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ABSTRACT

The Space Talmcops Imiging Spsciiogimph ( 5TIS), inztallsd into the Hubble Spoce Telescops (HST ) doting the Sscond
Setvicing Mission (S5M) in Febiuaiy 1997, has uhd=igohs the tsquited S=ivicing Mission Oibital Velification (SWMOV). The
oveiall ssnsitivily of STLS & summatized foi dited imagety in the vigible with the Chaige Conpled Devics (00D, the Hem
Uhizwviclet Moli-Anode Mictochannel-Away (MUY MARMA) and the Far THiaviclst BTARA (FINY MAMA) det=cion= and
likew e for the specticscopic modes. The FLNV MAMA has exceadingly bow backgiound (globally -6 events’s=cond for the
1042 x X042 high tesoldion (HIRES) elements). The WU BMAMA ham o highet, tempetatote dependent backgionnd (-600
1o 2000 evenis/scond globally) due 1o window phospholescence. The principal gaing of the CCD over WEBCD fou limiting
irn:gihg mehu.'ii.i'.'i'l_', RIT-R h'igh n:_lu:lh‘lurn ef'ﬁriehl:_', I;Perthg above B, wids I:L'Ihd.F.‘IB {onfili=i=d), kw datk con=ni (-6
i.-|i_-':1.ln:lh="]:ri:'..e|."|1aul] and low i=doot-hoise (-4 =lsdion imeil. The CCD, like the WEFRZ2 OCD=, mosl b= anp=alsd
peticdically 1o heal the hol pixel geneisied by iadistion hit. Thicughpol of all modes has been dable 21 the 1% level oo
bett=1 mxoe pl fou the £a1 vhizavicket (G 14005, whele s=nsitivily is d.l.-:lp]:rihg owly acioes the oid=i, bol mol= l:lFid.l_'. bl
the Lyrmin alpha (<120 nm), and beyond 130 nm. This los in s=nsitivily may be doe fo contaminsion smila o thed which
affecied the filsl geheiation HST instiomeniz. The theimal shvilchment for STLS & watmet than spscifisd in the HST
Ini=iface Confiol Documeni with the t=soll thad the bk end of the STLS optical bench iz hed unde=t posflive thetimal conticl.
Temp=imoie Swing cccnt dos o the spexeciafi sobit otisnisdion and also des o powel cycling of the MAMA low voliags
powst supplies that aie fninsd off duting cibiis that shcouni=t the Sooth Aflantic Ancmly. Some motion of speciial and
diteci image foumsiz occnig on the del=ciol thal & cotl=latible with changing afi bulkhead {=mmp=tole and change in
exiethal hesilonds, The MAMA dedeciois aie capable of lims 4agging pholon events within 125 miciosscond tesolution. The
CmbPuolsn was used o 2 fime stindaid and demonsiinies the desitad paifoimanee.

KET“‘L‘IT'dEL pHizvicket, vigible, Epace, HET, contaimination, theimal molich, s=hsitiv 'i'l_'. , calibision
L INTRODUCTION

The fii=d gi.-hi.-l:ﬂ:in:lh inslinme=niz, bohched with th= HST in 1990, nlilized def=cioi ‘-.-l:hhn:lh:lg_'. of the [980'=. Boh fii=t
genestdion specliogiaphs, the Fain Objedd Spectiogiaph (FO5) and the Goddmd High Resolution Spsctiogiaph (GHRES),
wale desighed aiound individeal lineat aiays of 512 pinels and weis limfled 1o a few s=leciable apsioes for spatial
gampling on the gky. STIS, = ohe of the {wo sscond geneiation instinmenis, had o fiflesh yei development cycle which
alkowed foi developmeni of two dimensichal deisciols thal conld ke full advaniage of the HST point spiead fonction (P5F),
leading 1o inci=mmad infolmation gath=ting thal could b= a5 moch = 2 {wo thowsind fold advaniage ovet the fitsd g=n=idion
sp=cliogiaphs. The FIN MAMA and the HUY MAMA kave 2 2088220438 mdoot foimal The OCD & o 10241024 pixe]
detecion. Application of thess detectons 1o vatious problems in foul spectial bandpaszes that extend acicez the LLS nm 1o 1000
nm speciial tegion issummatized by Woodgate of al ' Fey science piogams diove the STLS Instinmenti Definition Team io



