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The Lunar and Planetary Institute
The LPI is located near the Johnson Space Center, on the south 
side of Houston, Texas.

20 mi

Established in 1968 at the behest of President 
Lyndon B. Johnson to facilitate cooperative 
research between NASA and university scientists.

On behalf of NASA, LPI provides leadership in the 
scientific community for research in lunar, 
planetary, and solar system sciences, and linkage 
with related terrestrial programs.

The LPI Interns program is a key part of that  
commitment, engaging students in the excitement 
of planetary research.

LPI

JSC ARES

Old LSI/LPI



LPI Summer Intern Program

● 10-week program

○ Includes housing, stipend, 
and travel reimbursement

● Work one-on-one with a 
scientist at the LPI or at the 
NASA Johnson Space Center

● Cutting-edge research in the 
lunar and planetary sciences



Program History
● Started in 1977

○ Inspired by success of the Viking Mission Intern Program (summer of ‘76) at the Jet 
Propulsion Laboratory - NASA’s first internship program

● NASA supported through the LSI and LPI

2017



Application Requirements & Strategies

● Highly competitive

○ average ~300-400 
viable applications, 12-
14 selected

● Undergraduates with at 
least 50 semester hours 
of credit

● Domestic and 
international students



Research Experience

● Each intern works on a research 
project designed by the advisor.

● Each advisors selects their intern 
from the entire applicant pool.

○ Advisors tend to focus on 
applicant’s grades, courses taken, 
and their essay/application letter.

● Truly unbiased/no pre-application 
favoritism



Professional Experience

● The LPI Summer Intern Conference
is held at the end of summer

● Interns presents their research in a 
professional conference environment

○ attended by advisors and other
LPI and JSC scientists

○ also often some parents

● Interns are also supported to attend and 
present their research at the Lunar and 
Planetary Science Conference in March of the 
following year 



Community Experience

● Interns learn independent research, 
but also the importance of 
teamwork and camaraderie.

● Program promotes a well-rounded 
experience both intellectually and 
personally.

○ Weekly brown bag seminars by LPI 
and JSC scientists about their 
research

○ Tours of different JSC facilities
○ Sci fi movie night
○ Live action murder mystery party!



Program Sustainability

● The program is 
considered a huge 
success by NASA and the 
international community.

● Interns report that the 
program has a very 
positive impact in their 
lives - whether they 
pursue planetary science 
or not. Astronaut Don 

Petit and 2016 
interns

2012 interns with Robonaut



And they move on….



But some come back….



And some others….

1984



Others keep moving up….

1985



Many work at NASA….

… and there are many more stories

1990



Planet migration in the Solar system: 
A new paradigm and its LPI origins

Renu Malhotra
The University of Arizona

1LPI 50th Anniversary Science Symposium
17 March 2018
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Some Dynamical Aspects of the Accretion of Uranus and Neptune: 
The Exchange of Orbital Angular Momentum with Planetesimals 

J. A. FERN/i~NDEZ * AND W.-H. IPt 
• Max-Planck-Institutf~r Kernphysik, 6900 Heidelberg, and tMax-Planck-lnstitutfiir Aeronomie, 

