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2	  Fig.	  1.8,	  Lena,	  3rd	  Ed.	  
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Telescópios	  gigantes	  
● A	  construção	  de	  telescópios	  com	  grandes	  
espelhos	  esbarra	  em	  dificuldades	  

● Soluções	  
⇨ espelho	  muito	  finos	  

⇨ mosaico	  de	  espelhos	  

→ 	  Keck:	  10m	  =	  36	  x	  1,8m	  
→ 	  suporte	  de	  c/espelho	  é	  independente	  
	  	  	  	  (ó1ca	  a1va)	  

Os	  telescópios	  Keck	  de	  10m	  foram	  
inicialmente	  construídos	  e	  desenvolvidos	  
pelo	  CALTECH	  e	  Universidade	  de	  California.	  
What	  about	  USP?	  



Telescópios	  gigantes	  :	  Keck	  10m	  	  

Swinburne's Centre for Astrophysics & Supercomputing (Australia) staff 
and students mark out the size of one Keck mirror. They have an 
agreement to use up to 20 nights of Keck time. 
http://astronomy.swin.edu.au/keck/ 



Telescópios	  gigantes	  :	  2	  x	  Keck	  10m	  
	  

-‐	  Swinburne	  University	  tem	  20	  
noites	  Keck	  ao	  ano	  
-‐	  Australian	  Na1onal	  University	  
(ANU)	  tem	  15	  noites	  Keck	  ao	  ano	  
(gestão	  do	  novo	  diretor	  da	  Research	  School	  
of	  Astronomy	  &	  Astrophysics	  da	  ANU).	  
Orcamento	  da	  ANU	  =	  AU$886milhões?	  =	  1,8	  bilhões	  

-‐	  USP	  =	  0	  noites	  (orcamento	  R$5	  bilhões)	  



• 7 X 8.4m Segments 
• 18m focal length 
• f/0.7 primary 
• f/8 Gregorian focus 
• 21.4m equiv. area 
• 24.5m equiv. ang. res. 
• 20-25’ FOV 

The Giant Magellan Telescope 
(GMT) 
21,4 – 24,5m 



Partners: Australia Limited (AU universities), ANU, Carnegie, Harvard, Korea ASI, 
SAO, Univ. Texas, Texas A&M, Univ. Arizona, Univ Chicago 

Artistic image of GMT 
at Las Campanas 



• Cost in 2008, US$600 milliion, cost as of May 2012, US$700 million 
• Completion target in 2008 : 2017; completion target now : 2020 
• Location - Las Campanas Observatory, Chile (2,516 meters) 
• Height of telescope housing - 200 feet (61 meters) 



The second of GMT’s seven 8.4 meter (27-foot) diameter primary mirrors was cast on 2012 
January 14th at the University of Arizona's Steward Observatory Mirror Laboratory. 

GMT Press Release (April 2, 2012) 
GIANT TELESCOPE PROJECT PARTNERS 
PASS ON FEDERAL FUNDS 

Pasadena, CA --The board of directors of the Giant 
Magellan Telescope Organization (GMTO) has informed 
the National Science Foundation (NSF) that they will not 
participate in an upcoming funding opportunity. The 
partners in the project feel that they are making such 
rapid progress that they have chosen to press ahead at 
full speed, looking to link up with the NSF at a later date. 
With nearly half of the $700M needed to build the 
observatory committed, the partners are confident that 
they will complete the telescope. 

GMT Press Release (March 23, 2012) 
BIG BANG ON EARTH - BLASTING A 
MOUNTAINTOP TO MINE THE SKY 
Astronomers have begun to blast 3 million cubic feet of rock from a 
mountaintop in the Chilean Andes to make room for what will be the world’s 
largest telescope when completed near the end of the decade. The 
telescope will be located at the Carnegie Institution’s Las Campanas 
Observatory - one of the world’s premier astronomical sites, known for its 
pristine conditions and clear, dark skies. Over the next few months, more 
than 70 controlled blasts will breakup the rock while leaving a solid bedrock 
foundation for the telescope and its precision scientific instruments. 



