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Cherenkov Diffraction Radiation (ChDR) Theory

@ Combination of Cherenkov radiation and diffraction radiation

@ Instead of requiring an ultra-relativistic particle to travel through a
dielectric medium, it instead only needs to be within close proximity

@ Optimally for this experiment YA < 3mm to examine optical
wavelengths or the "incoherent” regime

Diffraction radiation (DR)

appears when a charged
~ Y7& particle moves in the
vicinity of a medium

BDR

2 - observation wavelength

Impact parameter, h, — the

shortest distance between the h<YA |- Eme-Lorentz- factor
v>e target and the particle trajectory
(a) Cherenkov Radiation (1) (b) Diffraction Radiation (2)
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Diamond Light Source

@ It's a 3 GeV synchrotron light source

@ ChDR experiment is positioned along the booster to storage transfer
line with an inductive beam position monitor and optical transition
radiation monitors

@ New ChDR experiment is connected to a vertical actuator which
allows for the assembly to be lowered into the beam path for testing
and then retracted as to not impact standard DLS operations
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Figure: Diagram of BTS test stand (3)
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Why Incoherent ChDR?

@ Very fast response, limited by signal to measurement transit rather
than phenomenon

@ Very well defined emission angle

@ Doesn’t interact magnetically, would potentially allow for insertion
into a dipole

@ Optical wavelengths allow for relatively easy coupling of light to an
external detector

@ Regime isn't currently well understood
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3D Rendering Of Pick-Up Design

@ Fibre collimators used to collect light generated through ChDR effect

and couple it to optical fibres

@ Other than the prisms, and the collimator lens, the entire pick-up is

made from stainless steel to ensure UHV compatibility

Spacers Main Connecting Structure
Adjustable

Connection,

C-clamp rism Collimator

Figure: Autodesk rendering of pick-up design. Colours used to make
differentiating components easier, not indicative of material.
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Prism Design
@ Front face angled at Cherenkov angle for 500nm
o Target is very large to accommodate the fibre collimator chosen for
light coupling, as well as the previous experiment at DLS determining
that the vertical size of the target should be very large when
compared to the electron beam
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Figure: 2D diagram of ChDR target with indication of electron beam and ChDR
emission, dimensions in mm.
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Pick-up Design
@ Two identical prisms positioned either side of the electron beam both
simultaneously generating ChDR
@ Minimum separation of 1.1mm, with the ability to be increased to

6.1lmm
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Figure: Predicted decay graph for a two prism pick-up at minimum separation
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Real Image

Figure: Image of pick-up before installation onto the DLS BTS transfer line.
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Current Status

@ Currently in the process of fully characterising the one-target system,
to ensure everything about the system is understood and properly
measured before simultaneous beam position measurements take place

@ Have already seen experimental evidence that shows this setup
provides a marked improvement over this previous iteration

@ With the previous setup signal could not be seen at 3mm, and the
decay was far faster than exponential
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Experimental Data

@ Even with a very low charge signal is able to be detected close to yA
@ Other tests have confirmed that a signal can be detected past yA
with a higher charge
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Figure: Impact parameter scan from 0.5 — 4mm, with a charge of 0.001nC
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Current Plan

@ Finish the characterisation of the one target system

@ Include a bandpass filter to he system to examine a much smaller
spectral range centered at 500nm

@ Perform beam position measurements with the second target included

@ Use of machine learning to repair saturated signals, such that
attenuaters can be avoided
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