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Frontier Science with JWST

Outline
1.) Two Slide Primer
2.) Instrumentation
3.) Frontier Science

- Solar System
- Exoplanets
- Resolved Stellar Pops in the Milky Way            
- Resolved Stellar Pops in the Local Volume
- First Galaxies and Stars
- Dark Energy

4.) Community Tools
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1.) Photon Limited Science
2.) Diffraction Limited Science

JWST is AstronomyΩs Next Great Observatory



1.) Photon Limited Science
2.) Diffraction Limited Science

Hubble (D = 2.4 m)
ACS    @ 0.5 mm = 0.043ΩΩ
WFC3 @ 1.6 mm = 0.138ΩΩ

Spitzer (D = 0.8 m)
IRAC @ 3.6 mm = 0.93έ
IRAC @ 8.0 mm = 2.06έ
MIPS @ 24 mm = 6.18έ

JWST (D = 6.5 m)
NIRCam @ 2 mm = 0.063ΩΩ
NIRCam @ 4 mm = 0.126ΩΩ
MIRI @ 10 mm = 0.317ΩΩ
MIRI @ 20 mm = 0.635ΩΩ

Diffraction Limits

But, Hubble pixels are 0.04 ς0.05έat <1 mm and 0.13έat >1 mm
Spitzer pixels are 1.2έat <8 mm and 2.55έat 24 mm

Hubble can not achieve Nyquist sampling of the diffraction limit
Spitzer only achieves Nyquist sampling of limit at l> 24 microns

JWST NIRCam has two modules, with pixel size 0.0317έat <2.5 mm and 0.0648 at >2.5 mm
JWST MIRI has pixel size of 0.11 arcsec

JWST achieves Nyquist sampling of the diffraction limit at 2 mm, 4 mm, and 7+ mm

JWST is AstronomyΩs Next Great Observatory



The Hubble UDF
(F105W, F125W, F160W)

Simulated JWST



The Near Infrared Camera (NIRCam)
- Visible and near infrared camera (0.6 ς5 micron)
- 2.2Ωx 4.4Ωfield of view, diffraction limited
- Coronographs

The Near Infrared Spectrograph (NIRSpec)
- Multi-object spectrograph (1 ς5 micron)
- 3.4Ωx 3.4ΩFOV, 0.1έpixels
- R = 1000 and 2700 gratings; R = 100 prism
- 3έx 3έIFU

NIRCam

NIRSpec

JWST Instruments: Imaging, Spectroscopy, & Coronography



The Mid Infrared Instrument (MIRI)
- Mid-infrared camera and spectrograph (5 ς28 microns)
- 1.9Ωx 1.4Ωimaging FOV, 0.11έpixels
- R = 100 slit spectrograph (5 ς10 micron) and IFU (R = 3000)
- Coronographs

The Near Infrared Imager and Slitless Spectrograph (NIRISS)
- Infrared imager and slitless spectrograph
- 2.2Ωx 2.2ΩFOV

The Fine Guidance Sensor (FGS)
- 2.4Ωx 2.4Ωimager for target acquisition
- Rapid readout of subarray for ACS control
- 95% probability of finding a guide star anywhere in sky

MIRI

NIRISS and FGS

JWST Instruments: Imaging, Spectroscopy, & Coronography



Program
- Nearly 200 participants
- Mix of invited and contributed talks focusing on science potential
- 40 poster presentations
- 1/3 of total time was reserved for discussion
- PIs described instrument capabilities to deliver forefront science
-tǳōƭƛŎ ¢ŀƭƪΣ 9ŘǳŎŀǘƛƻƴ 5ƛǎǇƭŀȅΣ IǳōōƭŜ о5 ǾƛŜǿƛƴƎΣ {ŎƛŜƴŎŜ ²ǊƛǘŜǊǎ ²ƻǊƪǎƘƻǇΣ Χ

SOC Chair ςWendy Freedman                                                  STScI ςJune 6 ς8th, 2011

Frontier Science Opportunities with JWST



Science Highlights

ÅStrong Lensing to Study the Evolution of Galaxies ςTommaso Treu (UCSB)

ÅHigh Precision Measurements of H0ςAdam Riess (STScI / JHU)

ÅFinding the First Cosmic Explosions with JWST ςDaniel Whalen (Carnegie Mellon Univ.)

