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Organization 

 Mission Lead:  NASA/Goddard Space Flight Center 

 International collaboration with ESA & CSA  

 Observatory Contractor: Northrop Grumman Aerospace 

Systems 

 Instruments:  

― Near Infrared Camera (NIRCam) – Univ. of Arizona 

― Near Infrared Spectrograph (NIRSpec) – ESA 

― Mid-Infrared Instrument (MIRI) – JPL/ESA/EC 

― Fine Guidance Sensor (FGS) and Near IR Imaging 

Slitless Spectrometer (NIRISS) – CSA 

 Operations:  Space Telescope Science Institute   

Description 

 Deployable infrared telescope with 6.5 meter 

diameter segmented adjustable primary mirror 

 Cryogenic temperature telescope and 

instruments for infrared performance 

 Launch on an ESA-supplied Ariane 5 rocket  to 

Sun-Earth L2 – planned October 2018 

 5-year science mission (10-year goal) 

James Webb Space Telescope (JWST) 

www.JWST.nasa.gov 

JWST Science Themes 

End of the dark 

ages: First light 

and reionization 

The assembly of 

galaxies 

Birth of stars and 

proto-planetary 

systems 

Planetary 

systems and 

the origin of 

life  2 



James Webb (1906 – 1992) 
- Second Administrator of NASA (1961 – 1968) 

- Oversaw first manned spaceflight program (Mercury) 

- Oversaw second manned spaceflight program (Gemini) 

- Oversaw Mariner and Pioneer planetary exploration programs 

- Oversaw Apollo program 

The James Webb Space Telescope 
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JWST Design 

www.webbtelescope.org 

The James Webb Space Telescope 

 4 



2.4 meters 

6.5 meters 

JWST 

Hubble 

Spitzer 

0.85 meters 

Light Gathering Power 
JWST = 25 m2 ; Hubble = 4.5 m2 ; Spitzer = 0.6 m2 

The James Webb Space Telescope 
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JWST Sunshield 

Sunshield Facts 
- Measures 73 x 40 feet and has 5 layers 

- Contains 400 temperature sensors 

- Made of heat-resistant kapton 

- Coated with silicon on sun side 

- Sun side reaches 358 K (85o C) 

- Dark side stays at 40 K (-233o C) 
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HOW JWST WORKS 

JWST is folded 

and stowed for 

launch 

Observatory is 

deployed after 

launch 
Solar 

Array 

Spacecraft 

Bus 

Secondary  

Mirror 

Primary 

Mirror 

5 Layer  

Sunshield 

Integrated Science 

Instrument Module 

(ISIM) 

Hot 

Side 

Cold Side: 

~40K 

Sun 

L2 Earth Moon  8 



JWST Orbit 
- JWST will orbit Sun-Earth L2 Lagrange   

  point, 930,000 miles from Earth 

The James Webb Space Telescope 
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JWST Field of Regard 

JWST’s optics must always be fully shaded 

*Solar-system observations will be made near quadrature 

Similar to Spitzer and Herschel observatories 
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JWST Vital Stats 

• General Observatory: 5 years required; 10 years goal 

• Primary mirror: 21.3 feet (6.5 meters), in 18 segments 

• Sunshield: 5 layer, 69.5 feet by 46.5 feet (21.2 meters 

by 14.2 meters 

• Orbit: 930,000 miles (1.5 million kilometers) from Earth 

around (and avoiding) L2 point 

• Operating temperature: Below 50 Kelvin (–370° 

Fahrenheit) 

• Four Science Instruments covering 0.6–28.5 microns 

(diffraction limited at 2 microns) 

• Filtered Imaging 

• Spectroscopy – Slit, Integral Field, Grism/Prism 

• Coronagraphy – Traditional Lyot + Four Quadrant Phase 

Masks 

• Aperture Mask Interferometry – Non-Redundant Mask (NRM)  11 



JWST Instrumentation 

Instrument Science Requirement Capability 

 NIRCam 

 Univ. Az/LMATC 

Wide field, deep imaging 

‣0.6 μm - 2.3 μm (SW) 

