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... specifically outlining the state of the art for
the technology and metrics of a potential program

Historical Analysis

Competitive Problem

analysis? (gap analysis)

Gap Analysis? Proposed Solution
Benefit

Impact analysis?
Structure a BAA?



State-of-Art

Phase Space
Limitations (efficiency,
resolution, timing, cost

« Scintillators (Nal, plastic)
« Solid State (Ge, CdZnTe, etc.) Y?l’l/farr-](;,‘yf’re?solution
« Calorimeters (LANL/LLNL groups) 288%,1?,(,1{2';?;(3&3”“

Cooled to room temp

Intensity




X- and Gamma Ray Intrinsic
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Energy Resolution - Some Examples
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Timing Characteristics

Charge collection time in detector sets lower limit on pulse
rise time

Preamplifier and capacitive loading of detector may slow the
observed rise time from fast detectors

Variations in pulse shape may lead to additional timing
uncertainties

Timing jitter due to discreteness of charge carriers is
minimized in detectors with large number of carriers

1070




Community Direction

- Better Materials

- Improved anode/cathode design

- New Designs —GEMs, vertex, Silicon drift,
Calorimeters, pixel detectors (e.g. Zhong He, et
al, at Michigan), straw tubes

General Trend
- More information from the radiation field
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Figure 2. HPGe in comparison to Nal and CZT detectors.
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Key Technical Challenges

Electronics
Data rate
« Material Science Track Processing
— Grow/Deposit/fabricate detector material Scaling (voxel count, rate, etc.)
— HighZ>Ge In-situ signal processing
— >80% charge collection Architecture
—  >95% vyield over 3cmx3cm square; target 6” wafer
= ;rr:t(;eonrcggge)zte discrete electrodes (electronic Algorlthm Development
— Material Alternatives: Tracking
CczT Unfolding the track back to source
GaAs (inverse problem)
%grrma”'“m Background Projection
Si Thresholding
—  Depletion Depth>200um@room temp Compton Coincidence Indentification

200pm min., 600um target

System Scaling Studies
System Perf. Modeling

o Packaging System Optimization

64-296 layers

3cm x 3 cm-> 6" diameter .
Interconnects Lots of work (though not considered tech

Flatness challenge): Integration
Thermal Expansion
Inactive volume

Microsystems Technology can meet these Needs
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The 5 cubic inch assembly (bottom) replaced 4096 PWBs resulting in a
2000X reduction in weight & volume and a 1000X reduction in power for
this mission.

Images and analysis supplied by C. Sumpter, SNL, Organization 1700.
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User Benefits and Needs

Discussing the ‘more info’ leads into a limitations and a gap analysis discussion

* Time-to-detect/identify

« Spectral Resolution (expected to be equivalent to todays
HPGe materials)

e (Cost/Performance
 Ergonomic

— Smaller footprint (no cryogenics, no aperture, less volume)
— Lower power requirements

« Confidence

« Background Subtraction
« Sensitivity

* Aperture-less



