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First Exoplanet Detected In 1995.....

Planet Frequency

In 2018, More than 3500 Confirmed Exoplanets

Planets not to scale



Potential for >300 Exoplanets @i %"
with Characterization
Observations

In the era of Hubble & Spitzer

>100 Exoplanets with
Characterization Observations




Webb will observe exoplanets at molecule-rich
infrared wavelengths
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Webb will observe at infrared wavelengths
where exoplanets emit most of their light
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Webb will probe exoplanets in primarily two ways...

High-Contrast Imaging High-Precision Time-Series Observations



High-Contrast Imaging with Webb

exoplanet beta pi
beta pictons b

High contrast at longer wavelengths: 3-5 ym, 10+ ym

L3

. ‘ Much deeper sensitivity & wider field of view than AQ.

Options: NIRCam & MIRI coronagraphs, NIRISS AMI,

or non-coronagraphic PSF subtraction with any
instrument.

F1140C Sim. MIRI obs of Fomalhaut
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Teff = 1000 K, log(g) = 3.5 model from Barman et al.



NIRCam Coronagraphs

round masks bar masks

1.82-2.12um 3.00-3.56 pym 4.10-4.60um 1.7-2.2um 24—-50um

6 AMD: 2.1 um 6 A/D: 3.35 pm 6AND:43 um 4 AD:1.05-3.15um 4 A/D: 2.3 -6.9 uym

:, MASK210R o MASK335R 8 MASK430R e MASKSWB . MASKLWB -

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

pointing »
shifts |

H

neutral density - ; attenuation ~ 7.5 mag
squares for optical density ~ 3
target acquisition (varies with wavelength)

Name Shape Inner Working Angle Wavelength Range
S\ MASK210R round 0.40” 1.8-2.2um
channel MASKSWB bar 0.13 - 0.40” 1.8-2.2um
MASK335R round 0.63" 25-41pum
Ch;\;\/ﬂel MASK430R round 0.817 2.5-4.6pum
MASKLWB bar 0.29 - 0.88" 2.5-4.8 pum

- 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 =
0.4-0.8"): 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.



Contrast [5 o]

NIRCam contrasts: below 10> at1”,10-7 at 4”
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Most NIRCam filters are available for coronagraphy

Short Wavelength F322W2
Channel
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SW filters below 1.8 um unavailable.

has low throughput for A < 1.8 um

Long Wavelength

Channel

F410M F430M F460M
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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 H20O ice
F322W2 double-wide, max sensitivity
F335M PAH, CH4
F360M continuum
F410M continuum
F430M CO2, N2
F444\W continuum
F460M CO
F480M CO
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MIRI Coronagraphs

+ 3 four-quadrant phase mask coronagraphs,
at fixed filters: 10.65, 11.4, 15.5 ym.
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 pym;

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

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

F1065C FQPM 0.33" 0.75 um
F1140C FQPM 0.36" 0.8 um
F1550C FQPM 0.49" 0.9 um

F2300C Lyot 2.16" 5.5 um




Contrast [5 o]

MIRI contrasts: 10-4to 10> forr> 1"
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plus PCA PSF subtraction using
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MIRI Filters for Coronagraphy

04

. Filter
% 50'3 e 2300 F1065C Ammonia
S5 i
*i’ § 2 / \ F1140C Continuum (planets); Si, PAHs (disks)
§ %0'1 f F1550C Continuum
5 : 2 i C2300C Continuum, especially for disks

Wavelength [um|

- Ammonia feature at 10.65 ym is main
spectral feature at 5-20 ym for cool
exoplanet atmospheres (T~ 200-500 K).

- Continuum slope from 11.4 - 15.5
measures planet temperature.

Flux Density (m]y)

- These filters also suitable for studies of
55 . . . circumstellar disks and AGN.

