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Planetary Science Division Update « Administrative & Announcements
 Planetary Science FY10 Budget
» Planetary missions status and plans
» New Frontiers/Discovery status
» Outer Planets Flagship status
James L. Green « R&A status
Director, Planetary Science Division e PSS Recommendations
* MSL status — to be discuss by Doug/Jim

Presentation at the
Planetary Science Subcommittee

July 9, 2009

@ Administrative & Announcements Q) @ NASA FY10 Budget Overview @)

FY2008 FY2009 FY2010 FY2011 FY2012 FY2013 FY2014
® Personnel ChangeS: TotalNASA $174019 $18,7844 $18,686.0 $18,631.0 $18,613.0 $18,607.0 $18,858.0
— Planetary Protection Officer (position closed — selection TBA) Science $47332| $49030| s44772  $a7ara  $4ss0e  $50690  $sq8sa
H Y ° . Earth Science $1,2374 $1,704.6 $1,405.0 $1,500.0 $1,550.0 $1,600.0 $1,650.0
- AStrObIOlogy Iead - pOSItlon to be advertlzed Wldely Planetary Science $1,3126 $1,325.6 $1,3462 $1,500.6 $1,577.7 $1,600.0 $1,6332
— —_ H Astrophysics $1,395.6 $1,281.2 $1,1209 $1,0741 $1,0427 $1,126.3 $1,139.6
Jon Ra” returned to GSFC PIDDP nOW under Llsa May Heliophysics $536.4 $5916 $605.0 $672.6 $7205 $7427 $762.6
— Natasha Johnson (NASA postdoc) obtained position at GSFC Ground Netw ork /DSN 52512
Aeronautics Research $511.4 $650.0 $507.0 $514.0 $521.0 $529.0 $536.0
» National Academy Studies Exploration Systems $32904| $39055| $39631  $60766  $60285  $59665  $61953
.. . . . Constellation Systems $2,6759 $3,4332 $3,5054 $5,5433 $5,472.0 $5,407.6 $5,602.6
— Radioisotope Power System & availability of Plutonium — Completed Advanced Capabilties s6235|  sa723|  sas77  $5333  $5565  $5589 $592.7
- Planetary PrOteCtlon for Mars Sample Return - Completed Space Operations $5427.2 $5,764.7 $6,175.6 $3663.8 $3,4853 $3,318.6 $3,154.8
— NEO - address issues in the detection and mitigation Space Shuttle $32054| $29817| $31571  $3828 $878
s » International Space Station $1,685.5 $2,060.2 $2,267.0 $2,5482 $2,651.6 $2,568.9 $2,4059
+ Expect a “mid-term” letter report by September Space and Flight Support (SFS) $4462 $722.8 $7515 $732.7 $7459 $749.7 $7489
— R&A - Role and Scope of Mission-Enabling Activities
. . Education $1468 $169.2 $126.1 $1238 $12338 $1238 $1255
— Planetary Science Decadal — just started!
Cross-Agency Support Programs $3,2514 $3,3564 SGAOD.G $3,4684 33225.7 $3,5614 $36214
Center Management & Operations $20117 $2,0240 $2,084.0 $2,1192 $2,1425 $2,166.1 $2,189.9
« Stand-Alone Mission of Opportumty Notification (SALMON) Agency Management & Operations $834.1 $9212 $961.2 $956.9 $964.5 $972.3 $981.5
. . . . . Institutionalinvestments $3255 $3437 $3554 $3923 $4187 $423.0 $450.0
— Instrument Mission of Opportunity: Strofio on BepiColombo Congressionally Directed tems $800 $675
Inspector General $326 $356 $364 $37.0 $37.8 $38.7 $39.6




