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D;e nAllinE Tode oB t;e Oe:k InterBeroTeter is 3einE :oTTissioned at t;e "aAna Oea sATTit#  D;e nAller :oT3ines t;e 
t9o Oe:k teles:o@e a@ertAres in a s@litR@A@il Tode to :an:el t;e onRaXis starliE;t and :o;erentl4 dete:t t;e residAal 
siEnal#  D;e nAller. 9orkinE at MH AT. is tiE;tl4 inteErated 9it; t;e ot;er interBeroTeter sA3s4steTs in:lAdinE t;e BrinEe 
and anEle tra:kers. t;e dela4 lines and laser TetroloE4. and t;e realRtiTe :ontrol s4steT#  2in:e Birst MH AT liE;t in 
=AEAst SHHF. t;e s4steT inteEration is @ro:eedinE 9it; in:reasinE BAn:tionalit4 and @erBorTan:e. leadinE to 
deTonstration oB a MHHYM onRsk4 nAll in SHHQ# D;at le*el oB @erBorTan:e ;as no9 3een eXtended to o3ser*ations 9it; 
lonEer :o;erent inteEration tiTes#  =n o*er*ie9 oB t;e o*erall s4steT is @resented. 9it; eT@;asis on t;e o3ser*inE 
seZAen:e. @;asinE s4steT. and diBBeren:es 9it; res@e:t to t;e [S s4steT. alonE 9it; a @resentation oB soTe re:ent 
enEineerinE data#  

Ke:;20<=> InterBeroTetr4. \AllinE. Oe:k 
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D;e Oe:k InterBeroTeterM.S is a \=2=RBAnded @ro]e:t to :oT3ine t;e liE;t BroT t;e t9o Oe:k teles:o@es Bor a *ariet4 oB 
s:ien:e o3]e:ti*es as @art oB \=2=^s \a*iEator ProEraT#  = S AT *isi3ilit4 aT@litAde TodeW.F 9as :oTTissioned in 
SHHF. and is a*aila3le to t;e entire Oe:k :oTTAnit4 t;roAE; t;e norTal @ro@osal @ro:ess#  = MH AT nAllinE Tode is t;e 
:Arrent Bo:As oB enEineerinE de*elo@Tent. to 3e Ased Bor t;e TeasAreTent oB 8odia:al dAst aroAnd ot;er stars in sA@@ort 
oB :Arrent and BAtAre \=2= a:ti*ities in t;e area oB eXo@lanets#  D;e nAller 3eaT :oT3iner and :aTera 9ere installed on 
t;e sATTit oB "aAna Oea in sATTer SHHF. 9it; Birst MH AT TeasAreTents later t;at 4ear#  D;e Birst nAll TeasAreTents 
took @la:e in earl4 SHHQ. 9it; sta3ili8ed onRsk4 ra9 nAlls oB MHHYM in Tid SHHQ#  D;e :Arrent a:ti*ities are Bo:Ased on 
iT@ro*inE @erBorTan:e 3ot; in nAll de@t; and sensiti*it4. in:reasinE BAn:tionalit4 and o@era3ilit4 in @re@aration Bor 
BorTal :oTTissioninE in SHHV. and :ondA:tinE a s;aredRrisk s:ien:e @roEraT# 
 
_elo9. 9e sATTari8e t;e nAller s4steT iT@leTentation. and t;e :Arrent sA3s4steT and s4steT state#  2e*eral reBeren:es 
@ro*ide additional inBorTation on s4steT des:ri@tion.Q t;e nAller 3a:kRend iT@leTentation.P.V and inteEration and test#G  
=dditional @a@ers in t;is :onBeren:e address :ontrol issAes.L.MH o3ser*inE s:enario.MM atTos@;eri: :oT@ensation.MS and 
s:ien:e o3ser*ations.MW as 9ell as t;e o*erall Ba:ilit4MF and *isi3ilit4 aT@litAde Tode#MQ 
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= BoArRa@ertAre nAller `aiEAre Mb is iT@leTented 34 treatinE t;e leBt and riE;t ;al*es oB ea:; Oe:k teles:o@e as larEel4 
se@arate a@ertAres#  = TodiBied "a:;Rce;nder nAller 9orkinE at MH AT is iT@leTented on ea:; oB t;e lonE `GQ Tb 
a@ertAres to nAll oAt t;e liE;t BroT t;e star to iT@ro*e dete:ta3ilit4 oB sArroAndinE 8odia:al dAst or ot;er eXtended 
eTission `t;ere is no BAndaTental 2\< Eain as t;erTal 3a:kEroAnd is doTinant in an4 EroAndR3ased "I< 
iT@leTentationb# D;e oAt@At oB t;e t9o nAllers R ea:; oB 9;i:; :an 3e :onsidered as a teles:o@e 9it; an AnAsAal 3eaT 
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@attern R is :oT3ined in a "i:;elson interBeroTeter `;en:eBor9ard. t;e :rossR:oT3inerb. 9it; an eBBe:ti*e 3aseline oB eP 
T. to TeasAre t;e :o;erent leakaEe siEnal# 
 
 

 
2@? AJ=e0K$n& =)0()e&: 

