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ABSTRACT

The Space Telescope Imaging Spectrograph [(STIS) 15 a second-generatlon Instrunsent [or the Hublble Space Teescope
(HET), designed 1o cover tie L115-1NEY mm wavelength range In a versatile array of spectroscopic and lmaging modes
that take advantage of the angular resolution, umshstirecied wavelengih coverage, and dark sky offered by 1le HST.
ATIS was swcoesalully Installed Inmto HST In 1997 February aml has since completed a year of orblial ceckout,
callbration, and sclentific observing. In thls paper, we brlefly describe the 5TIS Instrument and highlight the mew
capabllitles that It brlngs 1o HST, Hlhistrate those capabilitles with examples drawn [rom the st year of 5TIS
observing, amd describe at a top level the on-orblt perlormsance of the STIS hardware. We also polnt tle reader 1o
related papers that descelbe particular aspects of the STIS design, performance, or sclentlfic mage In more detall.
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1. INTRODUCTION

The Space Telestope Imaging Spectrograph s a secoml-gemeration spectrograph for tle Hubdle Space Teescope
(HST), designed to replace and greatly expamd on tle capabilities of two highly successlul irst-generation instru-
meenis, the Goddard High-Resolutlon Spectrograph ((GHRS) amd the Falnt Object Spectrograph (FOS). The princlpal
advanees offered by STIS stem prinsarily from the wse of large lormat, two-dinenslonal array detectors T wo ploton-
counting Multlanoede Microchanne] Array (MAMA) detectors (each read out In a 2048 = M8 lormat) record 1TV
light, amd e L2 = 124 pkel COD covers the visible, Compared with tlse 1 = 512 linear aray Digloon detectors
employed by the Gt generation HST spectrographs, tlese two-dlmemslonal array deteciors emable STIS to provide
observing meodes with large spatlal and for speciral mulilplexing galns,

Far speciroscople olserations, 5TIS brings the [ollowing mew capablities to HST:
1. Long-slit and slitless Imaging spectrmscopy over the Tull 11510660 no range, at HST angular resolution over 25Y-
5 felds of view.
2. Medlum- and high-resplution echelle speciroscopy In the ultraviolet, with 20-35 tines greater slmultanecus wave-
lengih coverage than In corresponding GHRS neodes.
3. Higher speciral resolutlon in the 115310 nm range than avallable with any previous space Instrument.
4. Higher throughput to longer vElble/near-IR wavelengihs tlan the FOS [whose photocathode respomse extended
1o = TH) i),
S Much lower dark rate per resolution element In tle far-ultraviclet than the irst-generation specirographs, per-
miiting spectroscopy of falnter sources,
fi. Coronagraphlc spectroseopy, willlzing the excellent Image conirast of the HAT,

ATl three STIS deteciorns can be wsed lor Insaglneg observations as well. Although tle awallable flter complenent
I llmited, 5TIS Insaglng also provides powerlul new capabilitles:
1. Solar-hlind Insaging at high senslilvity, wing low-molse ploton countleg deteciorns with more than 30 times higher
throughput than the Wide Fleld Flanetary Canerm 2 [WFPC2) when sing lis visible-blocking Woods [lters.
2. Higher semslilviiy hroadband lmaging than WEFPC2, resulting [rom very wide bandpasses leeding a higher quant wm
efficlency COD with lower read molse.
3. Superlor corpmagraphic capahility compared with previoms HST Instruments.

2. STIS DESIGN/OBSERVING MODES

STIS was bullt by Ball Aersspace for the Laboratory [or Astronomy and Solar Physles at NASA Goddard Space
Flight Center, under the direction of tle Princlpal Investlgaior, Bruce Womdgate of GSFC. In thls sectlon, we
highlight the principal deslgn features amd observing modes of STES. A much more detalled descApilon of the deslgn
is provided by Woodgate et alt

A sehematic lsometrle of STIS, showing it optlcal componenis amd princlpal subsystems, 15 presented In Flgure
1. Light enterlng tlee Instrument s st correcied lor M5 T% splerleal aberration and olf-axls astlgmatlsm by a
twp-mleror corrector aystem. A sharp lmage 1 thereby produced at tle slit whesl of the spectrograpl, whers one
of 65 ameall slits, long slits, or large apertures [[ltered and umfiltered) can be selected. The spectrogeaph colllmator
ihen direcis a paralle]l beam onto tle grating wheel, where one of 21 gratings, mlrrors, oF & prlam B selected, definlng
ihe optleal mesde, Order sorters are mounted In front of the gratings where required. From the grating wheel, the



