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'»JWST Orqanlzatlon

Mission Lead: NASA’s Goddard Space Fllght Center
International Collaborators: ESA and CSA

Prime Contractor: Northrop Grumman Aerospace Systems
Operations Center: Space Telescope "Science: Institute

JWST Descrlptlon

Deployable IR teilescopeswith-"6. 5 meter segmented adjustable Lt e
Cryogenic temperature telescope and instrtments ‘for IR performance '
Launch'on an ESA Ariane-5 rocket®to.Sun-Earth L2 point (1 million miles)
5-year science mission requirement (10-year goal)




The James Webb Space Telescope

James E. Webb (1906 — 1992)

Second Administrator of NASA (161N NE i

Oversaw first & Second manned spaceflight programs (Mercury,
Oversaw Mariner and Ploneer planetary exploration programs
Oversaw Apollo program: On time, On budget'!

Supported space science at NASA and universities

Gemini)
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JWST Design

The James Webb Space Telescope
- i Primary Mirror

18 hexagonal segments
made of the metal beryllium
and coated with gold to
capture faint infrared light

Science Intrument
Module

Houses all of Webhb's
cameras and sCience

Secondary Mirror —

instruments
Reflects gathered light
/ from the primary mirror
J j into the science instru-
Trim ﬂap ments
Helps stabalize
the satellite

Multilayer sunshield

Five layers shield the
observatory from the
5o light and heat of the
Solar power array  Earth-pointing sun and Earth
Always facing the antenna

Sun, panels convert  Sends science data

SRR R bt bR Spacecraft bus Star trackers

tricity to power the receives commands —ontains mostofthe  Small telescopes that

abservatory from MASA's Deep spacecraft steering use star patterns to
Space Netwark and control machin-  target the observatory

ery, including the
computer and the
reaction wheels

www.webbtelescope.org
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Hubble \  5
\

Light Gathering Po
JWST = 25 m? ; Hubble = 4.5 m? ; Spitzer = 0.

Spitzer

0.85 meters
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Herschel

.1l microns 1 microns 10 microns 100 microns
Wave engi b

Light Gathering Power
JWST = 25 m? ; Hubble = 4.5 m? ; Spitzer = 0.6 m? : Herschel

9.6 m?
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JWST Launch

— Launch vehicle is an Ariane 5 rocket, supplied by ESA

— Site will be the Arianespace’s ELA-3 launch complex near
Kourou, French Guiana

T

Arianespace — ESA — NASA
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Note: Images ara not to scala.

930,000 mi.

JWST Orbit
— JWST will orbit Sun—-Earth L2
Lagrange point, 1.5 million km from

Farth
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JWST Instruments

The Near Infrared Camera (NIRCam) — U AZ/ LM

— Visible and ncan immmoisced @amcimsa (06 = S 1A @on)

— 2.2 x 4.4 arcmin wEilelld off wilew  @dilifmacEieon | imiiEce
— Coronagraphs

lhe Near [nIrared opccEmeEnielnmd Rk ieciansni i
— Multi-object dispersive speeEmecp kil erdon

- 3.4 x 3.4 arcmin field of witcwm ik hde i o i
- R = 1000 and 2700 gratings amne RE=aRNEn

— IFU over 3 x 3 arcsecond mEcaien

The Mid Infrared Instrument (MIRI) - Europe/JPL

— Mid-infrared camera and slit spectrogrepli e e cn
- 1.9 x 1.4 arcmin imaging field of view wilihERuEE -
pixels

- R = 100 slit spectrograph (5 — 10 micron)  amicFEEHEEE
— Coronagraphs

Near TR Imager Slitless Spectrograph (NIRISS) — CSA

—2.2 X 2.2 arcmin field of view, Slitlecsi5 @ nuihy

-R ~ 150, 0.8 - 2.25 microns optimized Eor Ly cloilicecs NS,
surveys

-R ~ 700, 0.7 — 2.5 microns optimized for excoplianc = =asiishi-
The Fine Guidance Sensor (FGS) — CSA

— 2.4 x 2.4 arcmin imager for target acquisiEEan
— Rapid readout of subarray for ACSHCEakisueil
— Ensures 95% probability of finding a gulde star Eliviiiicis=

sky
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JWST Mirrors

Status as of Feb 2012
— All 18 PMs + Tertiary + FSM Polished, coated, tested cold

FLIGHT COMPOSITERMS:

Tinsley Final Measurement Requirements
Total Figure <17 nm

13.3 nm

PV:
976.4 nm

-200.0

Courtesy of M. Clampin
(G
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Space Telescope

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
Dark side stays at 40 K

(85° C)
(—233° C)

The Two Sides of the Webb Telescope

Hot side Cold side
185° Fahrenheit -388° Fahrenheit
(85° Celsius) (-233° Celsius)

Solar panel == Science instruments:

Communications Detectors & filters

antenna
Mimors
Computer
Steering:

Reaction wheels & jets
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The JWST sunshield
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JWST Science Themes — The Quest for Origins

1.) The End of the Dark Ages

— Discover the first stars, protogalaxies, supernovae, and black holes
— Follow the Universe’s i1onization history across cosmic time

2.) The Assembly and Evolution of Galaxies
— Track the merger of protogalaxies

— Study the effects of black holes on their surroundings
— Map the evolution of dark matter, stars, and metals through galaxy

growth

3.) The Birth of Stars and Planetary Systems

— Unvell newborn stars and planets in dusty clouds

— Reveal the dependency of star formation to environment

— Measure how chemical elements are produced and recirculated

— Complete the stellar and substellar inventory

— Measure the IMF to below the H-burning limit, in different environments

4.) The Origins of Life

— Study the formation of planets

— Measure the composition of atmospheres, probe for liquid water
—¢Ccomplete the census of the outer solar system

JWST Science summarized in 15 JWST Science White Papers
http://www.stsci.edu/jwst/science/whitepapers
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JWST Science Themes — The End of the Dark Ages

JWST Questions

What are the first galaxies?

