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Thc~  capability of observing gravitational radiation
(>vc.r  i) wiclc  rang[~  of frc,quenciw.  will  open up m a j o r
ncw opportuniti~~s i n  f u n d a m e n t a l  p h y s i c s  and
astronomy.  I’hc laser  lnterfermncter  Space Antcmna
(I ISA) will be able to detect gravitational radiation o17er
the frc,qumcy range  from 0.1 ml lZ to 0.1 117  with hiSh
sensitivity. S i g n a l s  frc)m hunclrccis  to thousancis of
galactic binaries will be detectable. ]n addition, the
coalescence of massive black hole binaries, which may
h a v e  bem  pmctucd by mergers  of galaxies or of
prc,galactic  structures, would  he ohservablc out to large
rcdshif Is. Such signals would allow the study of t}w
interactions of large masses at small distanms,  which

Copy]ighl  @ by the American lnstitutc  of Aeronautics and
Astro]mlltics,  lIIC All rights rcscnrd.

would not bc possib]c in any other manner. 1 ISA  was
p] oposd  initially by a grou}~ of IIuro}wan and US
sci(~ntists  as a pc)ssiblc  joint ESA/NASA mission, but
has 13ecn  studied recently as a candidate for a
prdominantiy  llurcrpcan  mission. T’hc results of the
study indicatc,d  that the, technology for the mission is
available or will soon bc avail  ab]c,. I’he main part of
t h e  s t u d y  team report  given here summarizes the
sci(vltific  objcctiv~,s  and the nlission  Cc)ncept.

Q>vx!’v iew.

I“hc goal of 1 ISA (1 ascr interferometer Space
Antmna)  is to detect  a n d  s t u d y  l o w - f r e q u e n c y
astmp]lysical  gravitational radiation. 1 he data will be
LISd for rc>sca  rch i n astrophysics, cosmo]ogy,  and
fLllldaIWIlta]  physics. 1 ISA is dmignccl  to detect  t h e
~ravitaticma]  radiation from regions of the universv
}vltich  are strongly relativistic, e.g. in the vicinity of
t~lack holes. Such regions arc difficult to study by



ct}nvc’nticrnal  astronomy. The type’s of e x c i t i n g
astrophysical] sources potentially visible [o 1,1 SA
inclucf~,  galactic binaries of black holes, extra-galactic
supcrn~assivc  black hole binaries and coalmcmces,  am-l
back~l [)LInd radiation from the Big  Bang.  l, ISA will
also observe galactic binary systems which arc
thcorc~tica]ly  w?c~ll-llr)dc’rstc>od and observationa]ly
known to exist. CMwcrvaticm  of these will prxwictc
strcmg  verification of the instt  unwnt  performance and
a cti rect test  of (kmcval  Rclat  ivit y.

Wlwn  a gravity wave passes by, it causes a strain
ciistc~rtion  of space. 1,lSA  will cletcct  these strains dOWJl
to a level of order 10-23 in one year of observation time
by measuring the f] LICtLlati(>ns  in separation betwcm
shiclcfcd proof  masses located 5x1 0~ km apart. The
n~casurmmnt is }-wrfcrrn~d  by optical interfemmetry
w h i c h  Cfeterminrs the p h a s e  shift  of l a s e r  l i g h t
ttansmittd  between the proof masses. Iiach  proof
m a s s  i s  sllic.ldcd  from c.xtranc.ous  dist Llrbancc,s  (c,.~.
solar  IJrcssurc)  by the spacecraft in which it is
accon~~noclatecf.  l)rag-frcw control  servos enable t h e
spac~~cf  aft to precisely follow the proof rnass~s.  ~fl~.
il~t(>rfcrc>l~~c~tc~r  has two arms (four spacecraft) in order
k) ctn’rcct  for ]ascr frequency noist>.  Hach  spacecraft has
a laser on board. T’he lasers  in the t w o  c e n t r a l
s}>acccraft  (which arc 2(10knj apart) arc, phasc~-l{)ckcd
to~cther, so they effcctivc]y  behave as a single laser.
ThclasL>rs  in the end spacecraft arc,  phase-lockd  to the
incoming  li~ht, and thus act as amplifying mirrors.
‘1’hc relative ctisplaccrnent  bctwem the spacecraft and
proof  mass is measured clrcfrosfnticnll!y  and the drag
cmnpcnsaticm is cffectd  usinx proportional electric
tllI’LIStLsl  S. ~arC’fill il\L’rllla]  dC>Si:ll  CVISUrC>S  th[s  TCCIUird
mechanical stability.

