
AstronomyAstronomy withwith thethe James Webb James Webb 
S T lS T lSpace TelescopeSpace Telescope

John Mather, John Mather, NASA‘sNASA‘s GSFCGSFC
SeptSept 29 200929 2009SeptSept 29, 200929, 2009

JWST



JWST Science Working Group (#4)

• 6 Interdisciplinary Scientists: H. Hammel, S. Lilly, J. 
Lunine, M. McCaughrean, M. Stiavelli, R. Windhorst, g , ,

• Instrument Team Lead/ Science Representative: M. Rieke 
(NIRCam), G. Rieke and G. Wright (MIRI), Rene Doyon 
(FGS) & t ti i ti t b NIRS(FGS), & rotating scientist member, NIRSpec

• Telescope Scientist: M. Mountain (also STScI Director)
• Ex Officio: J Mather (Chair) J Gardner M Clampin MEx Officio: J. Mather (Chair), J. Gardner, M. Clampin, M. 

Greenhouse, K. Flanagan, G. Sonneborn, P. Jakobsen, J. 
Hutchings

Sept. 29, 2009 2Yale Astronomy



Organization

JWST Mission “At a Glance”

Mission Lead:  Goddard Space Flight Center
International collaboration with ESA & CSA 
Prime: Northrop Grumman Aerospace Systems 
(NGAS)(NGAS)
Instruments: 
―Near Infrared Camera (NIRCam) – Univ. of 

Arizona
―Near Infrared Spectrograph (NIRSpec) – ESA
―Mid-Infrared Instrument (MIRI) – JPL/ESA
―Fine Guidance Sensor (FGS) – CSA

O ti S T l S i I tit tDescriptionOperations:  Space Telescope Science Institute  Description

Deployable infrared telescope with 
6.5 meter diameter segmented 
adjustable primary mirror

JWST Science Themes

Cryogenic temperature telescope 
and instruments for infrared 
performance

JWST

Launch 2014 on an ESA-supplied 
Ariane 5 rocket  to Sun-Earth L2 

5-year science mission (10-year 
goal)
www.JWST.nasa.gov

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



Three Mirror Anastigmat Optical Design 
Provides a Wide Field-of-View
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JWST InstrumentsJWST Instruments
Multi-Object, IR spectroscopy

IFU spectroscopy
Wavefront Sensing & 
Control (WFSC)

Coronagraphic
Imaging

Long Slit spectroscopyNIRCam NIRSpec

Deep, wide field broadband-imaging

Fine Guidance Sensor Mid-Infrared, wideMIRIFGS/TF
Fine Guidance Sensor ,

field ImagingMoving Target
Support

IFU spectroscopy
Coronagraphic Imaging 
R~100 R=100 Narrowband Imaging Mid-IR Coronagraphic

Imaging

JWST



Four science instruments enable imagery and spectroscopy 
over the 0.6 – 29 micron spectrum

NIRSpec

NIRCam

MIRIFGS

Sept. 29, 2009 6Yale Astronomy



Field Position of Science Instruments
B d f U i tt d fi ldBoundary of Unvignetted field

Instruments and Guidance Sensor Share Telescope Field of

Sept. 29, 2009

Instruments and Guidance Sensor Share Telescope Field of 
View

7Yale Astronomy



A NIRCam Imaging Module
A dichroic allows 

simultaneoussimultaneous 
observing at two 

wavelengths.

This module’s dual 
filter wheels include 
pupils for wavefront 

sensing.

The two tunable filter 
d l f th FGSmodules for the FGS 

are similar but require 
no dichroics or 

wavefront sensingwavefront sensing 
hardware.



NIRSpec Schematicp

Micro-Shutter 
Array Grating/Prism DetectorFilter Array

Wheel Array
Filter

Wheel

Pick-off
O i

Fore optics Collimator
Camera

Optics
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NIRSpec: ESA & Astrium
• > 100 Objects Simultaneously
• 9 square arcminute FOV

• Implementation:
3 5’ Large FOV Imaging Spectrograph– 3.5  Large FOV Imaging Spectrograph

– 4 x 175 x 384  element Micro-Shutter Array
– 2 x 2k x 2k Detector Array
– Fixed slits and IFU for backup, contrast

