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Andrea Jones is the Lunar Reconnaissance Orbiter Education and Public Outreach Lead. Please contact her at Andrea.J.Jones@nasa.gov with any questions regarding this presentation, about the LRO mission, or about LRO’s education and communications programs.


Prelude to the
Lunar Reconnaissance Orbiter (LRO):
Why go to the Moon?
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Today, I’m here to talk about the Lunar Reconnaissance Orbiter. But before I talk about the mission itself, I want to step back and talk about why the mission happened to begin with. What were the mission motivations?

Does anyone know why NASA wanted to send a mission to the Moon?


LRO Mission Motivations

Originally:

The first step in a
program to
extend human
presence in the
Solar System,
beginning with a
return to the
Moon.

4 Since expanded:

From exploration
to science.
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Why Go to the Moon? (from the LRO website: http://lunar.gsfc.nasa.gov)
The United States and its partners have begun a program to extend human presence in the solar system, beginning with a return to the Moon. The return to the Moon will enable the pursuit of scientific activities that address our fundamental questions about the history of Earth, the solar system and the universe - and about our place in them. It will allow us to test technologies, systems, flight operations and exploration techniques to reduce the risk and increase the productivity of future missions to Mars and beyond. It will also expand Earth's economic sphere to conduct lunar activities with benefits to life on the home planet.

The Lunar Reconnaissance Orbiter (LRO) is the first step in this endeavor, an unmanned mission to create the comprehensive atlas of the Moon's features and resources necessary to design and build a lunar outpost. LRO follows in the footsteps of the predecessors to the Apollo missions - missions designed in part to search for the best possible landing sites (such as the Ranger, Lunar Orbiter and Surveyor missions). However, building a lunar outpost implies extended periods on the lunar surface and so the goals of LRO go beyond the requirements of these previous missions. LRO focuses on the selection of safe landing sites, identification of lunar resources, and the study of how the lunar radiation environment will affect humans.	

LRO was a Presidentially-mandated mission, part of George. W. Bush’s vision for space exploration. Obama’s vision is slightly different, so LRO transitioned from an exploration-driven mission to a science-driven mission (though all of the datasets LRO is collecting will be available to future lunar explorers).


Instruments
What kind of information would you
want to collect?
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Recall the original motivation for LRO – to enable the establishment of a human presence on the Moon. If you were to plan a lunar outpost, what kind of information would you want to collect?



NASA’s Choices:

e Detailed characterization of the lunar surface
e Characterize the lunar radiation environment

e |dentify resources, such as ice deposits and
sunlight

e |dentify landing hazards, such as rough terrain
or rocks
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For the lunar radiation environment, particularly interested in the biological impact of the radiation – read: it’s effect on you! Or other astronauts. Also interested in how it might affect other life we might be interested in bringing to the Moon, such as plants.

Why are ice deposits and sunlight considered to be resources? (water = drinking water and rocket fuel; sunlight = solar energy]
-Also interested in areas that do NOT receive sunlight – permanently shadowed regions. Cold traps that may contain lots of interesting and potentially useful volatiles.


LRO’s Instruments:
LOLA: Lunar Orbiter Laser Altimeter

e Uses laser pulses to
characterize topography,
slope, and surface reflectance

e Canidentify areas of
permanent sunlight and
shadow through analysis of
surface elevations
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Supports:
Detailed characterization of the lunar surface
Identify resources - sunlight
Identify landing hazards, such as rough terrain or rocks

http://lunar.gsfc.nasa.gov/lola/



LROC: Lunar Reconnaissance Orbiter

Camera

Visible, UV, and infrared
imagery

High resolution camera

Images help characterize the
surface, identify resources
and hazards, and provide
polar illumination data
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High resolution camera can resolve objects down to 1m in diameter

Supports:
Detailed characterization of the lunar surface
Identify resources - sunlight
Identify landing hazards, such as rough terrain or rocks

http://lroc.sese.asu.edu




Diviner Lunar Radiometer Experiment

Measures surface and
subsurface temperatures

|dentifies cold traps and
potential ice deposits

|dentifies landing hazards,
such as rocky terrain

Helps determine surface

composition
- B |
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http://www.diviner.ucla.edu


