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In the last two decades astrophysical research has made giant steps thanks
partly to a new generation of large telescopes, located under the clearest
skies on Earth. In the pages that follow, we illustrate all those with diameters
greater than 8 metres, starting with the recent Gran Telescopio Canarias,

the dome of which we see below, against a marvelously clear sky.
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& Gran
" Telescopio
Canarias

‘l\ The Gran Telesco-

pio Canarias
(GTC), also called
GranTeCan, is a

reflecting tele-

scope with a pri-
mary mirror 10.4
metres in diame-
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ter. It's located on

™. the peak of a vol-
.\ | cano at an altitude

of 2267 metres in
one of the best
astronomical sites
in the northern
hemisphere, the
"Observatorio del
Roque de Los Mu-
chachos" (ORM),
on La Palma in the
Canaries. The GTC
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is a Spanish pro-
ject overseen by
the Instituto de

Astrofisica de Ca-
narias (IAC). The
telescope is sup-

ported by both the

Spanish and local
government

through European
Regional Develop-

' ment Funds

(FEDER) from the
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% European Union.
The other institu-
_ tions collaborating
B in the project are
the Instituto de
Astronomia del-
I'Universidad Na-
cional Autonéma
de México (IAU-
NAM), the Insti-
| tuto Nacional de
| Astrofisica, Optica

. ,_ﬁ"" y Electrénica
W W
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(INAQOE) and the
University of
Florida (UFL). At
the moment it's
the largest single
aperture telescope
in the world. The
primary mirror is
made up of 36
hexagonal seg-
ments all control-
led by an active
optics system. It
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took seven years
to build between
2002 and 2008.
First light was on
13th July 2007, ke
but scientific ob- R ——
servations didn't

start until May

2009. The main

instruments
are CanariCam
(Florida Univer-
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red camera with
spectrograph, cor-
onograph and po-
larimeter mounted
at the Nasmyth
focus, and Osiris
(Optical System

for Imaging and
Low Resolution
Integrated Spec-
troscopy) a
low/medium reso-
lution spectro-
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and II tele-
scopes

Situated at an al-
titude of 4145 m
on the summit of
Mauna Kea, Ha-
waii, the Ameri-
can twin
Ritchey-Chrétien
telescopes Keck I
and Keck II began
operations in

. e =
e -
— \

|
T )
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1993 and 1996
respectively. The
Keck Observatory
is operated by the
California Asso-
ciation for Re-
search in Astron-
omy, a non-profit
organisation
whose members
include represen-
tatives from Cal-
tech and the
University of Cali-
fornia. The con-

AUTUMN 2010
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struction of the
two telescopes
was made possi-
ble by private
funding of over
140 million dollars
from the W. M.
Keck Foundation.
NASA began col-
laborating with
the project in
1996. The pri-
mary mirror of
each telescope is
10 m in diameter,
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making them the
world's largest
telescopes after
the Gran Telesco-
pio Canarias. The
mirrors are not
monolithic but
composed of 36
hexagonal seg-
ments, each one
maintained in the
correct position
within the
extremely rigid
frame by the
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actuators of an
active optics sys-
tem. They can
operate either

“ singularly, or to-

| gether, as an in-
terferometer with

§ a baseline of 85

i m (the distance
between them).
Both telescopes
are equipped for
visible and infra-
red observations.
The telescopes



http://www.astropublishing.com

el

\
Al

. have an adaptive *
) optics system that
compensates for
o the distortion
caused by atmo-
'\ _ spheric turbu-
28 lence, the first
' system of its kind
to berinstalled on
" a large telescope.
The project is part
of NASA's "Ori-
gins" program
i (http://planet-
£ quest.jpl.nasa.gov);
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a program to ob-
serve the forma-
tion of the first
stars and gal-
axies, to search
for planets around
other stars, search
for life forms in
the Universe and
investigate the be-
ginnings of life on
Earth.

Web site of Manua
Kea Observatory,
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University of Ha-
waii: www.ifa.ha-
waii.edu/mko

Web site of the W.
M. Keck Observa-
tory: www.keckob-
servatory.org.

Credits: W.M. Keck
Observatory,
NASA/JPL, Sarah
Anderson, Andrew
Cooper (WMKO),
E. Sassone Corsi.
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Southern
African
Large
Telescope

The South African
Astronomical Ob-
servatory (SAAQ) is
the national centre
for optical and
infrared astronomy R 4
based in Cape Town #

sl (South Africa),
-===m.-.| established in 1972
o --..l and operated by

&

¥

V.
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the National Re-
search Foundation

) of South Africa. The

SAAO hosts the
Southern African
Large Telescope
(SALT), @ 9.2 m re-
flector made up of
91 hexagonal seg-
ments. It's located
at 1783 m above
sea level, at Suther-
land, about 370 ki-
lometres from the
Observatories head-
quarters. Inaugu-
rated in November
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2005, the SALT is
the largest single
optical telescope in
the southern hemi-
sphere, and can
collect at least 25
times as much light
as any other Afri-
can telescope, al-
lowing it to observe
very distant stars,
galaxies and qua-
sars. The construc-
tion of SALT was
made possible
thanks to an inter-
national consortium
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of partners from
South Africa, the
U.S., Germany, Po-
land, India, the
U.K., and New Zea-
land.

