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VENUS FLAGSHIP MISSION CONCEPT SCIENCE TEAM

Name Institution Expertise
Sushil Atreya Univ. of Michigan Interior-surface-atmosphere interaction
Patricia Beauchamp JPL-Caltech Technology, Instrumentation, Chemistry

Penelope Boston

Ames Research Center

Astrobiology

Mark Bullock

Science & Technology Corp

Chemistry of Atmospheres and Surfaces

Shannon Curry

U.C. Berkeley

Solar wind interactions with Venus

Martha Gilmore

Wesleyan University

Surface processes, spectroscopy

Robbie Herrick

Univ. of Alaska

Geology and Geophysics

Jennifer Jackson Caltech Mineral Physics

Stephen Kane U.C. Riverside Exoplanet Science

Alison Santos GRC Petrology

David Stevenson Caltech Geophysics

Colin Wilson Oxford University Atmospheric Physics

Janet Luhmann UC Berkeley Venus escape processes

Robert Lillis UC Berkeley Modeling of plasma and magnetic processes

Joshua Knicely (student)

Univ. of Alaska

Venusian Volcanoes

ExoPlanets

Mission Design at GSFC, M. Amato Lead
Host of generous colleagues sharing science and instrument expertise — THANK YOU!
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PLANETARY DECADAL STUDY PROCESS

ok 5 32 studies commissioned during last Decadal
* Mission studies recommended by the Decadal

Midterm report to feed into the next Planetary
Decadal Survey (2023-2032)

* NASA Call for Planetary Mission Concept study
proposals submitted April 2019

&% solarSystem Planets Moons  Asterokis, Comets & Metes

it SOLAR SYSTEM EXPLORATION

» Selected studies (n =11) are performed by science
teams with NASA centers. Each will be costed.

e Final re ports due to Decadal Su rvey by June 30’ Lunar Polar Volatiles Explorer (LPVE) Mission Concept Study
2020 for consideration.

Venus Flagship is an opportunity to input exoplanet science into the decadal
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VFM SCHEDULE AND REPORT

Oct 2019 — Study Initiated

Nov/Dec 2019 - Input from community, refinement of STM

February 25 — 26, 2020 — Engineering Run | at GSFC Lander focus

March 15, 2020 — Decadal Studies Interim Reports at LPSC

Week of March 30, 2020 — Engineering Run Il at GSFC, Mission Architecture

June 30, 2020 — Final Report Due

July 2020 - Deadline for submission of white papers (199 submitted last
time), Survey committee and panel meetings begin

Li28, € Nov 6-8, 2019 4



. The geologic history of Venus and whether Venus is active today.

VENUS FLAGSHIP
A MISSION TO ASSESS THE HABITABILITY OF VENUS
GOALS

. History of volatiles and liquid water on Venus and determine if

Venus was habitable.

. Composition and climatological history of the surface of Venus

and the present-day couplings between the surface and
atmosphere.

Feb 5-7, 2020
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Our neighborhood 4 billion years ago
3 habitable planets?
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YOLCANIC/

TECTONIC ACTIVITY
Yolcanism and the related process of
shifting planetary plates called plate
tectonics play a large role in the
habitabiity of Earth. Thay help sus-
tain owr planet's atmosphere and
oceans and provide the continents
needed to support life. Venus isthe
only other inner planet with signs
of both phenomena today.

LIQUID SURFACE

Gilmore et al., 2015 Today

WATER PRESENT
Water, the key ingredient for i,
was present inside the building
blocks of planets and was re-
leased to the surface via volcan-
ism, with lesser contributions
from cometary impacts. Aside
from Earth, Venus most likely
held onto its oceans the longest.

CONDITIONS
FAYORABLE TO
DNA-BASED LIFE

Scientists can only speculate on
when and how long each planet

Graphic by Tiffany Farrant—Gonzaléz, Dyar et al. Sci. Am. Feb 2019
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w‘w Orbiter (NIr, Gravity, Radio:Science) SAR, Sub-mm)

/ 2019 Venus Flagship
o Misson Study

SmallSats
(Ion Analyzer, Magnetometer)

Volcano

>
Landers
(Chemistry, Mineralogy)"

A+ LLISSE \Probe

% (Dynamics, chem)  {Chemistry, Imaging)
Lander
+

/LLISSE
>

Balloon

(Seismics;Dynamics, chem)

.

OVERVIEW

Launch ~2029-2032
Synergistic measurements

1 Orbiter

2 Orbiting SmallSats

1 Short-lived landers/Probes
1 Balloon

1 Long-lived lander (LLISSE)

Cost S2B

Feb 5-7, 2020



SmallSat #1 Balloon

Orbiter

SmallSat #2

VFM in Falcon 9 H 'yévy




ENROUTE — DEPLOY 2 SMALLSATS WITH ESPA RING
S. CURRY, LEAD

Fluxgate magnetometer
(including boom)

Electron electrostatic
analyzer

lon Electron Static Analyzer

Solar Energetic Particle
Detector

Electric Fields Detector

Neutral Mass Spectrometer

Langmuir Probe (including
boom)