The TMT: 30-Meter 
Telescope 



The TMT Conceptual Design 
• 30-meter filled aperture mirror 
• 492 segments of 1.4m diameter 
• Alt-azimuth mount 
• Ritchey-Chrétien design 
• f/1 primary, f/15 final focus 
• Very AO-intensive 
• Field of View = 20 arcmin 
• Instruments located at Nasmyth 
foci, multiple instruments on each 
Nasmyth platform addressable by 
agile tertiary mirror  
First light (2008 estimate) ~ 2016. 
2012 estimate : 2018 
2013 estimate: completion in 2021? 



The	  TMT	  project	  is	  an	  interna1onal	  partnership	  among	  Caltech,	  the	  University	  of	  
California,	  and	  the	  AssociaCon	  of	  Canadian	  UniversiCes	  for	  Research	  in	  
Astronomy.	  The	  Na1onal	  Astronomical	  Observatory	  of	  Japan	  (NAOJ)	  joined	  TMT	  
as	  a	  CollaboraCng	  InsCtuCon	  in	  2008.	  The	  Na1onal	  Astronomical	  Observatories	  of	  
the	  Chinese	  Academy	  of	  Sciences	  joined	  TMT	  as	  an	  Observer	  in	  2009.	  India	  joined	  
as	  an	  observer	  in	  2010.	  China	  and	  India	  became	  TMT	  partners	  in	  2012	  
COST	  	  in	  2008:	  US$754	  million	  
COST	  in	  2009:	  US$1	  –	  1.2	  billion	  
COST	  in	  2013:	  US$1.3	  billion	  

Artistic image, TMT @ Mauna Kea 



700 crore proposed budget 
1 crore = 10 million Indian rupees 
700 crore = 132 million US$ 

India gets money for the TMT 



Aperture:	   42	  m	  
Field	  of	  view:	   10	  arcminute	  diameter	  	  
MounCng:	  	   Nasmyth	  mount	  	  
LocaCon:	  	   Cerro	  Armazones,	  Chile	  @	  3060	  m	  
Housing:	  	   Dome	  
Start	  of	  
operaCons:	  

2018	  (planned)	  	  

Wavelength	  range:	  	  blue	  atmospheric	  cut-‐off	  (300	  nm)	  to	  mid-‐
infrared	  (24	  microns)	  	  

InstrumentaCon:	  	   9	  sta1ons	  for	  fixed	  instruments	  

Pixel	  scale:	  	   at	  Nasmyth	  focus	  (F/17.7),	  1	  arcsecond	  on	  
sky	  corresponds	  to	  3.6	  mm	  in	  the	  focal	  plane	  

European 
Extremely Large 
Telescope (E-ELT) 

39,3 m (798 hexagonal 1.4 m mirror segments) 

Early next decade 

Cost about 1 billion euros 



This	  aerial	  view	  shows	  the	  Chilean	  Atacama	  Desert	  around	  the	  ESO	  Paranal	  Observatory,	  home	  to	  the	  Very	  Large	  Telescope	  (seen	  at	  the	  
bolom	  right).	  Close	  to	  the	  VLT,	  one	  can	  see	  the	  VISTA	  survey	  telescope,	  and	  to	  the	  right,	  the	  Paranal	  Residence	  and	  basecamp.	  The	  high	  
peak	  in	  the	  distance	  is	  the	  6739-‐metre	  high	  volcano	  Llullaillaco.	  Also	  in	  the	  image,	  to	  the	  middle	  len,	  one	  can	  see	  an	  isolated	  peak	  with	  a	  
curvy	  road	  leading	  to	  its	  summit.	  This	  is	  Cerro	  Armazones,	  the	  selected	  home	  for	  the	  future	  E-‐ELT	  

Cerro	  Armazones,	  home	  for	  the	  ELT	  



Cada	  
segmento	  
tem	  1,4m	  
(total	  	  
~	  800)	  



