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+]%§+ Context: 1r decade, III millennium AD
+

"Maturity" of current generation

- VLT, Keck, Gemini, Subaru, HET, 6TC, SALT, ...
- AO — A/D performance, 2" gen instruments
Interferometry

- "Faint object” regime (K~20), astrometry (uas)
ALMA

- mm, sub-mm “equivalent” of optical facilities
New ground-based telescopes

- 30 to 100m diameter, »./D ~ mas

- OWL, CELT+GSMT=TMT, GMT, ...

New space telescopes

- JWST, XEUS, TPF/Darwin precursors..

Roberto Gilmozzl, Fuimnre QIR felescopes . Berlin 18- 21 May 2004
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”%% Enhancing the parameters

+

* Area

+ Image quality

+ Field of view

+ Wavelength coverage/resolution

+ Synergy space/ground (e.g. IR, FoV, A/D)

* What's the best way to sample the parameter
space?

- Science driven
= (Eg FOV\I’LT Vs Fovﬁenini)

Roberto Gilmozzr, Fumre QIR telescopes, Berlin 18- 21 May 2004



NAOS/CONICA

Evolution of existing
facilities

AO “puberty”
- Single NGS/LGS systems
- Limited field of view
MCAO infancy
- Multiple N6S/LGS systems
- (Wide) field of view : |
Next generation instruments e T
- Falcon (micro-mirrors) |

- Planet finders
- Super-MOS/IFU (eg MUSE)

Roberto Gilmozz. Fuimre OFIR felescopes . Berlin 18- 21 May 2004




MCAOQO Adaptive Optics Demonstrator at ESO

Enabling experiment for 2"d gen instr (& OWL)
Many o’rher mstrurne.n’rs being developed

& Global Reconstruction SH WFS

m Three movable SH WFS

® Three EEV30 B0 x BL

m AY [ables o scan the
FaV [

O 50 mm ;
0 Km conj. A & B Acquisition camera




Evolution of ex
facilities

+ AO "puberty”
- Single NGS/LGS systems
- Limited field of view
* MCAOQ infancy
- Multiple NGS/LES systems
- (Wide) field of view
* Next generation instruments
- Falcon (micro-mirrors)
- Planet finders
- Super-MOS/IFU (eg MUSE)

Roberte Gilmozzi. Fumre QIR elescopes  Berlin 18- 21 May 2004
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MUSE * 3D deep”;elél 'I'h.e. .gocd-

STC 57 - 33;94;04 3
. study of the faint galaxy .
population over a wide range of redshift
— Wide range of redshift for Lya
" 7:2.8-6.7
A " Vol 2.2 10% Mpc? (SF 200 arcmin?)
— Faint

" Progenitor of MW type galaxies up to
z=6.7

ESO ciden Lyof Oxford Po}sdam Tﬂulmnmr.tl Zurich “p.g



MUSE*

STC 5?“‘ 331’04;"04
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Interferometry
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Two methods for imaéing:

Getting Sirius with the VLTI !

- Three telescope measurements of closure phase
(AMBER)

- Phase referenced imaging (PRIMA

=> uas astrometry
= faint object imaging

Roberto Gilmozzr: Fuire

MR I "I! S

copes ., Berlin 18-21 M

Tary 20004

Planet
@htroid

~20MJ at 10pc
N~11

typically 1 milli arcsec



PRIMA - the VLTI dual feed facility

» Tracking the fringes on the guide star
e *ﬁ" e
- Fringes of science object are Faint Science Object  Bright Guide Star

stablised 5 < 60 arcsec

PRIMA picks two stars in the Coudé,
feeds it into the Delay Lines

OPD() ™% B -

* OPD;,, measured with laser metrology -OPD(t} =AS B + ¢ + OPD, , +OPD,,

*+ OPD,,, averaged by long integration

A5 B + ¢ determined by
interferometric instruments

AS gives the astrometry, ¢ the imaging

F.oberto Gilmozzi, Frunre OIR feiescopes ., Berlin 18-21 May 2004 ]



The OIR future

- JWST

* TMT

+ OWL

* other projects




James E. Webb

* NASA's second administrator
(1961-1968)

* Guided NASA to the Moon

* Initiated vigorous science
program
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The Quest for Origins

Four Major Science Themes

End of the Dark Ages

= Determine the space density, energy source, and physical
characteristics of the first luminous objects from z~20 up
to the epoch of reionization.
Assembly of Galaxies

= Understand the structural and chemical evolution of
galaxies, AGN and the intergalactic gas and their interplay
from the epoch of reionization to z ~ 1.

Formation of Stars and Stellar Systems

= Unravel the birth and early evolution of stars, from infall
onto dust-enshrouded proto-stars to the genesis of
planetary systems.

Planetary Systems and the Conditions for ere

= Determine the physical and chemical properties of
planetary systems, including our own, and muestl |
their potential for life. e
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End of the Dark Ages

1t e mic Hisioey

* (Characteristics of first What s the Reionization Era?

luminous objects

= Proto-galaxies

= Supernovae

= Black holes

= |Large scale structure
* Reionization of the

Universe

= Primary source of UV flux
= Multiple epochs?
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Planetary Systems and the Origins of Life

* Formation of planets
= How and how many are formed

= Properties of planets and
circum-stellar disks

= Properties of outer Solar
System bodies and relation to
other planetary systems

* Potential for life

= Source of life supporting
elements (water & organics)

= Habitable planetary
evolutionary pathways and the
evidence in our Solar System

- - T ; .
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I|-JWSI,JAM_E5 WEBB SPACE TELESCOPE
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Why a Space Telescope?