gzlecd the valious speclioxopic modes. 5TIS ulilizes muliple gisdings and minois oh the mode s=lection mechanizsm and
muliple gtz on a2l mechanim 1o plovide speclicscopic modes and sven some imaging modes, Full fisld specticscopy is
accomplizhed by low dispeision giadings, en:bling del=ction and m=moi=me=ni of i=d=hifiz of fainl, high t=d=hifi galaxi==
and quasais in the ongoing STIS paallel suvey™. Long il speclicscopy is being applied o multiple science plablernu
inclding kinematice of mlactic noclei °, ge clond bnematice of Seypfert gabisies * giavitition |- lenssd galaxies *, and
sjecty imemctions of SHI98TA with the sutonnding inteiztella mediom’. Small slits consiain the field of view t'-:-L mchzll=
speciicscopy of smus fo sodiss of theil dmospheies |, of backgiound =tus fo stodiss of the inteidellar mediom ™ and of
digtant quazus for stdies of the inteigalactic madinm. On-cibit pefoimanes of STIS is desciibed by Kimble s1al. ™' 2
i=zded duting the SMOV fed peiicd | Oplical peifoumance of STIS, especially of the PSF and of the schelle rnad.eu i
desciibed by Boweiz". Fhi-fisHing and demonstiated =ignal 4o-noise capabilities of the 5TIS detsciois is discussed by
Kozt o1 2l Ohgoing calibiation and fotate plans of otilizing STIS will be desctibed by Baom'™. Thiz papet focus=s on fout
gpecific peifolmance aiens of STIS: the limiting magnfodes foi dilect imaging; the senslivily of 5TIS ih vatious
:Pedh:ur-:lpil: mod=s a5 me=azoied doting SMIOY, and pcmil:!le fi=nd= in s=nslivily with time, eupev:inll_'. in th= a1 nHiavicl=t;
the theimml motion of the opfical bench; and limedagging tesis of the BARM A=

The= 55M includsd changeon of clhei spacsc infl haidwaie modoles. Ciocial 1o dmia obtiined foi the preseni discozzion was
th= i=placem=nl of ohe of the faps i=coidsis with a solid stde iscowd=t (55R), which snabled ohboid doa sioiage
gimultihsons 1o aildo-gioond tmnsmission. How mny mobe paallel opsisichs of the science imiioment e poesible.
While the Wide FieldPlanstay Camein-2 (WEFPZL) ot the Heat-Infinted Camein-Bolli Object Spectiogiaph (WIZBMOS) i
being uzed 1o do primaty science, STIS is enabled 1o do alibiations in paallel. Even mote exciting is the capability that
when one ingiomeni is ptime, the othet ivo instiume s cn do patallel imaging of the sky allowing moch suivey wolkio be
accomplished. In effect, HET heg expanded iz capabilily 1o do suivey obssivalions % if theie wele ivo mole telescopes in
uze, ahalogous 1o the Schimidi Telecops a1 Palomal wolking in complimenialy mode do the five melei felegscops. Much
geiehdipitons discovely will t=full fiom this cpability and mahy hew objecis aie bring discoveied thiough this appicach.
The paialle] cpeiations mode e shabled poualle] t=sting and intetnal ealibisdion of 5TLS fou fis molipls modes. Thdeed o
dale, £11 molte calibistion daty has be=h i=coided with STIS than piimaly ob paimlle] ckesivations. Whan the HIZBOS
coolant iz depleisd, STLS will be poied and well elibissd for majol poitions of HST primaty scisnos.