LAMP: Lyman Alpha Mapping Project

e Measures reflected UV
radiation from distant stars

e “Sees inside” permanently
shadowed craters
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http://www.boulder.swri.edu/lamp/index.html


LEND: Lunar Exploration Neutron
Detector

e Measures the flux of neutrons
from the Moon

e |dentifies potential ice
deposits
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Measures likely hydrogen concentrations, which indicates likely water concentrations (expect in form of water ice)

http://l503.iki.rssi.ru/LEND-en.html


Mini-RF Technology Demonstration

e Measures reflectivity using X
and S band radar

 Can identify likely ice deposits

e (Can “see” beneath the
surface

e Supplements visible imagery
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http://www.nasa.gov/mission_pages/Mini-RF/main/index.html


O
CRaTER: Cosmic Ray Telescope for the

Effects of Radiation

% : e Measures incoming radiation
(solar, cosmic background,
and reflected lunar radiation)

e Contains a human Tissue
Equivalent Plastic to assess
biological impacts of radiation
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http://crater.sr.unh.edu


=
The Lunar Reconnaissance Orbiter (LRO)

Science Objectives
Investigate:

 Impact history of the Moon =

e Lunar geologic processes l/
and their role in the evolution of the lunar crust

 Formation of the lunar regolith

e \olatiles on the Moon, especially at the poles

e Lunar radiation environment
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These instruments combined make… LRO!


Launch!

 June 18, 2009

e Arrived at the
Moon 4.5 days
later

e 3 months

commissioning
(instrument check-
out)

e |nitial 50-km polar
mapping orbit

e Sister spacecraft:
LCROSS



Presenter
Presentation Notes
http://www.lroc.asu.edu/posts/145


Science Results
Images of the entire Moon
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Near side:
http://lroc.sese.asu.edu/posts/707

Far side:
http://lroc.sese.asu.edu/posts/298

Handout:
http://lunar.gsfc.nasa.gov/images/lithos/LRO%20litho2-seeing.pdf
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http://lroc.sese.asu.edu/posts/293


LROC image mosaic
Showing surface reflectance
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http://lroc.sese.asu.edu/posts/707

Shows surface reflectance


Science Results
Repeat imaging of Apollo landing sites
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Take pictures of the sites every time LRO passes over them

Near side:
http://lroc.sese.asu.edu/posts/707

Far side:
http://lroc.sese.asu.edu/posts/298

Site locations added by Noah Petro, LRO Deputy Project Scientist at NASA’s Goddard Space Flight Center


Science Results
Found Astronaut Footprmts
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http://lroc.sese.asu.edu/posts/484
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Part of the panorama of pictures Neil Armstrong took from the west rim of Little West Crater, looking back on the Lunar Module, during the Apollo 11 mission; pan assembly by Brian McInall.

http://www.hq.nasa.gov/alsj/a11/a11pan1111231.html


LROC Featured Sites
Apollo Landing Sites

Apollo 11

Images
Featured Sites
\7:”|‘ l Al 'i|".‘ L‘?
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http://Iroc.sese.asu.edu/featured_sites
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You can find LROC images of all of the Apollo sites in LROC’s Featured Sites:

http://lroc.sese.asu.edu/featured_sites
From new lunar features that our camera discovered, to the closest images of the Apollo landing sites since the astronauts left, these are some of the most requested LROC image collections:
21st Century Spacecraft Impact Sites
21st Century Landing Sites
New Impacts
Apollo Landing Sites
Apollo S-IVB Impact Sites
Surveyor Landing Sites
Ranger Impact Sites
Luna Landing Sites
Lunokhod Rover Sites


Improvements to impa
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Tycho Crater
86 km in diameter, 4.8 km deep

http://lroc.sese.asu.edu/posts/384
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http://lroc.sese.asu.edu/posts/384

Boulder at the top of this mountain is the size of a baseball stadium!
And, we have no idea how it got there! Our current impact cratering models do not permit it to be there. Pictures like this have revolutionized our understanding of impact crater formation.


