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Obijective Introduction

Ascertain the content, origin, and evolution of the solar system and the potential for lite elsewhere ~ NASA's Planetary Science Division (PSD) combined the existing independent technology

; and science instrument development programs such as the:

Science Goals

1. Explore and observe the objects in the solar system to understand how they formed and evolve.

2. Advance the understanding of how the chemical and physical processes in our solar system
operate, interact and evolve.

. Explore and find locations where life could have existed or could exist today. * Astrobiology Science and Technology for Instrument Development (ASTID) program and

3
4. Improve our understanding of the origin and evolution of life on Earth to guide our search for . | |
life elsewhere. e Astrobiology Science and Technology for Exploring Planets (ASTEP) program

5. Identify and characterize objects in the solar system that pose threats to Earth or offer resources  into three sustained, broad-based science instrument development programs that includes
for human exploration. new instrument concepts as well as improvements to existing instruments

¢ Planetary Instrument Definition and Development Program (PIDDP)

* Mars Instrument Development Program (MIDP)

Spacecraft-Based

Science Instrument Development Program PICASSO MatiSSE DALI

* Goal - fo support the development of spacecraft-based instrument components * Goal - fo develop and demonstrate planetary science instruments fo the point ® Goal - to develop and demonstrate lunar science instruments to the point where they may

and systems that show promise for use in future planetary missions where they may be proposed in response to future announcements of flight be proposed in response fo future announcements of flight opportunity without additional

o Objedtive - 1o develop low TRL instruments for use in planatary science missions opportunity without additional extensive technology development extensive technology development

fo the point where they may be  proposed in response fo the MatSSE Program * Objective - fo develop new technologies that significantly improve instrument ® Objective - to develop new fechnologies that significantly improve instrument

o The entry TRL that PICASSO supports is 1-3 measurement capabilities for planetary science missions measurement capabilities for lunar science missions — —~
P Spucecmf’r—Bgsed o Proposals are typically sought every year — - * MatISSE develops technologies TRL 4-6 — - o TRL that DALI supports are 4-6 T T aa
Solar System Exploration (MatiSSE) Planetary Science — 20-PICASSO Step-1 proposals due: Sept 18, 2020 e ——r————— * Proposals are typically sought on even numbered years — * Proposals are typically sought every year T

Instruments ~ / — 20-PICASSO Step-2 proposals due: Nov 20, 2020 - — 20-Mat/SSE Step-1 proposals due: April 17, 2020 ; — 20-DALI Step-1 proposal due: April 17, 2020 i

o The budget is ~$3.5M per ye ﬂ - — 20-MatISSE Step-2 proposals due: June 19, 2020 “ . — 20-DALI Step-2 proposal due: lune 12, 2020
etei i et ol et — Average Award ~ $250 - $300K /year * The budget is ~56 M per year -3 * Expected budget is ~ST M per year per award N | :
o Lond - Insfruiies Fation: AL — Typically ~ 12 Awards | — Average Award ~ 51 M/year — Typically ~ 6 Awards —New Awords ~ 5 Awoeds "™

— 18-PICASSO: 91 proposals were reviewed and B M M K B s — 18-MatISSE: 56 number of proposals were reviewed | 2m Hm HH HE — Max duration of awards: 3 to 4 years
11 Awards were made T e — 19-DALI: 44 number of proposals were reviewed and 5 Awards were made

