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Changing Times: 
Transitions and Challenges 

Matt Mountain, mmountain@stsci.edu

DIRECTOR’S PERSPECTIVE

So	 much	 happens	 at	 the	 Institute	 every	 day.	 The	 normal	 activities	
include	 ensuring	 that	 the	 Hubble’s	 enormously	 complex	 scheduling	
algorithms	 produce	 a	 seamless	 flow	 of	 observations	 from	 this	 building	
to	 the	 telescope	 orbiting	 the	 Earth	 every	 90	 minutes.	 They	 include	
stewarding	 its	 unique	 data	 through	 pipeline	 reduction	 and	 back	 out	 to	
the	community,	assessing	proposals	 (more	than	$20M	dollars	 in	grants	
are	dispersed	and	managed	from	here),	and	organizing	myriad	meetings	
to	allocate	resources,	obtain	advice	from	the	community,	and	support	our	
communities	with	calibration	workshops	and	scientific	sessions.	On	top	
of	 this	 “normal	stuff,”	 the	summer	of	2005	was	 frenetic	with	planning,		
re-programming,	and	testing	of	the	two-gyro	pointing	mode.	This	amazing	
intellectual	and	 technical	 tour de force	by	 the	 teams	at	Goddard	Space	
Flight	Center	and	the	Institute	has	breathed	new	life	into	Hubble.	

As	always,	the	future	of	Hubble	is	closely	coupled	to	the	health	of	the	
Shuttle.	The	tragedy	of	hurricanes	Katrina	and	Rita	has	put	considerable	
and	understandable	pressure	on	NASA’s	activities.	The	media	reports	on	
the	enigmatic	 insulation	problem	remind	us	 that	 the	Shuttle	 is	a	 fragile	
system	 that	 should	 be	 used	 only	 for	 unique	 purposes	 of	 high	 national	
interest.	 Fortunately	 for	 science,	 Michael	 Griffin,	 who	 became	 NASA	
Administrator	only	a	few	months	before	I	became	Institute	Director,	puts	
servicing	 Hubble	 in	 that	 category,	 stating	 on	 multiple	 occasions	 that	
he	wants	 to	carry	out	 the	next	servicing	mission	 (SM4)	 if	 the	 first	 two	
Shuttle	flights	after	the	Columbia	tragedy	go	as	planned.	He	repeated	this	
reassurance	even	after	the	Discovery	mission	revealed	continuing	issues	
with	 the	 foam	 insulation	 on	 the	 external	 tank.	 NASA’s	 enthusiasm	 for	
Hubble	seems	undeterred.

	 Administrator	 Griffin	 simplified	 the	 future	 of	 Hubble	 servicing	 by	
removing	 the	 requirement	 for	SM4	 to	deliver	a	de-orbit	module	 for	 the	

controlled	re-entry	of	the	observatory	at	the	end	of	science	operations.	
This	decision	was	possible	because	current	estimates	of	re-entry	dates	
are	now	far	in	the	future.	The	de-orbit	module	could	have	imposed	difficult	
constraints	on	the	mass	and	volume	of	the	remainder	of	the	payload	on	
SM4,	as	well	as	impacts	on	safety,	schedule,	and	NASA	finances.

The	 current	 vision	 for	 SM4	 is	 now	 the	 same	 as	 planned	 for	 many	
years	and	endorsed	by	numerous	community	stakeholders,	 including	the	
Astronomy	 and	 Astrophysics	 Decadal	 Survey	 and	 the	 recent	 review	 of	
NASA’s	 strategic	 roadmap	 by	 the	 National	 Research	 Council.	 As	 for	 all	
previous	Hubble	servicing	missions,	the	cost	of	the	Shuttle	flight	itself	will	
be	borne	by	the	human	spaceflight	program,	not	the	science	program.	The	
schedule	 and	 cost	 to	 the	 science	program	are	 now	 reliably	 predictable,	
based	on	similar	servicing	efforts	on	four	previous	occasions.	The	mission	
could	fly	in	late	2007	or	early	2008.	With	the	new	two-gyro	mode,	Hubble	
should	 continue	 full	 science	 operations	 until	 2008.	 The	 Institute	 and	
GSFC	are	now	even	preparing	for	one-gyro	operation!	With	the	estimated	
lifetime	of	other	critical	systems,	Hubble	should	remain	serviceable	until	
at	least	2010—even	if	science	operations	cease	temporarily.	

In	other	parts	of	the	Institute,	the	James Webb Space Telescope	team,	
in	 close	 collaboration	 with	 our	 colleagues	 at	 GSFC,	 is	 planning	 how	 to	
make	 this	 uniquely	 powerful,	 diffraction-limited,	 six-meter,	 deployable,	
cryogenic	telescope	as	scientifically	productive	as	Hubble.	Their	year	had	
its	share	of	challenges	also:	as	a	result	of	anticipated	cost	growth,	Webb	
underwent	 extensive	 re-planning.	 At	 NASA’s	 request,	 the	 Institute	 co-
chaired	an	 international	Science	Assessment	Team	(SAT)	 that	 reviewed	
and	 unanimously	 reaffirmed	 Webb	 “as	 the	 highest	 priority	 facility	 for	
the	 U.S.	 and	 the	 international	 community	 to	 advance	 astrophysical	
understanding.”	They	went	on	 to	state	 that	since	the	 formulation	of	 the	

oming	in	as	the	new	Director	of	the	Space	Telescope	Science	Institute	in	
September	has	been	an	exciting	and	challenging	responsibility.
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T he	tightening	budget	situation	facing	NASA	and	the	nation	has	had	its	impact	on	the	programs	
and	 funding	 for	 the	 Institute.	 On-again,	 off-again	 plans	 for	 the	 Hubble	 Servicing	 Mission	 4	
(SM4),	 and	 NASA’s	 difficulties	 meeting	 the	 budget	 and	 schedule	 needs	 for	 Webb,	 have	

presented	challenges	for	the	Institute	management	and	staff	over	the	past	several	years.
The	overall	operating	budget	of	the	Institute	has	been	declining	for	the	last	several	years.	Almost	

all	of	this	reduction	has	occurred	in	the	NASA	funding	to	support	operations	within	the	Institute	and	
has	not	impacted	the	grant	funding	dispersed	to	General	Observers	(GOs)	and	Archival	Researchers	
(ARs).	 The	 three-year	 report	 of	 declining	 funding	 in	 Table	 1	 covers	 the	 cost	 of	 all	 operations,	
including	our	Office	of	Public	Outreach	and	the	Lockheed	Flight	Operations	Team	for	Hubble,	but	it	
does	not	include	the	grant	funding	we	disperse	to	GOs	and	ARs.	

This	 decline	 in	 budgets	 has	 required	 a	 significant	 reduction	 in	 the	 size	
of	 the	staff,	with	work	 reduced	or	deferred.	We	selected	 the	Hubble	work	
reductions	 to	have	 least	 impact	on	our	 support	 of	 the	 science	community.	
Nevertheless,	 the	 reductions	 have	 impacted	 our	 ability	 to	 enhance	 our	
software	products.	We	may	need	additional	 resources	 to	support	NASA	 in	
some	of	the	large	potential	efforts	to	extend	the	life	of	Hubble.

program	 in	 1999,	 “the	 case	 for	 JWST	 and	 its	 unique	 capabilities	 has	
grown	 in	 strength	 and	 astronomical	 significance.”	 The	 Webb	 Science	
Working	 Group	 concurred	 in	 these	 conclusions.	 The	 SAT	 also	 identified	
several	ways	of	mitigating	cost	growth	and	risk.	NASA	is	now	completing	
a	detailed	re-plan	and	re-costing	consistent	with	the	recommendations	of	
the	SAT,	which	are	described	in	a	final	report	that	can	be	found	at	www.
stsci.edu/jwst.	

One	consequence	of	the	more	realistic	cost	estimate	for	Webb	is	delay	
of	the	launch	by	two	years	to	2013.	This	has	delayed	the	planned	ramp-up	
of	the	Institute	effort	on	the	ground	system	until	2008.	This	slow-down,	
coupled	 with	 an	 unexpected	 reduction	 in	 our	 budget	 for	 Hubble,	 has	
unfortunately	 required	 a	 significant	 reduction	 in	 force	 at	 the	 Institute.	
We	are	working	hard	to	retain	the	remainder	of	our	dedicated	staff	until	
effort	on	Webb	increases.

Along	other	corridors	in	this	building,	and	just	a	step	across	the	road	
to	 the	 Johns	 Hopkins	 University,	 active	 groups	 of	 Institute	 and	 JHU	
staff	are	supporting	archival	 research	with	 the	Multimission	Archive	at	
Space	 Telescope	 and	 the	 future	 National	 Virtual	 Observatory.	 Others	

are	 supporting	 future	 NASA	 missions,	 like	 Kepler,	 SIM,	 and	 TPF.	 The	
Institute’s	 famous	 Office	 of	 Public	 Outreach	 continues	 to	 produce	 the	
Hubble	 images	 and	 educational	 programs	 that	 have	 so	 affected	 the	
nation	 and	 the	 world.	 Special	 releases	 this	 year	 celebrated	 Hubble’s	
15th	anniversary.	Most	of	us	have	seen	these	wonderful	NASA	pictures,	
which	 flow	 from	 Hubble	 through	 OPO’s	 offices,	 on	 the	 walls	 of	 our	
children’s	classrooms.	

Of	course,	this	entire	ensemble	of	activities	is	engulfed	in	the	frenzied	
buzz	of	visitors,	seminars,	meetings,	and	workshops—the	vital	signs	of	a	
vibrant	scientific	life	pervading	this	exciting	organization.

It’s	been	an	interesting	year	at	the	Space	Telescope	Science	Institute.	
Our	 mission	 remains	 to	 enable	 excellence	 in	 astronomical	 research	 by	
optimizing	the	science	from	state-of-the-art	observational	instruments	in	
space.	The	astronomical	community	and	NASA’s	space	science	program	
are	the	driving	 forces	behind	everything	we	do.	We	have	been	and	will	
continue	to	be	a	vigorous	science	and	engineering	Institute,	with	an	over-
riding	commitment	to	service	and	quality.		W	
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Resources
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Table 1. Institute budget summary (Government Fiscal Years)

	 2004 2005 2006 

Hubble	 $50.9M	 $44.9M	 $41.8M
Webb	 $7.7M	 $9.4M	 $8.1M
Other missions	 $1.6M	 $1.9M	 $3.0M

Total	 $60.2M	 $56.2M	 $52.9M
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from page � The	 Webb	 budget	 reduction	 in	 2006,	 to	 a	 level	 $4M	 below	 the	 expected	 budget	 of	 $12.4M,	

necessitated	reversing	the	planned	transfer	of	staff	from	Hubble	to	Webb	and	deferring	new	work.	
We	slowed	and	realigned	the	program	to	match	the	delay	in	launch	date	to	2013.

We	accomplished	the	necessary	staff	 reductions	through	a	combination	of	normal	departures	
of	 people	 to	 take	 other	 jobs,	 a	 voluntary	 separation	 program	 offered	 in	 2004,	 and	 involuntary	
reductions	in	each	of	the	past	three	years.	As	shown	in	Table	2,	the	reduction	in	Hubble	staffing	
was	dramatic—down	27%	in	three	years.	The	reductions	also	impacted	staff	members	working	or	
expecting	to	work	on	Webb.	

Our	approach	to	the	future	uncertainties	and	real-life	reductions	has	been	to	be	open	and	candid	
to	all	Institute	staff.	We	strive	to	keep	them	informed	as	we	receive	solid	information,	and	we	are	
forthright	in	our	assessments	of	the	impacts	as	we	perceive	them.	Based	on	feedback,	we	believe	
this	approach	has	been	helpful	to	staff,	who	must	deal	with	the	anxiety	and	impacts	to	morale	that	
naturally	accompany	personnel	actions.

The	 grant	 funding	 dispersed	 to	 General	 Observers,	 Hubble	 Fellows,	 and	 Archival	 and	 Theory	
Researchers	has	remained	robust	in	recent	years,	as	shown	in	Table	3.	In	response	to	overall	budget	
reductions	in	2005,	the	NASA	Hubble	Project	reduced	funds	budgeted	for	community	grants	in	Cycle	14	
by	$2M—a	7%	reduction.	Nevertheless,	all	peer	recommendations	for	community	grants	in	Cycle	14	
were	fully	funded	within	this	new	limit,	with	some	residual	for	supplemental	requests	and	appeals.

We	expect	level	budget	funding	for	grants	in	Cycle	15.	We	plan	to	appoint	10	new	Hubble	Fellows	
in	the	next	cycle,	as	compared	with	12	in	the	previous	several	years.

Looking	forward,	we	anticipate	that	funding	in	2007	for	both	Hubble	and	Webb	will	remain	similar	
to	2006.	This	should	bring	stability	to	our	staffing	requirements	that	we	have	not	enjoyed	during	the	
last	few	years.	However,	we	will	continue	to	have	little	flexibility	to	address	our	desire	for	greater	
diversity	in	staff	or	to	infuse	new	talent	and	skills	for	the	future	development	of	Webb.		W

Table 2. Institute staff summary (full time equivalents)

	 2004 2005 2006 

Hubble	 295.0	 249.1	 216.7
Outreach	 34.2	 32.6	 32.1
Webb	 43.8	 55.2	 43.2
Other missions	 6.5	 7.9	 18.6
Indirect staff	 76.6	 75.1	 79.4

Total	 456.1	 419.9	 390.0

Table 3. Grant funding passed through the Institute

	 2003 2004 2005 

Grants dispersed $22,369,517	 $25,421,259	 $26,493,569
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 Moon Shots
Tony Roman 

D
uring	July	and	August	2005,	Institute	staff	devised	and	conducted	unusual	observations	
of	the	Moon	at	NASA’s	request.	Hubble	obtained	the	visible	and	ultraviolet	images	with	
the	 High	 Resolution	 Channel	 of	 the	 Advanced	 Camera	 for	 Surveys.	 The	 goal	 was	 to	
identify	 areas	with	 enriched	 resources,	 such	as	 titanium	dioxide	 (TiO2)	 and	 ilmenite	
(FeTiO3),	to	support	human	exploration.	Calibration	images	were	obtained	of	the	Apollo	

15	and	17	 landing	sites,	 from	which	NASA	has	soil	samples.	The	 focus	of	 the	 investigation	was	
the	Aristarchus	Plateau.

Hubble	 had	 observed	 the	 Moon	 on	 two	 previous	 occasions,	 but	 with	 much	 lower	 pointing	
accuracy	 than	NASA	now	 required	 for	Aristarchus.	The	new	observations	demanded	a	different	
concept	 for	 pointing	 Hubble	 from	 that	 used	 for	 other	 solar	 system	 objects,	 because	 no	 guide	
stars	are	available	for	stabilization—the	Moon	is	in	the	way.	Also,	the	parallax	correction	for	the	

Moon,	 which	 is	 demanded	 by	 the	
transverse	 motion	 of	 Hubble	 in	 its	
orbit,	was	beyond	the	range	of	the	
existing	flight	software.	

Institute	 staff	 developed	 new	
ground	 software	 to	 apply	 the	
parallax	 correction	 to	 the	 lunar	
ephemeris,	which	avoided	a	change	
to	 the	 flight	 software	 and	 averted	
the	 errors	 that	 usually	 accompany	
manual	 corrections	 (as	 were	 used	
for	 the	 earlier	 observations).	 We	
also	developed	special	commanding	
procedures	 to	 ensure	 safety	 and	
efficiency.	The	NASA	science	team	
devised	 a	 strategy	 for	 minimal	
smearing,	 biasing	 the	 gyros	 in	 the	
orbit	preceding	each	lunar	visit.	The	
Goddard	staff	developed	procedures	
for	 real-time	 pointing	 correction	
based	on	data	 from	the	fixed-head	
star	 trackers.	 All	 the	 hard	 work	
came	together	in	intensive	reviews,	
verifications,	and	tests.	After	many	
iterations,	 the	 observations	 were	
ready	for	execution.

The	 payoff	 was	 the	 first	 set	 of	
high-resolution	 ultraviolet	 images	
ever	 acquired	 of	 the	 Moon.	 Jim	
Garvin,	 the	 principal	 investigator	
was	 pleased.	 He	 said,	 “Our	 initial	
findings	 support	 the	 potential	

existence	of	some	unique	varieties	of	oxygen-rich	glassy	soils	in	both	the	Aristarchus	and	Apollo	
17	regions.	They	could	be	well	suited	for	visits	by	robots	and	human	explorers	in	efforts	to	learn	
how	to	live	off	the	land	on	the	Moon.”	

“While	it	will	require	many	months	before	fully	quantitative	results	can	be	developed,	we	already	
have	evidence	that	these	new	observations	will	improve	the	precision	by	which	we	can	understand	
materials	such	as	ilmenite	to	help	better	inform	exploration	decisions,”	Garvin	said.		W

Figure 1:	 The	 Aristarchus	 crater	 on	 the	 Moon,	 imaged	 by	 Hubble’s	
Advanced	 Camera	 for	 Surveys	 in	 August	 2005,	 searching	 for	 mineral	
resources.	The	crater	is	26	miles	across	and	2	miles	deep,	and	is	located	
at	 the	edge	of	 the	Aristarchus	Plateau.	This	 rich	geological	 region	 is	of	
potential	interest	for	human	exploration.



W e	 prepared	 for	 the	 first	 system	 test	 in	 winter	 cold,	 after	 New	 Year’s.	 We	 finished	
eight	 months	 later,	 in	 summer	 heat,	 as	 we	 switched	 to	 full-time	 operations	 in	 two-
gyro	 mode.	 The	 intense	 work	 between	 January	 and	 August	 paid	 off—adding	 time	 to	

Hubble’s	mission—by	placing	one	gyro	back	in	reserve.	We	ended	2005	flushed	with	success:	no	
degradation	in	pointing	performance,	no	unexpected	loss	of	observations,	and	two	idled	gyros	in	
the	wings,	ready	to	replace	failed	units	sometime	in	the	future.	A	great	sense	of	accomplishment	
swept	over	the	Institute,	NASA,	and	the	Hubble	community	worldwide.	All	had	been	engaged	or	
entranced	by	the	technological	tour de force,	which	gave	our	observatory	a	new	margin	of	safety	
with	very	small	loss	of	science.

Two-gyro	 mode	 demanded	 new	 developments—pointing	 algorithms,	 flight	 and	 ground	
software,	and	policies	and	procedures—to	compensate	for	losing	the	information	from	the	normal	
third	gyro,	which	would	be	taken	off	line.	It	also	demanded	thorough	testing,	to	ensure	safety	as	
well	as	performance.	And	it	called	for	community	understanding	and	cooperation,	because	two-gyro	
mode	could	 affect	what	 observations	were	possible.	 In	 fact,	 because	 the	deadline	 for	Cycle	14	
proposals	 was	 January	 21,	 2005,	 we	 asked	 the	 community	 to	 describe	 their	 observations	 both	
ways,	under	two-	and	three-gyro	mode.

While	 the	 engineers	 at	 GSFC	 created	 the	 new	 pointing	 algorithms	 for	 Hubble,	 the	 engineers	
and	scientists	at	the	Institute	fashioned	the	new	scheduling	algorithms	and	modified	the	Institute	
systems	 to	 implement	 them.	 A	 review	 in	 January	 demonstrated	 the	 readiness	 of	 our	 ground-
system	software,	database,	and	procedures.

We	 generated	 science	 proposals	 to	 determine	 the	 accuracy	 and	 viability	 of	 two-gyro	 mode.	
We	generated	a	science	mission	specification	 (SMS)	 to	 implement	 three	days	of	 tests	on	orbit,	
including	executing	the	science	proposals	and	managing	the	transition	out	of	and	back	to	three-
gyro	mode.	The	SMS	exercised	as	many	normal	operational	situations	as	possible.	

The	on-orbit	trial	in	February	tested	two-gyro	mode	from	end	to	end:	from	planning,	scheduling,	
and	 load	 generation,	 through	 flight-software	 execution,	 telescope	 control,	 and	 instrument	
operations,	 to	 processing	 and	 analyzing	 the	 science	 data	 that	 would	 tell	 us	 how	 well	 two-gyro	
mode	performed.	

Institute	staff	quickly	analyzed	data	from	the	Advance	Camera	for	Surveys,	the	Near	Infrared	and	
Multi-Object	Spectrometer,	and	the	Fine	Guidance	Sensors.	We	found	no	adverse	scientific	impact	
in	two-gyro	mode.	The	on-orbit	test	was	so	successful	and	the	science	results	were	so	promising	
that	the	Institute	and	the	Hubble	Project	at	GSFC	recommended	that	the	two-gyro	mode	be	used	
for	the	Cycle	14	program.

With	all	pieces	in	place	and	a	ready	database	of	Cycle	14	proposals	 in	two-gyro	mode,	NASA	
held	a	flight	readiness	review	on	August	22.	The	operational	transition	came	the	next	week.	The	
smooth	 transition	 mirrored	 the	 success	 of	 the	 February	 on-orbit	 test,	 with	 few	 unanticipated	
problems.	We	successfully	executed	a	short	program	of	observatory	verification,	and	the	science	
program	proceeded	without	interruption.	

Within	 a	 week,	 Gyro	 4	 was	 turned	 off.	 After	 August,	 two-gyro	 mode	 operations	 continued	
successfully	 and	 with	 no	 problems.	 We	 began	 operational	 trending	 to	 evaluate	 the	 new	 mode	
and	 identify	 potential	 areas	 for	 improvement.	 A	 trending	 meeting	 in	 October	 identified	 several	
opportunities	for	efficiency	improvements,	which	were	quickly	implemented.

With	the	two-gyro	mode	operating	well,	work	shifted	to	evaluating	the	potential	for	a	one-gyro	
mode	of	operations.	An	 initial	study	by	GSFC	pointing	control	engineers	confirmed	the	feasibility	
of	 the	 mode,	 and	 work	 began	 in	 earnest	 to	 define	 the	 operational	 concept	 and	 requirements.	
A	 successful	 review	 of	 the	 concept,	 requirements,	 and	 preliminary	 design	 for	 one-gyro	 mode	
was	 held	 on	 November	 16,	 and	 Institute	 teams	 began	 design	 activities	 for	 implementing	 this	
contingency	mode	sometime	in	the	future.		W

  �  

Two-Gyro Mode
Rodger Doxsey 
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Deep Impact 
Ian Jordan 

A
t	01:52:02	EST	July	4,	2005,	the	360	kilogram	Deep Impact	probe	struck	the	surface	of	
comet	Tempel-1	at	over	10	kilometers	per	second,	blasting	thousands	of	tons	of	debris	
into	space.	The	Hubble	Space Telescope	joined	scores	of	observatories	across	the	solar	
system	 (including	 space	 observatories	 Spitzer,	 Chandra,	 XMM,	 GALEX,	 Rosetta,	 and	
SWAS)	in	monitoring	the	event.	From	the	data,	astronomers	are	gleaning	new	insights	

into	the	structure,	composition,	and	history	of	comets.	
Planning	for	the	Hubble	observations	actually	began	four-and-a-half	years	earlier.	In	late	2000,	

JPL’s	 mission	 design	 manager	 contacted	 the	 Institute	 for	 the	 predicted	 orientation	 of	 Hubble’s	
orbital	plane	in	July	2005.	Deep Impact ’s	principal	investigator,	Mike	A’Hearn,	is	a	long-time	Hubble	
user,	and	he	wanted	the	telescope	to	watch	the	big	event.	

Planning	 a	 time-critical	 event	 involving	 two	 spacecraft	 separated	 by	 nine-tenths	 of	 an	
astronomical	 unit	 is	 complex,	 especially	when	 the	event	 is	 far	 in	 the	 future	 and	one	 spacecraft	
is	still	on	 the	ground.	The	timing	of	 the	 impact	was	restricted	by	many	 factors,	 including	 launch	
constraints,	 the	 proximity	 of	 Tempel-1	 to	 perihelion,	 the	 limited	 availability	 of	 the	 Deep	 Space	
Network	for	spacecraft	tracking,	and	hoped-for	visibility	from	ground-based	observatories,	as	well	
as	Hubble.	Normal	planning	software	was	not	capable	of	projecting	the	Hubble	orbit	far	enough	in	
advance,	partly	due	to	the	variability	of	atmospheric	drag	during	the	period	of	high	solar	activity.	
We	developed	new	software	to	quantify	the	uncertainties	and	build	confidence	in	our	prediction	
of	the	orbital	plane.		

By	early	2004,	 the	new	model	predicted	 that	 the	Hubble	observations	after	 impact	would	be	
disrupted	by	radiation	in	South	Atlantic	Anomaly.	In	the	months	prior	to	the	event,	the	commanding	
team	 implemented	 flight	software	changes	 to	allow	safe	operation	of	 the	Advanced	Camera	 for	
Surveys	(ACS)	Solar	Blind	Channel	(SBC)	and	to	mitigate	the	risk	of	losing	lock	on	guide	stars.	

Capturing	the	moment	of	 impact	became	an	object	of	dedication	and	extraordinary	handwork	
from	both	the	Deep Impact	and	Hubble	projects.	The	team	of	GSFC	and	Institute	staff	drew	upon	
a	 well-tested	 infrastructure	 of	 procedures	 and	 tools,	 extending	 them	 to	 the	 task	 of	 verifying	
moving-target	 tracking,	 avoiding	 bright	 objects,	 expediting	 the	 data	 downlink,	 and	 refining	
knowledge	of	Hubble’s	 in-track	position.	When	 it	became	clear	 that	Hubble’s	observing	window	
would	close	early,	JPL	moved	the	impact	time	by	eight	minutes	to	accommodate.	This	work	paid	
off	magnificently.	Hubble’s	shutter	was	open	when	Deep Impact ’s	moment	of	destiny	arrived,	and	
the	ejecta	blanket	had	expanded	enough	for	Hubble	to	measure	before	Temple-1	dipped	below	the	
observatory’s	orbital	horizon.	The	dramatic	pictures	of	gas	and	dust	outflow	were	on	the	screen	
within	an	hour,	clearly	demonstrating	that	what	humans	had	done	80	million	miles	away	was	visible	
to	NASA’s	first	great	observatory.		

The	pictures	of	 impact	were	a	culmination,	but	neither	 the	beginning	nor	 the	end	of	Hubble’s	
contribution	 to	 the	 science	 of	 Deep Impact.	 A	 year	 before	 the	 event,	 ACS	 observations	 had	
settled	 the	 question	 of	 the	 comet’s	 true	 rotation	 rate,	 which	 was	 useful	 to	 refine	 the	 guidance	
and	operations	tests	with	the	impactor.	A	month	before	encounter,	ACS	serendipitously	recorded	
an	outburst	from	the	comet.	In	the	days	and	minutes	before	impact,	Hubble	sampled	the	baseline	
levels	of	cometary	activity.	Hubble	obtained	follow-on	spectra	and	images	with	the	ACS	one	day	
and	one	week	after	impact,	as	Temple-1	returned	to	its	normal	state.	

The	 Institute’s	 contributions	 to	 the	 success	 of	 Deep Impact	 went	 beyond	 implementing	 the	
observations.	 We	 consulted	 with	 the	 Deep Impact	 project	 scientists	 after	 they	 discovered	 a	
problem	 with	 the	 focus	 of	 their	 cameras.	 We	 demonstrated	 that	 deconvolution	 techniques	
developed	to	mitigate	Hubble’s	spherical	aberration	in	the	early	years	could	do	even	better	for	Deep 
Impact.	We	helped	develop	a	Drizzle	routine	to	combine	ACS	images	at	differing	orients	for	Temple-1,	
a	briskly	moving	target.	Our	staff	 facilitated	the	flow	and	processing	of	Hubble	data	through	the	
ground	system	to	 the	scientists,	and	prepared	 images	and	press	 releases	 to	satisfy	 the	public’s	
interest	in	this	high-profile	event.	

Deep Impact ’s	encounter	with	comet	Temple-1	was	a	great	fireworks	display	on	Independence	
Day,	and	the	Institute	and	Hubble	played	a	proud	part	in	it.		W



I
n	April	2005	the	Webb	project	carried	bad	financial	news	to	NASA	Headquarters	(HQ)	and	
the	Science	Working	Group	(SWG).	Northrop	Grumman	Space	Technologies	had	 identified	
approximately	 $300M	 in	 additional	 costs	 to	 build	 and	 test	 the	 current	 Webb	 design.	 To	
compound	the	problem,	the	Project	needed	$200M	to	offset	 lost	revenues	(various	NASA	
“taxes”)	and	to	supplement	the	budget	for	developing	the	Webb	science	instruments.	Since	

NASA	could	not	provide	such	an	increase	in	near-term	funding,	the	Project	was	forced	to	slip	the	
Webb	 launch	by	at	least	one	year,	which	incurred	an	additional	cost	of	$300M	for	“the	marching	
army.”	Then,	NASA	HQ	requested	that	$250M	be	added	to	the	Webb	budget	to	satisfy	contingency	
guidelines.		In	this	way,	what	had	begun	as	a	$300M	increase	became	a	$1.1B	crisis	for	a	program	
with	a	$3.5B	budget	for	all	costs	from	early	feasibility	studies,	through	launch,	and	for	ten	years	
of	operations.	Such	cost	increases	have	been	common	for	ambitious	programs	like	Webb,	but	not	
before	the	Preliminary	Design	Review.	The	Webb	project	was	in	trouble.

To	 proceed	 with	 the	 Webb	 development,	 NASA	 needed	 to	 assure	 itself—and	 all	 the	
stakeholders—that	 the	 project	 was	 well	 run	 and	 would	 not	 incur	 further	 overruns	 of	 this	
magnitude.	To	achieve	this	confidence,	NASA	HQ	chartered	two	groups:	a	team	of	NASA	engineers	
and	 managers	 from	 the	 Independent	 Program	 Assessment	 Office	 at	 Langley	 and	 a	 Science	
Assessment	Team	(SAT).	The	Langley	team	reviewed	the	financial	and	technical	state	of	the	Webb	
project,	 and	 the	SAT	examined	 the	 priorities	 of	 the	Webb	 science	program	with	 an	 eye	 toward	
reducing	future	costs,	mass,	and	risk.	