Flgure 1. Schematle diagram of the princlpal components of ST, The compomens shown are mounted within a
graphite epmy enclosure of roughly 2m = 1o = lm glee. Duerlng tle HST Second Servicing Misslon [STS-82), the
assem hly was successfully Installed in an axial Instrument bay of tle HST.

light trmvels io the appropHate detector elther directly, or vla a [old fat and camera mirmor, oF vla an echelle gratlng
and caneera mirror. The grating wleel mechanlsm can also tip /tilt the optle In use 1o select the desired wavelengih
range [or those mesdes In which the dispersed specirum overfills the detectior forneat.

The olserving modes of STIS can be divided Into four speciral bamds, Bamwd 1 (115170 nm) 15 covered by
a photon-counting MAMA detector, deslgnated the FUV MAMA, wiith an opague Csl photocatlode deposiied
directly on the [ront of e slngle curved-channel microchanpe] plate [C-plate). Bamd 2 [ 165310 wm) 18 coverad by
a slmilar detector, the MUV MAMA, willzlng a scemi-transparent CaTe photocatlode on the lslde of tle detector
window. This detector prowldes additlonal coverage down to L15 nm In Imaging and prlsm modes, and It serves as a
backup to tle FUNY BMAMA, The MAMAs were developed by Ball Aerospace amd are both permanently sealed tubes
with MgF; enirame windows, See Rels. T,7,7.7 lor further detalls about the MAMA deslgn and operation.

Bands 3 and 4 [(H5555 nm and 550 LK nm, respecilvely ) are covered by a backslde-thinmed, TUV-enhanoed,
multipinned-plase, 1024 = W24 plxel CCD developed by Sclentific Imaging Technolegles for the 3TIS program.
The CCD ako provides backup to tle NUW MAMA Inthe 170305 nm range lor lomg-sli spectooscopy (with higher
throughput In fact at tle lomger wavelengihs of that band than tle primary MAMA moedes). The CCD B opoled to
an gperating temperature of -A3 C wsing a lourestage thermoelecide copler [TEC ) The OCD and TEC are enclosed



within a sealed, evacuated housing, whose [used sllica window & only slightly cooler than the mest of 1le Instrument,
minlmizing the condensatlon of contamlinanis that eould otherwlse be deposited directly onto the much colder CCD.
See Rel. T lor a neone comprelemsive discusslon of the CCD sulsystem.

The properties of tle long-slit Inaglng spectiroscopy modes provided by STIS are summarlzed In Tahle 1. Plate
gcales in the MAMA modes range from (U244Y (GL40L, G230L) to 0026 [(GL40M, GZIH0M ) per MAMA pixel
in the cross-dispersion direction, yielding felds of view of 253" for ultraviolet Imaging spectroscopy. In all of
the CCD modes, the plate scale ls (UGS per pixel, vieldimg a 50" field of view. Using tlhe GnonL modes (see
Table), low pesolutlon lmaging spectmscopy [~ MWLM at HST angular resplution can be obtalped owver the
full 115 10y non band In just lour exposures [or just two exposures for tle entlee uliraviolet range). Aliernatlvely,
Ineaging speciroscopy at higher resolving power can be obialned over marrgwer wavelengith Intervals walng the medipm
resglutlon Connbd modes.

Table 1. Spectral resolutlon of the primary, long slit, sclene modes. Each mode B slown with the corpespomnd]ng
detector, nominal bamd pass, bandwidil per exposure, number of exposures 10 cover tle full bandpass, dispersion,
meeasured resolving power aml where the measurenwent was obtalned. All measurements were with mominal, {wo plxel
wide slits, 52" = (LOSF for MAMA modes amd 52 = (LLEF foe CCD modes.