Sept. 29, 2009

– SiC optical bench & optics

10Yale Astronomy



Mid-Infrared Instrument  (MIRI)

• Science team G. Rieke (lead), G.Wright 
(co-lead)

• European Consortium sponsored by ESA 
in partnership with NASA/JPL

• Science Goals include• Science Goals include
– Search for the origins of galaxies
– Birth of stars and planets
– Evolution of planetary systems

• Imaging
λ 29– λ=5-29 μm  wavelength range

– Diffraction limited imaging with 0.1” 
pixels

– ~1.7’ field of view
– Able to image sources as bright as 4 

mJy at λ=10μmmJy at λ 10μm 
– ≥12 bandpass filters
– Low resolution spectrograph (R~100; 

λ=5-10 μm) for single, compact 
sources

– Simple coronagraph
• Spectroscopy 

– λ=5-29 μm  wavelength range, reach 
λ= 28.3 μm

– Integral field spectroscopy with > 3” 
field of view Optics Module concept

Sept. 29, 2009

– R~2000-3700 from λ=5-29 μm
Optics Module concept

developed by European Consortium

11Yale Astronomy



Fine Guidance Sensor (FGS)Fine Guidance Sensor (FGS)

- Guide star availability with >95% probability at any point in the sky
- Wide open bandpass for guiding (0.5 μm - 5.0 μm)

- Includes Tunable Filter Imager with R = 70 - 150, 1.7 μm - 4.8 μm 

Sept. 29, 2009

- Coronagraph
12Yale Astronomy



Primary Mirror Segment Assembly Flight Hardware Primary Mirror Segment Assembly Flight Hardware 
Production Well UnderwayProduction Well Underway

Launch Restraint Flexures

Flight actuators under test

PM Bipod Mounting Brackets

JWST

Strongback Struts PM Whiffle Assemblies PM Delta Frames 1-8



Installation of Test Stand with Mass Simulators into MSFC 
XRCF Test Chamber Complete

Test Stand on 
Flowtron 

waiting 
Integration 

into Chamber

Craning Test Stand 
in Place

Installing Test Stand into Chamber Test Stand in Installing Test Stand into Chamber
Chamber 

waiting 
installation of 

final helium 
shroud

JWST



A1 and EDU at the XRCFA1 and EDU at the XRCF

JWST

Sept. 29, 2009



Flight Backplane StartedFlight Backplane Started

JWST



JSC Chamber A Modification ProgressJSC Chamber A Modification Progress

JWST

External chamber modifications – removal of solar simulator structures



ETU Hardware Queuing Up for Instrument ETU Hardware Queuing Up for Instrument 
I&TI&T

NIRCam Pupil Imaging Lens Mechanism

NIRSpec Focal Plane Assembly

JWST

NIRCam Shortwave Camera Triplet  & Beamsplitter NIRSpec Fore Optics



Integrated Science Instrument Module 
structure  arrives at GSFC

Integrated Science Instrument Module 
structure  arrives at GSFC

Sept. 29, 2009 19Yale Astronomy



End of the dark ages:End of the dark ages: 
first light and reionization

… to identify the first luminous sources to 
form and to determine the ionization history of y

the early universe.

Hubble Ultra 
Deep FieldSept. 29, 2009 20Yale Astronomy



SN 2006 gy – brightest supernova
• Could be the first observation of a pair-production instability, from the 

death of a very massive star.
– Stars are normally held up by the balance of light pressure and gravityy p y g p g y
– Gamma rays producing electron/positron pairs scatters light, reducing 

pressure. Instability creates runaway collapse.
• A nearby analog for the first stars in the Universe.y g

γ e– + e+ γ

Hubble Image of Eta Carina• Progenitor was similar to Eta Carina.

γ γ

Sept. 29, 2009 21Yale Astronomy



Pair-production SNe as First Stars

• Good news: JWST can easily • Interesting news: pair-
detect these when stars first 

formed (but not as transients).
production instability doesn’t 
necessarily require primordial 

composition.Sept. 29, 2009 22Yale Astronomy



Gamma Ray Burst 4/23/09 was most distant object yet found Gamma Ray Burst 4/23/09 was most distant object yet found 
(z = 8 2)(z = 8 2) supernova jet aimed at us!supernova jet aimed at us!(z = 8.2) (z = 8.2) –– supernova jet aimed at us!supernova jet aimed at us!