‣2.4 μm - 5.0 μm (LW) 

2.2’ x 4.4’ SW at same time 

as 

2.2’ x 4.4’ LW with dichroic 

Coronagraph 

 NIRSpec 

 ESA/Astrium 

Multi-object spectroscopy 

‣0.6 μm - 5.0 μm 

9.7 Sq arcmin Ω + IFU + slits 

100 selectable targets: MSA 

R=100, 1000, 3000 

 MIRI 

 ESA/Consortium 

 /UKATC/JPL 

Mid-infrared imaging  

‣ 5 μm - 27 μm 
 

Mid-infrared spectroscopy 

‣ 4.9 μm - 28.8 μm  

1.9’ x1.4’  with coronagraph 

 

 

3.7”x 3.7” – 7.1”x 7.7” IFU 

R=3000 - 2250 

 FGS/NIRISS 

 CSA 

Fine Guidance Sensor 

0.8 μm - 5.0 μm 

Near IR Imaging Slitless 

Spectrometer 

Two 2.3’ x 2.3’ 

 

2.2’ x 2.2’ 

R= 700 with coronagraph 
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Sensitivity 

• Faint objects, long exposures: can see a 

bumblebee at distance of the Moon (nano-Jansky 

levels) 

 

• Bright objects: short exposures, high resolution 

spectroscopy, special sub-array modes to read 

detectors faster – can observe all Solar system 

objects from Mars outwards, can do transit 

spectroscopy (exoplanets) of all but brightest 

stars. 
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JWST Solar System Observing 

 JWST will fully support Solar System 

observations 

– Biggest, Brightest, Fastest objects to observe!!! 

– Planets, satellites & rings (Mars outward) 

– Asteroids, ice-teroids (KBOs) and comets 

Non-sidereal tracking implemented 

– Rates up to 30 mas/sec (108 “/hr) – set for Mars 

- Covers everything except fastest NEOs, comets 

- Mars’ average velocity is ~53,691 mph 

- Pluto’s average velocity is ~10,447 mph 
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Angular Resolution 

# Resolution Elements 

Object  Size 

(“) 

Size (km) 2 μm  

PSF 

NIRSpec IFU MIRI IFU* 

Mars  7  6.8e3  100  70  40  

Jupiter  37  1.4e5  530  370  200  

Saturn  17  1.2e5  245  170  94  

Uranus  3.5  5.1e4  50  34  19  

Neptune  2.2  5.0e4  31  22  12  

Pluto  0.1  2.4e3  2  1  0.6  
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PASP Special Issue 
(Jan 4, 2016) 

Innovative Solar System Science with 
the James Webb Space Telescope 

Stefanie Milam, Special Ed. 

 

 

http://iopscience.iop.org/1538-3873/128/959. 
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I.   The James Webb Space Telescope’s plan for operations and instrument capabilities for 

observations in the Solar System – S.N. Milam et al. 

http://arxiv.org/abs/1510.04567 

 II.  Observing Near-Earth Objects with the James Webb Space Telescope – C.A. Thomas et al. 

http://arxiv.org/abs/1510.05637 

II.  Asteroids and JWST – A. Rivkin et al. 

http://arxiv.org/abs/1510.08414  

IV.  Unique Spectroscopy and Imaging of  Mars with JWST – G. Villanueva et al. 

http://arxiv.org/abs/1510.04619 

V.  Giant Planet Observations with the James Webb Space Telescope – J. Norwood et al. 

http://arxiv.org/abs/1510.06205 

VI.   Observing Outer Planet Satellites (except Titan) with JWST: Science Justification and 

Observational Requirements – L. Keszthelyi et al. 

http://arxiv.org/abs/1511.03735 

VII.   Titan Science with the James Webb Space Telescope (JWST) – C.A. Nixon et al. 

 http://arxiv.org/abs/1510.08394  

VIII.   Observing Planetary Rings and Small Satellites with JWST: Science Justification and 

Observation Requirements – M.S. Tiscareno 

http://arxiv.org/abs/1403.6849 

IX.   Cometary Science with the James Webb Space Telescope – M.S.P. Kelley et al. 

 http://arxiv.org/abs/1510.05878  

X.  Physical Characterization of  TNOs with JWST – A. Parker et al. 

http://arxiv.org/abs/1511.01112  

XI.  JWST observations of  stellar occultations by solar system bodies and rings – P. Santos-Sanz 

et al. 

http://arxiv.org/abs/1510.06575  
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 The James Webb Space Telescope’s plan for 

operations and instrument capabilities for 

observations in the Solar System  
S.N. Milam et al. 