MNominal Exposures Besolving Diaia

Mode Detector Range (A) | A/Exposure | per Band Afpix Power Solrce
GLOL | FUWV MAMA | 1150 17060 hav 1 (583 Gl LA Fligh
CGEWL | MUV MAMA | 16503100 1583 1 L55& S el Flight
LGEULB D 16T2- 3T 1405 1 L.ar TR LS Fligh
(4300 CCD - S50 280 1 2.7h -0 Flight
L2 THOL D Sl 1 ia{le e 49403 1 4.88 Sl Fligh
PRISM | MUYV MAMA | 115031060 =1 950 1 LAT-0A8 1331 {2 roumnd
1408 | FUIW MAMA | 1150 1700 M3 11 0530 TR 1906 | Flight
CEMB | MUV MAMA | 1G5-31060 252 18 00872 | BNE- e | Flight
EMME CCD 16503 10a0 154 12 151 S 1106 | Flight
LR LK CCD - S50 243 10 0277 AGe- LMD | Flight
(2 THOM CCD el 1 e e e Ly 4 0. 555 51060 LW | Flighi

Table 2. Speciral resolutlon [low-res neode ) of the primary echelle modes. Each mode B slhow n with tle correspomd-
ing detector, nominal bandpass, bamdwldth per exposume, number of ex posures tocover the Tull bamd pass, dispersion,
meeasured resolving power aml where the measurenwent was obtalned. All measurements were with mominal, 1wo plxel
wide slits, 0.200" = 006K for e mediom resolition modes and 020" = 0 Tor the high resolution modes.

Miomminal Exposures Besolving Diaia
Mode Detector Range (A) | A/Exposure | per Bamd Afplx Power Source

El40M | FIUUV MABRA | LL50-1T8EN haT 1 AL TR Al Flight
EXMWM | N1V MAMA | L&50-3 1060 A& 2 Ay | 2032 | Flight
El40H | FII'V MARMA | L150-1T) b | 4 3 A XA | GO 1140 | Flight
EXWH | N1V MAMA | 1&50-3 1060 T i AL IR0 | G- 1 L0 | Flighi

Echelle specirpscopy 15 provided at mediom and high sesolistion In both tle FUV and NTUV bands [see Table
). Crmss-dispersion plate scales are 00N per ploel for all modes. Order separation in the echell modes ranges



from 0.4%-1 8", neverileless, longer slits can be wmed 1o good eflect on extended emission-line sources. Note that the
nominal resolving power of the E140H and EZWH modes B o LMMEY when oleerving throsgh twoe-pliel wide sllis
However, ground testing uslng the narrowest STTS elit (0257, the high-rmolution (S8 = WA readout format of
tle MAMA detector, and a highes resoluton configuration of the FUV MAMA high voltage syatem [ “repeller off™)
has demonstrated a pesolving power of =260, (686 [or the E140H mode, This lmiing-resolutlon configuration has mot
yei been tested In-Mlght.

As indicated above, imaging modes are also provided for all three STIS detectors, with 25" = 25" held of view for
the MAMA detectors and 8" = 8" for the CCD. The ilter complement avallable for use with the lmaging modes
Is shown 1n Table 3.

Talle 3. 5T bamdpass and cutoll (longpass) flters. The ilters avallable for wse In 5TIS Imaging mesdes are 1sted
here, with tle manws wsed In the STS¢l proposal Instructlons, the detector(s) with which the ter ls designed 1o he
used, amd tle wavelengih mnge amd peak trammbalon of tle lter.

Sultahle Turmen or FWHM Peak
Filter Dhetector(s) Type Clentral A [nm) [mme) | Transmbksion

F3RLYA | FUV MAMA Line, Ly & 12146 8.0 1A%

FI55RF2 | FUV MAMA Chtafl 128 MNia LU L]
NUW MARA

FIQTE | FUV MAMA Chtafl 145 MNia LU L]
WUV MARA

F2RCN 182 | NUV MAMA it e ey 188 5l 35

F253 NUV MAMA | Line, CITI] 21909 194 L 135

F2RCNITH | NU'W MAMA Clgt L s e g | i T2

F3MGE | NUY MAMA | Liee, Mgl A2 28 6.0 457

F2RXA02 CCD Line, [OIT] A3727 ard 2] 5%

Faxh03 D Line, [OQTIT] ASMT G 0.6 TR

F2RXALF CCD Chtofl 5H25 N/A L L

3. SCIENTIFIC DEMONSTRATIONS

In this sectlon, we present & few sample observatlons of astronomical targets from tle st year on-orbit, to denon-
gtrate some of the range of capahilitles that ST provides. Most of the examples are deawn [rom the Early Release
Olseratlon progeam oF the Orbital Vedfication program. While a number of (st Oleerver (0] and Gearan-
teed Time Oleerver (GTO) observing programs have alsao been cartled out, the resulting data are stlll propeletary;
nunee o publications based on STIS resulits can be expecied In the coming years.

