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7:,% JWST is a general astrophysics mission for use by the

International astronomical community

= Often described as the successor to the Hubble Space Telescope, the JWST will

serve astronomers world-wide in much the same way:

— Science & mission operations managed by the Space Telescope Science Institute
= The science investigations performed by the JWST will be determined by the

General Observer community.

— Observing time allocated through annual peer-reviewed proposal cycles
= Four science themes have been defined by a succession of international community

working groups to guide engineering development of the JWST:

Identify the first bright objects that formed in the early Universe, and
follow the ionization history.

Determine how galaxies and dark matter, including gas, stars, metals,
overall morphology and active nuclei evolved to the present day.

Observe the birth and early development of stars and the formation of
planets.

Study the physical and chemical properties of solar systems (including
our own) and where the building blocks of life may be present.
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@ JWST is designed to observe formation of the first galaxies

First Light (After the Big Bang)
Firstluminous objects, proto-galaxies,
supernovae, black holes
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Key questions about the galaxy formation era:

Fan, Carilli & Keating 2006, ARAA, 44,
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@ JWST Is designed to observe the evolution of galaxies

[

First Light (After the Big Bang)
Firstluminous objects, proto-galaxies,
L supernovae, black holes

VAN

-
. . - Assembly of Galaxies

Z=~6 UDF Merging of proto-galaxies, effects of
it e - L black holes, history of star formation

Age of Universe (Billions of Years)
105 3 2 | 0.8 0.4 0.3

0 2 4 [} 8 10 12 14 186

T Redshift

s 7
: L
.r

minutes

100 million
years 1 billion
years

WMAP COBE JWST

26 Oct 2010 Presentation to: Laboratory Astrophysics Workshop; Approved for public release, distribution unlimited. 5



7.2% Key questions about galaxy evolution:

= When did the Hubble Sequence form?

=  What role did galaxy collisions play in
their evolution?

= How is the chemical evolution of the
universe related to galaxy evolution?

= What powers emission from galaxy
nuclei?

r‘y 5.8 Gyr

3.3Gyr

Interacting Galaxies

1.8 Gyr

1.0 Gyr
(z~6)

Key Enabling Design Requirments:
= Wide-area near-infrared imaging survey

= Low and medium resolution spectra of 1000s of
galaxies at high redshift

N v sty of Vgt Chanemem IR Sy Bk U] gl " Targeted observations of galactic nuclei
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JWST will observe how stars form in our galaxy
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@ Key questions about star formation:

How do molecular clouds collapse?
How does environment affect star-formation?
— Vice-versa?
What is the mass distribution of low-mass stars?

What do debris disks reveal about the evolution of

terrestrial planets?

Deeply embedded protostar Circumstellar disk

10%yrs; 10-10* AU; 10-300K 10°-® yrs; 1-1000AU; 100-3000K

- > e

10°7 yrs; 1-100AU; 100-3000K 107 yrs; 1-100AU; 200-3000K

Agglomeration & planetesimals Mature planetary system

The Eagle Nebula as seen in the near-infrared

Key Enabling Design Requirments:

= High angular resolution near- and mid-
IR imagery

= High angular resolution imaging
spectroscopy
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JWST will observe how planetary systems form and evolve

Trans-Neptunian objects
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Key questions about planet formation: T N
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= How do planets form? i
A

= How are circumstellar disks like our Solar System?
= How are habitable zones established?
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To observe the early universe, the
JWST mission requires:

7X the light gathering capability of the
Hubble Space Telescope

similar angular resolution in the near-
infrared spectrum

wavelength coverage spanning the
optical to mid-infrared spectrum

As a consequence, the observatory
requires:

a primary mirror that is larger in diameter
than available rocket fairings

a high stability 40-50K cryogenic
operating temperature

) JWST requires thelargest cryogenic telescope ever constructed
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The JWST will be placed in orbitaboutthe Sun-Earth L2 point
& approximately 1.5million km from Earth

