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Science does not
operate in Isolation

“Science can be
effective in the national
welfare only as a
member of a team,
whether the conditions
be peace or war. But
without scientific
progress no amount of
achievement in other
directions can insure our
health, prosperity, and
security as a nation in
the modern world.”

--Vannevar Bush, 1945




NATIONAL AERONAUTICS AND SPACE ACT OF 1958, Pub. L.

No. 85-568,

As Amended

72 Stat. 426-438 (Jul. 29, 1958)

Objectives of Aeronautical and Space Activities.--The
aeronautical and space activities of the United
States shall be conducted so as to contribute
materially to one or more.of the following

objectives:

(1) The expansion of human knowledge of the Earth
and of phenomena in the atmosphere and space.

NASA Science is Interconnected

Cosmology,
*  Galaxy formation
and evolution

Star formation,
planet formation

Planetary evolution,
geophysics, climate
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Science Mission Directorate

PLANETARY SCIENCE ASTROPHYSICS

An Integrated Program of Science
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Science @ NASA executes:
~ Q7 missions

+ 123 spacecraft

= 12 Balloon launches (FY 2013)
« 19 Sounding rockets (FY 2013)
« 4,400+ Airborne hours (FY 2013)

"_ JUICE (ESA)




Heliophysics

Discover the origins of the sun’s
activity and predict the variations in
the space environment

Planetary Science

Search for the requirements of life
reveal planetary processes
through time, and understand the
solar system’s beginnings

Earth S;:ience
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i MNP, :
Enable more accurate and useful
environmental predictions, including
weather, climate, natural and human

Induced events
Astrophysics

' Seek out nearby, habitable planets,

search for the first stars, galaxies, and
black hole, and understand the
physics of the universe

Understanding the Sun’s System

Solar Dynamo

Planetary

Stratosphere and Ozone

Magnetospheres

Energetic Particles
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Heliophysics uses our “local space laboratory” to study problems that also
are fundamental to astrophysics and our understanding of the universe.




Coronal Mass Ejection Erupting from the Sun

STEREO Tracks a CME through
Interplanetary Space
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Magnetosphere Multi-Scale Mission
Using Our Space Environment as a Natural Laboratory

MMS will try to solve the mystery of how magnetic fields around Earth connect and
disconnect, explosively releasing energy via a process known as magnetic
reconnection. MMS consists of four identical spacecraft to provide the first three-
dimensional views in space of this universal fundamental process.

Understanding the Earth System

Physical Climate System™*

Atmospheric Physics/Dynamics**®

External Forcing

T

Terrestrial Ecosystems*
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Spaceborne Perspective is Key

W Formulation
B implementation
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Satellites provide stable measurements with global coverage, high spatial
resolution, and frequent revisit; the constellation of Earth-observing satellites
allows sustained measurements of many different quantities

Follow the Water:
Monitoring and Understanding Earth’s Hydrologic Cycle

Credit: NASA/NOAA/GSFC/Suomi NPP/VIIRS/Norman Kuring
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NASA Gravity Recovery and Climate Experiment (GRACE)

* Launched in 2002

* Functions like a ‘scale in the sky’ that can weigh the
monthly increase or decrease in water storage in a large
(>150,000 km?) region with an accuracy of 1.5-cm
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Global Ocean Mass
Mass Increase Trend: 1.8 mm/year
Satellite: GRACE
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Satellite Measurements Detect and Diagnose
5 mm Sea-Level Drop in 2011

Precise global sea-level measurements from NASA
spaceborne altimeters have shown that average sea-level
has been rising at a rate of ~3.2 mm/year.

In 2010-2011, however, the altimeter missions detected
that average sea-level has fallen by ~5 mm.

Only 40% of the change results from ocean cooling (and
contraction) during the onset of the 2011 La Nina.

The NASA GRACE and TRMM missions show that most of
the sea-level drop results from changed global
precipitation patterns, with increasing tropical rainfall in
South America and Australia — with increased ground
water. Water has moved from the ocean to the land.