Sept. 29, 2009

JANUS GRB (SMEX) search proposed, could see to z = 12
23Yale Astronomy



6.42

When was re-ionization?
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Fan, Carilli & Keating 2006, ARAA, 44, 415
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Dark Energy!
MacArthur Fellow 
2008 Adam RiessDark Energy! 2008 - Adam Riess

Sept. 29, 2009 S. Perlmutter, A. Riess, B. Schmidt25Yale Astronomy



JWST, Dark Energy, Dark Matter
• JDEM/IDECS Science Coordinating Group report (Neil Gehrels• JDEM/IDECS Science Coordinating Group report (Neil Gehrels, 

GSFC), http://jdem.gsfc.nasa.gov/docs/SCG_Report_final.pdf
• Problem: determine acceleration parameter now and in the past

M lti l t h i i d d t lik l t ti• Multiple techniques required due to likely systematic errors
• JDEM/IDECS wide-field surveys will find targets for JWST

• JWST contributes byy
– Measuring very distant supernovae (standard candles?)
– Measuring effects of dark matter too (distorted images of distant 

objects masses of galaxies and clusters out to high redshiftobjects, masses of galaxies and clusters out to high redshift, 
rotation curves, etc.)

– Cosmic archeology at high redshift (prior to acceleration, 
formation of galaxies and clusters)formation of galaxies and clusters)

Sept. 29, 2009 26Yale Astronomy



How does environment affect star-formation and vice-
?versa?

What is the sub-stellar initial mass function?

M i t d i d d• Massive stars produce winds and 
radiation
– Either disrupt star formation, or 

causes itcauses it.
• The boundary between the smallest 

brown dwarf stars and planets is 
unknownunknown
– Different processes? Or continuum?

• Observations:
S d k l d “ l h t– Survey dark clouds, “elephant 
trunks” and star-forming regions

The Eagle NebulaThe Eagle NebulaThe Eagle Nebula 
as seen by HST

The Eagle Nebula
as seen in the infrared

Sept. 29, 2009 27Yale Astronomy



ExoplanetsExoplanets
• Potential Nobel Prize: Google “globe mail lost world” for story of 

Canadians’ failed attempt: ““Gordon Walker and Bruce Campbell 
were the real true pioneers,” says Alan Boss”

• As of 26 Sept, 374 total:
• Radial velocity: 347 planets, 35 multiple planet systemsy p p p y
• Transiting: 62 planets, 2 multiples (most good JWST targets)
• Microlensing: 8 planets, 1 multiple system
• Imaging: 11 planets, 1 system (a triple) (all good JWST targets)g g p , y ( p ) ( g g )
• Timing: 7 planets, 2 multiple planet systems
• + predictions from dust disk structures

• Kepler launched Mar. 6, 2009, will monitor ~ 100,000 stars, findKepler launched Mar. 6, 2009, will monitor  100,000 stars, find 
handful of Earths, thousands of others

• TESS (Transiting Exoplanet Survey Satellite), proposed SMEX, would 
survey nearest stars, best candidates for detailed follow-up with JWSTsurvey nearest stars, best candidates for detailed follow up with JWST

• JWST Transits Working Group established – M. Clampin
Sept. 29, 2009 28Yale Astronomy



FomalhautFomalhaut
• HST Advanced Camera for Surveys achieved the optical detection of an 

exoplanet around a star 25 light years from Earth.
– First optical detection of a massive planet since Neptune in 1846.

Lik th di f N t th i t f F lh t b– Like the discovery of Neptune the existence of Fomalhaut b was 
predicted in advance by theory.

• Planet’s mass lies between that of Neptune and Jupiter
Constrained by disk dynamics– Constrained by disk dynamics

• Too bright for just a planet
– Probably has rings or dust disk

Named #2 Science Discovery of 2008

Sept. 29, 2009 29Yale Astronomy



Crop of Recent Detections!Crop of Recent Detections!
Fomalhaut B
Kalas et al. 2008

HR 8799
M i t l 2008Marois et al. 2008

JWST

β Pictoris
A. M. Lagrange et al. 2009



CorotCorot--7 7 b,cb,c: 2 Super: 2 Super--EarthsEarths

JWST



JWST can observe ExoplanetsJWST can observe Exoplanets
• Direct imaging and spectroscopy – block glare of star