L DIRECT INAGING LINLITING MAGMITUDES

The 5TIS dei=ciox piovids dilecl imaging mods fol 2 limitsd s=1 of bandpeezes ovel the speciial mnge of L1 hm o 1000
nim Inthe heat and fai oliswviclst, the fisld of vi=w for the MIAMA detecions i= aboot 257 = 257 with Q125" x 0125" HIRES
pinzk. In the visible, the OO detectons provide o fisld of view of about 507507 with 050" x 050" pixels (details about the
STLS insttument patameteis and bandpaszses ate 1o be found in teferences [, 1O, Ll and L5) Angola tesolutions achieved
with 8TIS aie summatized by Bowsis, # al.". Fou the ulitavicl=t pottion of the spectiom, angubi tesolotion & close 1o the
HET PEF. The 5TIS MAMA= provide sxcelleni sensitivity, low datk count todes and solablind esponses do the visible do= o
thes pholocihodes Dhik counl & six o i=h counis’second ghobally for the FINV MAMA, o abodd L35 1o 2.5 =107
conhizE=cond HIEES ]:ri:u:|. Diu= 1o the halni= of the =venl d=l=clich :Igc-u'ihm the del=cisi i ins=nsfive fo Cheis oy
tsdintion, which ptoduces muhiple photons neatly simuliahecusy inthe deteciol facephite. The detsciol & ssentially photon
hoige limitsd fol mosi enlizable exposote limes. The WUV MAMA h sighificanily highst daik cooni e doe 1o an
unexpecied phospholsscence inthe window matetial'™! {pie -flight sci=ening meamiements weie peifolmed in eion for this
pat). Global count mdes tange fiom G600 40 2000 coonts pei sscond (ot L3105 x 10 = couhiz pei secohd pei HIRES pixel).
Ecth dei=ciois piobs o faini=i limiting maghitod=s compaied 1o the WEPC2, and also have the sdvantige of solai blind
iesponse 1o the vizgible, The STIS CCD hae o demohslisied incienzssd s=nsitivily, compaied 1o WEBZ2, dus 1o quanicm
efficizncy, bioadet ndpimze, lowel thetmal backgiound, tsduced teadout noize, and finer amlog o digitll snooding,
Limiting magnitude saing of aboot 110 3 ate being 1=alized. Figoile | summatize= the calcolsied limiling magnitodes fou
point soutees with a gignal do-no ke oo of 5.

The incieed somitivily, especially in the UV, foi 5TIS ditecd imagely is vely sighificar when desp imagely is consideied.
Foi i.':'._'ll'nFIi.'. a 000 peeond = poeuie foi the STLS FIN MAMA with a q:lu:u.t colotf fill=i would dei=c1 5232 magd il =
al with 2 8T1-5, whetee the WEFRZ2 with FLTOW £ill=1 wonld le«:lu‘il.e crval 20000 essond & Exposule. All=imt=ly, the STIS
FIW MAMA with quantz coloff fillet could suivey f=n s=leciad t=gions in the sume allocisd fime thed WEPZ2 woul aquite
foi the =ime= limiling maghitod=. Similal, bot smallst, gains aie p=lizad for WO RTAWMA and OCD over the WEPC2, bot
with grmallet BOW e than WEFBZ 2.

Limiting maghitodes foi exi=hded sooicss aie vely depsndeni upoh the angola size of the object. Gaidnet = al? in



pleliminaty paillel suvey obsivations found thad, in o 2100 sscond expogute in the 30200 cleat cametn mode with
tegponss flom 210 nm do 100D nm, a limiting delsction magnitude of ABE=12.0 v 1elized fo1 25 0 deteclion with a0 5
apsiiute. Heie STIS can plovide objective giating speciia of very faini objecis in the neat ted o the HET cibit & above much
of the night sky amizion. With the G7300 giating = o 8975 him, gpaciia of emizgion line objecis as £inl = ABE=23 6 with
tedehifiz up 1o ==0.8 wele detecisd in 2400 ssconds. Ah ohgoing soivey ploginm ofilizes ditsct imageiy { 20% of fime) and
objeclive giding speclicscopy (30% of the time) for HICBOS - and WEPC2 - prims ol bils w hehevel f2azible.
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Floure L Limiting 5T Magnltnde asa functlon of exposire time for selected STIS and WEFPC2 Imaging modes
A SPFECTRAL SENSITIVITY

