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Astrophysics in a Golden Age

* Full coverage of electro-magnetic

spectrum

— MAGIC/HESS 2> Fermi/INTEGRAL - XMM/Chandra/Swift/Rossi
XTE - Galex > HST/Gaia - ground-based optical/IR - Spitzer
- Herschel - Planck - IRAM/JCMT/APEX/ALMA - radio
telescopes

— 20 orders of magnitude in wavelength/frequency/energy
— Large archive collections (e.g. ROSAT, ISO, ESO, HST, MAST)

 Astro-particles joining in
e COSMIC rays, neutrinos, gravitational
waves, dark matter searches
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Astrophysics in a Golden Age

* International Year of Astronomy

YOURS TO DISCOVER

— Increased awareness
— Strong public support

— Continued interest
« Connected to the ‘big’ questions

’ Where do We Come from? INTERNATIONAL YEAR OF
« What is our future? ASTRONOMY

2009
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Fantastic opportunities

Already existing
ground-based
facilities in Europe

Westerbork, Roque de los
Muchachos (GTC, WHT, TNG, NOT,
ING, MAGIC), Solar telescope on
El Teide, Effelsberg, JCMT, La Silla,
Paranal, IRAM (Plateau de Bure,
Pico Veleta), HESS

New facilities
VISTA, VST, LOFAR,
ALMA

Under discussion
E-ELT, SKA, EST, CTA

+ES+ : nt.
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European ground-based

telescopes

« Spain
— GTC, WHT, ING, TNG, NOT, MAGIC, Calar Alto, IRAM
— Solar telescopes
 France
— CFHT, (Dome C on Antarctica), IRAM
« Germany
— LBT, HET, SALT, Calar Alto, MAGIC, HESS, APEX, IRAM
* United Kingdom

— Gemini (North and South), (AAT), UKIRT, WHT, JCMT,
eMERLIN

- |taly

— LBT, TNG, (Dome C)

International

— European VLBI Network, LOFAR, ESO

+

E+
0)
+

+

=100l Bl =] =] |+ [-=N




Access to telescopes

 Most observatories have open access
policies
— Preference for supporting institutes
 OPTICON Access program

— Access to 4m telescopes is supported by
OPTICON funding for successful proposals

« ESO 3.6m, NTT, Calar Alto, WHT, TNG, and
various others

 Archives!

+
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You do not have to observe
yourself any longer!

« Service observing at many telescopes

 Massive surveys publicly available
— Sloan Digital Sky Survey (SDSS)
— CFHT Legacy Surveys
— UK Infrared Deep Sky Survey (UKIDSS)
— GOODS/COSMOS
— VST Public Surveys
— VISTA Public Surveys
— PanSTARRS (US)
— Dark Energy Survey (US/European)
— Large Synoptic Survey Telescope (LSST - US; proposed)
» Large Archives
= ING, ESO, HST/MAST (US and mostly space)
+E(§+ Presentation by Eduardo Gonzalez
+
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Science themes

 What matters in the universe?

* Planets, planets, planets

 How did stars and planets form?
* The Milky Way our Home

* Our own black hole

 How galaxies form and evolve?
* Fashions and other transients
 When opportunity knocks
S
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Planet Detection
Methods
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The ESO exo-planet machinery

- HARPS at 3.6m telescope

— best radial velocity machine at a 4m telescope
(supported by UVES on VLT)

— extremely stable spectrograph
— fast pipeline = nearly immediate results

« NACO
— adaptive optics system on an 8m telescope
« VLTI

— hifgl?est spatial resolution for follow-up observations
of Known systems

 NACO/SINFONI/FORS2

— transit measurements
— atmospheres of exo-planets

+
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Searching for other earths

 HARPS is the most successful planet
finder right now

_*_Almost all low-mass planets found with

Possible extension of the habitable
zone due to various uncertainties.

1.0
Distance from star (AU)

+C
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Gamma-Ray Bursts

 |dentification relied on optical data
— redshifts, explosion energies, explosion physics
« Cosmological probes

— the most distant observable stars

— light houses to measure the intergalactic
medium

— tracers of chemical enrichment?

* Very short duration

— required special instrumentation and software
to observe adequately

+
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Rapid Response Mode

(RRM)
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Gamma-Ray Bursts

* Most distant stellar objects ever
observed

— redshifts 6.7 and 8.2 (tentative)

— lookbac
95% of-
" log Ny = 0.0, X,=1.0 z=6.710 5
" log N, = 21.0, x,,=0.0 z=6.692 :;
i 3
- : o
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Most distant stellar object yet observed -
GRB 090423

e Optical drop-out, bright in the near-infrared
* Rapid decline

AT =0.3-2
hours
UKIRT &

emini-

MPI/ESO 2.2m
SR + GROND g

+
+
+E(§ Tanvir et al., Nature submitted
+
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GRB 090423

e Spectroscopy 17 hours after outburst
* Lyman break indicates a redshift of z=8.2

Rest wavelength (um)
0.1 0.2

i SINFONI .
i ﬁ/

Flux density (uJy) at 40 hours
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~ + Mass determination
through stellar orbits

= Structure around the
black hole revealed

~ through flashes
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The distant universe

« Build up of the Hubble sequence

— Star forming vs. passive galaxies
* Important: deep wide-field imaging and massive
spectroscopic surveys
= SuprimeCam (Subaru), VST, VISTA, VIMOS upgrade,
FMOS (Subaru)
— Internal physics and morphologies of galaxies at 1<z<3

