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Abstract

This paper presents the design on the Cornell Electron
Storage Ring (CESR) of an experimental set-up to meas-
ure incoherent Diffraction Cherenkov Radiation (DChR)
produced in a 2 cm long SiO, radiator by a 2.1 GeV elec-
tron beam. The electron beam is circulating at a distance
of few mm from the edge of the radiator and the DChR
photon output power is expected to be significantly higher
than the diffraction radiation power emitted from a metal-
lic slit of similar aperture. The radiator design and the
detection set-up are presented in detail together with sim-
ulations describing the expected properties of the emitted
DChR in terms of light intensity and spectral bandwidth.
Finally, potential applications of DChR are discussed.

INTRODUCTION

Diffraction Radiation (DR) [1] is produced as charged
particles pass in the close vicinity of a dielectric or metal-
lic medium. DR from slits and holes has been investigated
over the last 15 years for as non-interceptive beam diag-
nostics for beam size [2,3,4] and position [5] monitors.
An experimental set-up has been installed since 2010 on
the Cornell storage ring [6] to test such radiation process-
es using 2.1 GeV electrons. With a 1 mm aperture slit,
the radiated power emitted in the visible range becomes
high enough for beam diagnostic purposes [7] but the
beam lifetime in the ring is strongly affected by this aper-
ture restriction, making operational use of such a tech-
nique impractical.

For a high energy beam, the DR photon flux emitted by
a dielectric sitting at a distance 4 from the particle, also
known as impact parameter, becomes significant for a
wavelength A = 2mwh/y, with y the beam relativistic fac-
tor. Working with target apertures of several mm would
shift the photon spectrum towards the Near Infrared
(NIR) but would also reduce the photon flux as it scales
with In(1/A) [1]. At such an impact parameter, and corre-
sponding NIR wavelength, instead of DR from slits, Dif-
fraction Cherenkov Radiation (DChR) from longer dielec-
tric material can be used. For DChR the flux of photons is
directly proportional to the length of the radiator. In this
paper, we present the design of an experimental set-up
using a 2 cm long fused silica radiator emitting DChR
photons in the NIR. The target design and the detection
set-up are presented in detail with calculations describing
the expected properties of the emitted radiation in terms
of light intensity and spectral bandwidth. Finally, poten-
tial applications of DChR are discussed.
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GENERAL PROPERTIES OF DIFFRAC-
TION CHERENKOYV RADIATION

According to Tamm’s theory [8], the number of Che-
renkov photons per unit wavelength (dA) and per unit
solid angle (d©2) emitted by an electron from a dielectric
material, characterised by its length L and its index of
refraction n, is given by
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where « is the fine structure constant, § the ratio of the
velocity of the particle to the speed of light and 6 the
angle between the particle trajectory and the direction of
observation. The spectrum of Cherenkov light depends on
the properties of the dielectric and its transparency at
different wavelengths. It typically peaks for shorter wave-
length and then decays as 1/A.

When the particle is not passing through the dielectric
itself, but at a distance / from its surface, the atoms of the
dielectric experience a polarising field reduced by a factor
K, which depends on particle energy and the wavelength
as follows [9]

K = (2 )

The resulting number of diffraction Cherenkov photons
emitted per unit wavelength and per unit solid angle from
an electron travelling in the centre of a hollow dielectric
of radius, 4, would then be

dzNDcph _ dZ(K'Ncph)
dQda dQda

)

The intensity of Diffraction Cherenkov photons be-
comes significant for a distance h < yA/2m. The number
of photons per unit wavelength is obtained by integrating
equation (3) over all solid angles. This is shown in Fig. 1
for electrons of 2.1GeV travelling in the centre of a hol-
low SiO; (n = 1.46, L = 2 c¢cm) tube, for various tube radii.
For large radii, i.e. above 1 mm, the photon spectrum
shows exponential reduction in the UV-Visible range due
to the strong reduction of the particle field in the dielec-
tric at such wavelengths. At 200 nm, there is more than 10
orders of magnitude difference in photon production be-
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tween inner radii of 2 and 0.5 mm. For an inner radius of
0.5 mm, the photon spectrum emitted spans across the
whole of the visible and NIR range. It peaks at a wave-
length of 800 nm and then decays as In(1/A) for longer
wavelength as for standard Cherenkov radiation.
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Figure 1: Diffraction Cherenkov photon spectrum emitted
as an electron travels in a hollow SiO2 tube of differing
inner radius. The Cherenkov spectrum that would be
emitted if the electron traverses the bulk of the same radi-
ator is also plotted for comparison.

EXPERIMENTAL SET-UP

CESR Machine Layout and Parameters

Cornell Electron Storage Ring (CESR), as depicted in
Fig. 1, is nowadays mainly used as a synchrotron radia-
tion light source. The tests of diffraction Cherenkov radia-
tion use a set-up initially built and installed in 2010 for
diffraction radiation studies in the L3 straight section [7].
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Figure 2: Layout of the CESR.
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The main parameters of the ring are summarised in Ta-
ble 1. One should note that CESR also has the possibility
to run with positrons.

