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Abstract 
The S-DALINAC is a thrice-recirculating, super-

conducting linear electron accelerator at TU Darmstadt. It 
can provide beams of electrons with energies of up to 130 
MeV and currents of up to 20 µA. The accelerator 
performance was improved by an extension of the beam 
diagnostics, as this increases the reproducibility of the 
machine settings. In addition, the installation of several 
beam profile measurement stations is planned, which 
should be operational down to a beam current of 100 nA, 
as this current is used for beam tuning. Combining these 
devices with a quadrupole scan also allows for emittance 
measurements. The beam profile measurements shall be 
done based on optical transition radiation (OTR), resulting 
from the penetration of relativistic electrons from vacuum 
into a metal target. The radiation can be detected using 
standard cameras that provide information on the two-
dimensional particle distribution. This contribution will 
address the layout of the measurement stations and a first 
test measurement will be presented. 

NEW DIAGNOSTIC STATIONS AT THE 
S-DALINAC 

The current layout of the S-DALINAC is shown in Fig. 1. 
The electron beam coming from one of the two sources can 
be accelerated in the superconducting injector to up to 
10 MeV beam energy [1]. After the injector the beam can 
be used at the DHIPS (Darmstadt High Intensity Photon 
Setup) experimental area [2] or be bent into the main linac. 
The electrons can pass the main linac up to four times due 
to the three existing recirculations [3] and are afterwards 
extracted to the experimental hall with a maximum energy 
of 130 MeV. 

 

Figure 1: Layout of the S-DALINAC with three 
recirculation beam lines. The red boxes denote the 
positions of the planned diagnostic stations. 

In order to enable an emittance measurement after each 
acceleration, there are several diagnostic stations necessary. 
One is located behind the superconducting injector and 
further diagnostic stations are planned in the straight 
sections of each recirculation beam line. The positions 
were chosen such that quadrupoles are available for an 
emittance measurement based on a quadrupole scan. In 
addition, the diagnostic stations consist of an OTR target 
and CMOS cameras (FLIR BFLY-PGE-31S4M-C) which 
detect the radiation. This type of camera was chosen for 
various reasons as a high resolution and framerate. Of 
special importance is the possibility to adjust many camera 
parameters, e.g. the exposure time and gain, remotely, 
which results in a high flexibility. As these cameras have 
to be protected from radiation damage, the target is 
supposed to be observed via a mirror in order to allow for 
better shielding. 

OPTICAL TRANSITION RADIATION 
Transition radiation is emitted when a relativistic 

charged particle crosses the boundary between two media 
with different permittivity, as the electric field has to 
rearrange at the boundary. This radiation was predicted in 
1947 by Ginzburg and Frank [4], and after pioneering work 
by Wartski [5] it has been established as a tool for electron 
beam diagnostics. The emission of OTR is directed in two 
cones with opening angle of 1/γ, as depicted in Fig. 2, 
where the metal target is inclined with 45° with respect to 
the electron beam. The radiated power for an electron with 
Lorentz factor γ >> 1 can be described by [6] 

            

 

Figure 2: The directional dependence of the intensity of 
OTR light that is emitted by a metal foil with 45° angle to 
the electron beam [7]. 

 ___________________________________________  

* Work supported by DFG through GRK 2128. 
†  jpforr@ikp.tu-darmstadt.de 

7th Int. Beam Instrumentation Conf. IBIC2018, Shanghai, China JACoW Publishing
ISBN: 978-3-95450-201-1 doi:10.18429/JACoW-IBIC2018-WEPC04

WEPC04
494

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

18
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

6. Transverse profiles and emittance monitors



where W1 = d²W/dωdΩ is the spectral distribution of the 
energy and β = v/c the particle velocity. Additionally, for 
further considerations concerning the most suited target 
materials, it shall be noted that the total intensity of the 
radiation is proportional to both γ and the plasma frequency, 
which is the natural frequency of electron oscillation in a 
metal, of the target material [8]. 

TARGET DESIGN 
For the target design, different aspects have to be taken 

into account. As the OTR intensity is proportional to the 
target plasma frequency, this is an important parameter for 
the choice of the target material. The plasma frequencies of 
some metals are summarized in Table 1. 

Table 1: Plasma Frequencies of Common Materials [9]. 