The	SAT	chairpersons	were	Matt	Mountain,	the	incoming	Institute	Director,	and	Peter	Stockman,	
the	 head	 of	 the	 Webb	 effort	 at	 the	 Institute.	 Other	 SAT	 members	 included	 a	 chair	 of	 the	 2000	
National	 Academy	 of	 Sciences	 (NAS)	 decadal	 survey	 (McKee)	 and	 distinguished	 national	 and	
international	scientists	from	many	of	the	disciplines	to	be	served	by	Webb.	Despite	the	considerable	
commitment	of	time	involved,	all	the	scientists	asked	did	agree	to	serve.	Between	May	and	July,	
the	 team	 conducted	 many	 telephone	 conferences	 and	 met	 for	 two	 days	 at	 the	 Department	 of	
Terrestrial	Magnetism	of	the	Carnegie	Institute,	in	Washington,	D.C.	During	the	assessment	period,	
the	 SAT	 received	 many	 recommendations	 from	 the	 Webb	 project	 and	 SWG.	 Institute	 scientists	
helped	the	mission	come	alive	in	the	minds	of	the	team	by	preparing	a	rich	sample	of	fascinating	
general	observer	programs.	Ultimately,	the	SAT	unanimously	supported	the	Webb	science	goals,	
and	reconfirmed	the	top	priority	that	the	NAS	had	conferred	on	the	Webb	mission.	Nevertheless,	
the	hard	work	still	lay	ahead.	How	would	the	SAT	prioritize	the	Webb	science	capabilities?

Webb	will	extend	 the	 reach	of	Hubble-like	science	 into	 the	near	 infrared,	and	 it	will	mine	 the	
survey	results	of	the	Spitzer	mission.	With	an	almost	ten-fold	increase	in	mirror	area	compared	to	
Hubble	and	a	hundred	times	the	area	of	Spitzer,	Webb	will	not	be	matched	by	these	or	any	planned	
facility	in	the	wavelength	range	1.7	µm	to	28	µm.		At	shorter	wavelengths,	however,	Webb	will	be	
competing	with	powerful	ground-based	facilities	employing	adaptive	optics	and	using	techniques	
to	reduce	bright-sky	backgrounds.	Following	this	line	of	reasoning,	the	SAT	gave	lower	priority	to	
Webb’s	short	wavelength	performance.	By	recommending	the	relaxation	or	elimination	of	Webb’s	
requirements	at	short	wavelengths,	the	SAT	enabled	the	Webb	project	to	achieve	significant	near-
term	savings	and,	more	importantly,	to	substantially	reduce	the	risk	of	future	cost	growth.	NASA	
HQ,	the	project,	and	the	SWG	endorsed	the	SAT	findings.	According	to	the	revised	plan,	Webb	will	
be	launched	sometime	after	June	2013.	

2005	was	a	watershed	year	for	the	Webb,	and	the	Institute	is	proud	to	have	played	an	important	
role	in	shaping	its	future.		W	

The Webb Science  
  Assessment Team 
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  �  
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First Webb Deliverable:  
PRD v.1 David Hunter

O n	May	31,	2005,	 the	 Institute	completed	 the	 first	 formal	 “deliverable”	under	 its	contract	
for	the	Webb	mission.	We	delivered	the	first	release	of	software	for	the	Project	Reference	
Database	(PRD).	The	PRD	is	a	subsystem—one	of	many	systems	and	applications	that	we	

are	developing	 for	 the	Webb	Science	and	Operations	Center.	 It	comprises	a	central	 facility	and	a	
distributed	suite	of	tools	for	managing	local	versions	of	the	database	at	the	contributing	facilities.

Development	and	operation	of	 the	Webb	observatory	 is	a	collaborative	effort,	 involving	many	
organizations	across	North	America	and	Europe.	The	role	of	the	PRD	is	to	centralize	storage	and	
control	of	all	the	basic	information	for	the	developments,	tests,	and	operations,	spread	across	the	
network	of	sites.	

The	 Institute	 is	 the	 operational	 clearinghouse	 for	 the	 PRD,	 and	 we	 are	 developing	 the	 tools	
to	 manage	 its	 content.	 Most	 PRD	 content	 originates	 with	 the	 flight-segment	 contractors,	 like	
Northrop-Grumman	 Space	 Technologies	 (the	 observatory	 contractor),	 the	 builders	 of	 science	
instruments,	the	developer	of	the	fine	guidance	system,	and	the	suppliers	of	flight	software.	The	
data	items	in	the	PRD	are	defined	in	the	development	phase,	refined	during	the	integration	and	test	
phase,	and	ultimately	required	for	Webb	operations.

The	first	release	of	software	for	the	PRD	contained	tools	for	the	data	contributors.
The	PRD	team	faced	an	aggressive	schedule	to	develop	the	system	in	time	for	it	to	be	integrated	

with	equipment	from	NASA	for	instrument	testing.	“I’m	very	pleased	with	the	performance	of	the	
PRD	development	team,”	said	Andy	Groebner,	PRD	Team	Lead.	“The	team	was	able	to	successfully	
complete	both	an	 initial	delivery	and	a	second	delivery	for	the	central	PRD	facility	 in	September,	
on	schedule	to	the	day.”

The	PRD	subsystem	is	much	more	than	a	set	of	tools	for	managing	a	database.	The	pioneering	
team	selected	eXtensible	Markup	Language	(XML)	as	the	standard	for	data	exchange.	XML	offers	
advantages	 of	 flexibility,	 platform	 independence,	 and	 plentiful	 support	 from	 software	 vendors.	
XML	structures	data	well.	 It	 comes	with	a	 family	of	 technologies	 that	 interface	well	with	other	
formats	 in	 common	 use,	 such	 as	 web	 pages	 and	 database	 languages.	 Goddard	 Space	 Flight	
Center	has	endorsed	the	XML	format	created	by	the	PRD	team,	and	promotes	it	as	the	preferred	
approach	for	other	missions.	It	is	working	with	the	international	Consultative	Committee	for	Space	
Data	Systems	to	adopt	the	PRD	XML	format	as	an	international	standard	for	XML	Telemetry	and	
Command	Exchange	(XTCE).		W
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Getting So Much Better 
All The Time 
Bruce Margon

T
here	is,	alas,	no	special	nomenclature	for	a	15th	anniversary.	It	is	five	years	short	of	the	
vigenary	date,	or	perhaps	can	be	expressed	as	the	sum	of	the	decennial	and	quinquennial	
years.	But	for	Hubble Space Telescope,	the	passage	of	April	25,	2005,	exactly	15	years	
after	 the	deployment	of	 the	 satellite	 from	 the	Shuttle	Discovery,	 could	not	be	allowed	
to	 pass	 unnoted	 for	 lack	 of	 a	 name.	 It	 is	 unusual	 for	 any	 high-technology	 scientific	

experiment	to	remain	productive	and	in	the	forefront	of	both	the	discipline	and	the	public	for	such	
an	extended	time	interval,	and	certainly	extraordinary	for	its	productivity	and	fame	to	continually	
increase	with	age	for	such	a	lengthy	time.	Yet	by	most	metrics,	this	is	indeed	the	case	for	Hubble.	
Therefore,	a	variety	of	celebrations	and	commemorative	activities	seemed	more	than	justified	this	
spring.	Multiple	events	and	opportunities	occurred	for	the	public,	for	the	astronomical	community,	
and	for	the	Hubble	family.

A	centerpiece	of	the	celebration	was	the	release	of	two	new	images	obtained	by	the	Advanced	
Camera	for	Surveys	(ACS)	under	the	aegis	of	the	Hubble	Heritage	program.	Heritage	images	utilize	
a	small,	annually	reviewed	grant	of	the	Institute	Director’s	Discretionary	time	to	obtain	exposures	
of	targets	deemed	to	be	of	the	greatest	 interest	and	educative	value	to	the	public.	The	program	
has	been	 responsible	 for	a	 large	number	of	 famous,	widely	circulated	Hubble	 images.	Even	with	
this	past	high	standard,	 the	Heritage	 team,	 led	by	Keith	Noll,	 outdid	 themselves	 for	 this	 special	
occasion	with	two	new	multicolor	images	surely	destined	to	become	iconic:	a	wide-field	exposure	
of	 M51	 (the	 Whirlpool	 Galaxy)	 with	 its	 companion	 NGC	 5195,	 and	 a	 large	 section	 of	 M16	 (the	
Eagle	Nebula),	centered	about	10	arcminutes	away	from	the	already	famous	image	from	the	Wide	
Field	and	Planetary	Camera	2	(WFPC2).	The	huge	number	of	pixels	and	wide	field	of	view	of	ACS,	
compared	with	its	predecessor	Hubble	cameras,	enabled	breathtaking	results	for	both	images.

Thanks	to	frantic	work	by	John	Stoke	and	colleagues	in	the	Institute’s	Office	of	Public	Outreach,	
the	two	new	Heritage	images	were	released	to	the	public	in	a	particularly	dramatic	form,	namely	
as	4	×	6	foot	prints—predistributed,	but	embargoed	against	display	until	the	anniversary	day—to	
more	than	100	museums,	planetariums,	and	related	informal	science	education	venues	across	the	
nation,	 plus	 a	 few	 abroad.	 A	 variety	 of	 ancillary	 explanatory	 materials	 (lithographs,	 PowerPoint	
files,	DVDs)	accompanied	the	giant,	hundred-million-pixel	prints.	The	recipient	institutions	ranged	
from	 the	world	 famous	 (e.g.,	 the	Rose	Center,	Museum	of	Natural	History	 in	New	York	 and	 the	
Exploratorium	 in	San	 Francisco),	 to	 the	perhaps	not	 so	 famous	 (the	Hitchcock	Nature	Center	 of	
Pottawattamie	County,	Honeycutt,	Iowa),	to	the	heartwarming	(U.S.	Navy	youth	centers	in	Guam	
and	Iceland).	My	personal	favorite	case	is	the	print	circulating	in	rural	Alaska	by	dogsled,	under	the	
sponsorship	of	the	Alaskan	Express	Freight	Sled	Expedition,	formerly	known	as	the	Iditarod.

In	 a	 somewhat	 more	 traditional	 unveiling,	 the	 Smithsonian	 National	 Air	 and	 Space	 Museum	
(NASM)	on	the	Mall	in	Washington	DC	accepted	the	large	Heritage	Whirlpool	image	for	permanent	
display	in	an	April	25th	ceremony	attended	by	more	than	100	government,	scientific,	and	industry	
leaders,	 including	 the	 new	 NASA	 Administrator,	 Dr.	 Michael	 Griffin.	 The	 event	 included	 a	 brief	
new	 IMAX	 film,	 produced	 collaboratively	 by	 the	 Institute’s	 Office	 of	 Public	 Outreach	 and	 the	
IMAX	Corporation.	The	film	pans	slowly	through	the	two	ACS	images.	The	60-foot	screen	and	the	
hundred-million-pixel	scenes	seemed	well	matched!	A	variety	of	other	new	Hubble	images	joined	
the	NASM	collection	as	part	of	this	ceremony.	The	large	ACS	Whirlpool	image,	dramatically	backlit,	
now	 graces	 the	 entrance	 to	 the	 permanent	 “Explore	 the	 Universe”	 astronomy	 exhibit,	 which,	
fittingly	enough,	has	long	employed	small,	ground-based	images	of	M51	as	the	repeating	icon	for	
that	collection.

The	24	orbits	of	observing	time	invested	in	the	M51	images,	although	less	than	1%	of	the	time	
available	 to	 General	 Observers	 (GOs)	 in	 Cycle	 13,	 was	 still	 substantial	 by	 Heritage	 standards.	
Therefore,	the	Institute	was	anxious	that	the	data	serve	double	duty—by	having	its	value	for	the	
scientific	community	optimized	to	every	extent	possible.	Certainly	it	is	not	every	day	that	an	entire	
nearby	face-on	spiral	is	imaged	on	0.05	arcsec	pixels	to	limiting	B	magnitude	of	27!	Rob	Kennicutt	
of	Steward	Observatory	kindly	served	as	a	“science	advocate”	during	 the	 time	the	observations	
were	configured,	and	the	Institute	announced	the	upcoming	public	release	of	the	data	(also	on	the	
anniversary	date),	together	with	the	details	of	the	observation,	well	prior	to	the	Cycle	14	proposal	
deadline.	 The	 community	 was	 invited	 to	 propose	 Archival	 Research	 programs	 to	 analyze	 these	
unique	data	for	publication,	and	provided	the	opportunity	for	normal	GO	proposals	to	supplement	

3	 arcmin	 wide	 section	 of	 the	 Eagle	
Nebula,	M16,	obtained	with	the	Hubble	
ACS.	This	Heritage	image	is	a	montage	
of	two	pointings,	superposing	data	from	
B,	 V,	 I,	 [Oiii],	 and	 Ha	 filters.	 The	 field	
of	the	other,	very	famous	image	of	this	
object	 from	WFPC2	 is	about	10	arcmin	
distant	and	thus	does	not	overlap	these	
new	data.







The	Hubble	Heritage	Image	of	M51	(the	Whirlpool	Nebula)	and	
its	interacting	companion	NGC	5195.	This	is	a	montage	of	six	
pointings	obtained	with	the	Hubble	ACS,	superposing	data	from	
B,	V,	I,	and	Ha	filters.

the	Heritage	data	with	additional	exposures,	as	well.	(No	special	Hubble	time	was	allocated;	these	
proposals	competed	in	the	normal	Cycle	14	peer	review	process	with	all	other	programs.)

This	research	component	of	the	anniversary	program	succeeded	well	beyond	our	expectations.	
Nineteen	proposals	to	utilize	the	M51	Heritage	data	for	scientific	analysis	were	received	in	Cycle	
14,	 and	 the	 peer	 review	 process	 selected	 five	 of	 them,	 four	 archival,	 and	 one	 for	 acquisition	 of	
new	data.	The	latter	program	will	result	 in	Near	Infrared	Camera	and	Multi-Object	Spectrometer	
(NICMOS)	H	and	WFPC2	U	images	to	complement	the	unique	ACS	data	set.	Less	than	one-half	year	
after	the	Heritage	data	were	obtained,	nature	cooperated	with	our	hope	that	the	observations	would	
prove	to	be	scientifically	unique	as	well	as	of	
public	 interest:	 the	 bright	 supernova	 SN	
2005cs	 appeared	 in	 M51,	 and	 the	 ACS	
images	have	already	proven	fundamental	in	
the	identification	of	the	progenitor	star	and	
studies	of	the	nearby	environment.

Finally,	 the	 Institute,	 as	 well	 as	 the	
NASA	Goddard	Space	Flight	Center—home	
of	 the	 Hubble	 Project—each	 had	 their	
own	 internal	anniversary	celebrations.	The	
Institute’s	 ceremony	 included	 a	 variety	 of	
talks	on	the	Institute’s	outreach	efforts	for	
the	milestone,	the	scientific	significance	of	
the	two	Heritage	images,	retrospectives	of	
Hubble’s	 greatest	 scientific	 achievements,	
and	 projections	 of	 its	 scientific	 future.	 At	
Goddard,	 a	 group	 of	 NASA	 and	 Institute	
scientists	and	engineers,	whose	collective	
Hubble	 experience	 easily	 exceeds	 a	
century,	 reviewed	and	 reminisced,	 capped	
with	comments	from	astronomer/astronaut	John	Grunsfeld,	the	only	person	to	both	observe	with	
Hubble	and	also	visit	it	(twice)	on-orbit.

Candidly,	we	were	unsure	quite	what	to	expect	in	the	way	of	public	response	to	this	event,	which	
is	so	important	to	all	who	have	worked	on	Hubble.	After	all,	although	the	two	Heritage	images	are	
beautiful	 and	 scientifically	 significant,	 a	 15th	 birthday	 is	 not	 exactly	 “news,”	 especially	 in	 these	
turbulent	times.	The	media’s	response	to	the	various	15th	anniversary	events	was,	in	fact,	nothing	
short	of	overwhelming.	According	to	statistics	compiled	by	Goddard	and	the	Institute,	more	than	
660	press	accounts	of	the	event	appeared,	and	television	recorded	an	astounding	Nielsen	audience	
of	just	under	50	million	in	the	April	24–26	interval.	Even	the	U.S.	Congress	was	captivated:	on	April	
28,	House	Resolution	251	was	 introduced	 to	 the	 floor,	 “Congratulating	all	 of	 the	 individuals	 and	
organizations	on	the	15th	anniversary	of	the	launch	of	the	Hubble	Space Telescope	that	have	helped	
make	Hubble	one	of	the	most	important	astronomical	instruments	in	history.”

The	public	clearly	adores	Hubble	and	its	results.	Nevertheless,	as	astronomers,	our	currency	is	
surely	not	the	Nielsen	rating,	impressive	though	it	is,	but	rather	the	results	appearing	in	refereed	
journals.	In	this	regard,	Hubble	remains	just	as	impressive	in	year	15	(see	Figure	3).	In	2005,	more	
refereed	 papers	 from	 Hubble	 data	 appeared	 than	 in	 any	 year	 since	 launch,	 capping	 a	 virtually	
perfect,	continuous	rise	in	this	statistic.	Among	its	other	extraordinary	properties,	Hubble	is,	as	the	
Beatles	said	about	school,	“getting	so	much	better	all	the	time.”		W

Figure 3: Refereed	papers	based	on	Hubble	data.
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Institute Readies Kepler’s Data 
 Management Center
 David Taylor 

T he	Institute	will	 take	a	new	position	on	the	frontier	of	planet	finding	 in	June	2008,	when	
NASA	will	launch	the	Kepler	telescope,	which	will	continuously	monitor	100,000	stars	for	
four	years,	watching	 for	brightness	dips	as	small	as	0.01%	and	 lasting	only	hours	due	 to	
transits	 of	 Earth-size	 planets.	 We	 are	 building	 the	 Data	 Management	 Center	 (DMC)	 for	

Kepler,	which	will	receive	the	flood	of	data	from	the	telescope’s	vast	focal	plane—95	million	pixels,	
read	out	every	three	seconds.	(Only	5	million	pixels	on	targets	are	co-added,	for	15	minutes,	and	
sent	to	the	ground.)	The	Institute	will	process	the	Kepler	data	in	a	pipeline,	calibrate	and	archive	it,	
and	distribute	data	products	to	the	Kepler	research	community.	

Kepler	 will	 be	 the	 first	 NASA	 mission	 able	 to	 detect	 planets	 like	 Earth,	 those	 located	 in	
temperate	 orbits	where	water	 could	 occur	 in	 liquid	 form.	Many	 scientists	 think	 such	 conditions	
are	needed	for	life	to	arise.	We	do	not	yet	know	if	such	planets	are	plentiful	or	rare,	but	Kepler	will	
tell	us.	Astronomers	at	the	Institute	and	around	the	world	are	anxiously	awaiting	the	results	of	the	
Kepler	mission,	which	will	guide	the	course	of	future	extrasolar	planetary	research.

In	2005,	the	DMC	team	at	the	 Institute	met	several	 important	project	milestones.	 In	January,	
we	 conducted	 a	 successful	 review	 of	 our	 plans	 for	 receiving	 catalogs	 and	 calibrations,	 for	
ingesting	 Kepler	 data,	 and	 for	 data	 distribution,	 as	 well	 as	 the	 hardware	 necessary	 to	 support	
these	functions.	In	August,	we	completed	prototype	software	tools	for	handling	science	telemetry	
from	 the	Kepler	Mission	Operations	Center.	 In	October,	we	held	 a	 successful	 review	of	 pipeline	
processing	and	calibration.	We	have	produced	a	small	 library	of	documents,	defining	all	aspects	
of	the	DMC—architecture,	technology,	engineering,	software,	and	interfaces,	as	well	as	plans	for	
development,	verification,	and	testing.	We	signed	the	phase	C/D	contract	in	August,	covering	our	
work	through	the	commissioning	period.

As	 we	 strive	 to	 become	 a	 multimission	 institution,	 Kepler	 is	 an	 important	 management	
exploration	 as	 well	 as	 a	 scientific	 and	 technical	 tour de force.	 While	 our	 Kepler	 effort	 is	 much	
smaller	than	for	Webb,	the	Kepler	work	is	happening	on	a	much	shorter	time	scale.	Only	two	staff	
members—about	a	sixth	of	our	Kepler	team—are	full	time.	We	want	to	prove	that	a	small	project	
can	make	effective	use	of	portions	of	staff	who	are	otherwise	working	on	large	projects	like	Hubble	
and	Webb.

Kepler	 is	 an	 important	 mission	 for	 the	 Institute’s	 future,	 both	 scientifically—because	 of	
burgeoning	interest	in	extrasolar	planets—and	because	it	is	good	work	and	business.		W
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Sheryl Bruff 

B orn	in	Washington,	D.C.,	Sheryl	Bruff	is	a	third-generation,	
native	 Washingtonian.	 She	 grew	 up	 in	 the	 Washington	
suburbs,	 in	 Montgomery	 County,	 Maryland.	 Sheryl	

attended	the	University	of	Maryland	in	College	Park,	where	she	
graduated	Phi	 Beta	Kappa,	with	 a	 degree	 in	 psychology.	She	
broadened	her	course	of	study	with	concentrations	in	business	
and	law.	Originally	headed	for	law	school,	Sheryl’s	career	took	
an	unexpected	turn.	Chance	and	circumstances	took	her	down	
another	path	and,	in	short	order,	she	found	herself	responsible	
for	administration,	payroll,	and	human	resources	for	a	start-up	
law	 firm	 in	 Rockville,	 Maryland.	 During	 this	 time,	 Sheryl	 also	

earned	her	paralegal	certification	from	Georgetown	University.	
Sheryl’s	 human	 resources	 career	 has	 spanned	 multiple	 industries	 and	 included	 diverse	

responsibilities.	After	spending	six	years	in	law	firms,	she	transitioned	into	the	healthcare	industry	
at	a	large	hospital	in	Washington,	D.C.,	where	she	eventually	became	the	benefits	manager	for	the	
hospital’s	parent	company.	Five	years	later,	having	satisfied	her	curiosity	about	human	resources	
in	healthcare,	Sheryl	moved	 into	a	human	 resources	management	position	at	a	commercial	 real	
estate	 development	 firm	 in	 Columbia,	 Maryland.	 There	 she	 established	 the	 organization’s	 first	
human	 resource	 function	 and	 managed	 administrative	 operations,	 including	 communications,	
technology,	facilities,	purchasing,	and	personnel.	

Sheryl	has	always	been	attracted	to	opportunities	in	human	resources	that	require	creativity	and	
innovation.	After	several	years,	Sheryl	took	on	the	role	of	vice	president	of	human	resources	for	two	
rapidly	growing	community	banks.	In	her	last	role	before	joining	the	Institute,	Sheryl	served	as	the	
human	resources	manager	for	a	region	of	banks	that	spanned	three	states.	Sheryl	also	succeeded	
in	gaining	her	lifetime	designation	as	Senior	Professional	in	Human	Resources,	through	the	Society	
for	Human	Resource	Management,	the	field’s	professional	organization.

Sheryl	 credits	 her	 career	 path	 through	 different	 industries	 with	 providing	 her	 with	 a	 broad	
perspective	 on	 organizations	 and	 human	 resources	 practices.	 “My	 background	 has	 shown	 me	
time	and	time	again	that	one	size	does	not	fit	all.	It	is	important	to	find	the	right	glass	slipper	for	
the	right	foot,”	she	says.	Intrigued	by	the	stimulating	environment	of	the	Institute,	Sheryl	arrived	
in	November	of	2004	with	a	mandate	to	help	the	Institute	by	rejuvenating	human	resources	and	
providing	a	solid	resource	for	the	future.	She	and	the	team	in	human	resources	have	tailored	the	
best	practices	to	fit	the	needs	of	the	Institute,	both	current	and	future.	Together,	they	have	restored	
the	 value	 of	 human	 resources	 as	 a	 management	 concept,	 developed	 responsive,	 high-quality	
services,	 and	 provided	 guidance	 on	 overcoming	 historical	 issues	 of	 atmosphere,	 relations,	 and	
management	at	the	Institute.	

“Working	at	the	Institute	is	one	of	the	most	enriching	experiences	of	my	life,”	Sheryl	says.	“It	
is	 a	 little	 bit	 like—but	 also	 different	 from—all	 the	 other	 things	 I	 have	 done.	 I	 thoroughly	 enjoy	
the	opportunity	to	support	the	talented	personnel	here—administrative,	scientific,	technical,	and	
engineering—and	 to	be	a	part	 of	what	 they	create	every	day.	 It	 is	wonderful	 to	be	 surrounded	
by	so	much	 intelligence	and	 innovation.	We	have	so	much	promise	and	capability.	 I	am	proud	to	
be	a	small	part	of	the	legacy	of	Hubble,	Webb,	and	the	many	other	vitally	important	projects	and	
activities	of	the	Institute.”

When	not	hanging	out	her	human	 resources	shingle	 in	her	office,	Sheryl	 is	a	member	of	several	
professional	organizations,	including	the	Society	for	Human	Resources	Management	and	the	Chesapeake	
Human	 Resources	 Association.	 Her	 background	 also	 includes	 volunteer	 work	 and	 fundraising	 for	
a	 number	 of	 charitable	 and	 non-profit	 organizations	 such	 as	 the	 American	 Heart	 Association,	 the	
American	Cancer	Society,	Careerscope,	United	Way,	and	the	Chamber	of	Commerce.	

Sheryl	resides	in	Owings	Mills	with	her	husband	of	18	years	and	their	15-year-old	daughter.	Her	
passion	is	breathing	new	life	into	their	154-year-old	home.	When	not	working	on	restoring	her	home	
or	garden,	Sheryl	enjoys	friends	and	family,	theater,	music,	and	public	speaking.		W



A
lberto	Conti	was	born	in	a	star-shaped	town	called	
Palmanova	 (Udine)	 in	 the	 northeast	 part	 of	 Italy.	
From	the	beginning,	it	was	apparent	that	stars	(and	
eventually	galaxies)	would	be	in	his	life.	Alberto	is	
the	oldest	of	his	parents’	three	children	and	spent	

his	 childhood	 in	 an	environment	conducive	 to	 learning,	which	
fostered	his	innate	curiosity.	As	a	result,	Alberto	loves	to	argue	
about	anything,	just	to	learn	different	points	of	view.	Many	say	
that	Alberto	can	hardly	keep	silent!

After	 graduating	 twice	 from	high	 school	 (once	 in	 the	U.S.,	
where	 he	 was	 an	 exchange	 student	 for	 a	 year,	 and	 once	 in	
Italy),	he	attended	the	University	of	Trieste,	where	he	received	his	“laurea”	degree	in	physics	with	
a	 thesis	 titled	 “Binary	 Galaxies	 in	 the	 CfA	 Redshift	 Survey.”	 During	 the	 following	 two	 years,	 he	
attended	the	International	School	for	Advanced	Studies,	in	Trieste,	Italy,	where	he	worked	on	the	
largest	sample	(at	the	time)	of	optical	rotation	curves	of	galaxies.	There	he	developed	algorithms	
to	automate	the	extraction	of	physical	parameters	from	galactic	rotation	curves,	paving	the	way	
for	the	analysis	of	much	larger	samples.

In	1994,	Alberto	applied	for	a	foreign	research	fellowship	from	the	University	of	Trieste	and	won	
first	prize	with	a	proposal	on	globular	cluster	dynamics	in	elliptical	galaxies	and	galaxy	formation.	
Alberto	 devoted	 his	 entire	 time	 to	 nurturing	 his	 interests	 in	 statistical	 methods,	 computational	
astrophysics,	and	large	datasets.

At	the	end	of	1995,	Alberto	was	admitted	as	a	graduate	student	at	the	Ohio	State	University	
(OSU).	 These	 were	 the	 years	 where	 the	 Sloan	 Digital	 Sky	 Survey	 was	 emerging	 as	 a	 large,	
systematic	census	of	 the	sky,	and	 the	National	Virtual	Observatory	 (NVO)	was	a	glimmer	 in	 the	
minds	 of	 only	 a	 few.	 At	 OSU,	 Alberto	 dove	 into	 computational	 and	 statistical	 techniques	 like	
principal-component	 analysis,	 object-oriented	 programming,	 and	 the	 architecture	 and	 design	 of	
databases.	 In	 September	 2000,	 Alberto	 graduated	 with	 a	 Ph.D.	 thesis	 on	 correlating	 galactic	
properties	with	the	physics	of	galaxy	formation.

In	 October	 2000,	 Alberto	 joined	 the	 Department	 of	 Physics	 and	 Astronomy	 of	 the	 University	
of	Pittsburgh	as	a	postdoc.	He	published	“The	Star	Formation	History	of	Galaxies	Measured	from	
Individual	Pixels:	The	Hubble	Deep	Field	North,”	and	realized	his	talent	in	promoting	new	statistical	
tools	and	technologies	in	small	research	groups.

In	2003,	Alberto	accepted	a	position	at	the	Institute	to	co-lead	the	development	of	a	new	archive	
for	 the	Galaxy Evolution Explorer	 (GALEX).	He	 integrated	 this	 effort	with	 the	 local	work	on	NVO	
and	emphasized	new	tools	 for	data	mining.	Alberto’s	success	with	the	GALEX	archive	would	not	
have	been	possible	without	the	talents	of	his	colleagues	in	the	Institute’s	archive	group	and	to	the	
cohesiveness	of	the	GALEX	team.	

In	January	2005,	the	Institute’s	Engineering	Software	Services	Division	challenged	Alberto	with	
a	chance	to	apply	his	skills	on	a	much	larger	scale.	He	accepted	the	position	of	Branch	Manager	
for	the	Astronomy	Tools	and	Applications	(ASTTA)	branch,	and	is	now	humbled	to	be	in	charge	of	
the	work	and	career	development	of	18	extremely	talented	professionals.	ASTTA	develops	some	of	
the	best-known	software	products	for	the	astronomical	community,	like	the	Astronomer’s ProPosAl 
tool,	PyrAF,	and	multiDrizzle.