r and 8 Awards were made r

. Impact of Planetary Science Instrument Ultra Compact Imaging Spectrometer
ther Re|evcmt Progmms Science Instruments Pr09r0m Focus Deve|opment Progroms on NASA MISSIOnS (500‘260 nm) PI: Diana Blaney/Jet Propulsion Laboratory
e Although PICASSO, MatISSE and DALI are the main focus of the PSD instrument development programs. et t:u:ber i De‘r#lopmemsmce i : h . . | d b h . h f d ﬂ * Matured under 12-MatISSE12-0024
PSD does on occasion solicit more narrowly targeted instrument development efforts. For example: Infrared  m——— ﬁ:h — * The Impact Is visualized by showcasing Instruments thaf are manirested fo Ty on * Key advantages:
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— Concepts for Ocean worlds Life Defection Technology (COLDTech), which supports the development of T”H';as"‘z"’::l‘:"'s“t"" S — — Head mountable on lander /rover arm
spacecraft-based instruments and technology for surface and subsurface exploration of ocean worlds such e — = wa power (<15kW), Low mass (1.65 kg)
as Europa, Enceladus, and Titan e EALIAR . —— — Some of these instruments have been developed and matured Through NASA's ) &Eectrfmlcs (1.0 bg:)(liocuted in lander,/rover body
— Instrument Concepts for Europa Exploration 2 (ICEE-2), which supports the development of in struments and TR e — S . . . ew science enabied:
ngple transfer ni])e(hgnism (E) fO[pEUTODU surface exp|0mﬁ0n. " p Glzoc::innoltt:gy — ﬂlghT InSTrumenT developmenT & mUTurﬂnon progmms dlscussed eﬂrller — Non-destructive technique for remote mineral identification
— These efforts may be may be either low TRL programs for far term goal, such as with COLD Tech or they may Th::::ﬂz:::-t:c: ——— B und mapping by measuing fhe .reflec.md ight frp m 0 Srfuce, Ulha Compact Imaging Spectomefer instrument (right) and th enclosure (lf)
be mid-TRL el | h = R . This instrument can be used to investigate Martian, lunar,
e mid-TRL programs supporting shorter-ferm goals, such as ICEE-2. ) — — The remaining instruments may have received support from other SMD cometary, and asteroidal geological processes by mapping s lifdon irbaci:
- Magneti:ﬂf;ew ———— diViSiOﬂS oTher Mission Directorates. or exTernuI orgunizuﬁons the composition and spatial relationships between key NASA's Europa Clipper mission will carry an Ultra Compact Imaging
- . : . . GHONSIgY PAECISS S 4 o constituents Spectrometer also known as Mapping Imaging Spectrometer (MISE).
e Additionally, to give some of the would-be competitors for the New.Fro.nners Annou.ncemen’rs of Opportunity A"“ﬁii’i’i?ﬂi — — Technigue works at all spatial scales from 10 of microns to MISE will probe the composition of Europa to idenify and map the
(NF AO) a head start, a small round of technology development funding is made available through the Homesteader o el Th | d i b d as th 100's of km's distibutions of ts organics, safs, acid hydafes, water ice phases, and
Program. The goal of this program is to mature proposed technologies and reduce their technical risk such that the High Temph'::zf:,?c':cs cope — INESe exampies qn fhe Instruments are nof fo be inferpreted as the outcome — Enables linking surface measurements with orbital remote Eglflumr;‘}'ihlh:j;”;‘;“;‘{‘;'::"T';:ﬁl‘;’épjflfnd(:’lm";tz“u”ﬂ”g:]hi”|
accompanying mission  concepts are better prepared for the next two NF AOs. This Homesteader opportunity is e of an exhaustive STUdV sensing measurements in the same wavelength range address the Decadal Suprvey question: Beyond Earh, re ot
open fo any fechnology utilized as part of at least one of the seven mission concepts included in the Decadal Survey hi - | ® (Co-'s: Joseph Boardman/Analytical Imaging and Geophysics; contemporary habitats elsewhere in the solar system with necessary
¢ 0 5 10 15 20 25 Robert Green. Pantazis Mouroulis. Jose Rodriquez condifions, organic matter, water, energy, and nutrients to sustain life,
list recommended for the NF program : ) quez,
' uPIDDP = ASTID =PICASSO »MatISSE mCOLDTech mHomesteader mICEE Byron Van Gorp/JPL and do organisms live there now?

