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JWST
The telescope operates from 0.6 to 25um, and 
is diffrac:on limited beyond 1.6um.
Imaging and spectroscopic instruments, with 
pixel scales matched to wavelength.
Include slit and integral field spectrographs,
coronagraphs, sparse aperture masks capability
Launched on Christmas Day 2021, and now making Early Science, 
Guaranteed Time and Cycle 1 observa:ons

Launch was near perfect, so minimal fuel was needed to place 
satellite into L2 orbit.  
An:cipated life:me is 10+ years and up to 20 years, 
but this may not be the limit on life:me….

Calibra:on and full understanding of system is ongoing.  
Data reduc:on pipelines are being updated to deal with data 
obtained and measured backgrounds.
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The most ambi/ous and complex mission

• Conceived in the days when NASA would do things:
• 1990s  Be;er, Faster, Cheaper  à Next GeneraBon Space Telescope
• More detailed design increased the budget and Bmescale 
• 2002 NGST renamed JWST and moved to Phase B

From a presentation in 2008

The 2010 Casani review found that the budget was ‘badly flawed’
Launch date no sooner than September 2015, and cost of $6.5B

2



10/28/22

2

3

JWST   L2 orbit

JWST circles around the 2nd Lagrangian point, 1.5 
million km distant, keeping out of the Earth and moon 
shadow for thermal stability and allowing con:nuous 
observing and  communica:on with Earth
The sunshade shields thermal emission from Sun, 
Earth, Moon
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IR Background

JWST is passively cooled 
with a predicted 
equilibrium temperature 
<50K, depending on 
spacecraX aYtude.

The secondary has less 
thermal load and has 
T<30K, but M1 mirror 
segments are warmer.

With T(eff)~40K, the peak 
of the thermal emission is 
7x longer than a terrestrial 
telescope with much less 
power  (~T^4).

The photon background 
from the ZL at L2 is 
indicated by ◉ ◉

◉ ◉ ◉

◉
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JWST Deployment
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James Webb Space Telescope
6.5m diameter telescope: M1 has 18 hexagonal 
beryllium segments folded into rocket nosecone
Op?cal surface polish 14nm RMS 
L2 orbit where telescope cools radia?vely to 40K, 
protected by a large sunshield
Secondary  mirror supported by a tripod on struts
Three mirror anas?gmat (TMA) design, f/16.7, 
29.4 m2 collec?ng area 

Elliptical f/1.2 Primary Mirror 
Hyperbolic Secondary Mirror creates f/9 
intermediate image
Elliptical Tertiary Mirror  images pupil at 
Flat Fine Steering Mirror which sends 
beam to instruments
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JWST Constraints
Orbit at L2, provides thermal 
stability
The sunshield provides at least 39% 
sky coverage 
‘Field of Regard’ is the observable 
cone allowed by the requirement to 
keep the telescope in shade. It is an 
annulus with rota?onal symmetry 
about the L2-Sun axis, 50° wide 
The telescope has full sky coverage 
over a sidereal year
Maximum object observability is 
near the eclip?c poles 

13

These simulated, 
pre-launch 
images show 
diffraction spikes 
from  secondary 
support struts 
and print 
through from 
hexagonal 
segment gaps 
and phase shifts

In-flight 
performance 
generally 
exceeds 
expectations
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NIRCAM  U Arizona + Lockheed Mar?n

h#p://ircamera.as.arizona.edu/nircam/in_instrument_overview.php#
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Image produced 
from HST (blue) 
and JWST of a 
foreground spiral 
overlapping a 
background galaxy
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http://ircamera.as.arizona.edu/nircam/in_instrument_overview.php
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NIRCAM and MIRI coronagraphic images of HIP 65426 b     L-R filters:  3.0, 4.4, 11.4, 14.4 um
The position of the host star, suppressed by coronagraphs is indicated by *  The planet separation is ~100AU
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NIRSPEC      Near – IR spectrograph offering:
• 0.6µm < λ <5.3µm   
• R ~ 100, 1000, 2700
• Micro Shuder Assembly  mul:-object spectroscopy over 3 arcmin field

• Up to 100 objects measured simultaneously via 250,000 microshuEer mirrors
• Slit spectroscopy   fixed slit widths 

• 0.2, 0.4 1.6 arcsec
• Integral Field spectroscopy     

• 3 x 3 arc sec fov,  0.1 arcsec sampling
• with 3 seYngs for complete coverage
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NIRSPEC transit spectroscopy of WASP39B   E.M. Ahrer et al 2022
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NIRSPEC spectra of lensed galaxies  K.Z. ARELLANO-CÓRDOVA et al 2022

• MSA spectra of galaxies in the  
SMACS J0723.3-732  cluster field
• Z ~ 7-8 
• Spectra from 1.7-5um
• EsHmates of :

• Redshi1
• Ex4nc4on, 
• Abundances   C,O,Ne
• Nebular proper4es Te, ne

• CalibraHons ongoing
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MIRI   Mid-Infrared Imager/Spectrometer
Imaging:  74 x 113 arcsec fov
• sampled at 0.11 arc sec/pixel 
• 5-28um  with 9 broad band filters
• Quadrant Phase and Lyot Coronagraphs  at 10 - 23 um

Spectroscopy :   
Low resolution (R~100)   at 5-12um,      slit or slitless
Medium Resolution (R ~2000- 3000)

• Covered by 4 IFUs with 3 grating settings for complete coverage  
• Currently paused pending investigation of an ‘anomaly’

Garcia Bernete et al 2022

21

22



10/28/22

12

Early Science Release 
observa@ons

Galaxy Gluster SMACS 
0723-73,  z=0.39
LeR: MIRI image 
Right: NIRCAM image
Filters:
MIRI:
Red: F1280W + F1800W 
Green: F1130W 
Blue: F770W 
NIRCam: 
Red: F444W 
Orange: F356W         
Green: F200W +F277W 
Blue: F090W + F150W
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Cartwheel Galaxy
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MIRI Image of Wolf-Rayet 140.    
17 concentric dust shells imaged at 7.7, 15, 21 um.
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Near-IR Imager and Slitless
Spectrometer  NIRISS
2k HgCdTe detector providing: 

0.8 – 5um imaging over 133 x 133 arcsec field and 
0.8 – 2.2um low resolu?on (R~ 150) slitless
spectrometer with grisms or single object.

Highest resoluBon imaging will be obtained with 
the Aperture Masking Interferometer  (AMI).
Non Redundant Masks in the telescope pupil 
plane combine to provide spaBal resoluBon of 
~0.5 λ/D at 3 -5 µm.  

Par?cularly useful for explora?on of the inner 
regions of stars inside the coronagraph working limit 
with a 5 arcsec field.
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