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Webb will observe at infrared wavelengths
where exoplanets emit most of their light
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Webb will observe at infrared wavelengths
where exoplanets emit most of their light
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~  Longer wavelength images of directly imaged
exoplanetary systems

Keck 3.5 microns o
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Keck 3.5 microns

JWST 4.5 microns
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JWST 11 microns



NIRCam Coronagraphs

round masks bar masks

1.82-2.12pum 3.00-356um 4.10-460um 1.7-22um  2.4-50pum

6 A/D: 2.1 um 6 A/D: 3.35 um 6AND:43um 4 AND:1.05-3.15um 4 ND:2.3-6.9 um

g MASK210R - MASK335R 8 MASK430R e MASKSWB - MASKLWB -

25" 0.40 0.64" HWHM 0.82" 0.13"-0.40" 0.29" -0.88"

» *

neutral density ) attenuation ~ 7.5 mag

squares for 5 X optical density ~ 3
target acquisition (varies with wavelength)

Name Shape Inner Working Angle Wavelength Range
SV MASK210R round 0.40 1.8-2.2 uym
channel MASKSWB bar 0.13 - 0.40” 1.8-2.2 ym
MASK335R round 0.63" 2.5-4.1pum
whid MASK430R round 0.817 2.5-4.6 um
channel
MASKLWB bar 0.29 - 0.88” 2.5-4.8 um

- 5 Lyot coronagraphs, pseudo band-limited
with soft-edged grayscale occulters.

- Round occulters provide 360° azimuthal
coverage for disk observations and planet
searches. Relatively large (HWHM = 0.4-
0.87): optimized for 6 A/D at A= 2.1, 3.3,
4.3.

- Bar occulters provide allow selection of
iInner working angle to match wavelength.
Optimized for 4 A/D. Each filter has its own
location along the wedge.

- Lyot stops suppress PSF wing diffraction.
Throughput = 19%.

- coronagraph optics are outside the FOV
during normal imaging observations.



Most NIRCam filters are available for coronagraphy

Short Wavelength F322W2
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SW filters below 1.8 um unavailable.

has low throughput for A < 1.8 ym

Long Wavelength

Channel

F410M F430M F460M

LW narrow band filters unavailable.
Coronagraph mask anti-reflection coating These are installed in same pupil wheel
as the coronagraph Lyot stops.

Filter
F182M H20, CH4
F187N Paschen Alpha
F200W continuum
F210M H20, CH4
F212N H2
F250M continuum, CH4
F277TW continuum
F300M H20 ice
F322W2 double-wide, max sensitivity
F335M PAH, CH4
F360M continuum
F410M continuum
F430M CO2, N2
F444\W continuum
FA60M CO
F480M cO




Webb will characterize giant planets
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Webb will Characterlze gilant planets

Teff = 1100K, logg = 4. 50 rad = 0.77Rjup, C/O = Solar, y> = 2. 3
—— Teff = 1000K, logg = 3.00, rad = 0.90Rjup, C/O = Solar, y> = 3.5 ||

Rajan et al., 2015
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M I RI CO rOnaQ raphs - 3 four-quadrant phase mask coronagraphs,

at fixed filters: 10.65, 11.4, 15.5 um.
These provide good contrast down to 1 A/D,
but are relatively narrow band. (R~20)

- One Lyot coronagraph. The occulter is
relatively large (optimized for 3 A/D at 23 ym;

r=2.16") but broader bandwidth (R~5)
optimized for sensitivity to disks.

"J' \ /) ""
130"x 30

AQPM:.13.5 um

* ". . "‘ ll l
~t : i

- Coronagraph masks are always in the FOV,
along left side of MIRI imager detector.

Name Type Inner Working Angle Bandwidth
F1065C FQPM 0.33” 0.75 um
F1140C FQPM 0.36” 0.8 ym
F1550C FQPM 0.49” 0.9 ym
F2300C Lyot 2.16” 5.5 um




MIRI Filters for Coronagraphy

0.4
c O Filter
S 903 IOE Fa0c F1550C
o= iy F1065C Ammonia
| 4D
29 F1140C  |Continuum (planets); Si, PAHs (disks)
o o
S g .
2 S F1550C Continuum
15 0 C2300C Continuum, especially for disks

Wavelength [um]

- Ammonia feature at 10.65 ym is main
spectral feature at 5-20 um for cool

NIRCam exoplanet atmospheres (T~ 200-500 K).

I

Lt

;Pé' - Continuum slope from 11.4 - 15.5

: J .| | measures planet temperature.
: ] |

Flux Density (m]y)

=

'J A‘.Ifr i | T - These filters also suitable for studies of
. O ' circumstellar disks and AGN.

Wavelength (zm)

Teff = 1000 K, log(g) = 3.5 model from Barman et al.



NIRCam contrasts: below 10~ at 1”, 10" at 4”

4-5 um
10" ul 0
m— NIRCam spot, 4.3 pm, AWFE = 10 nm

10 — NIRCam wedge, 4.4 um, AWFE = 10 nm &
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Contrast

MIRI contrasts: 104 to 10> forr> 1"

10-15 um

e MIR
— MIR

FOPM, 1065 pm, 10 K
FOPM, 11.40 pm, 10 K

e MIR

FOPM, 1550 pm, 10 K

O5eCc
o550
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Contrasts around G2V star at 10 pc
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MIEI FOQPM, 10.65 pm

plus PCA PSF subtraction using
small grid dithered reference library

Lajoie et al. 2015
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Webb predicted wavefront stability

Worst Case Thermal Slew
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Webb predicted wavefront stability
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NIRCam Mask 433M, F444W

-==No Drift, no misalignments
—:= 10 nm Drift + 7 mas misalignments
40 nm Drift + 7 mas misalignments
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Webb Pipeline & Data Products

‘ramps to CALDETECTOR1 —_—

e

CALIMAGEZ2 CALSPEC2 |

CALIMAGE3¢ CALCORONS3 CALTSO3 g CALSPEC3

L S

Written in python, based on astropy| | Users can replace specific modules
Will be freely available (github)| | Users can rerun all or part of pipeline




at you rect imaging modes...
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Webb will yield key insights regarding the nature of
dust In debris disks

HD 191089 FSTE SIS

101K

Chen et al., 2012

100.0 1000.0 10000.0

1 arcsec

Choquet et al., 2016 =TT
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Webb will yield key insights regarding the nature of dust
IN debris disks

HD 191089 HST STIS

Choquet et al., 2016 -

Courtesy Andras Gaspar et al. (NIRCam GTO)




Webb will yield key insights on the dust location In
debris disks.

Unresolved, Spitzer IR excess  ® Resolved in scattered-light Moral , 2017
Resolved in Thermal emission * Resolved by ALICE

Forward Model NICMOS Image

rons
Choquet et al., 2018

Spectral Type



Webb will yield key insights on the morpholgy of
debris disks.
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Webb will yield key insights on the morpholgy of
debris disks.

Smith and Wyatt, 2010
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Webb will characterize brown dwarfs, giant planets
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Webb will characterize brown dwarfs, giant planets
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Webb will characterize giant planets, spectra
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Webb direct imaging spectra in context
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Webb will characterize giant planets
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Webb will find giant planets around older stars
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Thank you

JWST will enable detection and characterization solid state ices and
silicate features in circumstellar disks.

JWST will spatially resolve the low surface brightness mid-infrared
thermal emission from hundreds of nearby disks for the first time.

JWST will constrain giant planet formation/evolution by detecting
giant planets around older stars than current ground based surveys.

JWST will constrain giant planet formation/evolution by
characterizing most of the already known young giant planets.
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