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This year's “Report of the C.E.K. Mees Observatory” Grant Consortium. Meisel continues as a Visiting Lecturer

covers activities of the faculty, staff and students at thefor the AAS Shapley Lecture Series.

University of Rochester, as well as of the Mees Associates, Thomas continues to serve as a Scientific Editoilbé

during the period October 1, 1998 to September 30, 1999. Astrophysical Journadnd as an affiliate scientist at the High
Altitude Observatory, National Center for Atmospheric Re-
search. He is a member of the executive committee of the
AAS Solar Physics DivisiofSPD), and he wrote an article
on the history of the SPD for the AAS centennial volume

1. STAFF (Thomas 1999a Thomas also serves on the AURA Obser-

The Astronomy faculty at the University of Rochester in- vatories Visiting Committee and the Solar Astronomy Panel
cludes A. Frank, W. J. Forrest, H. L. Helf€Emeritus, J. L. of the NRC Astronomy and Astrophysics Survey Committee.

Pipher, M. P. SavedoffEmeritus, S. L. SharplessEmeri- Van Horn continues to serve as Director of the Division
tus) J.,H. Thomas. and D. M. Watson. Associates of the C_of Astronomical Sciences at the National Science Founda-

E. K. Mees Observatory include D. Meisel, SUNY at Gen-tion. In addition, he has been reappointed as Adjunct Profes-
eseo(on sabbatical until mid-July 2000 at the Communica-SO" of Physics and Astronomy at the University of Rochester

tions and Space Sciences Laboratt®$SL), Department of ~ through 30 June 2002. _ _ ,
Electrical Engineering, Penn State Universitand Z. Bill Glaccum continues his post-doctoral appointment in

Ninkov, Rochester Institute of Technology. H. W. Fulbright, the Near IR group, and has assumed responsibility for the
Emeritus Professor of Physics, remains active in the Depar®! RTF IRAC detector array work. Sheldon Weng, Senior
ment and at the Observatory. H.M. Van Horn, Director of R€séarch Engineer, has responsibility for the Near IR
Astrophysics at the NSF, holds an adjunct professor positio§©UP's HgCdTe detector development programs. Ryan

in the Department of Physics and Astronomy, and visits apOVerbeck has been programmer/analyst for the Near IR

proximately monthly to work with his former faculty col- 9rOUP since summer 1998. Babar Ali continued his post-

leagues and students. The Astronomy group is delighted tgoctoral appointment until mid-June 1999. He has assumed a

welcome Eric Blackman as an Assistant Professor in Jan RoSition at IPAC. Ali is responsible for ISOcam support at

ary, 2000. IPAC. He will be investigating the efficacy of the analysis
Pipher continues in the position of Rochester representd€thod developed at Rochester to improve the sensitivity

tive to the Board of Directors of the New York Astronomical @"d reliability of other ISOcam observations.

Corporation, as a member of NASA’s 2MASS External Re- Working with Ninkov at RIT is post-doctoral fellow Rob-

view Committee, of the Gemini Board, of the AAS Pierce It Slawson. _

and Warner Prize Committees, as well as the SOFIA Science N addition Gerrutt Lubberts provides support for the

Council. She served on the organizing committee for thdroup’s activities in fabricating detector arrays in the RIT

SIRTF Legacy Science Conference, “Galactic Science angilicon foundry.

the Interstellar Medium” to be held in the Grand Tetons in  Public tours were conducted at the C. E. K. Mees Obser-
May 2000, and as well as chair of the LOC for the June 2000atry from mid-May until the end of August by several
AAS meeting(to be held in RochesterPipher gave a public un.dergraduate emplpyees: Aaron Reichman, M|I§e Thom.as,
and a technical talk at Georgian Court College as part of th&'an Goss, Jenn Witkowsky, Peter Allen, and Rich Sarkis.
AAS Shapley program. We are indebted to Deborah Tedrick, administrative assistant

Forrest participated in the MIDEX review run by NASA for the group, who left the area in August 1999. Deborah

Langley. He also was on the team reviewing the NASA Shannon is her very able replacement. Finally, Kurt Holmes,