~“h~~~c,C~fc~rspaCf>hasctd  d&eckm

IISA will con~plcment  t h e  n e x t - g e n e r a t i o n
grounct-basd  defectors (Vll<C;O,  llGO)l>ya  ccessirlgt}~t~
important lcwv-frequmcy  regime  (10-4 to 10-1 IIz.) which
will never bc observable from the liarth because of
terrestrial disturbances. l’his  low-frequency window
allows  access to the most exciting signals, those
g,mcratc,cl  by massive black hole formation and
coalcsccnces,  as well as the most certain signals, sLIch  as
from galactic binaries. ~;rcrunct-basd Cfetectors,  cm the
other hand, arc,  most  likely to observe the rapid bursts
accompanying the final stages of a compact binary
coalescence. IJSA would obs~rvc the low-frequency
epoch where the binary systenls spend most of their
life.

cosmic backgrounct gravitational radiation, which
spans a Wicfc frcquc>ncy  range, may be Ctetectal>]e.  With
comparable energy  S.msitivities,  I, ISA and the groLlncl-
basd  ctl,tect[>rs,  in combination, will provide much

I’hc cxpcctd scientific return can bc appreciated
fl{)n~  l’ig.1,  which compares the sensitivity of I,lSA
with the an~plitucfcs  of various gravitational wave
S[)LIICL’S.
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~:utdamcntal  physics

L I S A  WOLIICI  tmtgravitationt hecrry.  Ccrtainga]actic
binaly  systems, such as neutron star binaries, arc so
well uncferstood  that their radiation must bc’ detectable.
];ailurc  lo observe these  signals woL]]d  be catastrophic
fc>r (+ncral  Relativity. By contrast, failure to detect
gravitational waves from thegr(wncf  would  Cmlyupsct
cur]cnt  astrophysical models,

I’llcJ rotation of the detector as it orbits the Sun will
prc)dLlccarl~}>]itLldeaf~d  ~>hasen~(>dLllatio~~c)f  the signal
that will allow the source direction and polarization to
bccfctcrminccl.  lfccralcscing  binary supermassiveb]ack
holes arc seen  (see  below), their typical signal-tmnoisc
ratio of several thousand will mablc a very sensiti\re
test for auxiliary gravitational fields to be ~wrfornd:
scalar-tensor theories and alternative mJlari7.ation
modes coLI]d be constrained nlLIch  mow severe’ly than
is possible by grcmnct-based  detectors. GraVitatiOnill
waves frOIll  Cosnm]ogical  backfpuncl  would dcrrninaki
and hmcc  bc nK’a  SLlrab][>  if the energy deJlsity  is aboLlt
f~gw:  2X10-8 ~)f the’ clmurc  density, as predicted by
cosJnic  s t r i n g  rnode]s  ( d a s h e d  ]inc iJ~ Fig,.  1). Such
Siglla]s  WOLl]d  be as inlfmrt  ant  as the COSllli  C nli  CroWaVC
back~rounci  for our’ understanding of cosmology, and
WOLl]Ci give us oLtr ear l ies t  informat ion on the
Uni\rerse,  arisingin  an epoch much ear]ieJ”  than that of
the microwave backgroLIJlct.