Pro@erl4 norTali8ed R Tore 3elo9 R t;e nAll leakaEe is t;e s:ien:e o3ser*a3le. and t;e o3ser*inE strateE4 Bollo9s t;at 
BaTiliar BroT [S o3ser*inE#  6o:al :ali3rations are a@@lied to t;e o3ser*a3le on t;e s:ien:e tarEet. in:lAdinE t;ose Bor 
dete:tion 3iases as 9ell as ot;ers asso:iated 9it; @;asinE errors. et:#  Interlea*ed 9it; o3ser*ations oB t;e s:ien:e tarEet 
are o3ser*ations oB :ali3rator stars. 9;i:; 9oAld also 3e lo:all4 :ali3rated#  aroT t;e :ali3rators. an estiTate oB t;e 
s4steT leakaEe is deterTined and sA3tra:ted BroT t;e leakaEe on t;e s:ien:e tarEet#  2iTilar to [S. t;e An:ertaint4 in t;is 
:ali3rated residAal is t;e Tost AseBAl @erBorTan:e Tetri:#  = :oT@lete o3ser*ation resAlts BroT re@eated o3ser*ations oB 
t;e s:ien:e and :ali3rator stars#  In:or@oratinE ot;er s@e:iBi: details oB t;e o3ser*inE s:enario. eH#Sf :ali3rated leakaEe 
allo9s dete:tion oB a WH solar s4steT eZAi*alent 8odia:al dAst siEnatAre aroAnd a 2AnRlike star# 
 
aor [S o3ser*ations. a norTali8ed *isi3ilit4 is deterTined 34 norTali8inE t;e :o;erent BlAX 34 t;e `sZAaredb in:o;erent 
BlAX#  _e:aAse oB t;e diBBi:Alt4 oB a::Arate MH AT @;otoTetr4. 9e take a diBBerent a@@roa:; 9it; t;e nAller data. and 
in:lAde as @art oB t;e o3ser*inE seZAen:e TeasAreTents oB t;e :ross :oT3iner siEnal 9it; t;e nAllers oBBset 34 ! to t;e 
BrinEe @eak#  D;e ratio oB t;e :o;erent siEnal in t;e nAll and @eak @arts oB t;e seZAen:e is t;e norTali8ed leakaEe#  "ore 
detail on t;e o3ser*inE strateE4 is @ro*ided in <eB# MM# 
 
2@2 L$c02MSeNuence 

7;ile t;e BoArRa@ertAre ar:;ite:tAre addresses t;e dete:tion oB t;e 8odia:al siEnal in t;e @resen:e oB 3ot; a 3riE;t star 
and a 3riE;t t;erTal 3a:kEroAnd. t;e ot;er gstandardg interBeroTeter issAes reTain. es@e:iall4 @;ase sta3ili8ation#  7;ile 
t;e star is 3riE;t relati*e to t;e 8odi. its interBeroTetri: 2\< on atTos@;eri: tiTe s:ales 9ill Eenerall4 3e lo9. and t;e MH 
AT liE;t :annot 3e relied A@on Bor ;iE; 3and9idt; IPJ :ontrol#  In @arti:Alar. in a sinEle Tode t;e leakaEe Bor a BoArR
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a@ertAre nAller is @ro@ortional to t;e sAT oB t;e :orrelated @;ase `#b and eRBield aT@litAde `ab errors oB t;e t9o nAllers as

 SMSMF
M6eakaEe aa$% ## # `Mb 

aor ra9 leakaEe oB 3etter t;an Mf at MH AT. t;e :orrelated @;ase errors TAst 3e :ontrolled to hWHH nT rTsi t;is is 
a@@roXiTatel4 ;o9 TA:; t;e An:ontrolled diBBerential atTos@;eri: IPJ :;anEes in MH Ts#  D;is is also a total rTs 
reZAireTent R not a 9indo9ed reZAireTent as AsAall4 a@@lies Bor [S o3ser*ations R and ;en:e ;iE; BreZAen:4 
atTos@;eri: BlA:tAations as 9ell as lo9 BreZAen:4 BlA:tAations and driBts TAst 3e tra:ked#  aor oAr s4steT. 9e Ase S AT 
@;ase TeasAreTents to tra:k t;e ;iE; BreZAen:4 BlA:tAations. and lo9er 3and9idt; tra:kinE at MH AT to Taintain t;e 
@ro@er 8ero @oint#  Do a::oT@lis; t;is. 9e ;a*e iT@leTented a tiTeRTAlti@leXed o3ser*inE seZAen:e 3Ailt aroAnd a FR
ste@ Ti:roRseZAen:e as illAstrated in aiEAre S#  = @arti:Alar ad*antaEe oB t;is iT@leTentation is t;at t;e dete:tor and its 
s@atial Bilter are eXa:tl4 :oTTon Tode in all seZAen:e ste@sY 

& 2te@ MY  Dra:k \Aller M AsinE a standard =_'J alEorit;TMP 
& 2te@ SY  "easAre and tra:k t;e :o;erent :ross :oT3iner siEnal 9it; 3ot; nAllers at Peak 
& 2te@ WY  Dra:k \Aller S 
& 2te@ FY  "easAre t;e :o;erent :ross :oT3iner siEnal 9it; 3ot; nAllers at nAll 
 

