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Strategic Astrophysics Missions

Strategic Astrophysics missions as recommended by the 2020
Decadal Survey on Astronomy and Astrophysics

— IR/O/UV Flagship to be launched in the first half of the 2040s

— X-ray Flagship to be launched in a later decade than IR/O/UV Flagship

— Far-IR Flagship to be launched in a later decade than IR/O/UV Flagship

— X-ray Probe to compete for 2030s launch

— Far-IR Probe to compete for 2030s launch

— CMB Probe to compete for 2040s launch vs. above Probe that hasn’t launched
— TDAMM (program recommendation at this point, but missions may be added)
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[Fecron Beam Lithography Ruledlabratory Demonstation of Mt vicrowave SQUID Readout to Enable Lynx and Other Future Observatories ____[Bennett, Douglas | NIST | _Electronics |
e e MENS Deformable Mior TedhnoklDirc Fbrication of FllShell Xray Optis ______[bongiom, Stephen] MS¥C| _ Optics |
Doviopmen of ighestas SSEREHSI CORGR DEIgh Y /o0 X/ Otcs by At Manacurg __[Brocy, Do [ MSFC| _Optics
e i T Low-Stress Mirror Coatings for X-ray Optics
ecronBeam Generted Pas|Opimal Spectrograph and Wavefidl Computer Controlled Polishing of High-Qualty Xray Optics Mandrels _[Davis, Jacaueline | MSFC| _Opties
hoton Countin igMDensity Readout Technology for Superconducting Sensor Arrays fo Spaceflight _|Frisch, Josef ___| SLAC | _Flectronics |
Differential Deposition for Figure Correction in X-ray Optics mm
Uz Stable Winffared DEtecto | opment o RFSoC Based Readout Electronics [ Mauskopl, Philip_| ASU | _Flectronics _
Xray Testing and Calbration __________________|Ramsey, Brian__| MSFC|__Opties __
tarshade Large Strucure PIecion b eiopment of Adjustable Xray Optics with 05 Arcsecond Resolation ______[Reid,Paul_____| SAO | Optics
Starshade Starlght Suppression | High Resolution High Eficiency X-ray Transmission Grating Spectrometer ______[Schattenburg, Mark| MIT | Optics
Manufacturability & Alignment of X-ray Gratings and Optics for Space Applications  [Smith, Randall | SAO |  Optics |

Next Generation X-ray Optics Zhang, William GSFC [  Optics |
LISA Colloid Microthruster Technology Micropropulsion

Note that this does not include APRA and RTF projects, which are not strategic.




Number (Percent) of Funding Cycles per Project

52 (63.4%)

17(20.7%) Number of Years per Project

1(1.2%) 55
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Technology development by Program since 2009: number of projects (left), and total investment (right).
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Distribution institutional types receiving awards for strategic technology developments.
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Technology Development Projects by
ASTROPHYEICS = Strategic Mission Supported

ATHENA, 3 SOFIA. 3

CMB Probe, 5

R , 6
oman —

LISA, 8 IROUY, 48

Far-IR Probe, 12

Far-IR Flagship, 12

X-ray Probe, 18 X-ray Flagship, 18

Distribution of the 82 projects in the strategic technology portfolio by strategic mission(s) supported.
Note that many projects support multiple missions, so the total is greater than 82.



10 (12%)

TRL+1 Sub-TRL Advance
28 (34%) 44 (54%)

3 of 5 (60%)

e 2 | 60% 31 of 64 (48%)
el A 50% 4 of 12 (33%)
«.}f ¢ . & & 3 o Ak
Lg S il & _,; B3 0% 1
- A PR e i B 203 0of 1(0%)
nta ?;} ogy development projects .
-fn— ‘RL ment vs. TRL, . Not shown

1proj ects advancing from

1 y tvgpvel__s, to 5.