TRMM measurements of
Precipitation change, 2010-2011

Mean Sea Level (cm)
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1992-2010 global mean trend:
3.2 mmlyear sea-level rise
(data from NASA
altimeter missions)

2010 2011
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GRACE measurements of
Ground Water change, 2010-2011

Satellite Measurements Detect and Diagnose
5 mm Sea-Level Drop in 2011

Precise global sea-level measurements from NASA
spaceborne altimeters have shown that average sea-level
has been rising at a rate of ~3.2 mm/year.

In 2010-2011, however, the altimeter missions detected
that average sea-level has fallen by ~5 mm.

Only 40% of the change results from ocean cooling (and
contraction) during the onset of the 2011 La Nina.

The NASA GRACE and TRMM missions show that most of
the sea-level drop results from changed global
precipitation patterns, with increasing tropical rainfall in
South America and Australia — with increased ground
water. Water has moved from the ocean to the land.

TRMM measurements of
Precipitation change, 2010-2011
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Trend = 3.2 mm increase per year

GRACE measurements of
Ground Water change, 2010-2011
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Operation
IceBridge

Bridging the gap between
the ICESat and ICESat-2
missions, NASA is deploying
aircraft to monitor the
Greenland and Antarctic ice
sheets, as well as sea ice in
both regions.

IceBridge is also making
other key measurements
to improve predictive
models for ice-sheet
evolution.
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Greenland Ice Mass Loss: 2003-2013
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The drought
you can’t see

Geophysical methods detect
in water storage pp.1543& 1587
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GRACE observations of
Terrestrial Water Storage
changes in California
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Cumulative Groundwater Depletion in California’s Central Valley from USGS and GRACE
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Califorﬁia Drying

Cumulative W?la{; storage changes from NASA GRACE (2002-2014)
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Figure by Jay Famiglietti and colleagues at UC Irvine and NASA JPL
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Famiglietti et al., 2011
~3 km3/yr

 Voss et al., 2013
il ~13 km3/yr

Rodell et al., 2009
~18 km3/yr

Bourzac, 2013; after Rodell et al., 2009; Famiglietti
et al. 2011; Voss et al., 2013 Jpl
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NASA Set for a Big Year in Earth Science with
Five New Missions

Orbiting Carbon

(
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Understanding the Planetary System

Planetary science Planetary science Planetary

observations of primitive observations of airless system
bodies provides direct surfaces measures science and
measurements of early record of planetary comparative
impacts planetology

solar system conditions

Astrophysics Heliophysics

Astrophysics observations of study of the
observations of stellar extra-solar planets S_un and its
lifecycle inform and inform and constrain impact on
constrain theories on theorifes on the Earth System the Earth &
the formation of formation of our Sci Planetary

cience .
solar system bodies

our Sun

M Formulation
M implementation
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Rosetta is a European Space
Agency mission with contributions
from its member states and NASA.
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Rosetta Captures Philae Lander

Philae’s
Final Location

* Three bounces
occurred since
the “harpoon”
did not fire

15t Location was
in the center of
Landing ellipse J

Philea finally
lands with one
leg in the air and
two against a
hard surface wall
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Image panorama from Philae Lander
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Philae’s
Final Location

Touchdown times for the Philae
lander:

--15:33 UTC

--17:26 UTC

--17:33 UTC
~2 hour Philae flight time
between 15t and 2" & 7 mins
between 2" and 3" touchdowns.

