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Q. JI R. astr. Soc. (1979) 20, 20-36

History of the Space Telescope*

Lyman Spitzer, Jr
Princeton University Observatory, Princeton, New Jersey, USA
(Received 1978 October 18)

* 1946: discussed the advantages of having an
space telescope

1957: Sputnik 1

1958: NASA



1962: Ariel 1 (British); solar observations in the
UV and X-rays

1962: Orbiting Solar Observatory (NASA); UV,
X-ray, and gamma-ray solar spectra

Orbiting Astronomical Observatory OAO
(NASA) &

1966: OAO-1: failure
1968: OAO-2: UV spectra
1970: OAO-B: failure
1972-1981: OAO-3 (Copernicus), UV and X-ray
1978: NASA+ESA: International Ultraviolet Obs.




Hubble Space Telescope

1970: 3m space telescope with launch for 1979

1974: budget cut, then 2,4m telescope, drop
1,5m testing space telescope, include ESA (15%)

1978: approved by congress, aimed for launch
in 1983. Perkin-Elmer in charge of the mirror,
but there were large delays and price increased.

Launched on April 24, 1990.
Original cost estimate: 400 million
Final cost: 2,5 billion

Hubble PSF with flawed optics



HST angular resolution = 0,05 arcsec

The Hubble Space Telescope orbits Earth. Its position above
the atmosphere allows it an undistorted view of space. Hubble
can observe infrared and ultraviolet light as well as visible light.
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Hubble
deep field

2,5 arcmin

342 separate
exposures

10 days

About 3000
galaxies




HST
XDF

23x2°
2 million
seconds
23 days

About
5500
galaxies




Observations made by HST of supernovae contributed

to research on the expansion of the universe
Distant Supernovae Hubble Space Telescope = ACS
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Fig. 6. HST discovery of distant Supernovae.




THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 203:27 (26pp), 2012 December
NEW HUBBLE SPACE TELESCOPE OBSERVATIONS OF HEAVY ELEMENTS IN FOUR METAL-POOR STARS*

IAN U. ROEDERER'. JAMES E. LAWLER?. JENNIFER S. SOBECK>, TIMOTHY C. BEERS*-®, JOHN J. CoWwAN’, ANNA FREREL®,
INESE 1. IVANS”. HENDRIK SCHATZ?-%!0_ CHRISTOPHER SNEDEN'!, AND IAN B. THOMPSON!
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X-ray astronomy
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X-ray astronomy
FOCUSSING X-RAY TELESCOPE

PARABOLOID

HYPERBOLOID

INCIDENT
RADIATION

/
- /
\ \ \DDUBLE REFLECTION FOCUS

SINGLE REFLECTION FOCUS

Exp Astron (2009) 25:143—-156



Primeira imagem em raios-X do Sol (1965)

1965ApJ...142.1274G

LETTERS TO THE EDITOR:

SOLAR X-RAY IMAGES OBTAINED USING
GRAZING INCIDENCE OPTICS*

R. Graccont
W. P. Rempy £~
T. ZEHNPFENNIG

AND

J. C. LINDSAY
W. S. MuNEY

August 4, 1965

AMERICAN SCIENCE AND ENGINEERING, INC.
CAMBRIDGE, M ASSACHUSETTS

AND

GoDDARD SPACE FricHT CENTER
GREENBELT, MARYLAND



http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1965ApJ...142.1274G&db_key=AST&link_type=ABSTRACT&high=50afefd71e19395

PHYSICAL REVIEW LETTERS

VoLuME 9 DECEMBER 1, 1962 Numser 11

EVIDENCE FOR X RAYS FROM SOURCES OUTSIDE THE SOLAR SYSTEM”™

Riccardo Giacconi, Herbert Gursky, and Frank R. Paolini
American Science and Engineering, Inc., Cambridge, Massachusetts
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X-RAY PHOTOGRAPHS OF THE SUN TAKEN BY A
ROCKET-BORNE X-RAY TELESCOPE ON 8 JUNE 1968

