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• The Astrophysics Research and Analysis (APRA) program funds 
technology development in the earlier phases, from basic principles 
through proof-of-concept and beyond (typically Technology Readiness 
Level (TRL) 1 through 3). APRA also funds suborbital science and/or 
technology investigations that can be carried out with sounding rockets, 
balloons, or other platforms (CubeSat, ISS) which can be at TRLs higher 
than 3. 

• The Strategic Astrophysics Technology (SAT) program matures key 
technologies filling the high priority technology gaps to the point at 
which they can be implemented into space flight missions, taking them 
from proof-of-concept to a high fidelity demonstration of a design that 
meets specific performance requirements (mid-TRLs; 3 to 6).  

• Funded flight projects address the final maturation stages (TRL 6 through 
9) focusing on proving the technology’s flight-worthiness for a specific 
mission.  

NASA Astrophysics Funds Technology 
Development at All Levels of Maturity 
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Strategic Technology Development Model
• Identify technology gaps based on an annual prioritization of inputs 

submitted by the science and technology community and on the 
guidance of the Astrophysics Implementation Plan which is guided by 
the Decadal Survey. 

• Invest in technology development through the ROSES SAT peer review 
process.

• Monitor the development and maturity of funded technologies.

• Support mission concepts in formulation with the guidance of 
Technology Development Plans (TDPs)

• Enable future flight missions by supporting the infusion of maturing 
technologies.
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STRATEGIC TECHNOLOGY DEVELOPMENT PROCESS

Technology gap submissions from the 
community are central to our strategic 

technology development process



Program Annual Technology Report (PATR) 

The PCOS PATR can be downloaded from https://pcos.gsfc.nasa.gov 6

The PATR is an annual report that summarizes the 
Program’s technology development activities for the 
prior year. 

• Provides overview of the Program and its technology 
development activities

• Give status of the Program’s strategic and targeted 
technology development for the prior year and 
announces the new SAT award selections.

• Summarizes the technology capability gaps obtained 
from the community.

• Provides a prioritized list of the capability gaps for 
the coming year to inform the SAT proposal calls and 
the selection decisions 

• Updated annually and released in October to support 
annual technology development planning.

https://pcos.gsfc.nasa.gov


Current PCOS SAT Portfolio
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		Funding Source		Technology Development Title		PI		Organization		TRL In		Current TRL		Start Year and Duration		Science Area

		Targeted		X-ray Mission Mirrors:  Develop glass mirror segment fabrication and mounting techniques toward demonstration of TRL 5		W. Zhang		GSFC						FY12, 1 year		X-ray

		Targeted		X-ray Mission Micro-calorimeter:  Develop 32 x 32 arrays that incorporate Athena “pitch” and 3 x 16 readout for demonstration of TRL 5		C. Kilbourne		GSFC						FY12, 1 year		X-ray

		Targeted		Gravitational Wave Mission Telescope: Establish telescope design that meets pathlength stability and wavefront error requirements for NGO; demonstrate optical and scattered light performance for telescope		J. Livas		GSFC						FY12, 1 year		X-ray

		Targeted		Gravitational Wave Mission Phasemeter: Design and demonstrate mods to phasemeter that support relaxation of LISA's requirements on laser noise, orbital parameters, and received optical power; Assemble and test analog signal chain pre-amp board		W. Klipstein		JPL						FY12, 1 year		GW

		SAT2010		Directly-Deposited Blocking Filters for Imaging X-ray Detectors 		M. Bautz		MIT		5		5		FY12, 3 years		X-ray

		SAT2010		Development of Moderate Angular Resolution Full Shell Electroplated Metal Grazing Incidence X-ray Optics 		P. Reid		SAO		3		3		FY12, 3 years		X-ray

		SAT2011		Demonstrating Enabling Technologies for the High-Resolution Imaging Spectrometer of the Next NASA X-ray Astronomy Mission 		C. Kilbourne		GSFC		4		4		FY13, 3 years		X-ray

		SAT2011		Colloid Microthruster Propellant Feed System for Gravitational-Wave Astrophysics Missions 		J. Ziemer		JPL		3		4		FY13, 2 years		GW

		SAT2011		Telescope for a Space-based Gravitational-Wave Mission		J. Livas		GSFC		3		3		FY13, 2 years		GW

		SAT2011		Advanced Laser Frequency Stabilization Using Molecular Gases (co-funded with STMD)		J. Lipa		Stanford		3		3		FY13, 2 years		GW

		SAT2012		Antenna-Coupled Superconducting Detectors for Cosmic Microwave Background Polarimetry 		J. Bock		JPL		3		3		FY14, 2 years		Inflation

		SAT2012		Demonstration of a TRL 5 Laser System for eLISA		J. Camp		GSFC		3		3		FY14, 2 years		GW

		SAT2012		Phase Measurement System Development for Interferometric Gravitational-Wave Detectors		W. Klipstein		JPL		4		4		FY14, 2 years		GW

		SAT2010+13		Advanced Packaging for Critical Angle X-ray Transmission Gratings		M. Schattenburg 		MIT		3		3		FY15, 2 years		X-ray

		APRA2011-SAT2013		Development of 0.5 Arc-second Adjustable Grazing Incidence X-ray Mirrors for the SMART-X Mission Concept		P. Reid		SAO		2		3		FY15, 2 years		X-ray

		SAT2010+13		Reflection Grating Modules: Alignment and Testing		R. McEntaffer		U. of Iowa		3		4		FY15, 2 years		X-ray

		SAT2011+13		Affordable and Lightweight High-Resolution Astronomical X-Ray Optics		W. Zhang 		GSFC		3		5		FY15, 2 years		X-ray

		SAT2013		Fast Event Recognition for the ATHENA Wide Field Imager		D. Burrows		PSU		3		3		FY15, 2 years		X-ray







Objectives and Purposes of Technology 
Gaps Prioritization 

• Objectives 
– Identify technology gaps that are applicable and relevant to the Program’s strategic 

objectives as described in the Astrophysics Implementation Plan
– Rank these technology gaps to represent our recommended investment priorities

• Purposes
– Inform the SAT solicitation and other NASA technology development program 

planning (APRA, SBIR and other OCT and STMD activities)
– Inform technology developers of the Program’s technology gaps to help focus efforts 
– Guide the selection of technology awards to be aligned with Program goals and 

science objectives. 
– Improve the transparency and relevance of Program technology investments
– Inform the community about and engage it in our technology development process 
– Leverage the technology investments of external organizations by defining our 

capability gaps and NASA as a potential customer
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Summary of Technology Gaps Identification 
and Prioritization 

• The community identifies technology capability gaps each June by working 
with the Program Analysis Group (PAG) or through direct individual 
submission to the Program Office’s website.

• The Program’s Technology Management Board (TMB) reviews and prioritizes  
the community identified technology gaps in July.
– TMB membership includes senior members of the Astrophysics Division at 

NASA HQ and its Program Offices, and as required, independent subject 
matter expert(s) from the community.

– Technology gaps prioritization is based on a published set of criteria that 
addresses scientific priorities, benefits and impacts, scope of 
applicability, and timeliness.

• The technology gaps and the resulting priorities are published each year in the 
PATR which is released in October.
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2014 PCOS Technology Gaps List
• New, more focused, PCOS gaps list better reflects technology needs 

relevant to Program strategic objectives
– Prior year’s list of 90+ gaps included many overlapping entries, and 

others not applicable to PCOS charter or strategic missions

• Received 21 gap inputs in 2014, consolidated to 14 
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PCOS 2014 Technology Gaps Prioritization 
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										Criteria 1: Scientific Ranking of Applicable Mission Concept;      Weight = 4

Thai Pham: Thai Pham:
Scientific priority as determined by the Decadal Review, other community-based review, other peer review, or programmatic assessment.  Captures the importance of the mission concept which will benefit from the technology.

4 = highest ranking
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2 = low rank
1 = ranking not known
0 = No clear applicable mission concept																																Criteria 2: Overall relevance to Applicable Mission Concept;      Weight = 4

Thai Pham: Thai Pham:
Impact of the technology on the applicable mission concept.  Captures the overall importance of the technology to the mission concept.

4 = Critical key enabling technology - required to meet primary mission goals
3 = Highly desirable, reduces need for critical resources and/or required to meet secondary mission goals
2 = Desirable - offers significant benefits but not required for mission success
1 = Minor implementation improvements
0 = No implementation improvement																																Criteria 3: Scope of Applicability;      Weight = 3

Thai Pham: Thai Pham:
How many mission concepts (or science themes) could benefit from this technology?  The larger the number, the greater the reward from a successful development.
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Impact of the technology on the scientific harvest of the applicable mission concept.  How much does this technology affect the scientific harvest of the mission?
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3 = Major improvement (> ~2x) to primary scientific goals
2 = Only enables secondary scientific goals
1 = Minor scientific improvements
0 = No scientific improvements																																Criteria 6: Implementation impact to Applicable Mission Concept;      Weight = 2

Thai Pham: Thai Pham:
Impact of the technology on the implementation efficiency of the applicable mission concept.  How much does this technology simplify the implementation or reduce the need for critical resources?

4 = Needed for applicable mission concept
3 = Enables major savings in critical resources (e.g., smaller launch vehicle, longer mission lifetime, smaller spacecraft bus, etc.) or reduces a major risk
2 = Enables minor savings in critical resources or reduces a minor risk
1 = Minor implementation improvement
0 = No implementation improvements																																Criteria 7: Schedule impact to Applicable Mission Concept;      Weight = 2

Thai Pham: Thai Pham:
Impact of the technology on the schedule of the applicable mission concept.  How much does this technology simplify the implementation to bring in the schedule?

4 = Technology is likely to drive the applicable mission schedule
3 = Technology is likely to drive the schedule for a major subsystem/ component of the applicable mission concept
2 = Technology is likely to drive the schedule for a minor applicable mission concept component
1 = Technology is less likely to be a factor for the schedule of the applicable mission concept
0 = Technology will not be a factor for the schedule of the applicable mission concept
																																Criteria 8: Risk Posture Impact to Applicable Mission Concept;      Weight = 2

Thai Pham: Thai Pham:
Ability of the technology to reduce risks by providing an alternate path for a high risk technology that is part of the applicable mission concept.

4 = Technology is a direct alternative to a key technology envisioned for the applicable mission concept.  No other known alternate technologies
3 = Technology is a direct alternative to a key technology envisioned for the applicable mission concept.  At least one other known alternate technology
2 = Technology is a direct alternative to a secondary technology envisioned.  No other known alternate technologies
1 = Technology is a direct alternative to a secondary technology envisioned.  At least one other known alternate technology
0 = No risk benefits or technology is already part of the applicable mission concept																																Criteria 9: Definition of Required Technology       Weight = 1

Thai Pham: Thai Pham:
How well defined is the required technology?  Is there a clear description of what is sought?

4 = Exquisitely defined
3 = Well defined, but some vagueness
2 = Well defined, but some conflicting goals not clarified
1 = Not well defined, lacking in clarity
0 = Poorly defined, not clear at all what is being described
																																Criteria 10: Other Sources of Funding       Weight = 1

Thai Pham: Thai Pham:
Are there other sources of funding to mature this technology?  If funding is expected to be available from other sources, this will lower the prioritization.

4 = No, the Program is the only viable source of funding.
3 =Interest from other sources can be developed during the development time of the technology
2 = Interest from other sources is likely during the development time of the technology
1 =Moderate investments (relative to the potential level for a NASA investment) in the technology are already being made by other programs, agencies, or countries.
0 = Major investments (relative to the potential level for a NASA investment) in the technology are already being made by other programs, agencies, or countries., or countries.
																																Criteria 11:  Availability of Providers       Weight = 1

Thai Pham: Thai Pham:
Are there credible providers/developers of this technology?  Where providers are scarce, there may be a compelling need to maintain continuity for the technology in the event there are no replacement technologies.

4 = Potential providers/developers have insufficient capabilities to meet applicable mission concept needs.
3 = Potential providers/developers have uncertain capability relative to applicable mission concept needs.
2 = Single competent and credible provider/developer known
1 = Two competent and credible providers/developers known
0 = Multiple competent and credible providers/developers known																																								Criterion 1: Strategic Alignment

Thai Pham: Thai Pham:
How well does the technology align with the science and/or programatic priorities of the Astrophysics Implementation Plan (AIP) or current programmatic assessment?

4 = Highest AIP consideration

3 = Medium AIP consideration

2 = Low AIP consideration

1 = Not considered by the AIP but positively addressed in the 2010 Decadal Survey

0 = Not considered by either the AIP or the 2010 Decadal Survey
						Criterion 2: Benefits and Impacts

Thai Pham: Thai Pham:
How much impact does the technology have on a notional mission(s)? To what degree does the technology enable and/or enhance the achievable science objectives, reduce cost, and/or reduce mission risks?

4 = Critical and key enabling technology - required to meet mission concept objectives

3 = Highly desirable technology - significantly enhances science objective(s), reduces critical resources need, and/or reduces mission risk

2 = Desirable - offers significant science or implementation benefits but not required for mission success

1 = Minor science impact or implementation improvements

0 = No science impact or implementation improvement						Criterion 3: Scope of applicability
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1 = The technology applies to a single PCOS mission concept
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4 = TRL 6 is needed within 5 years (before 2020)
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2 = TRL 6 is needed within 11 to 15 years (2025 - 2029)

1 = TRL 6 is needed within 16 to 20 years (2030 - 2034)

0 = TRL 6 is needed in more than 20 years (2035 or later)

Critical/enabling technology - TRL 6 at KDP B     Non-critical/enhancing technology - TRL 6 at KDP C		
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						11		Interferometry for far-IR telescopes		2.0		2.0		2.0		2.0		2.0		2.0		2.5		 		 		2.0		1.0		 		1.9		0.4		1.5		2.0		3.0		2.0		4.0		2.0		2.0		4.0		3.0		 		 		3.0		2.0		 		2.8		0.8		3.0		3.0		1.5		1.0		2.0		2.0		2.0		2.0		2.0		 		 		2.0		2.0		 		1.8		0.4		2.0		2.0		2.0		2.0		3.0		1.0		2.0		1.0		2.0		 		 		1.0		2.0		 		1.8		0.7		2.0		2.0		3.0		3.0		4.0		4.0		3.0		4.0		3.0		 		 		3.0		2.0		 		3.2		0.7		3.0		4.0		3.0		2.0		4.0		3.0		3.0		4.0		3.0		 		 		3.0		4.0		 		3.2		0.7		3.0		3.0		3.5		3.0		4.0		4.0		3.0		4.0		2.0		 		 		4.0		4.0		 		3.5		0.7		3.5		4.0		2.0		3.0		4.0		 		2.0		3.0		2.0		 		 		3.0				 		2.7		0.8		0.0		3.0		3.0		3.0		3.0		2.0		4.0		3.0		3.0		 		 		3.0		1.0		 		2.8		0.8		3.0		3.0		3.0		4.0		3.0		4.0		4.0		3.0		3.0		 		 		3.0		4.0		 		3.4		0.5		3.5		3.0		1.0		3.0		1.0		 		2.0		3.0		3.0		 		 		3.0				 		2.3		1.0		3.0		3.0				7		Affordable,  Lightweight, High-Resolution X-ray optics		Affordable, Lightweight X-Ray Optics with 5 Arcsec Resolution 		4.0		40.0				4.0		36.0		 		2.0		6.0		 		4.0		12.0		 		94.0		 		7		Affordable, Lightweight X-Ray Optics with 5 Arcsec Resolution 										✔

						9		Ultralow-noise Far-IR direct detectors		3.5		3.0		4.0		3.0		3.0		3.0		3.0		 		 		3.0		4.0		 		3.3		0.4		3.5		3.5		4.0		3.0		4.0		3.5		3.0		4.0		3.0		 		 		3.0		4.0		 		3.5		0.5		3.5		4.0		3.0		3.0		3.0		4.0		4.0		3.0		3.0		 		3.0		3.0		3.0		 		3.2		0.4		3.0		3.0		4.0		4.0		4.0		4.0		3.0		3.0		3.0		 		 		3.0		4.0		 		3.6		0.5		3.5		4.0		4.0		3.0		4.0		4.0		3.0		4.0		3.0		 		 		3.0		4.0		 		3.6		0.5		3.5		4.0		4.0		3.0		4.0		4.0		3.0		4.0		3.0		 		 		4.0		4.0		 		3.7		0.5		3.5		4.0		4.0		3.0		4.0		4.0		4.0		4.0		3.0		 		 		4.0		4.0		 		3.8		0.4		4.0		3.0		0.0		3.0		4.0		 		3.0		3.0		3.0		 		 		1.0				 		2.4		1.4		0.0		1.0		3.0		3.0		4.0		4.0		4.0		3.0		3.0		 		 		3.0		2.0		 		3.2		0.7		3.0		3.0		4.0		4.0		3.0		3.0		3.0		3.0		3.0		 		 		3.0		4.0		 		3.3		0.5		3.5		3.0		0.0		3.0		3.0		 		2.0		3.0		3.0		 		 		2.0				 		2.3		1.1		1.0		2.0				13		Laser System High Power, Narrow Linewidth Laser Sources		High Power, Narrow Linewidth Laser Sources		3.5		35.0				4.0		36.0		 		2.0		6.0		 		2.0		6.0		 		83.0		 		13		High Power, Narrow Linewidth Laser Sources

						6		Very large format, low noise Optical/IR detector arrays		3.0		3.0		3.0		3.0		3.0		4.0		4.0		 		 		3.0		2.0		 		3.1		0.6		3.0		2.0		4.0		3.0		3.0		3.0		4.0		3.0		4.0		 		 		3.0		3.0		 		3.3		0.5		3.5		3.0		4.0		3.0		4.0		4.0		4.0		4.0		4.0		 		 		4.0		4.0		 		3.9		0.3		4.0		4.0		4.0		3.0		3.0		3.0		4.0		3.0		4.0		 		 		4.0		3.0		 		3.4		0.5		3.5		3.0		4.0		3.0		3.0		3.0		3.0		3.0		4.0		 		 		3.0		3.0		 		3.2		0.4		3.0		3.0		4.0		2.0		3.0		3.0		4.0		3.0		4.0		 		 		3.0		2.0		 		3.1		0.8		3.0		3.0		4.0		3.0		3.0		3.0		3.0		2.0		4.0		 		 		3.0		1.0		 		2.9		0.9		3.0		3.0		0.0		3.0		3.0		 		3.0		3.0		4.0		 		 		1.0				 		2.4		1.4		0.0		1.0		3.0		3.0		3.0		4.0		4.0		3.0		4.0		 		 		3.0		2.0		 		3.2		0.7		3.0		3.0		2.0		3.0		1.0		3.0		2.0		2.0		4.0		 		 		2.0		1.0		 		2.2		1.0		2.0		2.0		0.0		3.0		1.0		 		2.0		2.0		4.0		 		 		3.0				 		2.1		1.3		0.0		3.0				15		Highly Stable, Low Stray Light Telescope		Highly Stable, Low Stray Light Telescope		3.5		35.0				4.0		36.0		 		1.0		3.0		 		2.0		6.0		 		80.0		 		15		Highly Stable, Low Stray Light Telescope										✔

						7		Photon counting Optical/IR detector arrays		3.0		3.0		2.0		3.0		3.0		4.0		4.0		 		 		4.0		2.0		 		3.1		0.8		3.0		3.0		3.0		3.0		2.0		3.0		3.0		3.0		4.0		 		 		3.0		3.0		 		3.0		0.5		3.0		3.0		4.0		2.0		3.0		4.0		4.0		3.0		4.0		 		 		4.0		3.0		 		3.4		0.7		3.5		4.0		3.0		2.0		3.0		3.0		4.0		3.0		3.0		 		 		4.0		2.0		 		3.0		0.7		3.0		3.0		4.0		3.0		2.0		3.0		4.0		3.5		4.0		 		 		3.0		3.0		 		3.3		0.7		3.0		4.0		4.0		3.0		3.0		3.0		3.0		4.0		3.0		 		 		3.0		2.0		 		3.1		0.6		3.0		3.0		4.0		3.0		3.0		3.0		3.0		4.0		2.0		 		 		3.0		1.0		 		2.9		0.9		3.0		3.0		0.0		3.0		2.0		 		3.0		3.0		3.0		 		 		1.0				 		2.1		1.2		0.0		1.0		3.0		3.0		3.0		4.0		4.0		3.0		4.0		 		 		3.0		2.0		 		3.2		0.7		3.0		3.0		2.0		2.0		1.0		2.0		2.0		3.0		4.0		 		 		2.0		1.0		 		2.1		0.9		2.0		2.0		0.0		2.0		3.0		 		2.0		3.0		4.0		 		 		2.0				 		2.3		1.3		1.0		2.0				18		Phase measurement subsystem (PMS)		Phase Measurement Subsystem (PMS)		3.5		35.0				4.0		36.0		 		1.0		3.0		 		2.0		6.0		 		80.0		 		18		Phase Measurement Subsystem (PMS)										✔

						12		High Performance Sub-Kelvin Coolers		3.0		2.0		3.0		3.0		2.0		3.0		2.0		 		 		3.0		3.0		 		2.7		0.5		3.0		3.0		3.0		2.0		3.0		3.0		2.0		3.0		2.0		 		 		3.0		3.0		 		2.7		0.5		2.5		3.0		4.0		2.0		4.0		3.0		3.0		4.0		3.0		 		 		4.0		3.0		 		3.3		0.7		3.5		4.0		3.0		2.0		3.0		3.0		3.0		3.0		3.0		 		 		3.0		2.0		 		2.8		0.4		3.0		4.0		2.0		3.0		1.0		2.0		3.0		2.0		3.0		 		 		2.0		2.0		 		2.2		0.7		2.0		3.0		3.0		2.0		2.0		2.0		3.0		2.0		3.0		 		 		3.0		2.0		 		2.4		0.5		2.5		3.0		3.0		3.0		2.0		2.0		3.0		3.0		2.0		 		 		3.0		2.0		 		2.6		0.5		2.5		3.0		3.5		2.0		2.0		 		2.0		3.0		3.0		 		 		2.0				 		2.5		0.6		0.0		2.0		3.0		3.0		3.0		3.0		4.0		4.0		3.0		 		 		3.0		2.0		 		3.1		0.6		3.0		3.0		1.0		4.0		4.0		3.0		3.0		2.0		3.0		 		 		2.0		3.0		 		2.8		1.0		3.0		2.0		0.0		3.0		1.0		 		2.0		2.0		3.0		 		 		2.0				 		1.9		1.1		0.0		2.0				21		Sub-Kelvin Cooling Systems		Sub-Kelvin Cooling System Including a High-Efficiency Cryo-Cooler and/or an ADR Stage		2.5		25.0				4.0		36.0		 		4.0		12.0		 		2.0		6.0		 		79.0		 		21		Sub-Kelvin Cooling System Including a High-Efficiency Cryo-Cooler and/or an ADR Stage										✔

						14		High efficiency cryocoolers 		3.0		2.0		3.0		2.0		3.0		3.0		2.0		 		3.0		3.0		3.0		 		2.7		0.5		3.0		new		4.0		2.0		3.0		3.0		4.0		3.0		2.0		 		3.0		3.0		2.0		 		2.9		0.7		3.0		new		4.0		3.0		4.0		3.0		4.0		4.0		2.0		 		4.0		4.0		4.0		 		3.6		0.7		3.5		new		4.0		3.0		4.0		3.0		4.0		4.0		2.0		 		4.0		3.0		3.0		 		3.4		0.7		3.5		new		2.0		3.0		1.0		3.0		3.0		2.0		3.0		 		3.0		2.0		2.0		 		2.4		0.7		2.5		new		3.0		3.0		3.0		2.0		4.0		3.0		2.0		 		3.0		3.0		2.0		 		2.8		0.6		3.0		new		2.0		3.0		2.0		2.0		4.0		3.0		2.0		 		3.0		3.0		2.0		 		2.6		0.7		2.5		new		1.0		3.0		2.0		 		3.0		3.0		3.0		 		3.0		2.0				 		2.5		0.8		0.0		new		2.5		3.0		2.0		4.0		4.0		3.0		3.0		 		4.0		3.0		2.0		 		3.1		0.8		3.0		new		1.5		2.0		1.0		2.0		2.0		2.0		3.0		 		2.0		2.0		3.0		 		2.1		0.6		2.0		new		0.0		4.0		0.0		 		4.0		2.0		3.0		 		1.0		3.0				 		2.1		1.6		0.0		new				3		High-Efficiency X-ray Transmission Gratings for High-resolution Spectroscopy (combine 3 and4)		High-Efficiency X-ray Grating Arrays for High-Resolution Spectroscopy		3.0		30.0				4.0		36.0		 		1.0		3.0		 		2.0		6.0		 		75.0		 		3		High-Efficiency X-ray Grating Arrays for High-Resolution Spectroscopy										✔