E-‐ELT	  OPTICAL	  DESIGN	  



E-‐ELT	  and	  VLT	  vs	  Giza	  Pyramids	  

GMT = 5 Keck 
 

TMT = 9 Keck 
 

ELT = 15 Keck 
K

eck (10m
) 

GMT 
(23m) TMT (30m) 

ELT (39,3 m) 

8 m
 

SO
A

R
 

O
PD

 



Current	  status	  of	  the	  giant	  telescopes	  
GMT.	  With	  more	  than	  half	  the	  funding	  in	  place,	  the	  Steward	  Observatory	  Mirror	  Lab	  has	  already	  
cast	  three	  of	  the	  seven	  mirror	  segments	  that	  make	  up	  the	  GMT’s	  primary	  mirror,	  and	  the	  team	  has	  
finished	  polishing	  one	  of	  them.	  Meanwhile,	  the	  organiza1on	  has	  already	  broken	  ground	  in	  Las	  
Campanas,	  Chile,	  and	  in	  mid-‐2014	  will	  begin	  work	  on	  the	  GMT	  facility.	  	  
São	  Paulo	  parceiro	  do	  GMT?	  FAPESP	  US$40	  milhões,	  decisão	  em	  Abril	  2014?	  

The	  TMT	  has	  completed	  its	  design	  and	  development	  program	  and	  has	  secured	  about	  80%	  of	  its	  
funding.	  Construc1on	  will	  begin	  in	  April	  2014,	  now	  that	  the	  facility	  has	  received	  approval	  aner	  some	  
conten1on	  regarding	  environmental	  and	  religious	  concerns.	  

The	  E-‐ELT	  completed	  its	  design	  in	  2010,	  passing	  the	  final	  design	  review	  in	  September	  of	  that	  year,	  
but	  then	  revised	  the	  design	  the	  following	  year	  to	  reduce	  cost.	  In	  the	  process,	  the	  primary	  mirror	  was	  
reduced	  in	  size	  from	  an	  ini1al	  planned	  42	  meters	  to	  the	  current	  39.3	  meters.	  So	  far,	  work	  has	  started	  
on	  the	  challenging	  op1cal	  design	  of	  the	  adap1ve	  mirror	  “M4,”	  and	  construc1on	  of	  the	  
road	  leading	  to	  the	  summit	  will	  begin	  in	  March	  2014.	  The	  organiza1on	  also	  expects	  to	  secure	  all	  
funding	  by	  the	  end	  of	  2014.	  	  
Brasil parceiro do ESO (ELT+ALMA+VLT+La Silla)? 270 milhões € em 10 anos 

http://www.skyandtelescope.com/skytel/beyondthepage/The-Megatelescopes-are-Coming-238455861.html 
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Como	  o	  SOAR	  e	  o	  Gemini	  se	  
comparam	  com	  outros	  grandes	  

telescópios?	  

23	  



Produ1vidade	  4m	  
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Impacto	  4m	  

25	  

A
AT

 
B

la
nc

o 
C

FH
T 

3.
6m

 (E
S

O
) 

N
TT

 
Crabtree 2013 
Private communication 

M
ay

al
l 

S
O

A
R

 
N

TT
 (E

S
O

) 



Ar1gos	  arbitrados	  por	  telescópio	  8-‐10m	  

Using	  official	  number	  of	  papers	  given	  by	  each	  observatory	   26	  



Total	  impact	  (cita1ons)	  per	  telescope	  
adapted	  from	  Crabtree	  (2011)	  

27	  

VLT  
8m 

Subaru  
8m 

Gemini  
8m 

Keck  
10m 



Total	  impact	  (cita1ons)	  per	  telescope	  
normalizado	  a	  D	  =	  8	  metros	  

28	  

VLT  
8m 

Subaru  
8m 

Gemini  
8m 

Keck  
8m 

adapted from Crabtree (2011) 