Table 1: Main Ring and Beam Characteristics

Ring circumference 768m
Beam Energy 2.1 GeV
Particles per bunch 1.610"
Number of bunch 1-10
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Diffraction Cherenkov Radiator

An overview of the vacuum tank is shown in Fig. 3.
Similarly to what was done for diffraction radiation stud-
ies, the DChR target is mounted onto a mechanism with
two degrees of freedom: translation to insert and retract
the target once the beam circulating in the ring and a
rotation around this axis to allow a precise steering of the
photons through the optical line for detection. A replace-
ment chamber is also mounted on an in/out mechanism to
avoid local heating when CESR is running with high
beam intensities for SR production.

Replacement |
chamber
mechanism
A . 8 U
Figure 3: View of the DChR tank. The target is inserted
from right to left.

The tank was initially equipped with only one viewport,
at an angle of 40 degrees to measure the backward emit-
ted DR photons. An additional flange was included in the
tank to look at the target in the forward direction at a
downward angle of 40 degrees. Cherenkov radiation is
emitted at an angle (cos(0) = 1/fn), which differs signifi-
cantly from the specular reflection angle of backward DR.
The shape of the DChR target was therefore designed to
use both of these flanges as observation ports. The radia-
tor is made from two distinct blocks of high purity fused
silica (Corning HPFS SiO, 7980) as depicted in Fig. 4.
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Figure 4: CESR Diffraction Cherenkov radiator.

Cherenkov radiation is emitted at an angle of 46° inside
the target. Both upper and lower radiators have a triangu-
lar shape with an angle of 30 degrees so that the Cheren-
kov photons are refracted out of the radiator at 40 degrees
towards the upper and lower viewports respectively.
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However, as the upper viewport is facing the front of the
radiator, the back face of the radiator has a metallic coat-
ing in order to reflect the Cherenkov photons backwards
in the direction of the viewport. This upper radiator is also
shaped in such a way as to make it compatible with the
detection of DChR photons produced by positrons, which
would come from the opposite direction on CESR.

Detection System in NIR

The physical aperture between the lower and upper
sides of the radiator has been chosen to range from 3 to 4
mm in such a way that the beam lifetime in the ring re-
mains unaffected as the beam travels between the radia-
tors. According to Eq. 3, the expected photon spectrum
ranges from a wavelength of 800nm to 2um.

Two detection systems have been designed to measure
at the same time the photons emitted by the upper and the
lower radiators. A cooled 640x512 pixels InGaAs camera
[10] with 14bit ADC and an integration time from 1 us to
40 ms is installed on the upper viewport. The lower view-
port is equipped with a thermally cooled and amplified
InGaAs photodiode [11], which is capable of bunch-by-
bunch and turn-by-turn measurements. Both detection
systems include a NIR lens and the possibility to incorpo-
rate band-pass filters at 1000, 1300 and 1500 nm. The
angular acceptances of the optical lines are 20 and 5 mrad
for the upper and lower radiators respectively. The typical
spectral response of the InGaAs photodiode is presented
in Fig. 5, with a quantum efficiency as high as 80 % for a
wavelength of 1.6 um.
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Figure 5: Spectral response of an InGaAs photodiode.

An estimation of the photon flux that should be detect-
ed by each of the detection lines has been made by inte-
grating Eq .3 over the angular acceptance of the detection
system and over the spectral range of the detectors. The
results are presented in Fig. 6, which shows the number of
photons per particle and per turn as a function of the im-
pact parameter, h. The top curve shows the total number
of photons emitted in both radiators over the spectral
transparency range of the radiator [200 nm to 2000 nm)].
The number of photons detected by the camera and the
photodiode would be 10° and 10* lower than that respec-
tively, a function of the angular acceptance of the optical
lines. The number of photons that would be emitted by
diffraction radiation for the same impact parameter is also
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indicated for comparison and is seen to be 10* times less
intense than for DChR over the same wavelength range.
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Figure 6: Number of photons per particle and per turn as a
function of the impact parameter #.

CONCLUSION AND PERSPECTIVES

An experimental set-up has been designed in order to
measure incoherent Diffraction Cherenkov photons pro-
duced in a high purity fused silica radiator. The system
has been installed on the Cornell Electron Storage Ring,
ready for beam tests in spring 2017 using both electrons
and positrons at 2.1 GeV.

The main goal of this experiment is to measure the pho-
tons flux and photon spectrum emitted by such a process
to validate the theory. It is expected that a significantly
larger photon flux will be produced compared to Diffrac-
tion radiation. This will open up the possibility to use this
radiation process for beam diagnostic applications such as
beam position monitoring for high-energy electron and
hadron beams.

This would also open up the possibility to generate high
photons fluxes in the NIR to THz regime using appropri-
ately transparent dielectric like diamond. Using shorter
bunches would produce coherent diffraction Cherenkov
[13] radiation, with a much higher flux of photons gener-
ated. A test at the CLEAR facility at CERN [12] is being
prepared to investigate this case.
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