• Cameras have coronagraphic systems

• TFI has special interferometric mode 

• NIRSpec has simple slit as well as multiplesp p p

• Study debris disks as well as planets

• Transit studiesTransit studies

• Planet blocks starlight, or vice versa

• Need to know in advance where & when to lookNeed to know in advance where & when to look

• Can get physical properties of planet

JWST



Imaging/Spectroscopy ModesImaging/Spectroscopy Modes

High Contrast Imaging

Integral Field Spectroscopy

JWST



NIRCam: M0V Star at 4 pc (F460M)NIRCam: M0V Star at 4 pc (F460M)

John Krist sims

20 nm rms wf 

JWST

diffs for roll



Non‐Redundant Mask 
ImagingImaging

• New mode for FGS/TFI utilizes “interferometric” 
mask producing 21 baselines and a narrow PSFmask producing 21 baselines and a narrow PSF 
(0.5λ/D)

• Ground‐based contrast limits ~5 mag, in space > 
10 mag possible at small IWA10 mag possible at small IWA

• Flat fielding issues may be problem (>>Photon 
noise) for bright stars

Sivaramakrishnan et al 2009Sept. 29, 2009 35Yale Astronomy



Tunable Filter Imager 
Coronagraph

Tunable Filter Imager 
CoronagraphCoronagraphCoronagraph

TFI Coronagraphic Capability 
Summary 

Wavelength range: 1.5-2.5,
3 1-5 0 µm3.1-5.0 µm
Field of view: 20”x20”
Coronagraph: Differential 
Speckle Imaging
Contrast gain of ~10x 
versus NIRCam
Inner working angle: 4 λ/D
Technique employed on 
HR8799 (Marois et al. 2008)

Non-redundant MaskNon redundant Mask 
Wavelength range: 1.5-2.5, 
3.1-5.0 µm
Coronagraph: Closure 
Phase Imaging
T d i kiTrades inner working 
angle: 0.5 λ/D against 
contrast

JWST



MIRI Exoplanet Detection LimitsMIRI Exoplanet Detection Limits

Boccaletti et al. 

M2V, 10pc

500K - 10AU400K - 20AU

1.5⎣/D

 

JWST

300K - 30AU



Debris Disks: HST’s LegacyDebris Disks: HST’s Legacy

HD 15115HD 107146 HR 4796HD 92945 HD  207129
Ardila et al. 2005 Kalas et al. 2005 Clampin et al. 2006 Schneider et al. 1999 Stapelfeldt et al. 2007

HD 141569AHD  181327HD  139644 HD 51543 HD  10647
Kalas et al. 2006 Kalas et al. 2006 Schneider et al. 2006 Weinberger et al. 1999 Stapelfeldt et al. 2007

AU MicHD 32297 Fomalhaut ® Pictoris HD 202917

JWST

Schneider et al. 2006 Krist et al. 2005 Kalas et al. 2005 Golimowski et al. 2005 Clampin et al. 2007



Debris Disks: Evidence for PlanetsDebris Disks: Evidence for Planets

Warps

Spirals

Brightness Asymmetries

Sub-mm observation

Brightness Asymmetries

Offsets

JWST

Clumps

Sub-mm observations



MIRI: Disk CharacterizationMIRI: Disk Characterization
Di k h tt d li ht & i i

24 microns20 microns

• Disk shape: scattered light & emission
• Disk mineralogy

JWST



Primary Secondary

• Planet blocks light from star
• Visible/NIR light (Hubble/JWST)

• Star blocks light from planet
• Mid-Infrared light (Spitzer/JWST)

Di t d t ti f h t f• Radius of planet/star
• Absorption spectroscopy of planet’s 

atmosphere
• JWST: Look for moons (by timing), 

• Direct detection of photons from 
planet

• Temperature of planet
• Emission from surfaceJ S oo o oo s (by t g),

constituents of atmosphere, Earth-
like planets with water, weather

• JWST: Atmospheric characteristics, 
constituents of atmosphere, map 
planetsSept. 29, 2009 41Yale Astronomy
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Transit Science Instrument ModesTransit Science Instrument Modes

JWST



Transit Observations of Super-Earths

Simulations of NIRSpec Observations of Super-Earths

Spectra provided by E. Miller-Ricci and S. Seager (Miller-Ricci et al. 2009)

-- 20 Transit observation

-Hydrogen rich atmosphere

- 100 Transit observation

- intermediate atmosphere

44

- Deep H2O feature detected - 4.3 μm CO2 feature detected



Pluto?Pluto?