3.1. Narrow-5lit Imaging Spectroscopy MBE4 Nuclear Dynamics

Flgure 2 shows the resuls of narrow-slit spectroscopy of tle muclear gas dik In the center of the Viege Cluster
elliptical galaxy MEd, 5T clserations In mode GTHOM [(6205-6867 &) were taken through a (L2 wide slit centered
an the muclens. The HST + STIS FWHM resplutlon of .10 In the cross-disperslon direction corresponds 1o only &
pe at the nominal distance of M8, Modelllng of the strong velocliy shear seen In the emlsslon line spectra [£4060
km fsec over only .2V along the slit) ylelds a mass [or tle dark, compact central object [presumably a supermassive
black holke) of a few = L0P solar masses. See Rel. T for further details.

The presence of & gas disk makes measurements of the meclear dynamics In this galaxy particelarly stralghtforward.
However, It should be moted tlat 3TIS will also be able 1o probe the stellar dynamics of nuclear reglons through
measurements of the veloelty dispersion va. pesition lor compesite stellar absprptlon limes. Several programs are
currently underway 1o survey the demographles of galaey nuclear black holes by this more general technlgee.



3.2. Medium-5lit Imaging Spectroscopy SN1O8TA

For low velocliy-wldih emlsslon Ine objects, fine amgular resolutlon can be prserved even wlen obeerving through
a whder slit that accepis more of the astronomical target. Observations of the lnmer flng of the 5N 198TA system
piovide a stelking demonstation of this u:apah]]}ljr.T I this case, tle dispersions of the (400 and GTHM modes
(Figure 3) and the Gl40L mode [Figume 4) nieely separate the principal emissions of the roughly 1.7 diameter
faall dlrcumstellar rlmg. Morpleolegy, density, and temperature of the ring can be deduced [rom tle varlows spectral
features. In the visible spectrum, blue-shifted emisslon of the He and [OIT] lines at the 2 o'clock position of the ring
provides an Indlcation of tle first stages of 1ts Interactlon with tle supernova blast wawve, In the uliraviolet spectrum,
high velocity Lyea emBsion [+ 15000 km/ e at least) 1s interpreted -0 as arising from a reverse shock propagating
hack Into the supernova debrls.

3.3. Slitless Imaging Spectroscopy — Parallel Observing of High-Z Galaxies

A great deal of 5TIS data will be taken In parallel with prime operatlons of tle WEPC2 and NICMOS Istrementis
While the polniing directlon 1z not selectable In this case [belng determined by the primaey observing program),
STIS can make effective use of the olserving time by taklng spectra of many objects at onoe, wsing the 5S¢ = 5
aperture with a low resolutlon grating mode [comblned with a direct Inage 1o provide a wavelength elerence). We
are currently sing the GGTHIL mode lor most parallel observing, primarily 1o capture compact emisslon-liee galaxies
which slould show up as near polnt-lke spurces In the spectra. Glwen that stromg galaxy emlsslon might arlse from
[OI] A3T2T, [OI] AA4958, 5007, He, and Lye, the STIS observations provide a sensitive search for such objects over
a wlde range of redshifis.

Flgure 5 shows an example of the discovery of a compact emBslon-llme galaxy at a redshifi of (080, with the
[OMI] lines redshifted to an observed wavelength of >80 AT The upper Aght panel shows the direct Image, the
lower pamel shows a spectrum of the same reglon with the GTHIL grating, and the upper leli pamel 15 a close-up of
the [OI] emission lines from the compact galaxy.