ESA, and CSA studies of the Integrated Science Module fopgrries on in his father’s fine tradition as Observatory Super-
NGST. VISOr.
Forrest, Pipher, and Watson are members of instrument
teams for the NASA Space Infrared Telescope Facility2. UNDERGRADUATE EDUCATION
(SIRTH, and are responsible for substantial detector array The undergraduate program at the University of Roches-
development for these experiments. Forrest and Pipher ater includes the option of both a B.A. and B.S. in Physics and
members of the SIRTF Infrared Array Caméi@AC) team,  Astronomy. A flexible advanced program is offered, in addi-
and Forrest and Watson belong to the SIRTF Infrared Spedion to the two-semester introductory freshman-sophomore
trograph (IRS) consortium. They have been involved in sequence in astronomy. Pipher was the undergraduate advi-
Guaranteed Time ObservatioGTO) SIRTF planning for sor for physics and astronomy majors during most of this
the last year. period, and was replaced by Watson in July 1999. The Uni-
Meisel presently serves as a member of the Arecibo Usergersity of Rochester began a transitional period of cross-
and Scientific Advisory BoardAUSAC) for a three-year listing courses for undergraduates and graduate students at
term as well as an affiliate director of the New York Spacethe University of Rochester and RIT.
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Undergraduates Aaron Reichman and Matthew Barczybroadband emission in objects in post-AGB phases of stellar
worked with the Near IR group in winter 1999, and Reich- evolution.
man, Brian Goss, and Peter Allen worked with the Near IR Peterson has continued research on 318 imaging of
group this summer. Brian and Peter worked on providingactive galaxies.
visible light response data on InSb detector arrays, for NGST Benson has continued latent image characterization of
consideration. This project involved Rochester faculty For-SIRTF InSb detector arrays, and has begun observational
rest and Pipher and RIT faculty Ninkov, as well as collabo-studies of reflection nebulae and young stellar objects
rators from UBC. Reichman began work on design of a(YSOs.
fanout board for NGST InSb arrays: he continued this work Nelson continued her work on a spectrometer optical de-
Fall 1999 with Brian Goss. Matthew Barczys completed hissign which comprised the research brief for her Admission to
senior thesis under Pipher’'s supervision, “A Near InfraredCandidacy exam. She was successful in obtaining a Smith-
Study of the Star Formation Region L988e.” A paper on thissonian Predoctoral Fellowship, and will work at CfA under
work, to be submitted to either AJ or ApJ, is in preparation.Willner's direction (Pipher, home advispion a study of 3.3
Barczys is now a graduate student at UCLA. pm and mid-IR feature emission from interacting galaxies.
Marianne Vieira completed an undergraduate senior thesis Matt Guptill and Nick Raines are graduate students in
entitted “Numerical Simulations of the Protoplanetary Watson's Far-Infrared group. Guptill continues far-IR detec-
Nebula CRL 2688Egg Nebula’ under Frank’s direction.  tor development, in absentia at Boeing, and Raines is com-
Mike Thomas, now in his junior year, has worked sincepleting his thesis work on shocks in massive YSO com-
joining the University in Watson’s research group, and isplexes.
involved in detector and optical materials characterization Tom Gardiner is has developed a new magnetohydrody-
efforts for SIRTF as well as NASA-supported developmentnamics(MHD) code and is applying it to jet propagation in

of far-infrared detector arrays. YSOs.
Meghan Canning completed a senior project entitted Guy Delamarter continues study of hydrodynamic inter-
“Study of the Red Rectangle.” action of youg stellar object winds and infall. A paper on this

Katherine Hoheusle has begun a senior project involvedopic has been accepted for publication. Using the Cashmere
with reducing images obtained with a tunable liquid crystalsystem developed in the University of Rochester Computer
filter + CCD. Science DepartmentDwarkadas, 1999 he has written a

Laurie Tuttle has also started a senior project that inparallel version of a hydrodynamic code to increase the
volves designing a focal reducer for the Mees Telescope uspeed and resolution of interaction simulations.
ing the Oslo Design Package. Alexi Puludenko has begun work on the development of