Science Results
lllumination maps

LROC
illumination map
of south pole
(85° —90° S),
created from 6
months of
Images
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http://lroc.sese.asu.edu/posts/271

http://lunar.gsfc.nasa.gov/images/lithos/LRO%20litho5-shadowedFinal.pdf



Neutron Count Rate at the Lunar South Pole

4.82

4.86

4.89

4.92

180°

4.95

4.28

5.01

2.04

Cps

Science

Results
Water
found!

— But not

where we
expected...
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Hydrogen not confined to areas of permanent shadow

For information about permanently shadowed regions on the Moon:
http://lunar.gsfc.nasa.gov/images/lithos/LRO%20litho5-shadowedFinal.pdf

Contact Andrea Jones (Andrea.J.Jones@nasa.gov) to request this image

For information about LEND, the LRO Lunar Exploration Neutron Detector, that collected this data:
http://l503.iki.rssi.ru/LEND-en.html


Science Results
Seeing the invisible
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Visible image from LROC

http://www.lpi.usra.edu/meetings/lpsc2012/pdf/2388.pdf


Science Results
Seeing the invisible
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Radar image from Mini-RF

http://www.lpi.usra.edu/meetings/lpsc2012/pdf/2388.pdf


Science Results
Lunar pits and bridges
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http://lroc.sese.asu.edu/posts/228

http://lroc.sese.asu.edu/posts/230


Science Results
The incredible shrinking Moon!
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http://www.nasa.gov/mission_pages/LRO/news/shrinking-moon.html

Watters et al., Evidence for recent thrust faulting on the Moon revealed by the Lunar Reconnaissance Orbiter Camera, Science, August 20, 2010

Handout:
http://lunar.gsfc.nasa.gov/images/lithos/LRO%20litho9-shrinking%20moon_final.pdf


Science Results
Best topography data in the Solar System
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Yes, it’s better than Earth! (oceans) – We know the topography of the Moon better than we know the bathymetry of the sea floors – so we know the shape of the whole Moon’s surface better than the shape of the solid surface of the Earth

Handout will be posted soon to:
http://lunar.gsfc.nasa.gov/lithographs.html

(In the meantime, contact Andrea Jones for the file.)


Science Results
Coldest measured place in the Solar System
North Pole South Pole

-180°
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-248°C / -415°F
Found on floor of Hermite Crater

Comparison – Pluto about -234°C  / -390°F
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http://lroc.sese.asu.edu/posts/205
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Impact formed March 17, 2014

http://lroc.sese.asu.edu/posts/205


Science Results
Recent lunar volcanism!
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NASA’s Lunar Reconnaissance Orbiter (LRO) has provided researchers strong evidence the moon’s volcanic activity slowed gradually instead of stopping abruptly a billion years ago.
Scores of distinctive rock deposits observed by LRO are estimated to be less than 100 million years old. This time period corresponds to Earth’s Cretaceous period, the heyday of dinosaurs. Some areas may be less than 50 million years old. Details of the study are published online in Sunday’s edition of Nature Geoscience.
“This finding is the kind of science that is literally going to make geologists rewrite the textbooks about the moon,” said John Keller, LRO project scientist at NASA’s Goddard Space Flight Center in Greenbelt, Maryland.
The deposits are scattered across the moon’s dark volcanic plains and are characterized by a mixture of smooth, rounded, shallow mounds next to patches of rough, blocky terrain. Because of this combination of textures, the researchers refer to these unusual areas as irregular mare patches.
The features are too small to be seen from Earth, averaging less than a third of a mile (500 meters) across in their largest dimension. One of the largest, a well-studied area called Ina, was imaged from lunar orbit by Apollo 15 astronauts.
The team identified a total of 70 irregular mare patches on the near side of the moon.
The large number of these features and their wide distribution strongly suggest that late-stage volcanic activity was not an anomaly but an important part of the moon's geologic history.

http://www.nasa.gov/press/2014/october/nasa-mission-finds-widespread-evidence-of-young-lunar-volcanism/#.VOi6V8ZwId5


Science Results

Lunar hydrogen is more abundant on the Moon’s
pole-facing slopes
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http://www.nasa.gov/content/goddard/lro-lunar-hydrogen/index.html#.VOi3OcZwId5


Some Cool Things From LRO

The Moon is changing!
We can watch it!

