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X-Ray astronomy pioneer, leading to Chandra
Hubble Space Telescope; European VLT; ALMA OWL
Nobel Prize 2002 o R

1981-1992 STScl Director

“science systems engineering”

Riccardo’s vision was that a “science systems engineering” approach was needed
at STScl to ensure a high-level of operational scientific productivity from such a
complex science observatory.  This was a key factor in Hubble’s success

This approach has become the baseline for later major projects and missions

Riccardo played a central role in “resetting” how we do astronomy
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“start working on the next big mission
— it will take a very long time”



“start working on the next big mission
— it will take a very long time”

Riccardo surprised me in the mid-1980s with these words,
especially since we had yet to launch “Space Telescope”!

Pierre Bely, Peter Stockman and Garth then began to develop the concept
of NGST — the Next Generation Space Telescope — a passively-cooled
infrared very large space telescope in high orbit




THE NEXT GENERATION
SPACE TELESCOPE

Simulated images of NGC2903 translated to Z=1

the outcome of several years of work was
this conference in 1989 (30 years ago!) —
which Riccardo helped bring about and
which greatly benefited from the support
of Ed Weiler and Charlie Pellerin at NASA

HST after 3 orbits NGST after 2 hours

Proceedings of a Workshop held at the
Space Telescope Science Institute
Baltimore, Maryland,

1 989 13-15 September 1989
V [TEEScoPE NASN
! ﬂlﬁm National Aeronautics
“ H\‘SI I I UTE and Space Administration

the baseline was a passively-cooled
IR 10 m telescope in a high earth
orbit with UV-Optical capability

see 2016 STScl Newsletter article
NGST: The Early Days of JWST
www.ucolick.org/~gdi/early jwst/
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3 e
From the Next Generation Space Telescope conference Foreword:

“We would particularly like to thank Riccardo Giacconi for his keen interest
and support of the workshop. He had urged us for some time to think of the
long-term needs of the astronomical community and to explore the scientific

potential and technical challenges of a successor to HST.”

1 989 13-15 September 1989
see 2016 STScl Newsletter article
@ — NGST: The Early Days of JWST
=l At -
| %ﬁ%ﬂ !\u}es,\ www.ucolick.org/~gdi/early jwst/
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- THE NEXT GENERATION
SPACE TELESCOPE

Simulated images of NGC2903 translated to Z=1

ASTROTECH 21
WORKSHOPS
SERIES 11

VOLUME

SERIES 11 MISSION CONCEPTS AND
TECHNOLOGY REQUIREMENTS

Workshop Proceedings:
Technologies for Large
Filled-Aperture Telescopes

ASTROTECH 21

NASA HQ + JPL supported
technology workshops and effort

HST after 3 orbits NGST after 2 hours

Proceedings of a Workshop held at the
Space Telescope Science Institute
Baltimore, Maryland,

1989 13-15 September 1989
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NGST in thé 1990
Astronomy Decadal Survey
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see 2016 STScl Newsletter article
NGST: The Early Days of JWST

www.ucolick.org/~gdi/early jwst/ &
http://www.stsci.edu/files/live/sites/www/files/home/news/ne
wsletters/ documents/2016-volume033-issue0l.pdf#page=6
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1990 Decadal Survey: UV-Optical in Space Panel recommended:

 6-m passively-cooled infrared telescope

1991 |* derived a cost of 52B in FY90S (~54B in 2018S)
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NGST recommended in 2000 Decadal Survey
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JWST cancellation challenges of 2009-2012

James Webb Space Telescope (JWST)
Independent Comprehensive Review Panel (ICRP)

FINAL REPORT

Panel Members

William F. Ballhaus, Jr. The Aerospace Corporation (Ret.)

John Casani, Chair Jet Propulsion Laboratory

Steven Dorfman Hughes Electronics (Ret.)

David Gallagher Jet Propulsion Laboratory

Garth lllingworth University of California Observatories

John Klineberg Swales Aerospace (Ret.)

