracy, tlm tlm cxtinctioll is
readily found, Opcra[iog  it) mlllitlg moclc, tllc angul:lr difilt~ctcrs (cxpcc(cd  to bc. a fclv n~illiarcsc-c) of IIIC bt-i~llicsi
a]ld C1OSCS1 ~cpllcids can bc dctcrlllinccl  to (),5-1  ‘X, ‘1’liis cxpcrimclit  opcraics  by mc.asurillg  tllc pllotoltlclry  wliilc
scat]nillg the mill over the slcllar posilion. Since the objcc[s  arc brigld (Mv - -5, INL, - 5 al I kpc), the time
required is sliori, of order 1 Ilollr pcr target. Fhcll s(ar  SIIOUICI  bc obscrvccl  at a lm))hcr of poillls ill its pcliod so the
til~lc-ii)dcl>cll(lcti[ cxtillc[ioll signal can bc dccolwolvcd  from tlic Iilnc-varyillg  spcclral and flux itlfonnalion  OIIly a
hdful  of ~cpllcids arc CIOSC enough for SIM to observe in tl~is fasl~ion I’liis  cxpcrill~cllt requires S stars x 1 IIour
x 10 visits = 2 days of observing Iiluc.

Rofa/iom/  I’ara//m I)isfmcrs  SIM call nlcasurc  tl~c clistanccs to IIcarby spiral galaxies dirm(()~,  usi t)g rota(iollal
parilllas, giving an cxtrap,alac(ic calibration of tllc ccpl]cid distance scale, C’ollsidcr tllc proj~cr motion of a s[ar  in
M31 as ii orbits tllc cciltcr of that galaxy. Wc know via 111 obscr-valions  lIIC vcloci(y  f]clcl ofM31 to high accumy
(lIIc Ncllar velocity field lvould bc more dirccl since tllcrc CaII bc rclalivc sircamillg,  but this call bc dolic via a
groullct-bmcd obscrvillg).  At a ~alactoccndric roclius of S kpc tllc vc]ocity  ficlcl is circular wi[ll an atllplitudc of 200
km s’]. Al a dishncc  to M31 of 0,8 Mpc, SIM call measure tl~c associated ptol)cr  ]no(ion  with 3% cnols for a siuglc
targc.1, “1’llis error is slwrllcr tlm the cxpcctcd  vc]oci[y dispcrsiorl  of l’opula[ioll-] s(ars  it) M3 1‘s disk, so pcrforlllillg
this ~llcxrsurcll~ctl{  on -25 bright slars will c]nblc a dishllcc  ]t]casulcltlclit 10 the 1% ICJJCI.  As lotlg as stars am
CIIOSCII  froln portiolm of tllc galaxy wllcrc tlic rotation cunc is fh[, tllc utlkllou’11  vcriicd  dishllcc  of tllc. star above or
below tl)c disk is not ill~pot-lollt. ‘1’lIc briglltcs[ stars ill M31 arc V-16 -- 17, so Illis cx~}crilllc[it requires about 10
milmlcs pcr targcl pcr visil, altloull[illg to aboul 2 days of obscnwtioll.

CONC1.lIS1ONS”— .

‘1’IIc  Spocc IMcrfcromclry  Mission will lwrkc many in]portai~t  as(iollomical  contributiojls during its 5-year missiot].
Ail)oi)g  tl)c SIM coll(ribuliom ccn(ral to tl~c. Ori.gills tl}c}nc  will bc a ~vcalth of dala collccnliilg tllc pcrimi~’cl~css  cf
plailclary syslcms aroutld nearby slars, 11]2ss  s[alislics of Il\csc ])lilllCIS,  higll-resolution IIlorpllo]ogical itlfonmtion
oJi ct]lcrgillg plai)c[ary  sys{cms,  and a clilical calibl-iitiol) of tl]c ~cpllcicl-based dislallcc ladder,

I’llis  \volk was pcl-forlllcd  at tl)c Jct Propulsion] l,aboralor-s, ~aliforllifl IIls[ilulc. of ‘J’ccllno]ogy, uudcr  Cotl(lilc{ to tllc
Natiolml Ac.rolmutics  an[i Space Adtnillistration,
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