						8		Large format, low noise Far-IR direct detectors		3.0		3.0		2.0		2.0		3.0		3.0		3.0		 		 		3.0		3.0		 		2.8		0.4		3.0		3.0		4.0		3.0		3.0		3.0		3.0		3.0		3.0		 		 		3.0		3.0		 		3.1		0.3		3.0		4.0		4.0		3.0		4.0		4.0		4.0		4.0		3.0		 		3.0		4.0		3.0		 		3.6		0.5		3.5		3.0		3.0		2.0		3.0		3.0		3.0		4.0		2.0		 		 		3.0		3.0		 		2.9		0.6		3.0		3.0		4.0		3.0		3.0		3.0		3.0		3.0		3.0		 		 		3.0		4.0		 		3.2		0.4		3.0		4.0		4.0		3.0		3.0		3.0		3.0		3.0		3.0		 		 		4.0		4.0		 		3.3		0.5		3.5		4.0		4.0		3.0		3.0		3.0		3.0		3.0		3.0		 		 		3.0		3.0		 		3.1		0.3		3.0		3.0		0.0		3.0		3.0		 		3.0		3.0		3.0		 		 		1.0				 		2.3		1.3		0.0		1.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		 		 		3.0		3.0		 		3.0		0.0		3.0		3.0		4.0		2.0		3.0		4.0		2.0		3.0		3.0		 		 		2.0		3.0		 		2.9		0.8		3.0		2.0		0.0		2.0		3.0		 		2.0		3.0		4.0		 		 		2.0				 		2.3		1.3		1.0		2.0				8		Advanced Millimeter-Wave Focal Plane Arrays for CMB Polarimetry		Advanced Millimeter-Wave Focal Plane Arrays for CMB Polarimetry		2.5		25.0				4.0		36.0		 		2.0		6.0		 		2.0		6.0		 		73.0		 		8		Advanced Millimeter-Wave Focal Plane Arrays for CMB Polarimetry										✔

						13		Heterodyne Far-IR receiver arrays		2.0		3.0		3.0		3.0		2.0		3.0		3.0		 		4.0		4.0		3.0		 		3.0		0.7		3.0		new		3.5		3.0		4.0		4.0		3.0		3.0		3.0		 		4.0		3.0		2.0		 		3.3		0.6		3.0		new		2.0		2.0		3.0		2.0		2.0		3.0		3.0		 		1.0		2.0		3.0		 		2.3		0.7		2.5		new		4.0		4.0		4.0		4.0		4.0		4.0		3.0		 		3.0		4.0		4.0		 		3.8		0.4		4.0		new		3.0		2.0		4.0		3.0		3.0		3.0		2.0		 		4.0		3.0		3.0		 		3.0		0.7		3.0		new		3.0		3.0		3.0		3.0		4.0		3.0		2.0		 		4.0		3.0		3.0		 		3.1		0.6		3.0		new		3.5		3.0		3.0		3.0		3.0		4.0		2.0		 		3.0		3.0		3.0		 		3.1		0.5		3.0		new		3.5		3.0		3.0		 		3.0		3.0		3.0		 		4.0		1.0				 		2.9		0.9		0.0		new		3.0		3.0		2.0		3.0		4.0		3.0		3.0		 		2.0		3.0		3.0		 		2.9		0.6		3.0		new		4.0		2.0		1.0		4.0		3.0		3.0		3.0		 		4.0		2.0		2.0		 		2.8		1.0		3.0		new		1.5		2.0		1.0		 		3.0		3.0		3.0		 		3.0		2.0				 		2.3		0.8		0.0		new				1		Fast, low-noise Megapixel X-ray Imaging Array Including Moderate Spectral Resolution		Fast, Low-noise, Megapixel X-ray imaging Array With Moderate Spectral Resolution 		3.0		30.0		 		3.0		27.0		 		2.0		6.0		 		2.0		6.0		 		69.0		 		1		Fast, Low-noise, Megapixel X-ray imaging Array With Moderate Spectral Resolution 

						15		High efficiency UV multi-object spectrometers		3.0		2.0		3.0		3.0		2.0		3.0		2.0		 		4.0		4.0		3.0		 		2.9		0.7		3.0		new		2.0		2.0		3.0		3.0		2.0		3.0		2.0		 		3.0		3.0		3.0		 		2.6		0.5		2.5		new		3.0		3.0		4.0		3.0		3.0		3.0		3.0		 		3.0		2.0		3.0		 		3.0		0.5		3.0		new		3.0		3.0		4.0		4.0		3.0		2.0		3.0		 		3.0		3.0		3.0		 		3.1		0.6		3.0		new		2.5		3.0		4.0		3.0		3.0		3.0		2.0		 		4.0		3.0		4.0		 		3.2		0.7		3.0		new		2.5		2.0		3.0		3.0		3.0		3.0		2.0		 		3.0		3.0		3.0		 		2.8		0.4		3.0		new		2.0		3.0		3.0		3.0		3.0		4.0		2.0		 		3.0		3.0		4.0		 		3.0		0.7		3.0		new		 		3.0		4.0		 		4.0		3.0		2.0		 		3.0		1.0				 		2.9		1.1		0.0		new		1.0		2.0		1.0		1.0		2.0		1.0		3.0		 		1.0		1.0		3.0		 		1.6		0.8		1.5		new		2.0		4.0		3.0		4.0		2.0		3.0		3.0		 		1.0		2.0		4.0		 		2.8		1.0		3.0		new		0.5		4.0		3.0		 		3.0		3.0		3.0		 		1.0		2.0				 		2.4		1.2		1.0		new				12		Quasioptical mm-wave Polarization Modulators		Quasi-Optical Millimeter-Wave Polarization Modulators		2.5		25.0				3.0		27.0		 		3.0		9.0		 		2.0		6.0		 		67.0		 		12		Quasi-Optical Millimeter-Wave Polarization Modulators

						2		Photon counting UV large-format detectors		4.0		4.0		4.0		4.0		3.0		4.0		4.0		 		4.0		4.0		4.0		 		3.9		0.3		4.0		4.0		4.0		4.0		4.0		4.0		3.0		4.0		4.0		 		4.0		3.0		4.0		 		3.8		0.4		4.0		4.0		4.0		4.0		3.0		3.0		4.0		3.0		4.0		 		2.0		3.0		4.0		 		3.4		0.7		3.5		3.0		4.0		4.0		4.0		4.0		4.0		3.0		3.0		 		4.0		4.0		4.0		 		3.8		0.4		4.0		4.0		4.0		4.0		3.0		4.0		4.0		4.0		4.0		 		4.0		3.0		4.0		 		3.8		0.4		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		 		4.0		4.0		4.0		 		4.0		0.0		4.0		4.0		4.0		3.0		3.0		3.0		4.0		4.0		3.0		 		4.0		3.0		3.0		 		3.4		0.5		3.5		3.0		0.0		3.0		3.0		 		2.0		3.0		4.0		 		4.0		1.0				 		2.5		1.4		0.0		1.0		3.0		4.0		4.0		4.0		3.0		3.0		4.0		 		4.0		3.0		3.0		 		3.5		0.5		3.5		3.0		3.0		4.0		3.0		3.0		2.0		3.0		3.0		 		4.0		3.0		3.0		 		3.1		0.6		3.0		3.0		1.0		2.0		1.0		1.0		3.0		1.0		3.0		 		2.0		2.0				 		1.8		0.8		1.0		2.0				16		Low Mass, Long-Term Stability Optical Bench		Low Mass, Long-Term Stability Optical Bench		3.5		35.0				2.0		18.0		 		1.0		3.0		 		2.0		6.0		 		62.0		 		16		Low Mass, Long-Term Stability Optical Bench

						1		High QE, large format UV detectors		4.0		4.0		4.0		4.0		4.0		4.0		4.0		 		4.0		4.0		4.0		 		4.0		0.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		 		4.0		4.0		4.0		 		4.0		0.0		4.0		4.0		4.0		4.0		4.0		3.0		4.0		3.0		3.0		 		3.0		3.0		4.0		 		3.5		0.5		4.0		3.0		4.0		4.0		4.0		4.0		4.0		3.0		3.0		 		4.0		4.0		4.0		 		3.8		0.4		4.0		4.0		4.0		4.0		3.0		4.0		4.0		4.0		4.0		 		3.0		3.0		4.0		 		3.7		0.5		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		 		3.0		4.0		4.0		 		3.9		0.3		4.0		4.0		4.0		3.0		3.0		3.0		4.0		4.0		4.0		 		4.0		4.0		3.0		 		3.6		0.5		3.5		4.0		0.0		3.0		3.0		 		4.0		3.0		4.0		 		3.0		1.0				 		2.6		1.4		0.0		1.0		3.0		4.0		4.0		4.0		4.0		3.0		4.0		 		4.0		3.0		3.0		 		3.6		0.5		3.5		3.0		3.0		4.0		3.0		3.0		3.0		3.0		3.0		 		4.0		3.0		3.0		 		3.2		0.4		3.0		3.0		1.0		2.0		1.0		1.0		3.0		1.0		3.0		 		1.0		2.0				 		1.7		0.9		1.0		2.0				11		Millimeter-Wave Optics Coatings and Filters		Millimeter-Wave Filters and Coatings		2.5		25.0				2.0		18.0		 		3.0		9.0		 		2.0		6.0		 		58.0		 		11		Millimeter-Wave Filters and Coatings

						3		High Reflectivity UV coatings 		4.0		4.0		4.0		4.0		4.0		4.0		3.0		 		3.0		4.0		3.0		 		3.7		0.5		4.0		4.0		4.0		4.0		3.0		4.0		4.0		4.0		3.0		 		3.0		3.0		2.0		 		3.4		0.7		3.5		4.0		4.0		4.0		4.0		3.0		4.0		3.5		4.0		 		4.0		3.0		4.0		 		3.8		0.4		4.0		3.0		4.0		4.0		4.0		4.0		4.0		3.0		3.0		 		4.0		4.0		4.0		 		3.8		0.4		4.0		4.0		4.0		4.0		3.0		4.0		3.0		4.0		3.0		 		3.0		3.0		3.0		 		3.4		0.5		3.5		4.0		4.0		4.0		4.0		3.0		3.0		4.0		3.0		 		3.0		3.0		3.0		 		3.4		0.5		3.5		3.0		3.0		4.0		3.0		2.0		3.0		4.0		3.0		 		2.0		3.0		3.0		 		3.0		0.7		3.0		3.0		0.0		4.0		3.0		 		4.0		3.0		3.0		 		4.0		1.0				 		2.8		1.5		0.0		1.0		3.0		4.0		3.0		3.0		3.0		4.0		4.0		 		4.0		3.0		3.0		 		3.4		0.5		3.5		3.0		3.0		3.0		3.0		3.0		4.0		3.0		2.0		 		4.0		3.0		3.0		 		3.1		0.6		3.0		3.0		4.0		3.0		3.0		4.0		4.0		4.0		2.0		 		3.0		3.0				 		3.3		0.7		3.5		2.0				19		Gravitational Reference Sensor		Gravitational Reference Sensor (GRS)		3.5		35.0				0.0		0.0		 		1.0		3.0		 		2.0		6.0		 		44.0		 		19		Gravitational Reference Sensor (GRS)

						4		Large, low-cost, light-weight precision mirrors for Ultra-Stable Large Aperture UV/Optical Telescopes		3.5		3.0		3.0		3.0		3.0		3.0		4.0		 		4.0		3.0		3.0		 		3.3		0.4		3.5		4.0		3.5		2.0		2.5		3.0		3.0		3.0		3.0		 		4.0		3.0		3.0		 		3.0		0.5		3.0		3.0		4.0		3.0		3.0		4.0		4.0		3.0		2.0		 		4.0		4.0		3.0		 		3.4		0.7		3.5		4.0		3.0		3.0		3.0		3.0		3.0		2.0		2.0		 		 		3.0		4.0		 		2.9		0.6		3.0		3.0		2.5		3.0		2.0		3.0		3.0		2.5		4.0		 		 		4.0		2.0		 		2.9		0.7		3.0		2.0		3.5		3.0		3.0		3.0		3.0		4.0		4.0		 		 		4.0		3.0		 		3.4		0.5		3.5		4.0		3.0		3.0		3.0		3.0		3.0		4.0		3.0		 		 		4.0		4.0		 		3.3		0.5		3.5		4.0		3.0		3.0		3.0		 		3.0		3.0		3.0		 		 		1.0				 		2.7		0.8		0.0		2.0		3.0		4.0		2.0		3.0		3.0		3.0		3.0		 		 		3.0		2.0		 		2.9		0.6		3.0		3.0		2.0		2.0		2.0		2.0		2.0		2.0		3.0		 		 		2.0		1.0		 		2.0		0.5		2.0		2.0		0.0		0.0		1.0		0.0		0.0		0.0		2.0		 		 		0.0				 		0.4		0.7		0.0		2.0				20		Inflatable Pressure Vessels & Deployable Readout for GaseousHigh Performance Gamma-Ray Telescope		High-Performance Gamma-Ray Telescope		0.0		0.0				3.0		27.0		 		1.0		3.0		 		0.0		0.0		 		30.0		 		20		High-Performance Gamma-Ray Telescope

						5		Deployable light-weight precision mirrors for future Very Large Aperture UV/Optical Telescopes		3.0		3.0		2.0		2.0		2.0		3.0		2.0		 		 		2.0		2.0		 		2.3		0.5		2.5		3.0		3.0		2.0		2.0		3.0		2.0		3.0		3.0		 		 		3.0		2.0		 		2.6		0.5		2.5		4.0		4.0		3.0		3.0		4.0		4.0		3.0		1.0		 		4.0		4.0		2.0		 		3.2		1.0		3.0		3.0		2.0		3.0		2.0		3.0		3.0		2.0		1.0		 		 		2.0		2.0		 		2.2		0.7		2.0		2.0		2.5		3.0		2.0		3.0		3.0		2.5		4.0		 		 		4.0		3.0		 		3.0		0.7		3.0		3.0		4.0		3.0		3.0		4.0		3.0		4.0		4.0		 		 		4.0		3.0		 		3.6		0.5		3.5		4.0		4.0		3.0		3.0		4.0		3.0		4.0		3.0		 		 		4.0		4.0		 		3.6		0.5		3.5		4.0		3.0		3.0		3.0		 		4.0		3.0		3.0		 		 		4.0				 		3.3		0.5		0.0		4.0		3.0		4.0		2.0		2.0		3.0		2.0		2.0		 		 		3.0		2.0		 		2.6		0.7		2.5		3.0		2.0		2.0		2.0		1.0		2.0		3.0		4.0		 		 		2.0		3.0		 		2.3		0.9		2.0		2.0		0.0		2.0		1.0		0.0		0.0		0.0		2.0		 		 		0.0				 		0.6		0.9		0.0		2.0				4		Off-plane X-ray Reflection Gratings (combine 3 and4)		Off-plane X-ray Reflection Gratings (combine 3 and4)		0.0		0.0				0.0		0.0		 		0.0		0.0		 		0.0		0.0		 		0.0		 		4		Off-plane X-ray Reflection Gratings (combine 3 and4)

																																																																																																																																																																																																																																																																																																																																																																												5		1 Arc-second X-ray Mirrors (combined with 7)		1 Arc-second X-ray Mirrors (combined with 7)		0.0		0.0				0.0		0.0		 		0.0		0.0		 		0.0		0.0		 		0.0		 		5		1 Arc-second X-ray Mirrors (combined with 7)

																																																																																																																																																																																																																																																																																																																																																																												6		Light-Weight, High-resolution X-ray Optics  (combined with 7)		Light-Weight, High-resolution X-ray Optics  (combined with 7)		0.0		0.0				0.0		0.0		 		0.0		0.0		 		0.0		0.0		 		0.0		 		6		Light-Weight, High-resolution X-ray Optics  (combined with 7)

																																																																																																																																																																																																																																																																																																																																																																												9		Polarization-Sensitive Millimeter-Wave Focal Plane Arrays (combine with 8)		Polarization-Sensitive Millimeter-Wave Focal Plane Arrays (combine with 8)		0.0		0.0				0.0		0.0		 		0.0		0.0		 		0.0		0.0		 		0.0		 		9		Polarization-Sensitive Millimeter-Wave Focal Plane Arrays (combine with 8)

																																																																																																																																																																																																																																																																																																																																																																												10		Advanced Millimeter-Wave and Far-Infrared Detector Arrays  (combine with 8)		Advanced Millimeter-Wave and Far-Infrared Detector Arrays  (combine with 8)		0.0		0.0				0.0		0.0		 		0.0		0.0		 		0.0		0.0		 		0.0		 		10		Advanced Millimeter-Wave and Far-Infrared Detector Arrays  (combine with 8)

																																																																																																																																																																																																																																																																																																																																																																												14		TRL 5 Gravitational Wave Laser System (combine with 13)		TRL 5 Gravitational Wave Laser System (combine with 13)		0.0		0.0				0.0		0.0		 		0.0		0.0		 		0.0		0.0		 		0.0		 		14		TRL 5 Gravitational Wave Laser System (combine with 13)

																																																																																																																																																																																																																																																																																																																																																																												17		Optical Bench II (combine with 16)		Optical Bench II (combine with 16)		0.0		0.0				0.0		0.0		 		0.0		0.0		 		0.0		0.0		 		0.0		 		17		Optical Bench II (combine with 16)































































































































																																																																																																																																																																																																																																																																																																																																																																												Priority				2014 COR Technology Gaps Prioritization

																																																																																																																																																																																																																																																																																																																																																																												1						Priority 1.  Contains technology needs that the TMB has determined to be of the highest interest to the Cosmic Origins program and recommends that they should be invested in first, when funding is available. 











																																																																																																																																																																																																																																																																																																																																																																												2						Priority 2: Contains technology needs that the TMB feels are worthy of pursuit and would be invested in, if funding allows.









																																																																																																																																																																																																																																																																																																																																																																												3						Priority 3: Contains technology needs that are deemed to be supportive of COR objectives but, for various reasons, do not warrant investment at the present, although they could be invested in, if significant additional funding is available.













































































































































































































































































































































































































































































Prioritization Criteria

		PCOS Strategic Technology Gaps Prioritization Criteria 

														Score Meaning

		#		Criterion		Weight		Max Score		Max Weighted Score		General Description/Question		4		3		2		1		0

		1		Strategic Alignment		10		4		40		How well does the technology align with the PCOS science and/or programmatic priorities of  the Astrophysics Implementation Plan (AIP) or current programmatic assessment?		Applicable mission concept receives highest AIP consideration		Applicable mission concept receives medium AIP consideration		Applicable mission concept receives low AIP consideration		Applicable mission concept was not considered in the AIP but was positively addressed in the 2010 Decadal Survey		Not considered by the AIP or the 2010 Decadal Survey

		2		Benefits and Impacts		9		4		36		How much impact does the technology have on notional mission(s)? To what degree does the technology enable and/or enhance achievable science objectives, reduce cost, and/or reduce mission risks?		Critical and key enabling technology - required to meet mission concept objective(s)		Highly desirable technology - significantly enhances science objective(s), reduces critical resources need, and/or reduces mission risks		Desirable - offers significant science or implementation benefits but not required for mission success		Minor science impact or implementation improvements		No science impact or implementation improvement

		3		Scope of Applicability		3		4		12		How cross-cutting is the technology? How many Astrophysics programs and/or mission concepts could benefit from this technology?  		The technology applies widely to PCOS mission concepts and both COR and ExoPlanet mission concepts		The technology applies widely to PCOS mission concepts and either COR or ExoPlanet mission concepts		The technology applies widely to PCOS mission concepts		The technology applies to a single PCOS mission concept		No known applicable PCOS mission concept

		4		Time To Anticipated Need		3		4		12		When does the technology need to be at TRL 6?                                                                                                                                        Critical/enabling technology - TRL 6 at KDP B     Non-critical/enhancing technology - TRL 6 at KDP C		TRL 6 is needed within 5 years (before 2020)		TRL 6 is needed within 6 to 10 years (2020 - 2024)		TRL 6 is needed within 11 to 15 years (2025 - 2029)		TRL 6 is needed within 16 to 20 years (2030 - 2034)		TRL 6 is needed in more than 20 years (2035 or later)





Priority Table

		Priority		PCOS Capability Gaps		Science		Compared to 2013

		1		Kilo-Pixel X-ray Focal Plane Array With 2 eV Spectral Resolution at 6 keV 		X-ray		Same

				Affordable, Lightweight X-Ray Optics with 5 Arcsec Resolution 		X-ray		Same

				High Power, Narrow Linewidth Laser Sources		Gravitational Wave		Was 2

				Highly Stable, Low Stray Light Telescope		Gravitational Wave		Same

				Phase Measurement Subsystem (PMS)		Gravitational Wave		Same

				Sub-Kelvin Cooling System Including a High-Efficiency Cryo-Cooler and/or an ADR Stage		General		Was 3

		2		High-Efficiency X-ray Grating Arrays for High-Resolution Spectroscopy		X-ray		Same

				Advanced Millimeter-Wave Focal Plane Arrays for CMB Polarimetry		Inflation		Same

				Fast, Low-noise, Megapixel X-ray Imaging Array With Moderate Spectral Resolution 		X-ray		Was 3

				Quasi-Optical Millimeter-Wave Polarization Modulators		Inflation		Same

				Low Mass, Long-Term Stability Optical Bench		Gravitational Wave		Was 3

				Millimeter-Wave Filters and Coatings		Inflation		Was 3

		3		Gravitational Reference Sensor (GRS)		Gravitational Wave		Same 

				High-Performance Gamma-Ray Telescope		Gamma-ray		New

				 

				 

				 

				 

				 

				 

				 

				 

				 

				 







How You Can Contribute and Help Develop Next 
Year’s Prioritization

• Provide feedback on the technology gaps identification and 
prioritization process

• Propose to the SAT call 
– Notices of Intent due January 23, 2015 
– Proposals due March 20, 2015

• Identify and consolidate strategic technology gaps by the end 
of June for our annual prioritization
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		Solicitation Year

		PCOS SAT Proposals

		Proposal Success Ratio



		

		Submitted

		Selected

		



		2010

		21

		5

		24%



		2011

		26

		5

		19%



		2012

		10

		3

		30%



		2013

		8

		5

		63%



		Total to Date

		65

		18

		28%



		Number of PCOS SAT Proposals and Awards.









Technology Gap Submission
A technology gap can be identified by anyone and provided to 
the PO for prioritization in either of two ways: 
• Provide it to the appropriate SIG of the PhysPAG
• Submit it through the PCOS Program website 

(http://pcos.gsfc.nasa.gov/technology) 
• This year all submissions will be forwarded to the PhysPAG 

Executive Committee for help with consolidation (combining 
similar or overlapping gaps) and check for completeness 
o Determining the resulting goals, technical objectives, or timing of the 

combined entries can be challenging  
o Best if PhysPAG performs this integration to take advantage of 

community expertise, and not risk leaving out or inaccurately defining 
any combined gaps  
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An “Ideal” Technology Gaps List

• Consists only of technology capability gaps that are consistent 
with the PCOS program’s strategic objectives as articulated by 
the Astrophysics Implementation Plan or any relevant current 
programmatic directives

• Inputs received from a broad and diverse community base
• Technology gaps are identified as capability gaps and not 

specific implementation approaches 
• List is concise, non-redundant, and well-defined 
• No proprietary or ITAR-sensitive information included
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Conclusions

• A process is in place to identify and prioritize technology gaps to 
inform the SAT call and selection and to support other NASA 
programs’ technology development activities 

• This process improves the transparency and relevance of our 
strategic technology investments and leverages the technology 
investments of external organizations 

• Community feedback and input to the process is very much 
appreciated as we continue to evolve the process to best achieve 
the objectives of the PCOS Program.



SAT Poster (#442.02) at AAS Thursday



Backup



Prioritization Criteria Address…
• Strategic Alignment: How well does the technology align with the 

science and/or programmatic priorities of  the Astrophysics 
Implementation Plan (AIP) or current programmatic assessment? 

• Benefits and Impacts: How much impact does the technology 
have on notional mission(s)? To what degree does the technology 
enable and/or enhance achievable science objectives, reduce cost, 
and/or reduce mission risks?

• Scope of Applicability: How crosscutting is the technology? How 
many Astrophysics programs and/or mission concepts could 
benefit from this technology? 

• Time to Anticipated Need: When does the technology need to be 
at TRL 6? Astrophysics Division requires that critical/enabling 
technology be at TRL 6 at Key Decision Point (KDP) B, and non-
critical/enhancing technology be at TRL 6 at KDP C.
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Tec
  Prioritization Criteria Scoring Guideline
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Summary Scoring



		 																																																																																																																																																																																																																																																																																																																																																																Directions:																																																				 

																																																																																																																																																																																																																																																																																																																																																																		1. Enter your ratings in yellow fields.  Weighted scores will be calculated for you.

																																																																																																																																																																																																																																																																																																																																																																		2. To see last year's TMB rating, unhide columns after the "Your Weighted Score" columns																																Technology # color legend

																		This color cell indicates that last year this technology was deemed not applicable because it was either outside of the Astrophysics charter, a duplicate technology, covered under another technology, does not make sense to the board members, …. However, feel free to score if you feel the situation is different this year.																																																																																																																																																																																																																																																																																																																																																																																these are X-ray, Gravitational Wave, Dark Energy and Inflation Probe technologies (Tech # 1-25) that we said we wanted to discuss in detail and we did

																		TRL as assessed by TechSAG																																																																																																																																																																																																																																																																																																																																																																																these are technologies we said we would keep the scores to be the same as last year - with mod to criterion 11 because scoring scheme changed from last year

																		TRL 1-3																																																																																																																																																																																																																																																																																																																																																3. Prioritization criteria will show as comments if you move cursor over each criterion field in orange																																new technologies which we ended up scoring in detail also

																		TRL 4-6																																																																																																																																																																																																																																																																																																																																																4. Criteria table and descriptions are also included as separate sheets/tabs below

																																																																																																																																																																																																																																																																																																																																																																		Technology Name		2013 PCOS Technology Needs Prioritization Summary																												Tech #		Technology Name

		Mission Info								Technology Category				Location of additional info on needs list 		Tech #		Technology Name		Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																														Summary of Individual Ratings																																Tech #

		Science    (general) 		Science (specific)		Time Frame 		Wavelength		General		Mission specific

Jackie Townsend: Jackie Townsend:
When there is no entry under "Mission Specific", I couldn't identify where the mission-specific worksheet covered this topic.  Per 9/8 discussion with Dan Schwartz, the community believed the technology entry was self-explanatory and thus didn't require an entry on the mission table.								Criteria 1: Scientific Ranking of Applicable Mission Concept;      Weight = 4

Thai Pham: Thai Pham:
Scientific priority as determined by the Decadal Review, other community-based review, other peer review, or programmatic assessment.  Captures the importance of the mission concept which will benefit from the technology.