D;e Ti:roRseZAen:e takes SHH Ts. and ada@ts Bor Bainter siEnals 34 :;anEinE t;e lenEt; oB t;e Anderl4inE @;asor 
a*eraEinE Bilters 9;i:; Bilter t;e data Ased in t;e =_'J deTodAlationi :learl4. lo9er :ontrol 3and9idt;s are a:;ie*ed 
9it; lonEer Bilters#  \ote t;at dArinE ste@ S. 9e Ase t;e ;iE; 2\< dArinE t;e PeakRPeak TeasAreTent to tra:k on t;e 
:ross BrinEeY t;e sta3ilit4 reZAireTents on t;e :ross BrinEe are TA:; looser t;an on t;e nAller BrinEe. as :rossRBrinEe 
:o;eren:e loss dro@s oAt in t;e norTali8ed leakaEe siEnal#  \ote t;at dArinE ste@s M and W. lo:al :;o@@er Tirrors are Ased 
to oBBR@oint t;e liE;t BroT \Allers S and M. res@e:ti*el4i a standard @;asor :ali3ration ste@ a::oTTodates residAal 
3a:kEroAnd BlA:tAations dAe to iT@erBe:t :;o@@er Totion# 
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D;e nAller Ti:roRseZAen:e is alTost entirel4 se@arate oB t;e Anderl4inE ;iE;R3and9idt; @;asinE s4steTi t;e onl4 
:oTTAni:ation 3et9een t;ese s4steT are g;oldg siEnals iB t;e @;asinE s4steT dro@s oAt oB lo:k or loses siEnal#  D;e 
@;asinE s4steT 9orks trans@arentl4 `to t;e nAllerb to :ontrol ;iE; BreZAen:4 @at;lenEt; BlA:tAations# 
 
2@O P*(=e =)(J$#$Q()$2n 

=s des:ri3ed in detail else9;ere.Q and illAstrated in aiEAre W. star liE;t is s@lit 3et9een S and MH AT @rior to t;e eiE;t 
interBeroTeter dela4 lines. and a @air oB dela4 lines is Ased 34 ea:; oB t;e t9o nAllers and ea:; oB t;e t9o S AT BrinEe 
tra:kersMV Bor IPJ :ontrol# D;e S AT @;asinE s4steT eT@lo4s a siTilar ;ierar:;i:al :ontrol a@@roa:; as does t;e nAller#  
D;e ;iE;est BreZAen:4 BlA:tAations are Tonitored 34 a series oB laser interBeroTeters and a::eleroTeters#  D;ese are 
a@@lied as tarEets to t;e o@ti:al dela4 lines. and t;e ;iE; BreZAen:4 ZAietinE t;e4 @ro*ide is trans@arent to t;e S AT BrinEe 
tra:kers 9;i:; tra:k t;e Tid and lo9 BreZAen:4 @;ase BlA:tAations attri3Ata3le to atTos@;eri: seeinE and residAal 
*i3rations# 
 
D;e BrinEeRtra:kerjs @;ase TeasAreTents are Ased to @ro*ide standard Beed3a:k :ontrol to its lo:al dela4 lines. and 
BeedBor9ardMG :ontrol to t;e dela4 lines asso:iated 9it; t;e nAller#   D;e :ontrol distin:tion is siEniBi:antY t;e BrinEeR
tra:kerjs dela4 lines are inside oB t;e S AT :ontrol loo@. and t;As standard ser*o sta3ilit4 :riteria a@@l4. liTitinE t;e 
aToAnt oB :orre:tion @ossi3le#  Ho9e*er. t;e MHRAT nAllerjs dela4 lines are not seen 34 t;e BrinEe tra:ker R 9e rel4 A@on 
t;e laser TetroloE4 Bor a::Arate :oTTand Bollo9inE k so sta3ilit4 :riteria do not a@@l4 and Tore oB t;e error siEnal :an 
3e a@@lied#  D;As 9e add BeedBo9ard oB t;e S AT ser*o error to t;e nAller dela4 line :oTTand. resAltinE in siEniBi:antl4 
iT@ro*ed error re]e:tion. 9;i:; is no9 liTited @riTaril4 34 sensor laten:4 at ;iE; BreZAen:ies#  D;e BrinEe tra:ker 
iT@leTents an o*erla@@ed c=_'J alEorit;T. and. 9it; a Q Ts BraTe tiTe and M Ts A@dates. 9e a:;ie*e eF Ts total 
:ontrol laten:4 in:lAdinE dete:tion. @ro:essinE. trans@ort. and a:tAation#  = lead Bilter in t;e BeedBor9ard :ontroller 
BArt;er redA:es t;e eBBe:ti*e TidRBreZAen:4 laten:4 at t;e eX@ense oB soTe ;iE; BreZAen:4 noise `larEel4 An:orrelatedi 
onl4 :orrelated @;ase noise deErades t;e nAllb# 
 

Proc. of SPIE Col. 6268  626803-4



 

 

 
=s Tentioned a3o*e. t;e lo:al dela4 line sta3ili8ation is trans@arent to 3ot; t;e BrinEe tra:ker and t;e nAller#  D;e dela4 
lines ser*o to tarEets :onsistinE oB 

& lo:al aJ6 TetroloE4Y Ased Bor :losedRloo@ :ontrol oB t;e aJ6 ser*o 
& internal `d:R:oA@ledb diBBerential TetroloE4 oB t;e nonR:oTTon @arts oB t;e BrinEe tra:ker and nAller o@ti:al 

@at;s 
& eXternal `a:R:oA@ledb TetroloE4 oB t;e :oTTon Tode @arts oB t;e BrinEe tra:ker and nAller o@ti:al @at;s 
& BeedBor9ard BroT t;e teles:o@e a::eleroTeters oB @iston 3e4ond t;e Binal TetroloE4 BidA:ial 