We can identify safe landing

sites for future explorers

We better understand the Moon rocks brought
back by the Apollo astronauts

The Moon may have been geologically active
really recently! (for a geologist...)

There is a lot left to learn about the Moon!
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Changes: volatile movement, new impact craters, lunar tides!

Geologic activity could have happened in the last 100s of millions of years!


A

Learn more!
And get involved!
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Top left: Picture from InOMN event at NASA GSFC in 2014 [Photo credit: GSFC/NASA]
Top right: Picture from 2010 LRO teacher workshop [Photo credit: Andrea Jones/GSFC/NASA]
Bottom left: Picture from InOMN event posted to 2014 InOMN Flickr page [Photo credit: Renato Cassio Poltronieri]


International Observe the Moon Night

International Observe the Moon Night (INOMN) is an
annual worldwide celebration of lunar science and
exploration. One day each year, everyone on Earth is
Invited to unite to observe and learn about the Moon
and Its connection to planetary science, and share
personal and community connections we all have to
the Moon.

Sponsored by:
7% qmty & LUNARAND
H0- g - g PLANETARY

INSTIT UTE

observethemoonnight.org
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Held on a Saturday in the fall each year. Date selected based on favorable Moon phase for observing during the afternoon/evening (the most common time for InOMN events to be held).


LRO on the NASA Website

Missions "NASATVY | Follow NASA ’ Downloads

.Abﬂut - NASA Audiences Search Q <

- Topics Galleries

Follow

Apollo Revisited

Related Topics

Earth's Moon NASA | Driving A Lunar
Lunar Eclipse Spacecraft
GRAIL

AR -

http://www.nasa.gov/LRO
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See the latest visualizations from the LRO visualization team, the latest press releases of LRO science results, and more!


LROC Website:

Images Data Where S LRO now., and more|

o

Featured Image: NAC Anaglyph:

' Orientale Fractures

Fractures and faults cut through the southwestern edge of
Mare Orientale [NASA/GSFC/Arizona State University].

http://Iroc.sese.asu.edu



Participate in lunar science research!

Citizen Science
CosmoQuest — Moon Mappers

Noon Mappers

https://cosmoquest.org/mappers/moon
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https://cosmoquest.org/?application=simply_craters/


Lunar Mapping and Modeling Portal

S R L L i = .

HOME BROWSE HELP

Welcome to LMMP

What's New?

LMMP Key Features About LMMP Moon Tours Mobile App
rY r Y
- Browsing Lunar Data The LMMP web portal is a convenient location for lunar visualization X
. data, such as the most recent lunar surface imagery, altimetry, spectral Explore the Moon with
- Searching Lunar Data reflectance, temperature, and lighting provided by the Lunar a New App from NASA!
Reconnaissance Orbiter (LRO) spacecraft, which continues to
- Sun Angle calculation remotely sense the lunar surface. In addition to being able to view and
- Slope calculation overlay LRO data, the LMMP portal includes data obtained from past
0pS lunar missions including Apollo, Lunar Orbiter, Lunar Prospector, ‘ A Store
- Subsetting data . Clementine, and Chandrayaan-1. PP
Learn more about LMMP Features By assembling this data and making it available, NASA provides Android version coming soon

engineers, scientists, mission planners, educators and students with a i

http://Immp.nasa.gov
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http://sservi.nasa.gov/articles/lunar-mapping-and-modeling-project/

The project website is a one-stop location for finding, retrieving, and analyzing data about the moon

NASA has created a new interactive web-based tool that incorporates observations from past and current lunar missions creating one of the most comprehensive lunar research websites to date.

The Lunar Mapping and Modeling Project at NASA’s Marshall Space Flight Center in Huntsville, Ala. has created an online set of capabilities and tools that will allow anyone with an Internet connection to search through, view, and analyze a vast number of lunar images and other digital products. The data and tools available through the project website will allow researchers to perform in-depth analyses to support mission planning and system design for lunar exploration and science missions. It will permit detailed scientific analysis and discovery and open additional educational and outreach opportunities.

