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The James Webb Space Telescope 

International collaboration NASA, ESA, and CSA 
 
Next space observatory, largely seen as ‘the successor 
to Hubble Space Telescope’ 
 
To be launched at the end of 2018, for a minimum 
mission duration of 5 years (10-year goal) 
 
Space Telescope Science Institute (STScI) will operate 
JWST, with participation of 15 European staff 
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JWST fact sheet: deployment 





JWST fact sheet: instruments 

NIRISS/FGS 

Slitless spectroscopy Aperture Masking Interferometry 
 
 
 

NIRCam 

MIRI 



NASA 

Integrated Science Instrument Module 
 

JWST fact sheet: instruments 
Integrated Science Instrument Module 
(ISIM) 



European contribution 

MIRI optics module NIRSpec 

Ariane V  launcher 
Operational Support 

15 staff 

European 
scientists get 
a minimum 

share of 15% 
of JWST 

observing time  



NIRSpec delivery: 06 September 2013 
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Launch  
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L2 Transfer Trajectory 

Ground Segment  

Goldstone Canberra 

L2 Lissajous Orbit 
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Communication 
Asset for Early 

Orbit Phase  



Observatory features 
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1.  Autonomous Operations 
2.  Orbital constraints, target visibility 
3.  Roll constraints 
4.  Slew speed and accuracy 



Observatory features 

1.  Autonomous Operations 
2.  Orbital constraints, target visibility 
3.  Roll constraints 
4.  Slew speed and accuracy 
5.  Data volume, uplink & downlink 

a.  Deep Space Network antennas in California, 
Spain, and Australia 

b.  downlink contact 4h every 12h 



Observatory features 

1.  Autonomous Operations 
2.  Orbital constraints, target visibility 
3.  Roll constraints 
4.  Slew speed and accuracy 
5.  Data volume and downlink 
6.  Momentum management 

a.  radiation pressure on sunshield and trim flap 
b.  must be compensated by reaction wheels spin-up 
c.  eventually, reaction wheels must be slowed via thruster firing 

7.  Orbit maintenance 
a.  L2 is saddle point à unstable orbit 
b.  “station keeping” through periodic thruster firings 

8.  Wavefront maintenance 



JWST Ground Segment Operations 
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Event-driven Operations 

Command execution status determines when to 
execute the next command in a sequence 

Failed activities can be skipped è efficient 

Implies strictly sequential operations è large overheads 



Proposals and Observation Planning 

Proposal 
Solicitation 

and 
Preparation 

Proposal 
Selection 

Long-range 
& short-term 

Schedule 

Flight 
Operations 

Data Release 

Ø  Likely ~1year before launch 
Ø  Phase 1 & Phase 2 merged 

Ø  TAC (20% European) recommendation to STScI Director 
Ø  First year operations, ~50/50 GO and GTO 

Ø  ‘On-the-fly’ calibration 
used to distribute data, 
only raw data are archived 



Science Operations Design Reference 
Mission (SODRM) 

http://www.stsci.edu/jwst/science/sodrm/ 



Astronomer’s Proposal Tool (APT) 

Example: MIRI 

 



Astronomer’s Proposal Tool (APT) 

Download: http://www.stsci.edu/hst/proposing/apt 

 



NIRSpec: first MOS in space 

Active MSA Area

3.6ʼ

3.4ʼ

Mounting Frame

Detector Array

Fixed Slits 
and 

IFU Aperture

Direction of Dispersion

Ø  4 x 365 x 171 microshutters (0.2ʺ″ x 0.46ʺ″ over 3.4ʹ′×3.5ʹ′) 

Ø  Up to ~100 objects observable simultaneously 
Ø  Prism + 6 grating covering 0.6 - 5 µm 
 



Observing Scenario 
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R 1000 
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Planning NIRSpec Observations 

Accurate relative coordinates needed 
for both targets and target acquisition 

NIRCam images might be 
needed beforehand 

High accuracy in target acquisition Sufficiently bright stars & MSA 
reconfiguration  

Set of targets that can be observed 
with a single MSA configuration 

depend on roll angle  
Limited range of possible 

orientations 

Targets with overlapping spectra 
cannot be observed with a single 

configuration 
Subsets of targets observed 

within same pointing 

MSA and FPA do not provide 
continuous spectral direction Large dithers might be needed 



Typical Observing Strategy 

Challenges: 
Ø  Grid of MSA shutters is ‘fixed’ 
Ø  Too many targets to choose ‘by-hand’ 
Ø  Fixing a pointing based on one target, 

rule out observing many others 
 
 
 
 
 

Need for an automated way to maximize 
observations of as many targets as possible  



MSA Planning Tool 

Master Catalog 
Priority 1 catalog 
Priority 2 catalog 

… 
Fillers catalog 

Evaluate orients Loop over pointing families 

Find rough grid, optimize 
configuration, count targets 

Remove observed targets 

Termination criteria reached? 

Analyze score by 
user priorities  

Try new exposure setup 
or candidate list? 

No 

YES 

YES 
No 



APT and the MSA Planning Tool 



Thank you 

Catarina Alves de Oliveira, JWST Instrument and Calibration Scientist (ESA) 
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