 
2@R 7$#) =)(J$#$Q()$2n 

HiE; 3and9idt; tilt oB t;e stellar 3eaTs is sensed at ?R or HR3and 9it; an anEleRtra:kinE :aTeraML ad]a:ent to t;e S AT 
BrinEe tra:ker#  D;e ti@Rtilt a:tAators in:lAde Bast ti@ltilt Tirrors in Bront oB 3ot; t;e nAllers and BrinEe tra:kers#  In t;is 
:ase. t;e Tirrors seen 34 t;e nAller. 9;i:; are oAtside oB t;e ?R3and ser*o loo@. are sla*ed to Tirrors seen 34 t;e BrinEe 
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`and anEleb tra:kers#  Ho9e*er. to TiniTi8e nonR:oTTon errors. t;e lo9 BreZAen:4 ti@ltilt :oTTands are a@@lied to a 
:oTTon Tirror 3eBore t;e MH AT l S AT s@lit#  D;is dAalRa:tAator a@@roa:; TiniTi8es t;e siEnal aT@litAde on t;e nonR
:oTTon Tirrors to TiniTi8e errors :aAsed 34 a:tAator nonRlinearit4 or Eain Tat:;inE#  D;e ti@ltilt Tirrors in:lAde an 
o@ti:al en:oder `AsinE a retroreBle:ted laser and a @osition sensiti*e dete:torb 9;i:; :an 3e eT@lo4ed iB 3etter Tat:;inE 
is reZAired# 
 
D;e ti@ltilt 8ero @oints are set se@aratel4 Bor t;e BrinEe tra:ker and t;e nAller#  aor t;e BrinEe tra:ker. t;e @ointinE is 
o@tiTi8ed lo:al to its 3eaT :oT3iner Bor o@tiTal :entration on t;e S AT Bi3ers. eit;er AsinE t;e raster :a@a3ilit4 9it;in 
t;e BrinEe tra:ker. or TanAall4 to dire:tl4 o@tiTi8e t;e :oA@led BlAX# 
 
aor t;e nAller. @ointinE o@tiTi8ation reZAires eX@li:it o3ser*ation oB a @ointinE star#  D;e soAr:e is :;o@@ed AsinE a 
leBtl:enterlriE;tl:enter 9a*eBorT `at t9o orientationsb iT@leTented 9it;in t;e =I s4steT and s4n:;roni8ed 9it; t;e 
anEle tra:ker#  D;e @ointinE star is :;osen to 3e 3riE;t at MH AT to 4ield 3ot; a ;iE; 2\< and to a*oid 3iases dAe to 
3eaT9alk attri3Ata3le to :;o@@inE BArt;er do9nstreaT t;an is t4@i:al#  = Tirror lo:al to t;e nAller 3eaTtrain is ad]Asted 
to :enter t;e liE;t on t;e nAller @in;ole 34 s4TTetri8inE t;e :;o@@ed intensit4 9a*eBorT# 
 
2@\ G02uT <e#(: c2n)02# 

D;e nAller o3ser*es o*er a Ereater t;an SHf 3and@ass. and :ontrol oB MH AT EroA@ dela4 is reZAired to a:;ie*e an 
a:;roTati: nAll#   = ;ierar:;i:al :ontrol a@@roa:; is taken ;ere. too#  D;e lo9 BreZAen:4 EroA@ dela4 :ontrol is 
a::oT@lis;ed dire:tl4 34 t;e nAller EroA@ dela4 ser*o. 9;i:; :ontrols in :losedRloo@ an atTos@;eri: dis@ersion 
:oT@ensator `=J'b#  Ho9e*er. t;e EroA@ dela4 is sta3ili8ed 9it; res@e:t to TidRBreZAen:4 BlA:tAations 34 a 
BeedBor9ard siEnal BroT t;e BrinEe tra:ker 9;i:; dire:tl4 :oTTands t;e =J'#  =tTos@;eri: 9ater *a@or BlA:tAations 
are t;e doTinant :ontri3Ator to nAller EroA@ dela4 BlA:tAations#  Ho9e*er. t;ese BlA:tAations :an 3e estiTated BroT t;e S 
AT @;ase and EroA@ dela4 and a sAita3le dis@ersion Todel#SH.SM  D;is is iT@leTented in t;e BrinEe tra:ker. EeneratinE an 
o@enRloo@ =J' :oTTand#   In addition. t;e initial =J' 8ero @oint R t;e ZAasistati: dis@ersion dAe to 9ater *a@or 9it;in 
t;e interBeroTeter 3eaT @at;s R is estiTated 3ased on dela4 line @osition and t;e oAt@At oB en*ironTental sensors#  Nnder 
:onditions oB Toderate 9ater *a@or seeinE. t;e BeedBor9ard BroT t;e BrinEe tra:ker siEniBi:antl4 redA:es t;e residAal 
EroA@ dela4 BlA:tAations seen 34 t;e nAller. 9;i:; Bor 2\< reasons :an onl4 a:;ie*e a Bairl4 lo9 :ontrol 3and9idt;. 
kee@inE t;e nAller dis@ersion tra:ker 9it;in its d4naTi: ranEe# 
 
7ater *a@or BlA:tAations also :ontri3Ate to diBBeren:es 3et9een t;e S and MH AT `narro9R3andb @;ases. leadinE to a 
residAal error in t;e BeedBor9ard :oTTand BroT t;e BrinEe tra:ker to t;e nAller#  D;is is also estiTated BroT t;e S AT 
@;ase and EroA@ dela4. and is a*aila3le Bor Ase on t;e Baintest stars 9;ere t;e nAller :ontrol 3and9idt; is not adeZAate to 
re]e:t t;e residAal# 
 