& SMD Budget by Theme (RY $M) [ & FY10 Planetary Science Budget [ Y

FYos | Fyio  Fyfl FY12  FY13  FYi4
$5,500 [F¥10 President Submit 13256 |1.346.2 16006 16777 16000 16332
I i Discovery 2470 | 2132 2346 2568 2565 2643
$5’000 StImUIUS Fundlng GRAIL 1224 1241 104.8 414 47
Operating Missions ara 50.4 528 301 129 10.1
54’500 Research / Management / Fulure 4 387 Al 1854 2388 254.2
New Frontiers 2638 | 2841 2398 2842 2398 2496
$4,ooo Jdung 245.0 2372 1742 714 78 18.1
Now Horizons | Management | Future 19.0 6.9 657 228 2220 2315
$3,500 Outer Planets 1011 98.6 {75 R T PR | | JI | %
Quiler Planets Flagship 51 137 07 69.3 TO.0 0.0
Cassini, Research 9.0 B4.9 764 71.0 a7 485
$3,000
Technology 849 89.0 84 1021 935 914
$2,500 Planetary Science Research 162.1 161.7 193.5 2402 2326 25432
Research & Analysis, PDS, Curation, NEOO 1528 | 1536 1634 1725 1766 1809
Rosatta, MUSES-C 54 6.7 7.0 7.0 7.0 13.2
$2,000 SMD Administrative 39 14 231 60.7 49.0 60.1
Lunar Quest 105.0 1036 1426 1386 1455 1a.7
$1,500 LRO extended mission 08 26 222 72
LADEE w02 66.5 739 311
LN 10.0 a7 16.3 48.9 812 793
$1,000 Entry, Descent and Landing 0.5
Lunar Science, Management and Future Msns 643 125 w8 363 aro 394
$500 Mars Exploration 3816 4161 494.5 4055 5143 536.7
Phoenix 4.6
MSL 2009 2233 | 240 1946 67.3 65.0 30.0
$0 MAVEN 2013 67 534 1687 1826 1334 306
ExoMars 10.5 9.0 14.0 240 200 15.0
FY2008 FY2009 FY2010 Fy2011 FY2012 FY2013 FY2014 Management | Fulure Missions 483 456 461 70 2279 3794
Operating Missions | R&A 881 | 1041 71 60.6 63.1 8.6

JPL Building Support

& PSD What's Changed & PSD What's Stayed The Same @

* OQuter Planet Flagship funded as Europa Mission study » Continue with missions in development and

— Continue to determine feasibility (science, technical, schedule, formulation phase (Juno GRAIL. MAVEN
cost) and to align with the international partners science, ’ ’ ’
technical, and schedule requirements LADEE, and ”—N)

+ Mars Exploration Program » Funded operating missions (Cassini, MRO,

— MSL delays to 2011, the next launch opportunity for Mars, due to MER, Odyssey, EPOXI, NExT, Dawn,
hardware development delays ME ENGER. N .

w Horizon
— Launch every opportunity, ~26 month (except 2009) through SS G , IN€ orizo S)
2020 with European Space Agency partnership * New Frontiers-3 AO released
* Transferred Lunar Robotics activities from Exploration . Next Discovery_12 AO in preparation

Systems Mission Directorate (ESMD)

+ Transferred NEO from Earth Science to Planetary * Technology (ISP- ion propulsion; RPS-ASRG

with PU-238 purchase, LaserCom w/SOMD)
» Research & Analysis opportunities in ROSEQ09



@ Planetary FY10 Budget ( Q: ,, @ Planetary Science Division ( Q: ,,
Budget History ($M)

$3,500
$1,800 Next FYO5 PP (w7 DS Lonar Rabatis)
Decadal S50 / FYOG PEP (/051 & Lunar Robotis)
%1600 /—-——'
$2,500
$1,400
$2,000
$1,200 /_f——-\mn PFP i/ 05N}
FY08 PFP
. FY10PFP
$1,500 _-_’__mu_w—/_
$1,000
Outer Planets $1,000
$800 G
New Frontiers
$500
$600
0
$400 FYo8 FY09 FY10 FY11 FY12 FY13 FY14
FY05 PFP {1/ DSN, O/H, & Lunar Robotics) | $2,955 $3,126
$200 FY06 PFP (1w/DSN, O/H, & Lunar Robotics) | $2,832 $2,999 3,066
FYO7 PEP {w/ DSN & O/H) $1,599 $1,840 $1,900 $1,847
$0 FY08 PP (include O/H) $1,396 51,677 $1,720 $1,738 $1,748
FYos FY09 FY10 Fy11 FY12 FY13 FY14 FY09 PFP $1,047 51,334 $1,410 $1,537 $1,570 $1,609
FY10 PFP $1,313 $1,288 $1,346 $1,501 $1,578 $1,600 $1,633

] Increasing Launch Vehicle Costs [{{ %] & (&=

2005 2009->2011 2011->2013 2016 2018

T Sy

Atlas V Planetary Missions Overview

$192M->$235M $290M w/ExoMars
$79M $153M->$212M $215M wio ExoMars $290M
Delta Il
2007 2011
Phoenix $62M Dawn $69M  GRAIL $152.7M
$92M w/delay

Increasing Launch Vehicle Costs Erode Buying
Power for Missions 12



Planetary Missions (Non-Mars, Non-Lunar) timeline
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Lunar Mission timeline Next Decadal
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Mars Mission timeline Next Decadal
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New Frontiers & Discovery

Pl Mission Opportunities
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& New Frontiers Program k\‘.) &  New Frontier-3 Announcement [{ L