Material Plasma Frequency [eV] 

Aluminium 15 

Nickel 9.45 

Gold 5.8 

Silver 3.735 
 

Due to the high plasma frequency of aluminium, this 
material is favoured for the OTR targets. Another issue, 
however, is the target flatness. Due to the directed nature 
of OTR, any surface modulation will also translate into an 
intensity modulation in the image. Therefore, not only pure 
aluminium targets are considered, but also targets which 
consist of a µm-thin aluminium layer deposited on a kapton 
(polyimide) foil. As the kapton can be stretched, a flat 
surface is easier to achieve. In order to realise the stretching 
of the target foil, a target holder was designed that keeps 
the target under tension. The resulting diameter of the 
target foil is 25 mm, the thickness is mainly determined by 
thermal properties. The temperature change of the target 
foil is described semi-empirically by [10] 

 

where dE/dx denotes the stopping power, N(t) the  
(possibly time-dependent) particle flux, k the thermal 
conductivity, ε the emissivity and δ the target thickness. It 
shall be noted that in this equation the assumption of a 
spatial gaussian distribution of the beam was made. The 
obvious consequence for the target design is that thin 
targets are advantageous for thermal aspects. For further 
considerations, the properties of aluminium and kapton are 
summarized in Tab. 2. From these quantities we can 
conclude that aluminium can conduct heat better, but emits 
less energy than kapton by thermal radiation. In order to 
investigate the relevance of these effects, a simulation of 
the thermal behaviour of the target was conducted. 

Table 2: Thermal Properties of Aluminium and Kapton 

 Aluminium Kapton 

Density [g/cm³] 2.7 1.4 
Thermal conductivity 
[W/(Km)] 

250 0.2 

Emissivity 0.04 0.24 

THERMAL SIMULATIONS 
This simulation of the thermal target properties is 

supposed to give a rough estimate of the heating of both, 
an aluminium and a kapton target. It was conducted with 
CST MPhysics Studio [11]. At first, the total deposited 
power had to be estimated for an expected target thickness 
of 10 µm. Considering the stopping power only the energy 
deposition by collisions is relevant [12], which has only a 
slight energy-dependence, so typical values of the stopping 
power were used. The resulting power for the maximum 
beam current of 20 µA results to 0.06 W for kapton and 
0.10 W for aluminium. While these values seem small, a 
uniformly distributed beam spot with a radius of 0.5 mm 
results in a heated volume of only 8e-3 mm³, so a 
significant heating has to be expected. In the model, the 
target foil was surrounded by an aluminium target holder, 
which is similar to a heat reservoir due to the thickness of 
4 mm. The outer boundaries of this target holder were 
isothermal. The results for a pure aluminium target and a 
kapton target are 

 

Figure 3: The temperature distribution of an aluminium 
target for 20 µA. Simulated with CST [11]. 

 
Figure 4: The temperature distribution of a kapton target 
for 20 µA. Simulated with CST [11]. 
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Figure 5: The maximum temperature of a kapton target 
for various beam currents. The red line denotes 400°C, 
which we consider the maximum reasonable temperature. 
This is no strict limit, however, thermal aging takes place 
and destroying the target must be avoided. Simulated with 
CST [11]. 

shown in Fig. 3 and Fig. 4 respectively. It is noticeable 
that the heat is distributed over a large volume in 
aluminium due to the high thermal conductivity, while 
there is only a small heated spot on the kapton target. 
Consequently, the aluminium target is hardly warmed up, 
while the kapton target reaches a temperature of 1300 K, 
which would destroy the kapton. For that reason, for the 
kapton target a beam current limit has to be found. 
Therefore, the dependency of the maximum temperature 
from the beam current was investigated. The results are 
summarized in Fig. 5. The calculations show that only 
beam currents of a few µA are possible without destroying 
the kapton target. For smaller beamspots this limit would 
be reduced even further, so a safety margin is necessary as 
long as the actual beam spot size is unknown. However, the 
demonstration measurements described in the next section 
show that a beam size measurement can be conducted at 
low beam current and energy with sufficient image 
brightness. 

DEMONSTRATION MEASUREMENT 
To demonstrate the applicability of this technique, in 

Dec. ‘17 a first emittance measurement with an OTR target 
was conducted [13]. The target is located behind the 
superconducting injector, where the beam energy was  
5.2 MeV in this beamtime. We used beam currents of 
~100 nA, as the target image was sufficiently bright, but 
not saturated. Fig. 6 shows one example image. Despite the 
fact that the beamspot does not have a 2D-gaussian shape, 
the horizontal and vertical projections allowed an easy 
evaluation. After a background substraction and a 
calibration of the image size, the beam size could be 
determined by a gaussian fit. This allowed to determine the 
emittances, which are on the order of 0.1 mm mrad with 
typical uncertainties of less than 10 % [13].  

 

Figure 6: Section of an OTR target image example. 

 

CONCLUSION AND OUTLOOK 
The design considerations of OTR targets for an 

emittance measurement setup at the S-DALINAC show 
different options. One option would be to construct targets 
based on a Kapton foil with a small layer of aluminium 
added. In this case, the targets can not stand the full beam 
current of 20 µA but can be used for low current operation 
(e.g. during beam tuning). On the other hand, pure 
aluminium targets can withstand the maximum beam 
current, however, their flatness is problematic. Therefore, 
the production of kapton-based targets has started. Apart 
from that, the design of the optics setup and shielding for 
the camera is ongoing work. Currently, it is planned to 
conduct an emittance measurement later this year. 
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