Unattached
Lander Leg

Lander added to show
orientation with images to scale
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NASA Contribution to ESA’'s Rosetta Mission

$OF | S0l ol GHRIIEESIL OO T

3 instruments plus a significant portion of the electronics package
for another (MIRO, ALICE, IES, and ROSINA DFMS Electronics)

3 Principal Investigators, Interdisciplinary Scientist
40 Co-Investigators and researchers

Deep Space Network 70 meter and 34 meter support
Scheduling software for science observations
Multi-mission Ephemeris Support tool

Comet modeling

Shadow navigation for flight dynamics verification
Outreach and media products

10. Support for ESA's Amateur Ground Observing Campaign
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NASA Hardware Contribution

(an ultraviolet imaging spectrometer) will map the comet’s nucleus for
pockets of both dust and ice — Alan Stern, SWRI

(Microwave Instrument for the Rosetta Orbiter) will remotely examine
the vicinity for signs of water coming off the nucleus and will construct

temperature maps — Sam Gulkis, JPL

(lon and Electron Sensor) will look for examples of direct interaction
between the solar wind and the nucleus — James Burch, SWRI

(Rosetta Orbiter Spectrometer for lon and Neutral Analysis) will
identify gases sublimating from the comet. NASA is providing ROSINA’s DFMS
(Double Focusing Mass Spectrometer) Electronics — Stephen Fuselier, SWRI

NASA Participation in the Rosetta Payload

Orbiter Teams
1. ALICE - UV spectrometer
3. COSIMA — chemistry

5. IES - ion_and electron sensor
6. ICA — plasma analyzer

8. MIDAS — atomic force microscope (dust particles)
9. MIP — magnetic impedance probe

10. MIRO - microwave spectrometer / radiometer
11. LAP — Langmuir probe

13. ROSINA — mass spectrometer

der Teams

. CIVA -lander visible - IR camera (omnidirectional)
. COSAC — lander mass spectrometer

. MODULUS — gas analyzer

. MUPUS — probe

. ROLIS — lander descent camera

. SESAME — seismic data

. SD2 —drill
. PTOLEMY — gas analyzer

Legend:
NASA hardware contribution
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Curiosity at Gale Crater

RAVAAAS

Curiosity looking toward
Rock Rows and Mt. Sharp
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"~ Aeolis Mons
“Mt. Sharp”

Gilbert Peak Chinle
Alexander Hills 2
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Pahrump Hills

Curiosity has begun an intensive study of the Murray Formation at
Pahrump Hills, starting with a reconnaissance pass through the
outcrop. This will be followed by detailed study with contact
science instruments and possibly additional laboratory analyses.

27



Curiosity’s Extended Mission will explore Mt. Sharp, with an emphasis on
understanding the subset of habitable environments that preserve
organic carbon
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Europa: The Ocean That Beckons

“Europa, with its probable vast subsurface ocean sandwiched between a potentially
active silicate interior and a highly dynamic surface ice shell, offers one of the most
promising extraterrestrial habitable environments, and a plausible model for habitable

environments beyond our solar system”

(Really lo)

- The Decadal Survey

Nearly all we have
learned about Europa
has come from the 12

flybys of the Galileo
flagship mission

N

i

Hyd othermal Vents?
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Questions to Answer _to U_nderstand @
Europa’s Habitability

Water: Are a global ocean and lakes hidden by
Europa’s shell of ice?

Chemistry: Is there

evidence of the essential

elements of life on the
surface or in the plumes?

rgy: Can surface oxidants
and ocean floor reductants
combine to power life?

Hydrogen

H & O emission lines from HST with
Superimposed Europa image from Galileo

Roth et al. (2013). Science.
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Saturn’s Moon
Enceladus

Pt

Asteroid Sample:
Return Mission

Launcﬁ‘:'2016_f
Return: 2023 .