1st NF mission 2nd NF mission 3@ NF mission AO —s . o

New Horizons: JUNO: South Pt » Open competition for Pl class missions of

Pluto-Kuiper Belt Jupiter Polar Orbiter Altien ?::trrfample StrategIC |mp0rtance tO P|anetal’y SCIenCG |n
Mission Mission

the < $1B class

— Select up to 3 for a 10 mo. Phase-A then a
downselect to 1

— Launch window beginning late CY 2016 ending NLT
the end of CY 2018, according to target

— Technology infusion:

* NEXT ion propulsion system & Advanced Materials Bi-
propellant rocket

L3
> « Schedule:
o Observer n — AO released April 20, 2009

— Proposals Due July 31, 2009

Comet Surface
Sample Return

Venus In Situ
Explorer

Network Science

.
§

Trojan/Centaur

Asteroid Sample Return

Launched January 2006 August 2011 launch
Arrives July 2015

Ganymede Observer /,/

% 7 18
& Discovery Program () &  Discovery-12 Announcement (¢ L

Mars evolution: Lunar formation: NEO characteristics:
- Mars Pathfinder (1996-1997) Lunar Prospector (1998-1999) NEAR (1996-1999) N . . .
E : = \ Planetary Decadal science for Pl missions
§ — Across entire solar system (including Mars)
° — Cost Cap: $425M FY10 (without LV)
-é’ Solar wind sampling: Comet diversity: Nature of dust/coma: - Se|eCtI0n 2 to 3 mISSIonS fOI’ a 9 mo. Phase'A then
E Genesis (2001-2004) CONTOUR Stardust(1999-2006 ) dOWnseIeCt tO 1
Eﬁ — Launch date NLT December 31, 2016
£
8 « ASRG is provided GFE as an option
: — Funded 9 feasibility studies
_g' Comet internal structure: Mercury environment: Main-belt asteroids: Lunar Internal Structure
% Deep Impact (2005-2006) MESSENGER (2004-2012) Dawn (2:)07-2015) GRAIL (2011-2012) o SChedUIe
f. \ ﬁ ' L — Draft AO ~late July or early Aug 2009
< ol — Final AO ~ November-December 2009

— Proposals due 90 days after AO release

20



@ Advanced Stirling Radioisotope Generator Status |

» Operation in space and surface of e T
atmosphere-bearing planets & moons
L DOE/Lockheed
» Characteristics: Martin ASRG EU

— 214 year lifetime
— Nominal power : > 140 We
—Mass: ~ 22 kg
— Specific Power: > 6 W,/kg
— System efficiency: > 30 %
— 2 GPHS (“Pu238 Bricks”) modules
— Uses only 0.88 kg Pu 238
* ASRG Engineering Unit (EU) delivered
by DOE/LM to NASA Glenn for extended
(24/7) operation to provide long-life test
* ASRG EU has operated over 4000 hrs of
operation to date (June 09) with no :
performance degradation identified.
* 2 Flight units to be delivered in 2014

ASRG EU on test
at NASA Glenn

&  President's FY10 DOE Budget (&7

The DOE Budget includes funding $30M to
start preliminary design and engineering for a
domestic capability to produce plutonium-238
for use in radioisotope power systems
required for NASA’s space missions and
other federal government agencies needs

23

@ Plutonium Supply vs Potential NASA Demand |
Magnitude of the Potential Shortage

* Mission roadmap demand exceeds available ol & ‘
Pu238 & new Pu23® production rate

« Planned Missions will have to be reconciled with
available supply

238
2 Pu?38 Supply
_,
=l
o |
3 | Remaining Russian Potentlazléya Ava:labl_e
| Pu?38 Purchases New Pu?%8 Production

Mars Network

2000W,
(SRG)
B0 W, Rover Power
6 ASRG)

640WV, New Frontiers 4 2000W,
[ @asRG) o0 (sRG) |
 Discovery 14 Rover Power
2000W,
(g?aoe)e Pu238 Qutflows