In	his	spare	time,	Alberto	disrupts	the	lives	of	friends	and	family.	He	is	an	avid	reader	of	medical	
and	 scientific	 journals.	He	has	been	 involved	 since	 college	 in	 talking	 to	 young	people	 about	 the	
benefits	of	a	scientific	approach	to	studying	nature,	particularly	to	counter	scientific	revisionism.

Alberto	 occasionally	 “does	 the	 right	 thing”	 and	 exercises	 or	 plays	 tennis,	 but	 his	 fitness	
ambitions	are	often	shattered	by	the	follow-up	of	a	large	Italian	meal.	Being	manually	challenged,	
he	avoids	any	serious	hobby.	Instead	he	escapes	reality	with	cartoons	or	by	reminding	himself	how	
hard	it	is	to	find	dawn	at	dusk.		W
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Lynn Kozloski

L
ynn	 was	 born	 and	 raised	 in	 Lutherville,	 Maryland,	
where	 she	 still	 resides	 today.	 After	 graduating	
from	 Towson	 University	 in	 1977	 with	 a	 degree	
in	 education	 and	 child	 psychology	 (which	 has	
been	extremely	helpful	 in	her	career),	Lynn	started	
working	 at	 Westinghouse	 Electric	 Corporation,	

where	 she	 was	 the	 first	 woman	 to	 be	 hired	 in	 the	 contracts	
department.	 Realizing	 that	 her	 education	 degree	 was	 not	
adequate	for	the	job,	Lynn	enrolled	in	Loyola	College’s	Master	of	
Business	Administration	program,	which	she	completed	in	1983.

Lynn	remained	in	the	contracts	department	at	Westinghouse	
for	the	next	15	years	and	negotiated	contracts	in	excess	of	$500M	for	defense	equipment	for	F-
16	 fighter	 jets,	 Navy	 aircraft	 carriers,	 Army	 tanks,	 and	 other	 systems.	 During	 negotiation	 trips,	
Lynn	had	the	opportunity	to	sit	in	a	F-16	jet,	visit	aircraft	carriers,	and	most	interestingly,	see	the	
construction	of	 the	space	shuttles	Columbia,	Discovery,	and	Challenger,	 for	which	Westinghouse	
provided	the	Master	Timing	Unit.

From	1991	to	2001,	Lynn	worked	in	the	contracts	departments	of	other	major	defense	builders,	
including	 Singer-Link,	 AlliedSignal,	 Honeywell,	 and	 Northrop	 Grumman.	 Lynn’s	 positions	 ranged	
from	Sr.	Contracts	Administrator	to	Contracts	Manager.	These	jobs	entailed	negotiating	terms	and	
conditions,	as	well	as	price	and	profit	for	large	procurements	related	to	national	defense.	

With	over	28	years	of	contracts	experience	behind	her,	in	March	2001,	Lynn	became	an	AURA	
employee	in	the	Contracts	&	Sponsored	Programs	department.	Lynn’s	assignment	was	to	administer	
the	Hubble	contract,	along	with	other	contracts	from	the	Jet	Propulsion	Laboratory,	NASA	Ames	
Research	 Center,	 and	 the	 Johns	 Hopkins	 University.	 She	 also	 administered	 the	 European	 Space	
Agency	 contracts	 and	 Digital	 Sky	 Survey	 agreements.	 Lynn	 finds	 working	 at	 the	 Institute	 is	 a	
refreshing	change	from	the	fast	paced,	stress-ridden	world	of	“for	profit”	corporations.		

In	March	of	2004,	Lynn	became	the	manager	of	the	Contracts	&	Sponsored	Programs	department.	
Her	staff	consists	of	four	administrators	for	all	the	grants	and	contracts	at	the	Institute.	Her	team	
excels	at	dealing	with	all	the	many	needs	of	the	Institute’s	staff,	which	include	preparing	budgets,	
negotiating	terms	and	conditions,	tracking	costs,	monitoring	expenditures,	and	obtaining	approvals	
as	required.	Lynn’s	department	is	committed	to	customer	satisfaction.

Lynn	 lives	 in	 the	Riderwood	area	with	her	husband	and	 two	 teenage	children—a	 freshman	at	
Maryvale	Preparatory	School	and	a	junior	at	Towson	High	School.	She	spends	her	free	time	watching	
her	kids	play	basketball	and	baseball,	and	she	enjoys	boating	and	going	to	the	beach.		W



J im	is	a	native-born	Cheesehead,	hailing	originally	from	the	Green	Bay,	Wisconsin	area,	and	
spending	his	formative	years	on	his	family’s	small	dairy	farm	northwest	of	Green	Bay.	There,	
through	some	favorable	twist	of	DNA,	the	manned	space	program,	and	the	dark,	rural	night	
sky	a	passion	for	astronomy	and	space	was	sparked	that	continues	unabated	today.

Following	high	school,	young	Jim	channeled	his	proclivity	for	science	by	enrolling	at	the	University	
of	Wisconsin	at	Oshkosh	(b’gosh!)	where	he	majored	in	mathematics	with	a	minor	in	astronomy	and	
emphasis	in	English	and	journalism.	Having	acquired	his	Bachelor	of	Science	degree	in	the	’70s,	he	
dabbled	for	a	bit	in	computer	software	programming	(in	the	era	of	punch	cards)	and	technical	writing	
in	Milwaukee	and	California,	before	heading	south	to	the	University	of	North	Carolina	in	Chapel	Hill	
on	a	Morehead	Internship	in	Planetarium	Administration	and	Education.	It	was	in	North	Carolina	that	
he	learned	the	difference	between	pork	barbeque	and	beef	barbeque,	acquired	a	fondness	for	moon	
pies,	and	honed	his	science	education	and	communication	skills	at	UNC’s	Morehead	Planetarium	
while	earning	an	M.A.	in	science	education	with	emphasis	in	physics	and	astronomy.

Morehead	had	been	a	site	for	training	astronauts	in	celestial	navigation.	Jim	lingered	there	for	an	
additional	nine	years,	moving	from	the	internship	to	the	position	of	assistant	planetarium	director	at	
Morehead.	It	was	there	that	he	developed	his	penchant	for	lying	along	dark	country	roads	watching	
meteor	 showers	and	attracting	 the	attention	of	 flashlight-wielding	county	 sheriff’s	 deputies.	He	
also	found	an	avocation	in	eclipse	chasing,	observing	total	solar	eclipses	from	exotic	locales—the	
snow-swept	plains	of	North	Dakota,	the	rolling	deck	of	a	ship	in	the	Celebes	Sea,	the	altiplano	of	
Bolivia,	and	the	wilds	of	Mongolia—and	financing	some	of	his	trips	by	serving	as	a	tour	escort	or	
astronomy	lecturer.

In	the	mid-eighties,	an	urge	to	build	struck	Jim,	and	he	moved	to	the	corn	and	soybean	country	
of	central	Illinois	to	create	the	Staerkel	Planetarium	at	Parkland	College	in	Champaign,	Illinois,	while	
teaching	 introductory	 astronomy.	 The	 building	 task	 completed,	 he	 then	 moved	 farther	 west	 to	
Bozeman,	Montana,	to	establish	another	planetarium:	the	Taylor	Planetarium	at	the	Museum	of	the	
Rockies,	on	the	campus	of	Montana	State	University.	There	he	purchased	the	obligatory	cowboy	
hat	and	boots,	 learned	 to	say	“Yup”	and	“Nope,”	and	cultivated	a	 large	vegetable	garden	 to	 the	
delight	 of	 the	 local	 deer.	He	produced	planetarium	shows,	developed	exhibits,	 taught	university	
and	popular-level	astronomy	classes,	conducted	teacher	workshops,	collaborated	with	university	
scientists	 and	 Montana’s	 NASA-funded	 Space	 Grant	 consortium,	 and	 served	 on	 several	 NASA-
related	 education	 advisory	 committees,	 including	 the	 E/PO	 working	 group	 for	 the	 Stratospheric	
Observatory	 for	 Infrared	 Astronomy	 (SOFIA)	 mission.	 When	 the	 Hubble Space Telescope	 was	
launched	and	deployed	in	1990,	Jim	became	an	instant	fan	and	a	hard-core	user	of	Hubble	materials	
in	his	programs	and	classes.

Jim’s	professional	activities	in	informal	science	roped	him	into	serving	two	terms	as	president	
of	 the	 Rocky	 Mountain	 Planetarium	 Association,	 a	 long-term	 stint	 as	 president	 of	 the	 Digistar	
Users	Group	(the	Evans	&	Sutherland	Digistar	being	the	first	digital	planetarium	instrument),	and	
president	of	the	International	Planetarium	Society	(IPS).	He	presided	over	 IPS’s	first	Asian-based	
conference—in	Osaka,	Japan,	in	1996.	In	the	same	year,	Jim	presented	an	invited	colloquium	talk	
at	the	Institute	on	the	value	of	scientist/educator	connections.	During	his	term	at	IPS,	he	worked	
with	 the	 Institute’s	public	affairs	office	 to	develop	 the	 first	distribution	of	Hubble	 images	 to	 the	
planetarium	community,	via	slides,	which	is	a	program	that	continues	today	by	digital	technology.

Jim’s	 previous	 NASA	 and	 Institute	 associations,	 his	 long-time	 advocacy	 of	 science	 literacy,	
education	and	public	outreach,	and	putting	science	imagery	and	results	into	the	hands	of	front-line	
formal	and	informal	educators—plus	his	desire	to	steer	the	telescope—made	it	a	no-brainer	for	him	
to	submit	his	application	to	the	Institute	for	the	position	of	OPO	Head	when	it	came	open	in	2004.	
Following	his	selection,	Jim	packed	up	the	Conestoga	and	headed	east,	and	has	been	happily	engaged	
ever	since	in	the	business	of	OPO	and	its	celebrated	programs	of	news,	education,	and	outreach.	He	
is	delighted	to	be	working	with	a	staff	he	had	admired	from	afar	for	a	decade	and	a	half.

Jim	says	 that	after	17	years	of	 running	wild	 in	 the	wilds	of	Montana,	he’s	still	 acclimating	 to	
the	civilized	East—where	there	are	lots	more	people,	lots	more	traffic,	water	in	the	air,	and	where	
people	call	him	“Hon.”	When	not	working,	he	enjoys	exploring	his	new	environment,	mastering	the	
challenges	of	urban	stargazing,	hiking,	writing,	and	consuming	the	local	seafood.

And	he	still	hopes	that,	one	day,	someone	will	let	him	steer	the	telescope.		W
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Dr. Matt Mountain

M att	 Mountain	 became	 the	 Director	 of	 the	 Space	
Telescope	Science	Institute	on	September	1,	2005.

Matt	 was	 previously	 the	 Director	 of	 the	 Gemini	
Observatory,	which	 is	based	 in	Hilo,	Hawaii.	The	Observatory	
has	 a	 staff	 of	 approximately	 190	 and	 is	 responsible	 for	
the	 operation	 and	 development	 of	 the	 two	 8-meter	 Gemini	
Telescopes	on	Mauna	Kea,	Hawaii,	and	Cerro	Pachón	in	Chile.	He	
is	also	the	Telescope	Scientist	for	NASA’s	James Webb Space 
Telescope,	a	member	of	the	Webb	Science	Working	Group,	and	
a	Visiting	Professor	at	the	University	of	Oxford	(UK).

Matt’s	background	is	in	physics	and	astronomy.	He	received	
a	Bachelor	of	Science	degree	in	physics	in	1978	and	a	Ph.D.	in	astronomy	in	1983—both	from	the	
Imperial	College	of	Science	and	Technology,	London	University—where	he	also	held	a	Research	
Fellowship	before	joining	the	staff	at	the	Royal	Observatory	in	Edinburgh.	During	his	seven	years	in	
Edinburgh,	he	worked	on	observations	of	star	formation	processes	and	instrumentation	for	infrared	
astronomy,	which	culminated	in	the	successful	commissioning	of	a	new	infrared	spectrometer	for	
the	United	Kingdom	Infrared	Telescope	in	Hawaii.

In	1992,	Matt	became	Project	Scientist	for	the	Gemini	8-meter	Telescopes	Project—then	based	
in	Tucson,	Arizona—and	went	on	to	become	Project	Director	in	1994.	During	his	tenure	as	Project	
Director,	 he	 had	 direct	 responsibility	 for	 the	 construction	 and	 commissioning	 of	 the	 two	 Gemini	
telescopes,	 which	 were	 accomplished	 on	 schedule,	 within	 a	 fixed	 budget	 of	 $184M.	 In	 1998	 he	
moved	to	the	“big	island”	of	Hawaii,	with	responsibility	for	the	creation	of	the	Gemini	Observatory—
formulating,	 implementing,	 and	 running	 the	 operations	 and	 development	 programs	 of	 the	 two	
telescopes.	 As	 part	 of	 the	 development	 program,	 he	 built	 up	 a	 world-renowned	 adaptive	 optics	
group,	which	has	kept	the	Gemini	telescopes	at	the	forefront	of	observational	infrared	astronomy.

His	initiation	of	a	partnership	with	the	National	Optical	Astronomy	Observatory	(NOAO)	resulted	
in	 the	 formation	 of	 the	 Association	 of	 Universities	 for	 Research	 in	 Astronomy’s	 (AURA’s)	 “New	
Initiatives	Office,”	which	conducted	a	two-year	study	of	the	feasibility	of	ground-based	30-meter	
telescopes.	The	success	of	this	study	led	to	the	inclusion	of	AURA	in	the	Thirty	Meter	Telescope	
(TMT)	project.	Matt’s	related	responsibilities	have	included	memberships	on	the	review	committee	
of	the	California	Extremely	Large	Telescope	and	the	TMT	Board.

Matt’s	principle	research	interests	have	included	star	formation	in	galaxies	(including	our	own),	
advanced	infrared	instrumentation,	and	the	capabilities	of	advanced	telescopes.	He	has	published	
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Chasing Earth-like Planets
Robert A. Brown 

A s	 technology	advances,	 so	do	our	ambitions.	 It	 is	now	within	our	grasp	 to	search	around	
nearby	 stars	 for	 planets	 like	 Earth	 and	 to	 seek	 signs	 they	 might	 harbor	 life.	 TPF-C	 (the	
coronagraphic	Terrestrial Planet Finder)	 is	 a	 future	NASA	mission	aimed	at	 accomplishing	

these	goals.	 The	current	design	of	TPF-C	 is	 an	optical	 space	 telescope	with	an	8-meter	×	3.5-
meter	primary	mirror	of	the	highest	optical	quality.	It	is	of	special	interest	to	the	Hubble	community	
that	TPF-C	could	carry	additional	instruments	for	general	astronomy.

At	10	parsecs	(pc)	distance,	the	typical	apparent	separation	of	an	Earth	twin	from	a	star	like	the	Sun	
would	be	0.1	arcseconds	for	orbits	in	the	“habitable	zone,”	where	water	could	be	liquid.	The	star	would	
be	 10	 billion	 times	 brighter.	 Over	 the	 past	 few	 years,	 amazing	 advances	 in	 techniques	 for	 starlight	
suppression—coronagraphs	in	particular—suggest	that	such	detection	has	become	achievable.

It	 is	 not	 enough	 to	 only	 detect	 the	 planet	 once.	 We	 must	 confirm	 that	 it	 is	 orbiting	 the	 star	
(i.e.,	not	a	background	star	or	galaxy),	and	we	would	like	to	learn	its	orbit	and	search	for	spectral	
features	relating	to	life.	Because	the	TPF-C	mission	will	last	only	five	years	and	the	typical	exposure	
times	are	days	 in	 length,	there	 is	a	high	premium	on	efficient	science	operations.	Due	to	special	
circumstances,	modeling	 is	emerging	as	an	effective	tool	 for	understanding	how	to	optimize	the	
scientific	return	from	TPF-C.

To	a	degree	unique	in	astronomy,	the	charter	of	TPF-C	is	sharply	focused,	well	defined,	governed	
by	simple	physics,	and	subject	to	quantitative	assessment.	The	task	of	planet	finding	is	remarkably	
predictable.	 From	 a	 limited	 set	 of	 parameters	 and	 assumptions,	 we	 can	 estimate	 the	 outcome	
of	an	observation—even	the	entire	mission.	We	can	play	“what	if?”	in	the	stellar,	planetary,	and	
instrumental	dimensions.	

This	article	is	intended	to	give	a	flavor	of	mission	modeling	and	some	of	its	subtleties.
In	our	solar	system,	habitable	orbits	range	from	Venus	to	Mars,	which	span	0.7	to	1.5	astronomical	

units	 (au).	For	other	stars,	 the	size	of	habitable	orbits	varies	 in	proportion	 to	 the	square	 root	 (in	
solar	units)	of	the	stellar	luminosity.	Orbital	eccentricities	in	the	range	0	to	0.35	are	plausible.	As	
a	 planet	 revolves	 around	 a	 star,	 its	 apparent	 brightness	 and	 separation	 vary.	 These	 are	 the	 key	
factors	 in	 the	 detectability	 of	 the	 planet,	 because	 a	 coronagraph	 is	 only	 able	 to	 detect	 planets	
with	 apparent	 separation	 greater	 than	 the	 projected	 radius	 of	 its	 central	 field	 obscuration,	 and	
with	brightness	greater	than	the	limiting	sensitivity	of	the	instrument.	For	reflected	starlight	at	the	
visible	wavelengths	where	TPF-C	operates,	a	planet’s	brightness	is	proportional	to	that	of	the	star;	
for	that	reason	it	is	most	conveniently	expressed	as	a	magnitude	difference	(Δmag)	with	respect	
to	the	star.	In	the	baseline	design	for	TPF-C,	the	maximum	detectable	magnitude	difference	is	25	(a	
factor	of	10	billion),	set	by	speckles	of	unsuppressed	starlight	masquerading	as	planets.	The	angular	
radius	of	the	central	obscuration	is	57	milliarcseconds	(mas),	which	means	the	minimum	apparent	

separation	 of	 an	 observable	 planet	
is	 s0	 =	 57/Π	 au,	 where	 Π	 is	 the	
parallax	in	mas.

Even	with	TPF-C ’s	large	collecting	
area,	 exposure	 times	 are	 long.	 For	
example,	 assuming	 20%	 optical	
bandpass,	 end-to-end	 quantum	
efficiency	of	8%,	and	four	times	the	
solar-system	zodiacal	light,	in	about	
45	hours	TPF-C	could	search	for	the	
limiting	source	around	the	Sun	at	10	
pc	with	a	signal-to-noise	ratio	(SNR)	
10.	If	this	source	of	mV	=	29.8	were	
an	Earth	twin,	it	would	appear	with	
a	crescent	phase	of	110°.	

Up	 until	 now,	 mission	 studies	
have	 prioritized	 the	 TPF-C	 target	
list	 by	 discovery	 rate.	 However,	
the	 ability	 to	 perform	 follow-up	
observations	 is	 emerging	 as	 an	
important	 consideration,	 and	 may	

ultimately	influence	the	design	and	operations	of	the	observatory.	The	issues	can	be	illustrated	by	
considering	three	stars	selected	from	the	middle	of	the	current	TPF-C	target	list.	These	stars	have	

Table 1. Three TPF-C Target Stars

Star HIP 23311 HIP 79672 HIP 61174

Spectral	Type	 K4III	 G5V	 F2V
Apparent	magnitude	mV	 6.22	 5.49	 4.29
Absolute	magnitude	MV	 6.50	 4.75	 2.99
Color	B–V	 1.05	 0.66	 0.38
Parallax	Π	(mas)	 113.5	 71.3	 54.9
Luminosity	(relative	to	Sun)	 0.14	 0.95	 5.42
Mass	(relative	to	Sun)	 0.86	 1.10	 1.46
Δmag0	(optimized)	 23.5	 25.0	 25.0
Exposure	time	TEXP	(hrs)	 28	 114	 17
Fraction	of	planets	that	can	be	 7%	 35%	 6%
found	in	the	first	observation	C1	
R1	(milliplanets	hr-1)	 2.59	 3.11	 3.34
Total	discovery	fraction	C∞	 36%	 94%	 39%
T10%LOST	(days)	 2.5	 9.5	 7.9
FDISC	 49%	 45%	 40%
FSOLAVD	 47%	 47%	 47%
FSOLAVD	∩		FDISC	 12%	 1%	 40%



similar	discovery	rates,	but	offer	quite	different	science	opportunities	and	operational	challenges.	
Various	quantities	relevant	to	search	and	follow-up	are	shown	in	Table	1.	We	highlight	and	discuss	
three	 items	 of	 particular	 relevance	 to	 setting	 priorities	 and	 mission	 schedules:	 discovery	 rate,	
properties	of	the	“discoverable	subset,”	and	testing	for	common	proper	motion.

In	 assessing	 the	 suitability	 of	 target	 stars,	 an	 important	 quantity	 is	 the	 discovery	 rate	 R,	 for	
which	a	convenient	unit	 is	milliplanets	per	hour.	For	a	single	observation,	R1 = C1/TEXP,	where	C1	
is	 the	 fraction	 of	 planets	 in	 habitable-zone	 orbits	 that	
the	 first	 searching	 observation	 can	 find.	 C1	 is	 always	
less	 than	 one	 because	 planets	 can	 either	 hide	 behind	
the	 obscuration,	 or	 show	 the	 dark	 hemisphere	 to	 the	
observer.	 C∞	 is	 ultimate	 completeness,	 achieved	 by	
exhaustive	searching,	using	many	searching	observations	
at	staggered	times.	C∞	may	equal	one,	but	also	may	be	
less,	 as	 some	 possible	 planets	 may	 be	 permanently	
hidden	behind	the	coronagraphic	mask.

We	 can	 estimate	 C1	 using	 Monte	 Carlo	 techniques.	
As	illustrated	in	Fig.	1,	we	draw	a	large	random	sample	
of	planets	from	the	population	of	interest	and	determine	
which	 can	 be	 discovered—i.e.,	 which	 satisfy	 the	
constraints	 s	 >	 s0	 and	 Δmag	 <	 Δmag0.	 The	 number	
found,	 divided	 by	 the	 sample	 size,	 is	 our	 estimate	 of	
C1.	We	can	estimate	C∞	by	repeating	this	“observation”	
in	 the	 computer	 many	 times—allowing	 the	 unfound	
planets	 to	 revolve	 and	 their	 brightness	 to	 evolve—and	
counting	planets	as	they	are	found.	

Even	 though	 discovery	 rates	 may	 be	 similar,	 the	
discoverable	 subsets	 for	 each	 star	 present	 different	
scientific	 and	 practical	 considerations.	 For	 example,	
the	 fraction	 of	 its	 orbit	 that	 a	 detected	 planet	 is	
observable	 is	 important	 for	 follow-on	 studies—such	
as	 orbit	 determination	 and	 spectral	 characterization.	
“Observable”	 means	 not	 only	 that	 the	 planet	 is	
detectable,	but	also	that	the	star	is	viewable	by	TPF-C.	In	
the	current	design	of	TPF-C,	the	sunshade	will	not	permit	
the	telescope	to	point	within	a	solar-avoidance	angle	of	
95°	from	the	Sun.	As	a	result,	a	star	can	be	observed	only	
a	fraction	of	the	year,	FSOLAVD	<	0.47,	which	is	smaller	for	
stars	at	higher	galactic	 latitude.	FSOLAVD	depends	purely	
on	the	position	of	the	star	in	the	sky.	

It	 is	 critical	 to	 quickly	 confirm	 that	 a	 source	 is	
a	 planet—not	 background	 confusion—and	 to	 learn	
something	 about	 its	 motion	 that	 would	 be	 useful	 in	
recovering	the	planet	in	the	next	viewability	window.	The	
timing	 of	 the	 confirming	 observation	 is	 a	 compromise	
between	 waiting	 too	 long	 and	 losing	 the	 planet,	 and	
waiting	 too	 short	 a	 time,	 and	 not	 achieving	 a	 useful	
displacement.	A	good	compromise	 is	 the	 time	 in	which	
say,	 10%	 of	 the	 found	 subset	 is	 lost	 by	 becoming	
undetectable.	We	can	estimate	T10%LOST	by	modeling,	and	
find	it	is	typically	a	matter	of	weeks.	

Modeling	can	also	tell	us	if	the	displacements	are	large	
enough	to	differentiate	planets	 from	the	background	by	
testing	 for	 common	 proper	 motion.	 From	 its	 known	
parallax	 and	proper	motion,	we	can	exactly	 predict	 the	
motion	 of	 the	 fixed	 background	 relative	 to	 the	 star.	 On	
the	 other	 hand,	 a	 planet’s	 movement	 depends	 on	 its	
orbital	elements,	which	we	do	not	know	in	advance,	so	
we	model	 it	 statistically.	By	 comparing	 the	background	
and	planetary	displacements	to	the	astrometric	accuracy	of	the	instrument,	
we	can	estimate	 the	probability,	1	–	PCONFPER	,	 that	we	can	 reject	 the	“null	
hypothesis”	that	the	putative	planet	is	a	background	source.	For	the	common	
proper	 motion	 test	 to	 be	 useful,	 the	 probability	 of	 confusion	 persisting,	
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Figure 1:	Estimating	C1,	the	fraction	of	planets	discovered.	Out	of	10,000	
random	 planets	 from	 the	 population	 of	 interest,	 the	 red	 dots	 are	 the	
“discoverable	 subset”	and	 the	blue	dots	are	not	detectable.	 Instrumental	
(s0,	Δmag0)	and	stellar	(L,	Π)	factors	select	different	discoverable	subsets	
for	each	star.	
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Chasing Earths
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PCONFPER	,	must	be	small—less	than	0.0027,	say,	for	three	standard	deviations	of	confidence.	FDISC,	
the	 fraction	of	 the	year	the	test	 is	valid,	 is	a	 function	of	both	physical	and	spatial	parameters	of	
the	star.

The	 intersection	of	the	two	conditions—stellar	viewability	and	background	differentiation—is	
of	special	interest.	Searching	observations	must	occur	during	the	annual	fraction	when	both	apply,	
FSOLAVD	∩	FDISC.	Note	in	Table	1	the	huge	difference	in	this	quantity	for	the	three	target	stars,	which	
have	about	the	same	rate	of	discovery	R1.

To	summarize,	these	three	stars	illustrate	the	diverse	scientific	and	technical	issues	that	bear	on	
the	TPF-C	target	list.	Many	stellar	properties	are	in	play.	Stars	must	be	evaluated	on	a	case-by-case	
basis	to	understand	their	priority	in	scientific	and	operational	terms.	Research	and	debate	to	clarify	
the	 implications	of	 this	complex	situation	on	 the	mission	will	occupy	and	educate	 the	scientists	
and	engineers	through	the	definition	phase	of	the	project.	Monte	Carlo	modeling	provides	a	basis	
for	that	ferment	by	powerfully	representing	the	planets	of	interest.	Such	modeling	can	help	ensure	
that	the	design	and	requirements	of	TPF-C	converge	to	mutual	consistency.		W

Figure 2:	Stellar	viewability	and	background	differentiation.	Left,	light	green:	the	days	of	the	year	when	the	star	is	more	
than	95°	from	the	Sun	and	viewable	by	TPF-C.	Rose:	not	viewable.	Testing	for	common	proper	motion	 is	useful	when	
the	curve	is	above	the	red,	hatched	line.	Right:	displacement	of	background	sources	due	to	parallax	and	proper	motion.	
Points	occur	at	intervals	of	T10%LOST,	and	the	point	radius	is	the	mean	amplitude	of	the	planetary	displacements	in	that	
time.	Rainbow	color	codes	synchronized:	the	larger	the	gap	between	points	(right),	the	lower	the	probability	of	confusion	
persisting,	PCONFPER	(left).
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T he	 goal	 of	 exploration	 is	 to	 extend	 humankind’s	 reach	 from	 the	 known	 into	 the	 unknown.	
For	the	past	15	years,	Hubble	has	extended	our	vision	to	the	farthest	reaches	of	the	visible	
universe,	helping	reveal	how	galaxies	like	our	own	have	evolved	over	the	past	13	billion	years.	

The	most	ambitious	attempt	to	view	galaxies	in	their	youth	is	the	Hubble	Ultra	Deep	Field,	or	HUDF,	
completed	in	March	2004.

In	 our	 working	 hypothesis	 of	
the	universe,	the	Big	Bang	theory,	
stars	 and	 galaxies	 came	 into	
existence	 sometime	 between	
about	 100	 million	 and	 1	 billion	
years	 after	 the	 universe	 formed.	
Galaxies	formed	from	gas	(mostly	
hydrogen)	 that	 was	 produced	 in	
the	 Big	 Bang,	 and	 was	 initially	
distributed	 throughout	 the	
universe	 with	 nearly	 uniform	
density.	As	the	universe	expanded,	
the	densest	patches	collapsed	to	
form	 galaxies.	 This	 process	 took	
billions	of	years.	Even	today,	 less	
than	 10%	 of	 the	 original	 gas	 has	
been	locked	up	in	stars.	

Our	 knowledge	 of	 the	 first	
billion	 years	 of	 galaxy	 evolution	
is	 quite	 limited.	 Over	 the	 past	
few	 years,	 astronomers	 have	
identified	 a	 few	 galaxies	 and	
quasars	 that	 existed	 when	 the	
universe	was	about	a	billion	years	
old.	 Research	 indicates	 that	 a	
tremendous	 amount	 of	 energy	
was	 injected	 into	 the	 universe	
prior	 to	 this—energy	 sufficient	
to	 ionize	 nearly	 all	 of	 the	 gas	
between	 galaxies	 (see	 sidebar	
on	 page	 28).	 Astronomers	 think	
that	the	energy	that	powered	this	
“epoch	 of	 re-ionization”	 came	
from	 the	 first	 generations	 of	
stars.	The	galaxies	hosting	these	
stars	 were	 probably	 fainter,	 but	
far	more	numerous,	than	the	few	
objects	so	far	detected.	If	they	were	numerous	enough	and	emitted	enough	ultraviolet	light,	they	
could	have	ionized	the	intergalactic	gas.	If	not,	more	exotic	processes—such	as	energy	released	
from	 matter	 falling	 into	 black	 holes,	 or	 energy	 released	 by	 some	 unknown	 decaying	 subatomic	
particle—might	have	been	responsible.