Learning	  from	  the	  past	  and	  	  
looking	  to	  the	  future	  	  

Impacto	  dos	  grandes	  telescópios	  mais	  produ1vos	  
(Keck,	  VLT,	  Subaru)	  é	  proporcional	  à	  área	  

29	  



Brasil	  e	  os	  grandes	  telescópios	  
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O	  extremely	  large	  telescope	  (ELT)	  
poderá	  ter	  um	  impacto	  3	  veces	  maior	  
ao	  GMT	  e	  quase	  2	  veces	  maior	  ao	  TMT	  

31	  

GMT 
22m 
(24.5m) 

TMT 
30m 

ELT 
39,3m 
= 3,2 GMT 
= 1,7 TMT 

Europa + Brasil? 

U.S.A.+India
+China+Japão Universidades de 

U.S.A.+Korea+ANU 



Brasil	  e	  o	  ESO	  
Se	  concre1zada	  a	  entrada	  ao	  ESO,	  teremos	  acesso	  a:	  
-‐  4	  telescópios	  de	  8m	  (VLT)	  
Instrumentação	  avanzada	  disponível	  nos	  4	  VLT	  
-‐  Telescópios	  em	  La	  Silla,	  incluindo	  instrumentação	  
de	  ponta	  como	  por	  exemplo	  o	  espectrógrafo	  mais	  
sofis1cado	  para	  procura	  de	  planetas	  (HARPS)	  

-‐  Outros	  telescópios,	  como	  o	  VISTA,	  VST,	  alem	  do	  
interferometro	  VLTI	  e	  arranjo	  ALMA	  (mm	  e	  submm)	  	  

32	  



ESO	  Instruments	  Summary	  Table	  
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Instrument	   Spectral	  Coverage	  
Observing	  
Mode	  

Spectral	  
ResoluCon	   MulCplex	   Note	   Telescope	  

FORS2	  
op1cal	  
330	  -‐	  1100	  
nm	  

imaging	  (incl.	  
configurable	  
occul1ng	  
bars),	  long	  slit	  
and	  mul1-‐
object	  
spectroscopy,	  
spectropolari
metry,	  
imaging	  
polarimetry	  

260	  -‐	  2600	   yes	  

Spectroscopy	  
with	  ~7'	  long	  
slit,	  ~20"	  
mul1-‐slit,	  
and	  laser-‐cut	  
slit	  masks;	  
high	  1me	  
resolu1on	  
modes	  
(imaging	  and	  
spectroscopy
)	  in	  visitor	  
mode	  only;	  
RRM	  

VLT	  UT1	  

CRIRES	   IR	  
1-‐5	  μm	  

echelle,	  slit	  
spectroscopy	   100,000	   no	   AO	   VLT	  UT1	  



ESO	  Instruments	  Summary	  Table	  
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Instrument	   Spectral	  Coverage	  
Observing	  
Mode	  

Spectral	  
ResoluCon	   MulCplex	   Note	   Telescope	  

UVES	  
op1cal	  	  
300	  -‐	  1100	  
nm	  

echelle,	  
image	  slicer,	  
slit	  
spectroscopy	  

up	  to	  80,000	  
(blue	  arm)	  /	  
110,000	  (red	  
arm)	  

no	  

long	  slit	  
capability	  in	  
single	  order;	  
iodine	  cell;	  
RRM	  

VLT	  UT2	  

FLAMES	  
op1cal	  	  
370	  -‐	  950	  
nm	  

mul1-‐fibre	  
echelle,integr
al	  field	  
spectroscopy	  

6000	  -‐	  
47000	   yes	  

135	  Medusa	  
fibres;	  15	  
deployable	  
IFUs,	  one	  large	  
IFU;	  GIRAFFE:	  
single	  echelle	  
order;	  8	  fibres	  
to	  UVES	  