Meisel and a team of Geneseo students have been makisgn Adaptive Mesh Refinement code for use in wind-cloud
preparations for a student rocket laurichlled SPIRIT, Stu- collisions.
dent Projects Involving Rocket Investigation Technigues Andrew Markiel completed and defended his dissertation
from the NASA Wallops Flight Center. Their experiment is entitled “Solar and Stellar Dynamo Models” under the su-
to measure the daytime UV OH airglow intensity and tem-pervision of Thomas and Van Horn and subsequently took
perature using an array of 16 photodiodes. The launch, inp a postdoctoral research position at the University of
collaboration with Penn State undergraduate engineers, M/ashington.
scheduled for late 1999. The SUNY project is partially Al Piterman continues his graduate thesis work on CID/
funded by funds from the New York Space Grant consor-APS detector characterization with Ninkov.
tium. George Lungu also continues with his PhD thesis work in

fabrication of silicon based Active Pixel SensdiPS).
Kevin Kearney continues his graduate research in the de-
3. GRADUATE EDUCATION velopment of digital micromirror devices for use as digital

. masks for multi-object spectroscogifearney and Ninkov
Bob Benson, Jennifer Goetz, Carl Welch, Dawn PetersoElg%]) ) P i y

and Kristin Nelson have been graduate students in Forrest
and Pipher’s Near Infrared Group for the past year. First yeay

student Candice Bacon joined their detector development New University of Rochester graduate students in astro-

group this past summer. S ) X . .

. . physics include: Robert Selkowitz, Adam Kubik, Marian

Goetz completed her PhD thesis work, and submitted he{;h'l .

: . . ea, Jeong-Hoon Yang and Jayanthi San. All are pres-
thesis entitled “An Infrared Study of Three Massive Star ! g 9 4 ! P

: : ently TAs in the department.
Forming Regions: Cep A East, S88 B, and S235 A/B.” She y I P

assumed a faculty position at the College at Wooster, and
successfully defended her thesis in early October. She stud- RESEARCH
ied the interactions of the forming stars with their environ-
ments, and determined cluster ages by several methods.
Welch successfully defended his Admission to Candidacy Rochester’s theoretical astrophysics group consists of A.
exam with a research brief on an IR study from the asymp¥rank, H.L. Helferlemeritug, M.P. Savedoffemeritug, J.H.
totic giant brancHAGB) phase through the planetary nebula Thomas, and H.M. Van Horfadjunc}, along with current
phase. This study is done by imaging line emission andjraduate students G. Delamarter, T. Gardiner, A. Markiel, A.

Danial Ma is a new graduate student involved with detec-
fabrication at RIT.

4.1 Theoretical Astrophysics
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Ivanov and A. Poludnenko. The group’s research interestySOs where the mass loss rate for the wind varies in a man-
are mostly in the areas of astrophysical fluid dynamics ancher similar to what is seen in FU Ori stars. In the domain of

magnetohydrodynamics. evolved stars Frank’s group continues their studies of out-
flow collimation in Planetary Nebula@/Velch et al. 1999.
4.1.1 The Sun An ongoing numerical study of CRL 268&e Egg nebulg

Markiel and Thomag1999 studied interface models for has revealed the limitations of the popuiateracting winds
the solar dynamo incorporating a realistic internal solar rotamodel indicating that fully collimated jets may be required to
tion profile as determined from helioseismology. They foundform close to the statDelamarteret al. 2000. Frank ex-
that the latitudinal gradient of rotation has a significant ef-plored new models for collimation in PNe in a presentation
fect, generally suppressing oscillatory modes and driving®t the Aspherical PNe conference at MIT this yé&rank
steady modes. A solar-like interface dynamo seems possibR000. This year Frank also completed an invited review of
only if the alpha effect is somehow confined to a band abouPipolar outflows for New AstronomyFrank 1999.

the equator. Frank's group also has an active program studying
magneto-gasdynamic models of YSO jets. This year a
4.1.2 Accretion Disks project was completed focusing on the role of ambipolar