 
The four science instruments on JWST cover the wavelength range from 

0.6 – ~28μm and offer superb imaging and spectroscopic sensitivity. 

Subarray readouts will enable non-saturated observations of the giant 

planets and many bright primitive bodies in a variety of instrument 

modes.  

http://arxiv.org/abs/1510.04567 
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Science Capability Highlights 
• Important molecular (e.g. H2O, HDO, CO, CO2, 

S2, CH4), ice, and mineral spectral features are 

at wavelengths accessible with JWST but not 

the ground. 

• Near-IR spectra or colors (composition), and 

mid-IR photometry (albedos, sizes), for any 

Kuiper belt object known today. 

• Semi-annual monitoring of planetary (and 

satellite) weather  and seasonal changes. 

• Near-simultaneous mapping and 

spectroscopy of cometary gas and dust from 

0.6 – ~28 µm. 

• Very sensitive spectral maps at R > 2000 over 

a 3”x3” field and with 0.1” spatial resolution. 
 18 
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J. Stansberry (STScI)   DPS 47 (2015)   JWST Townhall 20  20 



J. Stansberry (STScI)   DPS 47 (2015)   JWST Townhall 21 

 21 



22 



23 



http://arxiv.org/abs/1511.03735 
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JWST Status Report (Jan 2016) 

Milam, 29 
 29 
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Flight ISIM test configuration 

MIRI 

ISIM Electronics Compartment (IEC) 

Harness Radiator (HR) 

NIRCam 

FGS/NIRISS 

NIRSpec 

31 31 



ISIM Cryo-vac 3 test started 

 
The Integrated Science 

Instrument Module, containing 

the 4 science instruments and 

the Fine Guidance Sensor, being 

lifted from the vacuum chamber 

at Goddard Spaceflight Center. 

 

CV3 underway. 

Late October to February 

 

Cooldown ~20 days 

Testing ~60 days 

Warmup ~15 days 

 

Instrument + Telescope 

integration and testing at 

Johnson starts 2016.  

32 
 32 



Telescope Structure 

 

12 October 2015 33 
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Pathfinder Backplane 

 

12 October 2015 34 

• Pathfinder conducted cryogenic 

tests in Chamber-A at JSC to verify 

the optical test equipment 

 34 



Milam, 35 

•Pathfinder JWST  

primary-mirror central 

backplane and 

secondary mirror 

support structure in 

JSC Chamber A . 

 

•Optical test equipment 

delivered and installed.  

Pathfinder will be used 

to test alignment of 

multiple mirrors and the 

test equipment. 

 35 



Flight backplane 

complete and 

delivered to GSFC.  

 36 
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Mirror Installation       #MirrorSeason 

12 October 2015 38 

http://jwst.nasa.gov/webcam.html 
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Sunshield 

 

12 October 2015 39 
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Full Deployment Test 

 

Milam, 40 
 40 



Spacecraft Bus - Complete 

 

12 October 2015 41 
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2017: Observatory Testing   

Milam, 43 
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Test Preparations Underway 
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JWST Integration 
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In Summary … 

48 

Last element-level ISIM 

test begins  during 

October 2015 

in GSFC SES chamber  

Observatory end-to-end 

optical test begins during 

December 2016 in JSC 

Chamber-A 

Launch 2018 from 

Kourou Launch Center 

(French Guiana) 
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https://www.youtube.com/watch?v=bTxLAGchWnA&index=1&list=PL691BF261E32A4420  