VLT	  UT2	  

X-‐SHOOTER	  

UV-‐op1cal-‐
NIR	  	  
300	  -‐	  2500	  
nm	  

echelle,	  slit	  
and	  integral	  
field	  
spectroscopy	  

~5000-‐1700
0	   no	  

full	  spectral	  
coverage	  with	  
one	  poin1ng;	  
slit	  +	  IFU;	  RRM	  

VLT	  UT2	  



ESO	  Instruments	  Summary	  Table	  
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Instrument	   Spectral	  Coverage	  
Observing	  
Mode	  

Spectral	  
ResoluCon	   MulCplex	   Note	   Telescope	  

VIMOS	  
op1cal	  
360	  -‐	  
1000	  nm	  

imaging,	  
mul1-‐object	  
spectroscopy
,	  integral	  
field	  
spectroscopy	  

200-‐2500	   yes	  

IFU	  size	  on	  sky	  from	  
13"x13"	  to	  54"x54";	  
mul1-‐object	  
spectroscopy	  (MOS)	  
with	  4	  laser-‐cut	  slit	  
masks;	  Imaging	  and	  
MOS	  field	  of	  view	  4	  
1mes	  7'x8'.	  

VLT	  UT3	  

ISAAC	   IR	  
1-‐5	  μm	  

imaging,	  
spectroscopy
,	  
polarimetry,	  
fast	  
photometry	  

~250-‐100
00	   no	  

2.5'x2.5'	  field	  of	  view	  
(1-‐5μm),	  
73"x73"	  (3-‐5μm)	  
subwindow	  readout	  
capability;	  RRM	  
Expected	  to	  be	  
decommissioned	  in	  
2012.	  

VLT	  UT3	  

VISIR	  
mid-‐IR	  	  
5-‐13	  μm,	  
17-‐24	  μm	  

imaging,	  
spectroscopy	  

150-‐30,00
0	   no	  

field	  of	  view	  selectable:	  
19"x19"	  to	  32"	  x	  32"	  .	  
Aner	  the	  upgrade	  the	  
new	  FOV	  of	  VISIR	  will	  
be	  selectable	  between	  
46"	  x	  46"	  and	  78"x	  78".	  

VLT	  UT3	  



ESO	  Instruments	  Summary	  Table	  
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Instrument	   Spectral	  Coverage	   Observing	  Mode	   Spectral	  
Resolut.	   MulCplex	   Note	   Telescop

e	  

NACO	   IR	  
1-‐4	  μm	  

imaging,	  imaging	  
polarimetry,	  
spectroscopy,	  
coronography	  (incl.	  4	  
Quadrant	  Phase	  Mask,	  
and	  Apodoizing	  Phase	  
Plate),	  simultaneous	  
differen1al	  imaging,	  
sparse	  aperture	  
masking	  (incl.	  w/
polarimetry),	  Angular	  
Differen1al	  Imaging	  
(Pupil	  Tracking)	  

<1500	   no	  

AO	  with	  visible	  
and	  IR	  wave	  
front	  sensor;	  
laser	  guide	  star;	  
no	  AO	  and	  Cube	  
Mode	  available	  
Expected	  to	  be	  
decommissioned	  
in	  2012.	  

VLT	  
UT4	  

SINFONI	  
near-‐IR	  
1.1	  -‐	  
2.45	  μm	  

integral	  field	  
spectroscopy	  

1500-‐40
00	   no	  

AO	  with	  natural	  
and	  laser	  guide	  
star;	  RRM	  

VLT	  
UT4	  

HAWK-‐I	  
near-‐IR	  
1-‐2.2	  
μm	  

imaging,	  fast	  
photometry	   -‐	   -‐	  

field:	  7.5'x7.5',	  
subwindow	  
readout	  
capability;	  RRM	  

VLT	  
UT4	  



ESO	  Instruments	  Summary	  Table	  
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Instrument	   Spectral	  Coverage	  
Observing	  
Mode	  