2@] A)*e0 (=Tec)= 21 )*e 2J=e0K$n& =eNuence 

=s noted a3o*e. BeedBor9ard :ontrol :an 3e Ased 9;en t;e a:tAator is not o3ser*ed 34 t;e sensor. and t;is is also taken 
ad*antaEe oB in t;e seZAen:e des:ri3ed in aiEAre S#  In @arti:Alar. 9it; res@e:t to \Aller M. 9;ile Beed3a:k :ontrol is 
iT@leTented dArinE ste@ M 9;en t;e nAller is 3einE :ontrolled :losedRloo@. t;e :oTTand s9it:;es to @artial BeedBor9ard 
:ontrol dArinE ste@s S and F to TiniTi8e t;e residAal @;asinE error# 
 
In addition. to a::oTTodate residAal instrATental :;roTati: terTs. t;e nAller in:lAdes t9o slo9 loo@s to tra:k ab t;e 
diBBeren:e 3et9een t;e 9;ite liE;t @;ase and t;e narro9 3and @;ase at a sele:ted 9a*elenEt;. and 3b t;e diBBeren:e 
3et9een t;e BrinEe @;ase on one :aTera @ort *ersAs t;e @;ase estiTated BroT t;e sAT oB t;e @;asors BroT 3ot; @orts# 
 
ainall4. t;e deterTination oB t;e @;ase tra:k @oint Ased in ste@s M and W oB t;e seZAen:e 3ears dis:Assion#  7e deterTine 
t;e oBBset AsinE a gnAll @;ase oBBsetg test 9;ere34 9e TeasAre t;e nAll leakaEe attri3Ata3le to. sa4. \Aller M. 9;ile 9e 
*ar4 t;e @;ase tra:k @oint on \Aller S#  aroT mZ# M. it :an 3e seen t;at t;e slo@e oB t;e leakaEe 9it; res@e:t to #S Ei*es 
t;e oBBset. #M. oB \Aller S#  D;is inBorTation is t;en Ased to A@date t;e ser*o tra:k @oint#  D;ese TeasAreTents :an 3e 
Tade in 3ot; internal `aD2b :onBiEAration and onRsk4. 9it; 3etter nAll resAlts o3tained 9it; t;e latter a@@roa:;# 7e are 
also in t;e @ro:ess oB in:or@oratinE additional :ali3rations into oAr seZAen:e to @ro*ide iT@ro*ed lo:al :ali3ration# 
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O@ 5EALS/NE CPDA7E 
 
It;er reBeren:es `M.Q.Pb @ro*ide :onsidera3le detail on t;e interBeroTeter 3eaTline#  D;e Bollo9inE narrati*e dis:Asses 
t;ose eleTents 9;i:; are diBBerent BroT t;e oriEinal [S iT@leTentation# 
 
O@? 7e#e=c2Te (n< (<(T)$Ke 2T)$c= 

D;e diBBeren:es Bor nAllinE in:lAde t;e in:lAsion oB neAtral densit4 Bilters Bor o3ser*ations oB t;e 3riE;t @ointinE 
reBeren:e stars. as 9ell as re@la:eTent oB t;e ;iE;Rin:iden:eRanEle iTaEeRrotator :oatinEs 9it; 3are alATinAT to 
TiniTi8e @olari8ation eBBe:ts#  `7;ile t;e 3eaTtrain Taintains alTost :oT@lete s4TTetr4. lo9 @olari8ation :oatinEs 
TiniTi8e se:ondRorder errors dAe to :oatinE diBBeren:esb# 
 
O@2 Du(#M=)(0 32<u#e (n< c2u<e 

aor nAllinE Tode. a ;alBRTirror is Ased to iT@leTent a leBtRriE;t s@lit oB t;e :olliTated oAt@At BroT t;e =I s4steT to 
@ro*ide t9o 3eaTs BroT ea:; teles:o@e#  Ine 3eaT is dire:ted 9it; t;e @riTar4 :oAde train to t;e 3ase oB t;e teles:o@ei 
t;e ot;er 3eaT is dire:ted 9it; an a:ti*e. se:ondar4 :oAde s4steT#  =s t;e se:ond :oAde s4steTjs o@ti:s are reZAired to 
3e sliE;tl4 dis@la:ed BroT t;e teles:o@e a8iTAt; aXis. t9o oB t;e :oAde Tirrors are tra:ked to an a8iTAt;Rde@endent 
Todel to :ontrol @A@il and anEle#  2e:ondar4 @ointinE errors are sensed 34 t;e anEle tra:ker and AltiTatel4 :ontinAoAsl4 
oBBloaded to one oB t;e :oAde tra:kinE Tirrors. siTilar to t;e 9a4 @riTar4 @ointinE errors are oBBloaded to t;e =I s4steT 
`stri:tl4. t;e se:ondar4 oBBload is t;e diBBeren:e 3et9een t;e se:ondar4 error and @riTar4 oBBloadb#  7e rel4 on t;e 
se:ondar4 :oAde Todel Bor @A@il :ontrol. alt;oAE; 9e in:or@orate @riTar4 and se:ondar4 @A@il :;e:ks in oAr o3ser*inE 
seZAen:e#  
 
Ine oB t;e Bold Tirrors Bor ea:; oB t;e leBt and riE;t 3eaTs is a *isi3leRtransTittinE di:;roi:. 3e;ind 9;i:; is a 
TetroloE4 retroreBle:tor#  =ll oB t;e Bold Tirrors at siEniBi:ant in:ident anEles are 3are Eold to TiniTi8e @olari8ationR
de@endent @;ase s;iBts `and @olari8ationRde@endent aT@litAde eBBe:ts t;at :an o::Ar 9it; o*er:oats at stee@ in:iden:e 
anElesb# 
 
O@O 5e(3 )0(n=T20) (n< c2(0=e <e#(: 