T. Collins (Laboratory for Laser Energetics, University of ?iﬁusiondin \f(SOljet;(Frankfat al. 1999. In ?ddgon&the
Rochester, Helfer, and Van Horn completed two papers con- |rst| study o hpu e MFILD !e_ts_ :/vas comp gté ar |r|1er
cerned with the oscillations of accretion disks and boundar)‘?t al.2000. The use ofd hocinitial conditions is a problem

layers in cataclysmic variable systern®Vs). The two pa- which plagueg many jet simulations, especially N_'HD, jets.
pers have been submitted for publication as companion p To address this issue Frank's team has begun using jet pro-

pers in theAstrophysical JournalThe first paperColiins, iles calculated from detailed models of magneto centrifugal

Helfer, and Van Horn 1999alescribes unperturbed, steady- 16t launching from an accretion diskery & Frank 1999,

flow models for the disks and boundary layers in CVs. Thesé:ranket al. 19_99' In two papers the stabilit_y properties an_d
serve as unperturbed models for the local, linear stabilit€ Propagation characteristics of these jets were studied.

analysis discussed in the second pai@ullins, Helfer, and he results show that jets from different classes of magnetic

Van Horn 1999k The results demonstrated the existence of O120rs can have quite different propagation characteristics.
oscillatory instabilities with periods of order seconds. TheThese j_lfr:ulathnslmayh.be usefl# n helping distinguish be-
beating of these modes produces oscillations with periods dfV€en different jet lauching mechanisms.

order 20s to several hundred seconds, just in the range in Frank’s group is also involved in science outreach efforts.

which oscillations have been observed. A search for the unThe Astroflow program developed by the group is an inte-

derlying, shorter periods predicted by this model may allowgrated software environment which allows users to simulate

an observational test. A study of coronal wind models toand visualize their own astrophysical fluid experiments. De-

complement these disk models has been initiated. s_|gned for classrooms, pl_anetarla and web-based appl!ca—
tions, users can create their own supernovae, hypersonic jets,

4.1.3 Bipolar Outflows and Highly Collimated Jets and planetary nebulae. This project is ongoing and is funded
via the NSF and NASA.

Frank’s research focuses on bipolar outflows and highly
collimated jets which are nearly ubiquitous features associ- . .
ated with stellar mass loss. From Young Stellar ObjectsA"2 Observational Astrophysics
(YSOs to Luminous Blue VariablegLBVs) and Planetary In the past year, observational astrophysics at the Univer-
Nebulae(PNe - the stellar cradle to the grave - there existssity of Rochester has included studies of star formation re-
clear evidence for collimated gaseous flows in the form ofgions, planetary and proto-planetary nebulae, active and star-
narrow high velocity streams or extended bipolar lobes. Irburst galaxies, brown dwarf candidates, and the Sun. The IR
YSOs, LBVs and PNe collimated highly supersonic outflowsimaging observations have been carried out at the MLOF
are observed to be transporting prodigious amounts of ent.5m, and the WIRO 2.3m telescopes. GTO planning for
ergy and momentum from a central star - enough to constiSIRTF has occupied the three SIRTF team members most of
tute a significant fraction of the total budgets of the entirethis year.
system. Thus outflows and jets must play a significant dy-
namical role in the evolution of the parent stars. 4.3 The Sun

The principal goal of Frank's research program is to de- . o ) o
velop and refine theories of collimated stellar outflows by ~Thomas reviewed the scientific case for high resolution in
detailing the basic physics which drives the collimation pro_solar observations in h|s keynote Falk at the NSO/Sacramento
cess. Frank’s approach to these problems relies on numericBf@k Workshop on High-Resolution Solar Physiteomas
gasdynamic and magneto-gasdynamic simulations with sit9990, and he summarized the highlights of this workshop
multaneous calculation of the gas microphysiByu et al.  in @ News & Views article ilfNature (Thomas 1998
1999.