coverage, essel;tial  to t e s t

IISA woLIld  bc guarankd  to detect hundreds  or ,
inctcd,  thc)usands  of neutron star binaries and very
probably detect cataclysmic variables and C1OSC  whit’c
dwarf binaries (shaded region in l;ig.  1). ‘J’hc whitc-



dwarf binaries arc cfifficLllt  to cfetcct  in any other way,
yet they  tell  us much about stellar evolution. If their
abundance is clrm  tcr the cLlrrent  crbscrvaticmal  upper
]imil,  t}~e b a c k g r o u n d  dLIC tcr ga]actic  c]r)sc  white
binaries unfortunately could tw similar to the possible
gravitational wave background cL1rve  shown in l:ig.  1,
and wou]d  interfere with the detection of some other
intctcsting  typm of sources. 1 Iowmer,  the statistics of
lh(’  w’lliic  dwarf  and neutron star binaries can be
dctcl-mind  in an unbiased way. interacting white
dwarf binar’ics  (crosses in l:ig.  “1) present many pL17,zlc,s;
~ravitatirrnal  wave observations will unan~higLloLlsly
clc’tcrminc,  tbcir  orbital perimls. Binary black holes of
10 solar  masses wcrulcl be seen  as far away as the Virgo
clust (’r, w h e r e  t h e r e  sho LIld be at least onc at a
rtctcclablc frequency.

I’hr iclcas  that  many galaxies (inclLlding  oLlr own)
contain  massive black ho]c,s, and that  nlergers  of
~alaxics  were common in the past, arc gaining
w’irlmpreaci  acceptance. l’here is even cvidcncc  of
binary black hole  systems; an exampk’ is 3C66B, which
sll(~ws  a processing jet. Mergers  of galaxies  ShoLllrt
prmfLIcl,  rmrgcrs  of their supermassivc  black holes, and
their  glavitatirrnal  w a v e s  would  bc detected wherever
i n  t h e  Univc’rse  the evcmt  o c c u r r e d . Recent
ca]culaticms  sLlggest  that the event rate might even  be
as freqLwnt  asrmcc  per month,

l’lw signal-tO-nOisc  is typically several t}mLlsand  for
lf)~ solar mass black holes. Waves this strong might
not {Jnly  be useful  in testing gravity, as remarked
above,  bLlt m a y  make a n  irn}mrtant  crrntribLltion  k)
fundanm)tal  cc)snN)logy, By nmJ~itming  the amplitude
and phase  of the nwrgcr waves  while the cfctector
rcltatt’s,  both the direction and  total anlplit Lldc  of the
wave’s  may tw cfctcrmincct.  The]],  if the direction can be
LISd to icfcntify t h e  soLlrce  of the waves  w i t h i n  a
known  c] Ltstcr’  of ga]axies, the amplitude will give an
inrlcpenrfent  d is tance  n~c, asurcmcnt  to the soLlrcc,.  A
sinxlc Idshift  nwasLlrcnlent  wOLIld  t h e n  cfcterminc
the cfcccleration  parameter q~, and hence thc~ mean
density of tl]c l-lniverse and thLls  IllCaSLlrd  the total
density of dark matter. Merging ~alaxies  may also
trig~cr  the formation of massive black holes,  since they
m a y  r e p l i c a t e  conditions  at the time rrf galaxy
format i<)n. T h e s e  fOrnlatiOn  events woLllct  als{> be
rtctc,ctahlcancf  icfmtifiable. I’hcy may alsc)bccO1l~I~lO1~;”
even  the dwarf elliptical M32 scwms  to have a black
hole.

‘1’1)(’ 1,1 SA interfcrcrmcter  (lig.2)  c o n s i s t s  of a V-
formation of proof masscscach  shidcld  by a cfrag-free
spacecraft. I’hc vertex of the a~ttmna’s  V-formation is
f[wnwd by the twocmtral  spacecraft. lnprinci}>le,  onc
CClltra]  Spa  CC’CI’aft  wOLIld  be sLlfficient,  bLlt the optics]
system and attitude control requirements WOLlld  be
prohibitive. The four spacecraft are in heliocentric
orbits. I’hcy lie, in a plane which is 60°  to the ecliptic

sLIch that the’ir relative orbit is a stab]c’  circ Ll]ar rotation
with a period of 1 year. T’he constellation shoLlld  bc
]ocatc~ as far behind the }iarth as possible (n~aximLlnl
of ?[]O cfLIc  to ]aunch vehicle constraints) to minimim
}tarth-inci Llcd  re}ativc  vc’]rrcitics  of thr? s p a c e c r a f t
learfinz  to cwcessive  I@pler-shif@  of the transprmdd
light.  I’hetwocmtral  spacecraft arc’200ktl~a}>art,ar~d
the distance to the remote spacecraft, defining ihc
intmfermnctcr  arm ]mgth,  is 5x10~  km.

