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Motivation Experimental Methods

-What are the properties of radiation from single electrons? The CLARA experiment in IOTA Run 4 (2022 —2023) studied the
coherence length and statistical properties of undulator radiation
with a Mach-Zehnder mterferometer (MZI).
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-Can we directly observe the classical or guantum nature of
undulator radiation?

~J
w
o

- Are there new ways to generate quantum states of light?
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- Are there novel applications of the techniques of quantum optics
in accelerator physics and beam diagnostics?

)]
w
o

Single Electrons in the IOTA Storage Ring .

The Fermilab Integrable Optics Test Accelerator (IOTA) is a 40-m- Foousing Lens
circumference storage ring dedicated to beam physics research in LB
nonlinear dynamics, cooling, instabilities and other topics. It can -
store 150- |V|9V electrons or 2.5-MeV Protons One interferometer arm was fixed. The length of the other arm was
o — E———— a1 precisely controlled in 20-nm steps. Light was detected by digital
cameras and by single-photon avalanche diodes (SPADSs).

Radiation wavelength, A\; [nm]
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Undulator parameter, K,

MZ| breadboard

BS1, 2 — Beam splitters

C — Webcam

DC — Digital camera

FA2 — Arm-2 flipping screen
FM — Flipping mirror

FS — Flipping screen

IM1, 2 — Arm-1 mirrors

IM3 — Arm-2 right-angle mirror
IM4 — Arm-2 hollow-roof mirror
Iris — Laser collimator

LD — Laser diode

LSO — Entrance lens

LS1, 2 — Detector lenses
SPAD1, 2 — Photodetectors
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Single electrons can be stored by detuning injection or by lowering
the rf voltage. Beam intensity and dynamics are recorded by
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Measured the individual and coincidence photocount rates and
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; from single electrons at the femtosecond scale.
The radiation state can be identified by observing the Preliminary results consistent with radiation in a coherent state.
statistics of photocounts and coincidences.
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