Recent work in the field of Young Stellar Objects in- 4.3.1 The Solar System
cludes a study of hydrodynamic collimation in models of Meisel continues his intensive collaboration with Penn
collapsing sheets by Delamarter, Frank, & Hartmél®99.  State Electrical Engineering Communications and Space Sci-
This work was begun on time-dependent wind models forences LaboratorCSSL and is on sabbatical there Fall
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1999-Summer 2000. In addition he has collaborated with theged the Herbig-HardH-H) objects in GGD 37(Cep A
Meteor Observatory staff of the Kazan State University on aVes) and show that the JHemission forms arcs exterior to
number of projects. the [Fe Il] emission; the morphology is similar to that of the
He was lead or co-author on several published and preH,/[S II] images of Hartigan, Carpenter, Dougados, and
sented papers in the area of meteor sciefMeisel et al.  Skrutskie(1996. The peak H and[Fe II] line emissions for
1999a, 1999b; Mathewst al. 1998a, 1998b, 19993, 1999b; several of the H-H objects are clearly separated relative to
Janches 1999a, 1999b; Karpewval. 1999; Richardsoet al.  one another, suggestive of multiple shocks. Raines is cur-
1999. In addition, he continued work on a payload for arently modifying Delamarter's model of the structure of C
student NASA sounding rocket experiment to be launched itind J shocks in Hto include other important coolants such

December 1999. as[Fe Il], in order to compare the separation of the shocked
emissions to those seen in GGD 37. Among their more re-
4.3.2 Brown Dwarfs and Low Mass Stars cent findings is the detection of very large proper motion in

The Near Infrared group continues to monitor browntwo compact H-H objects close to the putative outflow
dwarf candidates projected on the Taurus clg&arrest source in GGD 37, ifFe Il] 1.64 micron images taken in
et al, 1990 for variability. Forrest and former post-doc Ali, 1993, 1996, and 1998. Both are visible also in the 6 and 20
in collaboration with StauffetSAO) and LeggettHawaii), cm VLA maps of this region by Garagt al. (1996, one
have conducted an ISOcam search for Brown Dwarfs in thaortheast of their source W3 and one coincident with their
Hyades. They developed an innovative technique to analyzeource W2. The first of these, located 3.6®, 1.44' N of
the data, and have identified several candidate brown dwarf8¥3 in 1993, has derived proper motions @f, cos &
Deep K-band imaging of the best candidates has been o= — 0.25 = 0.03'/yr, us = 0.02 = 0.04'/yr, which
tained via UKIRT service observing. These data are beingorresponds to a tangential velocity of 8%0 200 kms™* at

analyzed. position angle PA= 334deg+ 6deg. The directions are
consistent with motions measured for others of the GGD 37
4.3.3 Observations of Star Formation Activity H-H objects, but the transverse velocities are much greater.

In support of the use of the 3.28m dust feature as a As part of a NATO-funded collaboration, Professor D.R.
probe of star formation in galaxies, the group has extensivel\hokhlov (Moscow State Universitypaid a visit to Roches-
investigated this feature in galactic sources. The intent is téer in January and February to work with Raines, Watson and
gain a better understanding of the astrophysics underlying iteipher on characterization of PdSnTe:In photodetectors fab-
generation. To this end, we have imaged the well-knowrficated in Russia by Khokhlov and 1.1 lvanchikSU) and
reflection nebulae NGC 2023 and NGC 7023 with approxi-their co-workers. The performance of single-element Pb-
mately 1’ resolution. Graduate students Nelson and PetersofinTe:In detectors were compared with that of state-of-the-art
are investigating various extragalactic sources in these fesingle elements of Si:As BIBs and Ge:Ga photoconductors in
tures. Images in the 3.28m dust feature of NGC 7469 show the same cryogenic optical system in the wavelength range
strong circumnuclear emission. Work is in progress on 3.2944-120 microns. Results show PbSnTe:In to be quite com-
um images of NGC 1614which is at the same distance as petitive with these conventional detectors, especially at the
NGC 7469 and with special emphasis on NGC 4194. shorter wavelengths. These devices are quite novel in the