High spatial resolution M
PSF stable over large field of view

Not limited to atmospheric windows

Low, stable background

Continues access to certain fraction of the
sky (no day/night limits)

¥,

Accurate, high sensitivity access to near-
and mid-infrared
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High Spatial Resolution

* Not limited by
atmospheric blur

* Stable over large
field of view

* Stable over
extended periods
of time




2 | he Background Advantage
¥ Low Stable
a Background
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Wavelength Access

¥ ¢ Space not limited to atmospheric windows
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The JWST Telescope

6-m class mirror (25 m? area)

18 segments made of Beryllium
Wave front sensing for alignment
0.6 - 28 micron wavelength range

Operating at Earth-Sun L2
= 1.5 million km from Earth past the Moon

Large sunshade
= about size of tennis court

Folded to fit in launch shroud

9 year operations requirement,
= 10 year goal
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Optical Telescope | .
Element € _ X - Integrated Science Instrument
) s Module {ISIM) Element

Spacecraft Bus | Sunshield

Spacecraft Element



Optical Telescope Element

* 18 Beryllium segments
~1.3 m flat-to-flat

Folding Folding Strut * Each segment has 7

;t,,.-* Secondary Mirror

e 4 degrees of freedom: 6
\ e for position, 1 for
B radius of curvature
Aft Optical Subsyst
(Terary Miror & FSM) * Secondary on
Primary Mirror hexapod for 6 degrees
Baffle ;
\ LS of freedom
Lo |k = ¢ Fine Steering Mirror

L
B
=]
wJ
wn :
Led
J : .
L
-
m.
¥
oL
a-
W
=]
2 i .
= -
. i
wa;
s
-
ﬁ

Center Section

(s P XA (FSM) for guidingm
B o __I.- Mat . - '
/ S g A Hi[;;; and offsets
g el et ‘l‘\ Backplane \
ackplane B ! Wing {10f2) .




L

B

o

L
i
L

J ; .
Ll

’_

2

J

- o

i

751
i
(=]

m .
=

i

w;

s -
-

ﬁ

T T T -
D e ! :
Encircled Energy @ 1 pm
; : ¢ : .
ST A TR l _______________ oo e , ______________ _
PSF, 1 wm, 150 nm WFE PSF, 2 um, 150 nm WFE
g 1P SF+ eps) kg1 0[P SF+eps)
- 0} 3 400 2
L]
2 00 - 3 L 200
i, = g 0 # \ ]
5 il i o
o £ -I‘IH :
200 : F 200 -2 f- i
£ » > -
400 400
LS00 200 0O 300 400 LA00 200 0 200 400
Milli=cs e Wil a6
PSF PSF
250 g S0
e 2O 200 40
L4150 = Ak
10C 200
200
50 10
400
LS00 200 O 200 400 00 200 00 200 400

Milli-azec

Milli-as e

Encircled energy at
1 um >74% at 0.15"
radius

Diffraction limited at
2 ym with a Strehl
ratio =20.8.
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.

L2 allows blocking Sun,
Earth & Moon light

Passive cooling to ~50K

Moon
Earth
AH.,::::;-...I|!..L
2 ke .
Stable environment L2 {Q

Easy communication
Long uninterrupted observations

e




| Integrated Science Instrument Module (ISIM)

Shared hard- and software for instruments
reduces development and operations costs

MIRI Dewar

NIRSpec ' ' Al Y
nvelope) %d%f
Y. - - N

V2 _J T izesaNIRSpec

I .
mJWS|.JAM_ES WEBB SPACE TELESCOPE
L [ & * ; . .

WST



Near-Infrared Camera (NIRCam)

* P| Marcia Rieke (University of Arizona)
" LOCKNEED MA nrl?.-%' industrial partner

* Sensitivity from 0.6 - 5 um
= 8 broad-band and 8 medium-band filters

* Two identical modules with 2.16x2.16 arcmin FOV

* Each module dichroic separation in two arms
= Short: 0.6-2.3 um, four 2k x 2k detectors, 0.0317 arcsec/pixel
= Long: 2.4-5 um, one 2k x 2k detector, 0.0648 arcsec/pixel
« U Rockwell HoCdTe detectors

-4 SCIENTIFIC

* Diffraction limited at 2 & 4 pm

* Coronagraphs in all modules
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NIRCam Science Goals

First light

Galaxy formation
Dark matter
Supernovae searches
Young stars

Kuiper Belt Objects
Stellar populations
Initial Mass Functions
Planet properties
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Near-IR Spectrograph (NIRSpec)
* PI: Peter Jacobson @esa

* Multi-Object Spectroscopy
= MEMS Micro-shutter arrays @
= Two 2k x 2k HgCdTe arrays
= 3.4'x34'FOV

* R~1000 Mode

= 3 gratings cover
1.0<A<5.0pum

* R~3000 Long-slit Mode

| ' )
* R~100 Prism //84-
* 0.6<A<5.0pmin V/\(,
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NIRSpec Science: Galaxy Evolution

Origins of galaxy morphology
How did the heavy elements form?

Hierarchical formation and scaling relations
Relation to ULIRGs and AGN

Requirements:
Large multiplexing capability
Resolve important spectral lines R~1000

Wavelength coverage 1-5 um for z~1to 6 H A :
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