4) 3x9=7 59)
= 301 = 381 =381 = 27

21
21
O

"Handy exam trick: when you know the answer but not
the correct derivation, derive blindly forward from the
givens and backward from the answer, and join the
chains once the equations start looking similar.
Sometimes the graders don't notice the seam.” -xkcD

ALWAYS START WITH A JOKE




CLUSTERING OF MARS PLANETARY DATA
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o Education
» Senior at Rowan University
» Computer Science & Physics

» Research

o 2 years planetary science &
physics w/ Dr. David Klassen

o Internship

o NASA-LEND-SPS scholars
program

» Continuation of past research

o Career Interests
» Software design/programming
» Visualization

» Research: planetary science,
planetary science, nuclear
physics
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THEMIS

Mars Odyssey
2001

Key instruments: High Energy Neutron Detector
(HEND) [Russians] and Gamma Ray Spectrometer

(GRS) RESEARCH
BACKGROUND



CRaTER

DLRE
LROC WAC

LOLA

Lunar Reconnaissance Orbiter

LAMP »
2 O O 9 LROC NACs

Key instrument: Lunar Exploration Neutron Detector
(LEND), again Russians

BACKGROUND



CHEAT SHEET!

Odyssey =2 Mars

L.R.O. = Lunar Reconnaissance Orbiter 2> Moon
Prospector 2 Moon (1998)

G.R.S. = Gamma Ray Spectrometer -2 Odyssey

H.E.N.D. = High Energy Neutron Detector > Odyssey
L.E.N.D. = Lunar Exploration Neutron Detector > LRO

Notice LRO has NO Gamma Ray sensitive device listed here?

You will be quizzed in 3 seconds...

REMEMBER THESE



OK no quiz! But...
A bit on Neutron/Gamma Ray Spectroscopy

Nuclear Radiation from a Planetary Surface

thermal
and epithermal

neutrons cosmic ray

fast
neutron

THE QUIZ IS A LIE



GAMMA RAY SPECTROSCOPY != NEUTRON

SPECTROSCOPY

GRS

Hydrogen
y g Direct elemental

abundance

?

Discrete groups of
neutron counts

e RESEARCH
Epithermal Flux MOTIVATION




- ~ﬁﬁaay,- ] ,l“ - I e M

i e = ~.:3

fs‘i»iProgram I wrote in IDL uses clustering
Groups data 1nto most 51m11ar
partitions RS

Works in 2D and 3D (smgle set/multlple
sets)

R

HOW? CLUSTERING. THAT'S HOW.



Let’s look at a small map of some surface given by a neutron
detector

For simplification purposes we’ll fill it with some arbitrary numbers
it N = 3;

The program will pick random

locations to start the

“partitions” or clusters

however they can be weighted

if chosen .
Now it can begin to

organize the data piece by
plece into the groups

All the data has now been

grouped for similarity,
though not all are adjacent 3 O 9 9 3
One set == 2D. Including

more sets of data pushes “CLUSTERING FOR
: rd A1 .
into the 3'* dimension, and DUMMIES”

these partitions can be
thought of as volumes
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SOME REFERENCE IMAGES‘



| Graphical Representation of
Clustering

A -

Cluster map of several
GRS/HEND datasets

Cluster Spectra

Band #
Neutron Gamma Ray
1 = Epithermal1l 5=Cl

o 2 = Epithermal 2 6 =Fe

s 3 =Fast 1 7=H20

§ 4 = Fast 2 8=K
9==Si
10=Th

E 5 EXTENSIONS OF‘
CLUSTERING

Band Number




Linear combination of neutron flux in each energy
band has several possibilities

Direct correlation with specific elements without the
need of GRS

Broader correlations such as geologic tendencies

LEND provides us with more neutron data to
observe

Comparisons with Prospector GRS results and obtained
physical Lunar Samples.

Other missions with neutron spectroscopy
capability and not GRS may still yield elemental
composition results

LRO AND FUTURE PLANETARY MISSIONS
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PLEASKE

ask questions/make
comments!

SUGGESTIONS?



ACTUAL SOENCE
MONTAGE

N

=

A

PAINT FLECKS FROM
THE RUWER'S CLOTHING
MPAICH AN ANTIMATTER
FACTORY IN BELGRACE!

OKPY, WEVE DETERMINED
THERE'S NEMHER BARIVM
NOR RADIUM IN THIS SAMRE.

/ PRORGLY,
e

o

-XKCD