Spectral	  
Resolut.	   MulCplex	   Note	   Telescope	  

MIDI	   mid-‐IR	  
8-‐13	  μm	  

spectro	  -‐	  
interferom
etry	  

R=30	  (prism)	  or	  
R=230	  (grism);	  
spa1al	  
resolu1on	  up	  
to	  15	  mas	  at	  
10μm	  

no	  

2	  beam	  
combiner	  -‐	  
measures	  
visibility	  

VLTI	  -‐	  
ATs	  	  
VLTI	  -‐	  
UTs	  

AMBER	  
near-‐IR	  
1.5	  -‐	  2.5	  
μm	  

spectro	  -‐	  
interferom
etry	  

R~30,	  1500	  or	  
12000	   no	  

3	  beam	  
combiner	  -‐	  
measures	  also	  
closure	  phase;	  
spa1al	  
resolu1on	  up	  to	  
3	  mas	  at	  2	  μm	  

VLTI	  -‐	  
ATs	  	  
VLTI	  -‐	  
UTs	  

MIDI	   mid-‐IR	  
8-‐13	  μm	  

spectro	  -‐	  
interferom
etry	  

R=30	  (prism)	  or	  
R=230	  (grism);	  
spa1al	  
resolu1on	  up	  
to	  15	  mas	  at	  
10μm	  

no	  

2	  beam	  
combiner	  -‐	  
measures	  
visibility	  

VLTI	  -‐	  
ATs	  	  
VLTI	  -‐	  
UTs	  
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Instrument	   Spectral	  Coverage	  
Observing	  
Mode	  

Spectral	  
ResoluCon	   MulCplex	   Note	   Telescope	  

HARPS	  
op1cal	  
378-‐691
nm	  

echelle,	  
polarimetry	   120,000	   no	   2	  fibres,	  high	  

accuracy	   3.6m	  

EFOSC-‐2	  
op1cal	  
350	  -‐	  
1100nm	  

imaging,	  
spectroscopy,	  
polarimetry,	  
coronography	  

~1000	   no	  
imaging	  and	  
spectroscopic	  
polarimetry	  

NTT	  

SOFI	  
near-‐IR	  
1-‐2.5	  
μm	  

imaging,	  
spectroscopy	   600-‐2200	   no	   -‐	   NTT	  

FEROS	  
op1cal	  
350	  -‐	  
920nm	  

echelle	  
spectroscopy	   ~48,000	   no	   -‐	   MPG/ESO	  

2.2m	  

WFI	  
op1cal	  	  
350	  -‐	  
1000	  nm	  

imaging	   -‐	   -‐	   30x30	  arcmin	  
sq.	  field	  

MPG/ESO	  
2.2m	  
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Instrument	   Spectral	  Coverage	  
Observing	  
Mode	  

Spectral	  
ResoluCon	   MulCplex	   Note	   Telescope	  

SHFI	  

211-‐370	  
GHz,	  
385-‐500	  
GHz	  and	  
1.25-‐1.3
9	  THz	  

heterodyne	  
receiver	   -‐	   -‐	   -‐	   APEX	  

LABOCA	   870	  μm	   bolometer	  
array	   -‐	   -‐	   295	  channels	   APEX	  

SABOCA	   350	  μm	   bolometer	  
array	   -‐	   -‐	   37	  channels	   APEX	  

FLASH	  
	  

280-‐370	  
GHz	  
	  

heterodyne	  
receiver	  
	  

	  	   	  	  

single	  pixel	  
sideband	  
separa1ng	  
receiver	  

APEX	  

APEX	  is	  a	  12-‐metre	  diameter	  telescope,	  opera1ng	  at	  millimetre	  and	  submillimetre	  wavelengths,	  
at	  an	  eleva1on	  of	  5100	  metres,	  high	  on	  the	  Chajnantor	  plateau	  	  
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Instrument	   Spectral	  
Coverage	  

Observing	  
Mode	  

Spectral	  
ResoluCon	   MulCplex	   Note	   Telescope	  

VIRCAM	  
near-‐IR	  	  
0.8-‐2.2	  
μm	  

imaging	   -‐	   -‐	  

1.5	  degree	  	  x	  1	  
degree	  field	  of	  
view	  with	  
0.34"	  average	  
pixel	  size	  

