SPACE STUDIES BOARD MEETING

NASA Science Overview

National Aeronautics and
Space Administration

Thomas H. Zurbuchen

Associate Administrator
Science Mission Directorate, NASA
9 @Dr_ThomasZ

November 7, 2018



WEBB ~ SS-CREAM XRISM* NEOWISE

XMM-NEWTON® %0, . WHSS-NICER  EUCLID*
SPITZER - 3 ‘NUSTAR
SOFIA GEHRELS SWIFT
TEMPO MAIA  TROPICS _ _
Issg) [cEsarz AP0 0002 goppsar  NISAR e
AQUA LANDSAT 9 st
pacE T |
P LANDSAT 7, 8
oSS = SUOMI NPP
GRACE-FO
SENTINEL-6A/B*
SMAP

GPM

LAGEOS

TERRA *
AURA

" DScovR"
swor

- SORCE

LRO

LDEP

GEOCARB.

NOVEMBER 2018

CHANDRA TESS : R
.. HUBBLE WFIRST 3

BEPICOLOMBO* = = .«

» nﬂl" -~

JPSS-2* .

OSTM/JASON 2

NEW HORIZONS VOYAGER 1

VOYAGER 2

JUICE*

LUCY

g

AN R S T EUROPA CLIPPER
T AMARS ODYSSEYLS e Pt :
pdits ] R EARTH SCIENCE @

+ PSYCHE HELIOPHYSICS @)

PLANETARY SCIENCE .

v

. MARSERESS" [

B OPPORTUNITY . *EXOMARS 2016*"
CURIOSITY ik e

. : : asTRoPHYSICS @
MAVEN Ko
3 EXOMARS 2020* . FUTURE MISSIONS IN BOLD
INSIGHT . e ARAINECEED
MARS 2020 OPERATING & FUTURE

~ SCIENCE FLEET



NASA Science Overview

SMD HIGHLIGHTS

Recent mission highlights, future missions and
Cislunar activities

OPERATIONAL UPDATES

Astro2020 decadal survey, SMD strategic data
management, excellent teams and diversity

NEW AO TEMPLATE

Classified heritage, alternative access to space
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+ Discover the Secrets
of the Universe

PARKER SOLAR PROBE

A Mission to Touch the Sun

Sept. 19, 2018 - Parker Solar Probe returned first-light
data from each of its fo _.5;; nstrument suites




SOLAR ORBITER** \

Observing.the-Sun from Mercury,
‘Distance and Higher Inclination
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TESS

Transiting Exoplanet Survey Satellite
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Sept.17, 2018 - TESS sharés its 1%t science image of thé Large
Magellanic Cloud (right) and the bright star R Doradus (left)
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Presenter
Presentation Notes
BepiColombo will use two orbiters to study Mercury from unique vantage points—Mercury Planetary Orbiter (MPO) and the Mercury Magnetospheric Orbiter (MMO). This will be the first missions to Mercury for the European Space Agency and Japan.

October 2018: Launch
2025: Mercury Orbit Insertion

BepiColombo, an ESA mission in cooperation with Japan, will explore Mercury, the planet closest to the Sun. Europe's space scientists have identified the mission as one of the most challenging long-term planetary projects, because Mercury's proximity to the Sun makes it difficult for a spacecraft to reach and survive in the harsh environment. The scientific interest to go to Mercury lies in the valuable clues that such a mission can provide in understanding the planet itself as well as the formation of our solar system; clues which cannot be obtained with distant observations from Earth.

BepiColombo will be the third mission to visit the planet Mercury. NASA's Mariner 10, flew past Mercury three times in 1974-5 and returned the first close-up images of the planet. NASA's MESSENGER spacecraft will enter Mercury orbit in March of 2011, and already has returned many images of the planet, as well as data. The information gleaned when BepiColombo arrives will throw light not only on the composition and history of Mercury, but also on the history and formation of the inner planets in general, including the Earth.

The mission will consist of two separate spacecraft that will orbit the planet. ESA is building one of the main spacecraft, the Mercury Planetary Orbiter (MPO), and the Japanese space agency ISAS/JAXA will contribute the other, the Mercury Magnetospheric Orbiter (MMO).