];ig.~ shows a cross-section rrf a pay]rrad  nmdLI~c.
Th(,  strLlctL]r~~  consists of the innc,r  strLlct  Llra]  carb{~rl.
epoxy cylinder with foLlr stiffming  rings, a thin carbrrn-
epoxy payload the, rmal  shic,ld  cylincfcr, and an oLltm
calbcm-epoxy thermal shield. The thermal shields, cut
at a 30° angle at the front, keep sunlight from the
the’rma]]y stable pay]oarf interior’ thr[)Llghout  the
hr?lioccntric orbit, At the rear, where the cylinder
cannot be angld  bccaLlsc  there  must bc an orthogonal
a t t a c h m e n t  w i t h  the prrrp  Lllsicrn  nlC)d Ll]C, direct
sLlnli@t  is kept oLlt  by reflection from an internal
conical mirror. I’hc payload cylinder contains four
major  assemblies: the, telescope assembly, the optical
llc>t~cll,  tl~e~>r(,all~}>  disk atld  thcracfiat  ordisk.

I’hc tclcscopc  assmnb]y  contains a 38crn  cfiarmtcr
f / 1  ~’asse~rain  tc~lmcopc. T’hc primary mirror is a
doLlb]&arch  ]ig}~t-wciight  ultra-low  expansion (~]l,li)
rlcsign. ‘f The sccrmrfary  is sLlpportecf  by a  three- leg
carbc>n-epoxy spider. l’hc final qLlality  [Jf the, plane
wavcfront leaving the telescopeisk/30.

The optical bench contains  the  laser  b e a m
injection, detection and beam shaping optics, and the
d ra~-free smsc)r (or “accc,lcr[>r)~c>tc~r”).  T’hc proof mass
of the drag-f rec sensor acts as the mirror at the encf of
tlw interferometer arm. T’hc bmch  consists of a solid
U11  ~ plate to which all componmts  arc rigidly attachecl.
1.iglit  from t}w laser is cfcliverecf  to the optical bench by
a sin~lemdc  fiber, Abrrut  1 nlW is split off the 1 W
main beam to serve as  the  local r e f e r e n c e  for the,
hctm’dyne  nwasurummt of the phase of t}w incmnin~
beam frrm the far spacecraft. Also, about 1 INW is split
off and ctircctd  towards a triang  Lllar  cavity which is
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poylmri  wodulc$  sho7uifzg  thf  trlesropf,  oplirrrl bfllcll

ct7t1 t oilli)i~ Ihr drn~-~rw prwo~ mnss (shodcd  squflrc  o!
cc)llcl), t h e  prmwplijiers 0)1 !hcir 7)/ounti~lg  plrrte,  oHd

Illc /r7sfls mourltd  0// Ihr  rfrdirrtor. 7’/Ie light prths  rrrr
nlso itldicrrtcd,  ‘1’IIC thcrttlol sllicld is  rolrr!rd 9[) 0.

uwcl as a frequency reference. 1’11(,  incoming light from
the  tclcscopc is reflected off  the prcxrf  mass and
supc,rin)pmd  with the local laser O n  t h e  p h a s e
nwasLlring  cfide.  On the two central spacecraft, a small
fractim  (a fcw nlW)  Of thclascrlight  is rcflectd  offthc
back of the proof mass and sent for ~>l~ase-c(~ll~~>aris(~r~
with the c~ther  central spacecraft via tlw steerable aft-
mirmr. The  mirror is scrvcwcl  using the signal frcrn]  an
auxi l iary  quadrant  photmfidc  which senses  the
dir(,ctior~  c)f the incoming bc’am  fmm the other central
sl>acc,craft.  l}y bollnring  t}lc laser beams o f f  the, proof
mass in the manner clmcribd,  the inter fcromctric

mcasurenwnts Of proof  mass pm+ition  is, tO first Ordcr,
unaffcctd  by nlOtiOn  Of the surmunriing  spacecraft.
I’llis  allows  a  re laxat ion Of  the re la t ive  nlOti On
Sp[,cificati(ln (though the requirement On prxmf  mass
resiclual  nmtic>n  with respect tO inertial sj>acc  remains
Llncllangd).

