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Particle-beam diagnostic techniques based on Optical
Transition Radiation (OTR) have been demonstrated at a
number of facilities with relativistic electron and proton
beams [1]. Optical transition radiation is generated when
an ion of charge q and velocityβ crosses the interface be-
tween two media with different dielectric constants. This
radiation is emitted over the visible spectrum and standard
optical imaging techniques can be used to acquire the OTR
signal and then reconstruct beam size and position. Since
OTR is a surface phenomenon, thin foils can be used as the
converter to reduce beam scattering and minimize heat de-
position. The OTR method can be used to measure beam
properties as transverse profiles and 2-D shape, transverse
position, divergence, emittance and intensity.

The OTR signal of a non-relativistic ion beam has been
shown for the first time in 2011 with a pilot OTR exper-
iment at the UNILAC [2]. During the 2014 beam time,
usability of the OTR method to obtain profiles of high en-
ergetic ion beams was successfully demonstrated and first
images were taken. Measurements were performed with
600 MeV/u Uranium beams from SIS18 of intensities up to
around 2×108 particles per pulse (ppp) and 300 ms pulse
length on a stainless steel target. In order to detect the
low number of photons a standard CCD Camera (Prosilica
GC650) with additional image intensifier (Lambert Instru-
ments I187) was used.

Figure 1: False colour OTR images of beam cross-section
during irradiation with 1.5×108 U92+ ions. The beam en-
ergy was 600 MeV/u (pulse length 300 ms).

Various experiments have been performed to estimate
the signal strength, to determine the imaging qualities and
to evaluate the working regime of the OTR technique. Fig-
ure 1 shows a false colour OTR image from 1.5×108 U92+

ions impinging on the target.
For beam imaging OTR has the advantage that it is ex-

pected to show perfect linearity to the number of incident
particles without the risk of saturation. In Figure 2 the inte-
gral OTR signal is displayed for different particle numbers
per pulse. The beam current was measured with a Sec-
ondary Electron Monitor (SEM). In our studies the OTR
signal shows a linear behaviour with respect to the incident
particle number. For U92+ ions reasonable beam distribu-

Figure 2: The OTR signal strength as a function of the par-
ticle number for the U92+ beam.

tions were acquired down to 2×107 ppp.
To determine the imaging qualities of the OTR method,

additional profile measurements with a MWPC have been
made. The beam profiles obtained with MWPC and OTR
are in good agreement. OTR has an advantage of directly
obtaining two dimensional beam shape.

The usage of OTR monitoring as a minimally intercept-
ing method can be considered as an alternative to scintilla-
tors or BIF monitors.
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