el emphomiz wom placed on gefling the besd sensitivily fou all speciial modes of STIS, beginning with the design and
plogiesing thiough development, t=ling and placement of the 5TIS indo HET oh oibil. A s=nsitivily budgel was defined on
whal was tealistically possible, including an expecistion of component teflectivily detsticiation sspecially while STIS was
being amembled and {=sting on the giound.. Althe oplical componem level, sach 2lement wis designed, fablicoied and fesied
1o vely siticl sahdaids, Giatings wele specified for blhize sfficiency, minimizslion of polatization and lsck of ghosts. Exch
giaing spacification wim s=nl fo o kot tvo maneExcioi=is for fibiication and the deliveisd most=r gidings, plos = plic:,
wale svalusied in detzil veing the Diffiaction Gisling Evaludion Facility (DGEF) oi Goddaid Spacs Flight Centet. Cwvetall
g=hailivily of sach STLS mode wie pledicisd bemed upon the memznied s=nsilivily of each componenl Wheie poszible, 1=siing
wit done with continoum and smiszion-line souices fol the antite instivmeni on the giound =ith=t in ait ot in vacoom. By
delivery time of the insttument, we had the senzitivity profile for sach mode and could tefetence exh mode 1o the GEEEL
oldet, ob the lowesd dispeigion mode for exh of foul spectial tegions. In the cise of the FUW, sensitivities for the G LA0B,
E L1400 and E [40H modes weie tefeienced 1o GLA0L, and o teladively good absoluie calibiation had been accomplished in
the the=iml vacoum l=ding don= 21 Ball befols delively do Goddaid.



Eeginning a1 the fablicslion siage cleat thiough 1o intil opsistion of 5TLS on otbil, gleod cale wom iaken 1o minimize
comtamindicn the might affed i=fleclivily of oplical suificss, sgpecially in the FUW. We wele vely awale of loss of
g=hsflivily neat Lyman alpha for the fiisl g=heisdion it omenis, and wahisd 4o minimize ahy contaminaion of 5TLS. Tnoan
effoll o monilol chahges in s=hzitivily, sspscially inthe FUY, a2 seties of withesz miliol samples wels catlisd along with the
STLS optics and 21 camplation of majol sctiviies, ind vidoal samples weie polled % measoie any appatenl changes. A peiicd
of tims afi=i STIS inztalldich wi =aeived 1o peimil colgesing of all new haidwaie installad indto HST, @ theis iz evide nos
that much of the FUW sensitivity bom occutied inthe sauly inteival just afier launch of HET and just after the Fiist Setvicing
Miszion. One hypothesiz is that matetial oulgesing in combination with sobi and eath dtimvickt iadistion cleated 2
J:ll.e':‘ipi'l:l‘e. Fai thig t=mon, STLS had a shoii=t in J:l|:|l:\e befoi= any n:l_p‘l'tu iM=thal io STIS, and thol ghuti=1 1=mained clossd
foi a Pel'i-:ld. of lim= afl=1 inztalkbtion of STLS ino HET. Moi=covei, d.ulihg th= fiisd gix wesks of HST ope istiche _Pcu‘l SEM,
gleal cale was take 1o avoid biight eanh iadistion fiom impinging within the i=lescops fubs. While 5TIS doss nod have 2
vacuum plesgule gaugs 1o deleimine the inteinal piessoie, we wele able 1o monilol the piesuie diop with lime doting the
theimal vacuum t=ding and did independeni compuoistions 1o shgute thol the =sidoal plesule was mfely below the plessuis
tange thad might lend 1o high voltige dischaige siound the BMIAMA deteciois. The shuiist temained in place 21 the snitanes o
STLS unil we fali comfoiiable tha the colgming of polycaibohnes in the inztiomeni hob had deci=msd sobstiniially and
that scafi=ied sonlighi of sathlighl would el l=sd 1o o potential piecipitde piobleam. Ow soocesz ol minimizing the
cohiamindion is demomiinisd by the s=hzitivity plots shown in Figoiss 2, 3 and 4.
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Flgure L Spectral Sensltlviy for the STTS Mode G140L