With	Hubble,	we	can,	in	principle,	detect	galaxies	that	are	so	distant	that	the	light	reaching	us	
today	began	 its	 journey	during	 the	epoch	of	 re-ionization.	A	 census	of	 these	objects	 could	 help	
determine	whether	the	energy	emitted	by	young	galaxies	was	sufficient	to	ionize	the	intergalactic	
gas.	But	finding	them	is	a	challenge	even	for	Hubble.

Prior	 to	 the	 HUDF,	 our	 most	 sensitive	 observations	 were	 the	 Deep	 Fields,	 taken	 in	 1995	 and	
1998.	These	observations	provided	a	wealth	of	 information	on	distant	galaxies,	but	could	detect	
very	few	galaxies	at	look-back	times	(the	time	from	then	until	the	present)	greater	than	12	billion	
years.	Such	galaxies	were	generally	 too	 faint	 to	 detect,	 and	most	 of	 the	 light	 reaching	us	 from	
these	 galaxies	 was	 at	 wavelengths	 redder	 than	 Hubble’s	 camera	 could	
detect.	The	Advanced	Camera	for	Surveys	(ACS),	installed	in	2002,	provided	
the	opportunity	for	Hubble	to	detect	galaxies	at	 least	six	times	fainter.	 It	 is	
especially	sensitive	to	faint	red	galaxies.	

Continued
page 28

The Hubble Ultra Deep Field
Steven Beckwith
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Figure 1:	The	Hubble	Ultra	Deep	Field,	produced	by	stacking	together	hundreds	of	images	taken	in	
late	2003,	 is	our	most	detailed	view	of	 the	distant	universe.	More	than	7000	galaxies	have	been	
detected	in	the	final	image,	which	encloses	an	area	of	the	sky	about	the	size	of	the	period	at	the	end	
of	this	sentence,	viewed	from	normal	reading	distance.
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HUDF
from page 27

Creating	 the	 next-generation	 deep	 field,	 the	 HUDF,	 was	 a	 great	 adventure	 drawing	 on	 the	
expertise	of	astronomers	from	around	the	world.	Hubble	pointed	at	a	spot	in	the	constellation	of	
Fornax	and	 took	observations	over	a	 span	of	40	days	starting	 in	September	2003,	paused	 for	a	
month,	and	observed	for	another	span	of	40	days	until	January	16,	2004.	The	final	exposure	lasted	
one	million	seconds,	the	longest	exposure	ever	taken	with	an	optical	telescope,	and	using	all	of	the	
Institute	Director’s	discretionary	time	for	one	year.	The	release	of	the	images	on	March	9,	2004,	
generated	tremendous	interest	among	both	astronomers	and	the	general	public	(nearly	saturating	
the	Space	Telescope	Science	Institute’s	internet	connection	for	a	few	days).	A	group	led	by	Rodger	
Thompson	of	the	University	of	Arizona	carried	out	an	additional	set	of	observations	with	Hubble’s	

Near	 Infrared	 Camera	 and	 Multi-Object	 Spectrometer	 (NICMOS),	 providing	 the	 opportunity	 to	
search	for	even	redder	galaxies.		Another	group,	led	by	Sangeeta	Malhotra	of	the	Space	Telescope	
Science	Institute,	used	ACS	to	measure	galaxy	spectra.

In	 the	 HUDF,	 we	 can	 see	 the	 entire	 span	 of	 the	 universe’s	 history,	 from	 less	 than	 a	 billion	
years	 after	 the	 Big	 Bang	 until	 the	 present	 day.	 The	 faintest	 objects	 are	 roughly	 4	 billion	 times	
fainter	than	those	we	can	see	with	the	unaided	eye.	The	smallest	are	only	50	milliseconds	of	arc	
across,	equivalent	to	the	size	of	a	dime	seen	from	a	distance	of	50	miles.	The	HUDF	is	an	image	of	
superlatives:	the	deepest,	farthest,	and	earliest	look	into	the	history	of	stars	and	galaxies.

The	most	distant—and	thus	the	youngest—galaxies	in	the	HUDF	are	small,	irregular,	relatively	
bright	for	their	distance,	and	often	come	in	pairs	or	small	clusters.	The	figure	on	page	30	shows	
some	 examples	 of	 these	 objects.	 The	 red	 colors	 are	 characteristic	 of	 distant	 galaxies	 whose	
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THe ePOcH OF Re-IOnIzATIOn: Satellites	such	as	the	Cosmic Background Explorer and the Wilkinson Microwave Anisotropy Probe (WMAP)	have	shown	us	that	
the	universe	at	an	age	of	300,000	years	consisted	of	hot	gas	of	nearly	uniform	density.	The	very	early	universe	was	so	hot	that	electrons	and	protons	could	not	stick	
together	to	form	atoms.	By	an	age	of	300,000	years,	the	universe	had	cooled	enough	to	allow	protons	to	capture	the	electrons.	When	this	happened,	the	universe	
became	transparent	to	light;	the	photons	reaching	us	today	from	the	Cosmic	Microwave	Background	emerged	at	this	epoch.

At	some	time	between	a	few	hundred	million	and	roughly	a	billion	years	later,	most	of	the	electrons	were	again	stripped	from	the	intergalactic	hydrogen	gas.	The	
era	when	this	stripping	occurred	is	called	the	“epoch	of	re-ionization.”	The	process	required	a	tremendous	amount	of	energy.

How	do	we	know	the	universe	was	re-ionized?	Distant	quasars	provide	strong	evidence.	Quasars	are	bright,	point-like	objects	that	can	be	seen	at	great	distances,	
and	thus	provide	a	sensitive	probe	of	the	intervening	gas.	The	strongest	atomic	transition	of	the	hydrogen	atom	is	known	as	Lyman	alpha,	and	occurs	at	a	wavelength	
of	 1216	 Ångstroms.	 Intergalactic	 hydrogen	 produces	 thousands	 of	 absorption	 lines—known	 as	 the	 Lyman	 alpha	 forest—in	 the	 spectra	 of	 distant	 quasars.	 By	
measuring	how	much	of	the	quasar	spectrum	is	eaten	away	by	these	absorption	lines,	astronomers	can	estimate	how	much	of	the	intergalactic	gas	was	ionized.	
Recent	measurements	of	the	most	distant	quasars	suggest	that	the	intergalactic	gas	was	already	highly	ionized	when	the	universe	was	1.3	billion	years	old,	but	that	
the	gas	was	much	more	neutral	when	the	universe	was	1	billion	years	old.

Theoretical	studies	prior	to	2002	predicted	that	the	intergalactic	gas	should	transition	from	neutral	to	ionized	in	a	relatively	short	period	of	time.	However,	in	2003,	
astronomers	using	the	WMAP	satellite	to	measure	scattering	from	electrons	in	the	early	universe	estimated	that	the	gas	was	already	ionized	by	about	200	million	
years	after	the	Big	Bang.	This	suggests	that	either	the	quasar	observations	or	the	WMAP	observations	are	being	misinterpreted,	or	that	re-ionization	is	a	longer	and	
more	complex	process	than	previously	thought.	Sorting	this	out	is	the	subject	of	intense	observational	and	theoretical	effort.



spectra	 are	 shifted	 to	 long	 wavelengths	 by	 the	 expansion	 of	 the	 universe—the	 characteristic	
redshift	used	to	determine	how	far	away	the	galaxies	really	are.	

The	figure	above	shows	the	spectrum	of	a	distant	galaxy	 in	the	HUDF	taken	with	Hubble.	The	
spectrum	shows	the	intensity	of	light	versus	its	color	or	wavelength.	There	is	a	clear	break	in	the	
spectrum:	it	is	bright	at	red	wavelengths	and	faint	at	blue	wavelengths.	The	lack	of	light	at	short	
wavelengths	 comes	 about	 because	 hydrogen	 atoms	 between	 the	 galaxy	 and	 us	 absorb	 all	 the	
radiation.	This	sharp	break	is	characteristic	of	very	distant	galaxies,	and	the	exact	wavelength	of	
the	break	provides	a	measurement	of	
the	galaxy’s	redshift	(see	sidebar),	and	
hence	its	distance.	

Most	 of	 the	 galaxies	 in	 the	 HUDF	
are	 so	 faint	 that	 we	 cannot	 measure	
their	 spectra.	 Nevertheless,	 we	 do	
have	 good	 measurements	 of	 their	
colors	 from	 the	 four	 filters	 used	 to	
take	 the	 image.	 Those	colors	provide	
rough	 estimates	 of	 galaxy	 redshifts,	
and	 thus,	 distances.	 They	 allow	 us	
to	count	 the	number	of	galaxies	as	a	
function	 of	 lookback	 time.	 Moreover,	
we	 can	 use	 the	 observed	 brightness	
of	the	galaxies	to	estimate	how	much	
radiation	 they	 emitted	 at	 different	
times	 to	 compare	 with	 the	 amount	
needed	to	re-ionize	the	universe.	

The	 census	 of	 distant	 galaxies	
in	 the	 HUDF	 indicates	 that	 young	
galaxies	 may	 provide	 almost	 enough	
energy	to	account	for	the	ionization	of	
the	universe.	But	different	groups	of	astronomers	analyzing	both	the	ACS	and	the	NICMOS	HUDF	
observations	have	come	to	different	conclusions	about	whether	the	energy	is	actually	sufficient.	

Three	 complications	 have	 led	 to	 controversy	 when	 analyzing	 the	 images.	 The	 first	 is	 that	
we	 cannot	 actually	 measure	 the	 amount	 of	 radiation	 that	 provides	 the	 ionization,	 because	 it	
is	 all	 at	 wavelengths	 much	 shorter	 than	 we	 can	 observe.	 To	 ionize	 hydrogen,	 light	 must	 be	 at	
a	 wavelength	 shorter	 than	 912	 Å.	 We	 must	 extrapolate	 from	 the	 light	 we	 receive	 at	 longer	
wavelengths	 to	 estimate	 the	 amount	 emitted	 at	 shorter	 wavelengths.	 The	 assumptions	
used	 to	 extrapolate	 the	 galaxy	 spectra	 depend	 on	 the	 ages	 and	 chemical	 abundances		
assumed	for	the	stars	in	these	galaxies,	and	are	a	matter	of	debate.

The	second	complication	is	that	the	light	from	many	faint	galaxies—that	we	cannot	see—might	
be	 the	 most	 important	 source	 of	 ionizing	 radiation.	 In	 the	 nearby	 universe,	 we	 know	 that	 small	
(dwarf)	 galaxies	 outnumber	 large	 ones.	 There	 are	 hints	 in	 the	 HUDF	 that	
small	galaxies	might	have	outnumbered	large	ones	by	an	even	larger	factor	
in	the	past.

Continued
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SPecTRuM OF One OF THe MOST DISTAnT gALAxIeS In THe HuBBLe uLTRA DeeP FIeLD: The	horizontal	
axis	shows	the	wavelength	and	the	vertical	axis	shows	the	intensity	of	the	light	reaching	the	Hubble	spectrograph.	
The	prominent	break	in	the	spectrum	at	a	wavelength	of	8300	Ångstroms	is	due	to	the	absorption	of	hydrogen	at	1216	
Ångstroms.	The	cosmological	redshift	has	stretched	the	wavelength	by	a	factor	of	5.8.		Figure	courtesy	of	Norbert	
Pirzkal,	Space	Telescope	Science	Institute.

ReDSHIFTS:	The	expansion	of	the	universe	stretches	the	light	waves	emitted	from	distant	galaxies	during	
their	passage	to	Earth.	The	light	“redshifts”—changes	to	longer	wavelengths—because	the	light	waves	
are	stretched	by	the	expansion	of	universe.	For	very	distant	galaxies,	blue	light	becomes	red,	and	red	light	
becomes	infrared.

Astronomers	can	use	this	“cosmological”	redshift	to	estimate	the	distances	to	galaxies:	the	larger	the	
shift,	the	greater	the	distance.	To	do	this	precisely,	astronomers	disperse	the	light	of	a	distant	galaxy	into	a	
spectrum	and	look	for	the	telltale	signatures	of	atoms,	such	as	hydrogen	and	oxygen.

The	figure	above	shows	a	spectrum	of	a	very	distant	galaxy	 in	the	HUDF.	The	spectrum	shows	 little	
detected	light	at	wavelengths	shorter	than	8300	Ångstroms	(1	Å	=	10–8	cm),	a	sharp	rise	or	edge,	and	a	
relatively	constant	flux	of	light	at	longer	wavelengths.	The	lack	of	light	at	short	wavelengths	comes	about	
because	hydrogen	atoms	between	the	galaxy	and	us	absorb	all	the	radiation.	But	this	absorption	actually	
occurs	at	about	1216	Å	in	the	rest	frame	of	the	atoms.	The	reason	that	the	absorption	edge	is	seen	at	a	
wavelength	of	8300	Å	is	that	both	the	galaxy	and	the	absorbing	hydrogen	are	so	distant	that	the	ultraviolet	
wavelengths	have	been	stretched	to	the	red	(long	wavelength)	part	of	the	spectrum.	The	redshift,	z,	of	
this	galaxy	is	(8300/1216)	–1	=	5.8.	The	corresponding	light-travel	distance	is	12.7	billion	years,	and	the	
universe	was	only	1	billion	years	old	when	the	light	was	emitted.	(You	can	work	out	these	numbers	for	
arbitrary	redshifts	on	Edward	Wright’s	Cosmology Calculator	web	page:	http://www.astro.ucla.edu/ 
~wright/cosmocalc.html)
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HUDF
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The	galaxies	that	we	see	may	just	be	the	tip	of	the	iceberg,	so	to	speak,	an	indication	of	many	
more	unseen	galaxies	that	are,	nevertheless,	important	to	the	ionization	of	the	universe.	Estimating	
the	 number	 of	 these	 faint	 galaxies	 also	 requires	 an	 extrapolation	 from	 what	 we	 see,	 and	 the	
assumptions	used	here	are	uncertain	and	controversial.	

A	final	difficulty	is	that	we	do	not	know	for	sure	that	the	universe	was	ionized	all	at	once	during	
just	a	brief	period.	It	could	have	happened	more	gradually.	 In	the	gradual	picture,	galaxies	would	
create	zones	of	ionization	around	them,	essentially	bubbles	of	ionized	gas	in	a	sea	of	neutral	atoms.	
As	more	and	more	galaxies	were	born,	 these	zones	would	grow	and	overlap	 like	Swiss	cheese,	
eventually	 merging	 together	 completely	 to	 eliminate	 any	 pockets	 of	 neutral	 atoms.	 It	 would	 be	
difficult	to	see	this	pattern	in	a	single,	narrow	field	such	as	the	Hubble	Ultra	Deep	Field.	Detecting	
such	fluctuations	will	be	a	challenge	for	future	observations.	

A	particularly	exciting	prospect	is	the	possibility	of	deep	observations	with	the	Wide	Field	Camera	
3	(WFC3),	a	new	camera	that	is	ready	for	installation	on	Hubble.	This	camera	will	provide	a	large	field	
of	view	at	wavelengths	longer	than	the	red	limit	of	the	ACS.	Using	the	same	techniques	that	have	
been	applied	in	the	HUDF,	the	camera	will	allow	a	search	for	 ionizing	sources	out	to	redshifts	as	
high	as	10,	less	than	500	million	years	after	the	Big	Bang.	Based	on	estimated	ages	of	some	of	the	
most	distant	galaxies	in	the	HUDF,	we	expect	to	find	at	least	a	few	young	galaxies	at	this	greater	
distance.	Observations	with	WFC3	should	help	reveal	how	many	galaxies	started	forming	 in	this	
early	era,	and	whether	they	provided	enough	energy	to	re-ionize	the	intergalactic	gas.	

Toward	the	middle	of	the	next	decade,	the	James Webb Space Telescope	will	expand	the	frontier	
to	redshifts	as	high	as	30,	giving	us	the	ability	to	detect	still	fainter	and	more	distant	galaxies	when	
they	were	forming	their	very	first	stars.		W

Galaxies z ~ 3-4  Lookback time 11.4–12 billion years (312 objects)

Galaxies z ~ 4-5  Lookback time 12–12.3 billion years (79 objects)

Galaxies z  > 5  Lookback time 12.3–12.6 billion years (45 objects)

cLOSeuP IMAgeS OF SOMe OF THe MOST DISTAnT gALAxIeS In THe HuBBLe uLTRA DeeP FIeLD:	
Galaxies	at	very	early	times	tend	to	be	very	small	and	often	show	signs	of	interactions.	The	HUDF	contains	nearly	
50	galaxies	at	redshifts	5–6,	compared	to	a	few	tentative	identifications	in	earlier,	shallower	observations.



U nlike	 humans,	 stars	 will	 never	
get	much	heavier	 than	 they	are	
at	birth.	A	human’s	birth	weight	

varies	by	just	a	few	pounds,	but	a	star’s	
birth	 mass	 ranges	 from	 less	 than	 a	
tenth	to	more	than	100	times	the	mass	
of	our	Sun.	Although	astronomers	have	
known	for	a	long	time	that	stars	come	in	
a	variety	of	masses,	it	has	been	unclear	
whether	there	is	an	upper	 limit	to	how	
heavy	 they	 can	 be.	 Recent	 analysis	 of	
Hubble Space Telescope	 observations	
of	a	dense	star	cluster	near	the	center	
of	the	Milky	Way	suggests	that	there	is	
such	a	limit:	stars	top	out	at	about	150	
times	the	mass	of	the	Sun.	

The	 stellar	 upper	 mass	 limit	 is	 thus	
not	 just	 a	 curiosity,	 but	 has	 a	 bearing	
on	 many	 areas	 of	 astronomy.	 Massive	
stars	 are	 the	 “movers	 and	 shakers”	
of	 the	 universe.	 They	 manufacture	
many	 of	 the	 heavier	 elements	 in	 the	
cosmos,	 which	 are	 the	 building	 blocks	
for	new	stars	and	planets.	Winds	from	
massive	 stars	 play	 a	 major	 role	 in	
shaping	 the	 interstellar	 medium	 and	
dispersing	 heavy	 elements	 throughout	
the	galaxy.	 Explosions	and	winds	 from	
massive	stars	play	a	crucial	 role	 in	a	galactic	“feedback	cycle”	 that	 regulates	 the	overall	 rate	of	
star	formation	in	galaxies.	When	massive	stars	use	up	their	nuclear	fuel,	they	can	end	up	as	black	
holes.	The	stellar	upper	mass	limit	determines	whether	there	are	many	or	 just	a	few	black	holes	
circulating	in	the	Milky	Way.	

Studies	over	 the	past	30	years	have	shown	that	 there	appears	 to	be	a	universal	“initial	mass	
function.”	If	a	cluster	has	1000	stars	of	one	solar	mass,	it	generally	has	45	stars	of	10	solar	masses	
and	2	stars	of	100	solar	masses.	There	are	many	proposed	explanations	for	why	the	 initial	mass	
function	 behaves	 this	 way	 and	 why	 it	 is	 universal.	 For	 example,	 the	 mass	 distribution	 may	 be	
governed	by	turbulence	or	magnetic	fields	in	the	gas	that	formed	the	cluster,	or	it	may	be	regulated	
by	feedback	from	stellar	winds	from	the	first	stars	that	are	formed.	No	clear	favorite	has	emerged	
amongst	 the	 many	 theoretical	 explanations	 that	 have	 been	 proposed.	 Finding	 evidence	 of	 a		
high-mass	cutoff	may	help	to	guide	our	theories.

The	most	straightforward	way	to	determine	if	there	is	an	upper	limit	to	the	birth	mass	of	a	star	
is	to	find	a	cluster	with	stars	that	were	born	all	at	the	same	time.	It	must	be	large	enough,	about	
10,000	solar	masses,	 to	produce	enough	stars	 to	probe	 the	upper	 limit.	The	cluster	also	cannot	
be	too	young	or	too	old.	By	the	time	a	cluster	reaches	an	age	of	about	2.5	million	years,	many	of	
the	massive	young	stars	have	already	exploded	as	supernovas.	In	a	very	young	cluster—less	than	
2	million	years	old—many	of	the	stars	are	still	enshrouded	in	their	natal	dust	clouds.	The	cluster	
must	be	close	enough	to	see	individual	stars,	and	we	need	a	reliable	estimate	of	the	distance	to	the	
cluster	so	that	we	can	estimate	the	true	brightness	of	the	stars.	Nestled	amid	the	swirling	gas	and	
dust	near	the	center	of	the	Milky	Way,	the	Arches	cluster	satisfies	all	of	these	requirements.

The	 Arches	 cluster	 is	 a	 youngster,	 about	 2	 to	 2.5	 million	 years	 old.	 Named	 after	 a	 series	 of	
arch-shaped	filaments	that	lie	in	its	vicinity,	it	resides	25,000	light-years	away	in	our	galaxy’s	hub.	
In	this	rough-and-tumble	region,	huge	clouds	of	gas	collide	to	form	new	star	clusters.	The	Arches	
outshines	almost	every	other	star	cluster	in	the	galaxy.	With	a	mass	equivalent	to	more	than	10,000	
stars	like	our	Sun,	the	monster	cluster	is	10	times	heavier	than	typical	young	
star	 clusters,	 such	 as	 the	 Orion	 cluster,	 that	 are	 scattered	 throughout	 our	
Milky	 Way.	 If	 our	 neighborhood	 of	 the	 Milky	 Way	 galaxy	 were	 as	 densely	
packed	 with	 stars	 as	 the	 Arches	 cluster,	 our	 Sun	 would	 have	 more	 than	
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Figure 1:	NGC	346,	a	star-forming	region	in	the	Small	Magellanic	Cloud.	
Very	 young	 clusters	 within	 such	 star-forming	 regions	 are	 important	 for	
determining	whether	there	is	an	upper	limit	to	the	mass	of	stars	at	birth.
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100,000	companions	closer	than	its	nearest	neighbor,	the	star	Alpha	Centauri,	which	is	4.3	light-
years	away.	At	least	a	dozen	of	the	cluster’s	stars	weigh	more	than	100	times	the	mass	of	our	Sun.	
Astronomers	estimate	that	only	1	out	of	every	10	million	stars	in	the	galaxy	is	as	bright	as	these	
brightest	stars	in	the	Arches	cluster.

The	Arches	contains	a	 rich	collection	of	 some	of	 the	most	massive	stars	 in	 the	galaxy,	 yet	 it	
appears	 to	 be	 missing	 stars	 more	 massive	 than	 150	 times	 the	 mass	 of	 our	 Sun.	 Extrapolating	

upwards	 from	 the	 number	 of	 lower-
mass	stars,	 there	ought	 to	be	20	 to	30	
stars	in	the	Arches	cluster	with	masses	
between	 130	 and	 1,000	 solar	 masses.	
But	the	Hubble	observations	found	none.	
If	they	had	formed,	we	would	have	seen	
them.	 If	 the	 prediction	 had	 been	 only	
one	or	two	stars	and	we	saw	none,	then	
we	could	claim	that	our	 result	could	be	
due	to	statistical	errors.

Images	 taken	 with	 Hubble’s	 Near	
Infrared	 Camera	 and	 Multi-Object	
Spectrometer	(NICMOS)	reveal	hundreds	
of	 stars	 ranging	 from	 6	 to	 130	 solar	
masses.	Hubble’s	infrared	camera	is	well	
suited	 to	 analyze	 the	 Arches	 because	
it	 penetrates	 into	 the	 dusty	 core	 of	 our	
galaxy	 and	 produces	 sharp	 images,	
allowing	 the	 telescope	 to	 see	 individual	
stars	in	a	tightly	packed	cluster.	In	a	young	

cluster,	 a	 star’s	 brightness	 is	
closely	related	to	its	mass	(see	
sidebar).	 Detailed	 analysis	 of	
the	brightness	and	colors	of	the	
stars	provides	the	 information	
needed	 to	 determine	 the	 age	
of	the	cluster	and	the	masses	
of	the	stars.	

The	Arches	cluster	suggests	
a	rule:	stars	are	never	heavier	
than	150	times	the	mass	of	the	
Sun.	Are	there	any	exceptions?	
Perhaps.	 The	 star	 Eta	 Carina	
may	 well	 have	 begun	 life	 at	
about	 200	 solar	 masses,	 but	
it	 now	appears	 to	weigh	 less	
than	100	solar	masses,	having	
ejected	 most	 of	 its	 surface	
layers.	 Alternatively,	 Eta	 Car	
may	 be	 composed	 of	 two	
tightly	packed	stars	in	a	binary	
system,	each	of	which	have	less	than	100	solar	masses.	Another	exception	is	the	Pistol	star,	which	
is	 located	 near	 the	 Galactic	 center,	 not	 far	 from	 the	 Arches	 cluster.	 The	 Pistol	 star	 is	 about	 10	
million	times	brighter	than	the	Sun	and	appears	to	be	150	to	250	times	more	massive.	However,	the	
Pistol	star	seems	peculiar	in	another	way:	it	dwells	in	a	neighborhood	of	older	stars.	If	it	began	life	
with	a	mass	greater	than	150	solar	masses	at	the	same	time	as	its	neighbors,	it	should	have	already	
burned	itself	out.	A	possible	solution	to	this	puzzle	is	that	it	is	a	“born	again”	star,	formed	from	the	
merger	of	two	smaller	stars.	Such	mergers	are	exceedingly	rare,	but	can	happen:	remnants	of	low-
mass	stellar	mergers	are	seen	in	ancient	globular	clusters.	Alternatively,	perhaps	the	Pistol	star	is	
actually	a	tight	group	of	two	or	more	stars.	Indeed,	some	of	the	brightest	stars	in	the	Arches	cluster	
could	be	double	stars	as	well,	too	close	to	separate	even	with	Hubble’s	sharp	images.	If	this	were	
true,	the	cutoff	might	be	even	lower	than	150	solar	masses.

In	 the	 last	 two	 years,	 the	 number	 of	 known	 clusters	 in	 our	 galaxy	 has	 doubled	 from	 a	 few	
hundred	to	500.	Many	of	the	newly	found	clusters	are	compiled	in	the	Two	Micron	All	Sky	Survey	
(2MASS)	 catalogue,	 which	 used	 small	 ground-based	 telescopes	 to	 survey	 the	 sky	 at	 infrared	

MeASuRIng STeLLAR MASSeS FROM LIgHT AnD cOLOR: The	Hubble	images	do	not	provide	a	
direct	measurement	of	stellar	masses.	Instead,	astronomers	must	infer	masses	from	their	knowledge	of	
stellar	structure	and	evolution.	As	stars	age,	the	nuclear	reactions	change	and	progress	from	the	center	
to	the	outer	layers.	Astrophysicists	have	calculated	how	the	temperature	and	energy	released	from	stars	
change	as	they	age.	The	strategy	with	the	Arches	cluster	is	to	use	the	observed	distribution	of	brightness	
and	temperatures	of	the	entire	collection	of	stars	to	infer	the	age	of	the	cluster	by	comparing	these	data	
to	theoretical	models.	Then,	having	an	age	for	the	cluster,	astronomers	can	infer	the	masses	of	the	most	
massive	stars	from	their	brightness	and	colors.	

How	 does	 Hubble	 measure	 brightness	 and	 temperature?	 The	 Hubble	 images	 are	 actually	 a	 set	 of	
numbers—telling	us	precisely	how	many	photons	per	second	the	telescope	has	received	from	each	of	
the	stars	in	the	Arches	cluster.	By	observing	through	different	filters,	Hubble	can	measure	the	colors	of	
the	stars,	and	from	these	colors,	infer	the	temperatures.	After	correcting	for	the	distance	to	the	Arches	
cluster	and	the	absorption	by	 intervening	dust,	astronomers	can	use	the	Hubble	data	to	place	stars	 in	
the	theoretical	diagram	of	brightness	and	temperature,	and	hence	infer	their	initial	masses.	The	brightest	
stars	in	the	cluster	had	initial	masses	of	about	130	times	the	mass	of	our	Sun.	Infrared	observations	are	
essential	to	penetrate	the	dust	between	the	Earth	and	the	Arches	cluster,	and	the	infrared	colors	provide	
a	more	accurate	handle	on	the	total	amount	of	energy	released	by	each	star.	