‘the  preamp disk is a carbm-carbm  structure with
tllc acccler  Ometer p r e a m p l i f i e r s ,  t h e  cfi Ode>
plt,arnp]ificrs,  and an Ll]trastab]e  oscillator  (U SO)
moL!nted  ml it. All other  electronics will kw c)utsidc  Ilw
payload cylinder. I’hc radiator plate (a carbm~-carbon
disk 40cn1 in diameter and 1 cm thick) is designed  to
radiate away the heat generatd  by the laser.

The laser consists of twcr n~onolithic  ring YAC;
(yttriLlm-alLlnlinLln, -garnet) crystals in series, eac}l
p~ln~pd  b y  two laser didcs,  The nominal singlc-
rn(dc  OLltp  Llt }mwer  is 2 W at a wavelength Of 1064  nm.
For I, ISA this has been clrrwnratd  to 1 W to imprmvc
]ifctime and aging properties. l’hc Opc’rating
tmnpmature  for t}w ciimies  and the YA(;-crystal  will be
n~aintainccf  by heaters. A cmnplde  spare  laser  will bc
carlitd.

‘lhc clrag-frm position sensor is derived from the
(; I< AIIIC) electrostatic accelermnctm  developecf  for the
prc,pmecl  AI{l ST’lI?’l,};S  n~ission. It cm]tains a  4 c m
cubic prmf  mass mactc  of a gc)lcf-platinum  allOy with
mafirietic  susccptibi]ity  ]c,ss than 10-~.  This proof mass
is frce]y floating insiclc  a gold-coated UIE cage which
sup}mrts  the e lectrodes  for capaci t ive  smsing  Of
atli{udc  a n d  p[)sition. TfIe Ul, }[-bcrx is c~nclmd in a
vac LILlm-tight  titani Llm hoLlsing  connected to the
outside of the spacecraft by a tLlbc to keep  the interior
of tlie a c c e l e r o m e t e r  a t  a  press  Llrc of  1(,  ss than

10-s  mbar.  I[lcctrwstatic  charging of the prxwf mass cl~{c~
to cmmic  r a y  prOtOns  w i t h  mergics  in excess  O f
IO(IMCV  cannot bc ignored.  Active  d i s c h a r g i n g  i s
acltimd  by cfirccting  Llltravidct light  from a nlercL[ry
discharge lamp at the test  mass and walls, similar to tl\e
appmac}l prx~pcmd  fm C;ravity  J’rObe B.

II, t h e  freqLlcncy  range abmc  10-~}1~.,  t h e  I, ISA
ctisplaccrncmt  noise level  i s  below 25pm/dlIz  Below,
down  to 10-4117,,  pcrforrnancc  is limited by spLlrious
accclcratims.  I’hesc ccmsist  partly of real accclcratio[ls
(sLlch  as rmiciua]  gas impacts m the)  test masses) and
pa]tly  Of several thermal distmticm effects  that also
accluirc  a l/fl Cfepmclmce  in displacement (the leftmost
sloping cur\~c  cm the l,lSA sensitivity plot in I:ig. 1).
The  displaccrnmt  error is Clonlinatd  b y  photon shot
nr)ise  (the fl[mrof thesmsitivity  plot in Fig. 1).