Entry TRL



nfusion

—mmm

Implemented
Upcoming 21 14 5 1 15 56

Concepts 61 - - - -
Total 90 28 13 3 40

mary of infus amented/upcoming/conceptual by mission.
(Impleme ’-" ) A sion/project; Upcoming = selected v‘- ‘,/ X
d ) ed by reference design of strate \ B

mmm

Astrophysics 22

Planetary 4
4
3

|

Heliophysics

Earth Science
Other -
Total 33




a e

ASTROPHYSICS

Astrophysics Technology Gaps

Technology gaps are what separates the current state of the art (SOTA)
from what’s needed to enable and/or enhance future strategic missions

Technology gap entries need to:

— Focus on strategic Astrophysics missions

— Be directly applicable to Program objectives

— Require technology development (i.e., TRL < 6 for stated requirements)

— Describe gap between SOTA and what's required for targeted science objective

Technology gaps entries should not:

— Be outside our purview (e.g., for launch vehicles, spacecraft systems, etc.)
— Be a specific solution, or advocate for one
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What do These Priorities Mean?

ASTROPHYSICS

= The technology gap list informs SAT solicitation and selections; historically the

focus has been on the first two priority tiers

= However, gaps in lower tiers are not ignored
— Technologies that address any gap, whether solicited in SAT or not, may fit in APRA

— Gaps in lower tiers have at times moved to higher tiers in later cycles (a new Astrophysics

Implementation Plan, AIP, is expected to be released by the end of 2022, and will inform the next cycle)

— Astrophysics Division may decide to direct-fund technologies they deem important enough after

considering programmatic aspects and technology strategy for the future great observatories
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Far-IR Flagship 16
X-ray Flagship 9
Far-IR Probe 16
X-ray Probe

CMB Probe

TDAMM

None
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» Decadal Survey: https://www.nationalacademies.org/our-work/decadal-survey-on-astronomy-and-

astrophysics-2020-astro2020

* ABTR: https://apd440.gsfc.nasa.gov/images/tech/2022 ABTR.pdf

» Tech gap list: https://apd440.gsfc.nasa.gov/tech gap priorities.html Tort Tt G

Cryocoolers
Coronagraph Conrast and Efficiency
Coronagraph Stability
Cryogenic Readouts for Large-Format Far-IR Delectors

» Tech gaps details: https://apd440.gsfc.nasa.gov/tech gap-descriptions.html &eeeiEi..

High-Reflectivity Broadband Far-UV-to-Near-IR Mirror Coatings
High-Resolution, Large-Area, Lightwaight X-ray Optics.
High-Throughput Bandpass Selection for LVVIS
High-Throughput, Large-Format Object Selection Technologies for
Multi-Object and Intagral Fieid Spoctroscopy

Tier 2 Technology Gaps

Broadband X-ray Detectors

Compact, Inteqraled Spectrometers for 100 to 1000 ym

Far-IR Imaging Interferometer for High-Resolution Spectroscopy

Far-IR Spalio-Speciral Interferometry

Fas!, Low-Naise, Megapixel X-ray Imaging Arrays with Moderats
pectral Resolution

—
Astrophysics Program Offices

2022 Astrophysics Strategic Technology Gaps

Pathways to Dlscovery in
Astronomy and Astrophysws

Large Cryogenic Optics for the Mid IR to Far IR

Large-Format, High-Resolution Focal Plane Arays.

Large-Format, Low-Darkrate, High-Efficiency, Photon-Couriing
‘Solar-blind, Far-and Near-UV Detectors

Large-Format, Low-Noise and Ultralow-Noise Far-IR Direct Detectors

Long-Wavelength-Blocking Filters for X-ray Micro-Calorimeters

Low-Stress, High-Stability, X-ray Reffective Coatings

Mirror Technologies for High Angular Resolution {Uv/Vis/Near IR)

Steltar Reflex Motion Sensitivity — Ast

Stellar Refiex Motion Sensitivity ~ Extreme Precision Radial Velocity

Vis/Mear-IR Detection Sensilivity

Large-Formel, High-Spectral-Resolution, Small-Pixel X-ray Focal
Plane Arays

Polarization-Preserving Millimeter-Wave Optical Elements

Precision Timing for Space-Based Astrophysics

n.um Raadwlﬁkm!mmus for X- X Deecors

nd Near-UV Detector

IR Detectors

Capability
pmain X-ray Asironomy
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