EUV

ExoPlanets

Science: Understand evolution
of Venus atmosphere via
measurements of the
interaction the atmosphere
with solar wind

* Elliptical orbits on two sides of
the planet during solar cycle
25

 Significantly aid in tracking of

and comm with in situ
elements

Solar Wind Interaction and Impact on the Venus Atmosphere

Magnetosheath
Pickup ions

+* \f\f\f\
\f\f\f\
lon cyclotron wave /
+

/
Photoelectron outﬂow/
e/
/

\aye’
aouﬂda“;/

EM waves from lightning

Mp NG

- €

Outflow (3-6)x10%* O*/s
“\\Reconneclion

Hot flow anomaly \
/

"LH 2 //
l’]./1’,] ’lror,h
e ‘Vave

e

e

IPS doubles the outflow

Interplanetary shocks (IPS)

Fig. 1 Anillustration summarizing the Venus Express findings on the space environment of Venus

Futaana et al., 2017 11



NASA

VENUS ARRIVAL — BALLOON
C. WILSON, LEAD

Science: Measure composition

and nature of cloud particles, A2t lal FLabid
Pressure Sensors : : for the
T DS SEnse cloud environment, .dynamlcs. | Sclentific Exploratic
Infrasound Try to look for chemistry f Venus
Polarizing necessary for biology,

Meprelemetsr seismicity and magnetic field.
Magnetometer

Fluorometer e Variable altitude balloon@ [Bfmary Report

i i by the
Electric Fields 52-62 km Venus Aerial Platforms Study Team
Cloud XRF

Aerosol Mass Spec

—

e Minimum lifetime of 30
days =

JPL D-102569

ExoPlanets October 2018



VIRTIS 1 um map Smrekar et al., 2014

VENUS ORBITER INSERTION
R. HERRICK, LEAD

Science: Morphology and
composition of Venus surface,
gravity field, particles and fields,
upper atmosphere composition

SAR
NIR imager

Electrostatic Analyzer

M
agnetometer LANDING SITE CAMPAIGN

High resolution imaging and
topography of potential landing
sites

Sub-mm sounder
Radio Occultation
Gravity

Emissivity

Il -

0.6 08 1.0

MAPPING CAMPAIGN

After lander release, reorient and  specifics of mapping campaign will consider
aerobrake to mapping orbit to status of Venus missions currently in
provide SAR and NIR of Venus. consideration in Discovery and by ESA.

ExoPlanets Feb 5-7, 2020 13



P
f B Tesserae
Nominal Targets
(O Optional Targets

Coordinates (in decimal degrees):

#1 (West. Ovda) 0.3412 North, 62.5327 East
#2 (Alpha) -26.3206 North, 0.7381 East

#3 (Fortuna) 66.0976 North, 15.1338 East
#4 (Tellus) 36.8398 North, 75.6959 East

#5

(
(Mid. Ovda) -6.3498 North, 81.8099 East
#6 (East. Ovda) -4.4522 North, 95.5453 East

210° 240° 270°

Tessera mapping by M. lvanov

J. Brossier (Wesleyan University)




LANDER DESCENT SCIENCE
S. ATREYA, LEAD

Science: Composition,

Mass opec environment of the g
Tunable Laser Doppler shift observations o
Spectrometer atmosphere t.o th? %
NIR Imager surface. Landing site . i’;g'L‘j;';ag:;’ &
Pressure characterization G . =
Temperature

“We don’t know TSN

anything about the aﬁ:ﬁ*:’,g;;

lower atmosphere.” Troposphere

— unnamed famous —— — R o

Venus atmospheric 100 200 300 400 500 600 700 800

; . Temperature (K)
5 G SCIentISt Whom I trUSt Copyright © 2005 Pearson Prentice Hall, Inc.




CheMin-V
PIXL

BECA
VEMCam

Panoramic
Camera
MAHLI
equivalent
camera

ExoPlanets

Venera 13 Image Credit: NASA National Space Science
Data Center/Harvard Micro Observatory/Don P. Mitchell

ngestion of samples into the lander for
elemental chemistry and mineralogy

“Mobility” achieved by multiple targets
with Raman/LIBS for chemistry and
mineralogy

LLISSE — Long-Lived In Situ Solar System
Explorer, T. Kremic, Glenn — 60—120 days

Pressure Vessel with robust
landing for rugged terrain

VITal Study

Feb 5-7, 2020




_Clegg et al., 2019
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Figure 1: LIBS spectrum of the Icelandic Basalt (BIR-1) under simulated Venus atmospheric temperatures
(465°C) and pressure (92 atm).
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Fig. 1: The HBR Venus drill successfully drilled in
JPL’s Venus chamber. 90% of the retrieved powder
is < 150 um grainsize, suitable for analysis in Che-
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Table 1. Initial results between elemental concentrations from a
Gamma Ray BECA prototype instrument and an independent assay of granite
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WHAT DO YOU WANT
TO KNOW ABOUT AN
EXOPLANET?

WHAT SPECIFICALLY
SHOULD WE MEASURE
AT VENUS?

(IT’S NOT GOING TO BE
FASIER THAN THIS SAYS
STEVE KANE)

ExoPlanets