SIMULTANEOUS Ha PHOTOGRAPH
(COURTESY OF £3SA)

4 MICRON ALUMINIZED MYLAR FILTER

Exp Astron (2009) 25:143—-156



Skylab
Images
(1973)

-~ —

Fig. 4 X-ray pictures of the Sun during a solar rotation Exp Astron (2009) 25:143-156



THE ASTROPHYSICAL JOURNAL, 165:L27-L35, 1971 April 15
AN X-RAY SCAN OF THE GALACTIC PLANE FROM UHURU

R. Giacconi, E. KELLOGG, P. GORENSTEIN,
H. Gursky, AND H. TANANBAUM

American Science and Engineering, Inc., Cambridge, Massachusetts 02142

This is the first of four Letters reporting preliminary results from the first of NASA’s small astronomy
satellites, Uhuru. The satellite is designed to conduct a survey of the X-ray sky in the 2-20-keV energy
range to an ultimate sensitivity of about 5 X 107* the flux of the Crab Nebula. In this first Letter we
report on a scan of the galactic plane in which we see twenty-nine discrete sources, of which seven have

not been reported previously.
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Einstein Observatory (1978), NASA

’." J': 1£‘ g AR

60 cm X-ray telescope

Fig. 7 An X-ray picture

of the Cas A Supernova
Exp Astron (2009) 25:143—-156




Rotacao: 33 ms

Fig. 8 The Crab Nebula and its Pulsar in X-rays Exp Astron (2009) 25:143-156
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Stellar X-ray sources

in M-31

Exp Astron (2009) 25:143—-156



HIGH-RESOLUTION X-RAY SPECTROSCOPY OF M&7 WITH THE EINSTEIN
OBSERVATORY: THE DETECTION OF AN O vor EMISSION LINE!

C. R. Canizares, G. W, Crarg, T. H. Markert, C. BErG, M. SMEDIRA,
D. Barpas, H. Scaxorrer, AND K. KaraTa
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Fig, 2.—Spectrum of MA&7 in the vidnity of the La line of
O v, The upper curve shows the count rate versus wave-
length corrected for exposure, The exposure is shown in the
lower curve, The redshifted wavelength of the line is 19.05 A,
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Frg. 3. —Histogram of counts versus position in the detector
corrected for image motion showing the projection of the astig-
matic image of the source formed by X-ravs in the O vin Le
line and in the line plus continuum (mainly hackground). The
scale i ~1 mm per arcmin on the skv, and the expected width
of the MET image iz ~4 mm.
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ROSAT (Germany + USA + UK), 1990-99

* 84cm X-ray telescope
e X-ray all sky survey, over 150 000 objects

* Detailed morphology of supernova remnants

and cluster of galaxies FIRST X-RAY IMAGE OF A COMET
Comet Hyakutake - C/1996 B2 ROSAT HRI

e Detection of isolated
neutron stars

March 27, 1996

* Discovery of X-ray
emission from comets

C. Lisse, M. Mumma, NASA GSFC
K. Dennerl, J. Schmitt, J. Englhauser, MPE




Star formation history of Canis Major R1

|. Wide-Field X-ray study of the young stellar population*

v : ‘ )}, 15N i : T ) : 5
J. Gregorio-Hetem!, T. Montmerle2. C. V. Rodricues”. E. Marciotto!. T. Preibisch®. and H. Zinnecker
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A schematic diagram of the surface of TW
Hydrae, illustrating where strong X-ray
emission might arise. Accreting material
can produce winds and shocks at the
stellar photosphere; some parameters are
specified. Credit: N. Brickhouse, et al, 2010
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Fig. 2. ROSAT PSPC X-ray contours and fields-of-view superimposed on a digitized POSS(R) image of the CMa R1 region. Grey contours show

the same JRAS-ISIS data at 100 gm as Fig. 1. The observations of Field | are indicated by yellow contours and of Field 2 by black contours. The b 506 Y7 (D

white crosses indicate the association members identified in the optical survey by Shevchenko et al. (1999), within the area outlined by a white A& A - 00‘ 7 ] l 7"’ A -009 )
rectangular box.