When did reionization occur?

What is the Universe’s reionization history?
What sources caused reionization?
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.)
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Hydrogen Microwave

S Helium Reionization: Background:

"g'bI"IOI’l Reionization: 400 million — 1.2 380,000

yearsiold 2 billion — 2.4 billion years old  First years old
- ) billion years old (z~6-—11) Stars (z~ 1000)

~24-29 and
£ ) Galaxies:
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JWST Science Themes — The End of the Dark Ages

JWST will have higher angular resolution than Hubble for deep
fields
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The jJames Webb Space Telescope
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JWST Science Themes — The Origins of ILife
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Atmospheric transmission spectrum (4 hours) for
HD209458-1ike Kepler source using NIRSpec (R=3000) .
Simulation from J. Valenti

JWST Questions
1.) How do planets Form?
2.) What are the properties of circumstellar disks 1like our solar
system?

___%é.) What criteria should be used to establish habitable zones?
4.) Is there evidence for liquid water on exoplanets?

JWST will detect water 1n habitable zone super Earths
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The Outer Solar System
1.) NIRSpec will measure IR spectra for all

known Kuiper Belt Objects (KBOs).

2.) Spectral features from water 1i1ice will be
mapped at redder wavelengths than currently
possible, revealing surface mineralogy.

3.) The Chemical compositions of these objects
will provide clues to the nature of the solar

nebula.
This 1in turn provides 1nsights on the early

ifdenEisilon anc evolucileon eif the solar gystemn .
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The James Webb Space Telescope

HH 30 edge-on disk with NIRSpec/MIRI
IFU FOV

Protoplanetary Disks

1.) Resolve structure in the nearest disks
at >30 AU scales with TFI and MIRI
Coronography

2.) Measure dust settling characteristics as
a part of planetesimal build up

3.) Trace gaps and asymmetries produced by
embedded protoplanets

4.) Delineate gas content and parent
populations

5.) Measure radial dependency of gas
chemistry

6.) Probe mass inflow and outflow

7.) Measure statistics of disk properties vs

stellar mass and enviE i =ns
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“Mountains of Creation” in W5 Star-Forming Region Spitzer Space Telescope * IRAC
Visible: DSS
NASA / JPL-Caltech / L. Allen [Harvard-Smithsonian CfA) ssc2005-23a

Bow shock around the Galactic
O-type runaway star { Ophiuchi

Massive Stars: Formation
1.) How do hot, massive stars emerge from
their dust-obscured natal cocoons?

2.) How does their presence affect the
formation of other stars?

Massive Stars: Feedback
3. Hely deocs Ehe cwvelillEilieon off Massivic
stars shape thelr galactic environments?

4.) How does metallicity effect massive
star evolution?

Massive Stars: Circlinsisue N il
5.) What causes ¢ircilin=i= S-Sl anisl— S
form around LBV and IR o

6.) How 1s mass lost Trom s Ehs=iciusiinne

7.) How are their outEleows = EE b
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3.) A view,offgif nearby universe, with galaxies at
| thelr. true -digstances.
0 hypothetlcal observrng programs of lO 100, Tand

16000 hours

4.) At a glven dlstanoe,

%) For a given exposure time, JWST can explore

galaxies ahdut a0

0 R s Hl

ST wieE]l, be nearly 'six
tlmes faster than HST fog®this type of 'work.

further away than those available <— 8 Mpc Deprojected —>
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Transient Objects

1.) Explore the nature of exotic transients through increased
sensitivity and resolution (GRBs, Sne, tidal disruption events,
unknown objects, ..).

2.) Measure the nature of Dark' Encichiselisciiclit iR Nieimsictlnves - of - SNe .,

3.) Measure the SNe rate at high=zi andiprebcimiEsiconnection with the
star formation rate and sgaiiessamiiehaeiaMiss s
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Dark Energy and Dark Matter: The acceleration parameter of the

Universe

1.) Leverage multiple techniques to minimize systematic errors.

2.) wide field surveys will find targets.

3.) Measure very distant supernovae (standard candles?)

4.) SNe rest frame IR light curves — may be better standard candles?

5.) directly measure effects of dark matter from distorted geometry of distant
objects, masses of galaxies and clusters to high-z, rotation curves, etc..

6.) Map cosmic archeology aE hEReiailaasnani o scRy-tclsl ik iq NeNte il s il - SR c il
clusters).

7.) Measure Cepheid variables in galaxies with known maser distances.

Cepheid Mean (R mag, P=20 d)
26.75 27.75 28.75
120°
Wheel of Dark Energy-related Measurements L

Hubble
Constant

SN la from Ground SN la from Space

High-z BAO

% error towards H,

Large-scale Structure
SDSSs/2dF BAO

Cumulative # Ideal SNe la

X-ray Clusters

JWST will constrain Dark Energy through exquisite measurements of Hj
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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
— JWST Observer Facebook: http://www.facebook.com/pages/JWST-
Observer/103134319723237

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

— Twitter: QauradWST

— JWST Public Website: http://webbtelescope.org/webb_telescope/
— JWST Public Facebook: http://www.facebook.com/webbtelescope

- Twitter: (@NASAWebbTelescp

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

— Newsletter at STScI: https://blogs.stsci.edu/newsletter/
— Newsletter at GSFC: http://www.jwst.nasa.gov/newsletters.html
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