4 = highest ranking
3 = medium rank
2 = low rank
1 = ranking not known
0 = No clear applicable mission concept																														Criteria 2: Overall relevance to Applicable Mission Concept;      Weight = 4

Thai Pham: Thai Pham:
Impact of the technology on the applicable mission concept.  Captures the overall importance of the technology to the mission concept.

4 = Critical key enabling technology - required to meet primary mission goals
3 = Highly desirable, reduces need for critical resources and/or required to meet secondary mission goals
2 = Desirable - offers significant benefits but not required for mission success
1 = Minor implementation improvements
0 = No implementation improvement																														Criteria 3: Scope of Applicability;      Weight = 3

Thai Pham: Thai Pham:
How many mission concepts (or science themes) could benefit from this technology?  The larger the number, the greater the reward from a successful development.

4 = The technology applies to multiple mission concepts across multiple NASA programs and other agencies
3 = The technology applies to multiple mission concepts across multiple NASA programs or other agencies
2 = The technology applies to multiple mission concepts within a single NASA program
1 = The technology applies to a single mission concept
0 =No known applicable mission concept
																														Criteria 4:  Time to anticipated need;  Weight = 3

Thai Pham: Thai Pham:
When does the technology need to be ready for implementation? 

4 = 4 to 8 years (this decade)
3 = 9 to 14 years (early 2020s)
2 = 15 to 20 years (late 2020s)
1 = >20  years (2030s)
0 = No anticipated need																														Criteria 5: Scientific impact to Applicable Mission Concept;      Weight = 2

Thai Pham: Thai Pham:
Impact of the technology on the scientific harvest of the applicable mission concept.  How much does this technology affect the scientific harvest of the mission?

4 = Needed for applicable mission concept
3 = Major improvement (> ~2x) to primary scientific goals
2 = Only enables secondary scientific goals
1 = Minor scientific improvements
0 = No scientific improvements																														Criteria 6: Implementation impact to Applicable Mission Concept;      Weight = 2

Thai Pham: Thai Pham:
Impact of the technology on the implementation efficiency of the applicable mission concept.  How much does this technology simplify the implementation or reduce the need for critical resources?

4 = Needed for applicable mission concept
3 = Enables major savings in critical resources (e.g., smaller launch vehicle, longer mission lifetime, smaller spacecraft bus, etc.) or reduces a major risk
2 = Enables minor savings in critical resources or reduces a minor risk
1 = Minor implementation improvement
0 = No implementation improvements																														Criteria 7: Schedule impact to Applicable Mission Concept;      Weight = 2

Thai Pham: Thai Pham:
Impact of the technology on the schedule of the applicable mission concept.  How much does this technology simplify the implementation to bring in the schedule?

4 = Technology is likely to drive the applicable mission schedule
3 = Technology is likely to drive the schedule for a major subsystem/ component of the applicable mission concept
2 = Technology is likely to drive the schedule for a minor applicable mission concept component
1 = Technology is less likely to be a factor for the schedule of the applicable mission concept
0 = Technology will not be a factor for the schedule of the applicable mission concept
																														Criteria 8: Risk Reduction to Applicable Mission Concept;      Weight = 2

Thai Pham: Thai Pham:
Ability of the technology to reduce risks by providing an alternate path for a high risk technology that is part of the applicable mission concept.

4 = Technology is a direct alternative to a key technology envisioned for the applicable mission concept.  No other known alternate technologies
3 = Technology is a direct alternative to a key technology envisioned for the applicable mission concept.  At least one other known alternate technology
2 = Technology is a direct alternative to a secondary technology envisioned.  No other known alternate technologies
1 = Technology is a direct alternative to a secondary technology envisioned.  At least one other known alternate technology
0 = No risk benefits or technology is already part of the applicable mission concept																														Criteria 9: Definition of Required Technology       Weight = 1

Thai Pham: Thai Pham:
How well defined is the required technology?  Is there a clear description of what is sought?

4 = Exquisitely defined
3 = Well defined, but some vagueness
2 = Well defined, but some conflicting goals not clarified
1 = Not well defined, lacking in clarity
0 = Poorly defined, not clear at all what is being described
																														Criteria 10: Other Sources of Funding       Weight = 1

Thai Pham: Thai Pham:
Are there other sources of funding to mature this technology?  If funding is expected to be available from other sources, this will lower the prioritization.

4 = No, the Program is the only viable source of funding.
3 =Interest from other sources can be developed during the development time of the technology
2 = Interest from other sources is likely during the development time of the technology
1 =Moderate investments (relative to the potential level for a NASA investment) in the technology are already being made by other programs, agencies, or countries.
0 = Major investments (relative to the potential level for a NASA investment) in the technology are already being made by other programs, agencies, or countries., or countries.
																														Criteria 11:  Availability of Providers       Weight = 1

Thai Pham: Thai Pham:
Are there credible providers/developers of this technology?  Where providers are scarce, there may be a compelling need to maintain continuity for the technology in the event there are no replacement technologies.

4 = Potential providers/developers have insufficient capabilities to meet applicable mission concept needs.
3 = Potential providers/developers have uncertain capability relative to applicable mission concept needs.
2 = Single competent and credible provider/developer known
1 = Two competent and credible providers/developers known
0 = Multiple competent and credible providers/developers known																																				Criterion 1: Strategic Alignment

Thai Pham: Thai Pham:
Technology enables or enhances a mission concept that is prioritized by the Astrophysics Implementation Plan (AIP)  or current programmatic assessment.  

4 = highest AIP ranking
3 = medium AIP ranking
2 = low AIP ranking
1 = not ranked by the AIP but addressed in the 2010                                   Decadal Survey
0 = Not ranked by the AIP or the 2010 Decadal Survey
						Criterion 2: Benefits and Impacts

Thai Pham: Thai Pham:
Impact of the technology on a notional mission concept.  Degree of unique or enabling/enhancing capability the technology provides toward the science objective and the implementation of the mission.

4 = Critical and key enabling technology - required to meet mission concept objectives

3 = Highly desirable technology - significantly enhances science objective(s) and/or reduces need for critical resources

2 = Desirable - offers significant science or implementation benefits but not required for mission success

1 = Minor science impact or implementation improvements

0 = No science impact or implementation improvement						Criterion 3: Scope of applicability

Thai Pham: Thai Pham:
How cross-cutting is the technology. How many mission concepts could benefit from this technology?  

4 = The technology applies to multiple mission concepts across multiple NASA programs and other agencies

3 = The technology applies to multiple mission concepts across multiple NASA programs

2 = The technology applies to multiple mission concepts within a single NASA program

1 = The technology applies to a single mission concept

0 = No known applicable mission concept		

Thai Pham: Thai Pham:
Impact of the technology on the applicable mission concept.  Captures the overall importance of the technology to the mission concept.

4 = Critical key enabling technology - required to meet primary mission goals
3 = Highly desirable, reduces need for critical resources and/or required to meet secondary mission goals
2 = Desirable - offers significant benefits but not required for mission success
1 = Minor implementation improvements
0 = No implementation improvement																																																																																																																																																																																																																																																																																																																																				Criterion 4:  Time to anticipated need

Thai Pham: Thai Pham:
When does the technology need to be ready for a decision point or implementation?  

4 =Decision point is now or overdue, and implementation is needed within 7 years (this decade) 

3 = Decision point is now or overdue, or implementation is needed in 8 to 12 years (early to mid 2020's)

2 = Decision point is less than 5 years away, or implementation is needed in 13 to 17 years (late 2020's)

1 = Decision point is 5 - 10 years away, or implementation is needed 18 years or later (early 2030's)

0 = No anticipated need		

Thai Pham: Thai Pham:
Are there credible providers/developers of this technology?  Where providers are scarce, there may be a compelling need to maintain continuity for the technology in the event there are no replacement technologies.

4 = Potential providers/developers have insufficient capabilities to meet applicable mission concept needs.
3 = Potential providers/developers have uncertain capability relative to applicable mission concept needs.
2 = Single competent and credible provider/developer known
1 = Two competent and credible providers/developers known
0 = Multiple competent and credible providers/developers known		

Thai Pham: Thai Pham:
How well defined is the required technology?  Is there a clear description of what is sought?

4 = Exquisitely defined
3 = Well defined, but some vagueness
2 = Well defined, but some conflicting goals not clarified
1 = Not well defined, lacking in clarity
0 = Poorly defined, not clear at all what is being described
		

Thai Pham: Thai Pham:
Impact of the technology on the schedule of the applicable mission concept.  How much does this technology simplify the implementation to bring in the schedule?

4 = Technology is likely to drive the applicable mission schedule
3 = Technology is likely to drive the schedule for a major subsystem/ component of the applicable mission concept
2 = Technology is likely to drive the schedule for a minor applicable mission concept component
1 = Technology is less likely to be a factor for the schedule of the applicable mission concept
0 = Technology will not be a factor for the schedule of the applicable mission concept
		

Jackie Townsend: Jackie Townsend:
When there is no entry under "Mission Specific", I couldn't identify where the mission-specific worksheet covered this topic.  Per 9/8 discussion with Dan Schwartz, the community believed the technology entry was self-explanatory and thus didn't require an entry on the mission table.																																																																																																																																

Thai Pham: Thai Pham:
Impact of the technology on the scientific harvest of the applicable mission concept.  How much does this technology affect the scientific harvest of the mission?

4 = Needed for applicable mission concept
3 = Major improvement (> ~2x) to primary scientific goals
2 = Only enables secondary scientific goals
1 = Minor scientific improvements
0 = No scientific improvements																																																																																																																																																																																																																																																2013 TMB Weighted Score		2011 TMB Weighted Score								 																Science    (general) 

																				Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Alan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating		Thai		Ruth		Ann		Mark		Rita		Wilt		Griff		Mooni		Jaya		Allan		Tom		Avg. of Ind. Rating		Std. Dev.		2012 TMB Rating		2011 TMB Rating								2013 TMB Score		2013 TMB Weighted Score		2012 TMB Score		2013 TMB Score		2013 TMB Weighted Score		2012 TMB Score		2013 TMB Score		2013 TMB Weighted Score		2012 TMB Score		2013 TMB Score		2013 TMB Weighted Score		2012 TMB Score

																																																																																																																																																																																																																																																																																																																																																																																												2013		2011												2013 Ranking								2012 Ranking

		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 								Priority		Technology Needs		Science				Priority		Technology Needs		Science

		Dark Energy		WFIRST		Decadal		0.4 to 1.7 µm (TBD)		Telescope/Optical Element				None provided		1		Wide FOV, ~1.5 m dia mirror		4.0		4.00		4.00		4.00		3.00		 		2		 		 		4.00		 		3.6		0.8		 		4.00		4.00		4.00		2.00		4.00		3.00		 		4		 		 		4.00		 		3.6		0.8		 		4.00		4.00		4.00		3.00		4.00		4.00		 		2		 		 		3.50		 		3.5		0.8		 		4.00		4.00		4.00		 		4.00		2.00		 		1		 		 		4.00		 		3.2		1.3		 		4.00		4.00		4.00		 		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		 		4.00		4.00		4		 		4		2		 		4		 		 		4		 		3.7		0.8		 		4.00		1.00		1.00		 		3.00		0.00		 		3		 		 		2.00		 		1.7		1.2		 		1.00		0.00		1		 		 		1		 		4		 		 		1		 		1.4		1.5		 		1.00		0.00		 		 		3.00		4.00		 		4		 		 		3.00		 		2.8		1.6		 		0.00		1.00		1		 		4		1		 		1		 		 		3		 		1.8		1.3		 		1.00		0.00		2.00		 		0.00		2.00		 		4		 		 		2.00		 		1.7		1.5		 		2.00				1		Wide FOV, ~1.5 m dia mirror		 		ERROR:#VALUE!		4.00		 		ERROR:#VALUE!		4.00		 		ERROR:#VALUE!		4.00		 		ERROR:#VALUE!		4.00		ERROR:#VALUE!		ERROR:#REF!		1		Wide FOV, ~1.5 m dia mirror																				 

		Dark Energy		WFIRST 		Decacal		0.4 to 1.7 µm (TBD)		Telescope/Optical Element				None provided		2		Classic telescope structure - HST heritage  

Jackie Townsend: Jackie Townsend:
Griff Tutorial:  In theory, WFIRST had "no technology development" in getting it's high ranking.  WFIRST is still determining whether to go with on- or off-axis design.  Off-axis is infrequently flown, and has it's own set of technical issues.  PSF behaves well even with smaller telescope due to diffraction/scatter effects.

Neil Gehrels published in SPIE and decadal white paper.		4.0		4.00		0.00		4.00		 		 		2		 		 		3.50		 		2.9		1.6		 		4.00		 				0.00		0.00		 		 		3		 		 		4.00		 		1.8		2.1		 		N/A				 		0.00		 		 		 		2		 		 		4.00		 		2.0		2.0		 				4.00		4.00		0.00		 		 		 		1		 		 		4.00		 		2.6		1.9		 		4.00				 		0.00		 		 		 		3		 		 		3.00		 		2.0		1.7		 						 		0		 		 		 		4		 		 		3		 		2.3		2.1		 						 		0.00		 		 		 		2		 		 		2.00		 		1.3		1.2		 				 		 		0		 		 		 		1		 		 		1		 		0.7		0.6		 		 		 		 		0.00		 		 		 		4		 		 		1.00		 		1.7		2.1		 		 		 		 		0		 		 		 		1		 		 		2		 		1.0		1.0		 		 		 		 		0.00		 		 		 		4		 		 		3.00		 		2.3		2.1		 		 				2		Classic telescope structure - HST heritage  

Jackie Townsend: Jackie Townsend:
Griff Tutorial:  In theory, WFIRST had "no technology development" in getting it's high ranking.  WFIRST is still determining whether to go with on- or off-axis design.  Off-axis is infrequently flown, and has it's own set of technical issues.  PSF behaves well even with smaller telescope due to diffraction/scatter effects.

Neil Gehrels published in SPIE and decadal white paper.		 		ERROR:#VALUE!		4.00		 		ERROR:#VALUE!		N/A		 		ERROR:#VALUE!				 		ERROR:#VALUE!		4.00		ERROR:#VALUE!		ERROR:#VALUE!		2		Classic telescope structure - HST heritage  

Jackie Townsend: Jackie Townsend:
Griff Tutorial:  In theory, WFIRST had "no technology development" in getting it's high ranking.  WFIRST is still determining whether to go with on- or off-axis design.  Off-axis is infrequently flown, and has it's own set of technical issues.  PSF behaves well even with smaller telescope due to diffraction/scatter effects.

Neil Gehrels published in SPIE and decadal white paper.		

Thai Pham: Thai Pham:
How many mission concepts (or science themes) could benefit from this technology?  The larger the number, the greater the reward from a successful development.

4 = The technology applies to multiple mission concepts across multiple NASA programs and other agencies
3 = The technology applies to multiple mission concepts across multiple NASA programs or other agencies
2 = The technology applies to multiple mission concepts within a single NASA program
1 = The technology applies to a single mission concept
0 =No known applicable mission concept
		

Thai Pham: Thai Pham:
Scientific priority as determined by the Decadal Review, other community-based review, other peer review, or programmatic assessment.  Captures the importance of the mission concept which will benefit from the technology.

4 = highest ranking
3 = medium rank
2 = low rank
1 = ranking not known
0 = No clear applicable mission concept		

Jackie Townsend: Jackie Townsend:
Griff Tutorial:  In theory, WFIRST had "no technology development" in getting it's high ranking.  WFIRST is still determining whether to go with on- or off-axis design.  Off-axis is infrequently flown, and has it's own set of technical issues.  PSF behaves well even with smaller telescope due to diffraction/scatter effects.

Neil Gehrels published in SPIE and decadal white paper.																																																																																																																																																																																																																																																																																

Thai Pham: Thai Pham:
Are there other sources of funding to mature this technology?  If funding is expected to be available from other sources, this will lower the prioritization.

4 = No, the Program is the only viable source of funding.
3 =Interest from other sources can be developed during the development time of the technology
2 = Interest from other sources is likely during the development time of the technology
1 =Moderate investments (relative to the potential level for a NASA investment) in the technology are already being made by other programs, agencies, or countries.
0 = Major investments (relative to the potential level for a NASA investment) in the technology are already being made by other programs, agencies, or countries., or countries.
																																																																		

Thai Pham: Thai Pham:
Technology enables or enhances a mission concept that is prioritized by the Astrophysics Implementation Plan (AIP)  or current programmatic assessment.  

4 = highest AIP ranking
3 = medium AIP ranking
2 = low AIP ranking
1 = not ranked by the AIP but addressed in the 2010                                   Decadal Survey
0 = Not ranked by the AIP or the 2010 Decadal Survey
		

Thai Pham: Thai Pham:
Ability of the technology to reduce risks by providing an alternate path for a high risk technology that is part of the applicable mission concept.

4 = Technology is a direct alternative to a key technology envisioned for the applicable mission concept.  No other known alternate technologies
3 = Technology is a direct alternative to a key technology envisioned for the applicable mission concept.  At least one other known alternate technology
2 = Technology is a direct alternative to a secondary technology envisioned.  No other known alternate technologies
1 = Technology is a direct alternative to a secondary technology envisioned.  At least one other known alternate technology
0 = No risk benefits or technology is already part of the applicable mission concept		

Thai Pham: Thai Pham:
Impact of the technology on the implementation efficiency of the applicable mission concept.  How much does this technology simplify the implementation or reduce the need for critical resources?

4 = Needed for applicable mission concept
3 = Enables major savings in critical resources (e.g., smaller launch vehicle, longer mission lifetime, smaller spacecraft bus, etc.) or reduces a major risk
2 = Enables minor savings in critical resources or reduces a minor risk
1 = Minor implementation improvement
0 = No implementation improvements																																																																																																																																																																																																

Thai Pham: Thai Pham:
Impact of the technology on a notional mission concept.  Degree of unique or enabling/enhancing capability the technology provides toward the science objective and the implementation of the mission.

4 = Critical and key enabling technology - required to meet mission concept objectives

3 = Highly desirable technology - significantly enhances science objective(s) and/or reduces need for critical resources

2 = Desirable - offers significant science or implementation benefits but not required for mission success

1 = Minor science impact or implementation improvements

0 = No science impact or implementation improvement		

Jackie Townsend: Jackie Townsend:
Griff Tutorial:  In theory, WFIRST had "no technology development" in getting it's high ranking.  WFIRST is still determining whether to go with on- or off-axis design.  Off-axis is infrequently flown, and has it's own set of technical issues.  PSF behaves well even with smaller telescope due to diffraction/scatter effects.

Neil Gehrels published in SPIE and decadal white paper.																																																				 

		Dark Energy		WFIRST 		Decacal		0.4 to 1.7 µm (TBD)		Coolers and Thermal Control				None provided		4		Passively cooled telescope, actively cooled focal plane		4.0		4.00		0.00				4.00		 		2		 		 		4.00		 		3.0		1.7		 		4.00		3.00		3.00		0.00				4.00		 		2		 		 		4.00		 		2.7		1.5		 		3.00						0.00				4.00		 		2		 		 		4.00		 		2.5		1.9		 				4.00		4.00		 		 		4.00		 		1		 		 		4.00		 		3.4		1.3		 		4.00				4.00		 		 		4.00		 		3		 		 		3.50		 		3.6		0.5		 						3		 		 		4		 		3		 		 		3		 		3.3		0.5		 						 		 		 		3.00		 		2		 		 		2.00		 		2.3		0.6		 				 		 		 		 		4		 		1		 		 		1		 		2.0		1.7		 		 		 		 		 		 		 		 		3		 		 		1.00		 		2.0		1.4		 		 		 		 		 		 		 		 		2		 		 		3		 		2.5		0.7		 		 		 		 		 		1.00		 		 		4		 		 		3.00		 		2.7		1.5		 		 				4		Passively cooled telescope, actively cooled focal plane		 		ERROR:#VALUE!		4.00		 		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!				 		ERROR:#VALUE!		4.00		ERROR:#VALUE!		ERROR:#REF!		4		Passively cooled telescope, actively cooled focal plane																				 

		Gravitational Wave		LISA		Decadal		Interferometer		Telescope/Optical Element				Table 1		6		Alignment sensing, optical truss interferometer, refocus mechanism (combine with T5)		3.0		3.00		3.00		3.00		 		 		3		 		 		3.50		 		3.1		0.2		3.0		3.00		4.00		4.00		2.00		4.00		 		 		4		 		 		4.00		 		3.7		0.8		 		4.00		3.00		3.00		2.00		4.00		 		 		2		 		 		3.00		 		2.8		0.8		 		3.00		3.00		3.00		3.00		3.00		 		 		1		 		 		3.00		 		2.7		0.8		 		3.00		4.00		4.00		2.00		4.00		 		 		4		 		 		3.00		 		3.5		0.8		 		4.00		4.00		4		2		4		 		 		4		 		 		4		 		3.7		0.8		 		4.00		3.00		3.00		2.00		4.00		 		 		3		 		 		4.00		 		3.2		0.8		 		3.00		 		 		1		 		 		 		3		 		 		0		 		1.3		1.5		 		0.00		1.00		1.00		2.00		4.00		 		 		4		 		 		1.00		 		2.2		1.5		 		1.00		1.00		1		2		4		 		 		2		 		 		2		 		2.0		1.1		 		1.00		0.00		2.00		 		2.00		 		 		4		 		 		2.00		 		2.0		1.4		 		2.00				6		Alignment sensing, optical truss interferometer, refocus mechanism (combine with T5)		3.0		12.0		3.00		 		ERROR:#VALUE!		4.00		 		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!		3.00		ERROR:#VALUE!		ERROR:#REF!		6		Alignment sensing, optical truss interferometer, refocus mechanism (combine with T5)																				 

		Gravitational Wave		LISA		Decadal		interferometer		Telescope/Optical Element				Table 1		7		Athermal design with temp gradient dimensional stability: pm/sqrt(Hz) and µm lifetime, angular stability <8nrad (combine with T5)		3.0		3.00		3.00		3.00		 		 		3		 		 		3.00		 		3.0		0.0		3.0		3.00		4.00		4.00		4.00		4.00		 		 		4		 		 		4.00		 		4.0		0.0		 		4.00		3.00		3.00		3.00		3.00		 		 		2		 		 		3.00		 		2.8		0.4		 		3.00		3.00		3.00		4.00		2.00		 		 		1		 		 		3.00		 		2.7		1.0		 		3.00		4.00		4.00		4.00		4.00		 		 		4		 		 		4.00		 		4.0		0.0		 		4.00		4.00		4		4		4		 		 		4		 		 		4		 		4.0		0.0		 		4.00		3.00		3.00		4.00		4.00		 		 		3		 		 		3.00		 		3.3		0.5		 		3.00		3.00		3		4		 		 		 		3		 		 		3		 		3.2		0.4		 		3.00		1.00		1.00		4.00		4.00		 		 		4		 		 		1.00		 		2.5		1.6		 		1.00		2.00		2		2		4		 		 		2		 		 		2		 		2.3		0.8		 		2.00		0.00		2.00		 		2.00		 		 		4		 		 		2.00		 		2.0		1.4		 		2.00				7		Athermal design with temp gradient dimensional stability: pm/sqrt(Hz) and µm lifetime, angular stability <8nrad (combine with T5)		3.0		12.0		3.00		 		ERROR:#VALUE!		4.00		 		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!		3.00		ERROR:#VALUE!		ERROR:#REF!		7		Athermal design with temp gradient dimensional stability: pm/sqrt(Hz) and µm lifetime, angular stability <8nrad (combine with T5)																				 

		Gravitational Wave		LISA		Decadal		Interferometer        		Coolers and Thermal Control				Table 1		12		passive thermal shielding (engineering issue)		3.0		3.00		3.00		3.00		 		 		1		 		 		3.50		 		2.8		0.9		3.0		3.00		3.00		3.00		3.00		3.00		 		 		4		 		 		4.00		 		3.3		0.5		 		3.00		3.00		3.00		2.00		2.00		 		 		2		 		 		3.00		 		2.5		0.5		 		3.00		3.00		3.00		3.00		2.00		 		 		1		 		 		4.00		 		2.7		1.0		 		3.00		3.00		3.00		3.00		4.00		 		 		4		 		 		4.00		 		3.5		0.5		 		3.00		3.00		3		4		4		 		 		4		 		 		3.5		 		3.6		0.5		 		3.00		1.00		1.00		2.00		3.00		 		 		4		 		 		3.00		 		2.3		1.2		 		1.00		2.00		2		4		 		 		 		3		 		 		2		 		2.6		0.9		 		2.00		0.00		0.00		2.00		4.00		 		 		4		 		 		1.00		 		1.8		1.8		 		0.00		1.00		1		4		4		 		 		2		 		 		1		 		2.2		1.5		 		1.00		0.00		2.00		 		2.00		 		 		4		 		 		2.00		 		2.0		1.4		 		2.00				12		passive thermal shielding (engineering issue)		3.0		12.0		3.00		 		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!		3.00		ERROR:#VALUE!		ERROR:#REF!		12		passive thermal shielding (engineering issue)																				 