Hyperdust — High-Performance In Situ GeMini Plus: A Miniature Gamma-Ray Linear lon Trap Mass Spectrometer (LITMS) Compact, High Dynamic Range UV

Dust An d I)/ZG I PI: Zoltan Sternovsky /' LASP University of Colorado S pec’rro meter Pi: buid Lawrence /Johns Hopkins Univ.-Applied Physics Lab PI: William Brinckerhoff/NASA Goddard Space Flight Center Ima ging S pectro I PI: Shouleh Nikzad/Jet Propulsion Lab
e Matured under 12-MatISSE12-0033 | e Matured under 14-MatISSE14_2-0009 ® Matured under 12-MatISSE12-0019 e e, f e Matured under 16-MatISE16_2-0078
HyperDust is the next generation dust instrument that builds on the Cassini Ry 0 ) . e
dust compositional mass spectrometer (CDA) experience. It will have . ’ liegm[:]?evi[:]l;ttrﬂgmi;} measures neutrons and Gamma-rays : Key Udyun;u%es' bient laser d on and orecision sub e it : |(ey|£1d dvun:juhgeﬁ : 2
dramatically improved characteristics: ~ four fimes larger target area, ~ five — Selthedling of inflight radiction domage By |'m‘egrt.mng of .Murs-um lent laser esorphqn an preugon subsa- I, 50 —Dgtq- oped high quantum efﬁuenq (QE). detector
fimes better mass resolution, ~five times better sensitivity o dust impacts — Onvboard digital pulse shaping mifigates radiation domage effects mpling with pyrolysis/gas chromatography of drill cores at fine (< 1 e _ - Elllm;nutgs MCP detector and associated high-voltage
“ = 5 on Grid Assembl Z . 1 1 1 I 1 1 . LA ¥ ’
ﬂnd fuI;I trmec’rory| measurements ulw’rh unprecedented ungt]jllur rebsolutlon. B not reversed through annealing (enhances resolution and peak shape) mm) ?Pﬂ’flﬂ:j 5C|0|95, “TMS M;.I”. ;nﬂlble I|? Sifu Thﬂfﬂdﬁfllﬂflﬂﬂ of I -, B coing i B I?lizfler{r)ralcfsde’rector ancbles use of th Offner pficd
yperDust is an alternate to sample-return missions, enabling observations _. Ny — More mechanically robust HPGe sensor organics and elements in individual rock core layers - N :
of multiple targets from a single spacecraft. A large variety of missions, e ¥ o IR ke — Greatly reduced rgsource requirements (CubeSat size w/0 and features " Core — kT design _ el msrem—
flybys, orbiters, and landers are suitable ~platforms for this dust telescope. e electronics, 2.5 kg, 5.5 W) i S : . Bt Spring — - S — Offner design reduces overall volume compared to gl PRCE Oy
’ ’ 155700, HYPERDUST, TRL6 INSTRUMENT TLA: Isometric Section View ’ ’ eMini Plus Gammarray detector has a high-purity Ge sensor (gold cylinder) cooled to @ N bl d Coupler \ A : |R | dC | b d d d h (
The IDEX (Iterstellar Dust Experiment, aka Hyperdust) profofype e New science enabled: cryogenic temperatures by a longdlife cryocooler (silver cylinders) ew ?Uenfe e.n(]. ead: o . 5o Sample .typm] owland Circle-based detectors used with MCP
® Key_ advantages: instument design — Measures bulk compoéition and compositional strafigraphy to e L.ITMS will enable in situ characterization qf organics and elements in instruments | | . e Mission infusion:
— Size: 52x58x48 cm3; Mass: 9.5 kg; Power: 10W e Mission infusion: depths of 10s of cm . M&AOE IFfU5|0ﬂ- — fine-scale rock core layers and features. This unprecedented level of il waban: — High reflectivity coatings extending well into ultraviolet — The StarPlanet Actvity Research CubeSat (SPARCS). The misson i
; : : ; i ) . ! - . ) — NASA's Psyche mission carries a Gamma Ray and Neutron . . g a e g . ‘ ; _
— Combines high mass-resolution with large target areas — The Conpoion Moo g ofthe et srumen _ Sieror detecton & uancution o el s comipiiad Sonctomater (GRNS) (Gl 1o medsuts e leentl composion integrated analytical capabilty i critically needed to achieve advanced Te:Hirs Hrgarie Mibodle Anilyzer< Mass Spetiameta o Bpwsdigmonsonkiad to moritorthe floes and sunspos of M dwarfstors nthe for- and