LICK 3m 1994 Keck I 10m 1996 Hubble/Nicmos 1997

TRIO OF IMAgeS OF THe ARcHeS cLuSTeR.	These	 images	of	the	cluster,	taken	by	
three	different	telescopes,	reveal	progressively	more	detail	in	the	tightly	packed	collection	
of	about	2,000	stars.	The	Arches	is	the	densest	star	cluster	in	our	Milky	Way	Galaxy	and	
resides	 in	 our	 galaxy’s	 crowded	 core.	 Astronomers	 used	 the	 image	 at	 right,	 taken	 with	
Hubble’s	Near	Infrared	Camera	and	Multi-Object	Spectrometer,	to	determine	if	stars	in	the	
cluster	have	a	mass	limit	at	birth.	Hubble’s	infrared	camera	is	well	suited	to	analyzing	the	
cluster	 because	 it	 penetrates	 the	 dusty	 core	 of	 our	 galaxy	 and	 produces	 sharp	 images,	
allowing	the	telescope	to	see	individual	stars	in	a	tightly	packed	grouping.



wavelengths.	 The	 Spitzer Space Telescope,	NASA’s	 great	 observatory	 for	 infrared	 astronomy,	 is	
observing	many	of	these	clusters	and	is	searching	for	more	distant	clusters	hidden	behind	dust	and	
gas	in	the	Milky	Way.	Future	Hubble	observations	of	massive	stars	in	the	youngest	of	these	clusters	
will	test	the	inferences	from	the	Arches	cluster	and	lead	to	further	insights	into	the	formation	of	
massive	stars.	W
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Red Dwarf
Lower limit:
0.08 solar masses

Our Sun
1 solar mass

Red Giant
Very old stars that evolve from 
stars of <5 solar masses

Blue-white Supergiant
150 solar masses

cOMPARISOn OF STAR SIzeS:	 This	 illustration	 compares	 the	 different	
masses	 of	 stars.	 The	 lowest-mass	 stars	 are	 red	 dwarfs.	 They	 can	 be	 as	
small	as	one-twelfth	the	mass	of	our	Sun.	The	heaviest	stars	are	blue-white	
supergiants.	They	may	get	as	large	as	150	solar	masses.	Our	Sun	is	between	
the	light	and	heavy	stars.	The	red	giant	star	at	the	bottom	of	the	graphic	is	
much	larger	than	the	other	stars	shown.	Its	mass,	however,	can	range	from	
a	fraction	of	the	Sun’s	mass	to	a	few	solar	masses.	A	red	giant	is	a	bloated	
star	near	the	end	of	its	life.	In	this	brief	phase,	a	star’s	diameter	expands	to	
several	times	its	normal	girth.	
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HOW BIg cAn A STAR Be?		A	survey	of	the	stars	in	the	Arches	
cluster,	near	the	center	of	the	Milky	Way,	shows	an	upper	 limit	
to	the	mass	of	stars.	In	theory,	a	very	young	cluster	this	massive	
should	 have	 stars	 that	 are	 hundreds	 times	 heavier	 than	 the	
Sun.	Apparently,	 the	 star-forming	processes	 in	 the	present-day	
universe	reach	a	practical	limiting	mass	for	stars.
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We	will	optimize	the	science	program	of	Hubble’s	second	ten	years	and	continue	to	serve	the	community	in	its	
best	scientific	use	of	the	facility.

We	help	develop—and	then	operate—the	best	Webb	possible,	with	full	inheritance	of	Hubble	lessons-learned	
and	full	engagement	of	the	community	in	the	development	process.

We	will	continue	to	run	the	best	astronomical	data	archive	in	the	world,	adding	new	data	sets,	providing	new	
research	tools,	and	collaborating	with	other	data	centers	to	provide	an	international	astronomy	data	system.

We	will	continue	to	stimulate	education	and	public	outreach.

We	facilitate	the	transfer	of	our	technical	innovations	to	other	space	astronomy	missions	and	other	fields	of	
research.

We	continue	to	attract	and	retain	the	best	technical	staff	to	advance	astronomy.

We	continue	to	attract	excellent	scientists	and	provide	them	with	an	academic	environment	that	nourishes	
excellence	in	research.

&Goals   
achievements



We will optimize the science program of Hubble’s second ten years and continue to serve 
the community in its best scientific use of the facility.

T he	primary	 responsibility	 of	 the	 Institute	 is	 to	 optimize	 the	 science	program	of	 the	Hubble	
Space Telescope.	 This	 responsibility	 is	carried	out	by	all	 involved	 in	 the	Hubble	program—
scientists,	 engineers,	 and	 technical	 staff—in	 organizations	 across	 the	 Institute.	 There	 are	

several	major	areas	where	the	Institute	adds	value	to	the	Hubble	science	program,	which	naturally	
are	the	 focus	of	our	 improvement	activities.	These	 include	stimulating	the	best	possible	science	
program	from	the	astronomy	community	via	the	proposal	selection	process,	squeezing	the	highest	
possible	observing	efficiency	from	the	telescope,	providing	timely	and	accurate	calibration	of	the	
Hubble	data,	stimulating	 the	use	of	 the	Hubble	data	archive	 for	additional	scientific	 results,	and	
providing	tools	to	support	the	astronomy	community’s	use	of	the	telescope	and	the	archive.

Future	 Hubble	 servicing	 became	 uncertain	 after	 the	 Columbia	 accident.	 In	 2003	 the	 Institute	
and	the	Hubble	Project	Office	at	Goddard	Space	Flight	Center	(GSFC)	undertook	efforts	to	extend	
the	operational	life	of	the	telescope.	The	most	noteworthy	outcome	was	the	transition	in	August	
2005	to	pointing	Hubble	with	only	two	gyroscopes,	instead	of	using	three	as	previously	required.	
Operating	in	the	two-gyro	mode	of	pointing	should	extend	Hubble’s	lifetime	by	at	least	nine	months	
if	the	telescope	is	not	serviced	again.

ensure the best Hubble science program
The	Cycle	14	science	program	was	defined	by	the	peer	review	of	the	Time	Allocation	Committee	

(TAC),	 which	 took	 place	 in	 Baltimore	 on	 March	 14–19,	 2005.	 The	 TAC	 evaluated	 proposals	 and	
made	recommendations	to	the	Director	for	programs	to	be	awarded	observing	time	or	funding	for	
archival	research.	Three	weeks	after	the	TAC	meeting	and	the	Director’s	review,	we	notified	the	
principal	 investigators	of	approved	programs.	The	 first	observations	 for	Cycle	14	programs	were	
executed	in	July	2005,	only	six	months	after	the	proposal	deadline.

Cycle	14	was	 the	 first	with	no	medium-	 to	high-resolution	spectroscopy	available,	due	 to	 the	
failure	of	the	Space	Telescope	Imaging	Spectrograph	(STIS).	As	a	result,	the	number	of	proposals	
submitted	declined	to	727	from	949	in	Cycle	13.	The	oversubscription	rate	in	requested	orbits	was	
4.8	 to	1.	One	notable	change	 from	previous	cycles	was	 the	 increasing	oversubscription	
of	 requests	 for	 funding	 of	 archival	 research,	 indicating	 that	 the	 growing	 size	 and	
breadth	of	the	Hubble	archive	has	begun	attracting	more	attention	to	its	value.	
The	 oversubscription	 for	 Archival	 Research	 (AR)	 approached	 that	 of	 the	
General	Observer	(GO)	program.

Astronomers	 found	 the	Astronomer’s ProPosAl tool	 (APT)	more	helpful	
in	 preparing	 Phase	 I	 proposals,	 due	 both	 to	 increased	 familiarity	 and	
improvements	in	the	software	since	the	last	cycle.	

Uncertainty	about	the	two-gyro	pointing	mode	at	proposal	time	meant	
extra	work	for	investigators,	who	were	asked	to	specify	their	requirements	
in	both	two-	and	three-gyro	modes.	To	support	this	need,	we	developed	a	
web	site	and	a	handbook,	which	explained	how	two-gyro	operations	would	
work.	 The Call for Proposals	 explained	 the	 unique	 aspects	 of	 the	 Cycle	 14	
selection	process.	After	reviewing	the	proposals,	we	found	that	the	vast	majority	
of	those	submitted	could	have	been	executed	in	either	two-	or	three-gyro	
mode.	As	a	result	of	our	preparations,	the	TAC	and	panel	deliberations	were	
not	complicated	by	the	question	of	which	pointing	mode	would	be	used.

The	 peer	 review	 process	 for	 Cycle	 14	 was	 like	 recent	 cycles,	 with	
one	 important	 change.	 At	 the	 suggestion	 of	 previous	 panelists	 and	 the	
Space	 Telescope	 Users	 Committee,	 the	 pre-meeting	 triage	 was	 based	 on	
evaluations	 from	all	panelists,	 rather	 than	only	 the	primary	and	secondary	
reviewers	 of	 each	 proposal,	 as	 was	 the	 case	 in	 previous	 years.	 The	 triage	 process	 removed	 the	
bottom	third	of	proposals	in	each	panel	from	further	consideration,	unless	elevated	by	some	panelist.	
The	larger	number	of	reviewers	broadened	the	base	of	expertise	in	the	initial	
triage.	 Although	 it	 required	 considerably	 more	 time	 and	 effort	 on	 the	 part	
of	panelists,	we	received	very	positive	feedback	on	this	aspect	of	the	review.

Optimize the science program of 
the Hubble Space Telescope
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The	distributions	of	approved	proposals	by	size	and	discipline	were	similar	 to	previous	cycles,	
with	a	substantial	fraction	devoted	to	extragalactic	astronomy.	The	science	program	includes	many	
of	the	most	exciting	areas	in	astrophysics	(Fig.	1).

The	one	approved	Hubble	Treasury	Program	exploits	the	slitless	grism	of	the	Advanced	Camera	for	
Surveys	(ACS)	to	obtain	spectra	of	faint	galaxies	in	the	Hubble	Ultra	Deep	Field	(HUDF),	in	the	hope	that	
those	with	high	redshifts	can	provide	information	on	the	re-ionization	of	the	universe	at	early	epochs.	

Other	programs	awarded	over	100	orbits	 in	Cycle	14	 include	 infrared	 imaging	 in	 the	HUDF	 to	
detect	 more	 high-redshift	 galaxies,	 continuing	 studies	 of	 gamma-ray	 bursts,	 and	 distant	 Type	
Ia	 supernovae	 in	 dust-free	 environments.	 The	 latter	 two	 programs	 are	 extensions	 of	 previous	
successful	Hubble	 investigations;	one	 first	 found	evidence	 for	 the	accelerating	expansion	of	 the	

universe,	and	the	other	helped	elucidate	the	nature	of	gamma-ray	
explosions	 and	 their	 possible	 connections	 with	 massive	 stars.	
Another	large	program	is	devoted	to	obtaining	astrometric	positions	
of	 nearby	 stars	 for	 which	 radial-velocity	 measurements	 have	
indicated	the	presence	of	planets.	In	another,	Hubble	Fine	Guidance	
Sensors	 will	 attempt	 to	 detect	 milliarcsecond	 displacements	
that	 could	 establish	 the	 inclination	 of	 the	 orbits	 and,	 therefore,	
determine	the	planetary	mass.	

Defining	 the	science	program	of	 the	Hubble	 is	one	of	 the	most	
important	features	of	the	Institute’s	mission.	Generous	community	
involvement	 in	 the	 TAC	 process	 has	 been	 crucial	 to	 success.	 We	
are	indebted	to	the	TAC	chair	and	the	approximately	100	panelists	
who	devote	their	 time	and	energy	to	the	evaluation	of	 the	Hubble	
proposals	in	each	cycle.	Their	additional	care	and	effort,	writing	up	
the	panel	assessments	and	preparing	 feedback	 for	 the	proposers,	
have	been	important	for	maintaining	the	excellence	and	efficiency	
of	the	program.

In	briefing	the	Director	on	its	recommendations,	the	TAC	members	
emphasized	how	impressed	they	were	with	the	overall	quality	of	the	
proposals	for	this	cycle.	Those	members	who	had	previously	served	
as	 panelists	 affirmed	 that	 in	 their	 experience,	 the	 quality	 of	 the	
proposed	observations	for	this	cycle	was	as	high	as	ever,		and	they	
were	confident	that	novel	discoveries	would	come	from	the	Hubble	
observations	of	Cycle	14.

Research funding

The	 Institute	 manages	 the	 grant	 program	 that	 supports	 Hubble	
research	 by	 U.S.	 scientists	 or	 foreign	 nationals	 working	 for	 U.S.	
institutions.	 Selected	 investigators	 may	 submit	 a	 budget	 request,	
which	is	due	about	one	month	after	notification	of	selection.	In	Cycle	
14,	we	received	220	budget	requests	from	principal	investigators	of	
successful	GO	and	AR	programs.	The	Financial	Review	Committee	
(FRC)	 for	 Cycle	 14	 consisted	 of	 11	 scientists,	 chosen	 for	 their	
expertise	 with	 the	 Hubble	 instruments	 and	 in	 analyzing	 Hubble	
data.	 The	 FRC	 reviewed	 each	 GO/AR	 budget	 and	 recommended	
appropriate	 funding	 for	 investigators	 to	 reduce	 and	 analyze	 their	
data,	and	publish	the	results	in	scientific	 journals.	The	FRC	met	for	

three	days	 in	 late	 June	2005	and	made	 funding	 recommendations	 to	 the	Director,	who	has	 the	
ultimate	responsibility	for	allocating	resources	for	the	GO/AR	program.	

In	Cycle	14,	investigators	requested	$25.2M,	and	were	granted	$20.9M.	We	provided	additional	
funding	 for	 the	 Hubble	 Fellowship	 Program	 ($2.7M)	 and	 to	 support	 educational	 ($0.4M)	 and	
Chandra-related	 ($0.5M)	 projects	 associated	 with	 Cycle	 14	 programs.	 We	 set	 aside	 $2.1M	 for	
requests	for	supplemental	funding	and	Director’s	Discretionary	programs.	The	total	for	all	Cycle	14	
grants	was	$26.6M.

Science metrics

We	 use	 objective	 measures	 of	 productivity	 and	 significance	 to	 assess	 the	 impact	 of	 Hubble	
observations	 on	 astrophysical	 research.	 Among	 these	 measures	 are	 the	 annual	 numbers	 of	
published	papers	based	on	Hubble	data	and	the	mean	number	of	citations	they	generate	(Fig.	2,	3).	

Following	an	ever-increasing	publication	rate	during	the	first	eight	years	of	the	Hubble	mission,	
the	 acceleration	 slowed	 for	 a	 time,	 but	 picked	 up	 again	 in	 the	 last	 two	 years.	 In	 2005,	 651	
published	papers	were	based	on	Hubble	data.	The	grand	total	approached	5400	refereed	papers.	
During	 the	 last	 five	 years,	 these	 papers	 constituted	 about	 8%	 of	 the	 total	 number	 published	

Figure 2: Refereed	papers	based	on	Hubble	data.
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Figure 3: Mean	number	of	citations	of	refereed	Hubble	papers,	
from	 the	 Astrophysics	 Data	 System.	 The	 curve	 shows	 the	
mean	 number	 of	 citations	 for	 all	 papers	 in	 the	 five	 major	
astronomical	journals.
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by	 the	 premier	 astronomical	 journals:	 The Astrophysical Journal, The Astronomical Journal, 
Astronomy & Astrophysics, Monthly Notices of the Royal Astronomical Society, and Publications of 
the Astronomical Society of the Pacific.	The	average	paper	based	on	
Hubble	 data	 received	 about	 50%	 more	 citations	 than	 the	 average	
paper	published	in	these	journals.

Understandably,	a	time	delay	occurs	between	the	publication	of	a	
scientific	paper	and	the	first	paper	citing	it.	After	a	few	years	elapse,	
we	found	that	only	about	2%	of	the	Hubble-based	papers	still	had	no	
citations,	whereas	about	25%	of	all	 refereed	papers	 in	astrophysics	
had	never	been	cited	(Fig.	4).

We	found	that	Hubble	produced	far	more	refereed	papers	than	the	
European	 Southern	 Observatory’s	 Very	 Large	 Telescope,	 the	 Keck	
Telescopes,	or	the	Chandra X-Ray Observatory	(Fig.	5).

	Objective	 science	metrics	 show	 the	 large	 impact	 of	 the	 Hubble	
observatory	 in	 clear,	 strong	 terms.	 The	 exceptional	 quality	 of	
papers	based	on	Hubble	 data	 is	consonant	with	 the	high	degree	of	
competitiveness	in	the	proposal	process.

Optimize Hubble science operations
The	 overall	 Hubble	 scheduling	 efficiency	 for	 the	 first	 half	

of	2005	continued	at	 the	high	 level	of	 recent	years,	averaging	
over	40%	for	prime	observations	and	about	47%	for	prime-plus-
snapshot	observations	(Fig.	6).		We	had	predicted	a	3–4%	drop	
in	 prime	 efficiency	 after	 entry	 into	 two-gyro	 pointing	 mode.		
After	 12	 weeks	 of	 operational	 experience,	 actual	 efficiencies	
were	still	over	40%	and	44%	for	prime	and	prime-plus-shapshot	
observations,	respectively—better	than	anticipated.

Maintaining	 the	 high	 observing	 efficiency	 in	 the	 real	 two-
gyro	pointing	mode	 is	 the	 result	of	over	a	year	of	preparation,	
including	 ground	 system	 engineering,	 software	 development	
and	 testing,	 and	 simulations	 of	 scheduling	 in	 two-gyro	 mode.	
The	 two-gyro	 mode	 reduces	 observing	 opportunities	 for	 a	
specific,	 individual	 target	 by	 approximately	 half	 compared	
with	 the	 three-gyro	 mode.	 	 This	 reduction	 in	 individual	 target	
schedulability	 impacts	 each	 observing	 program,	 but	 when	
summed	over	all	the	accepted	programs,	 it	also	results	 in	 less	
flexibility	 in	 the	 overall	 pool	 and	 creates	 a	 harder	 scheduling	
problem.	 	 The	 Institute	 provided	 documentation	 and	 on-line	
tools	 to	 help	 proposers	 understand	 the	 scheduling	 limitations	
of	 two-gyro	 mode	 so	 they	 could	 design	 effective	 programs.		
We	 did	 a	 coarse	 analysis	 based	 on	 the	 Phase	 I	 proposals	
to	 determine	 whether	 the	 target	 distribution	 might	 raise	
concerns	 to	 be	 brought	 to	 the	 attention	 of	 the	 TAC,	 but	 no	
serious	problems	were	found.		We	then	worked	with	the	Cycle	
14	 principal	 investigators	 as	 they	 developed	 their	 Phase	 II	
proposals,	helping	them	define	the	details	of	their	programs	in	
a	way	to	encourage	as	much	scheduling	flexibility	as	possible.		
We	produced	the	first	long-range	plan	for	Cycle	14	on	schedule,	
covering	the	remaining	Cycle	13	programs,	as	well	as	the	Cycle	
14	 programs.	 	 This	 plan	 allowed	 us	 to	 help	 select	 the	 actual	
date	of	 the	 transition.	 	Operations	staff	 then	worked	with	 the	
observers	of	the	remaining	Cycle	13	programs	to	resubmit	them,	
taking	into	account	the	two-gyro	constraints.		The	transition	to	
two-gyro	mode	was	planned	with	managers	and	engineers	at	
HSTP,	 and	 took	 place	 without	 incident	 at	 the	 end	 of	 August.		
Gyro	4	has	since	been	shut	off	to	preserve	its	lifetime.

We	 have	 been	 adjusting	 our	 scheduling	 processes	 to	 adapt	 to	 the	 less-flexible	 scheduling	
situation	of	two-gyro	mode,	learning	the	practical	lessons	as	quickly	as	possible	and	feeding	them	
into	the	planning	for	Cycle	15.		While	developing	the	long-range	plan,	we	found	several	periods	in	
the	spring	of	2006	which	would	be	undersubscribed	as	a	result	of	the	target	
pool.		We	developed	additional	tools	for	assessing	the	target	pool	and	found	
that	activating	an	additional	program,	the	next	on	the	TAC-ranked	lists,	would	

Continued
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Figure 4: Percentage	of	refereed	papers	based	on	Hubble	data	
that	have	not	been	cited.	
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Figure 5: Refereed	papers	based	on	Hubble	data	compared	
with	other	major	ground-based	and	space-based	astronomical	
observatories.	
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help	fill	in	these	periods.	Any	remaining	undersubscription	will	be	filled	with	snapshot	observations.		
We	have	provided	feedback	on	our	two-gyro	scheduling	experience	to	the	Cycle	15	proposers,	and	
will	provide	an	additional	Phase	II	update	to	those	who	are	selected	for	Cycle	15.

In	another	effort	to	extend	the	lifetime	of	Hubble,	we	modified	the	process	for	scheduling	spacecraft	
communications	 to	 minimize	 the	 on/off	 cycling	 of	 the	 multiple-access	 data	 transmitters.	 We	
worked	 with	 GSFC	 engineers	 and	 flight	 operations	 staff	 to	 identify	 and	 better	 understand	 the	 true	
communications	requirements.	On	this	basis,	we	developed	procedures	and	scripts	for	a	scheduling	
process	that	not	only	reduces	by	one-third	the	number	of	power	cycles	for	the	data	transmitters,	but	
also	automatically	adapts	to	changing	communications	requirements.	We	expect	this	new	process	to	
support	Hubble	communications	for	the	duration	of	the	mission	with	no	further	fundamental	changes.

	Two	high-profile	observations	occurred	in	summer	2005,	just	prior	to	the	transition	to	two-gyro	
pointing	mode.	

On	July	4,	2005,	the	NASA/JPL	Deep Impact	spacecraft	released	a	370	kg	impactor	directly	into	
the	path	of	comet	9P/Tempel	1.	The	Deep Impact	fly-by	spacecraft—and	multitudes	of	ground-	and	
space-based	 observatories,	 including	 Hubble—simultaneously	 observed	 the	 dramatic	 collision.	
The	 Hubble	 observations	 capped	 a	 four-year	 involvement	 by	 Institute	 staff	 in	 the	 planning	 and	
implementation	of	 this	 important	mission.	Principle	 investigator	Dr.	Michael	A’Hearn	stated	 that	
Institute	contributions	were	crucial—determining	the	spacecraft’s	course	corrections,	establishing	
the	timing	of	the	impact,	and	obtaining	Hubble	observations	of	the	event	itself.	To	support	prompt	
press	releases,	we	also	expedited	the	receipt	and	processing	of	the	data.

In	support	of	NASA’s	manned	exploration	initiative,	during	the	week	of	August	15,	2005,	Hubble	
observed	 the	 Moon.	 Since	 lunar	 observing	 is	 not	 a	 standard	 operating	 mode	 for	 Hubble,	 we	
invested	significant	effort	to	ensure	that	the	observations	were	executed	safely	and	successfully.	
We	 developed	 special	 strategies	 to	 achieve	 the	 required	 pointing	 accuracy.	 Because	 lunar	
observing	would	not	be	possible	 under	 two-gyro	operations,	we	had	 to	plan	and	execute	 these	
observations	prior	to	the	transition	to	the	new	pointing	mode.	To	meet	this	deadline,	Institute	and	
GSFC	staff	worked	intensively	with	the	proposal	team.	The	highly	successful	observations	required	
real-time	flight	operations	activities,	and	we	expedited	the	data	from	the	early	pointings	to	support	
the	later	observations.	

In	 2005,	 we	 completed	 the	 construction	 of	 the	 Guide	 Star	 Catalog	 (GSC-II),	 and	 Hubble	
performed	 the	 first	 successful	 on-orbit	 acquisition	 using	 it.	 The	 transition	 from	 GSC-I	 to	 GSC-II	
required	 a	 number	 of	 changes	 to	 ground-system	 software	 and	 user	 tools.	 We	 updated	 APT	 to	
access	 the	 catalog	and	added	a	new	Phase	 II	 keyword	 for	 the	 International	Celestial	Reference	
System	 (ICRS),	 which	 simplifies	 specification	 of	 target	 coordinates	 for	 Hubble	 observations.	
We	 modified	 the	 Guide	 Star	 Request	 Scheduling	 system	 to	 access	 GSC-II	 and	 to	 make	 use	 of	
the	 additional	 proper	 motion	 and	 color	 information.	 Beginning	 with	 Cycle	 15,	 GSC-II	 will	 be	 the	
reference	catalog	for	Hubble	operations.	Eventually,	it	will	form	the	basis	for	the	guide	star	catalog	
of	the	James Webb Space Telescope.	

GSC-II	 is	 based	 on	 Digitized	 Sky	 Survey	 (DSS)	 images.	 It	 includes	 almost	 a	 billion	 objects	 to	 the	
magnitude	limits	of	the	plates	(19.5	in	the	photographic	J	band),	in	multiple	colors	and	with	proper	motions.	
This	catalog	offers	significantly	improved	absolute	astrometric	precision	(by	a	factor	of	4	compared	to	GSC-
I),	tied	to	the	ICRS.	GSC-II	has	been	an	international	collaboration,	and	many	other	missions	and	ground-
based	telescopes	worldwide	are	now	using	it.	

calibrate Hubble data

Advanced camera for Surveys (AcS)

In	2005,	the	ACS	continued	to	produce	spectacular	science	results.	The	instrument	performed	
as	expected,	and	all	of	its	operating	modes	functioned	nominally.	With	the	loss	of	STIS,	there	was	
greater	demand	 for	 the	ACS	Solar	Blind	Channel	 (SBC)	and	spectroscopic	 (prism/grism)	modes.	
Calibrations	 for	 Cycle	 14	 included	 more	 detailed	 characterizations	 of	 some	 of	 these	 modes	 of	
operation,	as	well	as	routine	monitoring	and	maintenance	programs	for	the	instrument.	The	overall	
goal	is	to	ensure	that	observers	have	the	most	up-to-date	calibrations	to	reduce	their	data.	

Routine	calibrations	for	Cycle	14	included	maintaining	accurate	flat-field,	dark,	and	bias	frames,	
monitoring	photometric	throughput	and	stability,	and	tracking	CCD	charge	transfer	efficiency	(CTE).	
New	programs	for	the	SBC	included	geometric	distortion	maps	and	flat	fields.	For	the	spectroscopic	
modes,	 we	 added	 programs	 to	 better	 define	 the	 throughput	 of	 the	 ramp	 filter	 as	 a	 function	 of	
wavelength,	understand	the	narrow-band	red	leak	in	the	ultraviolet,	and	determine	the	wavelength	
calibration	of	the	prism	modes.	We	also	studied	the	dependencies	of	CTE	and	quantum	efficiency	
on	CCD	temperature.	

We	analyzed	data	obtained	in	two-gyro	pointing	mode	to	support	the	operational	transition	to	that	
mode	in	August	2005.	The	data	included	three	types	of	tests:	standard	pointed	observations	with	
the	 High-Resolution	 Channel	 (HRC)	 to	 characterize	 the	 point-spread	 function	 shape	 and	 stability,	



coronagraphic	observations	to	assess	acquisitions	and	nulling	ability,	and	moving	target	tracking.	All	
ACS	performance	metrics	in	two-gyro	mode	were	indistinguishable	from	three-gyro	mode.

We	studied	the	 flat	 fields	of	 the	Wide	Field	Camera	(WFC)	and	HRC,	using	 regular	calibration	
observations	of	both	 internal	 lamps	and	external	targets	(star	clusters	and	the	bright	Earth).	We	
looked	for	time-dependent	changes	and	found	only	minor	effects.	We	also	produced	new,	internal,	
pixel-to-pixel	 flat	 fields	 for	 the	 SBC.	 These	 are	 a	 significant	 improvement	 over	 the	 previous	 flat	
fields,	which	were	obtained	in	the	laboratory	before	launch.

The	CTE	of	the	ACS	CCDs	is	slowly	degrading	with	time	due	to	radiation	damage.	We	monitored	
the	effect	with	the	internal	lamps,	and	found	the	worst	CTE	losses	at	the	lowest	signal	levels.	At	
any	 signal	 level,	 CTE	 declines	 linearly	 with	 time	 at	 a	 rate	 consistent	 with	 results	 from	 external	
photometric	tests.	So	far,	 it	has	been	possible	to	adequately	correct	photometric	measurements	
to	compensate	for	CTE	loss.

	We	updated	wavelength	calibrations	 for	 the	WFC/G800L	grism,	and	 improved	 the	sensitivity	
and	flat	field	calibrations	for	the	G800L	slit-less	spectroscopy	modes	of	the	WFC	and	HRC.	We	also	
updated	the	flat	 fields	for	the	HRC	polarized	filters.	These	efforts	extended	 improvements	 in	the	
calibration	of	ACS	spectroscopic	and	polarization	modes	begun	in	earlier	cycles.

We	began	testing	the	dependence	of	CCD	performance	on	temperature.	As	the	CCDs	age,	we	
want	to	determine	the	best	operating	temperature.	We	may	also	find	techniques	to	mitigate	the	
impact	of	the	radiation	damage	which	 is	slowly	accumulating.	We	designed	a	special	calibration	
program	 to	 obtain	 observations	 at	 the	 nominal	 operating	 temperatures	 of	 the	 CCDs,	 and	 at	
temperatures	a	few	degrees	hotter	and	colder.

	For	the	Cycle	15	Call for Proposals,	we	updated	the	ACS	documentation	to	make	 it	easier	 for	
observers	 to	 find	basic	 information	about	 the	 instrument	and	 its	supported	modes	of	operation.	
We	reduced	the	 Instrument Handbook	by	about	15%	in	length	by	consolidating	and	moving	some	
material	on	the	calibration	plan	to	the	ACS	website.	We	also	updated	the	index	for	the	Handbook	
and	added	summary	tables	at	the	front	of	the	volume.

 near-Infrared camera and Multi-Object Spectrometer (nIcMOS)

NICMOS	 continued	 to	 provide	 exceptional	 science	 data	 in	 2005.	 For	 example,	 NICMOS	
observations	 were	 used	 to	 detect	 9	 of	 the	 23	 known	 trans-neptunian	 binaries—more	 than	 any	
other	 instrument.	 The	 exceptional	 stability	 of	 the	 Hubble	 point-spread	 function	 allowed	 the	
discovery	of	binaries	at	separations	of	less	than	one	pixel,	which	established	that	binaries	are	four	
times	more	common	in	dynamically	cold	populations	of	these	objects	than	in	hot	populations.

The	NICMOS	detector	temperature	remained	within	the	desirable	range	throughout	the	year.	We	
made	several	changes	to	the	set-point	of	the	NICMOS	cryo-cooler	during	the	year	to	account	for	
seasonal	changes	in	heating	of	the	telescope.	

Tests	 of	 NICMOS	 in	 two-gyro	 pointing	 mode	 verified	 that	 no	 degradation	 in	 performance	
occurred	after	transition	to	this	mode.	One	test	showed	jitter	of	less	than	5	milliarcseconds	in	the	
centroid	position	of	a	bright	star	observed	 in	multiple	 readouts,	which	 is	consistent	with	 results	
from	the	ACS	HRC.	Also,	coronagraphic	acquisitions	were	successful	and	the	observed	rejection	of	
light	was	consistent	with	performance	in	three-gyro	mode.

We	discovered	a	new	and	unexpected,	rate-dependent	nonlinearity	in	NICMOS	calibration	data	
in	early	2005.	Further	testing	was	ambiguous,	but	in	November	2005	a	test	using	the	calibration	
lamps	confirmed	the	reality	of	the	“Bohlin	effect.”	The	magnitude	of	the	effect	is	larger	for	fainter	
photometry,	 where	 it	 can	 cause	 an	 error	 up	 to	 20%.	 We	 expect	 to	 provide	 a	 calibration	 that	
removes	this	effect	from	the	data.

