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Abstract

The broad spectrum of transition radiation emitted from a
thin foil in the beamline carries in principle al the proper-
ties of the beam, producing it. The optical part of the spec-
trum (OTR) alows to extract the transverse beam infor-
mation via beamspot imaging with the use of commercia
CCD cameras. The combination of a CCD and graphical
data processing tools provides the operator the transverse
beam parametersfast and in acomfortableway. The energy
spread of the electron beam is determined with the same
system by projectingthe energy distributionon atransverse
axisin a dispersive section of the beamline. Transitionra
diation in the far infrared enables bunch length measure-
ments in the ps range with an autocorrelation technique.
The bunch length was measured to be (44 0.25)ps, thiswas
confirmed by a streak camera measurement.

1 INTRODUCTION

A charged particle moving through an inhomogenity relat-
ive to the electromagnetic properties of the matter emits
transition radiation, as predicted by I.M.Frank and V.L.-
Ginzburg[1] in 1946. In the meantime the phenomenon is
well established within el ectromagnetic theory[ 2, 3] and its
application for beam diagnostics was first demonstrated in
the pioneeringwork by L.Wartski[4]. Theavailability of in-
expensive position sensitive detectors made transition radi-
ation a preferable tool for beam diagnosticg[5]. A charged
particle crossing a single boundary emits transition radi-
ation into the backward and forward hemisphere of the
boundary. The radiation is emitted in asmall cone with an
opening angle of 1y~ 1 for relativistic particles asindicated
in Fig.3 for asinglefoil. Equation (1) where & isthefine
structure constant , v the Lorentz factor and 8 the emission
angle with respect to the beam axis, describes the intensity
distribution in the forward hemisphere for a single highly
relativistic electron passing through a materia with plasma
frequency w, into vacuum.
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The radiation in the backward hemisphere has the same
characteristics with respect to the angle of spectral reflec-
tion. A measurement of that pattern is sensitiv to the di-
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vergency of the beam an allows and energy determination.
The different properties of the electron beam can be deter-
mined in different regions of the broad emitted spectrum.
The working regimes are marked in Fig.1 where the calcu-
lated spectra for different beam energies are plotted. The
total emittedintensity isproportional to-y, tothe plasmafre-
guency of the material and of course to the beam current.
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Figure 1: Spectra of transition radiation for different elec-
tron energies. The regionsof OTR and FIR-TR are shaded.

2 OPTICAL TRANSITION RADIATION

Optical transition radiation is especially suitable for beam
diagnostics because of the possibility to use CCD cameras
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Figure 2: Horizontal and vertical profiles of the radiation
pattern.

and graphical dataprocessing. Possible observablesarethe



sizes of the beam images and the shape of theradiation pat-
tern which isvisibleif the opticsisfocused to infinity. As
an example of such an imaging Fig.2 showsthe horizonta
and vertical profiles of the radiation patternat £, = 80
MeV. The position of the peaks determine the energy and
the height of the central minimum isameasure of the beam
divergency.

Numerous OTR diagnostics stations are installed at the S-
DALINAC [6] electron accelerator to measure the trans-
verse beam parameters routinely. The setup is sketched in
Fig.3. An aluminum foil isinserted under 45° to allow the
light detection under 90° with respect to the beam direc-
tion. The target materia is 25 pm thick auminum, suc-
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Figure 3: Schematic setup of an OTR diagnostics station.

cessful tests were also performed with silicon targets and
mylar foils. Commercial CCD cameras equipped with stan-
dardf = 50 mm opticsare used for detection. Theminimum
intensity needed for these cameras is 0.05 candela. The
minimum beam current needed to obtain a reasonable im-
age showsa~v~! dependency according to the theory. We
used the system for energies ranging from 250 keV up to
120 MeV with minimum beam currents of 500 nA and 10
nA, respectively. The beam spot images are digitized by a
framegrabber installedin aPC for dataacquisitionand con-
trolling. The full two dimensiona intensity distribution of
the grabbed beamspot is finally available on an alphavax
workstation for display and processing. Severa routines
were developped using IDL [7], apractical graphical data
processing tool to extract profiles, radii, emittances and en-
ergy spread of the beam.