3411 Katlenburg-Lindau, Federal Republic of Germany 

Received September 6, 1983; revised January 2, 1984 

The final stage of the accretion of Uranus and Neptune is numerically investigated. The four 
Jovian planets are considered with Jupiter and Saturn assumed to have reached their present sizes, 
whereas Uranus and Neptune are taken with initial masses 0.2 of their present ones. Allowance is 
made for the orbital variation of the Jovian planets due to the exchange of angular momentum with 
interacting bodies ("planetesimals"). Two possible effects that may have contributed to the accre- 
tion of Uranus and Neptune are incorporated in our model: (1) an enlarged cross section for 
accretion of incoming planetesimals due to the presence of extended gaseous envelopes and/or 
circumplanetary swarms of bodies; and (2) intermediate protoplanets in mid-range orbits between 
the Jovian planets. Significant radial displacements are found for Uranus and Neptune during their 
accretion and scattering of planetesimals. The orbital angular momentum budgets of Neptune, 
Uranus, and Saturn turn out to be positive; i.e., they on average gain orbital angular momentum in 
their interactions with planetesimals and hence they are displaced outwardly. Instead, Jupiter as 
the main ejector of bodies loses orbital angular momentum so it moves sunward. The gravitational 
stirring of planetesimals caused by the introduction of intermediate protoplanets has the effect that 
additional solid matter is injected into the accretion zones of Uranus and Neptune. For moderate 
enlargements of the radius of the accretion cross section (2-4 times), the accretion time scale of 
Uranus and Neptune are found to be of a few 108 years and the initial amount of solid material 
required to form them of a few times their present masses. Given the crucial role played by the size 
of the accretion cross section, questions as to when Uranus and Neptune acquired their gaseous 
envelopes, when the envelopes collapsed onto the solid cores, and bow massive they were are 
essential in defining the efficiency and time scale of accretion of the two outer Jovian planets. 

1. INTRODUCTION 

Differences in chemical composition and 
physical structure among the planets indi- 
cate differences in their accretion pro- 
cesses. For example, the terrestrial planets 
are generally assumed to be formed by the 
accretion of solid (rocky) material (e.g., 
Greenberg, 1979; Cox and Lewis, 1980; 
Wetherill, 1980: Cazenave et al., 1982). On 
the other hand, the nearly solar composi- 
tion of Jupiter and Saturn suggests that they 
accreted large amounts of gaseous hydro- 
gen and helium. The two outermost Jovian 
planets, Uranus and Neptune--lacking a 
large gaseous component--are believed to 
be formed in a similar manner to the terres- 
trial planets, i.e., by the accretion of solid 
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(a mixture of rocky and icy materials) 
bodies with only a small amount of gaseous 
components. Therefore, the accretion pro- 
cesses of the terrestrial planets and Uranus 
and Neptune are somewhat similar. How- 
ever, there is also one basic difference: 
Uranus and Neptune are so massive that 
gravitational scattering of the planetesimals 
becomes one of the main factors, if not the 
dominant factor, in determining the time 
scale and details of the formation of these 
planets (Safronov, 1969, 1972). 

Following this line of thinking, we have 
numerically investigated the simultaneous 
accretion and scattering of small bodies by 
proto-Uranus and proto-Neptune (Fern~in- 
dez and Ip, 1981, 1983). The general result 
is that, if the original population of plane- 
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FIG. 3. Time variation of the semimajor axes of the 
four Jovian planets as a result of exchange of angular 
momentum with planetesimals. These results are 
taken from case 7. The initial semimajor axes are aj = 
5.203 AU, as = 9.54 AU, at; = 20 AU and aN = 30 AU. 

The outward displacement of Uranus 
(Neptune) as a result of the removal from 
its accretion zone of an amount of mass mr 
can be derived from Eq. (1), which leads to 

r - ro (1 ~ mrS2 
ro = ~0r0 Mp/ - I, (5) 

where Ah is given in Table II for Uranus 
and Neptune. 

A numerical example will help to illus- 
trate the different outcomes whether we 
consider a single giant planet or all of them. 
Let us assume that Neptune removes from 
its accretion zone a mass equal to its own 
mass. This material will be finally ejected, 
should Neptune be the only giant planet in- 
fluencing its dynamical evolution. Equation 
(2) would thus apply for me = Mp leading to 
(r  - ro)/ro = -0.56 (sunward displacement). 
When the other giant planets are included a 
large proportion of the mass removed by 
Neptune will be transferred to their influ- 
ence zones. Equation (5) will now apply for 
mr = M leading to ( r  - ro)/ro = +0.3 (out- 
ward displacement). Note that the latter 
case gives a smaller displacement of Nep- 

tune. This is so because the transfer of 
bodies to the inner giant planets (gain of 
angular momentum for Neptune) is in part 
offset by the bodies ejected by Neptune 
(loss of angular momentum for Neptune). 