=t t;e 3ase oB t;e teles:o@e. t;e @riTar4 and se:ondar4 3eaTtrains :on*erEe. and re:tanEAlar Tirrors `one 3eaT ;iE;i 
one 3eaT lo9b dire:t liE;t into t;e la3 and t;roAE; t;e lonE dela4 lines#  =s 9it; t;e :oAde train. all FQRdeEree 
reBle:tions are 3are Eold#  D;e @riTar4 and se:ondar4 3eaTtrains di*erEe @rior to t;e Bast dela4 linesY ;alB ;eiE;t Tirrors 
dire:t t;e @riTar4 3eaTs to one set oB BoAr dela4 lines. and t;e se:ondaries to t;e se:ond set oB BoAr# D;ese ;alB ;eiE;t 
Tirrors iT@leTent t;e :oTTonRTode tilt :orre:tion des:ri3ed a3o*e# 
 
D;e @riTar4 and se:ondar4 3eaTs are no9 s@lit s@e:trall4 AsinE 3eaTs@litters. 9it; \ 3and liE;t Bor t;e @riTar4 and 
se:ondar4 ea:; EoinE to @air oB dela4 linesi and siTilarl4 Bor O `and ?b 3and liE;t# 
 
O@R E^)e0n(# 3e)02#2&: 

Prior to t;e s@e:tral s@lit are t;e BoAr eXternal TetroloE4 laAn:;ers `and asso:iated soAr:e @late and ele:troni:sb. ea:; oB 
9;i:; @ro*ides an a:R:oA@led dela4 line tarEet to a @air oB dela4 lines#  D;ese are ToAnted ]Ast oBBRaXis oB t;e stellar 
3eaT. and TeasAre t;e :oTTonRTode `O and \b @at;lenEt;s to t;e retroreBle:tors on t;e dAalRstar TodAle# 
 
O@\ De#(: #$ne= 

D;e eiE;t dela4 lines are all identi:ali t9o oB t;ese are Ased Bor *isi3ilit4 o3ser*ations. 9it; t;e rest Ased Bor nAller 
o3ser*ations#  <e:ent :;anEes in:lAde :ontrol A@dates Bor 3etter :oTTand Bollo9inE and :;anEes to t;e BrinEeRtra:ker 
BeedBor9ard interBa:e Bor redA:ed laten:4#  =n additional :;anEe is t;e in:lAsion oB a tarEet 3ased on en:oder readR3a:k 
oB t;e nAller =J' @osition#  D;roAE; a Elass dis@ersion Todel `and t;e TetroloE4 stateb. t;e dela4 line :oT@ensates Bor 
@;ase :;anEes introdA:ed 34 =J' Totion. ort;oEonali8inE t;e EroA@Rdela4 a:tAation Bor siT@liBied @;ase :ontrol# 
 
aor t;e @riTar4Rside nAller 3eaTs. an IPJ ]oE ;as 3een added to t;e 3eaT on eXit BroT t;e dela4 lines and sA3seZAent 
3eaT :oT@ressors to ensAre t;at :ross BrinEes are o3tained 9it; :lose to t;e saTe aJ6 lo:ations Bor 3ot; @riTar4 and 
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se:ondar4. TaXiTi8inE oAr sk4 :o*eraEe#  =Bter t;e @riTar4 ]oE. t;e @riTar4 and se:ondar4 3eaTs are dire:ted into t;e 
nAller 3read3oard 9it; EoldR:oated ti@ltilt Tirrors. 9it; identi:al a:tAators to t;e `sil*erb ti@ltilt Tirrors Bor t;e OR3and 
s4steT# 
 
"easArinE t;roAE; t;e dela4 lines are a set oB F diBBerential TetroloE4 s4steTs startinE BroT ea:; oB t;e t9o BrinEe 
tra:kers and ea:; oB t;e t9o \Allers#   Do TiniTi8e s4steTati: errors. t;ese Atili8e t;e starliE;t 3eaTs@litters to s@lit a 
dAalR@olari8ation 3eaT 3et9een t;e t9o arTs oB ea:; :oT3iner#  Polari8ers at :orner :A3es lo:ated ]Ast 3elo9 t;e \R
3andlOR3and di:;roi:s sele:t t;e @olari8ation Bor ea:; arT#   _eBore :oTTen:eTent oB t;e nAller Ti:roRseZAen:e. t;e 
TetroloE4 s4steTs are ena3led to @ro*ide a d:R:oA@led tarEet to t;e dela4 lines to :ontrol nonR:oTTon errors# 
 
O@] U0$n&e )0(cke0 

D;ere are no9 t9o identi:al BrinEe tra:kers. Bed *ia sinEleRTode Bi3ers to F sA3Rarra4s on t;e H=7=II arra4 in t;e 
a=D'=D de9ar#MV  "ost oB t;e re:ent BrinEe tra:ker :;anEes are asso:iated 9it; t;e BeedBor9ard and 9ater *a@or 
s4steTs. des:ri3ed a3o*e#  Ho9e*er. in addition. 9e ;a*e :;anEed t;e An9ra@@inE strateE4 Bor nAllinE dAe to t;e nAller 
@erBorTan:ejs de@enden:e on a total rTs *s# a 9indo9ed rTs Tetri:. and to siT@liB4 soTe ot;er @ro:essinE#  aor nAllinE 
Tode t;e ser*o no9 tra:ks to 8ero @;ase dela4 rat;er t;an 8ero EroA@ dela4. and Ases a dis:rete An9ra@@eri Bor [S Tode. 
9e :ontinAe to tra:k to 8ero EroA@ dela4 AsinE a :ontinAoAs An9ra@@er# 
 