« Important: high spatial resolution and spatially resolved
spectroscopy

= HST, NACO, SINFONI, OSIRIS (GTC), MUSE, KMOS,
HAWK-I with AO, JWST, E-ELT

« Objects at very high redshifts (“first light’)

— Search for Ly-a emitters, IGM at high z

* Important: deep surveys, spectroscopic follow-up

« SuprimeCam (Subaru), X-Shooter, NACO, OSIRIS (GTC),
LRIS (Keck), DEIMOS (Keck), HAWK-I with AO, MUSE,
+ KMOS, EMIR (GTC), JWST, E-ELT

s
E

©) Based on Bergeron (2009) Science with the VLT in the ELT Era
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Role of 2-4m telescopes

 Workhorses of optical/IR astronomy

— Distributed resource
» Access at the university level
 Many national telescopes

— Access for many astronomers

— Develop specific strengths
* E.g. time series, large samples

« Examples of successful the 4m telescopes over
the past decade

— AAT/2dF, CFHT/Legacy Survey, ESO 3.6m/HARPS,
WHT/SAURON and PN.S

E+
0)
+
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Role of 8-10m telescopes

 Workhorses of optical/IR astronomy

— Distributed resource
 In general have an open access policy
— Access for many astronomers across all
regions
— Currently cover all observational parameters

— In the future develop specific strengths
* E.g. time series, wide-field spectroscopy

ES+
0]
+
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ESQO’s program

« La Silla Paranal Observatory
— Continue operations of these southern telescopes
— Implement second generation instruments (VLT/VLTI)

— Key surveys with VST and VISTA
— Long-term programs for unique science on La Silla
— Prepare for ALMA science with APEX

* Deliver ALMA on time and budget

* Design world-leading E-ELT and secure funding
for construction and operations







ESO’s world

Earth at Night Astronomy Picture of the Day
More information available at: 2000 November 27
http://antwrp.gsfc.nasa.gov/apod/ap001127 html http://antwrp.gsfc.nasa.gov/apod/astropix.html
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La Silla

i

* Medium-size
telescopes

— 3.6m: HARPS for
exo-planet searches

—3.5m NTT: EFOSC2 &
visitor instruments

— 2.2m in partnership
with MPG

 Small telescopes

- — Closed/funded
8 externally
e
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La Silla: 5 Operational Instruments

2.2m
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Access to La Silla 3.6m and NTT

* Through the OPTICON Access program
non-ESO member state astronomers can
get their observing costs reimbursed

« Simply apply to ESO under this program

* So far, this channel has not been used
very successfully - very few proposals!
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Paranal
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VLT Instruments

Instruments Operational on the VLTI/I
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VLT/l Spectral Resolution
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Very Large Telescope Interferometer
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(12 days of integration)
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ALMA

In Search of our Cosmic Origins

Science requirements
— Detect CO and [CII] in Milky

d solutlon j;q match Hubble,
= ﬂT adﬁﬂﬂ{Om with AO

& - r- , .
“‘~mfgroto plaaetary disks

==
= =Y simulation 3 days of integration 4’x4’ arcmin
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Chajnantor
« APEX

— 12m sub-millimeter
antenna, operated by ESO
@ Sequitor

— MPG (50%), Sweden (23%)
and ESO (27 %)

« ALMA
— Transformational science

— 66 antennas at 5050m

— Operations support
at 2950m

- — Global partnership

+1E©S+ with North America
+

East Asia & Chile E lHEHH—IIIHII:IIEIHI]ﬁH -




First antenna at 5000m
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Sensitivity and Resolution
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History of Galaxies

M82 spectrum -~ 4 x 10° L,

Flux density (Jy)

1 - " \
.8 | oo I . “in 1
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1 L l|_|1 L II L1 1 1 1 1 lJ 11 1 1 1 1 1 ]
103

10* 107 Tk 1
Observed Wavelength {um)

In the (sub-)millimeter the inverse K-
Ny correction compensates for the distance
N as z increases
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ALMA Science

« Star Formation, Proto-planets in nearby disks
* Astrochemistry

* Interstellar medium (Galaxy, Local Group)

* High-redshift deep fields

« +130 projects in first Syrs - DRSP 2.1
— http://www.eso.org/sci/facilities/alma/science/drsp/

Bulgaria?
Romania?
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E-ELT
* Detailed design study
— Baseline 42m primary mirror
— Adaptive optics built-in

'f% ngly engaged
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The Science

« Contemporary Science: Exo-
planets, planet formation, resolved
stellar populations beyond the Local
Group, Black Holes, the physics of
high redshift galaxies, the
expansion of the universe, ...

« Synergies with other top facilities:
élr_(l\A/l\A, JWST, survey telescopes,

* Discoveries: opening new
parameter space in spatial
resolution and sensitivity, ...

+E©§+ o T
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The Survey Telescopes

 Under construction

— VST 2.6m for optical
« Completion in 2010

— VISTA 4.1m for infrared

. Currently in science
verification

e« Science

— Multi-year program of
large public surveys

— Coordinated by ESO

— Develops European
survey capability

+ES+

E+
0)
+
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ESO Archive

* The ESO data archive

—is a rich source of excellent data
— abstracts of previous proposals available

— data public one year after they have been
delivered to the PI

— great way to compete with your competitor,
If they got observing time

— easy retrieval and selection of calibration
data

+
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Get involved

» Participate in ESO activities
— get to know the organisation better
— active interactions with ESO people
* Have a lively scientific exchange with the
(European) astronomical community
— conferences, workshops
— regularly publish your results

+
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European Extremely Large Telescope
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