Web site web:
WWW.Saa0.ac.za

Credits: SALT Con-

sortium/Project
Team/Foundation,
Matthew Bershady,
Jian Swiegers, Dave
Buckley.
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Telescope

'\ The Hobby-Eberly
I' Telescope is the
¥ fourth largest op-
tical telescope in
the world. Situat-
ed on the summit
of Mount Fowlkes,
“ g at an altitude of
&% 2030 m, in Texas,
. it is part of the

AUTUMN 20105, oy p—
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McDonald Obser-
vatory. It has an
effective aperture
of 9.2 m with the
primary mirror
composed of 91
hexagonal seg-
ments, much like
the SALT. The tele-
scope is named
after the first gov-
ernor of Texas, Bill
Hobby, and a
benefactor from
Pennsylvania

mn
...

i 0 !
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State University,
Robert E. Eberly.
The telescope is
operated by a
consortium of in-
stitutes including
the University of
Texas at Austin,
Pennsylvania
State University,
Stanford Univer-
sity, Ludwig Maxi-
milian University
in Munich (Ger-
many) and the
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Georg August Uni-
versity of Gottin-
gen (Sweden).
The HET was de-
signed with spec-
troscopy in mind:
there are three
spectrographs
with high, medium
and low resolu-
tion. The low reso-
lution instrument
is located directly
at the prime
focus, while the

'ASTROFILO
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other two are in
the base of the
telescope.

Hobby-Eberly
Telescope web
site: www.as.ute-
xas.edu/mcdo-
nald/het/het.html.

Credits: Lawrence
W. Ramsey, Scott
Kardel, Marty Har-
ris, Thomas A. Se-
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Large
Binocular
Telescope

The Large Binocu-
| lar Telescope (LBT) |
! s situated on
Mount Graham at
3300 metres above
sea level, in the Pi-
nalefio mountain
range, in south-

: II‘T:‘: g \ b
LRI “:‘«‘V
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eastern Arizona.
The LBT is part of
the Mount Graham
International Ob-
servatory, but is a
joint project be-
tween the United
States (50%), Ger-
many (25%), and
Italy (25%). The
B LBT is equipped
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with three pairs of
mirrors: the two
primary parabolic
mirrors 8.4 metres
in diameter (com-
plete with active
optics system to
correct for defor-
mation caused by
their own weight),
the concave adap-
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tive secondaries

911 mm in diame-
ter, and the flat
tertiary mirrors,
angled at 45 de-
grees to the optical
axis. Construction
of the building
began in 1996, and
after completion of
the base in 1997,
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The LBT dome BT

was the work of an

international con-

sortium.

Thanks to the

adaptive optics sys-

tem, operational
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¥ since May 2010,
the LBT can make
images up to three
times sharper than

. the Hubble Space

| Telescope, despite

'~ the fact that the
HST is above the
turbulence of the
terrestrial atmo-
sphere. LBT's "se-
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cret" is the First
Light Adaptive Op-
tics (FLAO), an in-
novative system
directly connected
to the 91 cm sec-
ondary mirror, so
that it's an integral
part of the tele-
scope, rather than
an add-on compo-

q»
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nent as in other
telescopes.
Amongst the in-
strument lineup at
the LBT is LUCIFER
and the two Large
Binocular Cameras.

Large Binocular
Telescope Observa-
tory web site:
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uo

http://medusa.as.a
rizona.edu/Ibto.

Credits: David
Steele, E. Sassone
Corsi, Patrick

Osmer, MPIA, Ste-
fan Seip, LBT Team,
Marc-Andre Besel,
Ray Bertram, Aaron
Ceranski.

AUTUMmN 2010
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Subaru
Telescope

Subaru, with its
8.2 metre mirror,
is a Japanese tele-
scope operated by
the National Opti-
cal Astronomical
Observatory of
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Japan (NAOJ), lo-
cated at an alti-
tude of 4139 m at
Mauna Kea Obser-
vatory in the Ha-
waiian islands

" (USA). Construc-

| tion of the dome
began in June
1992 on the sum-
mit of the vol-
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cano, and the
year after work
started on the
telescope itself,
that was transpor-
ted and mounted
in 1998. First light
was in 1999 and

science verifica-
tion of the instru-
ments followed.

