Coherent Diffraction Radiation as a tool for longitudinal
beam profile diagnostics at CTF3

K. Lekomtsev (K.V.Lekomtsev@rhul.ac.uk), G.A. Blair, G. Boorman, P. Karataev, M. Micheler, John
Adams Institute at Royal Holloway, Univeristy of London, Egham, United Kingdom
R. Corsini, T. Letevre, Organization for Nuclear Research (CERN), Geneva, Switzerland

A setup for the investigation of Coherent Diffraction Radia-
tion (CDR) from targets with various configurations as a tool
for non-invasive longitudinal electron beam profile diagnos-
tics has been designed and installed in the CRM line of the
CLIC Test Facility 3(CTF3 at CERN). In this report we present
the status of the experiment. Recently we have upgraded the
system by installing the second target. In this report we shall
also demonstrate the results on simulations of CDR spatial
distribution from a two targets configuration.

Diffraction radiation (DR) arises when a charged beam passes
by in the vicinity of a target, effect of the beam interaction with
the target material is minimal and a smaller perturbation to
the beam is produced compared with other diagnostics, such
as transition radiation (TR) [1].

Figure 1: DR production mechanism.

DR was suggested as a mechanism for the coherent radiation
generation (radiation wavelength is comparable to or longer
then a bunch length) due to its non-invasive nature. It is
utilized in this experiment.

e DR appears when a charged particle moves in the
vicinity of a target with impact parameter h < % (v is
the particle Lorentz factor, A is an observation wave-
length)

e DR is emitted in backward and forward direction.

e Used for transverse [2] and longitudinal [3] beam pa-
rameters monitoring.

A novel scheme for a drive beam generation has been pro-
posed, in which a long bunch train with a low bunch repeti-
tion frequency is accelerated with a low RF frequency [4]. The
main goals of the CTF3 are to test this new RF power genera-
tion scheme and to produce 12 GHz RF power at the nominal
peak power and pulse length, such that all 12 GHz compo-
nents for the Compact Linear ColLider (CLIC) can be tested at
nominal parameters. The monitoring of a longitudinal bunch
profile will be very important for the CLIC:

e During CDR running the electron beam had a train
length of 150ns to 300ns, a bunch sequence fre-
quency of 3 GHz, and a nominal current of 3.5A.
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Figure 2: CIIC Test Facility (CTF3) with CRM line
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Figure 3: CRM line at CTF3

Two UHV six-way crosses contain aluminum coated
silicon targets (60mm x 40mm) to one side of the
beam.

Downstream target is attached to an UHV 4D manip-
ulator, which is mounted on top of the downstream
cross and provides precise remote control of rotational
and vertical translation axes.

Upstream target is attached to an UHV 1D manipula-
tor, which provides translation in the vertical plane.

The radiation originating from the targets is translated
vertically by a periscope towards an interferometric
system [6].

Schematic layout of the targets configuration is shown in
Fig.4.
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Figure 4: Schematic layout of two targets configuration.

For calculations we shall use a classical theory of Diffrac-
tion Radiation (DR), based on Huygens principle of plane wave
diffraction. A particle field is introduced as a superposition of
its pseudo-photons and when they are scattered off a target
surface they are converted into real ones and propagate ei-
ther in the direction of specular retlection (BDR) or along the
particle trajectory (FDR).

Two polarization components of DR from a target at the dis-
tancer [1, D]:
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E’(x.,,y,) is an amplitude of an elementary radiation source
positioned at (z.,, ¥y, ), ¢ defines a phase advance of photons
emitted by each elementary radiation source, r is the distance
from a source of radiation at the target to an observation
point.

In order to calculate the CDR spatial distribution from two
targets the following formula is used:
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where k is a wave number, a is the distance between the sec-
ond target and the observation plane, d is the distance be-
tween the targets, 8 is an electric charge speed in terms of
speed of light, F; is FDR from the first target, diffracted at
the second one and Es is BDR from the second target.
Calculated CDR distributions for the following parameters:
the targets dimensions 60 mm X 40 mm, the electron beam
energy v = 235, the impact parameters hitarg = hotarg =
10mm in case when all targets are in and hitgry =
30mm, hatqrg = 10mm when the first target is out , the wave-
length is A = 5mm, the observation plain is at a = 2m, the
distance between the targets d = 0.25m.
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Figure 5: DR for different targets configurations.
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Figure 6: CDR distribution when the first target is out and the impact
parameters are hitqrg = 30mm, hatqrg = 10mm.

Royal Holloway

University of London C\ERN

IDITANET -

CDR distribution (horizontal polarization)
first target is in

S a2 A A a0 BMANO
Rotation, mm

oo hMNO

junuaanm

16 18 20 22 24 26 28
Translation, mm

Figure 7: CDR distribution when both targets are in with the impact
parameters hitqrg = h2targ = 10mm.

2D scans for SBD detector DXP15 (50-75 GHz) over the sec-
ond target orientation and translation of horizontal CDR po-
larization component.

In Fig. 6 and 7 distributions agree fairly well with the cal-
culated CDR distributions, however distortions are observed
which might be caused by backgrounds from the CRM line
beam dump and also beam losses

Inequality of peaks intensities is still to be understood.

In Fig. 7 strong background suppression proves effective-
ess of the two targets configuration.

To reconstruct the longitudinal electron beam profile at CTF3,
the coherent diffraction radiation spectrum has to be mea-
sured. It contains information about the longitudinal electron
distribution:

S(w)=[Ne+ Ne (Ne — 1) F (w)] Se (w) (3)

S(w) is the signal from the detector, N. is the number of
electrons in the bunch, S, (w) is the single electron radiation
spectrum, and F'(w) is the longitudinal form factor, which has
to be obtained experimentally.

A Michelson interferometer is installed to measure S(w). In
the interferometer a new broadband pyroelectric detector with
broad wavelength response from x-ray to far infrared spec-
trum with a specially coated 1mm-diameter sensitive element
was utilized.

Figure 8: Upgraded interferometric system.
Se(w) can be calculated by integrating calculated radiation
distributions (simulation section) at the observation plane
over the detector aperture.

Along the OTR optical line a beam splitter S2 and fast photo
diode are installed to measure incoherent OTR which is pro-
portional to Ne.

In order to calculate the longitudinal particle distribution
in the bunch from experimentally obtained form factor a
amers-Kronig relation is utilized [7].

2D radiation distributions measurements have been
performed for CDR and CSR.

The upstream target is effectively blocking back-
grounds coming from the upstream.

Interferometric measurements haven’t been finalized
due to insufficient sensitivity of the pyroelectric detec-
tor and tough background conditions.

New more sensitive pyroelectric detector will be in-
stalled in the near future.
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