The Mercury Planetary Orbiter will study the surface and internal composition of the planet, and the Mercury Magnetospheric Orbiter will study Mercury's magnetosphere, that is the region of space around the planet that is dominated by its magnetic field.

Technological Challenges:
With two spacecraft, BepiColombo is a large and costly mission, one of the 'cornerstones' in ESA's long-term science program. The mission presents enormous, but exciting challenges. All of ESA's previous inter-planetary missions have been to relatively cold parts of the solar system. BepiColombo will be the Agency's first experience of sending spacecraft to 'hot' regions.

After launch into a geostationary transfer orbit, the Mercury Composite Spacecraft will be boosted to the phasing orbit using chemical propulsion. From here the spacecraft will be set on its interplanetary trajectory through a flyby of the Moon. On its way to Mercury, the spacecraft must brake against the Sun's gravity, which increases with proximity to the Sun, rather than accelerate away from it, as is the case with journeys to the outer solar system. BepiColombo will accomplish this by making clever use of the gravity of the Earth, Venus and Mercury itself and by using solar electric propulsion (SEP). This innovative combination of low thrust space propulsion and gravity assist has been demonstrated by ESA's technology mission, SMART-1.

When approaching Mercury, the spacecraft will use the planet's gravity plus conventional rocket engines to insert itself into a polar orbit. A special Weak Stability Boundary Capturing technique is employed. This gives flexibility and is more robust against failures compared to using the more traditional "big kick" approach (single burn capture). The Mercury Magnetospheric Orbiter will be released into its operational orbit, then the Sunshield and the Mercury Magnetospheric Orbiter interface structure will be separated, while the chemical propulsion system will bring the Mercury Planetary Orbiter to its lower orbit. Observations from orbit will continue for one Earth year.



|CESat-2

Sept. 15, 2018 - A United Launch Alliance Delta Il rocket launches
with ICESat-2 onboard, Vandenbe rg Air Force Base, California
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Credits: USAF 30th Space Wing/Vanessa Valentine



i ,: J
ane. F, ce*fndm Septerﬁ'ber 8 to 12 20 4‘

X

efit aboard n.F IVOAA ASuomrw':%. 5 _;" )

: ! o n
s o .'=;|"



Presenter
Presentation Notes
Updated 11/5/18



ICON Launching _ Pr'otScE_?lmpEm;fh
. ARSI Al

Oct. 14, 2018 - Pegasus XL vehicle preparing for-move to hbt:pad at “; 4
Vandenberg Air Force Base; California, with ICON inside the payload

- g

-



Presenter
Presentation Notes
Oct. 14, 2018 - Northrop Grumman Pegasus XL vehicle being prepared for move to hot pad at Vandenberg Air Force Base in California. NASA's Ionospheric Connection Explorer (ICON) is secured inside the rocket's payload fairing. The Pegasus XL rocket will be attached beneath the company's L-1011 Stargazer aircraft, and travel to the Skid Strip at Cape Canaveral Air Force Station in Florida. 
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May 6, 2018 - NASA's InSight to Mars lifts off at Vandenberg
Air Force Base, California
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Commercial Lunar Payload Services (CLPS)
~« Competition open to US commercral provrders of space transportatron servrces consrstent with
‘National Space Transportation Policy | | ~ |
e 10-year multr-vendor catalog for specrfrc payloed mi-ssions
. Structured for NASA as one of several buyers ofa commercral servrce |
Proposals received October 9,2018 | |

« First vendor selection by December 201 8; future on-ramps as more
capabilities are developed
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Astro2020 Decadal Survey Status

- Statement of Task finalized between Agencies (NASA,
NSF, DOE) and NASEM

- NASEM proposal to the Agencies received, reviewed
and accepted

- Funding to implement Astro2020 sent to NASEM

- Start by late 2018, planned public roll out January
2019 AAS meeting

- White papers from the community on Decadal due
January 18, 2019

- Final Decadal Survey report should be delivered by
early 2021

19



Strategic Plan for Scientific Data and Computing

 Development of 5-year SMD strategic data management strategy underway; core principles are:
 Continued free and open access to scientific data
* Improved ease of use and discoverability
» Enhanced science applications and new use cases
* Incorporates best practices and “state of the art” through partnerships