We	 completed	 a	 pipeline	 development	 plan	 in	 2005.	 This	 detailed	 and	 comprehensive	 plan	
outlined	needed	improvements	to	the	NICMOS	pipeline	through	the	end	of	2007.	The	first	product	of	
this	plan	was	a	new	piece	of	calibration	software	that	uses	dark	frames	taken	after	SAA	passages	
to	reduce	the	impact	of	cosmic	ray	persistence	in	subsequent	science	data.	We	completed	testing	
of	the	PyrAF	version	of	this	code,	SAA-clean.	We	made	the	stand-alone	PyrAF	version	available	
to	 users	 in	 the	November	 2005	 release	of	 the	Space	 Telescope	Science	Data	Analysis	System.	
Also,	preparatory	to	pipeline	implementation	in	2006,	we	began	to	develop	a	technique	to	remove	
quadrant	ghosts	with	the	translation	of	development	code	to	PyrAF.	

In	September	2005,	an	update	 to	 the	NICMOS	flight	software	 fixed	 the	so-called	 Intel	Debug	
Exception,	which	had	plagued	NICMOS	since	 installation	 into	Hubble—causing	 it	 to	suspend	on	
several	occasions.	The	new	configuration	eliminated	the	confusion	that	arose	when	two	interrupts	
arrived	simultaneously,	causing	the	instrument	to	enter	safe	mode.

An	 improvement	 to	 the	 NICMOS	 photometric	 zero-points	 made	 in	 late	
summer	2004	uncovered	a	hidden	flaw	and	a	weakness	in	the	code	for	the	
NICMOS	exposure	time	calculator	(ETC).	Until	the	problem	was	corrected	in	
April	2005,	the	ETC	gave	overly	optimistic	results.	Some	science	programs	
were	 impacted	 and,	 after	 review,	 were	 awarded	 additional	 time	 to	 reach	
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their	 science	 objectives.	 An	 internal	 board	 analyzed	 the	 problem	 with	 the	 NICMOS	 ETC	 and	
recommended	improved	regression	testing	for	the	ETCs	of	all	instruments.	We	also	implemented	
more	rigorous	procedures	for	the	delivery	of	calibration	files.

We	implemented	a	new	spectroscopic	exposure	time	calculator	for	NICMOS	grism	observations.	
The	code	was	available	in	December	2005	for	investigators	planning	Cycle	15	proposals.

Space Telescope Imaging Spectrograph (STIS)

Even	though	STIS	stopped	operating	in	2004,	its	data	continue	to	produce	a	steady	stream	of	
new	scientific	results.	In	2005,	data	from	STIS	played	a	crucial	role	in	72	refereed	publications	and	
86	papers	that	appeared	in	conference	proceedings.	To	facilitate	its	most	effective	and	efficient	of	
use	by	the	science	community,	in	2005	the	Institute	took	steps	to	improve	the	calibration	accuracy	
of	STIS	data.	This	work	comprises	part	of	the	closeout	plan	to	complete	the	final	calibrations	for	
STIS	data	in	the	archive	and	to	allow	the	transfer	of	the	staff	to	support	active	instruments.	

Using	calibration	data	in	the	Hubble	archive,	we	significantly	improved	the	flux	calibration	of	several	
highly	used	spectroscopic	modes	of	STIS.	We	implemented	a	correction	for	the	time	dependence	of	
the	sensitivity	of	the	echelle	modes	as	a	(smooth)	function	of	wavelength.	The	global	wavelength-
dependent	 flux	 calibration	 of	 the	 echelle	 modes	 is	 now	 accurate	 to	 about	 5%	 at	 any	 epoch.	 The	
remaining	uncertainty	in	flux	level	is	mainly	due	to	narrow	slits	used	for	echelle	spectroscopy,	which	
render	the	throughput	dependent	on	the	thermal	variations	in	the	telescope	focus.	

We	derived	and	implemented	a	new	absolute	flux	calibration	for	the	STIS	objective-prism	mode.	
This	calibration	includes	the	time	dependence	of	the	sensitivity	as	a	function	of	wavelength,	and	
it	yields	fluxes	accurate	to	1%	with	respect	to	the	well-established	calibration	for	the	first-order,	
low-resolution	modes	of	STIS	in	the	wavelength	range	from	130	to	300	nm.

	We	used	recent	data	on	flux	standards	to	improve	the	throughput	curves	for	most	first-order,	
medium-resolution	modes.	Changes	from	the	previous	calibration	of	these	modes	(summer	1997)	
were	generally	modest,	but	amounted	to	several	percent	in	a	few	cases.	

We	devised	and	 implemented	a	new	correction	 for	 spectra	 taken	with	 the	G430L	and	G750L	
gratings	using	slits	narrower	than	2	arcsec.	Due	to	the	presence	of	Lyot	stops	in	the	optical	path	
for	 those	 gratings,	 the	 aperture	 and	 grating	 throughputs	 could	 not	 be	 simply	 combined	 to	 give	
the	net	throughput.	 Instead,	we	found	an	additional	correction	of	up	to	10%	was	needed	for	any	
combination	of	grating,	aperture,	and	central	wavelength.

	Using	spectra	of	the	internal	tungsten	and	stellar	flux	standards	taken	throughout	the	lifetime	
of	STIS,	we	 improved	 the	correction	 for	 imperfect	CTE	of	 the	STIS	CCD	 in	spectroscopic	mode.	
The	 new	 correction	 accounts	 for	 the	 charge-trap-filling	 effect	 of	 the	 extended	 point-spread	
function	of	the	CCD	at	wavelengths	longer	than	750	nm.	This	“red	halo”	 is	believed	to	be	due	to	
scattering	within	the	mounting	substrate	of	the	CCD,	which	may	become	more	pronounced	as	the	
transparency	of	silicon	increases	toward	long	wavelengths.	The	new	algorithm	for	correcting	CTE	
improves	the	accuracy	of	CCD	spectra	to	1%	even	for	low	signal	levels,	where	the	Poisson	error	is	
larger	than	the	accuracy	of	the	correction.	

We	investigated	the	constancy	of	spectral	traces—the	projection	of	point-source	spectra	onto	
the	detector—for	all	CCD	gratings.	We	found	that	the	traces	rotate	clockwise	with	increasing	time	
on	orbit.	 The	magnitude	of	 the	 rotation	over	 the	 lifetime	of	STIS	was	about	 half	 of	 a	 pixel	 over	
the	 full	width	of	 the	CCD.	This	effect	can	be	 important	 for	science	projects	demanding	spectral	
rectification,	such	as	spatially	 resolved	spectroscopy,	which	was	a	popular	use	of	STIS.	For	one	
grating	(G750M),	the	traces	were	found	to	cluster	around	two	distinct	curves	offset	by	about	half	a	
pixel	in	the	spatial	direction.	To	help	users	remedy	this	effect,	we	wrote	software	to	allow	them	to	
prepare	personal	trace	files—either	from	their	data	or	from	reference	files	in	the	archive—taking	
into	account	the	time	dependence	of	the	trace	slopes.

Wide Field and Planetary camera 2 (WFPc2)

Astronomers	 continue	 to	 use	 the	 WFPC2	 for	 specialized	 ultraviolet	 and	 optical	 imaging.	 These	
applications	include	ongoing	astrometric	monitoring	programs,	ultraviolet	wide-field	imaging,	programs	
calling	for	filters	in	the	extensive	WFPC2	narrow-band	filter	set,	and	parallel	observing	programs.

To	 support	 continuing	 WFPC2	 observations	 in	 2005,	 we	 maintained	 a	 basic	 program	 of	
instrument	calibration	and	characterization.	We	created	new	bias	 images,	dark	 images,	and	hot	
pixel	lists.	We	also	monitored	internal	flat-field	images,	photometric	sensitivity,	and	charge	transfer	
efficiency	losses.

We	 pursued	 special	 closeout	 projects	 to	 enhance	 the	 scientific	 value	 of	 all	 WFPC2	 data	 in	
the	Hubble	 archive.	We	conducted	a	 study	of	CTE	effects	 in	 an	effort	 to	better	 understand	 the	
relationship	 between	 charge	 trapping	 and	 photometric	 losses.	 These	 were	 steps	 toward	 an	
eventual	 image-based	 CTE	 correction	 for	 all	 WFPC2	 data	 in	 the	 archive.	 We	 also	 undertook	 a	
photometric	recalibration	of	all	WFPC2	filters	used	in	Cycles	13	through	15,	based	on	the	long-term	
evolution	of	the	filters	and	sensitivities.



	In	October	2005,	we	discovered	an	electronic	anomaly	in	the	WF4	CCD,	one	of	the	four	CCDs	
of	WFPC2.	The	bias	 level	occasionally	became	unstable,	causing	corrupted	photometry	or	blank	
images.	 Looking	 at	 earlier	 data,	 we	 found	 that	 the	 earliest,	 mild	 indications	 of	 this	 problem	
appeared	in	2002,	and	more	serious	impacts	began	in	2004,	with	a	small	fraction	of	images	having	
significantly	 degraded	 photometry.	 By	 late	 2005	 the	 anomaly	 grew	 more	 severe,	 and	 nearly	 all	
images	 were	 impacted,	 with	 many	 blank.	 We	 performed	 special	 calibrations	 of	 the	 anomalous	
WF4	photometry,	and	created	and	tested	scripts	to	correct	science	 images	(Figs.	7,	8).	Working	
as	part	of	the	Anomaly	Review	Board,	we	created	a	mitigation	strategy	by	lowering	and	stabilizing	
the	temperature	in	the	electronics	bay.	This	strategy	appears	to	
restore	WF4	to	nearly	normal	operations,	at	least	for	the	present.

	 We	 released	 an	 updated	 WFPC2 Instrument Handbook	 for	
Cycle	 15,	 and	 started	 updating	 and	 streamlining	 the	 WFPC2	
website	to	make	calibration	information	more	accessible.

Fine guidance Sensors (FgS)

In	2005,	observers	continued	to	use	the	FGS1r	as	a	state-of-
the-art	 astrometric	 instrument	 to	 measure	 both	 trigonometric	
parallax	 distances	 and	 orbital	 motions	 of	 stars.	 They	 used	
the	 exquisite	 precision	 of	 the	 FGS1r	 to	 measure	 the	 distances	
of	 objects	 out	 to	 several	 hundred	 parsecs.	 Targets	 included	
galactic	 Cepheids,	 Population	 II	 subgiants,	 pulsating	 hot	 pre-
white	dwarf	stars,	and	planetary	nebulae.	Users	studied	orbits	
of	 close	 binary	 systems,	 ranging	 from	 O	 stars	 to	 M	 dwarfs	
and	 white	 dwarfs,	 to	 dynamically	 determine	 the	 mass	 of	 the	
components.	 They	 also	 used	 the	 FGS1r	 to	 measure	 the	 reflex	
motion	 of	 stars	 hosting	 extrasolar	 planets.	 The	 astrometric	
measurements	remove	the	ambiguity	about	the	inclination	angle	
and	combine	with	radial-velocity	measurements	to	yield	a	direct	
measurement	of	the	planet	mass.

The	 change	 to	 two-gyro	 pointing	 mode	 in	 August	 2005	
caused	no	degradation	in	the	quality	of	FGS1r	astrometric	data	
for	 the	majority	of	observations.	No	need	arose	 to	modify	 the	
FGS1r	calibration	pipeline.	Observers	worked	around	the	tighter	
scheduling	constraints	of	 two-gyro	mode,	and	 the	astrometric	
science	 program	 remained	 healthy.	 We	 have	 seen	 a	 modest	
impact	on	the	quality	of	trigonometric	parallaxes	of	low-latitude	
objects	more	distant	than	about	250	parsecs.	

Observatory

In	 2005,	 we	 significantly	 upgraded	 the	 monitoring	 and	
analysis	 dedicated	 to	 the	 optical	 telescope	 assembly	 and	 its	
effects	 on	 science	 observations.	 This	 renewed	 interest	 in	
understanding	 the	 detailed	 behavior	 of	 the	 optical	 train	 was	
prompted	 by	 an	 apparent	 pointing	 anomaly,	 which	 has	 been	
named	the	Attitude	Observer	Anomaly	(AOA).	

The	AOA	manifested	itself	as	a	disagreement	on	the	telescope	
pointing	between	FGS	and	gyro	data.	Although	the	disagreement	
had	 no	 direct	 impact	 on	 science	 observations,	 its	 increase	
with	 time	 warranted	 a	 full	 investigation,	 in	 which	 the	 Institute,	 through	 the	 AOA	 Working	 Group	
and	 the	 Anomaly	 Resolution	 Board	 (ARB),	 actively	 participated.	 We	 designed	 on-orbit	 tests	 to	
determine	whether	bending	of	the	secondary	mirror	support	structure	caused	the	AOA.	By	analyzing	
stellar	 images	 in	 science	 instruments,	 we	 simultaneously	 measured	 positional	 shifts	 and	 image	
aberrations.	We	concluded	that	the	telescope	assembly	itself	could	not	cause	the	AOA.	Ultimately,	
the	ARB	identified	the	cause	as	a	slight	temperature	variation	in	one	of	the	gyros,	and	switching	to	
faster	control	electronics	substantially	reduced	the	AOA.

We	used	our	monthly	focus	monitoring	to	accurately	determine	the	telescope	focus	as	seen	by	the	ACS	
and	the	WFPC2.	We	found	that	throughout	2005,	the	observatory	enjoyed	sharp	focus.	Over	the	year,	the	
average	of	measurements	from	both	instruments	indicated	that	the	Hubble	secondary	mirror	lay	within	1	
micron	of	best	focus	for	both	the	WFPC2/PC	and	the	ACS/HRC,	which	was	well	within	our	focus	tolerance.	
Due	to	the	desorption	of	water	from	the	graphite	epoxy,	the	telescope	structure	
shrinks	over	time;	this	requires	careful	monitoring	and	periodic	focus	adjustments.		
In	2005,	however,	the	good	focus	was	stable,	and	no	adjustments	were	needed	
(Fig.	9).
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Figure 7: Relative	 photometric	 scale	 of	 the	 WF4	 CCD	 before	
correction.	Targets	appear	too	faint	by	an	amount	that	depends	on	
the	bias	level	and	target	brightness.	Faint	targets	at	low	bias	levels	
are	a	factor	~0.6	too	faint.	Data	are	from	internal	flats;	different	
symbols	correspond	to	different	brightness	levels	(see	legend).	
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Figure 8: Relative	photometric	 scale	of	 the	WF4	CCD	after	
preliminary	corrections	 for	non-linearity	and	gain	are	applied.	
All	targets	are	now	near	correct	count	level.
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We	recognize	that	understanding	subtle	variations	in	Hubble	image	quality,	including	timescales	
and	 drivers,	 is	 important	 for	 several	 science	 programs.	 In	 2005,	 we	 expanded	 our	 monitoring	
program	to	 include	stellar	observations	that	are	closely	packed	and	sample	complete	orbits.	We	

analyze	such	image	sets	from	ACS,	not	only	to	determine	focus,	
but	 also	 to	 look	 for	 other	 aberrations,	 particularly	 coma	 and	
astigmatism.	In	2005,	technical	reports	and	calibration	workshop	
papers	presented	the	state	of	these	investigations.

Stimulate the use of Hubble data
The	 Institute	 provides	 the	 astronomy	 community	 with	 easy	

access	to	the	entire	suite	of	Hubble	data.	After	an	observation,	
we	 promptly	 process,	 calibrate,	 and	 archive	 new	 observational	
data.	We	also	make	all	non-proprietary	science	data	available	to	
the	public	without	delay.

By	the	end	of	2005,	the	total	amount	of	Hubble	data	archived	
since	launch	amounted	to	the	equivalent	of	26.5	terabytes	from	
735,000	 observations	 (Fig.	 10).	 On	 average,	 we	 ingested	 89	
gigabytes	 of	 new	 data	 per	 week,	 while	 delivering	 more	 than	
490	 gigabytes	 per	 week	 in	 response	 to	 user	 requests.	 Both	
the	 number	 of	 observations	 and	 data	 volume	 ingested	 into	 the	
archive	continued	at	the	high	level	reached	after	the	installation	
of	ACS	in	March	2002	(Fig.	11).

The	average	data	retrieval	rate	was	more	than	40%	higher	than	in	
2003	and	2004,	and	it	was	1.8	times	higher	than	the	2002	retrieval	
rate.	This	dramatic	rise	was	mainly	due	to	the	increasing	availability	
of	 non-proprietary	 ACS	 images,	 starting	 in	 mid-2003.	 It	 reflects	
continuing	growth	in	the	community’s	use	of	the	Hubble	archive.

We	aim	to	satisfy	user	requests	for	science	data	within	24	hours,	
including	 both	 the	 time	 for	 On-The-Fly	 Reprocessing	 (OTFR)	 of	 the	
data	and	the	 time	 for	 transferring	 the	calibrated	data	products	over	
the	 Internet	 to	 the	user’s	 computer.	 In	2005,	 the	performance	was	
uniformly	 excellent	 and	 continued	 to	 improve,	with	weekly	 retrieval	
times	dropping	below	an	hour	during	the	second	half	of	the	year	(Fig.	
12).

In	2005,	we	continued	to	maintain	the	archive	of	DSS	plates.	
All	 of	 the	 data	 are	 available	 online	 through	 the	 Hubble	 archive.	
The	 DSS	 provides	 all-sky	 photographic	 images	 in	 blue,	 red,	 and	
near	 infrared	 through	 both	 a	 web-based	 interface	 and	 Virtual	
Observatory	 (VO)	 compatible	 web	 services.	 We	 completed	 a	
major	project	to	incorporate	the	GSC-II	astrometric	solutions	into	
the	image	header	keywords.	In	addition,	we	modified	the	retrieval	

software	 to	 dynamically	 generate	 a	
standard	 Flexible	 Image	 Transport	
System	 (FITS)	 World	 Coordinate	
System	 (WCS),	 which	 is	 based	 on	
the	new	IAU-recommended	ICRS.	This	
development	 improved	 astrometric	
precision	and	made	it	more	accessible	
to	 any	 analysis	 package	 using	 FITS	
WCS.	The	DSS	continues	to	be	one	of	
the	most	popular	resources	for	modern	
observational	 astronomy,	 with	 more	
than	 150,000	 image	 retrievals	 per	
month	 from	 the	Hubble	 archive	alone.	
(The	 DSS	 is	 also	 available	 from	 other	
major	data	centers.)

The	 Hubble	 data	 archive	 is	 now	
delivering	 far	 more	 data	 than	 in	 the	
past,	 with	 each	 dataset	 subject	 to	
more	 sophisticated	 calibration	 and	
processing.	Nevertheless,	 the	system	

Figure 9: Observatory	 Focus	 as	 measured	 through	 ACS	
since	 the	 camera’s	 installation.	 Hubble	 Secondary	 Mirror	
moves	are	indicated.	Apparent	through	2005	is	the	stability	
near	best	focus	(zero	microns)	since	the	 last	such	move	 in	
late	December	2004.
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Figure 10: Hubble	archive	data	volume	from	1995	through	
2005.	 Note	 the	 dramatic	 increase	 after	 installation	 of	 the	
ACS	on	Servicing	Mission	3B	in	March	2002.

Te
ra

by
te

s

Year
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

25

20

15

10

5

0

ANC class data removal

Database cleaned out for MO migration

Figure 11: Daily	volume	of	data	 ingest	and	retrievals	 for	 the	
Hubble	archive.	The	ingest	rate	has	been	steady	since	Servicing	
Mission	3B,	except	for	a	slight	dip	in	mid-2004	due	to	the	failure	
of	STIS.	The	number	of	retrievals	continues	to	increase	as	the	
quantity	of	ACS	data	available	to	the	public	grows.
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is	more	reliable	from	top	to	bottom,	and	it	operates	with	greater	
performance	margin	than	ever	before.	Our	system	is	a	solid	basis	
in	both	hardware	and	software	 to	support	 the	archive	 into	 the	
future.

Provide user support
We	 support	 users	 with	 calibration	 information	 and	 provide	

software	 tools	 to	 facilitate	proposing	and	making	 the	best	use	
of	Hubble	data.

We	 held	 the	 2005	 HST	 Calibration	 Workshop	 at	 the	 Institute	
on	 October	 26–28,	 2005.	 More	 than	 100	 individuals	 attended,	
and	about	 half	were	external	 participants.	Correctly	 interpreting	
Hubble	data	 involves	understanding	a	variety	of	complex	effects	
and	 calibrating	 them	 out.	 These	 effects	 include	 CTE,	 time-
dependent	 sensitivity,	 fringing	 effects,	 point-spread	 functions,	
line-spread	functions,	scattered	light,	echelle	blaze	function	shifts,	
charge	trapping,	hot	pixels,	and	cosmic	ray	persistence.	Projects	
at	the	forefront	of	science	usually	push	instruments	to	their	limits,	
where	subtle	aspects	of	calibration	may	become	important.	

The	 purpose	 of	 this	 workshop,	 held	 every	 few	 years,	 is	 to	
clarify	and	extend	the	state	of	 the	art	 in	 instrument	calibration.	
This	 year,	 the	 workshop	 addressed	 data	 from	 ACS,	 NICMOS,	
STIS,	WFPC2,	and	FGS.	It	also	reviewed	the	calibration	status	of	
COS	 and	 WFC3	 and	 cross-calibration	 between	 Hubble,	 Spitzer,	
and	Webb	instruments.	Other	topics	included	analysis	of	dithered	
undersampled	 data,	 enhancements	 of	 the	 Hubble	 archive,	 and	
software	packages	like	multiDrizzle,	PyrAF,	and	STSDAS.

The	 workshop	 organization	 was	 designed	 to	 foster	 sharing	
of	 information	 and	 techniques	 between	 observers,	 instrument	
support	teams,	and	instrument	developers.	The	agenda	included	
over	40	 talks,	more	 than	30	posters,	 and	 time	 for	discussions,	
demonstrations	and	splinter	groups	on	special	topics.

As	in	previous	cycles,	we	conducted	user	surveys	immediately	
after	both	the	Cycle	14	Phase	I	and	Phase	II	proposal	deadlines	
to	 learn	 from	 their	 experiences.	 The	number	 of	 issues	brought	
out	by	the	surveys	was	low,	although	one	consistent	issue	was	
the	 difficulty	 of	 finding	 information—mostly	 due	 to	 the	 large	
amount	 of	 documentation	 available.	 To	 address	 this	 problem,	
we	created	Phase	I	and	Phase	II	“roadmaps,”	which	are	step-by-
step	guides	to	preparing	a	proposal,	with	links	to	the	appropriate	
sections	of	the	documentation	at	each	step.	We	also	simplified	
and	reorganized	the	Frequently	Asked	Questions	and	Bug	List	for	
APT,	making	it	easier	for	proposers	to	solve	problems.

In	2005,	we	had	two	releases	of	STSDAS.	The	first,	 in	April,	
delivered	 updates	 for	 the	 STIS	 calibration	 software	 and	 for	
multiDrizzle.	In	November,	we	released	STSDAS/Tables	3.4	and	
stsci _ Python	2.2,	including	an	upgrade	for	multiDrizzle	that	can	
fully	process	imaging	data	from	WFPC2,	STIS,	and	NICMOS,	as	
well	as	ACS.

We	 continued	 developing	 the	 stsci _ Python	 package	 with	
STSDAS/Tables	 tasks,	 Python	 tasks	 that	 can	 only	 run	 under	
PyrAF,	and	tasks	that	can	be	installed	either	for	use	with	STSDAS	
or	 as	 standalone	 packages.	 Among	 the	 new	 tasks	 in	 2005	
was	 one	 that	 processes	 NICMOS	 images.	 The	 installation	 of		
stsci _ Python	 is	now	supported	and	compiled	natively	on	both	
32-	and	64-bit	platforms	under	all	the	newest	compilers,	including	
those	used	by	the	latest	RedHat	and	Mac	OS	X	distributions.	We	
also	started	making	the	Python	tasks,	except	PyRAF,	available	for	
use	under	Windows	for	the	first	time.

Our	 work	 on	 Python	 infrastructure	 continued	 to	 mature	 in	 2005.	 We	
released	numArrAy	1.5	and	PyFITS	1.0,	and	we	supported	the	development	of	
mAtPlotlib,	a	2-D	plotting	package.	The	Institute	distributed	a	comprehensive	
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Figure 13: COS	 on	 its	 transportation	 dolly	 during	 functional	 and	 semi-
annual	throughput	testing	at	GSFC.

Figure 14: The	COS	 instrument,	 inside	 its	protective	bagging,	 shown	
just	 after	 removal	 from	 its	 storage	 container	 while	 being	 readied	 for	
transportation	to	functional	testing	area	at	GSFC.

Figure 12:	Request	retrieval	times	in	2005.	The	median	time	
(hours)	 to	 satisfy	 archive	 requests	 for	 each	week	 in	 2005.	
Blue	line:	OTFR	requests	(includes	most	Hubble	data).	Green	
line:	non-OTFR	requests	(archival	files	transferred	directly	to	
the	user).	Red	line:	all	requests.
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tutorial	 on	 the	use	of	Python	 as	an	 interactive	data	analysis	environment.	We	delivered	SPecview	
v2.12,	 our	 Java-based	 spectral	 plotting	 and	 analysis	 tool,	 which	 includes	 the	 ability	 to	 access	
spectral	data	from	VO	repositories	and	supports	user-configurable	VO	registries	and	servers.

The	Institute	provided	support	to	the	Gemini	Observatory	to	enable	use	of	PyRAF	with	software	
for	the	reduction	and	analysis	of	Gemini	data,	replacing	the	IRAF	command	language.	

Prepare for future science instruments
The	 Institute	 develops	 both	 pre-	 and	 post-observation	

components	of	the	ground	system	for	new	Hubble	instruments.	
This	 draws	 on	 our	 experience	 and	 capabilities	 from	 previous	
instruments.	 In	 2005,	 we	 prepared	 for	 two	 instruments	 that	
hopefully	 will	 be	 installed	 on	 a	 future	 servicing	 mission:	 the	
Cosmic	Origins	Spectrograph	(COS)	and	the	Wide	Field	Camera	
3	(WFC3).

The	COS	instrument	was	previously	completed	and	delivered	
by	 the	 contractor	 to	 GSFC.	 The	 Institute	 continued	 its	 strong	
collaboration	 with	 the	 COS	 instrument	 team,	 especially	 in	
the	 areas	 of	 test	 analysis,	 data	 archiving,	 and	 planning	 for	
the	 development	 of	 additional	 operating	 modes.	 We	 worked	
closely	 with	 the	 team	 to	 develop	 operational	 and	 calibration	
requirements	for	the	ground	system,	and	to	address	instrumental	
performance	characteristics	 learned	 in	 environmental	 testing.	
Based	upon	these	requirements,	the	Institute	began	to	develop	
updates	to	the	scheduling	system	and	pipeline	processing.	

The	 Institute	 continued	 to	 support	 the	 post-delivery	
functional	 testing	 of	 COS	 at	 GSFC	 and	 to	 archive	 calibration	
test	data	in	the	Hubble	archive.

Most	 of	 the	 scientists	 on	 the	 WFC3	 team	 are	 at	 the	
Institute.	They	provide	science	leadership,	analyze	instrument	
performance,	guide	the	development	of	the	ground	system	for	
testing	 and	 operations,	 and	 support	 instrument	 testing.	 The	
Institute	 directly	 supports	 the	 WFC3	 hardware	 development	
(Figs.	15	&	16)	 in	several	areas:	optics	alignment	and	testing,	
instrument	ground	calibration,	science	performance	validation,	
analysis	 support	 for	 infrared	 detector	 development,	 and	
project	 management.	 We	 interface	 with	 the	 astronomical	
community	 through	 the	 WFC3	 Science	 Oversight	 Committee	
and	by	presentations	at	scientific	and	technical	meetings.

The	 WFC3	 team	 had	 a	 productive	 year	 in	 2005,	 analyzing	
the	 results	 and	addressing	 the	 issues	 from	 the	system-level,	
thermal-vacuum	 testing	 in	 fall	 2004.	 The	 tests	 characterized	

the	performance	of	the	instrument	and	demonstrated	its	basic	ability	to	achieve	its	main	science	
objectives,	 but	 also	 uncovered	 a	 variety	 of	 issues.	 The	 team	 also	 supported	 NASA’s	 study	 of	 a	
possible	robotic	servicing	mission,	in	which	the	WFC3	would	have	played	a	special	role,	carrying	
needed	replacement	gyroscopes	to	Hubble.

Following	 up	 the	 lessons	 from	 thermal-vacuum	 testing,	 the	 WFC3	 team	 prepared	 for	 full	
validation	testing	and	science	calibration.	They	concentrated	on	the	optical	alignment	and	stability	
of	the	instrument,	calibration	of	the	infrared	detector,	and	operational	and	thermal	modifications	to	
the	instrument.	Most	of	the	ultraviolet	filters	and	some	visible-light	filters	exhibited	unexpectedly	
high	 levels	of	optical	ghosting.	Replacement	filters	removed	these	ghosts	 in	nearly	all	cases	and	
have	generally	superior	transmission	and	band-pass	performance.	Radiation	tests	of	the	infrared-
detector	focal	plane	showed	the	potential	to	generate	backgrounds	exceeding	specifications.	The	
team	 used	 spare	 detectors	 to	 demonstrate	 a	 fix	 and	 fabricated	 a	 replacement	 detector.	 A	 side	
benefit	of	this	fix	was	a	near	doubling	of	the	sensitivity	of	the	infrared	channel.		W

Figure 16: Another	view	of	WFC3

Figure 15: The	completed	WFC3	instrument	in	the	clean	room	at	GSFC.



We help develop—and then operate—the best Webb possible, with full inheritance of 
Hubble lessons-learned and full engagement of the community in the development process.