O@7 Nu##e0 *(0<;(0e 

D;e nAller 3a:kRend o@ti:sP and :aTeraV ;a*e AnderEone onl4 one siEniBi:ant :;anEe BroT @re*ioAs des:ri@tions. 9;i:; 
is t;e in:or@oration oB t;e s@atial :;o@@inE Tirrors Bor aid in iT@leTentation oB t;e @;asinE ste@s in t;e Ti:roRseZAen:e#  
D;ese are :AstoT ;iE;R3and9idt; oneRaXis anEAlar :;o@@ers dri*en 9it; a tailored 9a*eBorT to TiniTi8e settlinE tiTe#   
2Taller :;anEes in:lAde iT@ro*eTents to t;e stiTAlAs in]e:tion. and t;e en:odinE oB t;e =J' noted a3o*e# "ost oB t;e 
ot;er :;anEes are in t;e realRtiTe s4steT and ;a*e 3een des:ri3ed a3o*e# 
 
O@` An&#e )0(cke0 

D;e interBeroTeter anEle tra:kerML no9 TAlti@leXes BoAr iTaEes onto its arra4. rat;er t;an t9o. 3At is ot;er9ise not 
siEniBi:antl4 :;anEed# In re:ent A@date is a de9ar internal aliEnTent To*inE t;e o@ti:al aXis :loser to t;e arra4 oriEin 
allo9inE a Tore eBBi:ient. and Baster `GH H8b. :lo:k @attern# 
 

R@ 9CRREN7 RESCS7S 
Initial nAll resAlts BroT SHHQ 9ere s;o9n in <eBeren:e Q#  2oTe @reliTinar4 resAltsMM BroT t;e =@ril SHHP nAller rAn are 
@resented in aiEAre F. 9;i:; s;o9s t;e :ali3rated leakaEe on a s:ien:e star aBter :ali3ration AsinE a reBeren:e star. 
Bollo9inE t;e dis:Assion in 2e:tion S#M. 9it; res@e:t to t;e t;eoreti:al @redi:tion#  D;ese data 9ere o3tained in gTediATg 
Tode AsinE W @airs oB o3ser*ations oB t;e s:ien:e and :ali3rator stars# D;e inteEration tiTes Bor t;ese data are MHn lonEer 
t;an Bor t;e @re*ioAsl4 re@orted resAlts `t;e :o;erent @;asor Bilters Bor @;ase estiTation are S s `:lo:k tiTeb lonE in Eated 
Todeb#  D;ese re:ent o3ser*ations in:or@orate all oB t;e iT@ro*eTents noted a3o*e. in:lAdinE :o@;asinE iT@ro*eTents. 
onRsk4 tra:kR@oint A@dates. BreZAent s;ear ad]AstTents. as 9ell as a `realRtiTeb tra:kR@oint oBBset to o@tiTi8e t;e nAll on 
one @ort#   
 

\@ UC7CRE PSANS 
=t t;is @oint. all oB t;e @lanned sA3s4steTs oB t;e nAller are iT@leTented. alt;oAE; se*eral en;an:eTents `sA:; as Ase oB 
t;e last t9o O=6I @orts. ne9 OR3andl\R3and 3eaTs@littersb reTain#  In sk4 testinE ;as 3een in*alAa3le in o3taininE 
Eood @erBorTan:e. and all oB t;e sA3s4steTs ;a*e 3eneBited BroT t;is eX@erien:e#  7;ile t;e 3asi: o3ser*inE seZAen:e 
and o3ser*ation s:enario ;a*e 3een Bairl4 sta3le o*er t;e @ast Be9 rAns. sTaller :;anEes are :ontinAinE to 3e Tade to 
iT@ro*e @erBorTan:e and iT@ro*e o3ser*inE eBBi:ien:4#  D;ese 9ill :ontinAe o*er t;e neXt se*eral rAns as 9e To*e 
to9ard BorTal :oTTissioninE oB t;e nAller Tode in SHHV#  D;e nAller is :Arrentl4 a*aila3le to t;e Oe:k :oTTAnit4 on a 
s;aredRrisk 3asisY see ;tt@YllTs:#:alte:;#edAlsoBt9arelOI2A@@ort#;tTl Bor Tore details# 
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A9KNAWSEDGELEN7S 

D;e Oe:k InterBeroTeter is BAnded 34 t;e \ational =eronaAti:s and 2@a:e =dTinistration `\=2=b#  
I3ser*ations @resented 9ere o3tained at t;e 7# "# Oe:k I3ser*ator4. 9;i:; is o@erated as a 
s:ientiBi: @artners;i@ aTonE t;e 'aliBornia InstitAte oB De:;noloE4. t;e Nni*ersit4 oB 'aliBornia. and 
\=2=#  D;e I3ser*ator4 9as Tade @ossi3le 34 t;e EeneroAs Binan:ial sA@@ort oB t;e 7# "# Oe:k 
aoAndation#  Part oB t;is 9ork 9as @erBorTed at t;e ?et Pro@Alsion 6a3orator4. 'aliBornia InstitAte 
oB De:;noloE4. and at t;e "i:;elson 2:ien:e 'enter. 'aliBornia InstitAte oB De:;noloE4. Ander 
:ontra:t 9it; \=2=# 