« Strategy development being informed by a range of stakeholder inputs, including:
* NAC, SC, and Ad Hoc Task Force on Big Data recommendations, findings and analyses (2016-2018)
« Science archives community workshop held August 2018
* Interagency, international, and industry workshop held October 30 & 31, 2018
» RFl extended to close November 2, 2018

« SMD working group, comprised of representatives from each division, will use inputs to draft SMD
overarching strategy, expected to be completed in early 2019
* Implementation plans will be developed by each division to meet their specific needs

20
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For talking points: 
New from last NAC SC:
John Lee is now Joint Agency Satellite Division Director
John Gagosian, named Joint Agency Satellite Acting Dep. Div. Director
Jeff Volosin, named Astrophysics Acting Deputy Director



Building Excellent Teams

* Excellent teams require diverse opinions and
perspectives

 Teams must foster a community where everyone
feels safe

 Encouraging healthy behavior through actions
IS paramount

e SMD is building excellent teams by:
 Promoting diversity for both grants and Pl-led missions
 Providing resources to report concerns
« Partnering with the Office of Diversity and Equal Opportunity

 Examining barriers to diversity and inclusion within NASA
and the broader science community

22



‘Pathways to Mission Leadership:
Mission Principal Investigator (Pl) Diversity Workshop

» November 27-28, NASA Science will bring together current principal
investigators (Pls), academia, industry, and government to discuss
strategies for broadening participation in NASA's missions to:

 Promote diversity among current mission principal investigators
 Encourage inclusive behavior within the science community
 Examine barriers to participation

* |dentify best practices and lessons learned for success

* Foster new partnerships

* Contact Ellen Gertsen at ellen.gertsen@nasa.gov to nominate participants!

23
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‘New AO Template — Version 5 Changes

» Classified Heritage Information
» Added two new methods for provision of a classified heritage appendix in response to requests from industry
 Added inclusion of classified Basis of Estimate data

Encouraging Excellent Teams
 Added statements on diversity and inclusion, and harassment and discrimination

Technology Demonstration and Infusion
* Reorganized approach to technology infusion/demonstration

Alternative Access to Space

» Completely rewrote “Access to Space” sections splitting it into “AO-Provided Access to Space” and “Alternative Access to
Space,” with clarifications of requirements based on 2016 Heliophysics Explorer evaluation lessons learned

Increasing Access to NASA's Science Results

* Integrated requirements from the NASA Plan for Increasing Access to the Results of Scientific Research into new Section
4.4.2 “Increasing Access to the Results of Federally Funded Research”

Numerous small clarifications and edits

25



New ESPA-Class Rideshare Policy

* Actively soliciting ESPA-class rideshare scientific
payloads

* Directly supports NASA, government, academic,
commercial, and international partnerships

 Recognizes future importance of constellation
systems and economies of scale enabled by
ESPA-class rideshare

26
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Concept Design for Multi-Plane SmallSat Constellation Deployment
Image Credit: Electrodynamic Technologies, Inc






Technology Flight Opportunities

Incentivize, expand and incorporate advanced
technology demonstration or infusion in all
missions

« Stimulate growth of commercial space flight industry
with innovative space technologies

« Support capability development in suborbital and orbital
small satellite launch vehicle market

* Include NASA Centers, government agencies,
academia, industry, international participation

* Increase focus on potentially transformational
technologies, improved metrics

28



Focused Technology Investment

INTEGRATED
PHOTONICS

SMALL SATELLITE -
ENABLED SCIENCE

INTELLIGENT SYSTEMS /
HIGH-LEVEL AUTONOMY

NEXT GENERATION HIGH-

END COMPUTING

BIG DATA/
DEEP LEARNING

i Substantial improvement in performance of sensors and science instruments; reduction in size
i and cost. Possible emergence of an optical computer

Significant savings in mission costs; “democratization” of science through larger numbers of small
missions from Agency & partner institutions

Increase capabilities or enable wide range of SMD missions (e.g., targeted Earth Science observations,
: enhanced planetary rover capabilities, rapid response to solar events in Heliophysics)

Allows continued scaling of SMD modeling & simulation applications beyond the end of Moore’s Law

Significant opportunity to better understand scientific processes from voluminous data stores

29
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