JWST



Dwarf Planets and Plutoids

May be 2000 more when whole sky is surveyed

Sept. 29, 2009

May be 2000 more when whole sky is surveyed
With moving object tracking JWST is perfect tool

46Yale Astronomy



Where they are

Sept. 29, 2009 47Yale Astronomy
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SummarySummary
• JWST is on track for 2014 launch – a major 

accomplishment!

• Predicted performance for exoplanet transits is very 
good (limited by systematic errors and unknown 
stability)

• 3 coronagraphs provided but segmented aperture 
not optimal

• Small changes made for better photometric stability 
(NIRSpec) and better inner working angle (TFI non-
redundant mask)

JWST

• External occulter proposed as complement to JWST 
(or future general UV-optical telescope)



More InfoMore Info
• 600 MB tutorial: Decadal Survey White Papers (Google “2010 decadal 

survey”): http://sites nationalacademies org/bpa/BPA 050603survey ):  http://sites.nationalacademies.org/bpa/BPA_050603
• 7 JWST White Papers submitted:

– The Scientific Capabilities of the James Webb Space Telescope – Jon 
GardnerGardner

– Comparative Planetology: Transiting Exoplanet Science with JWST –
Mark Clampin

– Planetary Systems and Star Formation with JWST – George RiekePlanetary Systems and Star Formation with JWST George Rieke
– Study of Planetary Systems and Solar System Objects with JWST –

George Sonneborn
– Stellar Populations with JWST: the Beginning and the End – Margaret p g g g

Meixner
– Galaxies Across Cosmic Time with JWST – Rogier Windhorst
– First light and reionization : open questions in the post-JWST era –

Massimo Stiavelli

Sept. 29, 2009 50Yale Astronomy



More Info:More Info:

Download for free at:
jwst gsfc nasa gov

Sept. 29, 2009

jwst.gsfc.nasa.gov

51Yale Astronomy



The EndThe End

Sept. 29, 2009 52Yale Astronomy



The Atmospheric Signatures of Super-Earths: How to 
Distinguish Between Hydrogen-Rich and Hydrogen-Poor 
Atmospheres, Eliza Miller-Ricci,  Sara Seager &  Dimitar 
Sasselov 2008arXiv0808 1902MSasselov, 2008arXiv0808.1902M

Model SpectraModel Spectra

JWST



Exoplanet Imaging Discovery SpaceExoplanet Imaging Discovery Space

Courtesy M Meyer

JWST

Courtesy M. Meyer



GL 581 - Hrich SuperearthGL 581 - Hrich Superearth
NIRS 20 t it bi d t R 300NIRSpec - 20 transits, binned to R~300

JWST



GJ436 _ TransmissionGJ436 _ Transmission
NIRSpec - 4 transits, binned to R~300

JWST



2009 Major Events 2009 Major Events 
– Sunshield Membrane Management System Preliminary 

Design Review, February
– ISIM Critical Design Review, March
– Assembly & Testing of NIRCam Engineering Test Unit, 

June
– Observatory Flight Software Build 1 Critical Design, June
– Microshutter device delivered from GSFC to NIRSpec– Microshutter device delivered from GSFC to NIRSpec, 

June
– NIRCam Flight Instrument build commences, August
– Electro-optical tests of ETU FGS at operating conditions, 

October
– MIRI Flight Instrument testing commences

2007 Tucson conference 
proceedings publishedp g p

JWST

Sept. 29, 2009



NIRCam Team Transit ScienceNIRCam Team Transit Science
R~1700 over entire LW channel, λ = 3 - 5 μm simultaneously (but 
limited by filters in series)

No slit losses w/good sampling (0.065” vs NIRSpec 0.1”)

Precise transit spectrophotometry

E i ll i f li iEspecially important for eclipse mapping

D f d i i f t it h t tDefocused imaging for transit photometry

- Sub-arrays available for defocused imaging

4λ 8λ 12λ waves of defocus- 4λ,  8λ, 12λ waves of defocus

JWST



NIRCam PerformanceNIRCam Performance
Secondary eclipses of a hot Jupiter around bright 

G2V stars realistic to detect in R≤500 spectra.