T he	James Webb Space Telescope	is	the	“First-Light	Machine,”	an	observatory	that	can	peer	
back	 into	 the	 era	 when	 the	 first	 stars,	 galaxies,	 and	 massive	 black	 holes	 formed.	 Since	
1996,	 the	 Institute	 and	 the	 Goddard	 Space	 Flight	 Center	 (GSFC)	 have	 been	 partners	 in	
defining	this	mission,	by	its	scientific	promise	and	the	details	of	achieving	it.	

In	 2001,	 NASA,	 the	 Institute,	 and	 the	 scientific	 community	 set	 performance	 goals	 for	 the	
observatory.	 The	 telescope	 must	 have	 a	 high	 quality,	 large	 diameter	 mirror	 (>6	 m),	 to	 see	 a	
supernova	at	redshift	z	~	8,	an	epoch	 less	than	one	billion	years	after	the	Big	Bang.	 Its	primary	
camera	must	have	a	 large	 field	of	 view	 (~10	square	arc	minutes),	 to	detect	 the	 rare,	 faint	 star	
clusters	or	mini-QSOs	at	z	>	10,	which	is	when	the	first	stars	formed	from	collapsing	filaments	of	
primordial	gas.	The	telescope	must	be	stable	for	many	days,	to	maintain	its	Hubble-like	resolution	
during	 long	 exposures.	 To	 achieve	 this	 stability,	 the	 telescope	 will	 have	 a	 large,	 multi-layered	
sunshade,	 to	 reject	 solar	 heating	 a	 million-fold.	 These	 capabilities	 will	 make	 Webb	 the	 premier	
astronomy	facility	of	the	next	decade,	assuring	major	advances	in	our	understanding	the	origins	of	
galaxies,	stars,	and	planets.

At	the	Institute,	the	Science	and	Operations	Center	(S&OC)	will	take	advantage	of	Hubble	tools	
and	 experience	 to	 ensure	 the	 community’s	 efficient	 use	 of	 the	 observatory	 for	 science,	 for	 an	
affordable	cost.	Webb	will	be	easier	for	us	to	operate	than	Hubble	because	of	its	favorable	orbit	at	
L2,	the	second	Sun-Earth	Lagrange	point.

In	2002,	NASA	completed	its	selection	of	development	partners	to	join	the	Institute	in	the	design	
and	implementation	of	Webb	and	the	S&OC.	Northrop	Grumman	Space	Technologies	(NGST)	is	the	
prime	contractor,	which—together	with	Ball	Aerospace	and	other	subcontractors—will	construct	
and	 test	 the	 telescope,	 sunshade,	 and	 avionics.	 NASA	 retains	 responsibility	 for	 overseeing	 the	
development	and	assembly	of	the	three	science	instruments,	including	their	supporting	electronics	
and	computer	needs.	The	University	of	Arizona	will	provide	the	Near	 Infrared	Camera	(NIRCam),	
which	will	 provide	 the	deepest	 images	of	 the	universe	and	be	capable	of	 detecting	 the	birth	of	
the	earliest	galaxies	and	star	clusters.	The	European	Space	Agency	will	provide	the	Near	Infrared	
Spectrograph	 (NIRSpec),	 a	 multi-aperture	 spectrograph	 capable	 of	 observing	 over	 100	 galaxies	
or	stars	at	one	time.	The	U.S.	and	Europe	will	collaborate	on	the	construction	of	the	Mid-Infrared	
Instrument	 (MIRI),	 a	 camera	and	spectrograph	operating	 in	 the	5–27	micron	wavelength	 range.	
The	Canadian	Space	Agency	will	contribute	the	fine	guidance	system	(FGS),	which	will	maintain	
Hubble-quality	pointing	using	faint	infrared	stars,	selected	from	GSC-II,	the	most	recent	version	of	
the	Institute	guide-star	catalog.	The	FGS	will	also	have	a	tunable-filter	infrared	camera,	which	will	
be	capable	of	spectral	resolutions	λ/dλ	=	50–100	in	the	1–5	micron	range.

The	Institute	is	responsible	for	developing	and	operating	the	S&OC,	and	for	supporting	NASA	and	
its	partners	 in	developing	and	commissioning	the	ground	system	to	operate	Webb.	The	scope	of	
S&OC	operations	is	substantially	the	same	as	the	work	that	the	Institute	has	been	performing	for	
Hubble.	The	 Institute	will	solicit	proposals	 from	the	 international	astronomy	community,	manage	
the	peer	 review	and	selection	of	proposals,	assist	 the	planning	of	Webb	 observations,	 schedule	
observations,	perform	flight	operations,	and	receive	and	archive	science	data.	The	Webb	archive	
will	 be	 based	 on	 our	 Hubble	 and	 multi-mission	 archives.	 It	 will	 provide	 on-the-fly	 calibration	 on	
data	as	they	are	requested	by	the	principal	investigators	and,	eventually,	archival	researchers.	The	
Institute	will	also	conduct	outreach	programs	to	the	astronomical	community	and	the	public.

In	2004,	the	Project	and	the	 Institute	met	many	critical	engineering	and	technical	milestones.	
The	Project	passed	 its	Mission	Systems	Requirements	Review	(SRR)	and	a	series	of	 lower	 level	
requirements	reviews	including	the	observatory	(optics	and	spacecraft	functions),	the	Integrated	
Science	 Instrument	 Module	 (ISIM),	 and	 the	 ground	 segment	 (communications,	 orbit	 navigation,	
and	the	S&OC).	 In	 turn,	most	of	 the	sub-elements	 (including	optics,	science	 instruments,	S&OC)	
passed	similar	SRRs.	The	Institute	developed	and	presented	the	operations	concept	documents	for	
the	Webb	mission,	the	science	instruments,	and	S&OC.	

In	May	2004,	the	Institute	delivered	the	first	software	for	the	S&OC:	the	
initial	 Project	 Reference	 Database	 (PRD)	 tools.	 NASA	 distributes	 the	 PRD	
tools	and	NASA’s	test	systems	to	NGST	and	the	instrument	developers.	The	
PRD	 itself	 is	 the	 central	 repository	 of	 verified	 commands	 for	 operating	 the	

Develop the best possible James 
Webb Space Telescope
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spacecraft	and	the	science	 instruments,	as	well	as	other	critical	spacecraft	parameters	used	by	
flight	and	ground	software.	In	June	and	September	2005,	the	Institute	delivered	two	more	portions	
of	 the	 PRD	 subsystem,	 which	 it	 will	 complete	 in	 early	 2006.	 The	 Institute	 performs	 the	 central	
management	 functions	 for	 the	PRD,	 including	 the	control	of	data	 types	during	 the	development,	
testing	and	operations	of	Webb.	

In	2005,	the	Institute	continued	to	address	major	challenges	to	operating	Webb	as	it	prepared	for	the	
start	of	developing	the	S&OC	planning	and	scheduling	systems	and	the	Flight	Operations	Subsystem.	
Although	NASA	has	delayed	those	developments	and	postponed	the	launch	date	of	Webb	until	June	
2013,	we	gained	valuable	insights	on	Webb	operations	and	the	design	of	the	observatory.

Our	analysis	and	design	work	and	ongoing	project	reviews	are	revealing	hidden	complexities	in	
the	Webb	mission.	For	example,	we	discovered	 issues	 in	 the	baseline	concept	 for	managing	the	
angular	momentum	of	Webb’s	 reaction	wheels.	Solar	 radiation	 impinges	on	 the	 large	sunshade,	
creating	 a	 torque	 on	 the	 spacecraft,	 which	 depends	 on	 attitude	 with	 respect	 to	 the	 Sun.	 The	
purpose	of	the	reaction	wheels	within	the	spacecraft	is	to	offset	these	torques,	to	ensure	stable	
and	steady	pointing.	Eventually,	due	to	variations	in	the	spacecraft	attitude	over	days	and	weeks,	
the	momentum	of	 the	wheels	builds	up,	and	Webb	must	use	gas	 jets	 to	slow	them	back	down.	
Unless	the	Webb	observation	plan	is	carefully	crafted	to	optimize	these	operations,	we	could	waste	
fuel,	 which	 shortens	 the	 mission,	 and	 perturb	 the	Webb	 orbit,	 which	 would	 waste	 further	 fuel.	
(The	 torques	on	Hubble	 due	 to	gravitation	and	aerodrag	are	much	stronger	 than	 the	 torques	on	
Webb.	However,	Hubble	uses	magnets	to	push	against	the	Earth’s	magnetic	field	to	reduce	wheel	
momentum,	an	option	not	available	to	Webb.)	

Using	 computer	 simulations	 of	 the	 planning	 process,	 we	 found	 we	 could	 create	 an	 efficient	
schedule	 of	 science	 observations	 while	 keeping	 the	 angular	 momentum	 of	 the	 wheels	 within	
acceptable	 limits.	 To	 do	 this,	 we	 found	 that	 the	 planning	 and	 scheduling	 systems	 must	 take	
radiation	 torques	 into	 account	 at	 every	 step—from	 the	 development	 of	 a	 long-range	 plan	 to	
the	design	of	 each	seven-	 to	 ten-day	 schedule.	 These	studies	also	produced	a	guideline	 for	 the	
momentum	 storage	 capacity	 demanded	 by	 a	 specific	 sunshield	 design.	 With	 this	 guideline,	 the	
Institute	simulations	show	that	we	can	achieve	better	than	95%	scheduling	efficiency,	even	with	a	
complex,	Hubble-like,	science	program.

In	2005,	Institute	scientists	worked	with	the	NIRCam,	NIRSpec,	MIRI,	and	FGS	teams	to	develop	
calibration	plans	and	 initial	calibration	algorithms.	We	began	developing	the	software	scripts	 for	
commanding	these	instruments	during	high-level	testing	and	flight	operations.

The	Institute	developed	a	plan	for	soliciting	and	selecting	Webb	proposals	that	should	minimize	
the	burdens	on	proposers.	We	developed	concepts	 for	specialized	 tools	 for	helping	 the	selected	
investigators	 quickly	 and	 efficiently	 define	 their	 observations	 for	 the	 scheduling	 process.	 These	
tools	are	especially	important	for	NIRSpec,	which	is	more	challenging	to	operate	than	any	Hubble	
instrument.	It	can	take	spectra	of	over	100	objects	at	one	time,	by	opening	tiny	apertures	for	each	
target.	Since	the	aperture	array	is	fixed	and	because	spectra	from	two	targets	on	the	same	row	
or	neighboring	rows	can	overlap,	optimizing	target	selection	for	NIRSpec	is	particularly	difficult.	To	
compound	this	problem,	the	relative	orientation	of	the	spacecraft	and	aperture	array	is	restricted	
to	 a	 small	 range	 on	 a	 specific	 day	 (±5°),	 making	 the	 target	 selection	 highly	 dependent	 on	 the	
observing	schedule.

In	2005,	Babak	Saif,	an	Institute	scientist,	developed	and	validated	a	new	technology	for	remotely	
measuring	the	dimensional	changes	of	a	large	surface	as	it	undergoes	deformations	due	to	thermal	
or	mechanical	stress.	The	technique	uses	a	powerful,	phase-shifted	laser	interferometer	developed	
by	4-D	Technologies	in	Tucson,	AZ.	Saif	designed	the	optics	and	changed	the	operating	software	
to	 allow	 the	 instrument	 to	 measure	 distortions	 in	 even	 rough	 and	 irregular	 surfaces	 with	 an	
accuracy	of	10	nanometers	(about	100	atom	widths).	Saif,	NASA,	and	NGST	engineers	will	use	the	
instrument	to	verify	the	stability	of	a	prototype	of	the	Webb	backplane	at	cryogenic	temperatures	
in	the	summer	of	2006.	Ball	Aerospace	will	use	a	second	version	of	the	instrument	to	verify	that	
the	beryllium	mirror	segments	can	withstand	the	stresses	of	launch	without	deforming.

Throughout	2005,	the	Institute	supported	the	Webb	Project	in	public	outreach.	The	exhibit	at	the	
winter	American	Astronomical	Society	meeting	encouraged	hundreds	of	interested	astronomers	to	
learn	about	the	Webb	science	mission	and	the	new	technologies	that	enable	it.	The	public-oriented	
website	 (http://jwstsite.stsci.edu)	and	 the	astronomer-oriented	website	 (http://www.stsci.
edu/jwst/)	describe	the	mission’s	scientific	goals,	the	Webb	architecture,	the	capabilities	of	the	
science	instruments,	and	identifies	members	of	the	Science	Working	Group.		W



We will continue to run the best astronomical data archive in the world, adding new data 
sets, providing new research tools, and collaborating with other data centers to provide an 
international astronomy data system.

T he	 Multimission	 Archive	 at	 Space	 Telescope	 (MAST)	 is	 one	 of	 the	 world’s	 best	 and	 most	
widely	 used	 data	 archives.	 It	 offers	 users	 convenient	 search-and-retrieval	 utilities	 for	
accessing	35	terabytes	of	data	from	17	missions	and	surveys,	including:

	 •	 HST (Hubble Space Telescope)
 • FUSE (Far Ultraviolet Spectroscopic Explorer)
 • GALEX (Galaxy Evolution Explorer)
 • IUE (International Ultraviolet Explorer)
 • EUVE (Extreme Ultraviolet Explorer)
 • HUT	(Hopkins	Ultraviolet	Telescope)
	 •	 WUPPE	(Wisconsin	Ultraviolet	Photo-Polarimeter	Experiment)
	 •	 UIT	(Ultraviolet	Imaging	Telescope)
 • CHIPS	(Cosmic	Hot	Interstellar	Plasma	Spectrometer)
 • Copernicus (the Copernicus satellite)
 • ORFEUS	(Orbiting	Retrievable	Far	and	Extreme	Ultraviolet	Spectrometers)
	 •	 BEFS	(Berkeley	Extreme	and	Far-UV	Spectrometer)
	 •	 IMAPS	(Interstellar	Medium	Absorption	Profile	Spectrograph)
	 •	 TUES	(Tübingen	Echelle	Spectrograph)
	 •	 DSS	(Digitized	Sky	Survey)
	 •	 GSC	(Guide	Star	Catalog)
	 •	 VLA-FIRST	(Very	Large	Array-Faint	Images	of	the	Radio	Sky	at	Twenty-one	centimeters)

In	2005,	MAST	began	work	to	incorporate	the	optical	and	UV	
camera	data	from	three	X-ray	and	gamma-ray	satellites:	ROSAT 
(Röntgen Satellite),	Swift,	and	 INTEGRAL (International Gamma-
Ray Astrophysics Laboratory).	MAST	will	also	be	the	archive	for	
the	upcoming	Kepler	mission.

To	 keep	 MAST	 on	 the	 cutting	 edge,	 in	 2005	 we	 strove	 to	
improve	 the	 key	 functions	 of	 a	 modern	 archive.	 We	 ensured	
the	preservation	of	astrophysical	data	into	the	indefinite	future	
with	 reliable	storage	 technologies.	Our	scientific	and	 technical	
expertise	guided	the	processing,	re-analysis,	and	interpretation	
of	 the	 data	 holdings.	 We	 developed	 multimission	 analysis	 and	
support	tools	and	defined	data,	software,	and	access	standards.	
We	 coordinated	 with	 other	 national	 and	 international	 data	
centers	to	enhance	inter-archive	communication.

When	investigating	the	physical	processes	in	the	formation	and	
evolution	of	stars,	galaxies,	and	large-scale	structure,	astronomers	
demand	 data	 from	 a	 wide	 range	 of	 the	 electromagnetic	
spectrum.	 The	 MAST	 holdings—ultraviolet,	 optical,	 and	 near-
infrared	images	and	spectra—have	become	a	key	resource	for	
such	investigations	worldwide.

In	 2005,	 the	 Institute	 improved	 the	 tools	 for	 navigating	 the	
MAST	 archive	 and	 retrieving	 MAST	 data.	 The	 ability	 to	 cross	
correlate	 and	 combine	 data	 from	 different	 missions	 was	 greatly	 enhanced	 with	 the	 addition	
of	 “Virtual	 Observatory”	 tools	 from	 the	 Institute	 and	 the	 worldwide	 astronomical	 community.	
The	 AlADin	 image-display	 tool,	 developed	 by	 Centre	 de	 Données	 astronomiques	 de	 Strasbourg	
(CDS),	 was	 extended	 to	 allow	 direct	 access	 to	 imaging	 data	 from	 all	 MAST	 missions,	 including	
Hubble.	The	SPecview	application	(developed	at	the	Institute)	was	improved	for	use	as	a	spectrum	
browser	 and	 analysis	 tool.	 The	 CASJobs	 batch	 query	 service	 (developed	
at	 the	 Johns	 Hopkins	 University	 for	 the	 Sloan	 Digital	 Sky	 Survey)	 was	
adapted	 to	 allow	 large-scale	 investigations	 using	 the	 GALEX	 databases.	

Operate a world-class  
Data Archive
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An	image	of	the	nearby	spiral	galaxy	Messier	101	combining	
GALEX	 ultraviolet	 data	 with	 visible	 light	 data	 from	 the	
Digitized	Sky	Survey	(also	from	MAST).	The	UV	light	detected	
by	GALEX	traces	the	presence	of	young,	massive	stars.	
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The	archive	also	added	numerous	new,	fully	reduced,	high-level	science	data	products,	such	as	
the	Galaxy	Evolution	from	Morphology	and	Spectral	Energy	Distributions	(GEMS)	survey,	the	multi-
color	Hubble	ACS	image	of	Messier	51	(the	Whirlpool	Galaxy),	the	Archival	Pure	Parallel	program,	
the	 CoolCat	 ultraviolet	 spectral	 atlas	 of	 cool	 stars,	 the	 Grism-ACS	 Program	 for	 Extragalactic	
Science	(GRAPES),	and	FUSE	spectral	atlases	of	Wolf-Rayet	stars	and	starburst	galaxies.

During	2005,	the	GALEX	mission,	a	NASA	ultraviolet	imaging	and	spectroscopic	survey	mission	
designed	to	map	the	global	history	and	probe	the	causes	of	star	formation	over	the	redshift	range	
0	<	z	<	2,	completed	its	second	year	of	operations.		It	is	the	first	mission	to	produce	an	all-sky	
ultraviolet	 survey.	 MAST	 hosts	 the	 GALEX	 data,	 and	 we	 developed	 state-of-the-art	 tools	 for	
handling	its	anticipated	five	terabytes	of	data.	In	2005,	MAST	completed	the	initial	major	release	of	
GALEX	images	and	spectra	and	began	distributing	the	public	guest	investigator	data.	MAST	archive	
users	downloaded	more	than	20,000	GALEX	datasets	each	month	during	2005.

The	Institute	continued	working	with	other	data	centers	to	define	the	data	standards	and	models	for	
the	Virtual	Observatory	and	enhanced	both	the	web	and	StArview	archive	interfaces	to	provide	better	
links	to	other	archives	and	catalogs.	The	resulting	system	makes	it	much	easier	for	other	archives	to	use	
our	data	and	allows	us	to	take	advantage	of	data	stored	elsewhere.	Much	of	our	effort	this	year	focused	
on	the	development	of	standards	to	support	spectral	data	for	all	the	MAST	missions.

We	worked	with	our	colleagues	at	other	NASA	archive	centers	to	improve	the	interoperability	
between	all	major	astronomical	data	archives.	We	provide	seamless	access	to	data	stored	at	other	
sites—even	beyond	the	ultraviolet/optical/near-infrared	range,	but	still	relevant	to	interpreting	our	
current	holdings.	These	data	sources	include	ROSAT,	Chandra X-ray Observatory,	and	VLA-FIRST.

We	prepared	to	receive	the	data	from	the	Kepler	mission,	which	is	scheduled	for	launch	in	2008.	
It	is	a	Discovery	Program	mission	designed	to	detect	terrestrial	planets	around	stars	in	the	Sun’s	
neighborhood.	The	Kepler	instrument	will	detect	transits	by	planets	across	the	disk	of	the	host	star,	
from	which	 investigators	can	calculate	the	sizes	of	 the	orbit	and	the	planet	 from	the	period	and	
depth	of	the	transit,	respectively.	Kepler	will	monitor	100,000	stars	for	four	years	and	will	produce	
approximately	five	terabytes	of	data.	

We	prepared	our	systems	for	the	next	generation	of	very	large	archive	projects.	We	developed	the	
ability	to	deliver	very	large	quantities	of	data	by	writing	it	to	removable	disks,	which	are	then	shipped	
directly	to	the	scientist.	This	 is	by	far	our	highest	bandwidth	delivery	mechanism	for	data	volumes	
greater	than	100	gigabytes.	We	also	started	a	new	project,	the	Hubble	Legacy	Archive,	which	will	put	
all	HST	data	online	for	instant	access,	and	will	allow	the	development	of	enhanced	services	such	as	
on-the-fly	image	cutouts	for	the	quick	browsing	of	data.	These	new	services	will	be	used	by	all	of	our	
missions	to	enable	the	continuation	of	rapid	advances	in	archive-driven	science	using	MAST.		W



We conduct the education and public outreach programs for Hubble, extend them to 
Webb, and engage the whole astronomical community in attaining public benefits from the 
research enterprise. In the process, we share scientific knowledge of the universe in ways 
that inspire, challenge, and educate, and we act as a resource for others who wish to share 
the excitement of astronomy.

I n	2005,	 the	 Institute’s	Office	of	Public	Outreach	 (OPO)	shared	 the	Hubble Space Telescope’s	
images	 and	 discoveries	 with	 the	 American	 public	 and	 the	 world.	 Our	 team	 of	 professionals	
collaborated	with	 scientists	 to	develop	educational	 products	 and	programs	 that	 really	work.	

We	 direct	 our	 skill	 and	 experience	 in	 the	 arts	 and	 techniques	 of	 communication—in	 media	
relations,	 science	 writing,	 curriculum	 development	 and	 evaluation,	 image	 processing,	 graphics	
and	illustration,	video	production,	animation,	and	Web	and	multimedia	programming—toward	the	
Institute’s	strategic	goals	in	education	and	public	outreach	(E/PO).

As	the	new	NASA	administrator	took	office	during	a	time	of	uncertainty	about	the	fate	of	the	last	
servicing	mission,	Hubble’s	15th	anniversary	 in	space	was	a	special	opportunity	to	focus	national	
attention	on	the	telescope’s	many	successes.	The	OPO	team	coordinated	anniversary	events	and	
provided	educational	items	for	Hubble	observances	around	the	country.

news and public information

We keep Hubble science and technology at the forefront of public awareness by announcing 
Hubble discoveries via print, broadcast media and Internet news sites. Our news program 
uses traditional mass media channels and exploits new opportunities by providing graphics 
and text for textbooks, popular astronomy books, documentaries, astronomical websites, 
and other educational products. The news program has long been recognized as a quality 
leader in science communication; it serves a model for other nASA science missions.

In	 2005,	 the	 news	 team	 produced	 37	 press	 and	 photo	 releases	 on	 Hubble	 news	 or	 science.	
The	science	topics	included:	the	disk	of	blue	stars	around	the	central	black	hole	in	the	Andromeda	
galaxy,	a	distant	quasar	without	a	host	galaxy,	new	moons	of	Pluto,	new	rings	of	Uranus,	and	a	new	
view	of	Mars	at	opposition.	The	news	releases	included:	stories	and	background,	Hubble	images,	
illustrations,	and	animations	or	video	clips,	which	were	used	by	broadcasters	and	educators.	The	
releases	 resulted	 in	 thousands	of	news	stories	 in	 the	media,	 including	giants	such	as	CNN,	CBS 
Evening News,	The New York Times,	and	Space.com—as	well	as	television	and	newspaper	outlets	
in	local	markets	around	the	nation.	Surveys	continued	to	prove	that	Hubble	news	coverage	exceeds	
other	space	science	missions	by	a	wide	margin.

One	news	highlight	of	2005	was	 the	 release	of	 two	unique	 images	 for	Hubble’s	15th	anniversary:	
mosaics	of	the	Whirlpool	Galaxy	and	a	spire	 in	the	Eagle	Nebula.	The	Advanced	Camera	for	Surveys	
obtained	these	spectacular	images.	This	press	package	generated	more	than	1,000	news	stories	in	print	
and	500	broadcast	segments.	The	images	were	also	integrated	into	a	variety	of	educational	products,	
and	they	sparked	image	unveilings	at	100	venues	for	informal	science	education	around	the	country.	

A	second	highlight	was	the	blitz	release	of	Hubble	 images	of	the	spectacular	collision	of	JPL’s	
Deep Impact	 probe	 with	 comet	 9P/Tempel-1	 in	 August	 2005.	 We	 coordinated	 pre-impact	 news	
releases	with	JPL	and	the	Spitzer	Science	Center.	We	produced	a	Hubble	Minute	video	about	the	
exhilarated	 scientists	 at	 the	 Institute	 receiving	 the	 Hubble	 data	 just	 minutes	 after	 the	 impact.	
Within	six	hours,	we	had	released	the	dramatic	pictures	of	the	shell	of	debris	and	gas	expanding	
from	the	collision	site,	which	played	on	media	outlets	worldwide.	

The	 news	 team	 coordinated	 a	 NASA Science Update	 at	 NASA	 Headquarters	 to	 publicize	 the	
first	use	of	Hubble	to	obtain	high-resolution,	ultraviolet	images	of	the	Moon.	Targeting	the	impact	
crater	Aristarchus	and	 the	Apollo	15	and	17	 landing	sites,	 the	purpose	was	 to	compare	surface	
mineralogy	and	search	for	oxygen-bearing	minerals	that	could	be	useful	for	future	human	missions	
to	the	moon.	

The	 news	 program	 innovated	 the	 use	 of	 media	 teleconferences,	 via	 telephone	 and	 web	 links,	 to	
connect	members	of	the	press	with	scientists	announcing	Hubble	science	results.	
We	 conducted	 two	 such	 teleconferences	 in	 2005—about	 the	 most	 massive	
stars	in	the	Galaxy	and	the	dust	ring	around	the	star	Fomalhaut.	Approximately	25	
reporters	participated	in	each	event,	and	most	wrote	major	news	stories.

Stimulate education  
  and public outreach
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We	conducted	three	press	conferences	at	the	San	Diego	meeting	of	the	American	Astronomical	
Society.	They	featured	infant	stars	in	a	neighboring	galaxy,	an	infrared	look	at	a	suspected	extrasolar	
planet,	 and	 the	 photo	 release	 of	 the	 barred	 spiral	 galaxy	 NGC	 1300.	 Approximately	 50	 reporters	
attended	each	press	conference,	and	most	wrote	a	popular	article	on	the	information	we	provided.

The	news	team	continued	its	collaborations	with	the	centers	of	NASA’s	other	great	observatories.	
In	 addition	 to	 the	 Deep Impact	 releases,	 we	 worked	 with	 the	 Spitzer	 Science	 Center	 on	 a	 joint	
release	about	an	unusually	massive	and	mature	galaxy	 found	 in	 the	Hubble	Ultra	Deep	Field.	We	
coordinated	releases	on	multispectral	observations	of	the	remnant	of	Kepler’s	Supernova	with	the	
Spitzer	Science	Center,	the	Chandra	X-ray	Observatory	Center,	and	the	Johns	Hopkins	University.	

The	news	group	conducted	 the	annual	Science	Writers	Workshop.	The	 featured	 topic	was	“a	
decade	of	extrasolar	planets	around	normal	stars,”	presenting	the	latest	results	in	the	search	for	
extrasolar	planets.	The	event	produced	stories	by	Space.com,	Astronomy Magazine,	Reuters,	The	
Associated	Press,	The New York Times,	and	other	media	outlets.

Formal education

We facilitate development of formal education resources linked to national standards.

The	Institute’s	formal	education	program	develops	both	online	and	hardcopy	curriculum-support	
products	for	the	K–12	education	community	and	for	teachers	in	pre-service	and	in-service	training.	
We	ensure	the	wide	acceptance	and	use	of	these	products	by	a	rigorous	evaluation	program	and	
strict	compliance	with	national	education	standards.	We	engage	the	education	community	directly,	
through	workshops,	conferences,	and	special	programs	at	the	local,	state,	and	national	level.	

	 In	 2005,	 the	 Amazing Space	 website	 was	 the	 flagship	 of	 the	 formal	 education	 program.	 It	
features	 interactive	 educational	 units,	 news	 items,	 and	 curriculum-support	 materials	 based	 on	
Hubble	 results.	 These	 products	 are	 designed	 to	 fit	 easily	 into	 science	 curricula	 as	 user-friendly	
enhancements.	Objective	surveys	find	that	Amazing Space	materials	reach	about	500,000	teachers	
and	6,000,000	students	annually.	

Amazing Space	 received	three	awards	 in	2005.	 It	won	the	Weekly	Link	award	for	July	24–30,	
the	Digital	Dozen	award,	and	was	a	Webby	Worthy	selection.	These	honors	recognized	the	site’s	
originality,	clarity,	design,	functionality,	and	ease	of	use.	

The	 State	 of	 Ohio’s	 catalystOHIO	 project	 identified	 Amazing Space	 as	 a	 model	 for	 allowing	
students	 to	 use	 technology	 for	 solving	 inquiry-based	 problems.	 DiscoverySchool.com,	 which	
reaches	 more	 than	 90,000	 schools,	 1,500,000	 teachers,	 and	 35,000,000	 students	 each	 year,	
included	Amazing Space	on	its	list	of	outstanding	science	education	sites.

Amazing Space	“went	Hollywood”	in	2005	when	its	Comets,	Myths	and	Legends	activity	was	
incorporated	into	educational	materials	for	the	science	fiction	movie	Zathura.	The	unit	was	included	
in	 teacher’s	 guides—Space Science: Adventure is Waiting—developed	 by	 NASA	 in	 partnership	
with	Sony,	Scholastic Magazine,	and	the	Houghton	Mifflin	Company.	The	purpose	of	these	guides	is	
to	bring	teachers	and	students	closer	to	the	action	of	the	movie	through	science	and	language	arts	
lessons.	They	are	available	at	partner	web	sites	and	selected	bookstores	around	the	country.