The OTR diagnostics system is used routinely to measure
the complete set of transverse beam parameters. Figure 4
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Figure 4: Intensity distribution of agrabbed beam spot im-
ageat Eqg = 85 MeV. Beamsize: 20 = 0.5 mm.

shows an example of atwo dimensional distributionwhich
is available amost online. From these distributions beam
profiles can be extracted and the beamsize can be determind
by afit, assuming a Gaussian shape of the profiles. To de-
termine the complete o matrix for emittance measurements
the beam radius is measured as a function of the focusing
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Figure 5: Example of an emittance measurement using the
three-gradient method at £y = 5.4 MeV.

strength of a quadrupole. The sigma parameters are found
by fitting a quadratic form to the measured beam sizes. An
example of such ameasurement is presented in Fig.5. The
normalized emittances were found to bee,,; = 0.94 # mm
mrad horizontally and e, = 2.28 = mm mrad vertically.
The measurement was performed at an energy of 5.4 MeV
with a current of 500 nA and a 3 GHz cw time structure.
The beam parameters could be found by fitting within an
accurancy of 15 %.

The energy spread of the electron beam is proportional to
itssize in adispersive section of the beamline. Taking into
account the intrinsic beamsize, measurments of the energy



distributionof the beam are a so possi blewith the described
system. With the help of afast analysis routineit is possi-
ble to display online the energy spread. Typica measured
energy distributionsare of the order of 103 at FWHM.
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Figure 6: Energy spread determination from abeam profile
measurement (background subtracted) in a dispersive sec-
tion.

3 TRANSITION RADIATION IN THE
FAR INFRARED

Bunch length measurement in the ps range is a nontrivial
task with conventional techniques. The coherence of tran-
sition radiation in a region where the wavelength is com-
parable with the bunch length allows to profit from an au-
tocorrelation techniquel8, 9]. Since we are dealing with ps
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Figure 7: Autocorrelation setup for the transition radiation
bunch length measurement.

bunch lengths at the SDALINAC, our working regime is
the far infrared. As sketched in Fig.7 the radiation is ex-
tracted through a PE-window , autocorrelated in a Michel -

son interferometer and finally focused on a pyroel ectric de-
tector. The power is measured as a function of the optical
pathlengthinoneinterferometer arm. A simpletransforma
tion to get the longitudinal charge distribution is not pos-
sible because the phase information is lost. A quite accu-
rate measurement of the bunch length and the most likely
bunch shape could be obtained by starting with an assumed
charge distribution and a comparing analysis in frequency
domain, taking into account the transfer function of the
complete apparatus. Effects like water absorption and in-
terference of beam splitter and vaccum window had to be
considered carefully. The procedure is described in detail
in [10]. The measurement was performed using an elec-
tron beam of 31.2 MeV energy, a bunch repetition rate of
10 MHz and a macropulse of 1 ms duration with a repeti-
tionrate of 33 Hz at an average current of 40 p A. The mea-
surement yielded abunch length of (4+0.25) psand amost
likely rectangular shape.

4 CONCLUSION

Transition radiation has proved to be a cost efficient and
comfortable alternative to viewscreens , wire scanners and
SEM grids. The instantaneous and linear response over a
wide range of currents and energies makes OTR preferable
to viewscreens, it producesa’true’ image of the beam. Op-
tical imaging givesthefull two dimensional intensity distri-
bution of thebeam spot and resultsthereforein combination
with fast graphical dataprocessing in avery powerful diag-
nostics tool for the accelerator operator. The bunch length
measurement in the ps range with a quite simpl e setup con-
firmes that beam diagnostics using transition radiation has
an enormous potential.
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