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** Kepler & K2
Future Exoplanet
Missions
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My Roles at NASA Goddard

e Civil Servant

e Research Astrophysicist

e TESS Guest Investigator Program Office Deputy Director
e JWST Deputy Project Scientist for Exoplanet Science

e Pandora Project Scientist

(*also formerly the HST Deputy Operations Project Scientist)
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e Civil Servant
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e TESS Guest Investigator Program Office Deputy Director

e JWST Deputy Project Scientist for Exoplanet Science
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. TESS Mission (2018+) = -
| Asearch forsmallplanets around e
~_nearby stars that are "easy” tostudy © -



TESS Prime Mission Sky Coverage

Southern Ecliptic | - Northern Ecliptic
Hemisphere s T of Hemisphere

July 2018-2020

Credit: NASA's Goddard Space Flight Center/MIT/TESS/Ethan Kruse (USRA) |7



Mission Data & tools ~

vasa | ESS

tess.gsfc.nasa.gov

Q Key Information

@ The TESS extended mission
£} Telescope information

& How to access the data

(Y Web TESS target tool

31 Observing dates

& Proposing science

- (Citizen Science

®, \/olunteerto serve on areview

¥ Do you a have news-worthy TESS
result?

© Outreach resources

@ Publications

Observations ~

Proposing ~

€ Helpdesk

FOX10
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http://tess.gsfc.nasa.gov

James Webb
Space Telescope

An infrared optimized
.5-meter diameter
elescope slated to —

launch in 2021 : =1

MIRI esa, spL) NIRcam university of Arizona)

B
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'JWST sunshield deployment ( Oct.v 2019)\‘.‘ Credit: NASA / Chris Gunn
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Telescope aligned ‘E

NIRISS ready
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Launch .Deployed

Reach L2 oo ,
.MCCIa bum ] : Thermal charactertl. MIR' ready
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100 120 140
Days after launch LY
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180

Credit: NASA

James Webb Space Telescope User Documentation

Home | Quick Links v

Proposing Opportunities

e JWST Opportunities and Policies
> Callfor Proposals for Cycle 1

e Director's Discretionary Early Release
Science Call for Proposals

> Cycle 1 Guaranteed Time Observations Call
for Proposals

> General Science Policies

> James Webb Space Telescope Science
Policies Group and Review Information

> James Webb Space Telescope Grants
Preparation

Search

Home / Methods and Roadmaps / JWST Time-Series Observations

JWST Time-Series Observations ,£>

JWST time-series observations provide a way to monitor time variable phenomena, with observations optimized for detecting faint variations
in flux over short or long timescales.

On this page

e Time-series observation with JWST

e Instrument modes for TSOs

e TSOsroadmaps

e TSOs example science programs 20




JWST Cycle 1 Transiting Exoplanet Targets

o +200" O % i\z TESS-discovered exoplanets
P
2 2000 o 4 S O Other exoplanets
o O
S o O
2 1500
: > &
£ ” ° % 9o
= 1000 W NG o O oo
o g . O
o, §
& 500 - % % ®
6 %n © I

Planet Radius (Rg)

(K. Colon) N
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Multiwavelength Characterization of
Exoplanets and their Host Stars

»” ';
R

NASA Selects 4 Concepts

for Small Missions to Study
Universe’'s Secrets

Pl Elisa Quintana Deputy Pl Jessie Dotson
NASA Goddard Space Flight Center 2 NASA Ames Research Center
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Pandora Is a SmallSat desig

thelr host stars wit
photomet

N o

v a

nd |

ned to observe transiting exoplanets ana
ng time-baseline, simultaneous visible

nfrared spectroscopy to:

|.determine the spot and faculae covering fractions of exoplanet host stars
and the impact of these active regions on exoplanet transmission spectra

2.1dentify exoplanets with hydrogen- or water-dominated atmospheres, and
determine which types of planets are covered by clouds and hazes

Launch Date |[mid 2020s

Mission Duration |12 months

Payload Telescope (0.45m)

Visible photometry

Channels
IR spectroscopy
Orbit LEO Sun-Synchronous
20 stars (K and M dwarfs) with 20
Targets

planets (Earth to Jupiter size)

23
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VISIBLE CHANNEL

Brightness of star changes as it rotates
90° 180°

Visible photometry ° |
captures stellar
brightness over time

— True planet spectrum
Range of inferred planet spectra

<
N~
c &
— Q
D O
O)~
cC wm
- ~- S
. True planet spectrum © S
Simultaneous IR SelClaigeNdels) (uhat Pandora willobtain) 25
% S
o

captures variations in spectra «’W' qn JJI
over time ‘ ’ ’h# !‘n

900 1100 1300 1500

logether, the visible photometry + spectroscopy provides constraints on star spot coverage, which Is
needed to disentangle the star and planet spectra, providing robust measurements of the planet’s

true atmospheric makeup
24



‘Q'-. Pandora Mission At-A-Glance

Poq (o

Pandora provides unique,
continuous dual-band data to
determine stellar photosphere
properties and disentangle star
and planetary signals in trans-
mission spectroscopy.