Hot Earths cannot be detected around G2V stars in 
R=500 secondary eclipse spectra

High S/N R=500 spectra of a Jupiter around M2 3VHigh S/N R=500 spectra of a Jupiter around M2-3V 
stars can be observed via secondary eclipse.

Secondary transits of Hot Earths around M5V starsSecondary transits of Hot Earths around M5V stars 
could be detected at low SNR in R~50 spectra in 
~104 sec

JWST



MIRI Team ScienceMIRI Team Science
Imager can observe bright sources with good sampling 

MIRI imager should detect even small (1-2 R ) planets 
when transiting bright GKM stars

LRS may be best to characterize the spectra of hot giant y p g
planets with high S/N and at R<=100 spectral resolution

Hot giant features detectable in a single transit @ R~50!

MRS will be useful for R = 100 – 2000 spectra 

JWST

3 settings required to cover any broad spectral range 



NIRSpec Team ScienceNIRSpec Team Science

Brown (2001)

NIRSpec Transit Spectrum for HD 209458 at K=12

NIRSpec designed for multi-object

Recently added 1.6’x1.6” slit for 
transit spectroscopy

Undersampled pixels remain a 

JWST

p p
concern wrt systematics



NIRCam MIRINIRCam MIRI

Emission ofEmission of 
HD 189733b

JWST



The NASA Astrobiology Roadmap The NASA Astrobiology Roadmap 
Goal 1 — Understand the nature and distribution of 
habitable environments in the universe. Determine 
th t ti l f h bit bl l t b d th S lthe potential for habitable planets beyond the Solar 
System, and characterize those that are observable. 

GOAL 7 — Determine how to recognize signatures of 
life on other worlds and on early Earth. Identify y y
biosignatures that can reveal and characterize past or 
present life in ancient samples from Earth, 
extraterrestrial samples measured in situ or returnedextraterrestrial samples measured in situ or returned 
to Earth, and remotely measured planetary 
atmospheres and surfaces. Identify biosignatures of 
distant technologies

JWST

distant technologies.



DocumentationDocumentation
Astrobiology Whitepaper: Lunine & Seager

(Google “jwst white paper”)(Google jwst white paper )

JWST Coronography Whitepaper

JWST Transit Science Whitepaperp p

S S i R iSpace  Science Reviews

JWST



Astrobiology ThemesAstrobiology Themes
High contrast imaging and spectroscopy of 
Brown Dwarfs and Extrasolar Giant Planets

Formation of planetary systems: tracing 
evolution of planetary systems from dust 
clouds to debris disks

Studies of water and prebiotic organics in 
comets;

Characterize organic and inorganic matter 
needed to create habitable environments

Characterization of exoplanets via transit 

JWST

imaging



2008 Progress2008 Progress
GeneralGeneral

– JWST successfully completed Non-Advocate Review and Confirmation 
Review and is approved to begin Implementation Phase

– All observatory components, except for the spacecraft and membrane 
management system of the sunshield, have successfully completed their 
preliminary design reviews

– All science instruments successfully completed critical design reviews 
– HQ approved moving object tracking requirementHQ approved moving object tracking requirement

Telescope and Mirrors
– All flight primary, secondary and tertiary mirrors completed machining 

and are in stages of rough polishing, smooth out and figure grinding
– Mirror “Manufacturing Percentage” progressed from 41% to 55%

Observatory
– Sunshield Preliminary Design Review held in February 2008

Ob t I t ti & T t t l d t NGAS– Observatory Integration & Test control room opened at NGAS
Ground Segment

– Delivered all Science Instrument Integrated Test Sets (SITSs) and 
Science Instrument Development Units (SIDUs) to SI teams in the US,

JWST

Sept. 29, 2009

Science Instrument Development Units (SIDUs) to SI teams in the US, 
Canada and Europe 



2008 Progress continued2008 Progress continued
I t t d S i I t t M d l (ISIM)Integrated Science Instrument Module (ISIM)

– MIRI
‐ MIRI Verification Model (VM) completed, tested and achieved 6.2K operating 

t t d fi t li ht!temperature and first light!
‐ Selected flight detectors for MIRI