		Gravitational Wave		LISA		Decadal		Interferometer        		Coolers and Thermal Control				Table 1		13		power management for avionics thermal stability		3.0		3.00		0.00		3.00		 		 		2		 		 		3.50		 		2.4		1.3		eng		3.00		3.00		3.00		 		3.00		 		 		4		 		 		4.00		 		3.4		0.5		 		3.00		3.00		3.00		 		3.00		 		 		2		 		 		4.00		 		3.0		0.7		 		3.00		3.00		3.00		 		3.00		 		 		1		 		 		3.00		 		2.6		0.9		 		3.00		3.00		3.00		 		4.00		 		 		4		 		 		4.00		 		3.6		0.5		 		3.00		N/A		 		 		4		 		 		4		 		 		3		 		3.7		0.6		 		N/A				 		 		3.00		 		 		4		 		 		3.00		 		3.3		0.6		 						 		 		 		 		 		3		 		 		2		 		2.5		0.7		 						 		 		4.00		 		 		4		 		 		1.00		 		3.0		1.7		 								 		4		 		 		2		 		 		2		 		2.7		1.2		 						 		 		0.00		 		 		4		 		 		1.00		 		1.7		2.1		 						13		power management for avionics thermal stability		eng		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!		3.00		 		ERROR:#VALUE!		3.00		ERROR:#VALUE!		ERROR:#REF!		13		power management for avionics thermal stability																				 

		X-ray		IXO		Decadal		0.3 to 40 keV		Coolers and Thermal Control				Table 2		20		Cooling subsystem for calorimeters      (combined with T25)   and other instrument HW		3.0		3.00		3.00		3.00		4.00		 		3		 		 		3.00		 		3.1		0.4		3.0		3.00		4.00		4.00		4.00		3.00		4.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4.00		4.00		3.00		3.00		 		2		 		 		4.00		 		3.4		0.8		 		4.00		3.00		3.00		4.00		2.00		4.00		 		1		 		 		3.00		 		2.9		1.1		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		4		4		4		 		4		 		 		4		 		4.0		0.0		 		4.00		3.00		3.00		4.00		4.00		3.00		 		4		 		 		3.50		 		3.5		0.5		 		3.00		0.00		1		4		 		3		 		3		 		 		1		 		2.0		1.5		 		1.00		0.00		 		3.00		4.00		3.00		 		4		 		 		1.00		 		2.5		1.6		 		0.00		1.00		1		3		4		1		 		2		 		 		1		 		1.9		1.2		 		1.00		0.00		2.00		 		0.00		2.00		 		4		 		 		2.00		 		1.7		1.5		 		2.00				20		Cooling subsystem for calorimeters      (combined with T25)   and other instrument HW		3.0		12.0		3.00		4.0		16.0		4.00		 		ERROR:#VALUE!		4.00		3.0		9.0		3.00		ERROR:#VALUE!		ERROR:#REF!		20		Cooling subsystem for calorimeters      (combined with T25)   and other instrument HW																				 

		X-ray		Next Gen Hard X-ray Obs.		Next Gen		5-30 and 10-600 keV		Detectors and Electronics				Tables 5a/b		37		Photon counting over continuous scan		1.0		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		 		n/a		 		 		 		 		4		 		 		4.00		 		4.0		0.0		N/A part of 35		N/A part of 36				2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.6						2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00				3.00		 		 		 		 		4		 		 		4.00		 		3.7		0.6								2		 		 		 		 		4		 		 		4		 		3.3		1.2						 		 		 		 		 		 		4		 		 		3.00		 		3.5		0.7								 		 		 		 		 		3		 		 		1		 		2.0		1.4								 		 		 		 		 		4		 		 		0.00		 		2.0		2.8								 		 		 		 		 		3		 		 		3		 		3.0		0.0								 		 		 		 		 		3		 		 		2.00		 		2.5		0.7								37		Photon counting over continuous scan		1.0		4.0		1.00		N/A part of 35		ERROR:#VALUE!		N/A part of 36		0.0		0.0				2.0		6.0		2.00		ERROR:#VALUE!		ERROR:#VALUE!		37		Photon counting over continuous scan																				 

		X-ray		Soft X-ray and EUV		Next Gen		6 to 500 Angstroms		Telescope/Optical Element				Table 6		40		Actuators		1.0		1.00		 		 		 		 		2		 		 		2.00		 		1.5		0.6		1.00		1.00		 		n/a		 		 		 		 		4		 		 		4.00		 		4.0		0.0		N/A		N/A				 		 		 		 		 		3		 		 		4.00		 		3.5		0.7						2.00		2.00		 		 		 		 		2		 		 		2.00		 		2.0		0.0		2.00		2.00				 		 		 		 		 		4		 		 		3.00		 		3.5		0.7								 		 		 		 		 		4		 		 		4		 		4.0		0.0								 		 		 		 		 		3		 		 		2.00		 		2.5		0.7								 		 		 		 		 		3		 		 		2		 		2.5		0.7								 		 		 		 		 		2		 		 		1.00		 		1.5		0.7								 		 		 		 		 		1		 		 		1		 		1.0		0.0								 		 		 		 		 		2		 		 		2.00		 		2.0		0.0								40		Actuators		1.0		4.0		1.00		N/A		ERROR:#VALUE!		N/A		0.0		0.0				2.0		6.0		2.00		ERROR:#VALUE!		ERROR:#VALUE!		40		Actuators																				 

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Telescope/Optical Element				Table 7		45		Moderate accuracy pointing of very large planar array		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		 		n/a		 		 		 		 		2		 		 		4.00		 		3.0		1.4		N/A		N/A				2.00		 		 		 		 		1		 		 		1.00		 		1.3		0.6						2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00				2.00		 		 		 		 		3		 		 		4.00		 		3.0		1.0								 		 		 		 		 		3		 		 		3		 		3.0		0.0								 		 		 		 		 		3		 		 		1.00		 		2.0		1.4								 		 		 		 		 		4		 		 		1		 		2.5		2.1								 		 		 		 		 		4		 		 		2.00		 		3.0		1.4								 		 		 		 		 		1		 		 		2		 		1.5		0.7								 		 		 		 		 		3		 		 		2.00		 		2.5		0.7								45		Moderate accuracy pointing of very large planar array		1.0		4.0		1.00		N/A		ERROR:#VALUE!		N/A		0.0		0.0				2.0		6.0		2.00		ERROR:#VALUE!		ERROR:#VALUE!		45		Moderate accuracy pointing of very large planar array																				 

		Gravitational Wave		Beyond LISA; 4 Michelson Interferometers		Long term		visible and near IR: gravity wave periods ~1 to 10 sec		Distributed Space Craft				Table 10		57		~12 spacecraft total, ~50,000 km separation, sub-micron position control		1.0		1.00		 		 		 		 		0		 		 		3.00		 		1.3		1.3		1.00		1.00		 				 		 		 		 		4		 		 		3.00		 		3.5		0.7		N/A		N/A				 		 		 		 		 		1		 		 		2.00		 		1.5		0.7						1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00				2.00		 		 		 		 		4		 		 		3.00		 		3.0		1.0								 		 		 		 		 		4		 		 		3		 		3.5		0.7								 		 		 		 		 		4		 		 		3.00		 		3.5		0.7						 		 		 		 		 		 		4		 		 		1		 		2.5		2.1		 		 				 		 		 		 		 		4		 		 		0.00		 		2.0		2.8								 		 		 		 		 		3		 		 		2		 		2.5		0.7								 		 		 		 		 		2		 		 		2.00		 		2.0		0.0								57		~12 spacecraft total, ~50,000 km separation, sub-micron position control		1.0		4.0		1.00		N/A		ERROR:#VALUE!		N/A		0.0		0.0				1.0		3.0		1.00		ERROR:#VALUE!		ERROR:#VALUE!		57		~12 spacecraft total, ~50,000 km separation, sub-micron position control																				 

		Gravitational Wave		Beyond LISA; cold atom differential accelerometers		Long term		gravity wave periods 0.01 to 10 Hz		Distributed Space Craft				Table 10		64		Multi-platform s/c system		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		 		 		 		 		 		 		4		 		 		4.00		 		4.0		0.0		N/A		N/A				 		 		 		 		 		1		 		 		2.00		 		1.5		0.7						1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00				1.00		 		 		 		 		4		 		 		3.00		 		2.7		1.5								 		 		 		 		 		4		 		 		3		 		3.5		0.7								 		 		 		 		 		4		 		 		2.00		 		3.0		1.4						 		 		 		 		 		 		4		 		 		2		 		3.0		1.4		 		 				 		 		 		 		 		4		 		 		0.00		 		2.0		2.8								 		 		 		 		 		3		 		 		2		 		2.5		0.7								 		 		 		 		 		3		 		 		2.00		 		2.5		0.7								64		Multi-platform s/c system		1.0		4.0		1.00		N/A		ERROR:#VALUE!		N/A		0.0		0.0				1.0		3.0		1.00		ERROR:#VALUE!		ERROR:#VALUE!		64		Multi-platform s/c system																				 

		X-ray		Beyond IXO 		Long term		0.1 to 10 keV		Telescope/Optical Element		4 approaches		Table 11		66		0.1 arcsec adjustable optic		2.0		2.00		 		 		4.00		 		4		 		 		2.00		 		2.8		1.1		2.00		2.00		 		 		 		 		4.00		 		4		 		 		3.00		 		3.7		0.6		N/A		N/A				 		 		 		4.00		 		4		 		 		3.00		 		3.7		0.6						1.00		1.00		 		 		3.00		 		2		 		 		1.00		 		1.6		0.9		1.00		1.00				1.00		 		 		4.00		 		4		 		 		3.00		 		3.0		1.4								 		 		 		4		 		4		 		 		3		 		3.7		0.6								 		 		 		4.00		 		3		 		 		3.00		 		3.3		0.6						0.00		1		 		 		4		 		4		 		 		1		 		2.0		1.9		1.00		1.00				 		 		 		3.50		 		3		 		 		1.00		 		2.5		1.3								 		 		 		3		 		4		 		 		2		 		3.0		1.0								 		 		 		4.00		 		2		 		 		2.00		 		2.7		1.2								66		0.1 arcsec adjustable optic		2.0		8.0		2.00		N/A		ERROR:#VALUE!		N/A		0.0		0.0				1.0		3.0		1.00		ERROR:#VALUE!		ERROR:#VALUE!		66		0.1 arcsec adjustable optic																				 

		Gamma		Next Gen Gamma Focusing		Long term		104 keV to 3 Mev		Distributed Space Craft				Table 13		75		2-platform formation flying		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		 		 		 		 		 		 		4		 		 		3.00		 		3.5		0.7		A/		A/				 		 		 		 		 		1		 		 		2.00		 		1.5		0.7						1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00				1.00		 		 		 		 		4		 		 		2.00		 		2.3		1.5								 		 		 		 		 		4		 		 		3		 		3.5		0.7								 		 		 		 		 		4		 		 		4.00		 		4.0		0.0								 		 		 		 		 		4		 		 		3		 		3.5		0.7								 		 		 		 		 		3		 		 		2.00		 		2.5		0.7								 		 		 		 		 		2		 		 		2		 		2.0		0.0								 		 		 		 		 		1		 		 		3.00		 		2.0		1.4								75		2-platform formation flying		1.0		4.0		1.00		A/		ERROR:#VALUE!		A/		0.0		0.0				1.0		3.0		1.00		ERROR:#VALUE!		ERROR:#VALUE!		75		2-platform formation flying																				 

		X-ray		IXO		Decadal		0.3 to 40 keV		Detectors and Electronics				Table 2		77		Large format high resolution x-ray detector for wide field imaging. (combined with T18)		3		2.00		 		 		3.00		 		4		 		 		4.00		 		3.2		0.8		 		new		3		4.00		 		 		3.00		 		 		 		 		4.00		 		3.5		0.6		 		new		2		2.00		 		 		4.00		 		 		 		 		3.00		 		2.8		1.0		 		new		4		3.00		 		 		3.00		 		 		 		 		4.00		 		3.5		0.6		 		new		3		3.00		 		 		2.50		 		 		 		 		3.00		 		2.9		0.3		 		new		1		3		 		 		0		 		 		 		 		3		 		1.8		1.5		 		new		3		3.00		 		 		3.00		 		 		 		 		3.00		 		3.0		0.0		 		new		3		3		 		 		2.5		 		 		 		 		2		 		2.6		0.5		 		new		3		1.00		 		 		4.00		 		 		 		 		2.00		 		2.5		1.3		 		new		2		3		 		 		4		 		 		 		 		2		 		2.8		1.0		 		new		1		4.00		 		 		3.00		 		 		 		 		3.00		 		2.8		1.3		 		new				77		Large format high resolution x-ray detector for wide field imaging. (combined with T18)		 		ERROR:#VALUE!		new		 		ERROR:#VALUE!		new		 		ERROR:#VALUE!		new		 		ERROR:#VALUE!		new		ERROR:#VALUE!		New		77		Large format high resolution x-ray detector for wide field imaging. (combined with T18)																				 

		21 cm		21 cm Cosmology Array		Next Gen		5-30 m		General				Table 9		86		Low-mass high capability rovers  -  NA not in our perview and fits in category of launch vehicle		0		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		1.0		new		new		2.00		 		 		 		 		 		 		 		4.00		 		3.0		1.4		 		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		 		new		new		2.00		 		 		 		 		 		 		 		2.00		 		2.0		0.0		 		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		 		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		 		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		 		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		 		new		new		1.00		 		 		 		 		 		 		 		2.00		 		1.5		0.7		 		new		new		2		 		 		 		 		 		 		 		2		 		2.0		0.0		 		new		new		 		 		 		 		 		 		 		 		3.00		 		3.0		ERROR:#DIV/0!		 		new				86		Low-mass high capability rovers		1.0		4.0		new		 		ERROR:#VALUE!		new		 		ERROR:#VALUE!		new		 		ERROR:#VALUE!		new		ERROR:#VALUE!		New		86		Low-mass high capability rovers																		Combined listing as noted in column HF for PATR		 

		22 cm		21 cm Cosmology Array		Next Gen		5-30 m		General				Table 9		87		High-data rate lunar surface transport mechanism - NA		0		2.00		 		 		 		 		 		 		 		2.00		 		1.3		1.2		1.0		new		new		2.00		 		 		 		 		 		 		 		4.00		 		3.0		1.4		 		new		new		3.00		 		 		 		 		 		 		 		2.00		 		2.5		0.7		 		new		new		2.00		 		 		 		 		 		 		 		2.00		 		2.0		0.0		 		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		 		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		 		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		 		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		 		new		new		1.00		 		 		 		 		 		 		 		2.00		 		1.5		0.7		 		new		new		2		 		 		 		 		 		 		 		2		 		2.0		0.0		 		new		new		 		 		 		 		 		 		 		 		3.00		 		3.0		ERROR:#DIV/0!		 		new				87		High-data rate lunar surface transport mechanism		1.0		4.0		new		 		ERROR:#VALUE!		new		 		ERROR:#VALUE!		new		 		ERROR:#VALUE!		new		ERROR:#VALUE!		New		87		High-data rate lunar surface transport mechanism																Priority		Technology		Science

		Gravitational Wave		LISA		Decadal		Interferometer      λ=1.064 um   gravity wave period 10-10,000 sec.		Telescope/Optical Element				Table 1		5		Stringent length (pm) and alignment (nrad) stability telescope design with low straylight     		3.0		3.00		3.00		3.00		 		 		2		 		 		3.50		 		2.9		0.5		3.0		3.00		4.00		4.00		3.00		4.00		 		 		4		 		 		4.00		 		3.8		0.4		4.0		4.00		3.00		3.00		3.00		4.00		 		 		2		 		 		3.00		 		3.0		0.6		4.0		3.00		3.00		3.00		4.00		3.00		 		 		1		 		 		4.00		 		3.0		1.1		3.0		3.00		4.00		4.00		3.00		4.00		 		 		3		 		 		4.00		 		3.7		0.5		4.0		4.00		4.00		4		3		4		 		 		4		 		 		4		 		3.8		0.4		4.0		4.00		3.00		3.00		3.00		4.00		 		 		3		 		 		3.50		 		3.3		0.4		3.5		3.00		3.00		3		3		 		 		 		3		 		 		3		 		3.0		0.0		0.0		3.00		1.00		1.00		3.00		4.00		 		 		4		 		 		3.00		 		2.7		1.4		3.0		1.00		2.00		2		2		4		 		 		3		 		 		3		 		2.7		0.8		1.0		2.00		0.00		2.00		 		2.00		 		 		4		 		 		2.00		 		2.0		1.4		1.0		2.00				5		Stringent length (pm) and alignment (nrad) stability telescope design with low straylight     		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		5		Stringent length (pm) and alignment (nrad) stability telescope design with low straylight     																 		 		 

		Gravitational Wave		LISA		Decadal		Interferometer        		Detectors and Electronics		Laser		Table 1		8		Laser:  10 yr life, 2W, low noise, fast frequency and power actuators		3.0		3.00		3.00		3.00		4.00		 		3		 		 		3.00		 		3.1		0.4		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		3.00		3.00		4.00		2.00		4.00		 		2		 		 		4.00		 		3.1		0.9		4.0		3.00		3.00		3.00		4.00		2.00		4.00		 		1		 		 		3.00		 		2.9		1.1		3.0		3.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.7		0.5		4.0		4.00		4.00		4		4		4		4		 		4		 		 		4		 		4.0		0.0		4.0		4.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		4.00		 		3.9		0.4		3.5		4.00		0.00		1		4		 		3		 		3		 		 		1		 		2.0		1.5		0.0		1.00		2.00		1.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.0		1.2		3.0		2.00		1.00		1		2		4		3		 		2		 		 		3		 		2.3		1.1		1.0		1.00		2.00		4.00		 		2.00		3.00		 		4		 		 		3.00		 		3.0		0.9		1.0		4.00				8		Laser:  10 yr life, 2W, low noise, fast frequency and power actuators		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		8		Laser:  10 yr life, 2W, low noise, fast frequency and power actuators																		 		 

		Gravitational Wave		LISA		Decadal		Interferometer        		Detectors and Electronics		Phasemeter/alignment sensing		Table 1		9		Quadrant photodetector: low noise		3.0		3.00		3.00		3.00		 		 		3		 		 		3.00		 		3.0		0.0		3.0		3.00		4.00		4.00		2.00		3.00		 		 		4		 		 		4.00		 		3.5		0.8		2.0		4.00		3.00		3.00		2.00		3.00		 		 		2		 		 		4.00		 		2.8		0.8		3.0		3.00		3.00		3.00		2.00		2.00		 		 		1		 		 		3.00		 		2.3		0.8		3.0		3.00		4.00		4.00		1.00		4.00		 		 		4		 		 		4.00		 		3.5		1.2		2.0		4.00		4.00		4		1		4		 		 		4		 		 		4		 		3.5		1.2		3.0		4.00		3.00		3.00		1.00		4.00		 		 		4		 		 		4.00		 		3.2		1.2		1.0		3.00		2.00		2		2		 		 		 		3		 		 		2		 		2.2		0.4		0.0		2.00		1.00		1.00		3.00		2.00		 		 		4		 		 		3.00		 		2.3		1.2		2.0		1.00		1.00		1		2		4		 		 		2		 		 		1		 		1.8		1.2		1.0		1.00		0.00		2.00		 		0.00		 		 		4		 		 		2.00		 		1.6		1.7		0.0		2.00				9		Quadrant photodetector: low noise		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		3		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		9		Quadrant photodetector: low noise																		 		 

		Gravitational Wave		LISA		Decadal		Interferometer        		Detectors and Electronics		Phasemeter		Table 1		10		ADC:  10 yr life, low noise (amplitude and timing)		3.0		3.00		3.00		3.00		 		 		3		 		 		3.00		 		3.0		0.0		3.0		3.00		4.00		4.00		2.00		3.00		 		 		4		 		 		4.00		 		3.5		0.8		2.0		4.00		3.00		3.00		2.00		3.00		 		 		2		 		 		4.00		 		2.8		0.8		3.0		3.00		3.00		3.00		2.00		2.00		 		 		1		 		 		3.00		 		2.3		0.8		3.0		3.00		3.00		3.00		2.00		4.00		 		 		4		 		 		3.00		 		3.2		0.8		2.0		3.00		4.00		4		2		4		 		 		4		 		 		4		 		3.7		0.8		3.0		4.00		3.00		3.00		2.00		3.00		 		 		4		 		 		4.00		 		3.2		0.8		1.0		3.00		2.00		2		2		 		 		 		3		 		 		2		 		2.2		0.4		0.0		2.00		1.00		1.00		2.00		4.00		 		 		4		 		 		3.00		 		2.5		1.4		2.0		1.00		1.00		1		2		4		 		 		2		 		 		1		 		1.8		1.2		1.0		1.00		3.00		1.00		 		1.00		 		 		4		 		 		1.00		 		2.0		1.4		0.0		1.00				10		ADC:  10 yr life, low noise (amplitude and timing)		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		3		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		10		ADC:  10 yr life, low noise (amplitude and timing)																		 		 

		Gravitational Wave		LISA		Decadal		Interferometer        		Coolers and Thermal Control				Table 1		11		Low CTE materials 		3.0		3.00		3.00		3.00		 		 		2		 		 		3.00		 		2.8		0.4		3.0		3.00		4.00		4.00		1.00		3.00		 		 		4		 		 		4.00		 		3.3		1.2		2.0		4.00		4.00		4.00		3.00		4.00		 		 		2		 		 		4.00		 		3.5		0.8		4.0		4.00		3.00		3.00		2.00		3.00		 		 		1		 		 		3.00		 		2.5		0.8		3.0		3.00		3.00		3.00		1.00		4.00		 		 		4		 		 		3.00		 		3.0		1.1		3.0		3.00		4.00		4		1		4		 		 		4		 		 		4		 		3.5		1.2		3.0		4.00		2.00		2.00		1.00		4.00		 		 		4		 		 		2.00		 		2.5		1.2		1.0		2.00		2.00		2		2		 		 		 		3		 		 		2		 		2.2		0.4		 		2.00		1.00		1.00		1.00		4.00		 		 		4		 		 		1.00		 		2.0		1.5		1.5		1.00		1.00		1		1		4		 		 		2		 		 		1		 		1.7		1.2		0.0		1.00		0.00		2.00		 		2.00		 		 		4		 		 		2.00		 		2.0		1.4		1.0		2.00				11		Low CTE materials 		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		11		Low CTE materials 																		 		 

		Gravitational Wave		LISA		Decadal		Interferometer        		Distributed Space Craft		Thrusters		Table 1		14		µN thrusters: 10 yr. life, low contam, low thrust noise.  Not formation flying.		3.0		3.00		3.00		3.00		4.00		 		3		 		 		4.00		 		3.3		0.5		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		3.00		2.00		4.00		4.00		3.00		 		2		 		 		3.00		 		3.0		0.8		4.0		1.00		4.00		4.00		4.00		2.00		3.00		 		1		 		 		4.00		 		3.1		1.2		3.0		4.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		4		4		4		 		4		 		 		4		 		4.0		0.0		4.0		4.00		3.00		3.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.4		0.5		2.0		3.00		0.00		1		4		 		4		 		3		 		 		1		 		2.2		1.7		0.0		1.00		1.00		1.00		4.00		4.00		3.00		 		4		 		 		1.00		 		2.6		1.5		3.0		1.00		4.00		4		2		4		2		 		2		 		 		3		 		3.0		1.0		1.0		4.00		2.00		4.00		 		2.00		2.00		 		4		 		 		4.00		 		3.0		1.1		0.0		4.00				14		µN thrusters: 10 yr. life, low contam, low thrust noise.  Not formation flying.		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		14		µN thrusters: 10 yr. life, low contam, low thrust noise.  Not formation flying.																		 		 

