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OUTLINE
• Becoming a competed science mission PI 
• Case example from DAVINCI mission to Venus (NASA Discovery)
• THEMES to be addressed:

• Knowing and connecting Science Goals and Objectives to a Mission
• Building a TEAM
• Developing a mission concept 
• Establishing guiding principles 
• Realities of Mission systems engineering
• Proposing (typically 2 steps)
• Selection and implications
• Implementation with science activities
• Flight with science deliverables
• WHY all this matters?
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This is our topic:

Returning NASA to Venus
atmosphere & surface
after 50+ years (DAVINCI)

Not Earth Sciences, but
the Planetary Discovery
program now has the
ESE program at NASA
which is similar !

I am PI of DAVINCI and was
Project Scientist for ESSP
(for GRACE, Calipso etc.)
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For more details
on the science, 
please see our 
recently published
paper (AAS PSJ)  

See also our science
web site at:

https://ssed.gsfc.nasa.gov/davinci

https://ssed.gsfc.nasa.gov/davinci/
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NOTE: it takes tenacity (at least sometimes) to be a mission  PI
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KEY Point #1:  PI and Deputy PI(s) & Project Scientists are the Science Leaders, plus PEL’s (instruments)

NOTE:  our model is a PI + 2 DPI’s variant as the key interface with PM/PSE teammates 
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WHERE TO START:   SCIENCE GOALS & OBJECTIVES in “BIG” CONTEXT

KNOW WHY
your target
science area
matters across
disciplines even
if your mission
focuses on
one key area
(or two as in
ESE TO’s)
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Why Venus is key to HABITABLITY beyond – the perfect “Exo-planet next door” to Earth



Why did Venus and Earth diverge?
Did Venus ever have oceans and

was it habitable over time?

Are rocky exoplanets like Venus?

KEY #2:  establish the big WHY’s
(for elevator speeches)
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KEY #3:  map mission
science goals &
objectives into
multi-level NASEM
Decadal Survey
questions and
priorities (it is  an 
AO req’t!)

DAVINCI

DAVINCI

DAVINCI

DAVINCI

DAVINCI
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KEY:  demonstrating traceability to Decadal Survey : from questions to measurements to mission

NOTE:
DAVINCI
key questions
are derived
from latest
Decadal &
VEXAG
goals docs
(2022)
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Science Objectives - Level 1 Requirements



DAVINCI+ science connects to 
multiple guiding documents

DAVINCI+ is at the center of 
interdisciplinary community needs

Astrophysics
Planetary Science

As
tr

ob
io

lo
gy

Key:  know how your mission connects! 

O, W, & L 2022
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KEY:  simple mapping
of macro-science goals
into themes that connect
to NASA strategic 
priorities (solar system)

This approach helps
in some cases (used
for Europa Lander SDT
and DAVINCI, for example)



LRD Replan Analysis & Rationale– September 2021 15Pre-decisional – For Internal NASA Use Only
Showcase the mission with its science !
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KEY: simple one-page descriptions help at Step 1 2 (with NASA HQ)



Approach EntryEntry
Descent
(clouds)

Chemistry,
Imaging, landing

KEY:  flight mission systems engineering tied to required vantage point(s) and known risks
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KEY:  developing partnerships for spacecraft and instruments with breadth (and trust)
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KEY:  understanding
the design reference
mission and its 
scientific deliverables
and margins

We describe our 
in situ mission as a 
science “submarine” 
to take the plunge
into Venus’
“ocean of air”
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Using “molecular fossils” like Xenon

KEY:  measurements that change the current state of knowledge (traceable to latest DECADAL SURVEY)



The answer is revealed by understanding the balance between sources and loss

How much water did Venus have?
Where did it come from? What happened to it?  

Atmospheric origins 

Delivery of volatiles  

Degassing over time  

Atmosphere & Ocean Loss

Noble gas abundances

D/H in water

Noble gases and 
isotopic signatures

DAVINCI will make direct measurements to provide answers



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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Exploring Venus’ Alpha Regio highlands 
ALPHA
REGIO

Current best data

What if we see this?

View on descent by DAVINCI “flying rover” ? What DAVINCI could see before TD !
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GENERAL MISSION OVERVIEW (HQ and GAO) with a few details: 2021 to 2033 

From Selection (6/2021) to key gates (PDR, CDR, LRR) to Launch to on target science observations …

LCC ~ $964M 
(without LV, UFE)

2030



Descent Sphere (DS)

Entry 
System

RLSA
Antenna

DAVINCI flight systems are ready to go!

Entry System
(ES)

Spacecraft [CRIS]
(with entry system attached)

Antenna 
to descent 
sphere

(2m)
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DAVINCI is made possible through partnerships

NASA Centers
GSFC – Lead
LaRC – entry analysis
ARC – thermal protection
KSC – Launch

Industry
Lockheed Martin – Spacecraft, Entry Systems
Malin Space Science Systems – Cameras
KinetX – navigation
NTS – Venus Test Chamber

FFRDCs/UARCs
JPL – VTLS, DSN
APL – VASI, Communications

Universities and Science Organizations
Arizona State University
Italian Space Agency, Italy
Lunar and Planetary Institute
Planetary Science Institute
Smithsonian Institution
Univ. California Riverside
University of Arizona
University of Michigan – VMS electronics
Wesleyan University
University Pierre et Marie Curie, France
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The Team MATTERS in all phases
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Selected
6/2021,
Phase B 
active now

Launch
12/2030

2024…

1983:
Carl Sagan
deck convo
(Ithaca NY)

1983
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KEY:  Connecting to larger programs of scientific investigation at NASA in science context 

June 2031  Dec 2030

Jan. 2033Aug. 2031 June 2032

2025?

In orbit
2033-2037

** launch dates are current best estimates **

EDL
Science
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KEY:  science connectivity matters, especially in Planetary and Earth Sciences at NASA
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KEY:  science guides,
but realistic systems
engineering and 
cost management by
experienced DPMR
and business team
are ESSENTIAL !!!

Entry, descent, science, landing  in early 2033  connections to JWST/RST
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SUMMARY
• Being a PI is a full-time job (and a privilege beyond words given $$ invested by US)

• Working as PI to succeed in a ~2 year Step 1 to CSR to Selection cycle is a complex 
process – build on what has worked and tailor to your context (specific AO)

• PI must work seamlessly with business team and Project systems engineering team 
to propose effectively (with DPI(s) and others, including PEL’s for instruments)

• Strong Proposal Manager matters – PI has to work with Prop. Mgr. so that the vision 
for the proposal (especially in CSR = Phase A) is realized  [1379 pages + appendices]

• Build partnerships and keep mission scope fixed and realistic with reserves > 30%

• Strong business/cost team (led by DPMR) is a key ingredient (experience matters)

• Spread the wealth of science across the community (instruments, Co-I’s etc.)!
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Dreams can come true!

USA back on Venus 
for 1st time since 1978

“EDL/Science” in Jan 2033
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Communicating our story with our Administrator

DAVINCI
Probe ETU
with NASA
Admininsitrator

(Sen. Nelson))
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QUESTIONS?
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