The project website is a one-stop location for finding, retrieving, and analyzing data about the moon, including the most recent lunar surface imagery, altimetry, temperature, lighting and other data, as provided by the Lunar Reconnaissance Orbiter (LRO) and its seven onboard instruments.


NASA Wavelength

NASA W Follow ' () Follow n n m

A Full Spectrum of NASA Resources for Earth and Space Science Education

Home About NewsandEvents Data&Images Strandmaps Blog "% Andrea Jones

Browse our collections

Audience Topics

ATE '
svemeon 19

All Audiences v
OBSERVETHEMOONNIGHR@RBRG

R'ead MQI’E' ...

http://nasawavelength.org
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A database of all NASA science education activities, searchable by audience, topic, and educational benchmarks. This website also features NASA science news and events, NASA science data and images, featured lists of activities, blog posts, NASA multimedia products, and more.


=
LRO’s Lunar Workshops for Educators

. Award- wmnmg week Iong professmnal development
workshops designed for grade 6—9 science teachers
focused on lunar science and exploration, with follow-
up throughout the school year.

 Recognized as an exemplary model of teacher
professional development by the NASA Office of
Education and NASA Review Panels.
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Participants:
Learn about the latest discoveries in lunar science
Reinforce their understanding of lunar science concepts
Gain tools to help address common student misconceptions about the Moon
Interact with lunar scientists and engineers
Work with LRO data
Learn how to bring these data and information to their students using hands-on activities aligned with National Science Education Standards and Benchmarks\

LRO’s Lunar Workshops for Educators Evaluation Findings
Participation in the workshops:
Increased teachers’ lunar science content knowledge
Increased teachers’ confidence in their own understanding of lunar science and exploration, and their confidence in their ability to teach these topics
Increased teachers’ knowledge about student misconceptions about the Moon and ways to address those misconceptions
Infused lunar science into existing classroom activities, new courses, extracurricular activities, and STEM fairs
Influenced the teaching strategy of participants
“The workshop was an overall high quality, effective professional development experience… Participants’ feelings about the workshop and presenters were overwhelmingly positive.”


=
LRO’s Lunar Workshops for Educators

e Qver 300 teachers from'30 state's and 3 countries have
narticipated since 2010.

 For more information, and to apply, visit:
nttp://lunar.gsfc.nasa.gov/lwe/index.html

“The workshop was an overall high quality, effective professional
development experience... Participants’ feelings about the
workshop and presenters were overwhelmingly positive.”
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The LWE model incorporates best practices from pedagogical research of science education, thoughtful integration of scientists and engineer subject matter experts for both content presentations and informal networking with educators, access to NASA-unique facilities, hands-on and data-rich activities aligned with education standards, exposure to the practice of science, tools for addressing common misconceptions, follow-up with participants, and extensive evaluation. Evaluation of the LWE model via pre- and post-assessments, daily workshop surveys, and follow-up surveys at 6-month and 1-year intervals indicate that the LWE are extremely effective in increasing educators’ content knowledge, confidence in incorporating content into the classroom, understanding of the practice of science, and ability to address common student misconceptions.

We used this model as the basis for our DREAM2Explore workshops (http://ssed.gsfc.nasa.gov/dream/DREAM/DREAM2Explore.html), very successfully.


Resources

| RO mission website:

| RO.gsfc.nasa.gov

nternational Observe the Moon Night:
observethemoonnight.org

NASA’s Lunar Portal:

Moon.nasa.gov

NASA Solar System Exploration:
SolarSystem.nasa.gov

Moon, Earth, and Space Science Visualizations:
svs.gsfc.nasa.gov
YouTube.com/NASAexplorer
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Moon Mappers, part of Cosmoquest


Join'the Conversation!

Follow LRO!
e Twitter: @LRO _NASA
e Facebook: Lunar Reconnaissance Orblter

Share pictures and hlghllghts from your INnOMN
event! | ~

* Twitter: #moonnight; @observethemoon

* Facebook: lnternation)al Obse‘rve the Moon Night
e Flickr: Ly

nttps://www. fllckr com/groups/mongOlS/
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