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The EssenceThe Essence

New ExperimentsNew Experiments

Large Volumes/Areas
New PhotosensorNew Photosensor

TechnologyTechnology

New DiscoveriesNew Discoveries Community, 
DOE, etc.



•• ReFerenceReFerence Photosensor Concept
•• TTransransRReeFFerence erence Concept:

• Multiple Extension of Spectral Sensitivity Range
• Single-Photon Color Sensitivity

• Proof-of-Concept – Results of the First ReFerenceReFerence
Prototype Test @ UC Davis (October 2001)

• Fully Functional Prototype(s) Development, in 
Collaboration with ITT Night Vision Industries

• Particular Benefits for NNN-Physics –
New Configuration(s) - the “Spectacles”Spectacles”
(after Tom Ypsilantis)

Outline



Photosensor Performance 
“Hyperspace”

•Quantum Efficiency 
•Single-Photon Sensitivity
•Single-Photon Resolution
•Spatial Resolution
•Dead Area (Camera)
•Time Resolution and Jitter
•Angular Acceptance
•Spectral Width, Color Sensitivity
•Thermionic Noise (Cooling?)
••“Implosivity”, COST,…“Implosivity”, COST,…
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Single-Photon Resolution
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Single-Photon Resolution
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The (Original) Dream

Single-Photon
Resolution

(HPD)

Low Time-Jitter
(HPD)

High Quantum 
Efficiency (>50%) Low Price
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VacuumVacuum

PhotocathodePhotocathodeGlass WindowGlass Window

PhotoPhoto--ElectronElectronPhotonPhoton

Photon Absorption
(Electron Creation)

Probability for the
Electron to Reach

The Vacuum 
Surface

(Random Walk)
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VacuumVacuum
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“Whatever”“Whatever”
(e.g. Substrate, (e.g. Substrate, 

Reflector,…)Reflector,…)
LOW PRODUCTION 

COST !



VacuumVacuum
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UV PhotonUV Photon

UV
Photon Absorption
(Electron Creation)
Mostly @ Surface

Probability for the
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Factor ~2 Increase
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Ideal Light Concentrator

Optimal Electron Lens

Ideal Light Concentrator

Optimal Electron Lens

Photocath

Photoelectrons

PIN,
APD, or

“Something Else”

Photon



Ideal Light Concentrator

Optimal Electron Lens

PhotocathodeEntrance Aperture

Hexagonal PackingHexagonal Packing





FlatFlat--Panel Honeycomb Panel Honeycomb 
Camera ConstructionCamera Construction

Industrial Production (no glass blowing etc.)Industrial Production (no glass blowing etc.)
Mechanical RigidityMechanical Rigidity





electrons

CarlsbadCooling



VERY EFFICIENT MAGNETIC SHIELDINGVERY EFFICIENT MAGNETIC SHIELDING

Slow 
electrons

e.g. UNO with Magnetic field



Prototype DevelopmentPrototype Development
@ UC Davis@ UC Davis





Phosphor Screen



Photocathode Aperture
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“Photocathode”



XYZ Motion Stage





PROOF OF CONCEPTPROOF OF CONCEPT

Electron 
Focus



Prototype Development Prototype Development 
In Collaboration with In Collaboration with 

ITTITT--NightNight--VisionVision

“SMALL”“SMALL”
Diameter = 2.5 cm

the same as of
Standard Night Vision Devices

GaAs Photocathode
Reflection AND

Transmission Mode
For gamma-astronomy

1 Month (!)1 Month (!)

“LARGE”“LARGE”
Diameter > 5 in.

For UNO For UNO 
(or NNN- physics)



“Spectacles”“Spectacles”
for for 

Spectacular DiscoveriesSpectacular Discoveries

The number of ideas for a new
detector configuration still increases;

The Flavor …



Direct Angular Measurement
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ReFerenceReFerence Photosensor

• Simple, mechanically stable (honeycomb camera 
structure)

• 2 x Higher Quantum Efficiency in Reflection 
Mode (and more for UV)

• Optimal usage of photocathode surface
• Excellent Time-Resolution, although flat 

photocathode
• Flat photocathode – III-V epitaxially grown 

photocathodes (GaAs, GaAsP, InGaAs…)
• Photocathode Cooling – Diminished Noise
• Efficient magnetic shielding