3.4. Ultraviolet Echelle Spectroscopy at High §/N BD 42874211

Flgure 6 presents an EL40M eclelle mode spectrunm of the hot sub-dwarl star BD4+2824211, taken during the STIS Or-
bital Verlficatlon perlod. Thowgh the minserous speciral features detected have not yet been Interpreted aclentifically,
ihe observation mepresenis a very lmportant technleal demomsication of STE capahbilitles. Flrst, the mulilplexing
advantage offered by tle large-lormat MAMA detector ls vividly demvonstraied by the echellogram, which covers
glmulianeously 587 A In the FUV at a FWHM resolving power of 46,000. With the GHRS, an obzerver could have
chosen elther a spectral range of ~30 A at a resolving power of 30, (00-30,000 or & wavelength range of only 63 A at
a resolving power of 90 N6 [or high resplution oheervatlons ln the FUY. [Mote that 3TIS E140H meede obeervat lons
cover W2 A at a resolving power of =106, (6).

Equally important s the demonstration (Flgure T) that the MAMA detecior can also provide high 5/M, a critical
lssue for the elective Inierpretatlon of high esolution spectra. As discissed further In Section 4 and In greater detall
in Refs. 7.7, the wme of F-P aplit technlgues (a5 developed for the GHRS amd FOS) vlelded a 5 /N of at least 280 for
this pbservatlon, In reglons where the count statkiles permiited.

3.5. Solar-Blind Uliraviolet Imaging Jupiter and Saturn

The photon-counting MAMA deteciors In 5TIS are Isemsitive to visible light and so can select out the [alwi FIIY
emlsalon rom the aurprae of planets [rom the much beighter reflected solar light In the visible. Tle Innprowed 17
sensitivity and higher spatial resplution of STIS exables planetary aurorae 10 be seen without rotatlonal blurelsg
and with more detall than belore, aml enables variatlons with tlme 1o be [ollowed.

Flgure & shows 3TIS FUV lnsages of Juplter's polar reglons superimpesed on a WEFPO2 visihle light Image of the
dik." The high latltwde rings are aurorae [rom particles orlglsally genecated In volcamses on tle satelllte Io, falllmg
dow n Juplier's magnetic feld llmes The slightly lower latitwde streaks are due to particles directly [rom Io, which ls
magnetically conmected 1o the surface of Juplier at these latlivdes. The emBslon In each case 15 pm the Lya lIne
of hypdrogen, The strectures mtate with Juplier, since the mageetlc axis 1s offset Teom the rotatlonal axls

Flgure 9 shows the awrpral rings lormed above tle surface of Hat urn.? In this FUV composite, Lyc emisslons
[color-coded red) are concentrated In the awrgral zomes, while melecular hydrogen emizsions (lsplated feom Lyo



theough wse of the 5rFy cutoll [lier “F2ERF2T) are seen over il full disk of the plamet as well as in tlghtly oonfiped
reglons of the aurpra.

3.6. Coronagraphic Imaging — 4 Pictoris Disk

Plametary systems are thought 1o be lormed from equatorlal gas and dusk disks, themselves produced as tle lorming
gtar condenses [rom Interstellar clouds. The best stwdled protoplanetary disk, that around the star # Pleiorls, was
observed by STIS Inlis visible light coronagraphlc Imaging mode [Flgure 10, which remowes most of tle lght Toom
tle star, alowing the msch [alnter rellected lght from the disk 1o be seen. This allpwed tle disk to be seen closer to
tle star than In previges olservations [Flgue ll:l,T Im tp a distance equivalent o that of Neptune from the Swn.
The warp may be dee 1o planeis that have already lormed within ile dik.

4. HARDWARE PERFORMANCE OVERVIEW

Having presented a sample of s¢lentlfic demomstrations of STIS capabilites, In this sectlon we belefly deseribe the
on-grhit pedormance of STIS from & more hardwae-orlented perspective. Owr treatmsent here will be at a wery
top level More detalled, quantitative dicissions can be fpund In companien papers In this wolunee: Bowers et al’
— optlcal deslgn and performance; Kalser et al.T — detector deslgn and performance; Gull et al.T — senaltlvliy,
thermal stablliiy, aml time-tag observing; Argabright et al.T — MAMA detector photoneetrle stabllity; Becker et al’
— target acguisitlon soltwa e deslgn amd perlormance. Baum et al.7 In this volume review STIS's first year on-orhi
{epmy meore of an operatlons and calibratlon perspectlve. An owerall In-flight perflormance sumnmeary 18 glven also by
Klmhle et .aJ.,T amd a varlety of 3TIS-related papers can be fpund In the proceedings of the 1997 HST Callbration
Workshop.T

Most Importantly, as of thls welting (13 montls after launch), all 3TTS hardware 1s fully lunctional. While the
ATIS deslgn lncomporates a slgnificant amount of redumdancy, at this tlme the Instrument 18 operating [ully on lts
pHmary systems, All backup systems that have been clecked also operate properly.

