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Why Venus?



Planetary Atmospheres (VENUS) are “chemical fossil records” of climate evolution & habitability

Venus from Earth as a crescent Venus from orbit (JAXA Akatsuki)
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Venus beckons in the 2030’s and beyond !

JAXA Akatsuki

JAXA Akatsuki

MASSIVE VENUS ATMOSPHERE!



To understand Venus

Understand its formation 
from the solar nebula and 
controls on its subsequent 

evolution 

Characterize its surface to 
understand how it has 

been modified by geologic 
processes 

Understand the 
composition and 

distribution of volatile 
chemical compounds

Determine how solar 
energy drives circulation, 

cloud formation, & 
chemical cycles that 
define the climate

Characterize the record of 
and mechanisms for 

climate evolution, with 
the goal of understanding 

climate change 

is to understand how planetary habitability forms, endures, and is lost

Planetary Decadal Inner Planet Fundamental Science Objectives: Origins Worlds  + Life
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Venus of today is a planet of extremes

Extremely strong greenhouse effect
• Atmosphere is 96.5% CO2

Harsh environment (deep atmos.)
• Surface temperature 460oC

• Surface pressure ~92 bar

• 250 mph winds in the clouds; calm at 
the surface (1-2 m/s)

• Clouds - 30 km thick - consisting of 
sulfuric acid and unknowns (aerosols)

James B. Garvin/NASA
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Venus today: A planet of 

extremes

Clouds: ~75% sulfuric acid / 25% water

Tsurface ~ 700 K (860-900 F)

Psurface = 92 bars 
Supercritical CO2 near surface



“Ultimately, the assessment of whether or not a planet is habitable will need to be embedded in
the context of the outcomes of terrestrial exoplanet evolution.”
- 2018 Exoplanet Science Strategy report

A “thermal frontier”



USSR
Venera
views

of 

Venus:

1975-82

The only
surface views 

we have!

Garvin et al. 1984
(JGR 89 paper, PhD)



Under-explored !
Thermally 
challenging !!

?
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… so we have a plan to go there to explore … 
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Venus :  last visit by Earthlings was in 1985

USSR VeGa-2 (1985)



What if Venus had past oceans & pathways for life ?

THEORY:  Venus could have biosignatures in its clouds today (or not?) 



The deep atmosphere is essentially unknown right now

Supercrit.
CO2



Why did Venus and Earth diverge?

Did Venus ever have oceans and

was it habitable over time?

Are rocky exoplanets like Venus?

The big WHY?



How can we tell which of these is the “real” early Venus story?

Oceanic Venus for billions of yearsSteam atmosphere model

Way & Del Genio
(2020)Turbet et al., 2021
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Building a pathway to Venus for all interested!



Approach EntryEntry
Descent
(clouds)

Chemistry,
Imaging, landing



Venus is a long-overlooked frontier in our solar system

Ancient continents? Chemistry, Environments … climate change… water
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From above (on flybys):

• UV observations – clouds

• NIR observations – surface composition

From below (in atmosphere!):

• Noble Gases

• Key isotopic Ratios

• History of Water (via D/H)

• Lower Atmosphere Composition

• Temperature, Pressure, Winds

• Local-scale composition

• Landscapes at ‘people’ scales

Measurement Driven:



VENUS:  key unanswered questions abound from top of atmosphere to the hot surface 



Mission Summary: Measurement-rich
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0.20 nm spectra (UV)

fO2 near surface

(in the atmosphere)
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New Flight systems ….
take us there with
“thermal engineering”
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KEY:  flying a chemistry
laboratory down 
through Venus
atmosphere in ~ 1 hr
to make 1000’s of
new measurements 
with 1st imaging under
the clouds in a 
thermally stable
environment !!
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Thermal Design Overview (PSE Team)

• The Zephyr thermal design utilizes passive 
methods to maximize the thermal time constant 
during the descent into the hot Venusian 
atmosphere very similar to the Pioneer Venus 
Large Probe (PVLP). 

• High thermal capacitance Beryllium Aft and 
Forward Decks serve as large heat sinks for 
components and instruments

• 2.5 cm of high temperature MLI radiatively 
insulates the internal components from the hot 
outer surface of the Descent Sphere

• One-inch-tall titanium Isolators between the 
forward deck and the mid hemisphere minimize 
conductive heat transfer into the system

• Phase Change Material (PCM) around the 
VENDI and VTLS serve as local heat sinks.

• High emissivity tiodize on the outer surface of 
the Descent Sphere maintain a cold starting 
temperature (-20°C to 5°C) prior to descent

• Operational and Survival heaters maintain 
component temperatures during the cold 
phases of the mission        
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~ 60 minutes
of new science

(0.9 Gbits):
Thermal 
Stability !
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Using “elemental fossils” such as Xenon

Measuring the clues to past evolution, oceans, context
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To understand Venus …     and its formation →
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Understand its formation 
from the solar nebula and 
controls on its subsequent 

evolution 

Early Hydrodynamic Escape

Ongoing Escape

Major Impact Erosion

Radiogenic - degassing products

Noble gas isotopes
reveal the origin and 

evolution of the 

materials that built 

Venus 

Especially Xe

After Baines et al., 2014, Comp. Climat., ed.