‘ASTROFILO
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At the moment
there are seven
active instruments |
with one auxiliary

_ instrument.

o The observational
capabilities of the
telescope in the
optical and infra-
red have recently
been increased

AUTUMN 2010
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with MOIRCS
(Multi-Object

* ~ol o e
Subaru Telescope
web site:
WWW.Nnaoj.org

AUTUMmN 2010
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Nazional Astro-
nomical Observa-
tory of Japan:
www.nao.ac.jp/E/i
ndex.html

Credits: NAOJ,
Andrew X, E. Sas-
sone Corsi, F. Ber-
nardi, G. Galletta,
M. Clemens.

AUTUMN 2010
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Very Large
Telescope

The Very Large
Telescope (VLT) is
a system of four
optical reflecting
telescopes, each
with a primary
mirror of 8.2 me-

"ASTROFILO AUTUMN 2010
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tres, accompanied
by four 1.8 m aux-
iliary telescopes
(ATs). The VLT is
part of the largest
European astron-
omy organisation,
the European Sou-
thern Observatory
(ESO), and is loca-
ted at Cerro Para-

AUTUMN 2010 ‘ASTROFILO
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nal Observatory, at
an altitude of 2635
metres in the Ata-

cama desert, Chile.

The four telescopes
were christened
with names in
Mapudungun, the
native Chilean lan-
guage: Antu (UT1,

= the Sun), Kueyen

TR T
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(UT2, the Moon),
Melipal (UT3, the
Southern Cross)
and Yepun (UT4,
Venus).

Each 8.2 metre
mirror is so thin “
that it needs to be |

supported by 150
small pistons that
allow it to maintain

|
d
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the correct shape
every time it is
moved.

The adaptive op-
tics are of the last
generation. The
so-called MAD
(MultiConiugate
Adaptive Optics
Demonstrator) sys-
tem extends the

.
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!

corrected field of
view to 15 arcsec-
onds and was first
installed on 25th
March 2007 on
UT3-Melipal.
The telescopes can
work together, in

% groups of two or

' three, to form a gi-

gantic interfero-

—'I ﬁ /
oF -

. X Hutﬁmn 2010
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meter, the Very
Large Telescope
Interferometer
(VLTI), allowing for
a resolution 25
times higher than

4 possible with a sin-

€AY 1 Y
AUTUMN iﬁ'(ﬂ‘
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gle telescope.
In May 1998 the

\ first of the four

telescopes, UT1-
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Antu, started ope-
ration. The selec-
tion of the site was
based on the lack
of rain, the large
number of clear
nights each year,
the high altitude
and the distance
from sources of
light pollution.
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Very Large Tele-
scope web site:
WWW.es0.0rg/pu-
blic/teles-
instr/vlt.html.

Credits: ESO/H. H.
Heyer, G. Altavilla,
G. Galletta, G.
Masi, E. Sassone
Corsi.

AUTUMN 2010
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Gemini
North and
Gemini
South

Gemini North and

Gemini South are
two twin optical
telescopes of 8.1
m diameter, one in
each hemisphere,
that between them
can observe the
entire sky. Both

AUTUMmN 2010
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telescopes are
equipped with var-
ious instruments
for observation at
both optical and
infrared wave-
lengths. Multiple
instruments can
be simultaneously
mounted at the
Cassegrain focus.
Gemini North, also
called the Frede-
rick C. Gillett Tele-
scope, is located at

AUTUMN 2010
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an altitude of 4214

metres on Mauna

Kea, Hawaii. First : 3 k; -,,-‘
light was in 1999  §i 1IN '- /) .
but proper science | { . : A
operations didn't e - ] Vs A
start until the fol- o 4 | \ A / E » =
lowing year. W /PN vy AN gﬁ‘ fiia

Gemini South is lo-
cated on Mount
Cerro Pachon in
the Chilean Andes,
2715 metres
above sea level.
First light was in
2000. The general
headquarters of

=
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both telescopes is
the operations
centre for the
northern telescope
in Hilo, at the Uni-
versity of Hawaii.
The operations
centre for the
southern telescope
is at the Cerro To-
lolo Inter-Ameri-
can Observatory
(CTIO) in La Se-
rena, Chile. The
Gemini telescopes
are operated by a
consortium made
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up of the United
States, United
Kingdom, Canada,
Chile, Brasil, Ar-
gentina and Aus-
tralia, and use the
most advanced ob-
servational tech-
niques such as

% adaptive optics,

laser guide star
and multi-object

' spectroscopy. The

ventilation system
and silver mirror
surface aid obser-

== vations at infrared

\#
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wavelengths.
In December 2009
it was announced

that the U.K. would

leave the consor-
tium in 2012 due
to lack of funds.

Web site of the
Gemini Observa-
tory: www.ge-
mini.edu.

Credits: F. Bernar-
di, M. Clemens
NOAO/AURA/NSF.
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