OSIRIS-Rex:

Origins Spectral
Interpretation
Resource
Identification Security
Regolith Explorer
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Understanding the Universe

Understanding The Astrophysics System

Cosmology & the Big Bang

Dark Matter Primordial fluctuations Primordial Nucleosynthesis

l st Stars aalaxie | Creation of Hydrogen & Helium
Galaxy Formation & Evolution + Gravitational Collapse

Star forming regions

= B = < Solar type stars
Heliophysics Star Formation & Evolution Creation of Heavy Elements

Protoplanetary disks Supernovae + Chemistry

Planetary Science Planet Formation & Evolution Creation of Molecules & Organics

Habitability Elements of Life
Exoplanet Discovery

Earth Science & Biology & Characterization

* Biomarkers Biochemistry
A 4 ¥
Origin & Evolution of Life
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Hubble Ultra Deep Field - Infrared
Hubble Space Telescope » WFC3/IR

NASA, ESA, G. lllingworth (UCO/Lick Observatory and University of California, Santa Cruz),
and the HUDF09 Team

STScl-PRC09-31
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2011 Nobel /7 2015 Breakthrough Prizes in Physics

Awarded to Saul Perimutter,
Brian P. Schmidt and Adam G.
Riess "for the discovery of the
accelerating expansion of the

Universe through observations of |

distant supernovae.” These
observations were made, in
part, by NASA's Hubble Space
Telescope.

Difference: 1997-1995

Distant Supernova in the Hubble Deep Field
Hubble Space Telescope « WFPC2

NAS. cl) » STScl-PRCO1-09
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Our Next Great Observatory:
The James Webb Space Telescope (JWST)
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James Webb Space Telescope - Seeing the Unseen

JWST WILL PENETRATE THE ATMOSPHERES OF EXOPLANETS

shiyod NNS

JWST WILL SEE THE FIRST STARS AND GALAXIES

Batalha, N., et al. (2014) JWST simulations
JWST white paper
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are at GSFC in storage!
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AYAAAS

JWST on Track for 2018

AYAAAS
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Number of New Planets

Fraction of stars with planets (P < 50 days)

Kepler’s Planet Bonanza

Discovery Ye

Planet Occurrence from Kepler

14 20 28 40 57 80 11.3 16.0 22.6
Planet size (relative to Earth)
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Ground-based
Observatories

010

Decadal
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Transiting Exoplanet
Survey Satellite (TESS)

Wide-Field Infrared Survey Telescope
with Astrophysics Focused Telescope

- (WFIRST - AFTA) .
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Technologies in Development for a New Worlds Telescope

New Worlds Telescope

WFIRST/AFTA Exo-C Exo-S (>2030)
(2024)

o

B ;

Exoplanet Atmospheres Habitable Exoplanets

Coronagraph Technology Starshade Technology

maton Flying

ISS Enables Long Duration Exploration

— Commercial Cargo and Crew — Health and Human Performance
Transportation Services to — Crew Habitability and Logistics
LEO — Technology Testbed

— Commercial Application of « Docking System
Microgravity and Space « High Reliability Closed Loop Life
Research for Terrestrial Support
Application Long Term System Performance

Logistics and Viaintenance Reduction
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What are we doing on ISS today?

National Lab

[ ]
- K: -
¥ im Y pw
NICER on ELC-2 ' X s

N,
Launch 2017 Fxﬁ
i i

AMS Launch

May 2011
SAGE-IIl
on ELC-4
Launch

2016
= MAXI on JEM
RapidScat SOLAR on Columbus Launch Mar
Launch Aug 2014 Launch Feb 2008 2009

Robotic
Refueling
Mission

CATS on JEM-EF
Launch Sept 2014

EEEm

ISS-CREAM
Launch 2014

JEM-EUSO
~~ Launch Tentatively

1 W“u -
v

CALET on JEM

Launch 2014
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Achieving Alignment for Exploring Space

Commercial & International Partners « Other Government Agencies ¢ Citizen Innovators

A Measure of Our Impact
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SMD Science as a Percentage of
Worldwide Science

10.0%

Non Mission Science

Prime Science
mExtended Mission Science

Total Science Return

Percentage

2006 2007 2008 2009 2010 2011 2012 2013
Year

Source: Greg Davidson’s Science News Metric (2014)

Inspiring Us All--STEAM
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Braille book
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