Optleal perflormance las been excellent overall? Al modes meet thelr resolution requirements. Tle Instrument
throughput specifications [admittedly somewhat conservative) have been comiortiably exceeded for all mdes; more
glgnificantly, n-Alght semitlvities are in close agreemsent [typleally £300%) with pre-lawnch predictiom amd callbra-
tloms. Chver most of the 5TIS wavelength ramge, stability has also been exoellent [< 1% chamge over the st year).
The o exceptlon 1s the ectremely contamination-sensitive FII'Y wavelength range. Here, sensltivity monioring In
ke GLADL does Indlcate a decline In throughpet, with a slope ranging (rom 2% -9 per year over st of the
bamd, with as misch as V6% per year loss at tle very shortest STIS wavelengths (1175 .il:l.T Ag the spurce of the oon-
tamination ls currently unknow n, it 1s not known whether thls decline will conidlmee gwver the long term. Fortunately,
ihe critleal Lve ramge slows only a 25 decline at this 1l

Detector perlormance kas been completely nominal In resolutlon and sensltivity, as Inferred from end- to-end mea-
suremeenis, The only surpries have been a radlatlon Izsue with the detecior control electronlos and an wnex pecledly

high NV MAMA dark rate.] The control electronlcs lssue lnvolves unwanted response of the detector peset clecultey
for both the MAMAs and the CCD to radiation-led sced tramlents produced In optical-bBolator compomentis In the
elecironies chaln. Becamse of this sensitivity, emergetic particles [encountered mostly In the South Atlantl Anomaly
[SAA]) can camse a partial reset of the detector electronics (abruptly shutting down the high voltage for the MAMA
deteciors). For the OCD, reconfiguratlon of the detector contrel voliages (all <35 V) at each 3AA exit 1z a sulliclen
and bendgn approach o deallng witl this Bawe. For the MAMAs, which operate at =2 kW, It Iz prelerable melther
to cwcle the high voliage rapldly arownd each SAA crossing, nor to leave the high voltage on and suffer abrupt
ghistdowns dally. Instead, tle MAMAz are operated 1n the lollowing manner. Each MAMA's high weltage ls ramped
up aml down at ile nominal slow rate st once per day In the block of contlguoes non-54 A-cressing orhits, If the
MAMA Iz scheduled {or se that day. This reglieen restrlcts MAMA avallability to ~A05% of H5T orbits, adequate
for scheduling tle planmed MAMA sclence.

The high dark level In the NUY MAMA detecior [GE-180 counts /second) 1 an unfortumate consequence of
lomg tlme-ponstant phosphorescence In the detector's MeF. window aflter excliation of metasiable states durlng 544
crossings. While thls potential concern was well known to tle STIS team belore launch, an error ln the screenlng
of this paricular MgFs ngot allowed a window with a high coneeniratlon of phosphorescent Impuritles 10 be med.
The per-pleel dark rate 1z stlll quite modest, however [~ 10~ counts/ pixel /second ). Hence, In short ex posure-ilme



ohserving programs, only very low 5/N olservations are glgnificantly affected. However, olservatlons which are lomg
or subatantlally blnmed In the analysls are compromised by the higher background.

Sknifcant anelloration of the NUY MAMA dark rate may beconse posible with the Installation of the Al
Shroud Cooling S ystem [ASCS), curently scleduled lor deployment on BS5T during the 1990 Third Servicimg Misslon.
The primary purpose of the ASCS ls to malntaln the STIS aml Advamced Cansera for Surveys detectors In thele
nonlnal tem perature range desplie general warming of the HST aft sheowd. However, nesdelling of the temperature
dependence of the MUY MAMA dark rate Indicates tlat cooling of the NUY MAMA tube could reduce the steady-
state dark rate by rowghly a facior of 2 and could perlodically reduce the dark rate by a [actor of L over a roughly
five day perlod Inan active cooling campalgn mode. Such redpctions will be extremely bemeficlal for some key 3T
observing programs, particularly In exira-galactie astnomomy.