Wavelength (xm)

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



Webb High-Contrast Imaging Summary

NIRCam MIBY NIRISS
-5 um 5-27/ um 2.7-5 um
> coronagraph options 4 coronagraph options Aperture Masking Interferometry
WA 03-04" (3ND) WA 03-05" (IND) IWA  0.04 - 0.07" (N2D)
Contrasts le-5- le-6 Contrasts le-3 - |e-4 Contrasts le-3 - |e-4

F360M, F410M, F460M
Combined Subtractions

MIRI Quad Phase Mask PSF NIRISS NRM lab test PSF

Simulation by John Krist Simulation from Lajoie et al. 2014 Data courtesy of Greenbaum & Martel



High-Precision Time-Series Spectroscopy and Imaging with Webb

Time-series modes exist for all four of Webb’s
nstruments:

- Dithers disabled by default
»  Exposures can exceed 10,000 seconds
- Subarrays for bright targets

Spectroscopy available from 0.6-12 microns,
enabling exploration of a broad range of
molecular signatures and more!

Probes exoplanets at wavelengths beyond 5
microns for the first time since the end of the

Wavelength (zm)

Wavelength (zm)
Barstow et al. (2015)




NIRISS Single-Object Slitless Spectroscopy (SOSS)
0.6 - 2.8 microns

First space-based instrument
mode designed specitically for
high-precision time-series

observations of exoplanets!

Beichman et al (2014
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Saturation Limits: J~7.2 (256 x 2048 subarray)



NIRCam Photometry & Slitless Grisms
0.6 - 5 microns
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NIRSpec Fixed “Slit” (1.6” x 1.6” aperture)

0.6 - 5 microns
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MIRI Slitless Low-Resolution Spectroscopy (LRS)
5 - 12 microns

MIRI LRS
Slitless
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Webb Photometric Modes for Time-Series

Observations

Relative Flux

10 12 14 16 18
Wavelength (microns)

Deming et al. (2009)

Saturation Limits

Hm
5.6
7.7
10.0
11.3
12.8
15.0
18.0
21.0
25.5

Jy
0.42
0.24
0.52
2.25
0.95
1.23

2.2

2.2

6.4

Glasse+ 2015

M
6.1
6.0
4.7
2.8
3.5
2.9
1.9
1.5

0.0
G2V

NIRCam + OTE Throughput

Short Wavelength  F1sow2 F322W2

Long Wavelength

G = supported for use
with grism time series

FO70W  F115W F150W F200W
FO90W

F140M F162M F182M F210M B F250M F300M F335M F360M F410M F430M F460M
- , FA80M
P = in pupil wheel
**1" (includes throughput
of a filter in filter Wheel j\\

F164N F187N F212N F323N

M ]

F466N
F470N

P

1.5 2.0 2.5 3.0 3.5
Wavelength (microns)
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K-Band Magnitude

Webb TSO Target Acquisition Strategies

NIRCam Target Acquisition

HD 219134 b
| offset TArange |~~~ __ T
44| without saturating | ... ... o O e
(7.2 < K< 18.7)
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10 A Simulated TESS Planets —— 0 Partial, 1 Full, <0.1 Pix. Acc.
Confirmed Transiting Planets --- 4 Partial, 1 Full, <0.1 Pix. Acc.
— F322W2 Brightness Limit —-= 0 Partial, 5 Full, <0.5 Pix. Acc.
- == F444W Brightness Limit  =---- 0 Partial, 9 Full, <1.0 Pix. Acc.
12 - BN W o e e el e S :
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K-Band Magnitude

NIRSpec Target Acquisition

HD 219134 b

WATA offset TA range
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HD 209458 b

8 -
10 ~
m
Simulated TESS Planets — (0 Partial, 1 Full, <0.1 Pix. Acc.
Confirmed Transiting Planets --=- 1 Partial, 1 Full, <0.1 Pix. Acc.
— Spectroscopy Brightness Limit  ----- 3 Partial, 2 Full, ~0.5 Pix. Acc.
12 - BN W e e el e S :
2000 3000 4000 5000 6000 7000

Stellar Temperature (K)

8000

TA offset and saturation are proven strategies leveraged by Spitzer and Hubble

With FGS alone positional errors range from 0.5-1 arcsec (a few _pixels)




Webb High-Precision Time-Series

Spectroscopic Modes

0.6-2.8 microns 2.5-> microns

Slitless Spectroscopy Slitless Spectroscopy

J > 6 R~7OO |< > 35, R"’ ‘450
NIRSpec
| -5 microns MIR

5-12 microns

1.6” x |.6” | t
>X5’ D\NZEI%S PETHTE Slitless Spectroscopy

| >95, R~100

Exoplanet Transit Time Series
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Single Transit/Eclipse
Precisions ~30-100 ppm