Figure 3 shows the orbital displacement 
of the four Jovian planets as a result of the 
exchange of angular momentum with the 
scattered planetesimals obtained from one 
of the computed cases. This example shows 
that for the first 2-3 × 10 7 years Uranus 
and Neptune experience an inward dis- 
placement, since the interacting planetesi- 
mals in near-circular orbits on average gain 
energy and angular momentum following 
the so called Fermi acceleration mechanism 
(Arnold, 1965; Opik, 1966). However, after 
many encounters the relative velocity u of 
the interacting planetesimals increases 
enough to allow them to become Saturn or 
Jupiter crossers. Such planetesimals are 
likely to be transferred to the influence 
zones of Jupiter and Saturn, usually with 
less angular momentum than they originally 
had. Uranus and Neptune will gain angular 
momentum and move outwards accord- 
ingly, as their graphs indicate for t ~> 3 x 
10 7 years. Jupiter as the main ejector Of 
bodies moves sunward. Saturn, like Uranus 
and Neptune, moves outward because it fi- 
nally transfers a large fraction of the incom- 
ing planetesimals to Jupiter's influence 
zone. As mentioned, Jupiter and Saturn 
owing to their much larger masses experi- 
ence smaller (though still significant) dis- 
placements than Uranus and Neptune. 

Despite the large variations in the semi- 
major axes of Uranus and Neptune, their 
final orbital eccentricities are found to be in 
most cases very small (e < 0.01). Other ef- 
fects, such as interactions with more mas- 
sive bodies than those considered here or 
secular perturbations among the giant plan- 
ets, are responsible for the present larger 
eccentricities of Uranus and Neptune 
(Ziglina and Safronov, 1976). 

4. ACCRETION E F F I C I E N C Y  

As expected, the accretion efficiency is 
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Pluto’s	resonance		
and	eccentricity	 Neptune’s	

migraJon	

ep	=	0.25			�				∆aN	�	5	AU		
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Scientific American
Sep 1999
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Two populations of impact craters 
– evidence for planet migration

Pop 1

Pop 2
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The initial conditions were carefully chosen to... 

© 1993 Nature  Publishing Group

Nice model 
(2005)
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Agnor & Lin, 2012

Earth

Terrestrial planets unstable under giant planet migration!

Brasser et al., 2009
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Conclusions

Several lines of evidence in the outer solar system 
for the "late" migration of the giant planets

But in conflict with the existence of Earth and its orbital stability

This is a crisis in solar system dynamics!

Stay tuned for a resolution to this puzzle.



From icy moons to ocean worlds
(less than) 50 years of outer solar system geology

Geoffrey Collins
Wheaton College, Massachusetts LPI 50th Anniversary, March 2018



Before 50 years ago, 
astronomers were the 
people studying

icy moons



Voyager in the 1980s revealed icy moons to 
be worlds* in their own right

1976-
1977

1979
1980-1981

1989 1986

* World = 
Something a 
geologist can be 
interested in



A brand-new LPI 
building welcomes 
the interns of 1993



I was guided by a preeminent 
ocean world explorer …





Question #1:
How is geology different if you make the 
crust out of ice instead of water?



Geological differences in ice?

Tectonics

Volcanism

Erosion

EuropaDione

Familiar:
Normal faults

Bizarre:
Double ridges
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Enceladus
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Titan?



Geological differences in ice?
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Question #2: How does liquid water 
influence the geology we see?
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Question #2: How does liquid water 
influence the geology we see?



Question #3: Which worlds have oceans?

Direct evidence 
for ocean

Indirect evidence 
for ocean



Ice
7-15 km thick

Salt water ocean
approx. 100 km thick

Rocky mantle
approx. 1000 km thick

Iron core
approx. 500 km radius

Internal Structure
current best fit



Question #4:
How do ice-covered oceans behave?

Steve VanceKr
ist

a 
So

de
rlu

nd

Jason Goodman



The “ice pump” mechanism on Europa

Vance and Goodman 2009



Question #5: Is there life on 
ocean worlds?

Stay tuned!
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Pluto Explored:  The LPI Connection

Dr. Paul Schenk,  Lunar & Planetary Institute (1991-?)

Science Team Member on Cassini, Dawn and New Horizons

1948: fantasy 2015:  fact



Pluto 
In Summer 2015, Pluto captured the 
world’s imagination . . .

and LPI was a big part of that



Pluto in 1991 . . .