ÅA Compendium of Kepler Discoveries for JWST Follow Up ςWilliam Borucki (NASA ARC)

ÅObserving the First Galaxies ςRichard Ellis (Caltech)

ÅSolar System Opportunities with JWST ςHeidi Hammel (AURA)

ÅGas in Protoplanetary Disks ςThomas Henning (MPIA)

ÅActive Galactic Nuclei with JWST ςJane Rigby (GSFC)

ÅStar Formation in Galaxies in the Era of JWST ςDaniela Calzetti (UMass)

ÅMid Infrared Observations of High Redshift Galaxy Evolution ςAlexandra Pope (UMass)

https://webcast.stsci.edu/webcast/
(Click άWebcast Archivesέ)

Frontier Science Opportunities with JWST

https://webcast.stsci.edu/webcast/


Science Highlights

ÅExotic Endings for Massive Stars ςShri Kulkarni (Caltech)

ÅRobust Predictions for High-z Galaxies: What will we Learn with JWST ςAndrew Benson (Caltech)

ÅThe άFinal Frontierέof Star & Planet Formation:Piled Deeper & Wider ςMike Meyer (ETH,Zurich)

ÅExoplanet Discovery and Characterization with JWST ςJeff Valenti (STScI)

ÅWeaving Circumgalactic Webs: The View from the Webb Telescope ςCrystal Martin (UCSB)

ÅThe Evolution of Chemical Enrichment and Outflows at z ~ 1-6 ςAlice Shapley (UCLA)

ÅProbing Galaxy Stellar Mass Assembly in the Universe with JWST ςKarina Caputi (Edinburgh)

ÅResolved Stellar Populations in the Near IR ςJason Kalirai (STScI)

ÅProbing the Dissipation of K.E. In Phases of Galaxy Evol. with JWST ςPierre Guillard (Caltech)

ÅStar Formation in the Milky Way and its Neighbors in the Mid-IR ςChristine Wilson (McMaster)

https://webcast.stsci.edu/webcast/
(Click άWebcast Archivesέ)

Frontier Science Opportunities with JWST

https://webcast.stsci.edu/webcast/


Solar System Science with JWST

"There are three main areas in which collaboration with other parts of NASA could benefit 
the solar system exploration program....the Hubble Space Telescope has a long history of 
successful planetary observations, and this collaboration can be a model for future 
telescopes such as the James Webb Space Telescope.έ

Hubble,Spitzer,andHerschel

- Discoveryof new moonsaroundPluto

- Discoveryof the largestring aroundSaturn

- Characterizationof CeresandVesta,others

- Discoveryof new KuiperBeltObjects(KBOs)

- Detailedstudiesof cloudstructurein GasGiants

- Torusof water vaporon Saturn

- Ocean-likewater on Jupiter-familycomet

- Long-term monitoringof the Martian atmosphere

- AndmuchmoreΧ

VisionandVoyagesfor PlanetarySciencein the Decade2013-2022



PointingControlSystem

Enables observations of solar system objects with rates of motion up to 0.03 
arcsec per second.  Includes all planets and asteroids beyond EarthΩs orbit.

Mars

ÅTime-resolved NIR spectroscopy will reveal the variability of atmospheric species including 

CO2, CO, and H2O and constrain radiativeand absorptive properties of airborndust, 

enabling photochemical and dynamical modeling of the Martian climate.

JupiterandSaturn

ÅMIR med-res. spectroscopy and IFU data will explore phosphine and methane fluorescence, 

which link to the vertical dynamics and thermal structure of the upper atmosphere.

ÅProvide a global context on large-scale weather patterns for high-resolution studies from 

complementary planetary missions (e.g., Juno and Cassini).

Solar System Science with JWST



UranusandNeptune

ÅImage spectral features from high latitudes in each planet with high sensitivity and map clouds.

ÅSpectral characterization of H3
+, CO in fluorescence, detailed mapping of 5 micron window, 

search for minor species, and measure isotopic ratios of major elements.

ÅMIR observations will measure temporal variations in temperature, resolve sources of 

underlying driving dynamics, and disentangle causes of rotation modulation.

Solar System Science with JWST
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Enables observations of solar system objects with rates of motion up to 0.03 
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KuiperBeltObjects(KBOs)

ÅImageall knownKBOsin the MIR

ÅR= 100NIRspectroscopywith S/N= 20 in 3 hours(V< 25); R>100for bright KBOs

1.) Constrainsurfacecompos. (H2O,CH4,CH3OH)& volatileinventories; first spectraat 2.5ς5 microns.

2.) Addressthe dynamicalandchemicalhistoryof the solarsystem; test formation theories.

ArtistΩs impression of a binary KBO

Solar System Science with JWST



DwarfPlanets

ÅTime-resolvedimagingof Pluto,Eris,Sednaandother dwarf planets

ÅIRspectroscopyof largebodiesin the outer solarsystem

1.) Revealseasonalbehaviorsandsurfacecompositions.

2.) Trackvariationsin N2 andCH4; discovernew organicmolecules/ices.