		X-ray		IXO		Decadal		0.3 to 40 keV		Telescope/Optical Element		Mirror manufacture, alignment		Table 2		15		lightweight, replicatable x-ray optics		3.0		3.00		3.00		3.00		4.00		 		2		 		 		3.50		 		3.1		0.6		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		2.00		2.00		4.00		2.00		4.00		 		2		 		 		3.00		 		2.7		1.0		2.0		2.00		3.00		3.00		4.00		2.00		4.00		 		1		 		 		3.00		 		2.9		1.1		3.0		3.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		3.50		 		3.8		0.4		4.0		4.00		4.00		4		4		4		3		 		4		 		 		4		 		3.9		0.4		4.0		4.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		0.00		1		4		 		4		 		3		 		 		1		 		2.2		1.7		0.0		1.00		2.00		2.00		4.00		4.00		4.00		 		4		 		 		1.00		 		3.0		1.3		3.5		2.00		4.00		4		4		4		2		 		2		 		 		3		 		3.3		1.0		1.0		4.00		2.00		4.00				1.00		3.00		 		4		 		 		4.00		 		3.0		1.3		1.0		4.00				15		lightweight, replicatable x-ray optics		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		15		lightweight, replicatable x-ray optics																		 		 

		X-ray		IXO		Decadal		0.3 to 40 keV		Telescope/Optical Element				Table 2		16		Lightweight precision mirror mounting structure		3.0		3.00		3.00		3.00		 		 		2		 		 		3.00		 		2.8		0.4		3.0		3.00		4.00		4.00		3.00		3.00		 		 		4		 		 		4.00		 		3.7		0.5		4.0		4.00		2.00		4.00		3.00		2.00		 		 		2		 		 		2.00		 		2.5		0.8		2.0		4.00		3.00		3.00		3.00		2.00		 		 		1		 		 		3.00		 		2.5		0.8		3.0		3.00		4.00		4.00		3.00		4.00		 		 		4		 		 		4.00		 		3.8		0.4		4.0		4.00				3		3		4		 		 		4		 		 		4		 		3.6		0.5		4.0				4.00		4.00		3.00		4.00		 		 		4		 		 		4.00		 		3.8		0.4		4.0		4.00		0.00		1		3		 		 		 		3		 		 		1		 		1.6		1.3		0.0		1.00		2.00		2.00		2.00		4.00		 		 		4		 		 		1.00		 		2.5		1.2		3.5		2.00		2.00		2		2		4		 		 		2		 		 		2		 		2.3		0.8		1.0		2.00		0.00		2.00				1.00		 		 		4		 		 		2.00		 		1.8		1.5		1.0		2.00				16		Lightweight precision mirror mounting structure		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		16		Lightweight precision mirror mounting structure																		 		 

		X-ray		IXO		Decadal		0.3 to 40 keV		Detectors and Electronics				Table 2		17		X-ray calorimeter: central array (~1,000 pixels): 2.5 eV FWHM at 6 keV; extended array: 10 eV FWHM at 6 keV.		3.0		3.00		3.00		3.00		4.00		 		3		 		 		3.00		 		3.1		0.4		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		2.00		2.00		3.00		2.00		2.00		 		2		 		 		2.00		 		2.1		0.4		3.0		2.00		4.00		4.00		4.00		2.00		4.00		 		1		 		 		4.00		 		3.3		1.3		3.0		4.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4		3		4		2		 		4		 		 		4		 		3.6		0.8		4.0		4.00		3.00		3.00		3.00		4.00		4.00		 		4		 		 		3.00		 		3.4		0.5		3.5		3.00		0.00		1		3		 		3		 		3		 		 		1		 		1.8		1.3		3.0		1.00		2.00		2.00		4.00		4.00		3.00		 		4		 		 		2.00		 		3.0		1.0		3.5		2.00		4.00		4		3		4		4		 		2		 		 		4		 		3.6		0.8		1.0		4.00		2.00		4.00				1.00		4.00		 		4		 		 		4.00		 		3.2		1.3		1.0		4.00				17		X-ray calorimeter: central array (~1,000 pixels): 2.5 eV FWHM at 6 keV; extended array: 10 eV FWHM at 6 keV.		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		3		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		17		X-ray calorimeter: central array (~1,000 pixels): 2.5 eV FWHM at 6 keV; extended array: 10 eV FWHM at 6 keV.																		 		 

		X-ray		IXO		Decadal		0.3 to 40 keV		Detectors and Electronics		gratings		Table 2		19		High resolution X-ray gratings (transmission or reflection)		3.0		3.00		3.00		3.00		4.00		 		3		 		 		3.00		 		3.1		0.4		3.0		3.00		4.00		4.00		3.00		4.00		4.00		 		4		 		 		4.00		 		3.9		0.4		3.5		4.00		2.00		2.00		3.00		2.00		2.00		 		2		 		 		2.00		 		2.1		0.4		2.0		2.00		3.00		3.00		3.00		2.00		4.00		 		1		 		 		3.00		 		2.7		1.0		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		3		4		2		 		4		 		 		4		 		3.6		0.8		3.5		4.00		3.00		3.00		3.00		4.00		4.00		 		4		 		 		3.00		 		3.4		0.5		3.5		3.00		2.00		2		3		 		3		 		3		 		 		2		 		2.5		0.5		3.0		2.00		2.00		2.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.1		0.9		3.5		2.00		4.00		4		2		4		4		 		2		 		 		3		 		3.3		1.0		3.0		4.00		3.00		3.00		 		2.00		4.00		 		4		 		 		3.00		 		3.2		0.8		1.0		3.00				19		High resolution X-ray gratings (transmission or reflection)		dup		ERROR:#VALUE!		3		 		ERROR:#VALUE!		3.5		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		3		ERROR:#VALUE!		ERROR:#REF!		19		High resolution X-ray gratings (transmission or reflection)																		Gratings, single and multilayer coatings, nano-laminate optics		X-ray

		Gravitational Wave		Soft X-ray and EUV		Next Gen		5 to 500 Angstroms		Telescope/Optical Element				Table 6		39		Gratings, single and multilayer coatings, nano-laminate optics		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 				 		 		2.00		 		2.0		0.0		2.00		2.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 				 		 		4		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2		 		 		 		 				 		 		2		 		2.0		0.0		2.00		2.00		1.00		1.00		 		 		 		 				 		 		1.00		 		1.0		0.0		1.00		1.00		4.00		4		 		 		 		 				 		 		2		 		3.3		1.2		4.00		4.00		1.00		3.00		 		 		 		 				 		 		3.00		 		2.3		1.2		1.00		3.00				39		Gratings, single and multilayer coatings, nano-laminate optics		 		ERROR:#VALUE!		1		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		4		 		ERROR:#VALUE!		2		ERROR:#VALUE!		ERROR:#REF!		39		Gratings, single and multilayer coatings, nano-laminate optics

		X-ray		Beyond IXO 		Long term		0.1 to 10 keV		Coolers and Thermal Control				Table 11		70		Cryocooler <100 mK with 1 mK stability (IXO heritage)		2.0		2.00		 		 		4.00		 		1		 		 		2.00		 		2.2		1.1		2.00		2.00		3.00		3.00		 		 		4.00		 		4		 		 		3.00		 		3.4		0.5		3.00		3.00		4.00		4.00		 		 		4.00		 		4		 		 		3.00		 		3.8		0.4		4.00		4.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		4.00		4.00		 		 		4.00		 		4		 		 		3.00		 		3.8		0.4		4.00		4.00		3.00		3		 		 		4		 		4		 		 		3		 		3.4		0.5		3.00		3.00		3.00		3.00		 		 		3.00		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		1.00		 		 		 		3.00		 		3		 		 		1.00		 		2.0		1.2		1.00		1.00		2.00		2		 		 		3		 		3		 		 		2		 		2.4		0.5		2.00		2.00		0.00		2.00		 		 		3.00		 		1		 		 		2.00		 		1.6		1.1		0.00		2.00				70		Cryocooler <100 mK with 1 mK stability (IXO heritage)		 		ERROR:#VALUE!		2		3.0		27.0		3		4.0		12.0		4		1.0		3.0		1		ERROR:#VALUE!		ERROR:#REF!		70		Cryocooler <100 mK with 1 mK stability (IXO heritage)																		2012 Prioritization for reference

		X-ray												Table 13 (email submission)		89		Piezoelectric Adjustable X-ray Optics   		4		3.00		2.00		 		 		 		 		 		 		3.00		 		3.0		0.8		1.0		new		4		4.00		4.00		 		 		 		 		 		 		4.00		 		4.0		0.0		2.5		new		1		2.00		3.00		 		 		 		 		 		 		4.00		 		2.5		1.3		3.5		new		3		3.00		1.00		 		 		 		 		 		 		3.00		 		2.5		1.0		2.0		new		4		3.00		4.00		 		 		 		 		 		 		3.00		 		3.5		0.6		3.0		new		4		3		3		 		 		 		 		 		 		3		 		3.3		0.5		3.0		new		3		3.00		3.00		 		 		 		 		 		 		3.00		 		3.0		0.0		3.0		new		4		3		3		 		 		 		 		 		 		2		 		3.0		0.8		0.0		new		3		1.00		1.00		 		 		 		 		 		 		2.00		 		1.8		1.0		1.0		new		3		3		3		 		 		 		 		 		 		2		 		2.8		0.5		3.0		new		2		3.00		 		 		 		 		 		 		 		3.00		 		2.7		0.6		1.0		new				89		Piezoelectric Adjustable X-ray Optics   (game changing??!!)		keep this and del other one 0		ERROR:#VALUE!		1		2.5		22.5		2.5		3.5		10.5		3.5		2.0		6.0		2		ERROR:#VALUE!		New		89		Piezoelectric Adjustable X-ray Optics   (game changing??!!)																1		Large format Mercury Cadmium Telluride CMOS IR detectors, 4K x 4K pixels		Dark Energy



																																																																																																																																																																																																																																																																																																																																																																																																										1		Large format Mercury Cadmium Telluride CMOS IR detectors, 4K x 4K pixels		Dark Energy						Large format Mercury Cadmium Telluride CMOS IR detectors, 4K x 4K pixels		Dark Energy

		Dark Energy		WFIRST 		Decacal		0.4 to 1.7 µm (TBD)		Detectors and Electronics				None provided		3		HgCdTe CMOS (H4RG)		4.0		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4.00		3.00		4.00		4.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4.00		3.00		4.00		4.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4.00		 		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		3.5		4.00		4.00		4.00		 		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		 		4		4		 		4		 		 		4		 		4.0		0.0		4.0		4.00		3.00		3.00		 		3.00		4.00		 		4		 		 		3.00		 		3.3		0.5		4.0		3.00		0.00		1		 		 		3		 		4		 		 		1		 		1.8		1.6		0.0		1.00		1.00		1.00		 		4.00		4.00		 		3		 		 		3.00		 		2.7		1.4		1.5		1.00		1.00		1		 		0		1		 		4		 		 		2		 		1.5		1.4		3.0		1.00		1.00		3.00		 		 		2.00		 		4		 		 		3.00		 		2.6		1.1		2.0		3.00				3		HgCdTe CMOS (H4RG)		4.0		40.0		4		4.0		36.0		4		4.0		12.0		4		4.0		12.0		3.5		100.0		ERROR:#REF!		3		HgCdTe CMOS (H4RG)										Telescope design with stringent length (pm) and alignment (nrad) stability with low straylight 		Gravitational Wave						High-resolution X-ray microcalorimeter: central array (~1,000 pixels): 2.5 eV FWHM at 6 keV; extended array: 10 eV FWHM at 6 keV.		X-ray

		Gravitational Wave		IP		Decadal		4 to 10 mm		Detectors and Electronics		Detectors		Table 3		100		Telescope design with stringent length (pm) and alignment (nrad) stability with low straylight 		2.0		2.00		3.00		2.00		3.00		 		2		 		 		3.00		 		2.4		0.5		2.5		2.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4.00		3.00		2.00		3.00		 		2		 		 		4.00		 		3.1		0.9		3.0		4.00		3.00		3.00		4.00		3.00		4.00		 		0		 		 		3.00		 		2.9		1.3		3.0		3.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4		4		4		3		 		4		 		 		4		 		3.9		0.4		4.0		4.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		0.00		1		1		 		3		 		3		 		 		1		 		1.5		1.2		0.0		1.00		1.00		1.00		4.00		4.00		3.00		 		4		 		 		3.00		 		2.9		1.3		2.5		1.00		3.00		3		2		4		4		 		2		 		 		3		 		3.0		0.8		3.0		3.00		0.00		2.00		 		1.00		2.00		 		4		 		 		2.00		 		1.8		1.3		1.0		2.00				24		Large format (1,000-10,000 pixels) arrays of CMB polarimeters with noise below the CMB photon noise and excellent control of systematics		4.0		40.0		 		4.0		36.0		 		4.0		12.0		 		2.0		6.0		 		94.0		ERROR:#REF!		100		Telescope design with stringent length (pm) and alignment (nrad) stability with low straylight 										High-resolution X-ray microcalorimeter		X-ray						Stringent length (pm) and alignment (nrad) stability telescope design with low straylight     		Gravitational Wave

		X-ray		Probe class		Decacal		0.4 to 1.7 µm (TBD)		Detectors and Electronics				X-ray TDR		95		High-resolution X-ray microcalorimeter		3.0		3.00		3.00		3.00		4.00		 		3		 		 		3.00		 		3.1		0.4		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		2.00		2.00		3.00		2.00		2.00		 		2		 		 		2.00		 		2.1		0.4		3.0		2.00		4.00		4.00		4.00		2.00		4.00		 		1		 		 		4.00		 		3.3		1.3		3.0		4.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4		3		4		2		 		4		 		 		4		 		3.6		0.8		4.0		4.00		3.00		3.00		3.00		4.00		4.00		 		4		 		 		3.00		 		3.4		0.5		3.5		3.00		0.00		1		3		 		3		 		3		 		 		1		 		1.8		1.3		3.0		1.00		2.00		2.00		4.00		4.00		3.00		 		4		 		 		2.00		 		3.0		1.0		3.5		2.00		4.00		4		3		4		4		 		2		 		 		4		 		3.6		0.8		1.0		4.00		2.00		4.00				1.00		4.00		 		4		 		 		4.00		 		3.2		1.3		1.0		4.00				17		X-ray calorimeter: central array (~1,000 pixels): 2.5 eV FWHM at 6 keV; extended array: 10 eV FWHM at 6 keV.		4.0		40.0		 		4.0		36.0		 		3.0		9.0		 		2.5		7.5		 		92.5		ERROR:#REF!		95		High-resolution X-ray microcalorimeter										Phasemeter		Gravitational Wave						Laser:  10 yr life, 2W, low noise, fast frequency and power actuators		Gravitational Wave

		Gravitational Wave		IXO		Decadal		0.3 to 40 keV		Telescope/Optical Element				Table 2		102		Phasemeter		3.0		3.00		3.00		3.00		 		 		2		 		 		3.00		 		2.8		0.4		3.0		3.00		4.00		4.00		3.00		3.00		 		 		4		 		 		4.00		 		3.7		0.5		4.0		4.00		2.00		4.00		3.00		2.00		 		 		2		 		 		2.00		 		2.5		0.8		2.0		4.00		3.00		3.00		3.00		2.00		 		 		1		 		 		3.00		 		2.5		0.8		3.0		3.00		4.00		4.00		3.00		4.00		 		 		4		 		 		4.00		 		3.8		0.4		4.0		4.00				3		3		4		 		 		4		 		 		4		 		3.6		0.5		4.0				4.00		4.00		3.00		4.00		 		 		4		 		 		4.00		 		3.8		0.4		4.0		4.00		0.00		1		3		 		 		 		3		 		 		1		 		1.6		1.3		0.0		1.00		2.00		2.00		2.00		4.00		 		 		4		 		 		1.00		 		2.5		1.2		3.5		2.00		2.00		2		2		4		 		 		2		 		 		2		 		2.3		0.8		1.0		2.00		0.00		2.00				1.00		 		 		4		 		 		2.00		 		1.8		1.5		1.0		2.00				16		Lightweight precision mirror mounting structure		4.0		40.0		 		4.0		36.0		 		3.0		9.0		 		2.0		6.0		 		91.0		ERROR:#REF!		102		Phasemeter										Segmented Mirrors		X-ray						Lightweight, replicatable x-ray optics		X-ray

		X-ray		Probe class		Decacal		0.4 to 1.7 µm (TBD)		Detectors and Electronics				X-ray TDR		94		Segmented Mirrors		4.0		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4.00		3.00		4.00		4.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4.00		3.00		4.00		4.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4.00		 		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		3.5		4.00		4.00		4.00		 		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		 		4		4		 		4		 		 		4		 		4.0		0.0		4.0		4.00		3.00		3.00		 		3.00		4.00		 		4		 		 		3.00		 		3.3		0.5		4.0		3.00		0.00		1		 		 		3		 		4		 		 		1		 		1.8		1.6		0.0		1.00		1.00		1.00		 		4.00		4.00		 		3		 		 		3.00		 		2.7		1.4		1.5		1.00		1.00		1		 		0		1		 		4		 		 		2		 		1.5		1.4		3.0		1.00		1.00		3.00		 		 		2.00		 		4		 		 		3.00		 		2.6		1.1		2.0		3.00				3		HgCdTe CMOS (H4RG)		4.0		40.0		 		4.0		36.0		 		2.0		6.0		 		2.5		7.5		 		89.5		ERROR:#REF!		94		Segmented Mirrors								2		Lasers		Gravitational Wave						High resolution X-ray gratings (transmission or reflection)		X-ray

		Gravitational Wave		IXO		Decadal		0.3 to 40 keV		Detectors and Electronics		gratings		Table 2		99		Lasers		3.0		3.00		3.00		3.00		4.00		 		3		 		 		3.00		 		3.1		0.4		3.0		3.00		4.00		4.00		3.00		4.00		4.00		 		4		 		 		4.00		 		3.9		0.4		3.5		4.00		2.00		2.00		3.00		2.00		2.00		 		2		 		 		2.00		 		2.1		0.4		2.0		2.00		3.00		3.00		3.00		2.00		4.00		 		1		 		 		3.00		 		2.7		1.0		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		3		4		2		 		4		 		 		4		 		3.6		0.8		3.5		4.00		3.00		3.00		3.00		4.00		4.00		 		4		 		 		3.00		 		3.4		0.5		3.5		3.00		2.00		2		3		 		3		 		3		 		 		2		 		2.5		0.5		3.0		2.00		2.00		2.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.1		0.9		3.5		2.00		4.00		4		2		4		4		 		2		 		 		3		 		3.3		1.0		3.0		4.00		3.00		3.00		 		2.00		4.00		 		4		 		 		3.00		 		3.2		0.8		1.0		3.00				19		High resolution X-ray gratings (transmission or reflection)		4.0		40.0		 		3.0		27.0		 		3.0		9.0		 		2.0		6.0		 		82.0		ERROR:#REF!		99		Lasers										Large format (1,000-10,000 pixels) arrays of CMB polarimeters with noise below the CMB photon noise and excellent control of systematics		Inflation						Large format (1,000-10,000 pixels) arrays of CMB polarimeters with noise below the CMB photon noise and excellent control of systematics		Inflation

		Inflation		IP		Decadal		4 to 10 mm		Detectors and Electronics		Detectors		Table 3		24		Large format (1,000-10,000 pixels) arrays of CMB polarimeters with noise below the CMB photon noise and excellent control of systematics		2.0		2.00		3.00		2.00		3.00		 		2		 		 		3.00		 		2.4		0.5		2.5		2.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4.00		3.00		2.00		3.00		 		2		 		 		4.00		 		3.1		0.9		3.0		4.00		3.00		3.00		4.00		3.00		4.00		 		0		 		 		3.00		 		2.9		1.3		3.0		3.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4		4		4		3		 		4		 		 		4		 		3.9		0.4		4.0		4.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		0.00		1		1		 		3		 		3		 		 		1		 		1.5		1.2		0.0		1.00		1.00		1.00		4.00		4.00		3.00		 		4		 		 		3.00		 		2.9		1.3		2.5		1.00		3.00		3		2		4		4		 		2		 		 		3		 		3.0		0.8		3.0		3.00		0.00		2.00		 		1.00		2.00		 		4		 		 		2.00		 		1.8		1.3		1.0		2.00				24		Large format (1,000-10,000 pixels) arrays of CMB polarimeters with noise below the CMB photon noise and excellent control of systematics		3.0		30.0		2.5		4.0		36.0		4		3.0		9.0		3		2.0		6.0		3		81.0		ERROR:#REF!		24		Large format (1,000-10,000 pixels) arrays of CMB polarimeters with noise below the CMB photon noise and excellent control of systematics										Microthrusters		Gravitational Wave						Micronewton thrusters: 10 yr. life, low contamination, low thrust noise		Gravitational Wave

		Gravitational Wave		LISA		Decadal		Interferometer        		Distributed Space Craft		Thrusters		Table 1		101		Microthrusters		3.0		3.00		3.00		3.00		4.00		 		3		 		 		4.00		 		3.3		0.5		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		3.00		2.00		4.00		4.00		3.00		 		2		 		 		3.00		 		3.0		0.8		4.0		1.00		4.00		4.00		4.00		2.00		3.00		 		1		 		 		4.00		 		3.1		1.2		3.0		4.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		4		4		4		 		4		 		 		4		 		4.0		0.0		4.0		4.00		3.00		3.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.4		0.5		2.0		3.00		0.00		1		4		 		4		 		3		 		 		1		 		2.2		1.7		0.0		1.00		1.00		1.00		4.00		4.00		3.00		 		4		 		 		1.00		 		2.6		1.5		3.0		1.00		4.00		4		2		4		2		 		2		 		 		3		 		3.0		1.0		1.0		4.00		2.00		4.00		 		2.00		2.00		 		4		 		 		4.00		 		3.0		1.1		0.0		4.00				14		µN thrusters: 10 yr. life, low contam, low thrust noise.  Not formation flying.		4.0		40.0		 		3.0		27.0		 		2.0		6.0		 		2.0		6.0		 		79.0		ERROR:#REF!		101		Microthrusters										Polarization modulating optical elements		Inflation						Lightweight precision mirror mounting structure		X-ray

		X-ray		Soft X-ray and EUV		Next Gen		5 to 500 Angstroms		Telescope/Optical Element				Table 6		39		Gratings, single and multilayer coatings, nano-laminate optics		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 				 		 		2.00		 		2.0		0.0		2.00		2.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 				 		 		4		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 				 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2		 		 		 		 				 		 		2		 		2.0		0.0		2.00		2.00		1.00		1.00		 		 		 		 				 		 		1.00		 		1.0		0.0		1.00		1.00		4.00		4		 		 		 		 				 		 		2		 		3.3		1.2		4.00		4.00		1.00		3.00		 		 		 		 				 		 		3.00		 		2.3		1.2		1.00		3.00				39		Gratings, single and multilayer coatings, nano-laminate optics		 		ERROR:#VALUE!		1		4.0		36.0		4		4.0		12.0		4		2.0		6.0		2		ERROR:#VALUE!		ERROR:#REF!		39		Gratings, single and multilayer coatings, nano-laminate optics										Polarization modulating optical elements		Inflation						Gratings, single and multilayer coatings, nano-laminate optics		X-ray

		Inflation		IP		Decadal		3 to 10 mm		Telescope/Optical Element		Detectors (optical coupling)/ Optical system		Table 3		23		Polarization modulating optical elements		2.0		2.00		3.00		2.00		 		 		2		 		 		3.00		 		2.3		0.5		2.5		2.00		4.00		4.00		2.00		4.00		 		 		4		 		 		4.00		 		3.7		0.8		3.5		4.00		3.00		3.00		2.00		2.00		 		 		2		 		 		4.00		 		2.7		0.8		2.0		3.00		3.00		3.00		3.00		3.00		 		 		0		 		 		3.00		 		2.5		1.2		3.0		3.00		4.00		4.00		2.00		4.00		 		 		4		 		 		4.00		 		3.7		0.8		4.0		4.00		4.00		4		2		4		 		 		4		 		 		4		 		3.7		0.8		4.0		4.00		1.00		1.00		2.00		4.00		 		 		4		 		 		4.00		 		2.7		1.5		3.0		1.00		0.00		1		1		 		 		 		3		 		 		1		 		1.2		1.1		0.0		1.00		1.00		1.00		2.00		4.00		 		 		4		 		 		3.00		 		2.5		1.4		1.5		1.00		3.00		3		2		4		 		 		2		 		 		3		 		2.8		0.8		2.0		3.00		0.00		2.00		 		1.00		 		 		4		 		 		2.00		 		1.8		1.5		1.0		2.00				23		Polarization modulating optical elements		3.0		30.0		2.5		3.5		31.5		3.5		3.0		9.0		2		2.0		6.0		3		76.5		ERROR:#REF!		23		Polarization modulating optical elements										Off-plane gratings		X-ray				2		High throughput anti-reflection coatings with controlled polarization properties		Inflation

		X-ray		Probe class		Decacal		0.4 to 1.7 µm (TBD)		Detectors and Electronics				X-ray TDR		96		Off-plane gratings		3.0		3.00		3.00		3.00		 		 		2		 		 		3.50		 		2.9		0.5		3.0		3.00		4.00		4.00		3.00		4.00		 		 		4		 		 		4.00		 		3.8		0.4		4.0		4.00		3.00		3.00		3.00		4.00		 		 		2		 		 		3.00		 		3.0		0.6		4.0		3.00		3.00		3.00		4.00		3.00		 		 		1		 		 		4.00		 		3.0		1.1		3.0		3.00		4.00		4.00		3.00		4.00		 		 		3		 		 		4.00		 		3.7		0.5		4.0		4.00		4.00		4		3		4		 		 		4		 		 		4		 		3.8		0.4		4.0		4.00		3.00		3.00		3.00		4.00		 		 		3		 		 		3.50		 		3.3		0.4		3.5		3.00		3.00		3		3		 		 		 		3		 		 		3		 		3.0		0.0		0.0		3.00		1.00		1.00		3.00		4.00		 		 		4		 		 		3.00		 		2.7		1.4		3.0		1.00		2.00		2		2		4		 		 		3		 		 		3		 		2.7		0.8		1.0		2.00		0.00		2.00		 		2.00		 		 		4		 		 		2.00		 		2.0		1.4		1.0		2.00				5		Stringent length (pm) and alignment (nrad) stability telescope design with low straylight     		4.0		40.0		 		2.5		22.5		 		2.0		6.0		 		2.5		7.5		 		76.0		ERROR:#REF!		96		Off-plane gratings										Critical angle gratings		X-ray						Stable and continuous sub-Kelvin coolers for detectors             		Inflation

