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ALCATEL

Mission Objectives

R 1

Alcatel Space

e
The need for nulling interferometry

log % Nx [photons m(-2) s(-1)]

Alcatel Space
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Svystem Performance
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Comparison of stellar & planetary signals
Earth + Sun at 10 pc, | = 10 mm, 1/DI1 =20

e s 'channel ™
Planet 0.14
Solar Zodi 140
Exo-Zodi 45
Stellar leaks 30 * 10° / p

= b'.aCkground noise must be controlled

Alcatel Space
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B But, how do you get the null ???

Alcatel Space
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Bracewell : 2 pupils
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Concept :
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The InfraRed Space Interferometer - DARWIN

Alcatel Space
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A (amplitude of a

" full pupil)
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Beam Combination (1)

Alcatel Space
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Beam Combination (2)

Alcatel Space
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Beam Combination (3)

o W

Alcatel Space
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Transmission map & nulling
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Connected Structure?

Free Flyer Connected structure

Variable baseline (£ 1 km) Fixed baseline (£100 m?)

2D / 3D configurations Linear configurations

No mechanical coupling Low frequency resonance

High cost Very high cost

New technology Technology available (ISS, SIM)

Alcatel Space

Leiden, 20 Sep. 2000, page: 15

ALCATEL

Key System Parameters

Alcatel Space
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Key System Parameters

Rejection Ratio for 3-GAC Nulling Interferometer

W 6.50 -7.00
06.00 -6.50
0 5.50 -6.00
W 5.00 -5.50
B 4.50 -5.00

Log (Rejection ratio)

Amplitude matching
-3 RMS OPD Errors (nm)
errors (x107)

Alcatel Space
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Stellar light rejection to ~10 ->

Distinguish between exo-planets and exo-zodi :

* rotation of the complete interferometer during observations 2
* internal modulation 2

Thermal IR observations :
* telescopes and structures at ~ 40 °K
* detectors cooled to ~ 6 °K

— System complexity :

e complex control systems
* complex beam combining optics

* redundancy, cost, reliability

Alcatel Space
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'
| Mission constraints

* Launcher: ~ Arigne-5
* Orbital position: L2
* Mission duration: - 5yrs

* Monolithic mirror, ’rechnology

Alcatel Space
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Telescope Flyers

Alcatel Space
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Propulsion
Fine control: ~ pN - thrust

Coarse control:mN - thrust
FEEP - Field Emission Electric Propulsion
Cold gas ¢

Emitter Slit Accelerator

Propellant
reservoir

Ve

Power and confrol electronica

Alcatel Space
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Thermal Control

Service module: 300 K

Optics: 40 K

— planar configuration necessary |
Large deployable sunshields [ r = 3.5 m ]

Optical benchygnon-radial) thermal gradients
<30 mK/m

Alcatel Space
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Communications

e X-band groundlinks
— Command rate: 4 kbps
— Telemetry rate: 20 kbps

%.S-band inter-satellite
e Emergency links

Alcatel Space
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Launcher Accomodation -

Beamcombiner

Telescope flyers
Upper dispenser
Master Satellite::
Telescope flyers

Lower dispenser

e T L T
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Roadmap

Leiden, 20 Sep. 2000, page: 35

Two scenarios : 10% stars have telluric planets
40% stars have telluric planets

Nb of detections
Dy = 1.5m

—&— Observed stars (if 10%)
_| —# Studied planets (if 10%
- ¢ -Observed stars (if 40%)
- @ - Studied planets (if 40%

Alcatel Space
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ALCATEL

Technology development requirements LIS

Alcatel Space

S R = B | '5‘;: - Leiden, 20 Sep. 2000, page: 37

ALCATEL

Technology development requirements
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-
Technology development requirements @P@&P@Hﬁﬂm@@@m{fﬁd

Alcatel Space
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The need to go to s'poce Versus
ground based development

* Nulling demonstration in lab and at VLTI

* Fringe detection in space'is a key element
of the precursor mission

— Fringe detection is an integral part of the
control loop for formation flying

Alcatel Space
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.
Precursor flight

Alcatel Space
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ALCATEL

Precursor flight technologies

Alcatel Space
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International collaboration

Alcatel Space
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Conclusions

 We have completed - the first ever - system level
feasibility study of an interferometric observatory
in space

* The mission can achieve its scientific objectives

e DARWIN is feasible and can be carried out in a
time frame consistent with ESA's Horizon 2000+
program

Alcatel Space
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