The speciial senzitivily fou the STIS mode GLA0L (Figue 1) wim obbiined using obseivations of the pute hydiogen while
dwmf, GDL53, and compating the memuiemenis fo pute hydiogen WD modelz. GDL5T iz a plefeiied calibiation standaid,
because the only spectial lines aie hydiogenic and baczinss EBohlin' haz defined the FOS clibiation in f=ims of GDL53. The
gpeciial s=nsitivily foi the modeisie disprision modes TREKM vwas memoied fol seveial seleciad giafing s=ilings, bul given
th= fim= l=scuice 1o fully conztiosl the ==n=slivily foi =ach s=leciable ==itling, additional elibiations ai= being add=d in th=



Cyele 7 and Inet calibiation activities". Mezoiad velzos pledicisd s=ngitivities for the G LA0M mode aie plotisd in Figuis 3.
Lilm i, {the schalle modes B3 N and EXENH aie ealibiatesd foi the valioo= metl.‘ihgu: and the STSL 8TIS suppoll i=im i
building on this calibiation file with calibistion time alloted doting obsstving Cyels 7'
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Figure 3. Spectral Sensitiviy Curve for the Multiple Settings of the G1400M In the FARUY

Sability of spectial s=nsitivily musd be monitoled with time. In the case of Infeinsdional UHewvicld Explotet, which was in 2
geosyhchiohous oibil, spectial sensitivily changed vely dowly with lime. Spaceciafi in low eaith oibil, howevel, ale i 2
vely low, bul non-negligible aimosphete, with domic oxygen = a plimmty componenl. Changes in ssngitivily ate almest o
be expecied, sspecially in the FIV and # appeais that 5TIS on HET i nol the sxceplion. Pieliminaly measoies using the
glandaid sian S0 153 (Figoie 4) indicate thata srmll deciesge in sehzitivily & plesent in the FLTV mesmutes . Mo changes in
sehsflivily have been detecisd o longel wavelsngihs, and o this poind we ale shesdoin of the pleciss s, o what
compohenl is changing in oplical weflactivity. The ovemll FUV MAMA mode GLA0L appeais o be decteasing a1 o mie of
abool foni peicsni pei yeal, bolthe changs & significinly moie below 120 him (- 18% yeat) and above 130 nm, (-86%/yeal ).
Addiional meazui=meants ai= n=adad in all FINY modes 1o d=l=imin= if the clangs in semmitivily is acvoe= the 115 1o 170 hm
speciial =gion for all modes, o limitsd o the G L1300 mode.

Anadditional comment on spectial s=nsitivity mosd be added. The HET PEF changes with wav elength due 1o the diffiaction
effects and scatter of the HET optics. Within 3TIS, the optics and detecio have smila mitstions Fou example, spectial
putity & limited in the FIV atcond 120 by oplical scoiier of the giodings, Greol cute wem faken fo s=lecd the best giading
teplicas available afiel 2 vely sneigelic development piogiam, and the 5TIS giatings ate among the besd avaibible. Howevel,
ol shoil wavelengihs, the toling impeifsctions become significant compated 1o gimiki tulings used in the vigible. The botiom



lin= iz 1hai wh=n th= gpscilum of 2 P-:-ih‘l sonice i5 exliaci=d, the u==1 mozi maks a d=cigion on whethet 112l flox is k= y (ol
sehsfivily) ol maximum spectial tesolution. A significainrly long sli height would be beli=t soited foi ioial flux memoies
whil= a hatiow, and shotd, £lit iz besd foi incleming molving powet
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Flgure 4: Changes In SensltWlty for the FUY MAMA G101 over 31x Momths. Each sub-panel presents the best lnear
flt to the relatlve senstlty ve tlme for a partlcular wavelength bln 1n mode G 140L. The slopes tabulate je.z. -0u63
for the 16T5A bin) represent the fractlonal throvghput loss per year (cowrtesy Ralph Bohlng

