
OPPORTUNITIES

▸ Measurement of electron beam emittance and energy spread


▸ Test of electron beam instrumentation


▸ Wall current monitor


▸ Wire scanners


▸ THz structures


▸ Injector for FLASH therapy tests


▸ (Time-resolved) electron diffraction


▸ Test detectors for electron microscopy


▸ Single event upset tests, advanced temporal diagnostics, plasma acceleration, …


▸ Training of students
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MEASUREMENT OF EMITTANCE AND ENERGY SPREAD

▸ Requires time-resolved imaging 
of the beam


▸ To be looked into: energy spread 
induced by the RF deflector
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WALL CURRENT MONITOR

▸ Fast monitor for measuring 
bunch charge


▸ Expected to replace the 
Turbo-ICTs in SwissFEL
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Fig. 1. Left: Schematic view of a wall current monitor on a plane parallel to the beam axis. The gap is filled with a ceramic ring (hatched green) to protect the vacuum of the
beam pipe. To make the gap voltage independent of the beam position, several identical resistors are symmetrically mounted in parallel around the beam pipe, yielding a total gap
resistance Rgap (schematic drawing adapted from [4]). Right: Equivalent circuit model for the WCM. The gap capacity C, gap resistors and the shield inductance L are modelled
as a parallel RLC circuit. To reach the monitoring resistors, the induced current has to flow radially outward through the ceramic gap, which is modelled as a parallel-plate
transmission line with characteristic impedance ZC .

the ferrite, as schematically depicted in Fig. 1. The beam-induced vari-
ation of the flux of the magnetic field through the ferrite core induces
a current flowing through the inner surface of the metallic enclosure.
The metallic shield plays a double role: it confines the electromagnetic
fields of the beam to the WCM volume and operates as a Faraday cage
against possible spurious RF signals due to the machine environment.
Thanks to a non-conducting ceramic gap in the beam pipe, which is
bridged by a symmetric crown of resistors in parallel, the beam-induced
current in the transformer circuit can be determined by measuring the
voltage over the gap resistors [4]. In this way, the time integral of the
beam current, i.e. the bunch charge, can be related to the time integral
of the WCM output voltage.

In the following, we characterize the WCM output signal by using an
equivalent circuit model and present a method to determine the bunch
charge from the observed WCM output signal.

Starting in frequency domain, the WCM output voltage is related to
the beam current via the transfer impedance Zt(!) of the monitor [10],

Vout(!) = Zt(!)Ibeam(!). (1)

To model the transfer impedance of a WCM, we used the simple
equivalent circuit model depicted in Fig. 1 on the right. In parallel
with the gap resistance Rgap, there is a capacity C due to the gap
filled with ceramic and an inductance L representing the inductive
shield filled with ferrite. Induced beam currents from the inside of the
beam tube have to flow radially outward through the gap in order to
reach the monitoring gap resistors. Following the description in [4], we
model the gap, consisting of a ceramic part with two conducting plates
on each side, as a parallel plate transmission line with characteristic
impedance [11]
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where d is the separation of the plates (gap width), rceramic the radius
of the ceramic ring and ✏r the relative permittivity of the ceramic. The
gap resistance forms a load

ZL = Rgap (3)

which terminates this transmission line. The input impedance of the
transmission line terminated by the load ZL can then be written as [12]

Zin(!) = Zgap
C
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where � = !
˘
✏r_c is the wavenumber in the ceramic and l is the length

of the transmission line, i.e. the radial gap width. In the case where the
characteristic impedance of the transmission line is matched to the load
impedance, i.e. Rgap = Zgap

C , the input impedance of the line is constant,
which is a desirable property for the measurement of the beam current.
In the case of a mismatched line, signal reflections yield a frequency
dependent input impedance. Finally, the transfer impedance is given
by the parallel of the gap capacity C, the shield inductance L and the
input impedance of the transmission line

Zt(!) =
1

1_Zin(!) + i!C + 1_i!L . (5)

In Fig. 2 we plot the transfer impedance model for a gap resistance
Rgap = 3 ⌦ in the low frequency limit (left) and for high frequencies
(right), both for a matched and a mismatched transmission line. At
low frequencies, both models show a constant transfer impedance
equal to the gap resistance, i.e. Zt(!) ˘ const ˘ Rgap. Near DC the
transfer impedance drops to zero and the measurement of frequency
components below the lower cutoff frequency of the transformer

flow =
Rgap

2⇡L , (6)

is not possible. Especially, the low frequency inductive cutoff of the
WCM frequency response does not allow a measurement of the DC
component of the beam current. The high frequency response of the
matched WCM is determined by the gap capacity, whereas in the
mismatched case the frequency response is dominated by a broad peak
due to signal reflections.

To model the expected WCM output signal in time domain, we
multiplied the spectrum of a gaussian electron bunch with RMS bunch
length ⌧ = 3 ps and charge 200 pC with the transfer impedance model.
In Fig. 3 on the left the electron beam current is plotted, and on the
right the resulting WCM output waveforms in time domain. In the
matched case we observe the typical response of a RLC parallel circuit,
whereas in the mismatched case the beam signal is distorted due to
signal reflections occurring at the impedance mismatch between gap
and resistors.

The bunch charge has to be determined from the induced current
flowing through the gap resistors. We look first at the ideal case where
the transfer impedance Zt(!) = Zt is constant up to arbitrary high
frequency and has an arbitrarily small inductive cutoff. Transforming
Eq. (1) to time domain and integrating over all times, the constant Zt is
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WIRE SCANNERS

▸ Micrometer wire scanners: measurements performed in SwissFEL


▸ PostDoc will join PSI in September
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Cylindrical shape 
5 µm W 

5 µm W wire
2 µm Au stripe

1 µm Au stripe

Wire Resolution (µm)

5 µm W 1.25

2 µm Au 0.58

1 µm Au 0.29



THz STRUCTURES

▸ Measurements performed in SwissFEL


▸ PostDoc will join PSI in August
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INJECTOR FOR FLASH THERAPY

▸ Observed when using X-rays in 1982


▸ Re-discovered for clinical applications in 
2014


▸ Tests with protons have been performed 
at ProScan 


▸ Possible tests in  
WLHA: FLASH  
with high-energy  
electrons
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ELECTRON DIFFRACTION

▸ Cross section for electrons is orders of magnitude 
larger than for X-rays


▸ Need very thin samples


▸ Minimum cross section around a few MeV
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TEST OF ELECTRON DETECTORS

▸ Tests of electron detectors performed in Daresbury Laboratory


▸ Such tests could also be performed at the WLHA test stand
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Figure 1: Simulations and measurements match overall, with only a slight over representation of
two pixel clusters in the simulated data. The mean deposited charge per 4 MeV electron is 120 keV
with the most probable value at 84 keV. (Error bars too small to be visible)

Figure 2: Simulated energy deposition and cluster size (4 MeV beam) as a function of sensor
thickness. At 200 and 100 `< the mean energy deposition per primary e- is 70 and 33 keV
respectively.

of dynamic range to 1700 and 3600 primary e- (at 4MeV). With the thinner sensor we also see a85

reduction in cluster size, as expected, due to less scattering and lower di�usion. At 100 `< the86

average cluster size is just 1.2 pixels, indicating a very good spatial resolution. The simulated and87

measured mean energy depositions and cluster sizes are summarized in table 1.88

3.2 Slanted Edge MTF measurements89

Cluster size gives an indication of the spatial resolution but to quantify it we measured the Modular90

Transfer Function (MTF) using a slanted edge (5.3). At 4 MeV the resolution is degraded by91
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Deposited energy for 4 MeV electrons