Webb Plpeline & Data Products

‘ramps to CALDETECTORL1 e

| CALIMAGE?Z I CALSPEC2 |

MAST

CALIMAGE3§ CALCORONS CALAMIS CALTSO3 ’ CALSPECS |

Written in python, based on astropy| |Users can replace specitfic modules

Will be freely available (github)| |Users can rerun all or part of pipeline
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Coming Soon to a Webb near you...

e NIRCam simultaneous short wavelength (SW)
and long wavelength (LW) coronagraph mode

e 100% efticiency read modes (read-reset) for
NIRISS and NIRSpec

e NIRCam Dispersed Hartmann Sensor (DHS)
SW+ LW Grism Spectroscopy

e NIRISS SOSS+F277W calibration option

e Target Acquisition (TA) enhancements for
NIRCam, MIRI, and NIRSpec 0. Schlawin et al (2017)

Greene et al (2016)

All require onboard-script recertification and other ground system work.
Prioritization set with input from JSTUC In February 2018.



.
..
-
-
A ..
e i d
.
¥
.
»
.
Ed
-y
-
-
Y
-
-
L
’
-
-
.
.
.

L T

features..

’
’ . »
L
® -
-
. .
*
L
- -
»
o .
. - - .
-
:
.
- o ph ' ° -
B £
® .
-
. -
i g -
o -
. -
» = .
‘.
- B .
-
. .
e .
-
-
L]
) - LR
- »
. s -
L]
L
. )
L
n
.
's
.
-~ e
. - .
- . e
-
. ’ N .
.



Webb will probe selt-luminous exoplanets, brown
dwarts and disks to provide critical insights into
planet formation and evolution

Debris disk dust composition and ices

Exoplanet and brown dwarf atmospheres Tholin ref
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Figure courtesy Andras Gaspar et al. (NIRCam GTO)



Webb will provide compositional mformatlon
for a large sample of giant exoplanets
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Webb will help to determine the nature
of Super-Earths and Mini-Neptunes
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Earth-sized
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Webb will allow us to probe the climates
Of dIStant WorIdS Plangt Emission Specltrum

Thermal Profile

1 1 lo-g 1 |
Phase = 0.00
. 800 | -
Tidally Locked
~~ 2L
g- A 10
2 600 | 1z
— 0
) § ;
S = 1L i
E 0 400 | | £ 10
ig v tg
5 Z O
R a
2 200} 1 100} ;
0} g
1 1 1 101 1 1 ] | |
1.1 1.2 1.3 1.6 1.7 O 500 1000 1500 2000 2500
Waxing Wavelength (i) Temperature (K)
Airless
D Vepor Brightness Temperature Maps
Croa 1.21 um 1.42 pum 1.63 um

S " - ’.."

20 30 40
time from inferior conjunction (days)
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(Ppm)

Transit Depth
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Eclipse Depth
(ppm)

Webb will give us important insights into rocky planet

atmospheres beyond our Solar System

Barstow et al. (2016)
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Credit: NASA/JPL-Caltech/R. Hurt, T. Pyle (IPAC)



Web/o Exop\anet Team @ STSc

Kevin Stevenson & Sarah Kendrew Laurent Pueyo & Julien Girard
JWST Transiting Exoplanet JWST Coronagraphy
Workmg Group Lead & Deputy Working Group Lead & Deputy

< '

Nikole Lewis & Jeff Valenti
JWST Project & Mission Scientists

JWST Transiting Exop\anet WG Telecon
Thursday January 25th 11 am-12 pm §




Webb Cycle 1 Science Timeline

How can we help? | |

:commissioningE
jwsthelp.stsci.edu

(6 mo) *Cy 1 Science
: "Observations
" Begin

! Supplemental

\ 4 . GO Call |

2019 2020

Director’s Discretionary ’
Early Release Science Approximate given
(DD ERS) three month launch

Guaranteed Time w

Observers
JWST Cycle 1 GO Deadline
April 6th, 2018 8pm ET




The Future of Exoplanets with Space-Based
General Purpose Observatories is Bright!

JWST Cycle 1 GO Dea'dline
April 6th, 2018 8pm ET

10% - 20% GO 7777 W