Chandra (NASA), 1999
e 0.1-10 keV

* 1,2 m telescope

* 0,5 arcsec resolution

The first set of nested mirrors
deflects X rays to the second set . . .

Ay

..' 1 '.‘\ \_“H
N . UL AN

a Artist illustration of the Chandra X-§
orbits Earth.

... and the second set deflects
X rays a second time to the
focus point.

b This diagram shows the arrangement of Chandra's X-ray
mirrors. There are two sets of cylindrical mirrors, one near the
_ ~ front of the telescope and one farther back. Each mirror is 0.8
© Astronomy, the Cosmic Perspective mater [ong and between 0.6 and 1.2 meters in diameter.
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Chandra deep
field image

One-million-second
exposure

(mostly AGNs)




Tycho Supernova remnant in x-ray
(Chandra)




Crab Nebula observed over several months
© Chandra




Charge transfer
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= = = = letters to nature
Rapid X-ray flaring from the direction =% > oo
of the supermassive black hole at the
— F. K. Baganoff*, M. W. Bautz*, W. N. Brandtf, G. Chartast,
Galactlc cenh.e E. D. Feigelsont, G. P. Garmiref, Y. Maeda{, M. MorrissS, G. R. Ricker*,
200f a L. K. Townsley' & F. Walter||

150 ¢
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50

Counts per pixel

50
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70 -
Figure 1 Surface plots of the 2—8 keV counts within a 20” X 20" field centred on SgrA* S 0 630\
at two epochs. The data were taken with Chandra ACIS-1 on (a) 21 September 1999 and \a(c’

(b) 26—27 October 2000. The effective exposure times were 40.3ks and 35.4 ks,
respectively. The spatial resolution is 0.5” per pixel. An angle of 1” on the sky subtends a
projected distance of about 0.04 pc at the galactocentric distance of 8.0 kpc (ref. 30). The



Gamma ray Astronomy

2008

2002

1997

1991
1989
1987

1981

1979

1975

1972
1971

1968
1967

1961

Observatories

First all sky coverage discoveries
COMPTON OBSERVATORY in all areas of yray astronomy

First detailed map of Milky way revealing the
first high-energy source catalogue

(24 objects)

5 First high-energy y-ray images from parts of the
1 sky, discovery of Geminga

SAS-2

EXPLORER-11

1 MeV

- First detection of high-energy y-rays from
space and Earth atmosphere

1 GeV 1TeV 1 PeV

2007

Dedicated Missions

2004 —
2002

1997

1989 —

Sky survey at 30 MeV - 50 GeV

‘31 Gamma-ray bursts and afterglows

!

High resolution imaging and spectroscopy -ray mission

2 e sVl Clarifies cosmological origin of yray bursts

S First high resolution images (13 resolution) of sky regions
- in the hard x-ray / soft y-ray range

1987

1981 —
1979 —

1972 —
1971 —

WHIPPLE
First credible detection of a TeV-gamma-ray source
(Crab Nebula) by an atmospheric Cerenkov telescope

Extensive studies of solar flare y-ray and neutron
m emission, discovery of 56Co-lines from SN 1987a

Discovery of radioactive % Alinthe Galaxy

_J_m First detection of solar flare yray lines

Claims spectral MeV-bump in the di use cosmic
-“I PHO background spectrum.