VISTA	  

OmegaCA
M	  

op1cal	  	  	  	  	  	  	  	  	  	  	  	  	  	  
0.35-‐0.91	  
μm	  

imaging	   -‐	   -‐	  

1	  degree	  x	  1	  
degree	  
unvigneled	  
field	  of	  view	  
with	  0.21"	  
pixel	  size	  

VST	  

Survey	  telescopes	  
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ALMA	  will	  be	  comprised	  of	  a	  giant	  array	  of	  	  
50	  antennas	  (12-‐m	  each)	  +	  16	  more,	  which	  can	  be	  	  
configured	  to	  achieve	  baselines	  up	  to	  16	  km.	  
Revolu1on	  for	  mm/sub-‐mm	  science.	  It	  will	  
operate	  at	  5100	  metres	  (Chajnantor	  plateau)	  
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Posted	  by	  Monica	  Young,	  March	  13,	  2013	  



43	  
hlp://blogs.estadao.com.br/herton-‐escobar/receita-‐para-‐o-‐brasil-‐ganhar-‐seu-‐primeiro-‐nobel-‐paciencia-‐e-‐planejamento-‐estrategico/	  

No	  caso	  específico	  da	  astronomia,	  o	  
senhor	  acha	  que	  o	  Brasil	  precisa	  virar	  
sócio	  do	  ESO	  para	  ser	  compeCCvo?	  
Absolutamente.	  Para	  ter	  impacto	  na	  
astronomia,	  assim	  como	  em	  outras	  áreas	  
da	  ciência,	  é	  preciso	  ter	  bons	  
pesquisadores.	  E	  esses	  pesquisadores	  
precisam	  ter	  acesso	  à	  melhor	  
infraestrutura	  de	  pesquisa	  possível.	  	  

Na	  Austrália,	  onde	  já	  se	  faz	  astronomia	  desde	  a	  década	  de	  1940,	  nossa	  prioridade	  
número	  um	  é	  entrar	  para	  o	  ESO,	  justamente	  por	  isso.	  Porque	  para	  ser	  compe11vo	  
na	  astronomia	  você	  precisa	  ter	  acesso	  a	  uma	  grande	  variedade	  de	  instrumentos,	  
para	  uma	  grande	  variedade	  de	  aplicações.	  	  



Caltech	  Nobel	  Prizes	  
•  31	  recipients,	  32	  Nobel	  prizes	  
•  Very	  small	  ins1tu1on	  <<<	  USP	  
•  294	  professorial	  faculty	  (900	  total?)	  
•  978	  undergrad,	  1253	  grad	  
•  ASTRONOMY:	  26	  faculty	  +	  5	  emeritus	  
•  Operates	  the	  Palomar	  observatory	  (5m	  telescope,	  
the	  largest	  in	  the	  world	  for	  several	  decades)	  

•  Keck	  observatory,	  largest	  telescopes	  (2	  x	  10m)	  
•  Access	  to	  few	  months/year	  at	  2	  x	  10m	  telescopes	  
•  Orçamento	  equivalente	  a	  4	  bilhões	  de	  reais	  



USP	  :	  ZERO	  Nobel	  prizes	  
Brazil:	  ZERO	  Nobel	  prizes	  

•  Huge	  ins1tu1on	  
•  5	  732	  faculty	  
•  56	  998	  undergrad,	  25	  591	  graduate	  
•  Largest	  astronomy	  department	  in	  Brazil	  
•  ASTRONOMY:	  33	  faculty	  +	  2	  reIred	  with	  contract	  
•  Operates	  the	  Valinhos	  observatory	  (	  ~	  30	  cm)	  
•  Access	  to	  a	  few	  nights/year	  with	  Gemini	  (8m)	  –	  in	  
compe11on	  with	  all	  Brazilian	  community	  

•  Orçamento	  de	  5	  bilhões	  de	  reais	  
	  