s

Mission Overview

Launch Date Mid-2020s

| Payload Telescope (0.45m)

Channels Visible photometry

IR spectroscopy

| Orbit Sun-sync LEO

kScience Operations 1+ years

Wavelength Visible channel |<simultaneous»  |R channel

_ / . y

v v

Time-varying star brightness Time varying spectrum

Wnl:gggﬁ:\_l'e (in visible band where stellar (in IR band where water is
: variability has high contrast) \ / strong molecular absorber)

What do Star spot and faculae brightness contrasts (from visible) and covering

measurements , _ _ .
provide? fractions (from Vis+IR) as a function of time & stellar rotation

Stellar atmosphere contribution Star-corrected planet spectrum
Whatdowe to planetary spectrum + deeper -5 revealing composition of intrinsic
learn? understanding of stellar planetary atmospheres (water,
heterogeneity hydrogen, clouds)

Why are the Pandora will produce the first long-duration dataset with simultaneous visible
data unique? photometry and IR spectroscopy of exoplanets and their host stars.

Whv Now? Pandora will inform JWST exoplanet transmission spectroscopy
y ROwW: analyses, and operate concurrently with JWST.

25




The Pandora Team

: . Nikole Lewis ames Mason Srett Morris
tlisa Quintana Jessie Dotson Knicole Colon Pete Supsinskas J :
Mission Operations Lexd Scdence Team

Deg

Daniel Apai Thomas Barclay Jessie Christiansen Emily Gilbert Susan Mullally Elisabeth Newton Joshua Pepper Benjamin Rackham

Instrument Scentist rehive Scientist S lence Team science Team Science Team

'

lence Team

La1Y
_

+ lots more
from LLNL

lom Greene Christina Hedges Kelsey Hoffman tov Jason Rowe Joshua Schlieder Allison Youngblood

xchience Teamn Data Frocessing Lead sdence Team SClence Team Science Team Science Team Sdernce Team

gishops Uriversity NASA GSHC LASFAN
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Pandora SmallSat Timeline

2021 2022 2023 2024 2025 2026
J|FIM[AM[J[J[A[s 0[NID[J|F|mIA[M|J[J|A[s|O[N|D|J|FM[AIM[J[J]AIS|OIN|D]|J|FIM[A[M[J|J[A[S[O[ND[JF|MIAM|J]JIA[S|O[N|D|J|F|M|A[M[J]J|A[S|OIN|D

NASA Phase M Prelim design Final design & fabrication Assembly, I&T _

¢ Selection \/ Start of Science  \/ End of Flight

Major Milestones & CSR Delivered & Launch 11/1

Current Status: Preparing the Concept Study Report
Six month timeline

* Engineering trade studies on detectors, thermal design, etc

* Developing notional “year in the life” observing plan

* Simulating observations of benchmark targets to
demonstrate science capability

27






An Introduction to KELT-11Db

Density of
Saturn

increasinily low density
KELT-11b
® Lo

D

» Part of a growing population of “sub-
Saturns” and has one of the lowest

densities of any known exoplanet
(Mp =0.17 My and Rp = 1.3 Ry)

* Has a very bright slightly-evolved
sub-giant host star, leading to a
relatively shallow and long (7 hour)
transit

j—
-
|

(=)
(O
-
N
D
S
>
et
C _
5y O
O
>
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4
g
4
N
@
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—
N

* One of the best targets for
atmospheric studies all-around Planet Density (g cm™>)
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Transmission Spectroscopy of KELT-11b

Retrieved Model Smoothed 1o 20

0.24

HST

Transit Depth (%)
-
b
X

0.20 TESS
Spitzer
0.18
0.3 0.4 0.5 0.6 0.7 0.80.91.0 2.0 3.0 4.0

Wavelength (pum)

30 Colén et al. 2020



Transmission Spectroscopy of KELT-11b

- Retrieved Model Smoothed 1o 20

0.24

Transit Depth (%)
- -
b b
S X

TESS

TESS provided the first precise
optical transit depth for KELT-11b

0.18
0.3 0.4 0.5 0.6 0.7 0.80.91.0 2.0 3.0 4.0

Wavelength (pm)

31 Colén et al. 2020



Transmission Spectroscopy of KELT-11b

- Retrieved Model Smoothed 1o 20

0.24

HST

Transit Depth (%)
-
b
X

0.20 TESS ki v
The TESS transit depth is higher than the %
HST transit depth(s) overall, suggesting the - |
presence of an additional optical absorber Spltzer
0.18
0.3 0.4 0.5 0.6 0.7 0.80.91.0 2.0 3.0 4.0