= An L2 point orbit was selected for JWST to enable
passive cryogenic cooling
— Station keeping thrusters are required to maintain this orbit
— Propellantsized for 11 years (delta-v~ 93 m/s)

-«

North
Eclipti(‘:‘
Pole

Toward
the Sun

26 Oct 2010

Continuous
Coverage
Zone North

= The JWST can observe the whole sky
while remaining continuously in the
shadow of its sunshield

v

— Field of Regard is an annulus covering
35% ofthe sky

— Thewhole sky is covered each year with
Continuous small continuous viewing zones at the

Coverage Ecliptic poles
Zone South
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é The JWST program is a multi-agency partnership

James Webb Space Telescope System

Launch Segment Observatory Segment Ground Segment

JWST Observatory

Optical Telescope Element (OTE)
Integrated Science Instrument Science and Operations Center (SOC

Module (ISIM)
Common Systems

Spacecraft Element (SE)

- 4ae Space Telescope Science
Deep Space Network Institute

Ariane Launcher

Launch Vehicle

Payload Adapter

Launch Site Services

Spacecraft Bus I Provided by NASA
) I Provided by ESA
Sunshield [ Provided by CSA
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= The JWST flight segment consists of three main elements

Optical Telescope Element (OTE)
Collects star light from distant objects

Integrated Science Instrument Module (ISIM)
Extracts physics information from star light

Spacecraft
Attitude control, telecom, power & other systems
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@ JWST requires a segmented deployable primary mirror

=  JWST is designed to integrate with
an Ariane V launch vehicle and 5 m
diameter fairing

FrénchGJiana

: = Launch from Kourou Launch Center

(French Guiana) with direct transfer
to L2 point.

Ariane 5 ECA

= Payload launched at ambient
temperature with on orbit cooling to
50 K via passive thermal radiators

=  JWST payload: 6330 kg
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@ Deployment Sequence Overview

3

Click video
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Themirrorsegment mounts are mechanized, and a wavefront
control system will beused to adjust each segment during flight
enabling them to perform together as a singlelarge mirror.

OTE Deploy ment NIRCam first light
\ showing segment
images

SM Focus Sweep

Segment 1D
s Segment images
following segment-
image array

Segment Search
(if needed)

Segment images
following global

EmElg

Segment-1 m\age Array .,

- alignment
Global A{gnment ,
g "
K Sz PSF following initial
Image Jtacking % ik > image stacking
) (N ] l‘;«:’\ i
Coarse Phasing ‘%_ i .
' PSF following
Tl coarse phasing
Coarse Fine Phasing "“ M%%‘“
phasing ¢ |
0 o o amme il
Multi-Field Alignment o —

|

_ PSF following fine

Wavefront Maintenance phasing is >0.8
Strehl at 2 microns

DHS at pupil
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The telescope mirrors are fabricated from Beryllium

Key physical properties of Beryllium:
* low coefficient of thermal expansion at 50 K
* high thermal conductivity
* high stiffness to mass ratio
* Type O-30 spherical powder
« uniform CTE, high packing density, low oxide content
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Primary mirror mass properties

* Substrate: 21.8 kg

* segmentassembly: 39.4 kg

 OTE areadensity: ~28 kg m?
*HST (ULE) ~ 180 kg m2
* Keck (Zerodur) ~ 2000 kg m2
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@ All flight mirrors segments are in final stages of polishing

Flight Units

Pathfinder Light Engineering
Units Demonstration Unit

00 29
P .8.:.
z)
e2e%
(o =)

150 nm Polishing

Configuring Processing

Status as of: 10/01/2010 .
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jé;,'f’ The secondary mirror system is nearing completion

TGF' PERFORMING COMPANIES 2010 page 4t

'%!{-:

VIATION /432

BUII.DING EARII'H:S R
BIGGEST SPACE' TELESCOPE

Fage 59
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The JWST telescope is a three mirror anastigmat
equipped with a fine steering mirror

