The James Webb Space Telescope:
its Commissioning and Technology

Bruce Dean, NASA Goddard Space Flight Center
Wavefront Sensing Group Leader
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Background




Hubble Space Telescope: before and after




Hubble Deep Field, 1996




Motivation for a Next Generation Space Telescope (NGST)
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JWST Designed to See First Galaxies
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ide Note: Earlier Concept Designs




Pathfinder Mission: NEXUS
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Technology Development: TRL-6, 2005




December 25th, 2021: French Guiana




December 25th, 2021: Baltimore, STScl
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Overall Deployment

50 Deployable Structures -




The Sunshield: Protection
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Telescope State




Overall Timeline
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Waterfall - Overview of Commissioning Steps

segment images

NIRCam first
OTE Deployment light showing
X\

SM Focus Sweep
\ Segment images

Segment ID following segment-
X image array

Segment Search

(if needed) '
\ Segment images

following global
Segment-lrr{age Array ----- alignment

Global Ahgnment
\ A PSF following
) \ & o\ initial image
Image Stacking "% T 7P\ %> stacking
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Fine Phasing
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Multi-Field Alignment &= s POF following fine
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Wavefront Maintenance
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Technology Development: TRL-6, 2005
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Hurricane Harvey

eee00 T-Mobile... & 12:15 AM 7 3 98%

@ ) Select a Radar on the Map...
VCP 212: Precipitation Mode

Super-Res Reflectivity Tilt 1 12:1
Elevation = 0.5° Updated: 12:14 AM
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Optical Work Begins at L2

NIRCam and MIRI exoplanet
coronagraphy verified
L+175d

Solar System moving
target tracking ready

L+170d

" MIRI spectroscopy

. verified
.L+165d

L+155d

NIRCam and NIRISS
imaging verified

are focused ; ' N
N L+120d
All timing is approximate. . * g : _ . R AU RA

Webb Commissidnihg at L2

_ Arrival at L2 ) First use of fines
L+30d Initial image mosaic guidance sensor
L+36d L+50d

Telescope segments
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NIRSpec: pde c'lt—ris;cgopé/ 2= erations Beg Lisod Telescope segments
reacy - aCe stacking (see figure) ,
50® L+55d

. Telescope segments
coarse phasing
L+60d °

Telescope segments
fine phasing
L+70d
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Multi-instrument
alignment starts
L+75d

adjustment begins
L+80d

Zoomed in view

Verify a variety

of observing * Telescope coarse and .
modes for fine phasing continues

NIRISS L+90d

L+150d  verify a variety of e

?PS;;;?Q modes Multi-instrument focus
LO:_MO da'm MIRI coronagraphy : ® ® adjustment continues
positioning tested . N L+100d .
L+135d Eegltn motv— Telescope Multl-lnstrumlent MIRI cooling
. ing-targe alianment activity complete :
Assess observatory  tracking tests co?nplete L+115d lc-o-'-r'?g(l)e;e

pointing stability  with fine-guid- L +120d

L+130d ance sensors Allinst t : ‘ ’
L +125 d instruments




Alignment Work at the STScl
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Wavefront Commissioning Team
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First Light: NIRCam Liveness Test




Large Magellanic Cloud, February 2nd, 2022

NIRCam-A NIRCam-B




iew from the Wavefront Room

arge Magellanic
Cloud, February
2nd, 2022




Next Step: Mosaic

OTE-O1
— Expected position of the target




Initial Data Comes In



Excitement




Initial Segment Annotations
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Bright Star Repeated 18 Times

INITIAL ALIGNMENT MOSAIC




Segment Fringes

INITIAL ALIGNMENT MOSAIC




—arly Secondary Mirror Focus Sweep




Visualization

best focus




Initial Wavefront Sensing
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jw01136001001_02101_00006_nrca3_cal.fits Model, E"? = 0.00916 RMS WFE (nm): 131
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One-by-One







Results: Segment ID from Mosaic
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Pupil Image: NIRCam Alignment “Selfie”

“pupll image” of the
primary mirror.
Edges show the
primary mirror is
aligned well with
iInstrument.



Image Array




Initial Image Array - Starting Point




Visualization: Segment IDs
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Initial Assessments

February 13, 2022

Order 4 Zernikes
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Start




Correct 1




Correct 2
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Segment Stacking

jw01143001001 02101 00001 nrca3 cal.fits




Initial Stacked Results
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First Stacked Image but alignment not complete
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Remember: still have work to do




-xample Phase Retrieval
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Shift Report

Fine Phasing 3
Graveyard Shift
Report

Paragraph
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Initial Galaxies
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First Fine Phase Images in the MOC Conference Room




FWHM X: 2.54 Y: 2.57
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Star is 77 milli-arcseconds wide
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-ngineering lest Image Released

B. Deari/ NASA
Mar. 16, 2022
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Turning on and operating the MIRI Cryocooler (mid-April




Additional Science Instruments

WEBB TELESCOPE IMAGE SHARPNESS CHECK

NIRCAM

detail

NIRSPEC

NIRISS




How well is it performing”

Diffraction limited at 1.1um

Image Quality: Wavefront Error

OBS Static
OTE WFE Mid measuremen OTE Image
/Hi t stability Motion Obs BOL
NIRCAM A SW 13 18 79
NIRCAM B SW 13 18 96
NIRCAM A LW 13 18
NIRCAM B LW 13 18
NIRISS 13 18
FGS1 13 11
FGS 2 13 11
MIRI 13 18
NIRspec Sq Ap 13 18

Obs Reqt
150
150
301
301
180
186
186
421
238

69

margin




Point Spread Functions are precisely as Fourier Optics predicts

FO70W

0g
1" scale
F200wW
0g
s scale
F277W
w
0g
b - scale
F444W
-
0g
1 cale

log
scale

log
scale

log
scale

log

scale

Subpixel-sampled
measured effective PSF

1" linear

scale

Subpixel-sampled
measured effective PSF

x b linear
—_— scale

Subpixel-sampled
measured effective PSF

Subpixel-sampled
measured effective PSF

0g

scale

0Qg
scale

0g

0g

scaie

70

Encircled Energy

radius [px]
10

Normalization = fluXaus [10.0px] / fluXwesspsr [10.0px]
red EE

ved
WebbPSF predicted

o
N

o
o

Encircled Energy

0.2

Encircled Energy

o
N

0.4

o
o

radius [arcsec]

Normalization = fluxass

©
o

o
»

©
N

©
o

F444W - NRCA5S

X] / fluXwennpsr [10.0px]
yed EE
PSF predicted

0.4 0.6
radius [arcsec]

radius [px]
10

Normalization = fluXass [10.0px] / fluXwenspsr [10.0px]
— E

rved E
WebbPSF predicted




Lets go back

Cosmic




Where we are at now



Where we are going: RHabitable Worlds Explorer

» Earlier Telescopes: structure of the Universe
 Next: The search for Life
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L atest: the telescope and observatory

Commissioning Team are working remarkably well
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Initial Science Images Released

President Biden July 11, 2022: “We can see possibilities no one has ever seen before.
We can go places no one has ever gone before.”