The FUY MAMA experlences no such dak rate difliculiles. The global dark mte s 610 counts/secoml, oome-
sponding to < 10~% counts) plxel (second. Extraordinarily long FUV MAMA olservatlons can be carrled out with

negligible backgroumnd levels.

In another critical area, high 5/N capabllity, both MAMA deieciors have already demonstrated owistandlng
perflormance. COme of the key deivers In selecting tle MAMA iechmolegy (In additlon to tle stable, high spatlal
resglutlon format) s the relatively low galn required from the microchannel plate. The low [but well-satwrated)
galn of tle 3T C-plates ylelds high local dynamle range as well as the abilliy 10 process a large number of oounts
per unlt ares before slgnificantly affecting tle local galn and henee tle plxel-to-pleel fat feld, and this tle 5/N
capabllity of the detector. These hepefiis have In [act heen reallzed. The at-field response of both MAMA detectors
has been fouml to be extremsely stahle.

In-Mlight evaluation of the MAMA high 5/N capablliiy s addmessed at lemgth In this wolume by Halser et al’
We can brlefly summarlze as [ollows., The [ormal 5TIS 5/N specification 1s that the Instrument shall dellver a
/N capability of =10 per 2 = 2 plxel resolutlon element, count statlstles permitting. In-flight tesis demomsirate
that slmgle, low resolution specim can be rectifeed to this level or beiter, for both detectors, sing composlie lats
constriected [rom ground-based calibratlon data. Orblial Verlficatlion testa have ylelded 5/N ~13H) for the FIIV

MAMA and ~ L5 for the N TV MAMA for specira redsced In this -.-.ra,gr.T'T Flat fields comstrected [mom In-light data
asqulred with tle onboard callbratlon system slould Improve the rectication of MAMA spectm [urther,

In the higher resolution echelle meodes, Doppler shiftlng of il specirum over the detector snpoihs the detector
response and Improves ile Dat-Belding of the data even more, Combining ile Doppler smoothing with spectral
oflzetilng technlgees analegous 10 the F-P aplit methodology employed by the GHRS and the FOS, STIS has demon-
strated 5 /N capabllity of 280 [FUY MAMA; see Flgure T) and 30 [NUV MAMA) In echelle mode uha.arvhg.tT
These results are extremely encouraging,

The CCD detector 15 also perlorming quite well. The demanding 4 e ros read nolse specification has been met
in Might. The only significant chamge (Fom ground perlormance s the higher level of cosmic rays amd the gradsal
accumlation of radiation-lnduced hot pkels. Cosmic rays are most ellecilvely deal with by splitilng observatloms
Into at least two exposures 1o permi wetolng of the cosmlc ray events; observatlons particularly senslilve 1o the
presence of hot plxels can benefit by also ditlering the polnting slightly between exposures to permilt removal of the
fixed hot plxels as well.

The moest challenglng data analysis lsswe lor CCD oleervatlons s tle problem of [einglng in the spectroseoplc
mesddes at long wavelengtls [=TH nm), where tle OCD sllloon 18 startlneg 1o become tramparent. Substantial
msdulation of the lnput spectrum [as mech as 3557 peak-to-peak) ls prodieced by the Interference of multiply
reflected beams within the CCD. However, In-flight tests demonstrate that the acquisitlen of contemporanecus ats
using the enboand tumgsten contimium lamps permits rectification of lomg wavelength CCD spectra to better 1lan

L1 3 /N ower most of the wavelengih range as well.D

HSuch fais of course are Isufficlent for de-fringing slltless spectra (such as those acquired In the parallel spec-
irsoopy program), as the wavelengih map onto the detecior shifis with the position of the Individeal sources. 4
seml-em plrical felmglng mode] [nvolving comstruction of a detalled map of tle COD thickness and reflectlon ampli-
twdes) Is currently wnder development at Goddard by Ellot Malumsth; thowgh at an early stage of development, the
el shows great promise lor attacking even thls more difficult problem.



6. SUMMARY

The Space Telescope Imaging S pectrograph, a versatlle spectrograph and Imager, has been operatlng sucoesslully as
part of the HY T complenwent of {ocal plane Instruments lor over a year. All of the STIS hardware Is lunctlonlng well
In lts first year of operatlon, It has demomstrated a wide warlety of new sclentlfic capabilitles, which will be exploiied
in attacking & wide range of astrophysical problens In the comlng years.
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