1 V3
/Eiwhlvz

Intermediate
Focus

Tertiary
Mirror

Secondary

Mirror Focal

Surface

Fine
Steering
Mirror

\JtE Primary

F o ._ AR ( N

_—— ';,, Fine Steering Mirror Assembly
in Ambient Optical Test

——

- Tertiary Mirror Assembly in Ambient Test
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Buildup of telescope flight structure underway at ATK
Assembly consists of ~3,200 bonded composite piece parts
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7.2% Full scale OTE mockup in handling test at NGAS
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Optical Telescope Element (OTE)
Collects star light from distant objects

Integrated Science Instrument Module (ISIM)
Extracts physics information from star light

Spacecraft
Attitude control, telecom, power & other systems
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@ ISIM is the science instrument payload of the JWST

= |SIMis one of three elements that together make up the JWST space vehicle
— Approximately 1.4 metric tons, ~20% of JWST by mass or cost

= ThelSIM system consists of:

— Four science instruments

— Nine instrument support systems:
- Optical metering structure system
- Electrical Harness System
- Harness Radiator System
- ISIM electronics compartment (IEC)
- Cryogenic Thermal Control System

- ISIM Command and Data Handling System
(ICDH)

- ISIM Remote Services Unit (IRSU)
- Flight Software System
- Operations Scripts System _
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% The ISIM system completed CDR during March 2009

= All science instrument ETU test programs have been completed
— All'instrument ETUs have been delivered
= Flightmodelintegration is underway on all instruments

' 11

AR
T

Spec DevelopmentModel Beo—- b

LR

| NIRCam Engineering TestUnit

T T~

26 Oct 2010 Presentation to: Laboratory Astrophysics Workshop; Approved for public release, distribution unlimited.



Detector development has met performance objectives
All flight detectors arein hand and at TRL-8 (flight qualified)

C )

Mission Requirements Circa 1999

Near-IR BLIP Requirement @ 3 um and various R

A -
| ’ 10 T
!. Satyapal: 4/9 — R5
1 . \ . ‘ ...... R=100
et _ ' ‘;_’» ® SIRTFInsSb | |
o\ e\ 6
L » . } : @
- . < 4 T 4t
i u = L = . NGST Requiremen t
- - - — — | oL / NGST Goal
" NIRCam 16 Mpixel flight FPA "‘/"f 1
— - 1000 s integration
Imager sw SpECt 0.00 - 0.62 - 0.64 - 0.66 - 0.68 ‘ 0.‘10 ‘ 0.12

A QE—— e r i Dark Current (e/s)

Mid-IR BLIP Requirement @ 5.5 pum and various R

' Satyapal: 4/99
® SIRTF Si:As

sl NC e R=1,000
—— R=100
NGST Requirement t

\ -
> ™

MIRI 1 Mpixel flight FPAs
20 - +

Spitzer 256 x 256 InSh 256 X 256 Si:As
JWST 2048x 2048 HgCdTe 1024 x 1024 Si:As J Dark Current efs) /
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NIRCam will provide the deepest near-infrared images ever and will
Identify primeval galaxy targets for the NIRSpec

Pick-off Mirror

Subassembly
. First Fold Mirror
Coranagraph Subaszembly
Elements

Collimator Triplet

-
[M
olfl £..
Longwave Filter =

Subassembly
Wheel Assembly |, Dichroic
Elements o Beamsplitter
Longwave Triplet _| Shortwave Filter
Subassembly Wheel Assembly

Elements

Longwave Focal __ |- %% H
Plane Housing Fold
Mirror

Shortwave Triplet
Subassembly

Shortwave Fold
Shortwave Focal Mirror
Plane Housing Fold

Mirror .~ 8 S Pupil Inaging Lens

= Developed by the University of Arizona with Lockheed Martin ATC
— Operating wavelength: 0.6 — 5.0 microns
— Spectral resolution: 4, 10, 100
— Field of view: 2.2 x 4.4 arc minutes
— Angular resolution (1 pixel): 32 mas < 2.3 microns, 65 mas > 2.4 microns
— Detector type: HgCdTe, 2048 x 2048 pixel format, 10 detectors, 40 K passive cooling
— Refractive optics, Beryllium structure
= Supports OTE wavefront sensing
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The NIRSpec will acquire spectra of up to 100 galaxies
In a single exposure