– NIRSpec
‐ Delivered Engineering Test Unit detector subsystem to AstriumDelivered Engineering Test Unit detector subsystem to Astrium
‐ Selection of flight detectors agreed to by NASA & ESA
‐ ESA approved larger (1.6 arcsec square) aperture for NIRSpec for transits

– NIRCam
S l d ALL fli h d d fil f NIRC‐ Selected ALL flight detectors and filters for NIRCam

‐ Completed bonding and vibration testing of the NIRCam ETU Optical Bench
– FGS

‐ Held FGS System CDR at COM DEVHeld FGS System CDR at COM DEV
‐ Engineering Test Unit assembly begun, tunable filter etalon tested at cryo
‐ CSA added Non-Redundant Masking to their Tunable Filter Imager

– Structure
C f

JWST

Sept. 29, 2009

‐ Completed bonding 5 of 13 Flight Hardware Decks



Coronography (Dressler summary)Coronography (Dressler summary)
• NIRCam coronagraph (Krist 2007; Greene et al 2006) 

• Inner Working angle > 4λ/D (500-750 mas at 3-5 μm) 

• Outer Working Angle ±10”

• Dynamic range 105 (12.5mag) - 106 (15 mag)  far from star

• TFI/Non Redundant Mask (Sivaramakrishnan et al)

– Inner Working angle ~ 0.5λ/D (75 mas at 5 μm) 

– Outer Working Angle 0.5”

– Dynamic range 104 (10 mag) possibly up to 106 (12.5 mag)  with careful calibration, flat fielding

• MIRI classic Lyot and 4-quadrant phase plateMIRI classic Lyot and 4-quadrant phase plate 

– Mostly disks but also planets on distant orbits (Fomalhaut-b)

JWST



The James Webb Space The James Webb Space 
TelescopeTelescope
The James Webb Space The James Webb Space 
TelescopeTelescopeTelescope Telescope 
Capabilities for AstrobiologyCapabilities for Astrobiology
Telescope Telescope 
Capabilities for AstrobiologyCapabilities for Astrobiology

Mark ClampinMark Clampin
JWST Observatory Project Scientist JWST Observatory Project Scientist 
Goddard Space Flight CenterGoddard Space Flight Center

Mark ClampinMark Clampin
JWST Observatory Project Scientist JWST Observatory Project Scientist 
Goddard Space Flight CenterGoddard Space Flight Center

contributors: Jonathan Lunine, George Rieke, Don Lindler (GSFC), contributors: Jonathan Lunine, George Rieke, Don Lindler (GSFC), 
Eliza MillerEliza Miller--Ricci (CfA), Sara Seager (MIT), Tom Greene (NASA/Ames), Ricci (CfA), Sara Seager (MIT), Tom Greene (NASA/Ames), 
Drake Deming (GSFC), and JWST SWG and SI TeamsDrake Deming (GSFC), and JWST SWG and SI Teams

contributors: Jonathan Lunine, George Rieke, Don Lindler (GSFC), contributors: Jonathan Lunine, George Rieke, Don Lindler (GSFC), 
Eliza MillerEliza Miller--Ricci (CfA), Sara Seager (MIT), Tom Greene (NASA/Ames), Ricci (CfA), Sara Seager (MIT), Tom Greene (NASA/Ames), 
Drake Deming (GSFC), and JWST SWG and SI TeamsDrake Deming (GSFC), and JWST SWG and SI Teams



Debris Disks: β PictorisDebris Disks: β Pictoris

JWST



JWST Observations of FomalhautJWST Observations of Fomalhaut

JWST



Direct DetectionDirect Detection

JWST



Mark McCaughrean, a JWST SWG member and 
astrophysicist at the University of Exeter quoted 
b BBCby BBC

"It's like a London bus - you've been waiting for 
one for ages and suddenly four come along atone for ages and suddenly four come along at 
once."

JWST

and more to come!