JWST Deployment video 

https://www.youtube.com/watch?v=bTxLAGchWnA&index=1&list=PL691BF261E32A4420
https://www.youtube.com/watch?v=bTxLAGchWnA&index=1&list=PL691BF261E32A4420


Where to Learn More… 
Visit JWST at: 
- The Space Telescope Science Institute (STScI): http://www.stsci.edu/jwst  

- NASA Goddard Space Flight Center (GSFC): http://www.jwst.nasa.gov  

- European Space Agency (ESA): http://sci.esa.int/science-e/www/area/index.cfm?fareaid=29  

- Canadian Space Agency (CSA): http://www.asc-csa.gc.ca/eng/satellites/jwst/default.asp  

- Northrop Grumman: http://www.as.northropgrumman.com/products/jwst/index.html  

- flickr: http://www.flickr.com/photos/nasawebbtelescope 

 

 

- JWST Public Facebook: http://www.facebook.com/webbtelescope 

- Twitter: @NASAWebbTelescp 

- Youtube: http://www.youtube.com/user/NASAWebbTelescope 

- JWST Webb-cam: http://www.jwst.nasa.gov/webcam.html 

 

 

- Newsletter at STScI: https://blogs.stsci.edu/newsletter/  

- Newsletter at GSFC: http://www.jwst.nasa.gov/newsletters.html  

 
- Solar System Science with JWST: http://www.stsci.edu/jwst/science/solar-system  
 
Stefanie Milam, stefanie.n.milam@nasa.gov 
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Extra Slides 
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JWST Imaging Modes 

Mode Instrument 
Wavelength 

(microns) 

Pixel Scale 

(arcsec) 

Full-Array* 

Field of View 

Imaging 

NIRCam* 0.6 – 2.3 0.032 2.2 x 2.2′ 

NIRCam* 2.4 – 5.0 0.065 2.2 x 2.2′ 

NIRISS 0.9 – 5.0 0.065 2.2 x 2.2′ 

MIRI* 5.0 – 28 0.11 1.23 x 1.88′ 

Aperture Mask 

Interferometry 
NIRISS 3.8 – 4.8 0.065 ------ 

Coronography 

NIRCam 0.6 – 2.3 0.032 20 x 20′′ 

NIRCam 2.4 – 5.0 0.065 20 x 20′′ 

MIRI 10.65 0.11 24 x 24′′ 

MIRI 11.4 0.11 24 x 24′′ 

MIRI 15.5 0.11 24 x 24′′ 

MIRI 23 0.11 30 x 30′′ 
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Mode Instrument 
Wavelength 

(microns) 

Resolving Power 

(l/Dl) 
Field of View 

Slitless 

Spectroscopy 

NIRISS 1.0 – 2.5 150  2.2′ x 2.2′ 

NIRISS 0.6 – 2.5 700 single object 

NIRCam 2.4 – 5.0 2000 2.2′ x 2.2′ 

Multi-Object 

Spectroscopy 
NIRSpec 0.6 – 5.0 100, 1000, 2700  

3.4′ x 3.4′ with 250k  

0.2 x 0.5′′ microshutters 

Single Slit 

Spectroscopy 

NIRSpec 0.6 – 5.0 
100, 1000, 2700  

 

slit widths 

0.4′′ x 3.8′′ 

0.2′′ x 3.3′′ 

1.6′′ x 1.6′′ 

MIRI 5.0 – ~14.0 ~100 at 7.5 microns 0.6′′ x 5.5′′ slit 

Integral Field  

Spectroscopy 

NIRSpec 0.6 – 5.0 100, 1000, 2700 3.0′′ x 3.0′′ 

MIRI 5.0 – 7.7 3500 3.0′′ x 3.9′′ 

MIRI 7.7 – 11.9 2800 3.5′′ x 4.4′′ 

MIRI 11.9 – 18.3 2700 5.2′′ x 6.2′′ 

MIRI 18.3 – 28.8 2200 6.7′′ x 7.7′′ 

JWST Spectroscopy Modes 
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