
Multiwavelength Characterization of 
Exoplanets and their Host Stars

PI Elisa Quintana 
NASA Goddard Space Flight 

Center
APAC Oct 15, 2021



Exoplanets and the Search for 
LifeExoplanet detection      demographics      characterization (compositions+atmospheres)      

biosignatures

Kepler

Hubble

TESS

James Webb Space 
Telescope

Pandora

*Spacecraft not to scale

And beyond…



Why Pandora?
Pandora is a SmallSat mission that fills a gap in NASA’s exoplanet roadmap.

Pandora’s goal is to disentangle star and planet signals in exoplanet transmission 
spectra to reliably determine exoplanet atmosphere compositions. 

Exoplanet transmission spectroscopy is a proven technique used to probe the 
atmospheres of transiting exoplanets and reveal their compositions (Seager & Sasselov 

2000)



Exoplanet Transmission Spectroscopy

A differential measurement that assumes the star’s spectrum is known and isn’t 
changing, and can simply be subtracted from the observed (=star+planet) spectra



The Myth of a Perfect Star

See D. Apai’s description at https://distantearths.com/transit_lightsource_effect/

In reality, most stars are active, with dark spots and bright faculae regions that evolve 
spatially and with time (stellar rotation)

These brightness variations can be imprinted in the observed spectrum 
and can contaminate the inferred planetary spectra.



Occulted Active 
Regions

Unocculted Active 
Regions Transit Light Source Effect (Rackham 2018)

Spot-induced spectroscopic variations can mask or mimic planetary 

atmospheric features (like the presence and abundance of water!)
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Exoplanet Transit Spectroscopy is a primary science case for JWST 

30 transiting exoplanets 
in JWST GTO+ERS programs

38 added for JWST GO Cycle 1 

Correcting for starspots is 
most important for smaller 
planets (smaller signals), and 
smaller stars (highly active), 
i.e. those that JWST will 
observe



Pandora is a SmallSat designed to observe transiting 
exoplanets and their host stars with long time-baseline, 

simultaneous visible photometry and infrared spectroscopy

Goal:

Unique capabilities:

Disentangle star and planet signals in transmission spectroscopy to 
reliably determine exoplanet atmosphere compositions.

Long duration baseline - observe 24 hours per transit [10 transits per 
planet]
Simultaneous visible photometry and NIR spectroscopy



Objective I: 

Determine the spot and faculae covering fractions of low-mass exoplanet host 
stars and the impact of these active regions on exoplanetary transmission 
spectra 

Ia. What are typical spot coverages of low-mass exoplanet host stars, and how do they 
vary with time? 
Ib. How do stellar properties (size, mass, temperature) correlate with contamination, and 
how does the impact of contamination change with planet properties (size/mass/bulk 
density, orbital distance)? 

Objective II: 

Identify exoplanets with hydrogen- or water-dominated atmospheres, and 
determine which planets are covered by clouds and hazes 

IIa. How does the atmospheric composition of planets vary with size/mass/bulk density, 
orbital distance, and host star properties? 
IIb. Which prior transmission spectroscopy observations yield the same atmospheric 
results after correcting for stellar contamination? 





Pandora’s Observing 
Strategy

Visible photometry 
captures stellar 
brightness over 
time

Simultaneous IR 
spectroscopy captures 
variations in spectra 
over time

The simultaneous visible photometry + spectroscopy provides constraints on star spot coverage, 
which is needed to disentangle the star and planet spectra, thereby enabling robust measurements of 
the planet’s true atmospheric makeup



Target Selection Trade Study: 
• developed instrument simulators

• science team applied 
independent star and exoplanet 
atmosphere joint retrieval 
models

• signal-to-noise input into 
requirements

• software developed for “year in 
the life” of operations

20 Pandora target stars (with 23 planets) shown 
below. Tick marks are planned transit observations 
for a notional year of science operations

135 days of unscheduled time 

available for schedule margin and 

auxiliary (bonus) science

Pandora’s Notional Year of Operations



Partnership with 
LLNL

Lawrence Livermore National Lab is co-leading and managing the 
Pandora mission.

LLNL is responsible for the design and development of the payload

Pandora leverages technology investments from LLNL, including 
“CODA” telescope



Pandora Instrument 
Overview

Pandora’s single instrument: an all aluminum 0.45m 
relayed Cassegrain telescope “CODA”

Features
— Fabricated from readily available 6061 Aluminum
— Bulk materials allow for multiple sets of mirror to be produced quickly
— Flexible relay design allows for wide variety of detectors to be hosted
— Utilizes existing state of the art processes and coatings for optical elements

LLNL’s CODA Program Goal:  Produce an inexpensive 
telescope that could be produced in large quantities for 
ESPA Grande class missions with minimal NRE

CODA is not a revolutionary telescope 
design in terms of performance, its purpose 
is to be revolutionary from a manufacturing 
and acquisition perspective

Optical relay assembly contains dispersion prism and dichroic, 
separates visible and NIR channels

• Visible Detector: Fairchild CIS2521

• NIR Detector: Teledyne H2RG



Leveraging Investments from Government and 
Commercial Entities

Pandora has partnered with 

LLNL, and thereby benefits 

from investments made by 

other gov agency programs

Pandora acquired donated JWST 

NIRCAM flight qualified spare (2.5 

micron) detectors and SIDECAR 

Pandora has partnered 

with commercial entities 

for spacecraft bus 



Pandora Team 
Organization
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• Shown above are mission leadership and science team 

• Early Career Team Members in over half of science team roles (12 EC doctorates, 2 grad students 
in shadow position); Engineering (LLNL) includes 7 EC and summer interns

• Mentoring model matches experienced team member with EC

Jordan Karburn

Deputy Project Manager
LLNL

The Pandora Team is 
Diverse



underrepresented minorities in 
leadership positions (PI, PS, Lead 
Detector Scientist)

The Pandora Team is 
Diverse

Best practices already established:
Team Code of Conduct
Publication Plan
Communications 

(internal/external)



Pandora Mission Timeline

Why now?
• Bounty of targets are being identified by 

TESS
• Pandora will be pathfinder for JWST, 

identifying benchmark targets & which are 
obscured by clouds

• Pandora will operate simultaneously with 
HST and JWST (Pandora provides 
complementary stellar characterization 
with long baseline)



Pandora addresses NASA’s Key Goals and fills a gap in the ExEP’s strategy plan

Broad Community Support

ExoPAG 21



Pandora Current Status
Feb 1, 2021 • Pioneers Selection

• Pandora one of four selected projects

• Funding for 6mo “Initial Formulation Phase” 

Feb 1 - now • Performed 8 trade studies

• Developed L1-L2 Requirements

• Write-up Concept Study Report (CSR) and Project Plan

Aug 2, 2021 • Submit Concept Study Report 

Sept 7-8, 2021 • Gate Review: Systems Requirements Review & Site Visit (at LLNL)

NET Sept 30, 2021 • Gate Review Decision
• No downselects of 4 Pioneers, but final approvals will be given



Pioneers fleet!
ASTERIA