Lander Power

Existing Pu?3 Inventory

s ) 2M0W_ (4 sRPS)
| Discovery 12 (LN |

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Year

Outer Planets Flagships

Cassini
Europa & Ganymede missions

24



Cassini Mission Overview , JPL
Four-Year Prime Tour, Equinox Mission, and Solstice Mission (Proposed), July 2004 - July 2017 The Elnergence of Habitable
EquinoxMission | S o 1| s € 1 a o M I : Worlds Around Gas Giants
Year of Tour 6 7 8 9 10 1" 12 13
'04-'05|'05-'06 | '06-'07 | '07-'08 |'08-'09 |'09-'10| '10-'11 | "11-"12 '12-'13 |'13-'14 '14-'15 |15
Orbits 5 12 | 12 Juplter SyStem
Titan Kl o0 : _ .
. /// \\\\
° ) R ESA Jupiter
° NASA Jupiter Ganymede Orbiter
Europa Orbiter X (JGO)
- E Ganymede
uropa an cac
p 3 J\
Io Callisto |
y
y
Enceladus 2 y
33 < y
?? 2.3 3 v'///
») 2 - Y
Other lcy #Phoebe 5 e DRhea | DRhea | BDione Prhea ®0Dione | $Dione ) )
Satellites o Hyperic “Helene | “Helene | B Dione OTethys | Iepmeves) ' ;' 5 Jupiter Jupiter JAXA Jupiter
(under 10,000 km) : ®0ione | Jeac V33 <« Eur(}pa —i—>| Ganymede Ma netospheric
R G Orbiter (€< oihiter > gneiosy
= . (NASA) | Orbiter (JMO)
orn e | (ESA)

s JEO is designed to stand alone or operate synergistically with ESA JGO
2 DO ® S-S OO |

@ NASAand ESA Schedules {87 S @«

1 D10 | U U D14 |
ii :: nstrument |
Definition (B1 Tmplementation mplementation
< Assessment AO (B2) (CD)
w Mission Definition (A) 2-to-1
A Downselect
Ll 3%02
Downselect
T | Research & Analysis
< | ICR
(g | Radiation Risk Mitigation
Z &;‘Prgzg: entt ,S___ﬁ Instrument Step 2
Release AO Step Step 2
Downse Downselect
-~ Instrument Instrument GO AO Pre- . .
E Workshop & Radiation Proposal A Joint Selegtion
o Workshop Conference
i JEO AO Pre
Proposal
Conference

» Continued discussions on schedule & AO coordination
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Planetary R&A Overview

Spent

Spent

Planned

Presidents

ROSES

FYO07

FY08

FY09

FY10

Mars R&A

Mars Fundamental Research

Mars DAP

Discovery Research

Sample Return Lab Inst &DAP
Discovery DAP & Stardust DAP
MESSENGER Participating Scientists Prog
Planetary R&A

PG&G

Cosmochemistry

Planetary Astronomy

Planetary Atmospheres

Planetary Instruments & Major Equipment
Origins of Solar Systems

Planetary Protection

Outer Planets Research

Cassini Data Analysis Program (OPF)
Venus Climate Orbiter PSP

LPS-USPI

Astrobiology

ASTEP

ASTID

NASA Astrobiology Institute
Astrobiology: Exo and Evo

Lunar Research

Lunar Sortie Science Opportunity
LRO- Participating Scientist Program
Lunar Science & Exploration Research
NASA Lunar Science Institute & Nodes

$14,280

$11,881

$79,256

$32,414

$3,800

$19,926

$13,456

$94,571

$38,756

$18,700

$19,174

$18,816

$101,055

$49,724

$26,355

$22,169

$15,498

$95,104

$57,000

$29,207

Total Planetary Research

$141,631

$185,409

$215,124

$218,978

Does Not Include: PDS or Curation

NEO Discovery Metric

Cumulative Large NEO Discoveries

—

@&
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Estimated

D Population
940 to 1050

L |Goal 850 - 940

“°s°°d”°> FFESETETESE T o“°s<>°°

Achieved
minimum goal

864*
as of
6/30/09

*Includes
84 NECs

5446 smaller

objects also found

"

—

NEO Program

&
Current program: Discover 90% NEOs >1 km in size
within 10 years (1998 — 2008)

— Using existing ground-based facilities
— Arecibo used for characterization

NASA Authorization Act of 2005 provided additional
direction (but no additional funding)

— “...plan, develop, and implement a Near-Earth Object Survey program to
detect, track, catalogue, and characterize the physical characteristics of
near-Earth objects equal to or greater than 140 meters in diameter in order
to assess the threat of such near-Earth objects to the Earth. It shall be the
goal of the Survey program to achieve 90 percent completion of its near-
Earth object catalogue (based on statistically predicted populations of near-
Earth objects) within 15 years after the date of enactment of this Act.”

NEO program has limited assets (~$4M/yr) and will
continue to look for opportunities to partner and
achieve Congressional goals

30

PSS Recommendations
January 9, 2009

@

Continue on with MSL

Endorsement of PSD’s approach for
accommodating MSL cost growth — seek
additional input from PSS if above $400M
Re-evaluate the current Mars architecture
Robust cost estimates should begin at
mission concept phase and be used as
part of the NRC studies

— Steve Squyres will address tomorrow
Internationalization of major missions
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/ NASA'’s

. Planetary Science

ance scientific knowledge of the origin and
Story of the solar system, the potential for life

elsewhere, and the hazards and resources
present as humans explore space

‘“Flyby, Orbit, Land, Rove, and Réturn Samples”
: o R e e T .