		X-ray		Probe class		Decacal		0.4 to 1.7 µm (TBD)		Detectors and Electronics				X-ray TDR		97		Critical angle gratings		3.0		3.00		3.00		3.00		4.00		 		3		 		 		3.00		 		3.1		0.4		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		3.00		3.00		4.00		2.00		4.00		 		2		 		 		4.00		 		3.1		0.9		4.0		3.00		3.00		3.00		4.00		2.00		4.00		 		1		 		 		3.00		 		2.9		1.1		3.0		3.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.7		0.5		4.0		4.00		4.00		4		4		4		4		 		4		 		 		4		 		4.0		0.0		4.0		4.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		4.00		 		3.9		0.4		3.5		4.00		0.00		1		4		 		3		 		3		 		 		1		 		2.0		1.5		0.0		1.00		2.00		1.00		4.00		4.00		3.00		 		4		 		 		3.00		 		3.0		1.2		3.0		2.00		1.00		1		2		4		3		 		2		 		 		3		 		2.3		1.1		1.0		1.00		2.00		4.00		 		2.00		3.00		 		4		 		 		3.00		 		3.0		0.9		1.0		4.00				8		Laser:  10 yr life, 2W, low noise, fast frequency and power actuators		4.0		40.0		 		2.5		22.5		 		2.0		6.0		 		2.5		7.5		 		76.0		ERROR:#REF!		97		Critical angle gratings								3		Stable and continuous sub-Kelvin coolers for detectors          		Inflation						High-throughput, light, low-cost, cold, mm-wave telescope operating at low backgrounds		Inflation

		Inflation		IP		Decadal		5 to 10 mm		Coolers and Thermal Control		Cryogenic System		Table 3		25		Stable and continuous sub-Kelvin coolers for detectors              Passive Spitzer design plus cooling to 100 mK		2.0		2.00		3.00		2.00		4.00		 		2		 		 		3.00		 		2.6		0.8		2.5		2.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4.00		3.00		2.00		4.00		 		2		 		 		3.50		 		3.2		0.9		3.0		4.00		3.00		3.00		4.00		3.00		4.00		 		0		 		 		3.00		 		2.9		1.3		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		4		4		3		 		4		 		 		4		 		3.9		0.4		4.0		4.00		3.00		3.00		3.00		4.00		3.00		 		4		 		 		4.00		 		3.4		0.5		3.0		3.00		0.00		1		1		 		3.5		 		3		 		 		1		 		1.6		1.4		0.0		1.00		1.00		1.00		4.00		4.00		4.00		 		4		 		 		3.00		 		3.0		1.4		1.5		1.00		1.00		1		4		4		1		 		2		 		 		1		 		2.0		1.4		0.0		1.00		0.00		2.00		 		0.00		2.00		 		4		 		 		2.00		 		1.7		1.5		0.0		2.00				25		Stable and continuous sub-Kelvin coolers for detectors              Passive Spitzer design plus cooling to 100 mK		3.0		30.0		2.5		3.0		27.0		4		3.0		9.0		3		2.0		6.0		3		72.0		ERROR:#REF!		25		Stable and continuous sub-Kelvin coolers for detectors              Passive Spitzer design plus cooling to 100 mK										Optically blind X-ray CCD detectors		X-ray						Polarization modulating optical elements		Inflation

		X-ray		Probe class		Decacal		0.4 to 1.7 µm (TBD)		Detectors and Electronics				X-ray TDR		98		Optically blind X-ray CCD detectors		3.0		3.00		3.00		3.00		4.00		 		2		 		 		3.50		 		3.1		0.6		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		2.00		2.00		4.00		2.00		4.00		 		2		 		 		3.00		 		2.7		1.0		2.0		2.00		3.00		3.00		4.00		2.00		4.00		 		1		 		 		3.00		 		2.9		1.1		3.0		3.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		3.50		 		3.8		0.4		4.0		4.00		4.00		4		4		4		3		 		4		 		 		4		 		3.9		0.4		4.0		4.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		0.00		1		4		 		4		 		3		 		 		1		 		2.2		1.7		0.0		1.00		2.00		2.00		4.00		4.00		4.00		 		4		 		 		1.00		 		3.0		1.3		3.5		2.00		4.00		4		4		4		2		 		2		 		 		3		 		3.3		1.0		1.0		4.00		2.00		4.00				1.00		3.00		 		4		 		 		4.00		 		3.0		1.3		1.0		4.00				15		lightweight, replicatable x-ray optics		4.0		40.0		 		1.5		13.5		 		3.0		9.0		 		2.5		7.5		 		70.0		ERROR:#REF!		98		Optically blind X-ray CCD detectors										High-throughput, light, low-cost, cold, mm-wave telescope operating at low backgrounds		Inflation				3		Gigapixel X-ray active pixel sensors		X-ray

		Inflation		IP		Decadal		1 to 10 mm		Telescope/Optical Element		Optical system		Table 3		21		High-throughput, light, low-cost, cold, mm-wave telescope operating at low backgrounds		2.0		2.00		3.00		3.00		3.00		 		2		 		 		3.00		 		2.6		0.5		2.5		2.00		4.00		4.00		4.00		3.00		4.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		2.00		4.00		2.00		2.00		3.00		 		2		 		 		3.00		 		2.6		0.8		2.0		4.00		3.00		3.00		4.00		3.00		3.00		 		0		 		 		3.00		 		2.7		1.3		3.0		3.00		4.00		4.00		4.00		4.00		3.00		 		4		 		 		4.00		 		3.9		0.4		4.0		4.00		4.00		4		3		4		3		 		4		 		 		4		 		3.7		0.5		4.0		4.00		4.00		4.00		3.00		4.00		4.00		 		4		 		 		4.00		 		3.9		0.4		3.0		4.00		0.00		1		1		 		3		 		3		 		 		1		 		1.5		1.2		0.0		1.00		1.00		1.00		4.00		4.00		3.00		 		4		 		 		3.00		 		2.9		1.3		1.5		1.00		3.00		3		2		4		3		 		2		 		 		3		 		2.9		0.7		2.0		3.00		0.00		2.00		 		1.00		2.00		 		4		 		 		2.00		 		1.8		1.3		0.0		2.00				21		High-throughput, light, low-cost, cold, mm-wave telescope operating at low backgrounds		3.0		30.0		2.5		3.0		27.0		4		2.0		6.0		2		2.0		6.0		3		69.0		ERROR:#REF!		21		High-throughput, light, low-cost, cold, mm-wave telescope operating at low backgrounds										high throughput anti-reflection coatings with controlled polarization properties		Inflation						Very large format (>10^5 pixels) FPA with background-limited performance and multi-color capability		FarIR

		Inflation		IP		Decadal		2 to 10 mm		Telescope/Optical Element		Optical system		Table 3		22		high throughput anti-reflection coatings with controlled polarization properties		2.0		2.00		3.00		2.00		 		 		2		 		 		3.00		 		2.3		0.5		2.5		2.00		4.00		4.00		2.00		4.00		 		 		4		 		 		4.00		 		3.7		0.8		4.0		4.00		2.00		4.00		3.00		2.00		 		 		2		 		 		2.00		 		2.5		0.8		2.0		4.00		3.00		3.00		3.00		3.00		 		 		0		 		 		3.00		 		2.5		1.2		3.0		3.00		4.00		4.00		2.00		4.00		 		 		4		 		 		4.00		 		3.7		0.8		4.0		4.00		4.00		4		2		4		 		 		3		 		 		4		 		3.5		0.8		4.0		4.00		1.00		1.00		2.00		4.00		 		 		4		 		 		4.00		 		2.7		1.5		3.0		1.00		0.00		1		1		 		 		 		4		 		 		1		 		1.4		1.5		0.0		1.00		1.00		1.00		2.00		4.00		 		 		4		 		 		3.00		 		2.5		1.4		1.5		1.00		3.00		3		2		4		 		 		2		 		 		3		 		2.8		0.8		2.0		3.00		0.00		2.00		 		1.00		 		 		4		 		 		2.00		 		1.8		1.5		1.0		2.00				22		high throughput anti-reflection coatings with controlled polarization properties		3.0		30.0		2.5		3.0		27.0		4		2.0		6.0		2		2.0		6.0		3		69.0		ERROR:#REF!		22		high throughput anti-reflection coatings with controlled polarization properties										Optical Bench		Gravitational Wave						Molecular clocks/cavities with 10E-15 precision over orbital period; 10E-17 precision over 1-2 year experiment.		Fundamental Physics

		Gravitational Wave		IP		Decadal		2 to 10 mm		Telescope/Optical Element		Optical system		Table 3		103		Optical Bench		2.0		2.00		3.00		2.00		 		 		2		 		 		3.00		 		2.3		0.5		2.5		2.00		4.00		4.00		2.00		4.00		 		 		4		 		 		4.00		 		3.7		0.8		4.0		4.00		2.00		4.00		3.00		2.00		 		 		2		 		 		2.00		 		2.5		0.8		2.0		4.00		3.00		3.00		3.00		3.00		 		 		0		 		 		3.00		 		2.5		1.2		3.0		3.00		4.00		4.00		2.00		4.00		 		 		4		 		 		4.00		 		3.7		0.8		4.0		4.00		4.00		4		2		4		 		 		3		 		 		4		 		3.5		0.8		4.0		4.00		1.00		1.00		2.00		4.00		 		 		4		 		 		4.00		 		2.7		1.5		3.0		1.00		0.00		1		1		 		 		 		4		 		 		1		 		1.4		1.5		0.0		1.00		1.00		1.00		2.00		4.00		 		 		4		 		 		3.00		 		2.5		1.4		1.5		1.00		3.00		3		2		4		 		 		2		 		 		3		 		2.8		0.8		2.0		3.00		0.00		2.00		 		1.00		 		 		4		 		 		2.00		 		1.8		1.5		1.0		2.00				22		high throughput anti-reflection coatings with controlled polarization properties		4.0		40.0		 		2.0		18.0		 		2.0		6.0		 		1.5		4.5		 		68.5		ERROR:#REF!		103		Optical Bench										Very large format (>10^5 pixels) FPA with background-limited performance and multi-color capability		FarIR						Cooled atomic clocks with 10E-18 to 10E-19 precision over 1-2 year experiment		Fundamental Physics

		FarIR		Advanced mm-wave/far-IR Arrays		Next Gen		31 µm to 10 mm		Detectors and Electronics		Find this element on IP sheet		Table 3		31		Very large format (>10^5 pixels) FPA with background-limited performance and multi-color capability		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		1		 		 		4.00		 		3.3		1.5		4.00		4.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00		0.00		 		 		 		 		4		 		 		0.00		 		1.0		2.0		0.00		0.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		 		 		 		 		 		 		4		 		 		0.00		 		2.0		2.8		0.00		0.00				31		Very large format (>10^5 pixels) FPA with background-limited performance and multi-color capability		1.0		10.0		1		4.0		36.0		4		4.0		12.0		4		2.0		6.0		2		64.0		ERROR:#REF!		31		Very large format (>10^5 pixels) FPA with background-limited performance and multi-color capability										Cooling to 50-300 mK		FarIR						Cryocooler <100 mK with 1 mK stability (IXO heritage)		X-ray

		FarIR		Advanced mm-wave/far-IR Arrays		Next Gen		32 µm to 10 mm		Coolers and Thermal Control		Find this element on IP sheet		Table 3		32		Cooling to 50-300 mK		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		1		 		 		4.00		 		3.3		1.5		4.00		4.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00		0.00		 		 		 		 		4		 		 		0.00		 		1.0		2.0		0.00		0.00		1.00		1		 		 		 		 		2		 		 		1		 		1.3		0.5		1.00		1.00		0.00		2.00		 		 		 		 		4		 		 		2.00		 		2.0		1.6		0.00		2.00				32		Cooling to 50-300 mK		1.0		10.0		1		4.0		36.0		4		4.0		12.0		4		2.0		6.0		2		64.0		ERROR:#REF!		32		Cooling to 50-300 mK										High rate X-ray Si detector (APS).		X-ray						Large throughput, cooled mm-wave to far IR telescope operating at background limit		FarIR

		X-ray		IXO		Decadal		0.3 to 40 keV		Detectors and Electronics				Table 2		18		High rate X-ray Si detector (APS).		3.0		3.00		3.00		3.00		4.00		 		3		 		 		4.00		 		3.3		0.5		3.0		3.00		3.00		3.00		2.00		4.00		4.00		 		4		 		 		4.00		 		3.4		0.8		3.0		3.00		2.00		2.00		3.00		2.00		4.00		 		2		 		 		2.00		 		2.4		0.8		2.0		2.00		3.00		3.00		3.00		2.00		4.00		 		1		 		 		3.00		 		2.7		1.0		3.0		3.00		3.00		3.00		2.00		2.00		4.00		 		4		 		 		3.00		 		3.0		0.8		2.0		3.00		3.00		3		2		4		4		 		4		 		 		3.5		 		3.4		0.7		2.0		3.00		2.00		2.00		2.00		2.00		3.50		 		4		 		 		3.00		 		2.6		0.9		3.0		2.00		0.00		1		2		 		3.5		 		3		 		 		1		 		1.8		1.3		0.0		1.00		1.00		1.00		2.00		4.00		4.00		 		4		 		 		1.00		 		2.4		1.5		3.5		1.00		4.00		4		2		4		4		 		2		 		 		3		 		3.3		1.0		0.0		4.00		0.00		2.00		 		1.00		2.00		 		4		 		 		2.00		 		1.8		1.3		0.0		2.00				18		High rate X-ray Si detector (APS).		3.0		30.0		3		2.0		18.0		3		2.0		6.0		2		2.5		7.5		3		61.5		ERROR:#REF!		18		High rate X-ray Si detector (APS).										Large throughput, cooled mm-wave to far IR telescope operating at background limit		FarIR						Cooling to 50-300 mK		FarIR

		FarIR		Advanced mm-wave/far-IR Arrays		Next Gen		30 µm to 10 mm		Telescope/Optical Element		Find this element on IP sheet		Table 3		30		Large throughput, cooled mm-wave to far IR telescope operating at background limit		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		1		 		 		4.00		 		3.3		1.5		4.00		4.00		1.00		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00		0.00		 		 		 		 		4		 		 		0.00		 		1.0		2.0		0.00		0.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		0.00		2.00		 		 		 		 		4		 		 		2.00		 		2.0		1.6		0.00		2.00				30		Large throughput, cooled mm-wave to far IR telescope operating at background limit		1.0		10.0		1		4.0		36.0		4		4.0		12.0		4		1.0		3.0		1		61.0		ERROR:#REF!		30		Large throughput, cooled mm-wave to far IR telescope operating at background limit										Gravitational Reference Sensor (GRS)		Gravitational Wave						Megapixel microcalorimeter array		X-ray

		Gravitational Wave		IP		Decadal		5 to 10 mm		Coolers and Thermal Control		Cryogenic System		Table 3		104		Gravitational Reference Sensor (GRS)		2.0		2.00		3.00		2.00		4.00		 		2		 		 		3.00		 		2.6		0.8		2.5		2.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4.00		3.00		2.00		4.00		 		2		 		 		3.50		 		3.2		0.9		3.0		4.00		3.00		3.00		4.00		3.00		4.00		 		0		 		 		3.00		 		2.9		1.3		3.0		3.00		4.00		4.00		4.00		4.00		4.00		 		4		 		 		4.00		 		4.0		0.0		4.0		4.00		4.00		4		4		4		3		 		4		 		 		4		 		3.9		0.4		4.0		4.00		3.00		3.00		3.00		4.00		3.00		 		4		 		 		4.00		 		3.4		0.5		3.0		3.00		0.00		1		1		 		3.5		 		3		 		 		1		 		1.6		1.4		0.0		1.00		1.00		1.00		4.00		4.00		4.00		 		4		 		 		3.00		 		3.0		1.4		1.5		1.00		1.00		1		4		4		1		 		2		 		 		1		 		2.0		1.4		0.0		1.00		0.00		2.00		 		0.00		2.00		 		4		 		 		2.00		 		1.7		1.5		0.0		2.00				25		Stable and continuous sub-Kelvin coolers for detectors              Passive Spitzer design plus cooling to 100 mK		4.0		40.0		 		1.0		9.0		 		1.0		3.0		 		1.5		4.5		 		56.5		ERROR:#REF!		104		Gravitational Reference Sensor (GRS)										Arcsecond attitude control to maintain resolution		X-ray						Coupling of ultra-stable lasers with high-finesse optical cavities for increased stability		Fundamental Physics

		X-ray		Soft X-ray and EUV		Next Gen		7 to 500 Angstroms		Telescope/Optical Element				Table 6		41		Arcsecond attitude control to maintain resolution		1.0		1.00		 		 		 		 		2		 		 		2.00		 		1.5		0.6		1.00		1.00		4.00		4.00		 		 		 		 		2		 		 		4.00		 		3.5		1.0		4.00		4.00		4.00		4.00		 		 		 		 		3		 		 		3.00		 		3.5		0.6		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		3.00		 		3.8		0.5		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		0.00		1		 		 		 		 		1		 		 		1		 		0.8		0.5		1.00		1.00		0.00		0.00		 		 		 		 		4		 		 		1.00		 		1.3		1.9		0.00		0.00		1.00		1		 		 		 		 		3		 		 		1		 		1.5		1.0		1.00		1.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				41		Arcsecond attitude control to maintain resolution		0.0		0.0		1		4.0		36.0		4		4.0		12.0		4		2.0		6.0		2		54.0		ERROR:#REF!		41		Arcsecond attitude control to maintain resolution										Molecular clocks/cavities with 10E-15 precision over orbital period; 10E-17 precision over 1-2 year experiment.		Fundamental Physics						Lightweight adjustable optics to achieve 0.1 arcsec high resolution grating spectrometer		X-ray

		Fundamental Physics		FundPhys		Decadal		space-time, precision interferometric		Detectors and Electronics		Next Generation Clocks		Table 4a/b		27		Molecular clocks/cavities with 10E-15 precision over orbital period; 10E-17 precision over 1-2 year experiment.		1.0		1.00		0.00		 		 		 		1		 		 		2.00		 		1.0		0.7		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		3.50		 		3.9		0.3		4.00		4.00		4.00		4.00		 		 		 		 		1		 		 		1.00		 		2.5		1.7		4.00		4.00		1.00		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		1.00		1.00		 		 		 		 		4		 		 		1.00		 		1.8		1.5		1.00		1.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		0.00		2.00		 		 		 		 		4		 		 		3.00		 		2.3		1.7		0.00		2.00				27		Molecular clocks/cavities with 10E-15 precision over orbital period; 10E-17 precision over 1-2 year experiment.		0.0		0.0		1		4.0		36.0		4		4.0		12.0		4		1.0		3.0		1		51.0		ERROR:#REF!		27		Molecular clocks/cavities with 10E-15 precision over orbital period; 10E-17 precision over 1-2 year experiment.										Cooled atomic clocks with 10E-18 to 10E-19 precision over 1-2 year experiment		Fundamental Physics				4		Coded aperture imaging:  ~5 mm thk W and ~2.5 mm holes; ~0.5 mm W and ~0.2 mm holes		X-ray

		Fundamental Physics		FundPhys		Decadal		space-time, precision interferometric		Detectors and Electronics		Next Generation Clocks		Table 4a/b		28		Cooled atomic clocks with 10E-18 to 10E-19 precision over 1-2 year experiment		1.0		1.00		0.00		 		 		 		1		 		 		2.00		 		1.0		0.7		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		3.50		 		3.9		0.3		4.00		4.00		4.00		4.00		 		 		 		 		1		 		 		4.00		 		3.3		1.5		4.00		4.00		1.00		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		1.00		1.00		 		 		 		 		4		 		 		1.00		 		1.8		1.5		1.00		1.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		0.00		2.00		 		 		 		 		4		 		 		3.00		 		2.3		1.7		0.00		2.00				28		Cooled atomic clocks with 10E-18 to 10E-19 precision over 1-2 year experiment		0.0		0.0		1		4.0		36.0		4		4.0		12.0		4		1.0		3.0		1		51.0		ERROR:#REF!		28		Cooled atomic clocks with 10E-18 to 10E-19 precision over 1-2 year experiment										Coded aperture imaging:  ~5 mm thk W and ~2.5 mm holes; ~0.5 mm W and ~0.2 mm holes		X-ray						Wavefront sensing with cold atoms		Gravitational Wave

		X-ray		Next Gen Hard X-ray Obs.		Next Gen		5-30 and 10-600 keV		Telescope/Optical Element				Tables 5a/b		33		Coded aperture imaging:  ~5 mm thk W and ~2.5 mm holes; ~0.5 mm W and ~0.2 mm holes		1.0		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.5		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00		0.00		 		 		 		 		4		 		 		0.00		 		1.0		2.0		0.00		0.00		4.00		4		 		 		 		 		3		 		 		4		 		3.8		0.5		4.00		4.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				33		Coded aperture imaging:  ~5 mm thk W and ~2.5 mm holes; ~0.5 mm W and ~0.2 mm holes		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		2.0		6.0		2		48.0		ERROR:#REF!		33		Coded aperture imaging:  ~5 mm thk W and ~2.5 mm holes; ~0.5 mm W and ~0.2 mm holes										Finely pixelated CZT detectors for hard X-rays		X-ray						Cooled Ge		Gamma

		X-ray		Next Gen Hard X-ray Obs.		Next Gen		5-30 and 10-600 keV		Detectors and Electronics		Large area CZT Detectors		Tables 5a/b		35		Finely pixelated CZT detectors for hard X-rays		1.0		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.5		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		3.00		2.00		 		 		 		 		3		 		 		2.00		 		2.5		0.6		0.00		2.00				35		Finely pixelated CZT detectors for hard X-rays		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		2.0		6.0		2		48.0		ERROR:#REF!		35		Finely pixelated CZT detectors for hard X-rays										ASIC on each ~20x20 mm crystal		X-ray						Arrays of Si, CZT or CdTe Pixels		Gamma

		X-ray		Next Gen Hard X-ray Obs.		Next Gen		5-30 and 10-600 keV		Detectors and Electronics		Low-Noise, Low-Power ASICs for SS Detectors		Tables 5a/b		36		ASIC on each ~20x20 mm crystal		1.0		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.5		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				36		ASIC on each ~20x20 mm crystal		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		2.0		6.0		2		48.0		ERROR:#REF!		36		ASIC on each ~20x20 mm crystal										Compton telescope on single platform		Gamma						Finely pixelated CZT detectors for hard X-rays		X-ray

		Gamma		Next Gen, medium-energy gamma ray obs.		Next Gen		100 keV - 30 MeV		Telescope/Optical Element				Table 8		49		Compton telescope on single platform		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		3		 		 		4.00		 		3.8		0.5		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		3		 		 		4.00		 		3.8		0.5		4.00		4.00		4.00		4		 		 		 		 		3		 		 		4		 		3.8		0.5		4.00		4.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		0.00		1		 		 		 		 		2		 		 		1		 		1.0		0.8		1.00		1.00		0.00		 		 		 		 		 		1		 		 		0.00		 		0.3		0.6		0.00		0.00		4.00		4		 		 		 		 		1		 		 		4		 		3.3		1.5		4.00		4.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				49		Compton telescope on single platform		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		2.0		6.0		2		48.0		ERROR:#REF!		49		Compton telescope on single platform										Cooled Ge		Gamma						ASIC on each ~20x20 mm crystal		X-ray

		Gamma		Next Gen, medium-energy gamma ray obs.		Next Gen		101 keV - 30 MeV		Detectors and Electronics		strip detectors		Table 8		50		Cooled Ge		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		2		 		 		2.00		 		2.0		0.0		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		3.00		3.00		 		 		 		 		2		 		 		3.00		 		2.8		0.5		3.00		3.00		4.00		4		 		 		 		 		2		 		 		4		 		3.5		1.0		4.00		4.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		1.00		1		 		 		 		 		1		 		 		1		 		1.0		0.0		1.00		1.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				50		Cooled Ge		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		2.0		6.0		2		48.0		ERROR:#REF!		50		Cooled Ge										Arrays of Si, CZT or CdTe Pixels		Gamma						Arcsecond attitude control to maintain resolution		X-ray

		Gamma		Next Gen, medium-energy gamma ray obs.		Next Gen		102 keV - 30 MeV		Detectors and Electronics		strip detectors		Table 8		51		Arrays of Si, CZT or CdTe Pixels		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		2		 		 		2.00		 		2.0		0.0		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		3.00		3.00		 		 		 		 		2		 		 		3.00		 		2.8		0.5		3.00		3.00		4.00		4		 		 		 		 		2		 		 		4		 		3.5		1.0		4.00		4.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		1.00		1		 		 		 		 		1		 		 		1		 		1.0		0.0		1.00		1.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				51		Arrays of Si, CZT or CdTe Pixels		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		2.0		6.0		2		48.0		ERROR:#REF!		51		Arrays of Si, CZT or CdTe Pixels										Active cooling of germanium detectors		Gamma						Hard X-Ray grazing incidence optics with multi-layer coatings with at least 5" angular resolution		X-ray