For	Hubble’s	15th	anniversary,	the	formal	education	group	extensively	revised	its	online	telescope	
unit	and	created	an	Online	Exploration	unit	called	“Telescopes	from	the	Ground	Up.”	The	new	unit	
recounts	 the	history	of	 telescopes,	 from	Galileo	 to	NASA’s	great	observatories.	 It	highlights	 the	
stories	of	people	who	advanced	telescope	design,	and	focuses	on	the	interplay	of	technology	and	
science	that	drove	the	advance	of	telescopes	over	a	time	span	of	nearly	400	years.	This	unit	was	
incorporated	 into	 the	educational	activities	accompanying	 the	 Greatest Discoveries with Bill Nye	
video	series.	OPO	created	a	Hubble	Minute	 video	 to	promote	 the	unit,	 using	 footage	 from	 field-
testing	at	Villa	Julie	College	and	Youth’s	Benefit	Elementary	School,	both	in	the	Baltimore	area.	

One	Star Witness	news	article	reported	on	Hubble’s	accomplishments	over	the	past	15	years.	
Another	focused	on	Hubble	Deep	Field	observations,	explaining	how	the	telescope	acts	as	a	time	
machine	when	it	looks	at	the	most	distant	galaxies.	

Two	summer	interns	and	a	consultant	from	the	American	Association	for	the	Advancement	of	
Science	updated	the	Hubble	Deep	Field	hardcopy	unit	to	meet	national	education	standards.	These	
professionals	developed	additional	text	about	the	formation	of	stars	in	the	early	universe	and	about	
the	history	of	the	cosmos	from	the	Big	Bang	to	the	formation	of	these	stars.	

Our	formal	education	team	conducted	outreach	in	a	variety	of	venues	in	2005.	We	began	a	local	
collaboration	with	the	Living	Classroom	Foundation’s	Crossroads	School	in	Baltimore.	This	school	
promotes	 science	 and	 math	 skills	 for	 at-risk	 youth	 from	 diverse	 backgrounds.	 This	 collaboration	
developed	student	science	projects	and	involved	interaction	with	Institute	scientists.	We	conducted	
regional	teacher	workshops	at	the	Maryland	Science	Center,	Louisiana	Art	and	Science	Museum,	
and	Explorer	Schools	program	at	 the	Goddard	Space	Flight	Center.	We	used	teleconferencing	to	
extend	 this	 effort	 to	 six	 other	 states.	 We	 made	 presentations	 at	 the	 National	 Science	 Teacher	
Association	 convention,	 at	 Norfolk	 State	 University’s	 pre-service	 teacher	 conference	 (which	



serves	historically	black,	Hispanic,	 and	 tribal	 colleges),	 and	at	 the	Digital	 Institute	of	Spitz,	 Inc.,	
for	planetarium	educators.	Our	educational	materials	were	 featured	 in	workshops	and	programs	
throughout	the	country.

In	 2005,	 our	 formal	 education	 group	 continued	 to	 administer	 the	 IDEAS	 grants	 and	 E/PO	
grants	to	Hubble	 investigators,	to	foster	collaborations	between	scientists	and	educators,	and	to	
incorporate	space-science	educational	products	and	services.

Informal Science education

We increase the effectiveness with which astronomy is communicated to public audiences 
in informal settings.

The	Institute’s	informal	science	education	program	assists	“free	choice”	educational	venues—
such	as	museums,	science	centers,	planetariums,	nature	centers,	national	parks,	and	libraries—to	
showcase	and	explain	Hubble	discoveries	and	images.	The	program	also	reviews	science	content	
and	consults	with	organizations	conducting	informal	science	education,	to	help	develop	exhibitions	
and	programs.

In	2005,	ViewSpace—our	multimedia	product	for	 large-screen	video	displays	in	museums	and	
planetariums—was	 the	 centerpiece	 of	 our	 effort	 in	 informal	 science	 education.	 This	 product	
presents	Hubble	science	and	tells	science	stories	using	colorful	images,	digital	movie	clips,	simple	
captions,	and	background	music.	We	updated	the	product	regularly,	via	the	Internet	or	by	CD-ROM.	
The	new	content	included	both	Hubble	results	and	material	from	other	NASA	programs	that	provide	
a	 context	 for	 Hubble	 science.	 These	 other	 sources	 included	 Deep Impact,	 the	 Phoenix	 mission	
to	Mars,	and	PlanetQuest,	a	JPL	program	on	the	search	for	extrasolar	planets.	We	also	began	a	
collaboration	 with	 NASA’s	 Earth	 Observing	 Systems	 office	 to	 develop	 Earth-science	 content	 as	
context	for	Hubble’s	contributions	to	comparative	planetology.

In	2005,	our	ViewSpace	network	expanded	 to	more	 than	70	sites,	which	welcomed	some	40	
million	visitors	annually,	from	across	the	nation	and	around	the	world.

In	2005,	we	launched	a	new	version	of	ViewSpace,	called	SkyWatch,	specifically	designed	for	visitor	
centers	at	national	parks	and	nature	centers,	where	the	context	is	night-sky	interpretation.	SkyWatch	
received	 an	 Interactive	 Media	 Award	 from	 the	 Visual	 Communications	 Section	 of	 the	 National	
Association	for	Interpretation,	which	is	a	professional	association	with	4,500	members	worldwide.	

For	 Hubble’s	 15th	 anniversary,	 we	 conducted	 science	 briefings	 for	 staff	 at	 informal	 sites.	 These	
teleconferences	with	Hubble	scientists	provided	background	information	about	the	mosaic	images	of	
the	Whirlpool	Galaxy	and	Eagle	Nebula,	and	about	the	telescope.	We	prepared	supporting	material,	
including	press	kits	 for	 local	media,	video	news	release	footage,	CDs	from	Amazing Space,	DVDs	of	
Hubble	 imagery,	 and	 educational	 lithographs.	 When	 the	 time	 came,	 these	 events	 were	 smashing	
successes,	generating	large	crowds	and	opening	local	media	markets	to	Hubble	images	and	science.	

OPO’s	informal	group	updated	the	Hubble	exhibit	at	the	National	Air	and	Space	Museum	for	the	
anniversary.	We	 installed	a	gallery	of	 ten	of	Hubble’s	best	 images,	with	 interpretive	panels.	We	
refreshed	graphics	and	introduced	a	flat-panel	display	for	the	Hubble	video	at	the	scale	model	of	
Hubble	 in	the	Space	Hall.	We	prepared	a	14	foot-wide,	backlit	mural	of	the	Whirlpool	mosaic	for	
the	Explore	the	Universe	Gallery.	For	the	IMAX	Theater,	we	prepared	a	film	clip	of	the	anniversary	
images,	which	played	before	a	group	of	NASA	dignitaries	during	an	anniversary	observance.	

We	 managed	 several	 distributed	 educational	 products	 in	 2005.	 The	 short	 IMAX	 film	 Hubble: 
Galaxies through Space and Time	 played	 to	 popular	 acclaim	 at	 IMAX	 theaters	 in	 the	 U.S.	 and	
Canada.	The	traveling	exhibit	Heavens Above: Photographs of the Universe from the Hubble Space 
Telescope	circulated	among	informal	venues.	We	assisted	Goddard	Space	Flight	Center	(GSFC)	in	
refurbishing	the	smaller	version	of	the	exhibit	Hubble Space Telescope: New Views of the Universe,	
which	will	begin	a	new	career	as	a	traveling	exhibit	in	2006,	with	promotional	assistance	from	the	
informal	team.

We	produced	HubbleSource 2005,	a	DVD	containing	short	video	documentaries	and	silent	video	
clips	(all	close-captioned)	for	use	in	exhibits.	We	assisted	the	Celtic	chamber	music	group	Ensemble	
Galileo	by	providing	Hubble	imagery	for	concerts.	We	participated	in	focus-group	meetings	of	the	
informal	education	division	of	 the	NASA	Office	of	Education.	We	maintained	a	variety	of	Hubble	
images,	full-dome	sequences,	and	other	materials	online,	which	planetarium	educators	download	
for	use	in	their	programming.
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Online Outreach

We will create quality online materials to communicate directly to the public.

The	 Institute’s	 online	 outreach	 effort	 provides	 a	 suite	 of	 web-based	 resources	 to	 deliver	
scientific	 results	 to	 the	 general	 public.	 Our	 online	 group	 adapts	 and	 archives	 news	 releases.	 It	
creates	new	products	and	strives	to	open	new	avenues	for	the	public	to	access,	enjoy,	and	learn	
about	Hubble	discoveries.

In	 2005,	 we	 maintained	 and	 improved	 our	 signature	 HubbleSite,	 which	 accommodated	 more	
the	 14,000,000	 visitor	 sessions	 during	 the	 year,	 comprising	 approximately	 800,000,000	 “hits.”	 (In	
total,	OPO’s	websites	attracted	more	than	16,000,000	visitors	and	some	900,000,000	hits,	as	users	
accessed	images	and	press	releases,	engaged	in	online	activities,	and	linked	to	other	Hubble	sites.)

In	 anticipation	 of	 15th	 anniversary	 activities,	 we	 launched	 a	 major	 upgrade	 of	 the	 HubbleSite 
Gallery,	 which	 now	 contains	 more	 than	 800	 astronomical	 images.	 The	 site	 has	 a	 redesigned	
interface	and	an	entirely	new	look	and	feel.	To	facilitate	searches,	we	organized	 images	both	by	
category	and	popularity—based	on	how	often	they	have	been	accessed.	We	updated	Showcase,	
which	 is	 a	 slide	 show	 of	 images,	 and	 introduced	 Astronomy	 Printshop,	 which	 allows	 users	 to	
download	 digital	 image	 files	 for	 printing	 at	 their	 local	 photo	 lab.	 We	 introduced	 a	 collection	 of	
pictures	of	the	Hubble	spacecraft,	and	debuted	Image	Tours,	which	takes	the	viewer	on	a	tour	of	
key	features	of	selected	images,	including	the	15th	anniversary	mosaics.	We	refreshed	the	Movie	
Theater	section,	which	offers	our	best	short	videos	on	the	Hubble	mission	and	its	discoveries.	The	
Wallpaper	section	offered	new	downloadable	imagery	for	computer	screens.

We	 added	 several	 new	 programs	 to	 HubbleSite	 in	 2005,	 including	 Tonight’s Sky,	 which	 is	 a	
month-by-month	 guide	 to	 identifying	 constellations,	 deep	 sky	 objects,	 and	 planets.	 We	 added	
Piercing the Sky,	which	is	a	multimedia	show	recounting	the	development	of	telescope	technology.	
We	began	webcasting	and	archiving	the	Institute’s	public	lectures	on	HubbleSite.	The	topics	cover	
recent	discoveries	in	astronomy	and	garner	a	wide,	attentive	audience.

In	 2005,	 we	 took	 advantage	 of	 emerging	 technologies	 to	 extend	 OPO’s	 reach	 to	 the	 earplug	
and	hand-held	sets.	 In	collaboration	with	the	Baltimore’s	NPR	affiliate,	WYPR,	HubbleSite	began	
hosting	the	SkyWatch	radio	program	for	“podcasting”—downloading	to	personal	MP3	players.	This	
weekly	radio	program	showcases	current	events	in	astronomy.	We	also	made	some	of	our	online	
features	 available	 for	 downloading	 to	 Personal	 Data	 Assistants	 via	 Avantgo,	 an	 online	 content	
service,	which	offers	a	mobile	Internet	base	of	7,000,000	subscribers.

Origins education Forum

We ensure that the Origins education Forum plays an effective role in the nASA Science 
Mission Directorate education Support network by coordinating and helping plan the e/PO 
efforts of the Origins missions.

The	Institute	hosts	the	Origins	Education	Forum,	a	part	of	the	Science	Mission	Directorate	E/PO	
support	network.	We	provide	strategic	leadership	and	coordination	for	the	E/PO	efforts	of	missions	
in	the	astronomical	search	for	origins,	which	includes	Hubble	and	Webb.	In	this	capacity,	we	help	
missions	communicate	with	each	other	and	coordinate	outreach	activities.	We	enhance	outreach	
efforts	by	sharing	best	practices	for	developing	and	distributing	educational	products,	by	providing	
evaluation	services,	and	by	coordinating	mission	outreach	at	educational	conferences.

2005	was	an	active	year	for	the	Forum.	We	participated	in	a	NASA	Explorer	Institute	Focus	Group	
on	reaching	and	serving	underserved	and	underrepresented	sectors.	We	worked	with	NASA’s	Earth	
Science	Division	and	Explorer	Schools,	and	with	the	National	Science	Teachers	Association	(NSTA)	
and	other	groups,	to	match	NASA	and	NSTA	themes	at	future	NSTA	conventions.	We	welcomed	
the	E/PO	 team	of	 the	Wide-Field	 Infrared	Survey,	 the	newest	mission	 in	 the	Origins	 Forum.	We	
helped	to	coordinate	the	NASA	review	of	a	variety	of	Origins	missions	E/PO	educational	products.	
We	gave	assistance	to	Alien	Earths,	a	traveling	exhibit	developed	by	the	Space	Science	Institute.	
This	exhibit	is	about	finding	extrasolar	planets	and	the	possibility	of	life	elsewhere	in	the	universe.	
We	provided	advice	and	oversight,	and	donated	content	and	a	ViewSpace	installation.	

We	 forged	 a	 wide	 variety	 of	 collaborations	 at	 NSTA	 conferences,	 teacher	 workshops,	 and	
Girl	Scout	Trainers	workshops.	The	goal	was	 to	 incorporate	Origins	mission	 themes	 into	science	
education	efforts.	Locally,	we	developed	an	 initiative	with	 the	Maryland	Business	Roundtable	 to	
add	Origins-related	career	profiles	into	their	outreach	efforts	to	all	9th	grade	Maryland	classrooms.	
In	conjunction	with	the	Lawrence	Hall	of	Science	in	Berkeley,	California,	we	conducted	a	formative	
evaluation	 of	 the	 core	 curriculum	 sequence	 in	 space	 science	 (for	 grades	 3–5)	 of	 the	 Great	
Explorations	in	Math	and	Science	program.

We	collaborated	with	the	Astronomical	Society	of	the	Pacific,	the	JPL	Navigator	Program,	and	
our	 sister	 forum,	 the	 Structure	 and	 Evolution	 of	 the	 Universe	 Forum,	 to	 support	 the	 Night	 Sky	
Network	(NSN).	This	is	a	network	of	amateur	astronomy	clubs	that	receive	toolkits	on	astronomical	



topics	designed	to	assist	the	clubs	in	public	outreach.	More	than	175	clubs	currently	belong	to	this	
network.	We	arranged	for	a	teleconference	between	the	network	and	the	E/PO	lead	of	the	Spitzer 
Space Telescope,	as	part	of	a	program	to	open	the	door	to	NASA	science	and	scientists	for	amateur	
astronomers.	We	provided	a	formative	evaluation	for	two	NSN	toolkits—the	Black	Hole	Survival	
Toolkit	and	Telescopes:	Eyes	on	the	Universe.

We	 focused	 on	 serving	 underserved	 and	 underrepresented	 groups	 in	 2005.	 We	 conducted	 a	
special	Deep Impact	workshop	 for	Girl	Scouts	 in	Hawaii,	 and	participated	 in	 the	One	Earth,	One	
Universe	project	 in	New	Mexico—to	encourage	understanding	of	 the	Native	American	concept	
of	 science	and	 to	 learn	how	 to	 interact	more	effectively	with	Native	Americans.	As	part	 of	 the	
Science	Study	of	Navajo	Astronomy,	held	on	the	Navajo	reservation,	we	facilitated	the	distribution	
of	Origins	educational	materials.	We	participated	in	conferences	and	workshops	on	children	with	
exceptional	needs,	to	enhance	understanding	of	how	best	to	teach	science	to	these	special	groups.	
With	 the	 Pacific	 Science	 Center,	 we	 promoted	 community	 projects	 for	 underserved	 youth	 at	
selected	sites	around	the	country.	

We	 maintained	 and	 updated	 the	 online	 Space	 Science	 Education	 Products	 Directory,	 which	
houses	 educational	 products	 and	 services	 for	 classroom	 teachers	 and	 informal	 educators.	 We	
registered	some	50	new	products,	including	14	developed	by	the	E/PO	staffs	of	Origins	missions.	

Webb education and Public Outreach
In	2005,	OPO	also	increased	its	E/PO	efforts	for	the	James Webb Space Telescope.	We	attended	

an	outreach	working	group	meeting	at	GSFC	to	discuss	a	joint	strategy	for	future	E/PO	activities.	
We	participated	in	a	JPL-sponsored	exhibition	on	Capitol	Hill	about	future	NASA	missions	to	find	
extrasolar	planets.	Our	contributions	showcased	Webb	in	exhibits	and	multimedia	presentations.	

We	updated	the	Webb	E/PO	site	at	the	Institute	to	bring	the	site’s	content	in	line	with	mission	
developments	and	to	highlight	Webb’s	scientific	goals.	We	formed	a	website	working	group	with	
E/PO	officials	from	GSFC	to	integrate	our	websites	when	pre-launch	E/PO	efforts	for	Webb	begin	
in	earnest.		W
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 Facilitate technology transfer 

We facilitate the transfer of our technical innovations to other space astronomy missions 
and other fields of research.

T
he	 Institute’s	software	products	and	systems	continue	to	be	valued	and	sought	by	the	
astronomical	community	for	their	utility,	quality	and	effectiveness	in	a	number	of	areas.	
We	 are	 also	 seeing	 interest	 in	 the	 same	 systems	 from	 another	 government	 agency,	
the	 National	 Oceanic	 and	 Atmospheric	 Administration	 (NOAA),	 and	 other	 scientific	
communities	(genetics,	biotechnology).

In	 2005,	 we	 provided	 updates	 of	 our	 SPIKE	 planning	 system	 to	 both	 the	 Subaru	 Telescope	
(National	 Astronomical	 Observatory	 of	 Japan)	 and	 the	 Spitzer	 Science	 Center.	 The	 community	
continues	 to	 consider	 SPIKE	 one	 of	 the	 principal	 planning	 tools	 for	 astronomical	 applications.	
Likewise,	 the	 Stratospheric	 Observatory	 For	 Infrared	 Astronomy	 (SOFIA)	 and	 the	 Max-Planck	
Institute	 took	 updates	 to	 our	 Astronomer’s ProPosAl tool	 (APT),	 which	 is	 one	 of	 the	 premier	
proposal	preparation	and	submission	tools	within	the	community.

The	Institute	made	good	progress	in	developing	the	Kepler	Mission’s	Data	Management	Center	
(DMC).	The	Kepler	project	is	now	in	phase	C/D.	The	DMC	is	being	built	on	our	proven	systems:	the	
archive	for	data	storage	and	OPUS	(OSS-PODPS	Unified	System)	for	controlling	the	flow	of	data	in	
the	pipeline.	The	time-domain	aspect	of	the	Kepler	DMC	is	new	for	the	Institute,	and	we	expect	it	
to	yield	new	approaches	to	designing	user	interfaces	to	our	archives.

In	anticipation	of	 the	Discovery	Mission	AO	(released	January	2006),	 the	 Institute	 resumed	 its	
partnership	with	two	Discovery	mission	teams:	the	Microlensing	Planet	Finder	(Dave	Bennett,	P.I.,	U.	
Notre	Dame)	and	the	Exosolar	Planet	Imaging	Coronagraph	(Mark	Clampin,	P.I.,	GSFC).	These	teams	
asked	us	to	provide	one	or	more	of	their	data	processing,	archive,	or	education/outreach	services	as	
integral	components	of	their	proposals.	In	2005,	preliminary	analyses	were	performed	to	assess	how	
changes	in	the	mission	capabilities	would	translate	to	revisions	in	our	work	packages.	

In	 2005,	 the	 Information	 Processing	 Division	 of	 NOAA’s	 Office	 of	 Satellite	 Data	 Processing	 &	
Distribution	found	a	novel	application	of	an	Institute	product.	They	developed	a	new	system	that	
uses	OPUS	to	help	schedule	and	monitor	production	processing	on	their	IBM	AIX	computer	platform	
as	 a	 replacement	 for	 their	 legacy	 mainframe	 system.	 After	 they	 complete	 the	 migration	 to	 the	
AIX	system,	all	data	processing	for	Polar,	GOES,	and	the	satellites	in	the	Defense	Meteorological	
Satellite	Program	will	flow	through	OPUS-based	pipelines.

More	 astronomers	 began	 using	 the	 PyrAF	 scientific	 data	 analysis	 package	 in	 the	 last	 year.	
The	 Institute	 developed	 PyrAF,	 based	 on	 the	 Python	 programming	 language,	 as	 a	 more	 flexible	
replacement	to	the	IRAF	command	language.	Besides	allowing	IRAF	tasks	to	be	scripted	in	Python,	
PyrAF	 also	allows	software	 to	be	written	with	no	dependencies	on	 the	widely	used—but	now	
dated—IRAF	package.	PyrAF	makes	existing	IRAF	tasks	available	in	a	modern	environment.	The	
utility	and	extensibility	of	PyrAF	has	convinced	the	Gemini	Observatory	to	use	it	as	the	principal	
data	processing	package	for	their	instruments.	

As	 the	 National	 Virtual	 Observatory	 (NVO)	 prepared	 to	 move	 from	 the	 experimental	 and	
developmental	 phase	 to	 operational	 status,	 Institute	 staff	 integrated	 VO-compatible	 utilities	
with	 our	 MAST	 user	 interfaces.	 We	 deployed	 innovative	 data-mining	 applications	 from	 the	
Asynchronous	Javascript	and	XML	(AJAX)	programming	environment.	These	applications	provide	
tools	for	image	interacting	that	can	be	updated	dynamically.	(This	programming	environment	was	
adopted	by	Google	Earth	for	some	of	their	on-the-fly	map	generation	tools.)		W



We continue to attract and retain the best technical staff to advance astronomy.

E xciting	 work	 and	 a	 commitment	 to	 professional	 development	 form	 the	 cornerstone	 of	 the	
Institute’s	strategy	for	attracting	and	retaining	the	best	technical	staff.	Enabling	compelling	
and	 breakthrough	 science	 through	 the	 creative	 use	 of	 technology	 is	 at	 the	 core	 of	 the	

Institute’s	mission.		
In	2005,	the	technical	staff	engaged	in	numerous	technology	research	and	engineering	efforts,	

which	 sparked	 the	 imagination	 and	 offered	 opportunities	 for	 professional	 growth.	 Significant	
software	efforts—such	as	two-gyro	pointing	mode,	the	Webb	Project	Reference	Database	System,	
and	the	Kepler	Data	Management	Center	software—engaged	the	staff	in	critical	mission	activities.		
The	achievements	of	the	National	Virtual	Observatory	and	archive	teams	helped	advance	the	field	
of	astronomy	through	continual	innovation	of	the	underlying	technologies.

We	 placed	 a	 significant	 focus	 on	 programs	 for	 technical	 training	 in	 information	 technology,	
software	 engineering,	 and	 project	 management.	 	 Additionally,	 Institute	 management	 supported	
participation	 in	 external	 technical	 conferences.	 	 Our	 program	 of	 technical	 colloquia	 was	 made	
stronger	through	management	and	financial	commitment.	It	provided	opportunities	for	the	Institute	
staff	to	share	their	knowledge,	as	well	as	to	stay	abreast	of	shifts	in	technology.		W

We continue to attract excellent scientists and provide them with an academic environment 
that nourishes excellence in research.

W e	 embrace	 this	 strategic	 goal,	 which	 lies	 at	 the	 heart	 of	 the	 Institute.	 Our	 programs	
provide	 our	 scientists	 stimulation,	 opportunity,	 and	 incentives	 for	 research	 at	 the	
forefront	 of	 astronomy	and	astrophysics.	Within	 this	 environment,	we	 serve	 individual	

scientists	with	mentoring	and	professional	advice	based	on	an	annual	review.	We	match	scientists	
to	 functional	 assignments	 that	 develop	 their	 technical	 skills,	 while	 ensuring	 the	 success	 of	 the	
Institute’s	missions.	Our	promise	to	Institute	scientists	matches	the	Institute’s	commitment	to	the	
outside	community:	we	will	enable	you	to	do	your	best,	both	for	your	career	in	astronomy	and	for	
the	advancement	of	science.

Our academic environment

Our	 fellowship	 programs	 infuse	 the	 Institute	 and	 the	 Hubble	 program	 with	 the	 freshness	 of	
youthful	 exploration	 and	 discovery.	 Our	 visitor	 programs	 promote	 intellectual	 exchange	 and	
research	 connections	 with	 the	 world	 community.	 Our	 symposia,	 colloquia,	 and	 topical	 sessions	
promote	 discourse	 and	 debate	 about	 emerging	 results.	 We	 invest	 in	 the	 Institute	 research	
infrastructure	and	provide	competitive	access	to	funding	for	promising	research	projects.	

We	manage	the	Hubble	Fellowship	Program,	selecting	recipients	on	the	basis	of	their	excellence	
in	scientific	research	and	appraising	them	annually.	In	2005,	we	selected	11	new	Hubble	Fellows	
and	supported	approximately	33	Hubble	Fellows	at	19	different	U.S.	institutions.	We	organized	the	
annual	Hubble	 Fellowship	Symposium,	which	 allows	all	 Fellows	 to	 present	 their	 latest	 scientific	
results.	We	also	manage	 the	 Institute	Postdoctoral	 Fellowship	Program,	selecting	 the	 recipients	
based	on	the	strength	of	their	proposed	research.	In	addition,	we	host	many	regular	postdoctoral	
fellows	and	graduate	students,	whose	research	is	guided	and	supported	by	
individual	staff	members.	In	2005	we	hosted	2	Institute	Fellows,	approximately	
38	regular	postdoctoral	fellows,	and	29	graduate	students	including	those	enrolled	
in	the	Physics	&	Astronomy	Department	at	the	Johns	Hopkins	University.	

Attract and retain outstanding  
technical staff
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Scientific Staff
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Each	spring,	we	organize	a	symposium	on	an	astronomical	topic	of	major	interest	with	important	
new	developments.	Usually,	100	to	200	astronomers	attend	these	symposia,	drawn	by	the	offerings	
of	 cutting-edge	 research	 and	 first-rank	 invited	 speakers.	 The	 2005	 symposium	 was	 entitled		
A Decade of Extrasolar Planets around Normal Stars.	 The	 talks	 provided	 both	 a	 characterization	
and	 celebration	 of	 the	 incredible	 growth	 in	 the	 number	 of	 known	 planets—from	 0	 to	 almost	
200—discovered	during	the	past	decade.

In	January	2005,	we	held	an	astrobiology	afternoon,	appropriately	titled	Life in the Cold,	on	the	
extreme	conditions	that	can	sustain	life.		We	also	organized	two	mini-workshops	during	the	year.	
The	 first,	held	 in	March,	was	titled	Galactic Flows: The Galaxy/IGM Ecosystem.	The	second,	held	
in	October,	was	titled	Nearby Resolved Debris Disks.	These	workshops	typically	gather	about	50	
specialists	in	the	field	to	discuss	the	workshop	subject	in	great	detail.	We	also	organized	another	
successful	 “science	 jamboree”	 in	 collaboration	 with	 the	 Physics	 and	 Astronomy	 Department	 at	
Johns	Hopkins	University.	At	 this	 one-day	 event,	more	 than	60	participants	 took	 the	podium	 to	
discuss	their	current	projects	and	showcase	their	latest	results.	

The	 Director’s	 Discretionary	 Research	 Fund	 (DDRF)	 and	 the	 James	 Webb	 Space	 Telescope	
Discretionary	 Fund	 (JDF)	 support	both	short-	 and	 long-term	staff	 research	programs,	as	well	 as	
infrastructure	 investments	 to	bolster	our	 research	capabilities.	 In	2005,	DDRF/JDF	supported	48	
scientific	projects,	of	which	7	were	long-term,	and	allocated	approximately	$960,000	in	funding.

Services to scientists 

To	maintain	 staff	 excellence	and	 to	 continue	 to	 attract	 first-class	 scientists	 from	 the	outside	
community,	we	are	committed	 to	 fostering	 the	careers	of	our	staff	scientists—especially	 junior	
scientists—by	providing	mentoring,	advising	on	professional	development,	and	conducting	annual	
science	evaluations.	In	addition,	we	perform	an	annual	evaluation	of	each	AURA	scientist	based	on	
his	or	her	summary	of	scientific	achievements	for	the	past	year.	

In	2005,	we	reinvigorated	the	popular	talks	series	under	the	new	title	Meridian Speeches.	 	By	
design,	 we	 include	 a	 wide	 range	 of	 speakers	 and	 topics	 in	 this	 series.	 Included	 this	 year	 were:	
Mario	Livio,		who	talked	about	his	new	book,	The Equation that Couldn’t be Solved;	Freeman	Dyson,	
who	 described	 Project	 Orion	 (designs	 for	 a	 nuclear-propelled	 spacecraft);	 and	 Nobel	 Laureate	
Douglas	Osheroff,	who	provided	insight	into	the	Columbia	shuttle	accident.	

In	 2005,	 we	 established	 the	 Caroline	 Herschel	 Visitor	 Program	 to	 enhance	 the	 representation	
of	 women	 and	 minorities	 at	 the	 Institute.	 This	 program	 is	 designed	 to	 provide	 a	 stimulating	 and	
productive	 environment	 for	 distinguished	 colleagues	 to	 spend	 time	 at	 the	 Institute,	 working	 and	
lecturing	 on	 their	 scientific	 projects.	A	goal	 is	 to	 provide	 active	mentoring	 to	 the	 Institute’s	 junior	
scientists,	 especially	 women	 and	 other	 underrepresented	 groups.	 The	 first	 four	 Herschel	 Visitors	
were	Rachel	Webster	(University	of	Melbourne),	Monica	Tosi	(Observatory	of	Bologna),		Francesca	
Matteucci	(University	of	Trieste),	and	Debra	Elmegreen	(Vassar	College).	Each	of	the	Herschel	Visitors	
stayed	for	about	a	month,	giving	their	Herschel	Distinguished	Lectures	near	the	end	of	their	visit.		W
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