1968

First detection of high-energy
@ y-rays >100 MeV from the Milky Way

1967

First detection of solar flare continuum gamma rays

—. Discovery of the burst phenomenum

VELA SATELLITES

1 MeV 1GeV 1TeV 1PeV




The sky at energies > 1 GeV based
on five years of data NASA's Fermi




X-ray/gamma-ray bubbles of the
Milky Way (© Fermi)

- 50,000 lightyears .

3 i




Gamma
Ray Pulsar
inthe CTA 1

supernova
remnant
© Fermi




Cycle of
pulsed
gamma rays
from the

Vela pulsar
© Fermi



http://en.wikipedia.org/wiki/Vela_pulsar

NASA's Swift satellite observed the 500th GRB
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Available online at www.sciencedirect.com

. . . ADVANCES IN
SciVerse ScienceDirect SPACE

RESEARCH
Advances in Space Research 50 (2012) 1-55 (@ COSPAR puiiection)

www.elsevier.com/locate/asr

Review

Future of Space Astronomy: A global Road Map
for the next decades

Pietro Ubertini **, Neil Gehrels®, Ian Corbett €, Paolo de Bernardis, Marcos Machado
Matt Griffin®, Michael Hauser £, Ravinder K. Manchanda®, Nobuyukl Kawai',
Shuang-Nan Zhang’, Mikhail Pavlinsky

* Institute for Space Astrophysics and Planetology, INAF, Via del Fosso del Cavaliere 100, 00133 Rome, Italy
® Astroparticle Physics Laboratory, NASA-GSFC, Greenbelt, MD 20771, USA
“IAU-UAI Secretariat, F75014 Paris, France
g Department of Physics, Sapienza University of Rome, P.le A. Moro 2, 00185 Rome, Italy
“ Comision Nacional de Actividades Espaciales, 1063 Buenos Aires, Argentina
"'School of Physics and Astronomy, Cardiff University, The Parade, Cardiff CF24 344, UK
& Space Telescope Science Institute, Baltimore, MD 21218, USA
" Tata Institute of Fundamental Research, 400005 Mumbai, India
iDeparlment of Physics, Tokyo Institute of Technology, Tokyo 152-8551, Japan
1 Key Laboratory of Particle Astrophysics, Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
¥ Russian Academy of Science, 117997 Moscow, Russia



Multi Colour Eyes - Present (2012)

™ _aGalex Chandra, XMM
' RXTE,Suzaku

Spitzer

Herschel

Planck

IRAM, CSO

SMA, APEX . . Fermi

VLA

Merlin

CBT Magic
Jordell A Hess

VLBA, : Milagro
Nancy Varitas




Multi Colour Eyes 2010-2015

SUZAKU

Planck ,
-
’ Nustar 2011
ALAMA, LMT ASTRO-H 2013
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ASTROPHYSICS MISSIONS: past, present and future

JWST
HXTM
GEMS
ASTRO-H
SpectrumX-Gamma
NuSTAR
Astrosat
GAIA
Maxi
WISE
Herschel
Planck
Fermi
Agile
Suzaku
Swift
Spitzer
GALEX
Integral
XMM- Newton
Chandra
RXTE

Hubble

Future of Space Astronomy CWG

Operating
Development




ESA (originally

Muiti Colour Eyes > 2018 IXO including
NASA, Jaxa),

JAXA + ESA + NASA Launch 2018 launch 2028
Launch 20227 JWST Ly

?7?
SPICA -
2018-2021

ATHENA 727

A;TRO-H ? ?

Japan, 2015

CTA, ACIS
HAWC

7 ELT, TMT,LSST




ASTROPHYSICS MISSIONS: future

Athena-NGO-Juice CV Large

WFIRST-NASA DS

ESA - Cosmic Vision-M3

ESA-CV Euclid

ESA-CV Solar Orbiter

NASA EXPLORER

HXMT

GEMS

ASTRO-M

SpectrumX-Gamma

NuSTAR

Astrosat

GAIA

Future of Space Astronomy CWG

B Development
B Under selection E/M Class
B Under selection L Class