( & Jupiter)



Prior measurements indicate

• Anomalously high D/H 

• Gradients in D/H from the 

upper atmosphere to the

cloud region

VTLS will make… 10 altitude-

resolved, definitive 

measurements of D/H in water 

from above the clouds to the 

near-surface 

… a major breakthrough

DAVINCI will confirm past oceans and the timing of the loss

Loss: Is high D/H a signature of past oceans?
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Alpha Regio: hints of felsic rocks 
through prior emissivity measurements

Tessera region

Tessera region has lower emissivity

Possibly felsic?

Gilmore et al. 2015
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Entry target :  ALPHA REGIO = mountains !

Sub-km
topography

of 
ALPHA
REGIO

Are there signs of

ancient felsic rocks

in our entry location?
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Mountain ridges
and valleys in
Venus tesserae :
unique new
solar system 
landscapes

ALPHA REGIO, Venus:
DAVINCI entry ellipse (RED) +
Magellan SAR atop DV DEM



What will we “see” at meter and smaller scales?

Imaging 

Composition

in 3D

Venus Descent Imager

ALPHA REGIO

2x size of Texas 300 km

Arecibo radar backscatter atop Magellan altimetry

VenDI

Contextual Evidence for Oceans Revealed by…
Descent over a Possible Ancient Continent, Alpha Regio
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Multi-scale,

different FOV

views from

NIR imaging

by VenDI

for composition

and relief at

multiple 

spatial scales

NIR imaging from below the clouds ➔ big sapphire window

~ 100 m ~ 20 m ~ 1 m



A unique terrain’s topography to 
be revealed at unprecedented resolution

VenDI will allow topography & composition to be considered together in integrated maps 
formed through digital elevation models & band ratio composition measurements 

Zagros
(Venus
analogue)



Stream networks: Alpha Regio (Venus) vs Pilbara, Zagros

DEM (topography): 500 m x,y scale
Criteria: 100 km2 upstream area
Total Length within 348 x 140 km ellipse (DAVINCI scale):

Alpha Regio: 1972 km
Pilbara:  2035 km
Zagros: 2055 km

ZagrosAlpha Regio

Pilbara

Could there have been hydrology on Venus?

EARTH

EARTH



DAVINCI will provide a definitive, new understanding of Venus
to reveal the extent of habitability in our inner solar system & beyond



Venus is the exoplanet next door

Garvin/NASA
41



Oxygen false positive biosignatures will be relevant to JWST, 

which will study exoplanets around active low mass stars 

DAVINCI makes connections 

to exoplanets directly!

Venus possible past habitability may mean that 

some “Venus-like” exoplanets are habitable too –

DAVINCI helps to reveal this story

JWST is searching for exo-Venus analogs. 

DAVINCI data can provide ground-truth to 

interpret these observations 



Venus is relevant to the next generation of exoplanet observatories   

beyond JWST like Habitable Worlds Observatory (HWO)

DAVINCI remote sensing can constrain predictions of HWO observations of exo-Venus planets

Simulation of our solar system in reflected light 

viewed with a coronagraphic observatory like HWO 

Blue Venus? Next generation starlight 

suppression coronography is biased 

towards sensing blue & UV light for 

planets close to their stars

CUVIS and VISOR measurements of Venus at 

blue and UV wavelengths can inform coronagraphic 

measurements of exo-Venuses in reflected light

Wavelength [μm]
0.2                 0.3                  0.4                   0.5

Sp
e

ct
ra

l r
ad

ia
n

ce
 [

W
/m

2
/s

r/
μ

m
]

2
0

0
   

   
  4

0
0

   
   

 6
0

0
   

   
8

0
0

   
   

 1
0

0
0

   
   

CUVIS high resolution

CUVIS lower resolution

visible lightultraviolet

VISOR UV bandpass



Mission timeline

513 Gigabits of new science data about Venus
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VENUS SPACECRAFT COMPARISONS

Venera/VeGa
1980s

DAVINCI
2029

Spacecraft Diameter = ~3.5 m (11 ft)
Probe Diameter = 1+ m (3.5 ft)

1.75 m5’8”

VeGa

V13

ES

HGA
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First visit to Venus deep atmosphere and surface in tesserae !

Help us get to this unique environment to RELISH the Hellish



DAVINCI launch: 6/2029

with entry @ Venus: 6/2031

VENUS



But TFAWS engineering matters!!



DAVINCI Deep Dive
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First in situ mission to Venus since 1985:  help us do this in 2029-2031!

QUESTIONS or Comments?
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BACKUPS



PI : from Grad School to Venus … in ~ 42 years 

1980: searching for Venus

1983: landing on Venus

2004: talking Venus

2009: proposing Venus

2021:  going to Venus

June
2021

Seeing 
Venus !

Selection for flight in June 2021 !