A (pre-HST) smudge in deep space
Bitterly cold (-230 F)

Frozen methane, nitrogen, carbon monoxide on surface
Thin atmosphere

Large moon Charon discovered 1978
Mutual event eclipses of ca. 1985 establish ~ diameter of ~1200 km

1991 is the last year Pluto is ‘alone’ in Trans-Neptunian Space



In 1992 the first of thousands 
of Kuiper Belt objects is found 
by Jewitt & Luu.

Now Pluto is 1st of many . . .

Discovered in 1930, Flagstaff, AZ
dedicated search for “Planet X”

For 60 years we thought Pluto was a lonely outcast



As a Pluto Underground movement to finish
Voyager’s “Grand Tour” of the Outer Solar
System forms in 1989, led by Bagenal, Stern,
Terrile and more luminaries,

others are quietly learning the skills that
would be needed once we got to Pluto . . .

Voyager at Neptune, 1989



A lifelong interest in Stereo Photography leads to a cataloging of all 
potential Voyager stereo images in the mid-1990s . . . 

LPSC 1995:
“Dr. Schenk’s 3D 
House of Satellites”



Dr. David Black (LPI Director) poses the following:     

“All these stereo images are well and good, but why not use 
them to measure elevation . . . “

One day at the LPI . . . 

Euboea Montes thrust 
block & landslide, Io



Well, in those days stereogrammetry was the domain of USGS.
So with Brian Fessler we build our own stereogrammetry
algorithm here at LPI

One day at the LPI . . . 

Euboea Montes thrust 
block & landslide, Io



Five years later the key to a simplified shape-from-shading 
algorithm is found & again Brian Fessler and I write one 

& it works!

Another fine day at the LPI . . . 

Doh crater, Callisto



With the tools in place, mapping of the Cartography and 
Topography of the Icy Satellites begins in earnest, leading to 
dozens of publications

• And the attentions of a certain project . . .

Enceladus global map

Europa topography



Elsewhere . . . 

New Horizons is selected in 2001
New Horizons is launched in 2006

In 2011 I am asked to lead Cartographic & Topographic mapping efforts for Pluto
Stereo imaging is made a key component of the Observation Plan

New Horizons



Screen Shot 2015-03-
13 at 5.08.27 PM

Charon

10 miles



Screen Shot 2015-03-
13 at 5.08.27 PM

Pluto

10 miles



Screen Shot 2015-03-
13 at 5.08.27 PM

10 miles

RESULT? 
Pluto cooperates and some of the best stereo & 

topographic data of Outer Solar System is acquired

Pluto



Global Map of Pluto
32 - 0.1 km native resolution

4-colors (blue-NIR)

Topography of Pluto
2 – 0.1 vertical precision

 8 km of relief

Schenk et al., 2018a, nearly in press



Global Map of Charon
50 - 0.15 km native resolution

4-colors (blue-NIR)

Topography of Charon
2 – 0.1 vertical precision

 18 km of relief

Schenk et al., 2018b, nearly in press



What did we discover at Pluto?

Two large volcanic edifices resurfaced by flowing ices . . . 

50 miles



Comparative Topography of Icy Satellites



New Horizons discovers active worlds of glaciers, erosional valleys, ice 
sheets, fractures and volcanoes, mapped in great detail

10 km



JPL:   July 1979
Voyager Summer Intern

From Voyager to New Horizons . . .



Pluto: July 2015
What a Team!  What a Ride!

Thanks to Alan Stern and the NH project, and to the Lunar & Planetary Institute



Ain’t Done Yet!
After Pluto, the first visit to a small KBO!

Encounter with “Ultima Thule” on 1 Jan. 2019

May be binary object 20-30 km across

Global and Topographic Mapping planned . . .



3 km

–3 km

The 1000-km wide Sputnik Planitia (Impact) Basin



Ice sheet in Sputnik 
Planitia

1000-km-wide ice sheet 
is made of frozen 
nitrogen, carbon 
monoxide & methane

Cellular pattern is soft ice 
convecting!

20 miles



Screen Shot 2015-03-
13 at 5.08.27 PM

What did we discover at Pluto?