		Gamma		Next Gen, medium-energy gamma ray obs.		Next Gen		104 keV - 30 MeV		Coolers and Thermal Control		Active Cooling		Table 8		53		Active cooling of germanium detectors		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		2		 		 		2.00		 		2.0		0.0		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4		 		 		 		 		2		 		 		4		 		3.5		1.0		4.00		4.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		1.00		1		 		 		 		 		1		 		 		1		 		1.0		0.0		1.00		1.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				53		Active cooling of germanium detectors		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		2.0		6.0		2		48.0		ERROR:#REF!		53		Active cooling of germanium detectors										LHP to radiators for ~-30 deg (Si) and ~-5 deg (CZT) over large areas		X-ray						Loop Heat Pipe to radiators for ~-30 deg (Si) and ~-5 deg (CZT) over large areas		X-ray

		X-ray		Next Gen Hard X-ray Obs.		Next Gen		5-30 and 10-600 keV		Coolers and Thermal Control				Tables 5a/b		38		LHP to radiators for ~-30 deg (Si) and ~-5 deg (CZT) over large areas		1.0		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		4.00		 		3.5		0.6		3.00		3.00		4.00		4.00		 		 		 		 		3		 		 		4.00		 		3.8		0.5		4.00		4.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		1.00		1.00		 		 		 		 		4		 		 		1.00		 		1.8		1.5		1.00		1.00		1.00		1		 		 		 		 		3		 		 		1		 		1.5		1.0		1.00		1.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		2.00		4.00		 		 		 		 		3		 		 		4.00		 		3.3		1.0		2.00		4.00				38		LHP to radiators for ~-30 deg (Si) and ~-5 deg (CZT) over large areas		0.0		0.0		1		3.0		27.0		3		4.0		12.0		4		2.0		6.0		2		45.0		ERROR:#REF!		38		LHP to radiators for ~-30 deg (Si) and ~-5 deg (CZT) over large areas										Low power ASIC readouts		X-ray						Low CTE materials 		Gravitational Wave

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Detectors and Electronics		Low-Noise, Low-Power ASICs for SS Detectors		Table 7		47		Low power ASIC readouts		1.0		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		3.00		3.00		 		 		 		 		2		 		 		3.00		 		2.8		0.5		3.00		3.00		4.00		4.00		 		 		 		 		1		 		 		4.00		 		3.3		1.5		4.00		4.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		2.00		2.00		 		 		 		 		4		 		 		2.00		 		2.5		1.0		2.00		2.00		1.00		1		 		 		 		 		2		 		 		1		 		1.3		0.5		1.00		1.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				47		Low power ASIC readouts		0.0		0.0		1		3.0		27.0		3		4.0		12.0		4		2.0		6.0		2		45.0		ERROR:#REF!		47		Low power ASIC readouts										Passive cooling of pixel arrays		X-ray						Large area atom optics		Gravitational Wave

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Coolers and Thermal Control				Table 7		48		Passive cooling of pixel arrays		1.0		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		4.00		4.00		 		 		 		 		1		 		 		4.00		 		3.3		1.5		4.00		4.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		3.00		2.00		 		 		 		 		3		 		 		3.00		 		2.8		0.5		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		3.00		3		 		 		 		 		2		 		 		3		 		2.8		0.5		3.00		3.00		0.00		 		 		 		 		 		1		 		 		1.00		 		0.7		0.6		0.00		0.00		1.00		1		 		 		 		 		1		 		 		1		 		1.0		0.0		1.00		1.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				48		Passive cooling of pixel arrays		0.0		0.0		1		3.0		27.0		3		4.0		12.0		4		2.0		6.0		2		45.0		ERROR:#REF!		48		Passive cooling of pixel arrays										ASIC readouts		Gamma						Long booms or formation flying		Gamma

		Gamma		Next Gen, medium-energy gamma ray obs.		Next Gen		103 keV - 30 MeV		Detectors and Electronics		ASICs		Table 8		52		ASIC readouts		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		4.00		4.00		 		 		 		 		2		 		 		4.00		 		3.5		1.0		4.00		4.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		1.00		1		 		 		 		 		1		 		 		1		 		1.0		0.0		1.00		1.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				52		ASIC readouts		0.0		0.0		1		3.0		27.0		3		4.0		12.0		4		2.0		6.0		2		45.0		ERROR:#REF!		52		ASIC readouts										Coupling of ultra-stable lasers with high-finesse optical cavities for increased stability		Fundamental Physics						High rate X-ray Si detector (APS).		X-ray

		Fundamental Physics		FundPhys		Decadal		space-time measurement/gravitational effects.  Precision timing of interferometric measurements		Telescope/Optical Element		Atom Interferometry		Table 4a/b		26		Coupling of ultra-stable lasers with high-finesse optical cavities for increased stability		1.0		1.00		0.00		 		 		 		1		 		 		3.00		 		1.2		1.1		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		3.50		 		3.9		0.3		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		4.00		 		2.3		1.3		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 				 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		1.00		1.00		 		 		 		 		4		 		 		1.00		 		1.8		1.5		1.00		1.00		4.00		4		 				 		 		2		 		 		3		 		3.3		1.0		4.00		4.00		1.00		3.00		 		 		 		 		4		 		 		3.00		 		2.8		1.3		1.00		3.00				26		Coupling of ultra-stable lasers with high-finesse optical cavities for increased stability		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		1.0		3.0		1		45.0		ERROR:#REF!		26		Coupling of ultra-stable lasers with high-finesse optical cavities for increased stability										No optics; source isolation by collimator		X-ray						Compton telescope on single platform		Gamma

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Telescope/Optical Element		Thin, Lightweight Collimators		Table 7		44		No optics; source isolation by collimator		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		2		 		 		4.00		 		3.5		1.0		4.00		4.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		4.00		4.00		 		 		 		 		2		 		 		4.00		 		3.5		1.0		4.00		4.00		4.00		4		 		 		 		 		2		 		 		4		 		3.5		1.0		4.00		4.00		1.00		1.00		 		 		 		 		3		 		 		1.00		 		1.5		1.0		1.00		1.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		2.00		2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.5		2.00		2.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				44		No optics; source isolation by collimator		0.0		0.0		1		4.0		36.0		4		1.0		3.0		1		2.0		6.0		2		45.0		ERROR:#REF!		44		No optics; source isolation by collimator										1 m precision optics (1/1,000)		Gravitational Wave						1 m precision optics (1/1,000)		Gravitational Wave

		Gravitational Wave		Beyond LISA; cold atom differential accelerometers		Long term		gravity wave periods 0.01 to 10 Hz		Telescope/Optical Element				Table 10		58		1 m precision optics (1/1,000)		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		1.00		1		 		 		 		 		4		 		 		1		 		1.8		1.5		1.00		1.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				58		1 m precision optics (1/1,000)		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		1.0		3.0		1		45.0		ERROR:#REF!		58		1 m precision optics (1/1,000)										wavefront sensing with cold atoms		Gravitational Wave						Sun-shield for atom cloud		Gravitational Wave

		Gravitational Wave		Beyond LISA; cold atom differential accelerometers		Long term		gravity wave periods 0.01 to 10 Hz		Telescope/Optical Element				Table 10		59		wavefront sensing with cold atoms		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		3.00		1.00		 		 		 		 		3		 		 		1.00		 		2.0		1.2		3.00		1.00				59		wavefront sensing with cold atoms		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		1.0		3.0		1		45.0		ERROR:#REF!		59		wavefront sensing with cold atoms										Large area atom optics		Gravitational Wave						Active cooling of germanium detectors		Gamma

		Gravitational Wave		Beyond LISA; cold atom differential accelerometers		Long term		gravity wave periods 0.01 to 10 Hz		Telescope/Optical Element				Table 10		60		Large area atom optics		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				60		Large area atom optics		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		1.0		3.0		1		45.0		ERROR:#REF!		60		Large area atom optics										Gigapixel X-ray active pixel sensors		X-ray						Passive cooling of pixel arrays		X-ray

		X-ray		Beyond IXO 		Long term		0.1 to 10 keV		Detectors and Electronics				Table 11		68		Gigapixel X-ray active pixel sensors		2.0		2.00		 		 		 		 		2		 		 		2.00		 		2.0		0.0		2.00		2.00		6.00		3.00		 		 		 		 		4		 		 		3.00		 		4.0		1.4		6.00		6.00		2.00		2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.5		2.00		2.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		3.00		 		3.8		0.5		4.00		4.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		0.00		 		 		 		 		 		3		 		 		0.00		 		1.0		1.7		0.00		0.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		1.00		1.00		1.00		3.00		 		 		 		 		3		 		 		3.00		 		2.5		1.0		1.00		3.00				68		Gigapixel X-ray active pixel sensors		0.0		0.0		2		4.0		36.0		4		2.0		6.0		2		1.0		3.0		1		45.0		ERROR:#REF!		68		Gigapixel X-ray active pixel sensors										Megapixel microcalorimeter array		X-ray						Low power ASIC readouts		X-ray

		X-ray		Beyond IXO 		Long term		0.1 to 10 keV		Detectors and Electronics				Table 11		69		Megapixel microcalorimeter array		2.0		2.00		 		 		4.00		 		1		 		 		2.00		 		2.2		1.1		2.00		2.00		6.00		3.00		 		 		4.00		 		4		 		 		3.00		 		4.0		1.2		6.00		6.00		2.00		2.00		 		 		4.00		 		2		 		 		2.00		 		2.4		0.9		2.00		2.00		1.00		1.00		 		 		2.50		 		2		 		 		1.00		 		1.5		0.7		1.00		1.00		3.00		3.00		 		 		3.00		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		2.00		2		 		 		4		 		3		 		 		2		 		2.6		0.9		2.00		2.00		3.00		3.00		 		 		3.00		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		0.00		 		 		 		3.00		 		3		 		 		0.00		 		1.5		1.7		0.00		0.00		3.00		3		 		 		4		 		3		 		 		3		 		3.2		0.4		3.00		3.00		0.00		2.00		 		 		3.00		 		1		 		 		2.00		 		1.6		1.1		0.00		2.00				69		Megapixel microcalorimeter array		0.0		0.0		2		4.0		36.0		4		2.0		6.0		2		1.0		3.0		1		45.0		ERROR:#REF!		69		Megapixel microcalorimeter array										Long booms or formation flying		Gamma						Scintillators, cooled Ge		Gamma

		Gamma		Next Gen Gamma Focusing		Long term		101 keV to 3 Mev		Telescope/Optical Element				Table 12		72		Long booms or formation flying		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		3.00		 		3.8		0.5		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		3.00		 		3.8		0.5		4.00		4.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		0.00		 		 		 		 		 		3		 		 		0.00		 		1.0		1.7		0.00		0.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		0.00		2.00		 		 		 		 		1		 		 		2.00		 		1.3		1.0		0.00		2.00				72		Long booms or formation flying		0.0		0.0		1		4.0		36.0		4		2.0		6.0		2		1.0		3.0		1		45.0		ERROR:#REF!		72		Long booms or formation flying										Depth graded multilayer coatings for hard X-ray optics		Next						No optics; source isolation by collimator		X-ray

		Next		Next Gen Hard X-ray Obs.		Next Gen		5-30 and 10-600 keV		Telescope/Optical Element				Table 5b		76		Depth graded multilayer coatings for hard X-ray optics		3		2.00		 		 		 		 		4		 		 		3.00		 		3.0		0.8		1.0		new		2		4.00		 		 		 		 		 		 		 		4.00		 		3.3		1.2		4.0		new		2		2.00		 		 		 		 		 		 		 		3.00		 		2.3		0.6		1.5		new		3		3.00		 		 		 		 		 		 		 		2.00		 		2.7		0.6		1.0		new		2.5		3.00		 		 		 		 		 		 		 		3.00		 		2.8		0.3		4.0		new		new		3		 		 		 		 		 		 		 		3		 		3.0		0.0		4.0		new		1		2.00		 		 		 		 		 		 		 		3.00		 		2.0		1.0		2.5		new		1		3		 		 		 		 		 		 		 		2		 		2.0		1.0		0.0		new		2		1.00		 		 		 		 		 		 		 		2.00		 		1.7		0.6		1.0		new		2		3		 		 		 		 		 		 		 		2		 		2.3		0.6		2.0		new		1		2.00		 		 		 		 		 		 		 		3.00		 		2.0		1.0		1.0		new				76		Depth graded multilayer coatings for hard X-ray optics		0.0		0.0		1		4.0		36.0		4		1.5		4.5		1.5		1.0		3.0		1		43.5		New		76		Depth graded multilayer coatings for hard X-ray optics										Sun-shield for atom cloud		Gravitational Wave						ASIC readouts		Gamma

		Gravitational Wave		Beyond LISA; cold atom differential accelerometers		Long term		gravity wave periods 0.01 to 10 Hz		Coolers and Thermal Control				Table 10		63		Sun-shield for atom cloud		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		1.00		1.00		 		 		 		 		1		 		 		2.00		 		1.3		0.5		1.00		1.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				63		Sun-shield for atom cloud		0.0		0.0		1		4.0		36.0		4		1.0		3.0		1		1.0		3.0		1		42.0		ERROR:#REF!		63		Sun-shield for atom cloud										Hard X-Ray grazing incidence optics with multi-layer coatings with at least 5" angular resolution		X-ray						Piezoelectric Adjustable X-ray Optics  		X-ray

		X-ray		Next Gen Hard X-ray Obs.		Next Gen		5-30 and 10-600 keV		Telescope/Optical Element				Tables 5a/b		34		Hard X-Ray grazing incidence optics with multi-layer coatings with at least 5" angular resolution		1.0		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		4.00		 		3.5		0.6		3.00		3.00		2.00		2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.5		2.00		2.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		4.00		4.00		 		 		 		 		4		 		 		3.00		 		3.8		0.5		4.00		4.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		4.00		4		 		 		 		 		3		 		 		4		 		3.8		0.5		4.00		4.00		1.00		 		 		 		 		 		3		 		 		0.00		 		1.3		1.5		0.00		0.00				34		Hard X-Ray grazing incidence optics with multi-layer coatings with at least 5" angular resolution		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		2.0		6.0		2		39.0		ERROR:#REF!		34		Hard X-Ray grazing incidence optics with multi-layer coatings with at least 5" angular resolution										Lightweight adjustable optics to achieve 0.1 arcsec high resolution grating spectrometer		X-ray						Quadrant photodetector: low noise		Gravitational Wave

		X-ray		Beyond IXO 		Long term		0.1 to 10 keV		Telescope/Optical Element		4 approaches		Table 11		65		Lightweight adjustable optics to achieve 0.1 arcsec high resolution grating spectrometer		2.0		2.00		 		 		4.00		 		4		 		 		2.00		 		2.8		1.1		2.00		2.00		4.00		4.00		 		 		4.00		 		4		 		 		4.00		 		4.0		0.0		3.00		4.00		3.00		3.00		 		 		4.00		 		4		 		 		3.00		 		3.4		0.5		3.00		3.00		1.00		1.00		 		 		4.00		 		2		 		 		1.00		 		1.8		1.3		1.00		1.00		4.00		4.00		 		 		4.00		 		4		 		 		3.00		 		3.8		0.4		4.00		4.00		4.00		4		 		 		4		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		3.00		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		0.00		1		 		 		4		 		4		 		 		1		 		2.0		1.9		1.00		1.00		3.00		3.00		 		 		4.00		 		3		 		 		3.00		 		3.2		0.4		3.00		3.00		2.00		2		 		 		3		 		4		 		 		2		 		2.6		0.9		2.00		2.00		0.00		2.00		 		 		4.00		 		2		 		 		2.00		 		2.0		1.4		0.00		2.00				65		Lightweight adjustable optics to achieve 0.1 arcsec high resolution grating spectrometer		0.0		0.0		2		3.0		27.0		3		3.0		9.0		3		1.0		3.0		1		39.0		ERROR:#REF!		65		Lightweight adjustable optics to achieve 0.1 arcsec high resolution grating spectrometer										Low-frequency, wide-bandwidth, low-mass science antennas		21 cm						ADC:  10 yr life, low noise (amplitude and timing)		Gravitational Wave

		21 cm		21 cm Cosmology Array		Next Gen		5-30 m		General				Table 9		82		Low-frequency, wide-bandwidth, low-mass science antennas		1		2.00		 		 		 		 		2		 		 		4.00		 		2.3		1.3		1.0		new		1		3.00		 		 		 		 		 		 		 		4.00		 		2.7		1.5		3.0		new		2.5		2.00		 		 		 		 		 		 		 		4.00		 		2.8		1.0		3.0		new		1		3.00		 		 		 		 		 		 		 		2.00		 		2.0		1.0		1.0		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		3.0		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		3.0		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		2.0		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		0.0		new		new		1.00		 		 		 		 		 		 		 		2.00		 		1.5		0.7		1.0		new		new		2		 		 		 		 		 		 		 		2		 		2.0		0.0		1.0		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		1.0		new				82		Low-frequency, wide-bandwidth, low-mass science antennas		0.0		0.0		1		3.0		27.0		3		3.0		9.0		3		1.0		3.0		1		39.0		New		82		Low-frequency, wide-bandwidth, low-mass science antennas										Thermal stability/control less than 10E-8 K variation		Fundamental Physics						Depth graded multilayer coatings for hard X-ray optics		Next

		Fundamental Physics		FundPhys		Decadal		space-time, precision interferometric		Coolers and Thermal Control				Tables 4a/b		29		Thermal stability/control less than 10E-8 K variation		1.0		1.00		0.00		 		 		 		1		 		 		1.00		 		0.8		0.4		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		3.50		 		3.9		0.3		4.00		4.00		0.00		3.00		 		 		 		 		1		 		 		1.00		 		1.3		1.3		0.00		0.00		1.00		11.00		 		 		 		 		0		 		 		2.00		 		3.5		5.1		1.00		1.00		0.00				 		 		 		 		4		 		 		4.00		 		2.7		2.3		0.00		0.00		0.00		 		 		 		 		 		4		 		 		4		 		2.7		2.3		0.00		0.00		0.00		 		 		 		 		 		4		 		 		4.00		 		2.7		2.3		0.00		0.00		0.00		1		 		 		 		 		3		 		 		1		 		1.3		1.3		1.00		1.00		0.00				 		 		 		 		4		 		 		1.00		 		1.7		2.1		0.00		0.00		0.00		 		 		 		 		 		2		 		 		3		 		1.7		1.5		0.00		0.00		1.00		 		 		 		 		 		4		 		 		3.00		 		2.7		1.5		3.00		0.00				29		Thermal stability/control less than 10E-8 K variation		0.0		0.0		1		4.0		36.0		4		0.0		0.0		0		1.0		3.0		1		39.0		ERROR:#REF!		29		Thermal stability/control less than 10E-8 K variation										Lightweight, high throughput Fresnel optics		Near UV						Laser interferometer ~1 kWatt laser		Gravitational Wave

		Near UV						330 - 400 nm						Table 13 (email submission)		88		Lightweight, high throughput Fresnel optics		2		3.00		2.00		 		 		 		 		 		 		4.00		 		2.8		1.0		1.0		new		3		4.00		3.00		 		 		 		 		 		 		4.00		 		3.5		0.6		2.5		new		4		3.00		3.00		 		 		 		 		 		 		4.00		 		3.5		0.6		4.0		new		4		3.00		3.00		 		 		 		 		 		 		3.00		 		3.3		0.5		1.0		new		2		3.00		2.00		 		 		 		 		 		 		3.00		 		2.5		0.6		2.5		new		3		3		2		 		 		 		 		 		 		3		 		2.8		0.5		2.0		new		2		3.00		2.00		 		 		 		 		 		 		3.00		 		2.5		0.6		2.0		new		1		3		2		 		 		 		 		 		 		2		 		2.0		0.8		0.0		new		2.5		1.00		2.00		 		 		 		 		 		 		3.00		 		2.1		0.9		1.0		new		2		2		4		 		 		 		 		 		 		2		 		2.5		1.0		1.0		new		3		2.00		 		 		 		 		 		 		 		3.00		 		2.7		0.6		1.0		new				88		Lightweight, high throughput Fresnel optics		0.0		0.0		1		2.5		22.5		2.5		4.0		12.0		4		1.0		3.0		1		37.5		New		88		Lightweight, high throughput Fresnel optics										Advanced scintillators and readouts for gamma-ray detection		Gamma						extendable optical bench to achieve 60 m focal length		X-ray

		Gamma		Next Gen, medium-energy gamma ray obs.		Next Gen		100 keV - 30 MeV		Telescope/Optical Element				Table 8		81		Advanced scintillators and readouts for gamma-ray detection		1		1.00		 		 		 		 		1		 		 		4.00		 		1.8		1.5		1.0		new		2		2.00		 		 		 		 		 		 		 		4.00		 		2.7		1.2		3.0		new		2		2.00		 		 		 		 		 		 		 		4.00		 		2.7		1.2		2.5		new		3		2.00		 		 		 		 		 		 		 		2.00		 		2.3		0.6		1.0		new		2.5		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.5		3.0		new		2		2		 		 		 		 		 		 		 		3		 		2.3		0.6		2.5		new		2		2.00		 		 		 		 		 		 		 		3.00		 		2.3		0.6		2.0		new		1		2		 		 		 		 		 		 		 		3		 		2.0		1.0		0.0		new		2		1.00		 		 		 		 		 		 		 		2.00		 		1.7		0.6		1.0		new		 		2		 		 		 		 		 		 		 		2		 		2.0		0.0		1.0		new		 		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		1.0		new				81		Advanced scintillators and readouts for gamma-ray detection		0.0		0.0		1		3.0		27.0		3		2.5		7.5		2.5		1.0		3.0		1		37.5		New		81		Advanced scintillators and readouts for gamma-ray detection										Photocathodes, microchannel plates, crossed grid anodes		X-ray						Active cooling of germanium detectors		Gamma

		X-ray		Soft X-ray and EUV		Next Gen		8 to 500 Angstroms		Detectors and Electronics		EUV/Soft X-ray detectors		Table 6		42		Photocathodes, microchannel plates, crossed grid anodes		1.0		1.00		 		 		 		 		2		 		 		2.00		 		1.5		0.6		1.00		1.00		2.00		2.00		 		 		 		 		2		 		 		3.00		 		2.3		0.5		2.00		2.00		4.00		4.00		 		 		 		 		2		 		 		4.00		 		3.5		1.0		4.00		4.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		2.00		2		 		 		 		 		3		 		 		4		 		2.8		1.0		2.00		2.00		2.00		2.00		 		 		 		 		2		 		 		2.00		 		2.0		0.0		2.00		2.00		0.00		1		 		 		 		 		2		 		 		1		 		1.0		0.8		1.00		1.00		1.00		1.00		 		 		 		 		4		 		 		1.00		 		1.8		1.5		1.00		1.00		1.00		1		 		 		 		 		3		 		 		1		 		1.5		1.0		1.00		1.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				42		Photocathodes, microchannel plates, crossed grid anodes		0.0		0.0		1		2.0		18.0		2		4.0		12.0		4		2.0		6.0		2		36.0		ERROR:#REF!		42		Photocathodes, microchannel plates, crossed grid anodes										>3 m^2 Si (or CZT or CdTe) pixel arrays or hybrid pixels -- possibly deployable		X-ray						>3 m^2 Si (or CZT or CdTe) pixel arrays or hybrid pixels -- possibly deployable		X-ray

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Detectors and Electronics		Pixelated, large-area SS X-ray detectors		Table 7		46		>3 m^2 Si (or CZT or CdTe) pixel arrays or hybrid pixels -- possibly deployable		1.0		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		3.00		3.00		 		 		 		 		2		 		 		3.00		 		2.8		0.5		3.00		3.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		2.00		2.00		 		 		 		 		0		 		 		2.00		 		1.5		1.0		2.00		2.00		3.00		3.00		 		 		 		 		3		 		 		3.00		 		3.0		0.0		3.00		3.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		3.00		3.00		 		 		 		 		2		 		 		3.00		 		2.8		0.5		3.00		3.00		1.00		1		 		 		 		 		3		 		 		1		 		1.5		1.0		1.00		1.00		1.00		1.00		 		 		 		 		4		 		 		1.00		 		1.8		1.5		1.00		1.00		4.00		4		 		 		 		 		2		 		 		4		 		3.5		1.0		4.00		4.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				46		>3 m^2 Si (or CZT or CdTe) pixel arrays or hybrid pixels -- possibly deployable		0.0		0.0		1		3.0		27.0		3		1.0		3.0		1		2.0		6.0		2		36.0		ERROR:#REF!		46		>3 m^2 Si (or CZT or CdTe) pixel arrays or hybrid pixels -- possibly deployable										3 m precision optics		Gravitational Wave						Broadband X-ray Polarimeter		X-ray

		Gravitational Wave		Beyond LISA; 4 Michelson Interferometers		Long term		visible and near IR: gravity wave periods ~1 to 10 sec		Telescope/Optical Element				Table 10		54		3 m precision optics		1.0		1.00		 		 		 		 		0		 		 		3.00		 		1.3		1.3		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		0.00		 		 		 		 		 		3		 		 		0.00		 		1.0		1.7		0.00		0.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				54		3 m precision optics		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		ERROR:#REF!		54		3 m precision optics										Laser interferometer ~1 kWatt laser		Gravitational Wave						10 W near IR, narrow line		Gravitational Wave

