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The Deep Atmosphere Venus Investigation of 

Noble gases, Chemistry, and Imaging (DAVINCI) 
mission was recently selected in NASA’s Discovery 
program [1]. Launching later this decade, it will be the 
first U.S. spacecraft to enter the Venus atmosphere 
since 1978. DAVINCI will make detailed 
measurements of the Venus surface and atmosphere, 
revealing its current state and history, providing new 
insights into Venus habitability, and helping to place 
our sister planet into a larger cosmic context of 
exoplanets (Figure 1). 

 
DAVINCI will conduct two flybys of Venus prior 

to Probe release. During these flybys, the Venus 
Imaging System for Observational Reconnaissance 
(VISOR) will measure surface emissivity to provide 
constraints on surface composition in key highland 
regions. A technology demonstration instrument, the 
Compact Ultraviolet to Visible Imaging Spectrometer 
(CUVIS), will provide views of the Venusian clouds in 
UV light, helping to reveal the nature of the mysterious 
‘unknown UV absorber’ while testing new freeform 
optics and on-board AI/ML (Artificial 
Intelligence/Machine Learning) data processing.  

 
Two years after launch, DAVINCI will release its 

titanium descent probe into the Venus atmosphere 
above the Alpha Regio tessera region. The geology of 
Alpha Regio may encode clues to the planet’s ancient 
past, including the role of water. During the hour-long 
descent, a suite of instruments will make detailed 
measurements of the atmospheric structure and 
composition from ~67 km to the surface. The Venus 
Mass Spectrometer (VMS) will measure noble gases  
(He, Ne, Ar, Kr, Xe) and their isotopes in the bulk 
atmosphere, and trace gas species throughout the 
descent, including CHNOPS-bearing molecules. VMS 
will make compositional measurements every 200 m or 
better, providing detailed information on atmospheric 
vertical structure and chemical gradients. The Venus 
Tunable Laser Spectrometer (VTLS) houses three 
lasers that will measure CO, OCS, SO2, and H2O (and 
isotopes of H, S, C, and O, including D/H with 2% 
precision, critical for understanding the history of 
water on Venus). The addition of a fourth VTLS laser 
that could measure phosphine (PH3) at ~1 ppb 

sensitivity is under consideration.  The Venus 
Structure Investigation experiment (VASI) will 
measure atmospheric pressure, temperature, and winds 
through the descent to provide context for the 
analytical investigations and provide new insights into 
Venus atmosphere ambient environment. A student 
collaboration experiment, Venus Oxygen Fugacity 
(VfOx), will measure oxygen in the deepest Venus 
atmosphere and engage dozens of students through the 
mission lifecycle. Looking through a sapphire window 
at the bottom of the descent sphere, the Venus Descent 
Imager (VenDI) will obtain sub-cloud images for 
mapping composition across the landing zone and for 
sub-meter scale mapping of geomorphology near the 
touchdown point, revealing the nature of this enigmatic 
mountainous region that may represent the modern 
remnants of an ancient continent. 

 

 
Figure 1. DAVINCI’s transformative connectivity 
across multiple themes of science provide new insights 
into the habitability of Earth’s sister planet through 
time, and links to exo-Venus analogs in other solar 
systems.  

 
Venus and Exo-Venus Habitability:  
The most important evidence of possible early 

surface habitability on Venus is its elevated D/H ratio. 
The DAVINCI descent probe will definitively measure 
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D/H at multiple atmospheric altitudes, providing key 
input to models of water loss on Venus through time. 
Other gases can provide additional clues to early 
Venus history and evolution, including volatile 
delivery, volcanic outgassing, and atmospheric escape. 
For example, Xe isotopes are diagnostic of giant 
impact processing because Xe is the least soluble noble 
gas in silicate melts and also least susceptible to 
atmospheric escape – no previous mission has 
measured Xe at Venus. 4He may place constraints on 
recent volcanic outgassing. Krypton, argon, and neon 
will place additional constraints on atmospheric 
sources and loss.  And DAVINCI measurements of the 
atmosphere, including its chemical gradients, 
temperature, and pressure, provide context needed to 
inform questions of the environment at modern Venus. 
Clues to early habitability may also be encoded in 
Venus’ tessera features, which may be older than the 
surrounding terrain and might show evidence of 
ancient water-rock interactions or continent-building 
processes in their composition [2].  
 

Venus’ possible early habitability may also be 
relevant to understanding certain processes that could 
enable habitability on exoplanets. Recent analyses 
[3,4] have suggested that Venus may have enjoyed a 
prolonged period of clement surface conditions earlier 
in its history, enabled by climate feedbacks driven by 
its slow rotation rate. Intriguingly, these same 
processes may also enable habitability on the 
ubiquitous tidally-locked, and therefore slowly 
rotating, exoplanets that will be observed with the 
James Webb Space Telescope.  
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