’ also known as the Interstellar Dust Experiment (IDEX) is to scintillators (Bismuth Germinate - Lunar Prospector) of the asteroid 16 Psyche orbiing the Sun between Mars and Jupiter. (]ST[OhIOthy 0h|eCTIVBS at Mars as well as to support selection decisions (MOMA-MS) which is an astrobiology instrument on the B I 1 d . K | near-ulfraviolet to determine how habitable the space environment
® New science enabled: now in development for deployment on NASA's Inerstellos — Capable of 2X high It ior HPG The Neutron Spectromefer is a separate subsystem and the sensors are required for Mars Samole Return 2020 ExoMars Rover mission was initially developed clterresolinon anc berer tyndmic [nyemo 0 e s for planets orbifing them. NASK's Astrophysics Division supported
Enabled analysis of a statistically significant number of cosmic dust particles Mapping and Acceleration Probe (IMAP) mission il{l]sq{r]un?e(r}]’rs ( MEIgSEIEErN%nEGI{)gy fesolufion over prior Hirue identical to those employed on the Lunar Prospector { P under MatlSSE and matured by the mission. deeper measurements and therefore enables possibilities of the SPARCS development
i i iqi i . ) e w — MEGANE (GeMini) investigation on Japan’s Mars Moon ® (o-I's: Ricardo Arevalo Daniel Glavin. Paul Mahaffv/ GSFC: Bruce discover — The Spatial heterodyne Interferometric Emission Line Dynamics
of {'jnte;STelljlf]r* U?T?l:m?m Unf- come;ury ‘;"TQ'” TthIhWI" lleUd fo the — NASAs also developing the Surface Dust Analyzer (SUDA) — Improved radiation tolerance enables longer missions (outer solar Exploration (M) mission will measure the elemental composition Block /Univ of Michigan; E’hﬂf Chy KH'S, Zacny,/Hone ];J/e " RobfoffCS' — The Mass Spectrometer on the Dragonfly mission (Dra-MS) ' Spectiomefer (SHIELDS). The mission s to obtain a spafial map of
understanding ot the tormation and evolution ot the solar system instrument for the Europa Clipper mission. SUDA carries an system, efc.) of Mars” moon Phobos, gan, .P »Bi1 , ; Y / also draws on advancements made by the Goddard team e Co-I's: Alex Carver /JP[ Boh Wesf/JPl Pontazic BT teplneton hydioge
ion detector that is based on that developed for Hyperdust. T B 7 Ryﬂn Danell/ Danell (onsulhng; )(,rgng Li, Veronica that develoned the MOMA-MS ¢ e ’ o e
o (ods £ G i of Golorada: K Maots 7 11.oF Colorad ; : R e (o-l'ss M Burks /I li Nat Lab The Dragonfly Titan rotorcraff would carry o GeMini fo measure the e . o ; P Mouroulis/JPL, Dan Wilson/JPL that has crossed, and been modified by, the ion pile-up along the
" £ Griin /' U of Colorado, K. Maute /' U of Colorado, The SUDA instrument will analyze the icy parficles originafing 0-1's: Morgan Burks/| awrence Livermore Naf Lab., elemental composition of Titan's surface materials at multiple locafions Pinnick /UMBC; Friso van Amerom/Mini Mass Consulting : g irpi: vl i
M. Horanyi / U of Colorado, S. Kempf / U of Colorado from the surface of the Jovian moon Europa, and identify the John Goldsten /IHU-APL, Patrick Peplowski/JHU-APL outer edge of the heliosphere. NASA's Heliophysics Division
chemicals embedded in the ice, both organic and inorganic supported the SHIELDS development

Neutron and Gamma-Ray Spectrometer Mars Perseverance Mars Perseverance

PI: Craig Hardgrove/Arizona State University (ASU) Rover and Science Instruments Rover Science Instruments Infusion Summa ry

e Matured Under 14-PICASO14_2-0037 . .