Prism/Grating
el

lescope Fo
(f120)

Whe
Tel cus
1
1
1
1
1
' . 1
Pick-off Mirror(s) Micro-shutter Detect
etector
Al
' - . T
»

. Arra) i
Foreoptics (f112 .).'5) Collimator Camera rray
(f/5.67)

Developed by the European Space Technology Center
(ESTEC) with Astrium GmbH and Goddard Space Flight Ctr
— Operating wavelength: 0.6 — 5.0 microns
— Spectral resolution: 100, 1000, 3000
— Field of view: 3.4 x 3.4 arc minutes
- Aperture control: programmable micro-shutters, 250,000
pixels
- Angular resolution: shutter open area 203 x 463 mas, pitch 267 x
528 mas

— Detector type: HgCdTe, 2048 x 2048 pixel format, 2 detectors,
37 K passive cooling

— Reflective optics, SiC structure and optics
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The MIRI instrument will detect key discriminators that distinguish
the earllest state of galaxy evolutlon from more evolved objects

Optical Assembly Structural/Thermal Model

= Developed by a European Consortium and JPL
— Operating wavelength: 5 - 29 microns
— Spectral resolution: 5, 100, 2000
— Field of view: 1.9 x 1.4 arc minutes broad-band imagery
- R100 spectroscopy 5 x 0.2 arc sec slit
- R2000 spectroscopy 3.5 x 3.5and 7 x 7 arc sec integral field units
— Detector type: Si:As, 1024 x 1024 pixel format, 3 detectors, 7 K cryo-cooler
— Reflective optics, Aluminum structure and optics
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@ MIRI is on schedule for delivery during June 2011

SW Spect LW Spect

Flight focal plane modules

Nl el

" ' : . ) Flight ICEin vibration test
Flight SW spectrometer module in ambient testing 9 n vibrati
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@ The FGS provides imagery for telescope pointing control & imaging
spectroscopyto reveal primeval galaxies and extra-solar planets

= Developed by the Canadian Space Agency with ComDev
— Operating wavelength: 0.8 — 4.8 microns
— Spectral resolution: Broad-band guider and R=100 science imagery
— Field of view: 2.3 x 2.3 arc minutes

- R=100 imagery with Fabry-Perot tunable filter and coronagraph

— Angular resolution (1 pixel): 68 mas
— Detector type: HgCdTe, 2048 x 2048 pixel format, 3 detectors
— Reflective optics, Aluminum structure and optics
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ISIM will be tested at ~35 K in the GSFC SES chamber
using a cryogenic telescope simulator (OSIM)

iy,

“ SESchamber
(27 x 40 ft)
Vi
e LN2 Shroud
LHe shroud installation and '
test completed July 09 =
*I LHeshroud
*l _—~ I1SIM
|
.qi OSIM
*’ Vibration
= Isolation
Supports

Fold Mirror 3 Tip/Tilt
Gimbal Assembly

i,

Rz - OSIM Primary Mirror
Alignment Diagnostic Module
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Then .... The OTE + ISIM will be tested in a larger space
simulation chamber at JSC
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Learn more at: www.jwst.nasa.gov (2w ._1 "SRRI

Watch the ISIM being built at:
www.jwst.nasa.gov/iwebcam. htmi

Read about JWST science mission objectives at: sEACH

REVIEWS

http://www.jwst.nasa.gov/science.html

L Frontier Science Opportunites g
Collaborate on JWST science investigations: aninfapes it~ oty

| i .;l;:-

http://www.stsci.edu/institute/conference/jwst2011

JUNE -1, 2011

Jackson Lake Lodge, Grand Teton National Park, Wyoming
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