“1’fw laser m me Of the central spacecraft will serve
as the master and will  bc lockd  trr the c)r~boarcl
reference cavity. T’hc, laser on the  other  c e n t r a l
spacecraft will bc, phaselockd  to the master laser  via
the phase comparison beam exchangeci  bctwcm  the
two central spacecraft. I’hc> ]asc,rs on the centra]
spacecraft can thus be consiclcrd identical, and the
sct{ll>  behaves like  a Michelson ir~tc,rfc~rc)ll~c~ter.
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The spacecraft thcrn~al rnocte] suggests a
tc~n~pc,raturc,  stability of the optical bench of about
lpK/Jl17  at 1 mllz. With an expansion cmfficimt  of
3x1 f)-~/K for ~Jl ,11,  this leads to a frequency noise of
10 117/4117  for the laser. Assuming a 5000 km arm
length  cfiffcrencc after final orbit injection, this would
lead tc~ an unacceptably large apparent displacement
nois~’.  A laser phase noise correction scheme will be
LISd that Cl(>Ct LIC(>S  thC ]i3SCr  fL’CY]LIC,llCy  flLICt Uati CUIS fi’{)111

the  sum signal of the two interferonwter  arms and
then SLlbtl”FiCtS  their effects out from the signal. I:or this
tcchniclue,  the  arm length  and the a r m  l e n g t h
difference need to be determined absolutely to about
1 km and 20 m, respectively. T’his  is achieved by X-
banri radio tracking from the ground combined with
laser phase information. l’hc~ l a s e r s  on the end
spacecraft will  be phase-locked to the incoming bc’arn,
thus acting as amplifying mirrors sending the light
back to the central spacecraft.

1 )LIL’ to the solar’  system disturbances, the spacecraft
will have a small but varying velocity relative to each
[~tbcr, causing a I )oppler-shift  of the returning beam on
tlw order of 1 M} 17,. I’he signal  cannot be tclemetmd
t{) the p,round since the total data rate is limited to less
than 1O(I bit/see. A local ultrastable oscillator (lJSO)  is
used  to heteroctyne  the signal down to near  I)C. If the
diffcrlwce in the I Xrpplm-shifts between the two arms
is small cn(~u~h,  then the clock noise from t}~c LJSO
cancels. Assuming a fli~ht  qualifid  US()  like the one
on tl~e Mars observer with an Allan deviation of
?x10-]3,  we would  require t})c difference in arm length
vt,l(>cities  to bc smal ler  than  7  nln]/s. This could bc
achieved by occasional maneuvers of less than 10 cm/s
using the electric thrusters with their accurately
controllable  thrLlst  (next section).

]nitial  beam acquisition will rely cm star trackc,rs  to
ali~n the spacecraft to better than 10-4 ract.  I’he laser
beam will th~n  be de-focused from its ctiffractiow
limited ctiver~ence  and imaged in thci r e c e i v i n g
s}~aCC’Ct’aft  On quadrant diodes and  ccl) arrays. ~’heil
signal will be USect to  iteratively re-point t}lc spacecraft
until the laser beam divergence can be reducd  to the
nlini  mum  value. [)pcraticmal  attitude control signals
will bc provided by the main signal detection diodes,
tl~c cfiff(,rence  between the signals from their quadrants
givins  information on wave-ftont tilt. I’he pointing
jittc~r is expected to be less than a few nracf  /41  Iz which,
for an outgoing  wave front deformation of less than
k/30,  leads  to an apparent displacement noise  less than
the design  goal.

1 )ata processing to recover the gravity wave signals
will involve standard spectral and matched filter
analysis once the frequency noise has bccm removed by
correlating the signals from the two arms. T’he  spectral
rlwolu  t ion from 1 year observation (3X1  0-81 17) coLlpld
with a desired signal-to-noise ratio of 5, led  to the
s(,nsiti\,ity  cLlrve  in }:ig. 1.

llach  payload module has a mass of 67 kg and a
p(>li’er  consumption of 48  W cton)inatecJ  by 18 W for
the laser.