Utilizing the 3rd generation Rochester Infrared Camerasense that they exhibit persistent photoconductivity, and thus

the groups continue to study massive star formation regionsan be said to “integrate internally” without the benefit of
via: (i.) imaging in hydrogen recombination liné® probe  switched-gate electronics. They can be reset by microwave
excitation and extinction (ii.) imaging in lines of H (to  or thermal pulses. Details of the results can be found in
probe molecular shock excitatipn(iii.) imaging in[Fell]  Khokhlov et al. (1999.
lines (to probe molecular shocks(iv.) imaging in the 3.29
um PAH emission featur&o explore PDRpand (v.) imag-
ing at J, H, K, I, and M" broadbandgto probe reflection 4.3.4 Observations of Late phases of Stellar Evolution
nebulosity, thermal dust emission, and to obtain photometry
and reddening of associated point soujceBoetz et al. The late stages of low- to intermediate-mass stellar evo-
(1998, 1999 and Bloometet al. (1998 have exploited many lution include mass loss stages during the AGB evolution,
of these techniques in detailed studies of Cep A East, S88Eind development of protoplanetary and planetary nebular
and NGC 7538. Goetz's PhD thesis investigated Cep A EasBhases. Welch has begun a study of these phases, including
S88B, and S235 A/B. In addition to addressing the abovéhe Egg Nebula, M1-92, Hubble 12, NGC 7027, and BD 30
goals, Goetz has utilized her broad-band data to characterize® 3639. He has found evidence for the action of a substan-
the stellar clusters in the regions: specifically, she de-redderi#l dusty disk at all stages: in M1-92 h[g - K] images
the J, H, K -band photometry, and intergret K vs.[J - K]  depict the disk clearly, while in Hubble 1@Velch et al.
HR diagram using the models and prescriptions of d’Antonal999, he observed small, shocked Fell hourglass outflow
and Mazitelli(1994 and Luhman and Riek@ 999. Barczys loops on either side of the equatorial disk, within a larger
et al. (1999 apply the same models to the L988e cluster.H, PDR hourglass. A young planetary nebula is seen at the
Goetz attempts to classify these massive star formation rerertex. They explored two current models: that the loops
gions with a scenario based on the Class 0/I/1l/Ill models forrepresent the inner shock of the fast wind, or that they are
low-mass YSOs. Rainest al. (1999, submitted have im-  evidence of a second episode of mass ejection.
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4.3.5 Observations of Active and Starburst Galaxies spectrum of a star classified as B1V in the cluster. A differ-
Following the interesting results on the distribution of the &ntial correction was computed between the atlas scan and

3.29 um dust emission in the starburst galaxy NGC 253this adopted local standard star and then applied to all the

described in the 1991 Mees report, a program of observaRther stars on a frame by frame b{;lsis. Spe(_:tra for stars were
tions of this feature in other starburst galaxies is being caréxtracted from the data set and with these it was possible to

ried out using the infrared cameras of the University ofdemonstrate that broad features, such as molecular bands, are

Rochester equipped with 1% resolution CVFs. In a wide vadetectable as well as the overall shaptopg of the con-
riety of galaxies, the 3.2&m dust emission feature carries tinuum. Studies of more dense stellar regions are planned.
approximately 0.1% of the total dust luminosity, which is

predominantly in the far-infrared. This feature is believed t04. 4 |nstrumentation

result from extremely small grains heated temporarily to

high temperatures by single ultraviolet photons. Thus, it is This year, infrared instrumentation development at the
believed to be a good tracer for star-formation activity. WithUniversity of Rochester has centered on the groups’ near
our cameras we can achievé fiesolution and locate and infrared and far infrared SIRTF detector developments,
explore the regions of active star formation in distant galax-igCdTe and InSb development for future space missions,
ies. To date thered-shifted feature has been clearly de- improvements to the Rochester third generation ground-
tected in images of NGC 3690, NGC 7469, NGC 4194, Mm82based camera, development of near and far IR Fabry Perot

and NGC 1614. In NGC 7469 a ring of emission around thenterferometers, and continued design of a near IR echellette
nucleus is seen. spectrometer for ground-based application. Optical CCD,

CID, and Active Pixel Sensor development has taken place

4.3.6 Planetary Search at RIT.

Ninkov continues as a participant in the international TEP
(Transits of Extrasolar Planetsietwork. This worldwide 4-4-1 Near Infrared Array Detector System Development
collaboration has continued monitoring of the eclipsing bi- Forrest and Pipher and their groggarticularly Glaccum,
nary system CM Dra in an effort to detect photometric varia-research associgteontinue to develop infrared arrays for
tions attributable to the transit of a plarfer planetyin the ~ space application using the flexible, programmable array
system. The result of the data obtained between 1993 argpntroller utilizing DSPs described in previous reports. This
1996 is presented in the paper Desal. (1998. The group  Year they have characterized array candidates for selection
is also investigating accurate timing of eclipse minima in lowfor mounting on the flight mounts. There has been active
mass binary systems as another means for detection of plaparticipation of the UR group with the GSFC group, who are

etary objectgDoyle et al. [1997)). responsible for flight array testing. Latent images are a prob-
lem for astronomy. The UR group devised data-taking modes
4.3.7 Speckle Imaging which minimize the effect of image latency for SIRTF.