4. THERMAL MOTION

The thetml design of 3TLS included o pogitively-contiolled heatel sytem 1o maintain t=mpeiafote of the optical bench.
Unfotunately, the theunal envitonment was detetmined 10 be watmet than specified in the Inteiface Contiol Document fou
inzltumenis fo be placed inthe Afi Shioud. This wis noled doo lxie iodoanyhing mote than the minimal changes thad od o
be done o enzute thai the MAMA slectionics and oihet sysems could be cooled o an accephible opeimtional fempetsdore
Lahge. Th= n=l i=zoll iz thal the 1= P-:-lﬁr_-h of th= n:-_|:|1.ic:|| b=hch i hol ohd=i th=imal comicl, and the= |1e:|1]:|i]:le=. aflached fo



thes MAMA= and the Af Bulkhaad of STLS, ci=al= a =mall amouni of theiml motion. Meazgoi=ments on the gioond indicat=d
that the thaimal mcotion in the woisl cgs woold be aboot 025 ]:ri:l.elu Pt houi, clom= 1o the de=ign u]:lev:'iﬁ::ﬂ.i-:lh of 0.2 ]:ri:u.-lu
p=t hoot.

Tesis wele done ohd=i valying conditions doting SMOY io det=tmine the amounl of theimal motion thad could be
anticipiad. Mosl 1=sling wie dons in patallel o WEPC2 o NICMOS obesivitions s piime and the theimal conditions,
caused by HET spaceciafl cliemation with tespsctito the sun, wele nol constiainable befole and duting the f=zix The STIS
int=tnal optics egpond fo extztnal theumal changes with multiple time constans, 1ypically bring five 1o 420 howis, However
the theimal history before and duoting the pamlle]l messulemenis is available and wes examined 1o hdeisiand the
pi=conditioning of S3TIS befole the fess. Tesis consisted of s#lling the specliogiaph fo o specific mode, then faking waveel
:J:led.l:l ]:lel'iad.‘ir:l”_'.. Cfl=hn othei =%, soch = daik coii=nt, holl ‘ih'l:lgeu. ol sd=lki :J:led.l:l wais inl=imized, bol with th=
lim#iatioh thal ho mechanigm woe movwed inl=ihal 1o STLS, upev:'i'f"r:“_-. th= =i wh==l 2hd the mod= &= l=cl m=chanim. COhe
{=sl was designad fol the wolsl come sitnation, namealy th=imally conditiching STLS in ohe of the hoti==d HET cii=ntitions fou
STLE (Continous Viewing Zone with spacectafl 1woll moving 5TIS fowaid the Sun fou five otbils) and then slewing 1o one of
th= cold=zi oclishisichs (anti-Son ditsclion foi sleven cibitg)l. Fot the CCD, the spsciial foim:is moved = demonziisisd in
Figui= 5. Chhet tkan this exii=me oo whele changes in solar flusnee stiongly affected the CCD indintois closaly, the SO
foimaz moved veiy lifllz and well below the 0.25 pizel p=i hoot specification. The MAMA foimizs moved sighificantly
mob=, and as demonztiated in Figoes &, had a motion thatl coti=lated with Buolkhesd 7 ¢and the Al Buolkhead of STLS)
fempeiafotes, Moteovel, the motion ditections ate consigdeni with the bulkhead cilanning with f=mpeizdote (motion is
consttent with the centet of the deck moving invaid ot outwald with t=mpeisdote change). Mot of the t2mpziature change
iz lik=ly du= o h=ating of the MAWMA eleciionic IF::L—.gen: sz the WMAMAR s cycled on and off daily 1o avoid 1adisdion
upgets duting Souvth Afdantic Ancmaly J:I:lm:ge:' % Figuie 7 shows iypical theimmal varitions of seveial bulkheads and of
the FIIY BAMA cvei 51 gevaial d:l_-. Pel‘iad.. WARA foimil theimal diifizin J:ri:l.e|n: wilh 1im= iﬁgule 2 demonslizds that the
diifl hn:lLI.'n:|||_'I iz abont 03 LORES J:ri:'.e|n: p=t houoi, bol can b= ag moch == 06 LORES J:ri:'.eh. d.epehd.ehi upch the the=iiml
higioly and the immediiie theiml condition of HET. Fol mod obseivations, obssivels will iypically scoid spectia fou fifly
minui= inf=ivals ol les becanse of 1he =aith impingsmeant in low-sith cibil. Mosi obestvations will be photon-limitsd, @
limfling axpogoies 1o iwehly five mihoess oi le= minimizes cvethesd and minimizes any theimal diifl sffecis. Foi high
gighal-io- note obsevalions, lime 4ag obesivations { imited o 30,000 aveniszecond) ot fifleen minole sxpogui=s in ACCTTM
mede fconnd imles op o JEO000 evenizzmcond) woold limil eff=cis on the obssivaliohs cinsed by theimal dift In
compatizon, GHRS obssivalionzs weis limited o five minols inlegidions for the high=st speciial i=olotion.  In theimal
vacuum festing, STLS tealized o temlving power of 220,000 with the FIMV MAMA and 2 st with angular width of 06
alcssconds. We ate couenily ssiching for exiiemely shaip infeisteller lines thod would demonsiizde tesolving powets
appieaching that meazn e,
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Flgure & Thermal Dt of MAMA Formats with Tlme
5. THE MAMA DETECTOR TIME-TAGGING FERFORMANCE