An amazing almost Earth-like landscape of

Mountains,  Ice Sheets, Glaciers and Valleys



Mountain slopes carved by glacial erosion!

Glaciers composed of nitrogen ice  – soft at 38K, flows downhill

10 miles



What did we discover at Pluto?

A large volcanic area resurfaced by flowing ices . . . 

50 miles





@ Jupiter 2007

A lonely 8-year 
cruise . . .



Ultracool Red Dwarf TRAPPIST-1

DR.  SUE LEDERER
NASA JOHNSON SPACE CENTE R

7 Terrestrial Worlds
7 Chances for Ice… 

And Life

Presenter
Presentation Notes
NASA’s roleJSC’s role



0.6m
TRAPPIST-South



3

Imaging planets around other stars

Presenter
Presentation Notes
This one and the next could maybe be cut… just shows the difficulty in finding planets
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Jupiter

8% the mass of the Sun
12% the size of the Sun

TRAPPIST-1, a tiny star 40 light-years away

80x the mass of Jupiter
~20% larger radius

0.01% of light blocked ~0.5-1% of light blocked



National Aeronautics and Space Administration

What is an Exoplanet Transit?

G I L L O N  E T  A L . ,  N A T U R E  2 0 1 6 , 2 0 1 7



National Aeronautics and Space Administration

The Initial Discovery of the TRAPPIST-1 System

Leconte et al. (2013)

Gillon et al.
May 2016, Nature

Presenter
Presentation Notes
Off the bat view of the whole system, compared to our Solar system



Spitzer Space Telescope
500 Hours, 20 ~continuous days, starting 19Sep, 2016

Not 3 planets…. Seven!

G I L L O N  E T  A L . ,  N A T U R E 2 0 1 7

https://en.wikipedia.org/wiki/File:Spitzer_space_telescope.jpg
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Leconte et al. (2013)

Artist’s Conception of 
planetary surfaces

Gillon et al.
May 2016, Nature

Gillon et al.
Feb. 2017, Nature

Presenter
Presentation Notes
Off the bat view of the whole system, compared to our Solar system



L U G E R  E T  A L . , N A T U R E  2 0 1 7

7 9  D A Y S  O F  K E P L E R D A T A

T H E  P E R I O D  O F  T R A P P I S T - 1 H :  
1 8 . 7 6 4 D A Y S ( 3 : 2 R E S O N A N C E )

A 7-Planet Resonance Chain:
1st Predicted Orbital Period for an Exoplanet

Presenter
Presentation Notes
Could potentially cut this79 days of data, 5 days in safe modefeels a little a bit like for Le Verrier and Neptune



How many habitable zone planets?
What are the orbital periods & distances to the star?

Transit lightcurves

What are the their sizes (diameters)?

Habitable zone of System

G I L L O N  E T  A L . , N A T U R E ,  F E B  2 3 ,  2 0 1 7






National Aeronautics and Space Administration
T R A N S I T  T I M I N G V A R I A T I O N S :

D E T E R M I N I N G  T H E I R  M A S S E S

G I L L O N  E T  A L . ,  N A T U R E 2 0 1 7



7 Planets Similar to Earth

Artist’s Conception of  TRAPPIST-1 Planetary Surfaces





National Aeronautics and Space Administration

TRAPPIST-1 Goes Viral






JWST: Detecting Signatures of Life

Earth Transit 
Transmission Spectroscopy

Presenter
Presentation Notes
HNO3 = nitric acid






True-to scale
view of the other

planets from
TRAPPIST-1e



Presenter
Presentation Notes
Allow to run if there is time at the end






National Aeronautics and Space Administration

QUESTIONS?

Artistic Credit: 
NASA/JPL-Caltech



Thomas H. Zurbuchen
Associate Administrator
Science Mission Directorate
@Dr_ThomasZ

50-Year Union 
of Exploration



First U.S. Satellite
• Sputnik launched

October 4, 1957

• Explorer 1 launched 
January 31, 1958 

• Unlike Sputnik, Explorer 1 
carried a science payload

• The first observations 
yielded a surprise



As of February 6, 2018 3
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