		Gravitational Wave		Beyond LISA; 4 Michelson Interferometers		Long term		visible and near IR: gravity wave periods ~1 to 10 sec		Detectors and Electronics		Precision interferometry		Table 10		55		Laser interferometer ~1 kWatt laser		1.0		1.00		 		 		 		 		0		 		 		3.00		 		1.3		1.3		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		4.00		4.00		 		 		 		 		4		 		 		4.00		 		4.0		0.0		4.00		4.00		4.00		4		 		 		 		 		4		 		 		4		 		4.0		0.0		4.00		4.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		1.00		1.00		 		 		 		 		3		 		 		1.00		 		1.5		1.0		1.00		1.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				55		Laser interferometer ~1 kWatt laser		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		ERROR:#REF!		55		Laser interferometer ~1 kWatt laser										Gravity Reference Unit (GRU) with ~100x lower noise		Gravitational Wave						Finely pixelated detectors for high angular resolution hard X-ray imaging.		X-ray

		Gravitational Wave		Beyond LISA; 4 Michelson Interferometers		Long term		visible and near IR: gravity wave periods ~1 to 10 sec		Detectors and Electronics				Table 10		56		Gravity Reference Unit (GRU) with ~100x lower noise		1.0		1.00		 		 		 		 		0		 		 		3.00		 		1.3		1.3		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		3.00		3		 		 		 		 		3		 		 		3		 		3.0		0.0		3.00		3.00		0.00		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		0.00		2.00				56		Gravity Reference Unit (GRU) with ~100x lower noise		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		ERROR:#REF!		56		Gravity Reference Unit (GRU) with ~100x lower noise										10 W near IR, narrow line		Gravitational Wave						Gravity Reference Unit (GRU) with ~100x lower noise		Gravitational Wave

		Gravitational Wave		Beyond LISA; cold atom differential accelerometers		Long term		gravity wave periods 0.01 to 10 Hz		Telescope/Optical Element				Table 10		61		10 W near IR, narrow line		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		4.00		 		3.5		0.6		3.00		3.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2		 		 		 		 		4		 		 		2		 		2.5		1.0		2.00		2.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				61		10 W near IR, narrow line		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		ERROR:#REF!		61		10 W near IR, narrow line										extendable optical bench to achieve 60 m focal length		X-ray						focusing elements (e.g., Laue lens) on long boom or separate platform		Gamma

		X-ray		Beyond IXO 		Long term		0.1 to 10 keV		Telescope/Optical Element				Table 11		67		extendable optical bench to achieve 60 m focal length		2.0		2.00		 		 		 		 		2		 		 		2.00		 		2.0		0.0		2.00		2.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2.00		 		 		 		 		3		 		 		2.00		 		2.3		0.5		2.00		2.00		1.00		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		0.00		 		 		 		 		 		3		 		 		0.00		 		1.0		1.7		0.00		0.00		2.00		2		 		 		 		 		4		 		 		2		 		2.5		1.0		2.00		2.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				67		extendable optical bench to achieve 60 m focal length		0.0		0.0		2		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		ERROR:#REF!		67		extendable optical bench to achieve 60 m focal length										Scintillators, cooled Ge		Gamma						Photocathodes, microchannel plates, crossed grid anodes		X-ray

		Gamma		Next Gen Gamma Focusing		Long term		102 keV to 3 Mev		Telescope/Optical Element		Pixelated Ge or CZT detectors		Table 12		73		Scintillators, cooled Ge		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		1.00		 		 		 		 		 		3		 		 		1.00		 		1.7		1.2		1.00		1.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		3.00		1.00		 		 		 		 		1		 		 		1.00		 		1.5		1.0		3.00		1.00				73		Scintillators, cooled Ge		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		ERROR:#REF!		73		Scintillators, cooled Ge										Active cooling of germanium detectors		Gamma						3 m precision optics		Gravitational Wave

		Gamma		Next Gen Gamma Focusing		Long term		103 keV to 3 Mev		Detectors and Electronics		Pixelated Ge or CZT detectors		Table 12		74		Active cooling of germanium detectors		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		1.00		 		 		 		 		 		3		 		 		1.00		 		1.7		1.2		1.00		1.00		2.00		2		 		 		 		 		2		 		 		2		 		2.0		0.0		2.00		2.00		3.00		1.00		 		 		 		 		1		 		 		1.00		 		1.5		1.0		3.00		1.00				74		Active cooling of germanium detectors		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		ERROR:#REF!		74		Active cooling of germanium detectors										Thin lightweight X-ray concentrator		X-ray						Low-frequency, wide-bandwidth, low-mass science antennas		21 cm

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Telescope/Optical Element				Table 7		78		Thin lightweight X-ray collimator		3		1.00		 		 		 		 		2		 		 		3.00		 		2.3		1.0		1.0		new		3		4.00		 		 		 		 		 		 		 		4.00		 		3.7		0.6		3.0		new		2		2.00		 		 		 		 		 		 		 		3.00		 		2.3		0.6		2.0		new		3		3.00		 		 		 		 		 		 		 		2.00		 		2.7		0.6		1.0		new		4		3.00		 		 		 		 		 		 		 		4.00		 		3.7		0.6		3.0		new		4		3		 		 		 		 		 		 		 		3		 		3.3		0.6		2.5		new		2		2.00		 		 		 		 		 		 		 		3.00		 		2.3		0.6		2.0		new		3		3		 		 		 		 		 		 		 		2		 		2.7		0.6		0.0		new		2.5		1.00		 		 		 		 		 		 		 		2.00		 		1.8		0.8		1.0		new		2		3		 		 		 		 		 		 		 		2		 		2.3		0.6		3.0		new		3		4.00		 		 		 		 		 		 		 		3.00		 		3.3		0.6		1.0		new				78		Thin lightweight X-ray concentrator 		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		New		78		Thin lightweight X-ray collimator										Point source optimized X-ray concentrator		X-ray						Thin lightweight X-ray concentrator 		X-ray

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Telescope/Optical Element				Table 8		79		Point source optimized X-ray concentrator		3		1.00		 		 		 		 		2		 		 		3.00		 		2.3		1.0		1.0		new		3		3.00		 		 		 		 		 		 		 		4.00		 		3.3		0.6		3.0		new		2.5		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.5		2.0		new		3		3.00		 		 		 		 		 		 		 		2.00		 		2.7		0.6		1.0		new		4		3.00		 		 		 		 		 		 		 		3.00		 		3.3		0.6		3.0		new		4		3		 		 		 		 		 		 		 		3		 		3.3		0.6		2.5		new		2		2.00		 		 		 		 		 		 		 		3.00		 		2.3		0.6		2.0		new		3		3		 		 		 		 		 		 		 		2		 		2.7		0.6		0.0		new		2		1.00		 		 		 		 		 		 		 		2.00		 		1.7		0.6		1.0		new		2		3		 		 		 		 		 		 		 		2		 		2.3		0.6		3.0		new		3		4.00		 		 		 		 		 		 		 		3.00		 		3.3		0.6		1.0		new				79		Point source optimized X-ray concentrator		0.0		0.0		1		3.0		27.0		3		2.0		6.0		2		1.0		3.0		1		36.0		New		79		Point source optimized X-ray concentrator										Broadband X-ray Polarimeter		X-ray						Point source optimized X-ray concentrator		X-ray

		X-ray												Table 13 (email submission)		90		Broadband X-ray Polarimeter		2		2.00		2.00		 		 		 		 		 		 		4.00		 		2.5		1.0		1.0		new		4		4.00		2.00		 		 		 		 		 		 		4.00		 		3.5		1.0		3.0		new		2		2.00		2.00		 		 		 		 		 		 		3.00		 		2.3		0.5		1.0		new		4		3.00		3.00		 		 		 		 		 		 		3.00		 		3.3		0.5		2.0		new		4		3.00		2.00		 		 		 		 		 		 		3.00		 		3.0		0.8		3.5		new		4		3		2		 		 		 		 		 		 		3		 		3.0		0.8		3.0		new		4		3.00		2.00		 		 		 		 		 		 		3.00		 		3.0		0.8		3.0		new		0		3		2		 		 		 		 		 		 		2		 		1.8		1.3		0.0		new		1.5		1.00		2.00		 		 		 		 		 		 		2.00		 		1.6		0.5		1.0		new		 		3		3		 		 		 		 		 		 		2		 		2.7		0.6		4.0		new		1		3.00		 		 		 		 		 		 		 		3.00		 		2.3		1.2		1.0		new				90		Broadband X-ray Polarimeter		0.0		0.0		1		3.0		27.0		3		1.0		3.0		1		2.0		6.0		2		36.0		New		90		Broadband X-ray Polarimeter										Finely pixelated detectors for high angular resolution hard X-ray imaging.		X-ray						Lightweight, high throughput Fresnel optics		Near UV

		X-ray												Table 13 (email submission)		91		Finely pixelated detectors for high angular resolution hard X-ray imaging.		2		3.00		2.00		 		 		 		 		 		 		4.00		 		2.8		1.0		1.0		new		3		3.00		3.00		 		 		 		 		 		 		4.00		 		3.3		0.5		2.5		new		2		2.00		3.00		 		 		 		 		 		 		3.00		 		2.5		0.6		2.0		new		4		2.00		2.00		 		 		 		 		 		 		3.00		 		2.8		1.0		2.0		new		3		3.00		4.00		 		 		 		 		 		 		3.00		 		3.3		0.5		3.0		new		3		3		2		 		 		 		 		 		 		3		 		2.8		0.5		2.5		new		3		3.00		2.00		 		 		 		 		 		 		3.00		 		2.8		0.5		3.0		new		2		3		2		 		 		 		 		 		 		3		 		2.5		0.6		0.0		new		3		1.00		4.00		 		 		 		 		 		 		3.00		 		2.8		1.3		1.0		new		2.5		3		3		 		 		 		 		 		 		2		 		2.6		0.5		3.5		new		1		3.00		 		 		 		 		 		 		 		3.00		 		2.3		1.2		1.0		new				91		Finely pixelated detectors for high angular resolution hard X-ray imaging.		0.0		0.0		1		2.5		22.5		2.5		2.0		6.0		2		2.0		6.0		2		34.5		New		91		Finely pixelated detectors for high angular resolution hard X-ray imaging.										Ultra-low power, temperature resistant, radiation tolerant analog electronics		21 cm						Advanced scintillators and readouts for gamma-ray detection		Gamma

		21 cm		21 cm Cosmology Array		Next Gen		5-30 m		General				Table 9		83		Ultra-low power, temperature resistant, radiation tolerant analog electronics		1		2.00		 		 		 		 		2		 		 		3.00		 		2.0		0.8		1.0		new		2		3.00		 		 		 		 		 		 		 		4.00		 		3.0		1.0		2.0		new		3		3.00		 		 		 		 		 		 		 		4.00		 		3.3		0.6		4.0		new		2		3.00		 		 		 		 		 		 		 		2.00		 		2.3		0.6		1.0		new		1		3.00		 		 		 		 		 		 		 		3.00		 		2.3		1.2		2.0		new		3		2		 		 		 		 		 		 		 		3		 		2.7		0.6		2.0		new		0		2.00		 		 		 		 		 		 		 		3.00		 		1.7		1.5		1.0		new		0		2		 		 		 		 		 		 		 		2		 		1.3		1.2		0.0		new		25		1.00		 		 		 		 		 		 		 		2.00		 		9.3		13.6		1.0		new		 		2		 		 		 		 		 		 		 		2		 		2.0		0.0		0.0		new		0		2.00		 		 		 		 		 		 		 		3.00		 		1.7		1.5		0.0		new				83		Ultra-low power, temperature resistant, radiation tolerant analog electronics		0.0		0.0		1		2.0		18.0		2		4.0		12.0		4		1.0		3.0		1		33.0		New		83		Ultra-low power, temperature resistant, radiation tolerant analog electronics										Ultra-low power, temperature resistant, radiation tolerant digital electronics		21 cm						Lobster eye X-ray optics for all-sky monitors		X-ray

		21 cm		21 cm Cosmology Array		Next Gen		5-30 m		General				Table 9		84		Ultra-low power, temperature resistant, radiation tolerant digital electronics		1		2.00		 		 		 		 		2		 		 		3.00		 		2.0		0.8		1.0		new		2		3.00		 		 		 		 		 		 		 		4.00		 		3.0		1.0		2.0		new		3		3.00		 		 		 		 		 		 		 		4.00		 		3.3		0.6		4.0		new		2		3.00		 		 		 		 		 		 		 		2.00		 		2.3		0.6		1.0		new		1		3.00		 		 		 		 		 		 		 		3.00		 		2.3		1.2		2.0		new		3		2		 		 		 		 		 		 		 		3		 		2.7		0.6		2.0		new		0		2.00		 		 		 		 		 		 		 		3.00		 		1.7		1.5		1.0		new		0		2		 		 		 		 		 		 		 		2		 		1.3		1.2		0.0		new		2.5		1.00		 		 		 		 		 		 		 		2.00		 		1.8		0.8		1.0		new		 		2		 		 		 		 		 		 		 		2		 		2.0		0.0		0.0		new		0		2.00		 		 		 		 		 		 		 		3.00		 		1.7		1.5		0.0		new				84		Ultra-low power, temperature resistant, radiation tolerant digital electronics		0.0		0.0		1		2.0		18.0		2		4.0		12.0		4		1.0		3.0		1		33.0		New		84		Ultra-low power, temperature resistant, radiation tolerant digital electronics										Autonomous low-power generation and storage		21 cm						Megapixel ccd camera		Gravitational Wave

		21 cm		21 cm Cosmology Array		Next Gen		5-30 m		General				Table 9		85		Autonomous low-power generation and storage		0		2.00		 		 		 		 		2		 		 		2.00		 		1.5		1.0		1.0		new		new		2.00		 		 		 		 		 		 		 		4.00		 		3.0		1.4		2.0		new		new		3.00		 		 		 		 		 		 		 		3.00		 		3.0		0.0		4.0		new		new		2.00		 		 		 		 		 		 		 		2.00		 		2.0		0.0		1.0		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		2.0		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		2.0		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		1.0		new		new		2		 		 		 		 		 		 		 		3		 		2.5		0.7		0.0		new		new		1.00		 		 		 		 		 		 		 		2.00		 		1.5		0.7		1.0		new		new		2		 		 		 		 		 		 		 		2		 		2.0		0.0		0.0		new		new		2.00		 		 		 		 		 		 		 		3.00		 		2.5		0.7		0.0		new				85		Autonomous low-power generation and storage		0.0		0.0		1		2.0		18.0		2		4.0		12.0		4		1.0		3.0		1		33.0		New		85		Autonomous low-power generation and storage										focusing elements (e.g., Laue lens) on long boom or separate platform		Gamma						Ultra-low power, temperature resistant, radiation tolerant analog electronics		21 cm

		Gamma		Next Gen Gamma Focusing		Long term		100 keV to 3 Mev		Telescope/Optical Element				Table 12		71		focusing elements (e.g., Laue lens) on long boom or separate platform		1.0		1.00		 		 		 		 		2		 		 		1.00		 		1.3		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		2.00		2		 		 		 		 		4		 		 		2		 		2.5		1.0		2.00		2.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		0.00		 		 		 		 		 		3		 		 		0.00		 		1.0		1.7		0.00		0.00		1.00		1		 		 		 		 		2		 		 		1		 		1.3		0.5		1.00		1.00		3.00		1.00		 		 		 		 		1		 		 		1.00		 		1.5		1.0		3.00		1.00				71		focusing elements (e.g., Laue lens) on long boom or separate platform		0.0		0.0		1		3.0		27.0		3		1.0		3.0		1		1.0		3.0		1		33.0		ERROR:#REF!		71		focusing elements (e.g., Laue lens) on long boom or separate platform										Lobster eye X-ray optics for all-sky monitors		X-ray						Ultra-low power, temperature resistant, radiation tolerant digital electronics		21 cm

		X-ray		Next Gen X-ray Timing		Next Gen		2-80 keV		Telescope/Optical Element				Table 9		80		Lobster eye X-ray optics for all-sky monitors		3		1.00		 		 		 		 		1		 		 		3.00		 		2.0		1.2		1.0		new		2.5		3.00		 		 		 		 		 		 		 		4.00		 		3.2		0.8		2.5		new		2		2.00		 		 		 		 		 		 		 		3.00		 		2.3		0.6		2.0		new		4		3.00		 		 		 		 		 		 		 		2.00		 		3.0		1.0		1.0		new		4		3.00		 		 		 		 		 		 		 		3.00		 		3.3		0.6		2.5		new		4		3		 		 		 		 		 		 		 		3		 		3.3		0.6		3.0		new		3		3.00		 		 		 		 		 		 		 		3.00		 		3.0		0.0		2.5		new		 		3		 		 		 		 		 		 		 		2		 		2.5		0.7		0.0		new		3		1.00		 		 		 		 		 		 		 		2.00		 		2.0		1.0		1.0		new		2.5		2		 		 		 		 		 		 		 		2		 		2.2		0.3		1.0		new		3		4.00		 		 		 		 		 		 		 		3.00		 		3.3		0.6		1.0		new				80		Lobster eye X-ray optics for all-sky monitors		0.0		0.0		1		2.5		22.5		2.5		2.0		6.0		2		1.0		3.0		1		31.5		New		80		Lobster eye X-ray optics for all-sky monitors										Megapixel ccd camera		Gravitational Wave						Autonomous low-power generation and storage		21 cm

		Gravitational Wave		Beyond LISA; cold atom differential accelerometers		Long term		gravity wave periods 0.01 to 10 Hz		Detectors and Electronics				Table 10		62		Megapixel ccd camera		1.0		1.00		 		 		 		 		0		 		 		2.00		 		1.0		0.8		1.00		1.00		2.00		2.00		 		 		 		 		4		 		 		4.00		 		3.0		1.2		2.00		2.00		2.00		2.00		 		 		 		 		1		 		 		2.00		 		1.8		0.5		2.00		2.00		1.00		1.00		 		 		 		 		0		 		 		1.00		 		0.8		0.5		1.00		1.00		3.00		3.00		 		 		 		 		4		 		 		3.00		 		3.3		0.5		3.00		3.00		3.00		3		 		 		 		 		4		 		 		3		 		3.3		0.5		3.00		3.00		2.00		2.00		 		 		 		 		4		 		 		2.00		 		2.5		1.0		2.00		2.00		0.00		1		 		 		 		 		4		 		 		1		 		1.5		1.7		1.00		1.00		0.00		 		 		 		 		 		4		 		 		0.00		 		1.3		2.3		0.00		0.00		2.00		2		 		 		 		 		3		 		 		2		 		2.3		0.5		2.00		2.00		0.00		2.00		 		 		 		 		3		 		 		2.00		 		1.8		1.3		0.00		2.00				62		Megapixel ccd camera		0.0		0.0		1		2.0		18.0		2		2.0		6.0		2		1.0		3.0		1		27.0		ERROR:#REF!		62		Megapixel ccd camera																		Thermal stability/control less than 10E-8 K variation		Fundamental Physics

		X-ray		Soft X-ray and EUV		Next Gen		9 to 500 Angstroms		Distributed Space Craft		Extended duration rockets		Table 6		43		Low-cost launch vehicles for single payloads with few months mission durations		2.0		2.00		 		 		 		 		2		 		 		3.00		 		2.3		0.5		2.00		2.00		2.00		2.00		 		 		 		 		2		 		 		3.00		 		2.3		0.5		2.00		2.00				 		 		 		 		 		1		 		 		3.00		 		2.0		1.4						2.00				 		 		 		 		1		 		 		2.00		 		1.7		0.6		2.00		2.00				 		 		 		 		 		2		 		 		4.00		 		3.0		1.4								 		 		 		 		 		2		 		 		4		 		3.0		1.4								 		 		 		 		 		2		 		 		3.00		 		2.5		0.7						0.00		1		 		 		 		 		2		 		 		1		 		1.0		0.8		1.00		1.00		1.00		1.00		 		 		 		 		1		 		 		1.00		 		1.0		0.0		1.00		1.00				 		 		 		 		 		3		 		 		1		 		2.0		1.4								 		 		 		 		 		2		 		 		2.00		 		2.0		0.0								43		Low-cost launch vehicles for single payloads with few months mission durations		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		2		 		ERROR:#VALUE!		0		 		ERROR:#VALUE!		2		ERROR:#VALUE!		ERROR:#REF!		43		Low-cost launch vehicles for single payloads with few months mission durations																		Low-cost launch vehicles for single payloads with few months mission durations		X-ray















































































































































































































































































































































































Prioritization Criteria

				PCOS Strategic Technology Gaps Prioritization Criteria 

																Score Meaning

				#		Criterion		Weight		Max Score		Max Weighted Score		General Description/Question		4		3		2		1		0

				1		Strategic Alignment		10		4		40		How well does the technology align with the PCOS science and/or programmatic priorities of  the Astrophysics Implementation Plan (AIP) or current programmatic assessment?		Applicable mission concept receives highest AIP consideration.		Applicable mission concept receives medium AIP consideration.		Applicable mission concept receives low AIP consideration.		Applicable mission concept was not considered in the AIP but was positively addressed in the 2010 Decadal Survey.		Not considered by the AIP or the 2010 Decadal Survey.

				2		Benefits and Impacts		9		4		36		How much impact does the technology have on notional mission(s)? To what degree does the technology enable and/or enhance achievable science objectives, reduce cost, and/or reduce mission risks?		Critical and key enabling technology - required to meet mission concept objective(s).  Without this technology, notional mission(s) would not be launched.		Highly desirable - not mission-critical, but provides major benefits in enhanced science capability, reduced critical resources need, and/or reduced mission risks.  Without this technology, mission(s) may be launched, but science or implementation would be severely degraded.		Desirable - not required for mission success, but offers significant science or implementation benefits.  If technology is available, would almost certainly be implemented in mission(s).		Minor science impact or implementation improvements; if technology is available.  Would be considered for implementation in mission(s).		No science impact or implementation improvement.  Even if available, technology would not be implemented in mission(s).

				3		Scope of Applicability		3		4		12		How cross-cutting is the technology? How many Astrophysics programs and/or mission concepts could benefit from this technology?  		The technology applies widely to PCOS mission concepts and both COR and ExoPlanet mission concepts.		The technology applies widely to PCOS mission concepts and either COR or ExoPlanet mission concepts.		The technology applies widely to PCOS mission concepts.		The technology applies to a single PCOS mission concept.		No known applicable PCOS mission concept.

				4		Time To Anticipated Need		3		4		12		When does the technology need to be at TRL 6?                                                                                                                                        Critical/enabling technology - TRL 6 at KDP B     Non-critical/enhancing technology - TRL 6 at KDP C		TRL 6 is needed within 5 years (before 2020).		TRL 6 is needed within 6 to 10 years (2020 - 2024).		TRL 6 is needed within 11 to 15 years (2025 - 2029).		TRL 6 is needed within 16 to 20 years (2030 - 2034).		TRL 6 is needed in more than 20 years (2035 or later).





Criteria Description

		•STRATEGIC ALIGNMENT- Aligns with scientific and/or programmatic priorities as determined by the Astrophysics Implementation Plan (December, 2012) (which responded to the 2010 decadal survey recommendations within the current budgetary constraints) or current programmatic assessment. The intent is a technology related to a mission ranked highly by a major directive or review process should receive a higher score.

		•BENEFITS and IMPACT- Degree of unique or enabling/enhancing capability the technology provides.  The positive impact of the technology on the science and the implementation of a notional mission. If a technology is a key element of a mission concept, then its score should be higher than for a technology that is of only minor importance.

		•SCOPE OF APPLICABILITY - How many mission concepts can benefit from this technology -  how cross-cutting is it? If a technology is generally useful to many missions, it is scored higher. 

		•TIMELINESS of the technology investment.  How much time is available before the technology is needed to be at TRL5/6 or before the decision to invest is necessary? If a mission is not planned for implementation for a long time and/or there is ample time to develop the technology for it then the  technology should receive a lower score than the more immediate needs.

		 









































Lessons Learned from Previous Technology 
Gaps List

• The previous PCOS technology gaps list was unwieldy (>90 inputs) 
given that we can only afford to invest in a few SATs

• The list included some gaps that were not applicable or relevant 
such as those that are:
– Not in the PCOS Program charter (ex. launch vehicle, rover, avionics 

technologies)
– Requiring engineering solutions and not technology developments
– So vaguely defined that it is not possible to evaluate their needs status
– Subset or duplicate of another technology needs input 
– Already at TRL 6 or higher
– Specific implementations, solutions or approaches
– Have a time horizon beyond the strategic goal of the SAT program
– Not within the scope of the Astrophysics Implementation Plan (AIP)
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Suggestions for Future Technology 
Capability Gaps List

• Suggestions to obtain a more effective Technology Capability Gap 
list for prioritization to inform the SAT program

– Focus on technology capability gaps associated with missions prioritized in the 
Astrophysics Implementation Plan or any relevant programmatic directives 

– Submit technology gaps that are directly applicable to Program objectives.  Don’t 
include gaps that are not in our charter such as technologies associated with launch 
vehicle, rover, avionics, spacecraft systems, etc.

– Don’t include gaps that don’t require technology development, that are not well 
defined, that are redundant (duplicate,  similar, or subsets of other needs), or are at 
TRL 6 or higher

– Inputs should be submitted as technology capability gaps between the current state-
of-the-art and the science objective targeted and not as specific implementations
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SAT Selection Rate


		Solicitation Year

		TPCOS Proposals

		Proposal Success Ratio



		

		Submitted

		Selected

		



		2010

		21

		5

		24%



		2011

		26

		5

		19%



		2012

		10

		3

		30%



		2013

		8

		5

		63%



		Total to Date

		65

		18

		28%



		Table 2-3. Number of TPCOS SAT Proposals and Awards.
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