David Schurr National Aeronautics and Space Administration

Industry Consultant
Rosalind Lewis The Aerospace Corporation

Executive Secretary
Marcus Lobbia The Aerospace Corporation

2010: ICRP

October 29, 2010
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James Webb Space Telescope




Hubble science

Hubble has excited us all by its journey of discovery —
revealing remarkable insights into our neighboring planets,
into young galaxies at the far reaches of the universe and
into the nature of the universe itself
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the first deep Hubble image

the “Hubble Deep Field” in 1995

~N

J

Bob Williams
and the HDF Team




[ Chandra Deep Field — South ] y .
Riccardo was PI of the . ‘ Rl e e

program that took the first _— T ST

Chandra images on this field | |* | 9 ] S SR




Hubble Legacy Field 2019

Hubble Legdcy Field
HSTA WFC LA

FeA6W
SOLP

each of the Great Observatories — /

Chandra, Hubble and Spitzer — have
contributed about 6-7 million
seconds (about 75-80 days) of |
imaging exposure on this field over 18 .
the last 15-20 years |

NASA, ESA, GDI, Magee + HLF Team 2019 (




Size comparison:

the Hubble Legacy Field with the
Chandra Deep Field-South and a
nearby astronomical object




e | — ,I » . . e
. .-_. 1 . pe @ » " - - - ’
: 2 _ " ¥ : " ‘ . ‘ ) - . -
. & » " i
T

XD F eX tren*Fe. Deep ;Field &

I * J 'I
‘ TR Sl
. -~ ; - 1 - - . ~
i - ..r’ "8 8 ; ’
\ : ‘ ¢ . ' J 3 ¥ - . - .
' . L] » > L * - " & . '

P .‘ s - ’ o 3 .- ’

. . 3 ‘ gy e " - " : G S [ N . :
i . % * > - e t'”‘ ,‘ ; - » X i / 0 ¥ L i .
b [ - ~ . . : '
o ‘ ’ ; . “. I : i ) i v ; . - i ' i '
: ‘ - . *elp, - :
. . - oy ” » ‘o ' -
: . . " : s -t } i
LI . . - J
. e ’ Lo ' . . r
= . * - - E . 2 . . . .
i » { L4 -~ 2 ¥ - . -
- R ' . ¢ ‘.! - - \

. .
, = 1 - - -

& ' : - f ; -

- SN ’ ' -

~ . - f -
. - fa
. . 5 5 A & | — . . . :
" k - ‘ ’ .
. L .

v - - . olly . v

- - v - .,

.

e deepestéver.Hi)bUIeimaée_,,.," . oy . LR i '3'_.-,

L] . ..
‘ rl : = a 2 o a .__." X
% : : ‘.'I' "




o
r - . e )
.
. .
~ - . K - “ - . -
. .

/ I ' b ; - il o 2 5o .
e . o e .' . ». L XDF ‘ eXtrem’eDe?p’Field_’ :
g : e i q . . . / .0.}.'.; i : . Vi

K : j e T . . el iy e, :
: , - . : . , e .
' soie & . / . SR T R e, |

. - : ; y L] - -
. . ‘ -;‘

. 7

R C | '2963’H'ST-i-mag'es over 10 years on the HUDF, | .

p—

. .
- . - a .
p /

. -

-7 s L . | e

“ igelag! SQQo'rbit'é. of Hubble =« « o . |7
2 ¥ - 1 : j ‘ <“ : : | i 0 PO Sl

: - e -« o . oV ; i A B R

L e .’ for a 23£ay total exposure on the HUDF! d

AR
. ‘ R
. T i '
’ . - " L
. - - . - s .
» - 4 : ;
L] - %
. - > N & A _— ’ M M -
. 4 - ¥
; .

' i : . . A
- y e .

-

R deepestever.HL)bb‘Ieimade_,,_,-' gy o . W s

_ . By :
4 " : i .
. & . . ¥ ) : .
‘ 1 : : . . J a . h, oot h . | I
| e : 2 s _ ’ .