Wavelength (pm)

32 Colén et al. 2020



Transmission Spectroscopy of KELT-11b

- Retrieved Model Smoothed 1o 20

0.24 The HST transmission spectrum is one of
the most precise ever measured, with a
median uncertainty on the depth of 16 ppm

Transit Depth (%)
-
b
X

'Y HST
:
0.20
Spitzer
0.18
0.3 0.4 0.5 0.6 0.7 0.80.91.0 2.0 3.0 4.0

Wavelength (pm)

33 Colén et al. 2020



Transmission Spectroscopy of KELT-11b

- Retrieved Model Smoothed 1o 20

0.24 The HST transmission spectrum displays a
low-amplitude water absorption feature, but
the spectrum is notably unusual in shape

Transit Depth (%)
-
b
X

'Y HST
:
0.20
Spitzer
0.18
0.3 0.4 0.5 0.6 0.7 0.80.91.0 2.0 3.0 4.0

Wavelength (pm)

34 Colén et al. 2020



Transmission Spectroscopy of KELT-11b ...

We find strong evidence for water absorption

and tentative evidence for other absorbers in
the atmosphere of KELT-11b based on
TESS, HST, and Spitzer transit observations

The near-infrared transmission spectrum is
particularly unusual in shape, possibly
suggesting absorption from HCN

The retrieved water abundance is extremely
low and generally <0.1x solar composition,
which is several orders of magnitude lower
than expected from planet formation models

35
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absorption
feature?

IKELT-11Db
Planet Equil. Temp. = 1718 K
Star Metallicity = +0.17

N

-
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|
-

WASP-127b
1Planet Equil. Temp. = 1400 K
Star Metallicity = —0.18

|
N
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Wavelength (microns)

Colon et al. 2020



New results coming soon!

We recently observed another transit of KELT-11b in the HST/WFC3 G102
bandpass in December 2020, which provides further constraints on the

optical slope and the presence of any optical absorbers
0.23

—— Retrieved Model Smoothed 1o 20

0.22 WFC3
DN
> wrcz G141
@021 G102 inl
-
=
2 0.20
m -I_
- y

0.19 |

0.4 0.0 0.8 1.0 1.2 1.0 2.0

Wavelength (pum)

36 Colon et al. in prep



"My” Research Group

John Ahlers Dana Louie Steven Villanueva
NPP Fellow NPP Fellow NPP Fellow (09/2021)

.
-

A1 1g1—4—
Ben Hord Ryan Morris Lauren Arnold Kaylin Borders
FINESST Graduate = Summer Intern Summer Intern High School Intern

Student Fellow 2019 37 2017 2017-2018



“Oour” Research Group

Ethan Kruse Dana Louie

Rishi Paudel Michele Silverstein Laura Vega Emily Gilbert Ben Hord
38



KELT-9 b's Asymmetric TESS Transit Caused by Rapid Stellar Rotation and
Spin-0Orbit Misalignment (John Ahlers et al. 2020)

e This is the hottest known exoplanet by far, with a dayside equilibrium
temperature of ~4600 K

e [t has a misaligned orbit around a rapidly-rotating host star, leading
to extremely gravity-darkened light curves

10200 K

B 9400 K

A

Ahlers, Johnson, Stassun, Colon, et al. 2020
NASA's Goddard Space Flight Center/Chris Smith (USRA) 39



KELT-9 b's Asymmetric TESS Transit Caused by Rapid Stellar Rotation and
Spin-0Orbit Misalignment (John Ahlers et al. 2020)

e With TESS, we measured the planet’s true o e P R
spin-orbit angle to be 87 (+10/-11) degrees '_

e \We also constrained the host star’s
equatorial radius and the variation in its
local surface brightness

e KELT-9Db’s received flux varies by 10% in the
ultraviolet and 1 — 2% in the visible
throughout its orbit, which particularly
affects measurements of the orbital phase
variations (Wong et al., 2020)

x
=
2
.=
D)
L
S
=
—
S
Z.

2 3
Transit Time (hr)

40 Ahlers, Johnson, Stassun, Colon, et al. 2020



The First Habitable-zone Earth-sized Planet from TESS. 1. Validation of the
TOI-700 System (Emily Gilbert et al. 2020)

Astronomical Units (AUZ)
-0.3 -0.2 -0.1 -0.0 O 2 0.3

TOI-700
Line of sight
to Earth
d —_—
TOI 700 d
TOt700 b
&
TOI 700 ¢
Planetary system Liquid water possible @9
comparison Too hot for liquid water
Solar System ... o T EEEEE— Habitable Zone
Kepler-186
...... -0 @
TOI-700 ' TOI /00 b TOIl /00 ¢ TOI /00 d
........................... Se— 0000
LHS 1140 '