The centiciding propeidy of the MAMAS lends very well 1o time4agging sach photon event. The MAMA slectionics allow
ahboad sccomubition of Pha‘-:h =y his ol gl-:-l:-nl Lol up {00000 ! in a 2048 x 2048 foumed. Howevel, the ACCTIH
mods do=g hol =ootd the {ime= of =ach =veni. Fol olesivations with g|n:l|:l:|| conhi 1d=s i e than 30,000 u-l, th= RMARTA
electionics can provide alime stump fol each eveni accuinde 1o 125 peeconds thal is incloded in o dafa steenm of XY and T
for ench eveni. Time-tigging iz espacially vseful for siodies of fimevatiable evenis including pola slouns on Jupiter and
Estuin', flaie stais and binaly sysems. and J:!u|u:|].u“. A valy ligolons {=i waz dohe doting SMOW wsing the Ciab Pukai,
which haz a Fu|me Peliad. of abouol 313 rnmn:lhd.um. Uu.'ihg 1th= u]:l::e':l:rﬁ tim= & th= stihdaid, we had 1o coii=dd foi 1the
gpaceciafl velocily and the sh veloefly 1o detive the pulss peticd =i the b yosniiie position. In compatison 1o the tadio-
dampived Pelicld. fo1 the emme= inl=ival of time, the depived Pel'i-:ld. agi=ed fo =ighl d=cimal FlIEE. tha limil of th= Fubli:hed.
peticd. Pievicuzly the Ciab Polzii had been obesived with 2 bicad Eand filtst in the 170 4o 310 him speciial i=gion by the
High Sp=ad Photomst=i I;H-SP]-H. Weobsmived the Ciab Puliai in the sime spaciial =gion, boi with the G2300 giating mod e,
dipeizing the light inio about 16 Afpixel. While the HSP had an eheoding intsival of 20 pesconds, the STISdetivad polss
piofile compaies vaiy wall with the HSP pulss piofils i=binned o 125pscond inteivals (Figoie 90