- ot - - . ‘... 9
xdf.ucolick.org * \ GDI+2013 , - : , -

* 1 w0 A - ) ; ’
" i y ‘ : . R : . -\I .
' ¥, = " v ¢ . Y L4 ) R _—




r i - - L [ G " - e e
g [ e TR : y ' S ' HSTWFCBIIR z=9.5 | SSTIRAC
'GOODS N : o e e N) . # %y e S it
,HSTACS;'WFC WFC?]IR:' . e E & : J ' FlZSW
i i i - ' b ~
L o .-" . = e _-"‘ " . & t' . 1”. | 2”
S T &0 < e -s = )
de . e \ o
: ; Ee ' ‘_ : , e s A GN-z10-3
- y » g : e e LS
. - v o e - : N - - L - . -
; ‘ : e & : ' =, o “u | -
] A Tar | . ?\ .‘:'.'.: : o : e L
' Y . : .1'. . ¥ -_ { - -' . .
' = e A Gaitey N e
. = - e g .
@ (] ..‘, -‘- - . ‘.:.I 1 g ' ._ -
i % i i e i ' ._ - (\ < I y ." -_
oy ] i i L2 e b "
ea T . Sy ’. : A B GN-29-1 »
o - =Ly o : : - e L# =
2 » . T . _.l'- ‘e .
[ - ¢ e L] - ! 3 * Z=10.2
; : T - ¥ ! e i
L . . o = e o 3 s 7 !
: . 'l. L i . ‘ | .! . (3
. . : y - e S e =z B -
¥ : ..l- : . - i e - ,_-' . ; I-.al i I - o
; i i L ; : .r” sl o7 ._- ’ . (]
5 o . ' ’ * & - . . ! ' i i 2 i
. R T S o g L e C  GN-z10-1
-.. - " -t . o .II » i b . ; s .
i s a i Rt SE R . o ) 2=9.9
e R .... -- |.' = - k3 .
; -q:._ ., ; o: s X .. ’ i & e
.. T ok FIs e i i
- : . - D . 2 } “- o .‘%f ‘.-. i s
: L * R e
(Y . - = ; v \ 7 _. -l .'- l. -. :.
S e SR . D GN-z10-2

Oesch + 2014, 2016

Hubble

Spitzer




-Goonsm- i

HSTWFC3/IR

z=9.5 | SSTIRAC

SR o P F105W 4.5 uym
,HSTACS,’WFC WFC§IIR' % Cad o F125W
~ ’ i - { )
e . W :
= g et ; i ! . -t
B o W % N l__ g
-9 - :
: E <Ry % A
e "_- " . !.. .
. o
e 5 ” k. i el i
~ : -_-‘, ’ :- w- ; g
o .‘ -: '.“ - ‘l‘ : ; (\ 'Y
" (] 5 v & R T
. % 0 t e B % o B
i ] . o5 ;P o " - : i
ot i ;
2 " '_. ‘@ i
L] = ™ ” T
. W - ‘ &
] . ’ “®
o He : . - A .’,‘-
: s RS PR : :
. ot AT L e S C  GN-z10-1
dris .- - o B i, »
i " o “ - - A '- # _‘:", -‘. 2=9-9
e .. .... _-' ‘_.. -y
; q: . ; ': i X .. . i . e
. FL Y ¢ o | -
. Y. e D NG , . .‘%_. 3 :
: Lo * LR R :
[ . - 5 i \ 3 .\ -" ,'_._ '-
"'x.- i = -"- bl B :-. ¢ ;' . 2 L] D GN-ZIO-Z

Oesch + 2014, 2016

Hubble

Spitzer




JWST and its “first light” goal



NASA’s Great Observatories

Spitzer



- . pitzer gde




billions of years since the Big Bang
2 1.4 1 0.8 0.6 0.5

Planck

UV light
from galaxie

WI// JWST see the increasing
“first galaxies”? P

rate of star
formation

10

500 300 200
millions of years from Big Bang

large 10X drop +  galaxy turn-on

- suggest dramatic changes in galaxies at 300-500 million years
—a time where JWST will be able to see faint galaxies =

JWST will show us how the earliest galaxies formed and grew gol
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COSNIC SUNTISE

lolescope
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Hubble Legacy Field

WEFIRST

6.4Msec over 16 yrs; 31 programs; ~70% of a Hubble Cycle

WFIRST would do >HLF in a couple of weeks |
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