Flight Mirror A1Flight Mirror A1

JWST



Project Summary DocumentProject Summary Document

• Gardner et al 2006Gardner et al. 2006, 
Space Science 
Reviews, 123/4, 485Reviews, 123/4, 485 
http://jwst.gsfc.nasa.gov/
scientists.html

JWST



Early History of the UniverseEarly History of the Universe
• Horrendous Space Kablooey - exponential 

expansion, primordial fluctuations, 
matter/antimatter, dark matter, dark energy, 

Big 
Bang 

b
, , gy,

13.7 ± 0.2 billion years ago

• Annihilation of antiparticles, 1 part per billion 
matter remaining

seen by 
COBE & 
WMAP

? matter remaining

• Formation of Helium nuclei, 3 minutes, redshift 
z = 109  

Galaxy

?

• [1+z = size of universe now / size then]

• Formation of neutral gas “recombination”, 
389 000 yrs z=1089

Galaxy
assembly

? 389,000 yrs, z=1089

• Population III supermassive stars, super-
supernovae, and black holes, z=17 (age ~ 200 
M )

Galaxies,
stars,

?

JWST

Myr)

• Galaxy formation in small parts, star formation, 
merging and clustering of galaxy parts, until 

planets,
life

Sept. 29, 2009



Possible Early History of EarthPossible Early History of EarthPossible Early History of EarthPossible Early History of Earth
• Sun and first solid bodies in Solar System 4.567 

billion years ago

• Mars-sized body hits Earth, melting everything, 
dispersing volatiles like C and H; debris forms 
Moon, 90 MY AF (after formation)

• C l l E th ibl ith t• Cool early Earth, possibly with water

• Jupiter, Saturn orbits switch twice, clear debris from 
l t “l t h b b d t”solar system, cause “late heavy bombardment”, 

“Hadean” geologic period, many craters, new water 
and carbon delivery to Earth, 400 - 700 MY AF

JWST

• Life forms shortly after

• Sun gets steadily brighter with time warming Earth
Sept. 29, 2009



Continents Floating and MovingContinents Floating and Moving

• Huge volcanic effects on atmospheric• Huge volcanic effects on atmospheric 
composition (CO2, H2S, etc. fluctuate)

•• Vaalbara, 3.3-3.6 billion years ago

• Rodinia, 1100 – 750  million years ago, split y g
into proto-Laurasia, proto-Gondwana, and 
Congo Craton

• Pangaea, 250 MY ago

• Atlantic Ocean opens ~ 100 MY ago

JWST

Atlantic Ocean opens, ~ 100 MY ago

Sept. 29, 2009



Ice Ages Civilization & Future HeatIce Ages Civilization & Future HeatIce Ages, Civilization, & Future HeatIce Ages, Civilization, & Future Heat
• Early Sun much weaker than present (25%) but CO2 kept us 

?warm?

• Huronian Ice Age, 2.7 – 2.3 BYA

• Cryogenian, 850 – 630 MYA, possible “snowball Earth”

• Volcanism releases CO2, enables Cambrian explosion of life

• Andean-Saharan Ice Age, 460 – 430 MYA

• Current Antarctic ice sheet grows, 20 MYA

• Current Ice Age, 2.58 MYA, ending 10,000 YA

• Riss, 180,000 – 130,000 YA (when Homo Sapiens developed?)

JWST

• Wurm, 70,000 – 10,000 YA (begin modern civilization)

• Galileo’s telescope 1609 (International Year of Astronomy)Sept. 29, 2009



Sensitivity & Resolution
• Cameras and R ~ 100 spectroscopy background limited at all 

wavelengths
– 6.5 m mirror much larger than HST, Spitzer - big gains
– Background dominated by zodi light, and at > 12 µm from thermal 

emission from sunshield
– Other stray light from galaxy, sometimes Earth or Moon

• NIRSpec sensitivity detector limited at R ~ 1000
• Image quality

– Diffraction limited (λ/14 rms wavefront) at 2 µm (~ ground AO)
– 0.034 arcsec pixels in NIRCam short band (Nyquist @ 2 µm)
– 0.068 arcsec in NIRCam long band and Fine Guider
– 0.2 x 0.45 arcsec shutters for NIRSpec
– 0.11 arcsec pixels for MIRI camera
– 0.19 - 0.28 arcsec pixels for MIRI image slicer integral field unit

Sept. 29, 2009 80Yale Astronomy



Performance of the Non-redundant phase 
mask

Performance of the Non-redundant phase 
mask

JWST



JWST Instrument Summaryy
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JWST Sensitivities
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Observing the “First” Light
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Assembly of Galaxiesy
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