. SuperCam * The Mars Perseverance rover mission is part of NASA's Exploration Program, a long-term * The evolution OF the instrument cleve|opmenf programs
— New scintillafor material Cs2YLiC16:Ce (CLYO) Mars 2020 Rover M'DHPeﬁl:QSDP effort of robofic exploration of the Red Planet. The mission not only seeking signs of in the Planetary Science Division (PSD) within Science
— Single-scintillator Neutron and Gamma-Ray Spectrometer (SINGR) habitable conditions on Mars in the ancient past, but also searching for signs of past L : e e
— high neutron detection efficiency and excellent energy i MBI T PIXL microbial life itself MlSSlon Directorate (SMD) IS CIlSCUSSQC

resolution for Gamma-Rays y :'--r,.,” ~ SuperCam RIMEAX Electronics Electmmci/ e om A e _
:Eﬂ%ﬂpﬂeﬂﬁ;&gﬁm T i o (hassive ot Piope by Sl e s Gmn oy 5GY) Ca"m“°"mge’\ | & / ﬁ“ﬁiﬂ'ﬁifﬁ? Heritage — Three instruments on this rover were matured under various PSD instrument . Specificcn”y the goa| s and obiectives of the three
pecfrometer with the etecfor : - _ SHERLOC Sensor s
using cosmic rays as source) or on landers (active mode using a I * | = : .—-‘/ maturafion programs insfrumenf develo meni. roarams Wlfhln PSD are
p”kefj LI IO ’ M:,ié;‘:?ujﬂ]fp‘jf“;“m exger (unaftdas) 60 B e — Under the PIDDP. ASTID, and ASTEP programs, Jet Propulsion Laboratory matured the Jscinsedl rerae P PIC Agsg MatlSSE. and DAL
’ Ne&‘}:gsrf]'g;?fef?h%b{!‘;g;dgme of nearsurface ydrogen and G o o = s g o development of two instruments selected for the Mars Perseverance rover. These / Y ’ !
- . L genand - Wi fhe BET detedor S0 dhE " Gk SHERLOC instruments are the Planetary Instrument for X-ray Lithochemistry (PIXL) and the o .
rock-forming elements on a variety of planetary missions including T R R, i i S i s - : . : . ; : . ® )
| Moon, Mars, NEOs, and comets LZ,;GWHEHJD) gl Deepspﬂc: E,fpfoﬂﬂoﬁ Syﬁe:ns | a@ Juporcan o ASTID & Scanning Habitable Environments with Raman and Luminescence for Organics and Addlhona”y, instruments that we.re develo.ped and
— Enables probing of subsuface up fo 50 cm deep ol v s s s w . E—— T Chemicals (SHERLOC) matured under current and previous PSD instrument

e (o-I's: iy (Dl M from  highly elliptical, low-periune (5-10 km) orit i e ;

o i oy v i, A i ok i el N —— Ny - — Under the PIDDP and the MIDP programs, Los Alamos Nafional Labs developed the thid development and maturation programs and selected

Tennessee, Ann Parsons/NASA GSFC, Thomas Prettyman,/Planetary f;ﬂ?:;gﬂfhsngswe‘j g, pfciony dier, aFthe AS?.:J[;?I ccrjedltel; P!DDF:’(.” instrument, SuperCam FOI' nghi- missions are presented

Science Institute, Chad Whitney/RMD, James Bell /ASU ' T ——
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