. o F Pipher, i Il i ith SBR
Horch and Ninkov have utilized a slow scan CCD for orrest  and ipher, " in _ collaboration with - SBRC

. . ) . [Raytheon, are funded under a NASA ISR grant to develop
speckle 'maging by using the CCD tq detect the image an‘#:rge format InSb arrays for NGST that exceed present per-
then executing a fast row transfer prior to the next speckl

. ) ormance capabilites. The array requirements include: QE
image(Horcheet al.[1997]). The CCD is therefore not only ~ 80% O.5-5E)m pixel dark curreynK qo 02 & /s, pixel read
used as a detector but as an analog storage register. Initi ’ ’ i

Rbise< 3 e, 1024x 1024 format buttable to 4k 4k,

resulltj hat\)/e been V$_Ly enconIJtrag:cnt% w?_erl compafred _to Otthhgfnwer dissipation< 2 mW per 1kX 1k module, operation
Speckie observers. The results ot the Nirst year ot using thige, 5, 30K(passive cooling NGST will require 80 1kx 1k

system at the WIYN telescop@n collaboration with Will- module in its focal planes. Work at Rochest&vu et al.

I(ng;ag Altdena}[. of tYa::f. are :epotrrt]e(: on in Horcl@t ‘.”Il' ¢ 1997, NOAO, and SBRC/Raytheon shows that InSb photo-
- Ah adaption 1o this system that USes a piezo-mirror 10y, ¢ arrays can meet the detector requirements. The chief
allow use of the CCD as a two dimenional storage register i

: ) . %hallenges are in the Si multiplexer circuit, which determines
now being developed. The system is also being u_sec_j 3he read noise, and in achieving a yield consistent with pro-
WIYN to ob_serve proposed Space Interferometry Iv“SS'onducing more than 80 flight-quality parts. Measurements of
reference grid stars. the FET noise power spectra and analysis and measurement
) _ of the resulting pixel read noise indicate that the noise re-
4.3.8 Multispectral Imaging quirement can be met using multiple, non-destructive,

Slawson & Ninkov(1999 have demonstrated that wide- Fowler sampling. Test cryo-CMOS multiplexers have been
area spectrophotometry is possible using a liquid-crystal tuproduced at Raytheon. Based on this experience the first
neable filter and a CCD camera. Multiple images of the cenNGST-optimized 1kx 1k readout has been produced at Or-
tral region of the open cluster NGC 4755 were acquiredbit (now Supertex Al Fowler (NOAO) is aiding in this ef-
covering the wavelength range from 435 to 720 nm with a 10fort. Reports on this work include that by Garneit al.
nm passband in 5 nm steps. Magnitudes were measured f(t999 at the AAS meeting, as well as a demonstration
all stars in the images bySF fitting photometry. A simple model at an NGST workshop Fall 1999.
calibration was adopted by assuming that a spectrophotomet- In addition, Pipher and Forrest, with research engineer
ric scan from an atlas for a B1V star matched the intrinsicWeng, are continuing work with Rockwell Science Center to
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develop mid-wave HgCdTe detector arrays as an alternateated in the RIT Foundry facility. Finally, a separate version
technology for space astronomy under a NASA ISR granbf a related device is being fabricated using silicon-on-quartz
(which began in April 199¥and a NASA SOFIA/Explorer material in order to develop a back-illuminated APS device.
grant(which began August 1999There has been consider-
able progress in this area of reseal@ailey et al. 1998a,
1998h. Most recently, HgCdTe arrays, with cutoff wave-
lengths of 9.0 and 11.Qum, mounted on two different
muxes, are being characterized and optimized in our lab.
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