Trappist-1

l1 60 1.0 5 | 2 1 | 0:5 O.é5
incicent tiux (normafized o Earth) . Gilbert et al. 2020; NASA’s Goddard Space Flight Center



My path to NASA
What | do at NASA
> Opportunities at NASA




Opportunities at NASA

e (Graduate Student Internships

e Future Investigators in NASA Earth and Space Science and Technology (FINESST) (Graduate
Student Fellowship)

e NASA Fellowship Activity (Graduate Student Fellowship) - includes funding for a student to
spend time on research activities at a NASA center

e Postdoctoral Research positions
e NASA Postdoctoral Program Fellowship
e AAS Job Register

e Research or Support Scientist positions
e AAS Job Register
e Civil Servant Positions

43


https://intern.nasa.gov/
https://npp.usra.edu/

The Astrophysics Science Division (ASD) at NASA’s Goddard Space Flight Center is hiring soon!

This announcement is to alert the community of upcoming employment opportunities for US citizens, which will be advertised in USAJobs at a later time
(anticipated for summer 2021). We are seeking expressions of interest at this time, in the form of a statement of interest and CV/resume. We will make sure all
those expressing interest will be informed when the formal job announcements are advertised.

GSFC’s Astrophysics Science Division (ASD) is one of the world’s largest astrophysics institutions, with approximately 300 Ph.D. scientists. While focusing on
scientific areas accessible through NASA’s space astrophysics mission, work at ASD is broad in multiple dimensions, from the range of wavelengths (radio to
gamma-rays) to gravitational waves and particles, and from theory to data analysis and technology development. More information can be found at https://
science.gsfc.nasa.gov/astrophysics/.

The 2020 Astrophysics Decadal Survey will release its much-awaited report in Spring 2021. The report’s recommendations will chart the future of
Astrophysics for the next 10 years, guiding the science priorities and their implementation at NASA. The Astrophysics Division looks forward to this
next step in building a vibrant program of new missions, technology development, theoretical modeling, and data analysis aimed at realizing the
Decadal recommendations. The ASD expects to have several new civil servant positions at a junior and senior level, with a focus on Decadal science
priorities. The positions will be advertised in Summer 2021 and will be at both the permanent and term (5-6 years) appointments.

We solicit expressions of interest from individuals who would like to join us at GSFC in the exciting times ahead. Are you a PhD, or soon to be PhD,
astrophysicist with a passion for discovery? Do you like being challenged with novel and challenging problems? Do you value teamwork, innovation, and
thinking outside the box in an inclusive environment of collaboration? We want to hear from you. Send us your resume or CV, and a letter stating your research
interests, to Dr. Rita Sambruna, ASD Deputy Director, at the following email address: rita.m.sambruna@nasa.gov, with the Subject: Hiring in ASD. Submissions
received by May 1 will receive full consideration; later submissions will be considered for additional positions as they become available. We will let all applicants
know of the opening of the hiring ad on USAJobs, which will require a more detailed submission.

Diversity and Inclusion are two core values of ASD. We value a diverse workforce, not only because diversity and inclusion lead to mission success, but — more
fundamentally — because it is the right thing to do. If you are an Underrepresented Minority, we especially want to hear from you.

US citizenship is required for civil servant positions at the time of response. If you are anticipating U.S. citizenship prior to the deadline, please do respond. We
note that we will have other job opportunities through our partner universities for non-U.S. citizens. NASA GSFC is an Equal Opportunity Employer.
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Mission Leadership Opportunities

PI Launchpad Workshop Content PI Launchpad: designed to broaden
2021 Virtual PI Launchpad the pool of potential NASA space

NASA SMD, the University of Arizona, the University of Michigan, JPL, and the Heising- . . )
Simons Foundation are organizing a virtual workshop in June of 2021 for researchers and I I I ] SS] O n P I S

engineers who would like to submit a NASA space mission proposal in the next few years

but don't know where to start. We are interested in broadening the pool of potential

NASA space mission Pl's. People with marginalized identities are strongly encouraged to

apply. There is no cost to attend the workshop.

https://science.nasa.gov/researchers/new-pi-resources

https://science.nasa.gov/researchers/pi-launchpad-resources

,. | + NASA APRA and Pioneers are a
nasa dJet Propulsion Laboratory
4 California Institute of Technology - great platform for early-career
to build experience
Planetary Science Summer School
Preparing the Next Generation of Planetary Explorers + You do not have to work at NASA

. to work on space missions!


https://science.nasa.gov/researchers/new-pi-resources
https://science.nasa.gov/researchers/pi-launchpad-resources

Chesapeake Bay Area Eon:lanet Meeting

Friday 14 of May 2021 1lam - 4pm )

http://chexo.org/

All are welcome!
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Thank You!




