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ABSTRACT
We report on experimental investigations of a single electron, circulating in the Fermilab IOTA
storage ring, focusing on two-photon undulator emissions. We employ a Mach-Zehnder
interferometer (MZI) for the undulator radiation to determine the photon coherence length as
well as to measure its statistical properties. In this experiment, the pulse of radiation in one arm
of the interferometer is delayed by a certain optical delay. The optical delay can be adjusted
with a step as small as 10 nm. We show that when the optical delay is varied, we observe
oscillations of photon count rates in the two outputs of the interferometer. This interference
pattern contains information about the temporal shape of the undulator radiation pulse, also
known as the radiation coherence length. It may also contain information on non-classical two-
photon statistics. In this paper, we present and discuss our measurements of this coherence
length and statistical properties in both multi-electron and single-electron regimes..
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APPARATUS

MANY ELECTRONS

Previous experiments [1] have demonstrated that a single electron in a storage ring behaves

like a classical object, although its synchrotron radiation is quantized. Recently, an experiment,

which employed an MZI with many electrons in a ring, has obtained an autocorrelation trace for a

tandem undulator and confirming the classical behavior of spontaneous undulator radiation [2]. In

our experiment we also employed MZ interferometry of the undulator radiation in IOTA. In these

experiments, a pulse of radiation in one arm of the interferometer is delayed by a certain optical

delay, before passing through the second beam splitter and on to the detectors. The optical delay

can be adjusted with a step as small as 10 nm. It can be shown that when the optical delay is

adjusted, we will observe oscillations of intensity in the two outputs of the interferometer. This

interference pattern contains information about the temporal shape of the undulator radiation

pulse, also known as the radiation coherence length.
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150 MeV electrons, 133 ns revolution period

IOTA Ring @ Fermilab

Number of periods: 𝑁u = 10.5
Undulator period length: 𝜆u = 55 mm
Undulator parameter (peak): 𝐾u ~ 1

Detector: Single Photon Avalanche Diode (SPAD)

Excelitas SPCM-AQRH-10

Digital Camera (LED test example)

Intensity of the camera 

image across its central 

horizontal line. The angle 

between light fronts coming 

out of two MZI arms is 2.3 

mrad. Red circles – data, 

blue line – cosine fit of 

individual fringes.

For laser diode, the coherence length 
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Uncollimated undulator light at the digital camera for different MZI angles. False colors. 

SINGLE ELECTRON

SPAD signals are recording continuously. The coincidence rate is within 20 ns window
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Scan is symmetrical. Low visibility.

-- λ=538 nm

-- Coherence length from a 

global fit 2.8λ.

Visibility curve from fitting individual 

fringes and its Gaussian fit.  

DISCUSSION: Fock State vs Coherent State

SUMMARY

So far, we have not observed any deviation from the classical behavior for undulator photon

pairs and a single electron in a storage ring. Future work should allow for setting a limit on

quantum/classical nature of undulator radiation.
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