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Design of the experiment with a single electron
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Single Photon Avalanche Diode (SPAD) detector

(two in hand)
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Active area (diameter) 180 μm

Detector efficiency at 650 nm 65%

Dark count ∼100 Hz

Dead time 22 ns

Pulse height 2 V

Pulse length 10 ns

Transit time spread (TTS) 0.35 ns

*IOTA period is 133 ns

*with gating <10 Hz

Excelitas SPCM-AQRH-10

Each detection event creates a pulse 
of the same height and width:



Two SPAD detectors (June 2021) at 100 MeV
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• So far, no deviations from our expectations
Detector #1: ~30 kHz

Detector #2: ~15 kHz

Detector #1 & Detector #2: ~70 Hz

Collected data (up to 5-minutes-long):
000001000001100000000002000100000001120000000…

Better timing resolution (0.25 ns)
Lower dark counts (≈50 Hz)

#1

#2



Beamsplitter specifications
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Detector #1: ~30 kHz
Detector #2: ~15 kHz
Detector #1 & Detector #2: ~70 Hz



• The fundamental shifted from 1160 nm to 480 nm

• One SPAD configuration: 27 kHz

• Two-SPAD configuration:

Detector #1: 8.9 kHz

Detector #2: 4.6 kHz

• We prefer to operate at the fundamental of undulator 

radiation in order to have non-zero intensity at zero-angle

150-MeV beam tests
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• Interference of the photons in emitted photon pairs with two detectors

• IOTA Run 4 proposal

• Mach–Zehnder interferometer:

– Output 1: 𝑬 𝒕 − 𝑬(𝒕 + 𝜹𝒕)

– Output 2: 𝑬 𝒕 + 𝑬 𝒕 + 𝜹𝒕

Mach-Zehnder interferometry of undulator radiation
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Measurement of the light pulse shape in time domain

*light pulse length ≈ 30 fs



Mach-Zehnder interferometry with a single electron
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Very precise 

adjustable 

optical delay

Moved by picomotors: 10 nm step
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Hong-Ou-Mandel effect
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