3.) Explorecorrelationsbetweenatmosphericchemistrychangesandalbedo.

TheMassof Eris

(Hubble+ Keck)

Solar System Science with JWST

KuiperBeltObjects(KBOs)

ÅImageall knownKBOsin the MIR
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2.) Addressthe dynamicalandchemicalhistoryof the solarsystem; test formation theories.



ΧŀƴŘ ƳǳŎƘ ƳƻǊŜΣ ƛƴŎƭǳŘƛƴƎ Icy Moonsand Comets

1.) Lunine, J. et al. (2010), άJWST Planetary Observations within the Solar Systemέ

2.) Sonneborn, G. et al. (2009), άJWST Study of Planetary Systems and Solar System Observationsέ

3.) Planetary Science with JWST Flyer, http://www.stsci.edu/jwst/news/2011/DPS2011_JWSTFlyer.pdf

Solar System Science with JWST

DwarfPlanets

ÅTime-resolvedimagingof Pluto,Eris,Sednaandother dwarf planets

ÅIRspectroscopyof largebodiesin the outer solarsystem

1.) Revealseasonalbehaviorsandsurfacecompositions.

2.) Trackvariationsin N2 andCH4; discovernew organicmolecules/ices.

3.) Explorecorrelationsbetweenatmosphericchemistrychangesandalbedo.

KuiperBeltObjects(KBOs)

ÅImageall knownKBOsin the MIR

ÅR= 100NIRspectroscopywith S/N= 20 in 3 hours(V< 25); R>100for bright KBOs

1.) Constrainsurfacecompos. (H2O,CH4,CH3OH)& volatileinventories; first spectraat 2.5ς5 microns.

2.) Addressthe dynamicalandchemicalhistoryof the solarsystem; test formation theories.

http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Solar_System.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Solar_System.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_Solar_System.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_planetary.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_planetary.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/JWST_planetary.pdf
http://www.stsci.edu/jwst/news/2011/DPS2011_JWSTFlyer.pdf


Exoplanet Discovery and Characterization with JWST 

Kepler

Planetarycandidatesin 1st datarelease

Å1235candidates

Å68Earth-sizedplanets

Å54candidatesin habitablezone

Å5.4%of starshostEarthsizedplanetarycandidate

TransitingExoplanetSurveySatellite(TESS)

ÅSelectedNASAExplorerProposalfor PotentialFutureMission



Application Planet Type Res. JWST ScientificInvestigations

Transit Light Curves Gas Giants
Intermediate Mass
Super Earths
TerrestrialPlanets

5
5
5
5

- Planet prop. w/ RVs (mass, radius) Ą physicalstructure
- Detectionof terrestrial transits
- Transit timing: detection of unseen planets

Phase Light Curves Gas Giants
Hot Neptunes

5
5

- Day to night emission mapping
- Dynamical models of atmospheres

Transmission 
Spectroscopy

Gas Giants
IntermediateMass
Super Earths

3000
100-500
<100

- Spectral line diagnostics
- Atmosphericcomposition measurements (C, CO2, CH4)
- Follow up of survey detections

Emission 
Spectroscopy

Gas Giants
Intermediate Mass
Super Earths

3000
100-500
<100

- Spectral line diagnostics
- Temperaturemeasurements
- Follow up survey detections

M. Clampin et al. (2009), JWST White Paper, 
άComparative Planetology: Transiting Exoplanet Science with JWSTέ

JWST/NIRSpecwill measurephasecurvesof exoplanetsaroundnearby
M dwarfsin 1 hour.

Exoplanet Discovery and Characterization with JWST 

file://localhost/%E2%80%9CComparative%20Planetology/%20Transiting%20Exoplanet%20Science%20with%20JWST%E2%80%9D
file://localhost/%E2%80%9CComparative%20Planetology/%20Transiting%20Exoplanet%20Science%20with%20JWST%E2%80%9D
file://localhost/%E2%80%9CComparative%20Planetology/%20Transiting%20Exoplanet%20Science%20with%20JWST%E2%80%9D


Atmospheric transmission spectrum (4 hours) for HD209458-like Kepler source 
using NIRSpec (R=3000).  Simulation from J. Valenti

JWST can detect water in habitable zone Super Earths.

Exoplanet Discovery and Characterization with JWST 



LocalCalibrators

ÅStarclustersrepresentexcellenttools for testingstellarevolutionmodels

ÅConstituentstarsarecoeval,iso-metallic,andco-spatial

ÅHSThasbeena gamechanger,especiallyat visiblewavelengths

JWST and Resolved Stellar Pops in the Milky Way

Complete Stellar Pops of a Cluster
J. Kalirai et al. (2011, submitted)

A wide-field view of 47 Tuc and the SMC