REUEREN9ES 

                                                 
M "# "# 'ola*ita. P# 6# 7i8ino9i:;. o <# 6# =keson. SHHF. pOe:k InterBeroTeter statAs and @lans.q Pro:# 2PIm. QFLM. 
FQF# 
S ;tt@Yll@lanetZAest#]@l#nasa#Eo*lOe:k 
W P# 6# 7i8ino9i:;. <# 6# =keson. et al#. SHHF. p[isi3ilit4 s:ien:e o@erations 9it; t;e Oe:k InterBeroTeter.q Pro:# 2PIm. 
QFLM. MPVG# 
F <# 6# =keson  SHHF. pOe:k InterBeroTeter s:ien:eY @resent and BAtAre.q Pro:# 2PIm. QFLM. SG# 

 
aiEAre F#  PreliTinar4 :ali3rated nAll de@t; *s# 9a*elenEt; BroT =@ril SHHP#  D;e solid :Ar*es are nAll leakaEe *s# 

9a*elenEt; on t;e t9o nAller @orts. and t;e dotted :Ar*e is t;e t;eoreti:al @redi:tion# 

Proc. of SPIE Col. 6268  626803-9



 

 

                                                                                                                                                                   
Q m# 2era34n et al#. SHHQ. pD;e Oe:k InterBeroTeter nAllerY :onBiEAration. TeasAreTent a@@roa:;. and Birst resAlts.q Pro:# 
2PIm. QLHQ. QLHQHD# 
P m# 2era34n et al#. SHHF. pD;e Oe:k InterBeroTeter nAllerY s4steT ar:;ite:tAre and la3orator4 @erBorTan:e.q Pro:# 2PIm. 
QFLM. GHP# 
V "# ?# 'ree:;RmakTan. ?# J# "oore. J# 6# PalTer. o m# 2era34n. SHHW. pO=6I :aTeraY TidRinBrared :aTera Bor t;e 
Oe:k InterBeroTeter nAller.q Pro:# 2PIm. FGFM. WWH# 
G 2# 6# 'ra9Bord. et al# SHHQ. painal la3orator4 inteEration and test oB t;e Oe:k InterBeroTeter nAller.q 
Pro:# 2PIm. QLHQ. QLHQHN# 
L =# ?# _oot;. "# "# 'ola*ita. ?# I# /ar:ia. o '# J# Ooresko. SHHP. pD;e :ontrol s4steT oB t;e Oe:k InterBeroTeter 
nAller.q Pro:# 2PIm. PSPG `t;is :onBeren:eb# 
MH ?# I# /ar:ia. "# "# 'ola*ita. o =# ?# _oot;. SHHP. p<ealRtiTe :ontrol s4steT Bor t;e Oe:k InterBeroTeter nAllerY 
Tet;ods and Taintenan:e.q Pro:# 2PIm. PSVF `t;is TeetinEb# 
MM '# J# Ooresko. "# "# 'ola*ita. m# 2era34n. =# ?# _oot;. o ?# I# /ar:ia. SHHP. p"easArinE eXtended strA:tAre in stars 
AsinE t;e Oe:k InterBeroTeter nAller.q Pro:# 2PIm. PSPG `t;is :onBeren:eb# 
MS '# J# Ooresko. "# "# 'ola*ita. m# 2era34n. =# ?# _oot;. o ?# I# /ar:ia. SHHP. p7ater *a@or TeasAreTent and 
:oT@ensation in t;e nearR and TidRinBrared 9it; t;e Oe:k InterBeroTeter nAller.q Pro:# 2PIm. PSPG `t;is :onBeren:eb# 
MW m# 2era34n. SHHP. p2:ien:e o3ser*ations 9it; t;e Oe:k InterBeroTeter nAller.q Pro:# 2PIm. PSPG. `t;is :onBeren:eb# 
MF P# 6# 7i8ino9i:;. "# "# 'ola*ita. <# 6# =keson. SHHP. p<e:ent @roEress at t;e Oe:k InterBeroTeter.q Pro:# 2PIm. 
PSPG `t;is :onBeren:eb# 
MQ <# "illanR/a3et. SHHP. pOe:k InterBeroTeter [S s:ien:e.q Pro:# 2PIm. PSPG `t;is :onBeren:eb# 
MP "# "# 'ola*ita. MLLL. parinEe *isi3ilit4 estiTators Bor t;e PaloTar Dest3ed InterBeroTeter.q P=2P. MMM. MMM# 
MV /# [asis;t. =# ?# _oot;. "# "# 'ola*ita. et al#.  SHHW. pPerBorTan:e and *eriBi:ation oB t;e Oe:k InterBeroTeter BrinEe 
dete:tion and tra:kinE s4steT.q Pro:# 2PIm. FGWG. GSF# 
MG _# a# 6ane o "# "# 'ola*ita. SHHW. pP;aseRreBeren:ed stellar interBeroTetr4 at t;e PaloTar Dest3ed InterBeroTeter.q 
=stron# ?#. MSQ. MPSW# 
ML 2# 6# 'ra9Bord. =# ?# _oot;. "# "# 'ola*ita. o m# Ho*land. SHHP. pJesiEn and @erBorTan:e oB t;e Oe:k 
InterBeroTeter anEle tra:ker.q Pro:# 2PIm. PSPG `t;is :onBeren:eb# 
SH "# "# 'ola*ita. "# <# 29ain. <# 6# =keson. '# J# Ooresko. o <# ?# Hill. SHHF. pmBBe:t oB atTos@;eri: 9ater *a@or on 
inBrared interBeroTetr4.q P=2P. MMP. GVPRGGQ# 
SM '# J# Ooresko et al#. SHHW. p6onEitAdinal dis@ersion :ontrol Bor t;e Oe:k InterBeroTeter nAller.q Pro:# 2PIm. FGWG. 
PSQ# 
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