
Single-photon Detector Overview

• Key metrics
• PMTs
• APDs
• Superconducting

• TES
• Nanowire



Key Metrics
• efficiency – how likely to detect a photon
• dark counts – how much noise in the absence of light
• deadtime – how long after detection before ready
• afterpulsing – how often is there a secondary signal
• jitter – what time resolution does a detection have
• latency – how long to get a signal out
• photon-number resolving?
• operating temperature
• $$$





Photomultiplier Tube



Avalanche Photodiode



Fiber coupled self-aligned TES
< 1% coupling loss

Superconducting Transition Edge Sensor (TES)
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Calorimetric detection of UV/optical/IR photons

A. E. Lita et al., Opt. Exp. 16,
3032 (2008)



Superconducting Nanowire Single-photon Detectors (SNSPDs)



Superconducting Nanowire Single-photon Detectors (SNSPDs)





Multi-Photon Detection with SNSPDs
• Photon absorption creates a resistive ‘hot-spot’
• Bias current is diverted to a parallel load resistor
• Rise time of the pulse depends on hot-spot resistance
• Multi-photon events leads to faster rise times
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Single-photon Vision
• Can you SEE single photons?
• At this moment you are detecting ~1016 photons 

every second.  But could you see just one? 
• No one knows. Past experiments suggested a 

minimum threshold as high as 8, as low as 1 or 2. 
• Now we can give a definitive answer…

PGK, Anthony Leggett
Ranxiao Frances Wang (UIUC Psychology)

Michelle Victora, Julia Spina (GS) 



Recordings from single rods



“Heralded” Single-Photon Source
Spontaneous Parametric 
Downconversion:



700-nm fixation light

505-nm targets

30 cm

40°

10-μm diameter spots at 
20° on the nasal and 
temporal retina of the left eye
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Single-Photon Vision Experiment
Subject area
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Current Status: 
Weak LED and N-photon trials show 
SOME subjects can reliably detect    
<30 incident photons (~3 at the retina)

Temporal integration time of the eye 
longer than expected (~800 ms)

New single-photon trials underway

Can YOU see single photons?
http://research.physics.illinois.edu/QI
/Photonics/vision/



“Each photon then interferes only with itself. Interference 
between two different photons never occurs.”

-P.A.M.* Dirac

On Hanbury-Brown Twiss correlations: “…if such a 
positive correlation did exist, it would call for a major 
revision of some fundamental concepts in quantum 
mechanics.”

-Brannen and Ferguson

*Paul Adrien Maurice 





Hanbury-Brown and Twiss
“HBT Interferometry” --
Measure intensity-intensity correlations

“Michelson Stellar Interferometry” --
Measure field-field correlations



Evaporatively cooled 
metastable He 
(which one??)



Evaporatively cooled 
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