Spacecraft design  a~ld  mission analysis

l:i~. 4 illustrates a single spacecraft attached to its
jettisonable  propulsion module. IIxcept for the laser
phase comparison link between the two centra]
spacecraft, the four spacecraft are identical. Ilach
spacecraft consists of a trapez,oicfal  box ar[)Lln~  a c~,ntral
cylinder. The pay]oad  nloctLIle  (}Jig. ~) i s  m o u n t e d
inside  the central cylinder with a system of Kev]ar  rods.
Spacecraft and payload electronic boxes arc lllOLllltd  011
the inclined  s i d e panels. StrLICt  Llra] stability
requirements dictate t}le use of materials w~it}l  a low
value  of the coefficient of thermal expansion, so
calbon-cpr)xy  is used for the panels  and c{,ntlal
cylinder. The total mass for a single spacecraft is
305 kg.  C’ontrol  t o r q u e s and drag-free ccmtro]  forces
are  provided by the l:ie]cf i~,missim  }Ilectric l’repulsion
(1’1 :1[1’)  subsystem, which can provide a controlled
thrust in the ran~e  of 1 to 100  pN with noise below
0.1 }(N. Six clust&s  of I:}lli[’ thrusters arc
the inclined side  walls of the spacecraft.

. . . . . . ..

1 ‘igl/te 4 .  llSA spcccrwj!  with pmpulsio]l  TIiodule.

ATI X-band tc~lc~co)~~rl~tl~~  icatiolls  systcm  provides
the telemetry, tracking, and command functions
utilizing  two (one redundant) 30 cm high gain
antennas to }>rovictc a telemetry data rate of 375 bit/see
to t}l(’ ground  stations ]ocatd  at I’erth  and Vi]lafranca.
Antenna pointing mechanisms provide the requird
~n co\~c’rage  in azimuth. Two (;a As solar array panels
provicf[,  242 W of power. A propulsion module is
attached to the s}>acccraft  by a convcmtional  clamp band
systctn,  and is jettisoned after  operational orbit
inject ion. ]! carries LIp to 380  k~ c~f propel  I ant, a bat tt~ry
and pyroelectronics  for the clamp band re]ease,  and the
gyI(M  which provide rate information after separation
frolti the launch vehicle and during  orbit injection
maneuvers.



.

11~ orclcu  to maintain the spacecraft in a stable
cquilatvra]  triangle (I:ig. 2) with baselines of 5x1 OfI  km,
an eccentricity (e) of 0.00965, and an inclination with
r(,spect  t[~ tllc ecliptic of c~?I arc required. AllhoLlgh  the
orbits are  }J(’t’[Llrbd  by p]amtary  gravity, their initial
clrmcnts  can be chosen such that the arm-change rate
will stay below 3.6 nl/s over a 5 year period. If
nmwssa  r Y, t h e  e x p e r i m e n t  c a n  be inter  ruptecf
occasionally for orbit maintenance nlaneuvers  as,
nlcntio)wcl  in the previous sec[ion. 3’he experiment
dcmancis  a determination of the arm lengths to tmttct
than 1 km, and radio data, augmented by Iloppler  data
ftx)m  the on-board  lasers is reqllirect  to obtain this orbit
dctc’rmination  accuracy.

“1’hc  foLlr spacecraft wi]] be launched by a single
Ariane  5 i n  d u a l  l a u n c h  configLlratim~  wit}~  t w o
s}>acc~ craft inside tl~c SI)Itl,TI<A  ( S t r u c t u r e  IJ<wtcnse
ltxtcrne 1,anccmcmt  I’riple Arianc)  and two spacecraft
occupying the Llpper pa-sscnger  conlpartnwnt Llnder  the
short fairing (I jig.  5). ]:or launch dates between April
and October, Ariane  S c a n  de]iver  4]00  kg to t h e
requirtd l}arth  escape trajectory from which each of the
fc)Llr spacecraft will be transfcvmd  to its inclivici  Llal  orbit
within 16 months by two main maneuvers with a total
impulse, between 600 and 1200 m/s. ]n addition, at least
two corr&tion  maneuvers (20 m/s and 40 cnl/s) will be
req Llird  to deliver the spacecraft with the requirm-1
high accuracy (position uncertainty less than 10 km;
velocity uncertainty less than 3 nlm/s) into their final
c)peratic~nal orbits. The  m a x i m u m  achie\,  able
s}>ac[,cl:ift-S  Llt~-l[artl~  separation angle is limited by the
l~$qui  rc~d propellant (i .c. wet s},acecraft  mass) to reach
the final c)rbit, and hence by the launch vehicle
perfornlance.  l~or the assessment phase, a separation
an~,le  of 20”  was adopted  (I;ig. 2).
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