Compatioh with the HEP tevealed o minot pioblem thad was quickly coueciad. We noticed tha the initially-teduced STIS
pulzs picfile had a2 longet miling sdge 1o both the primaiy and int=imedinie pulses, when compaied fo the HEP -measoied
pule= picfile. Fuithet examinaich tevealsd tha the daik countin t=gions of the det=ciol well away fiom the pokai spsciiom
had the pulsa peiicdicity. UHimately we discoveied that the logic inthe MAMA =leclichics foi fime-tig mod = wiz ginbbing
th= .Y cooidinae foi the coti=hi event, then waiting ondil the hexi svent 1o =coid the XX, T. A simple shift of T by ohs
mveni in the dota tmin coltecled the pioblem. The HSP and STIS pukes picfiles agi=e 1o the limil of svenl stiistics, and thei=
i% ho lemaining petiodicity in the detscton b lgiound noise. Additional obssivations ate planned of the Ciab Pukat with the
FLW MAMA in low dispsision spsciicscopic mode,
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Floure @ Crab Pulsar Pualze Proflle: solld nes ndicate the STTS -measured pulse proflle; Dashed 11nes the HEP-
measured puke profile rezampled to 512 blme per perlod (HEP data conrtesy of Jeff Perclval)

Th= Ciab Pulsi obssivalichs _'.‘ii_-h:led. a dila cobe with cooidind=z be‘ihg q:led.l:ﬂ ditescticn (%1, E_P:ﬂ.‘i:ll dit=ction { Y and
J:lu|me-]:lel'iad. { T Diff=i=nl zlice cin b= Fu”ed. ool of the doa cobe 1o u‘lud._'. th=s fitn= vaiiatiohzs. Che i.':'..'ll'nFIE I;F‘igul.e Ly i
th= gp=ciluim of the Ciab Puk=i, fiom 160 4o 320 nm, a3 fonclicn afpulme Fel‘iad.. Dixiled Modi=s of the spscilumm ot the
Liging sdg=, the falling edge, the pekand the ir=ipulss demonsiinied 1kt theis is ho colol dependencs of these pais of the
pulss peticd in the L.



Time4ag hze been applisd 1o seveial othet obssivadions with gleod suecess, Duting the SMOV d=sting, we used fime iag
mode o1 the high dispeigion obevations of HD72089° and CPD-59°2603°. This prumifi=d poed obsstvalion oomps eaticn
folr Dopplel motion changes duting the obssivalion and 1o cios= check fou theumal motion. In the ACCTUM mode of the
MAMAE a Dopplel compsheation & inclodsd in the scomobie algotithm 1o allow fot velocily shifi of the spaciiom; ths
ghifi can be a8 moch = {welve HIRES pizek if the ztii liss in the H5T cibital phin. Doving fifly minols obssivations,
th=imal zhifts appieeching ohe pizel wele hoted, indicding that ACCTM iMegmtions should be of oid=t 15 mitoies foi high
gighal-io- notse memEni=menis thal push the =solving powest of the ingtioment.

e

] H,-H y . -r-'l-.l.ni.,'o.'l._l..-_."l_' IS
._|'-'.'I.

Floure 10, Tlme-tagmed spectrum of the Crab Pulzar: The Image represents the recorded photon events from the
PFulzar that were extracted from the spectral, spatlal, pule -peried data cube to look for color dependence within the
puke perlod. Horlzontal axie: 160 to 320 nm spectral reglon, Vertleal axls pulse proflle perlod.

b COMCLUSIONS

The 5TIS iz an immehsely succeszful instioment thad & alieady pioviding many new and excfling scisnlific tesulis foi the
agtiohomical community. The limfling magnitodes possible in diteci imagety mode and inthe moltiple speciicsoopic modes
will plovide data nesded 1o sobve many mliophysical problems that aie of gleod indei=sd 1o adiohomeis. Whils theis is some
th=imal motich in the oplical bench, it iz smll foi moed applicalicns and cin be coliscied in g isquiting the limiting
tegolving powet. Tims-4ag mode is demohziisisd o wolk in {=iz sging the Ciab Pulsmin and in high dispeision spaciial
obeivations of int=ist=llal lines
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