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Abstract:  
A magnetron is a compact cross-field device in which the wave-beam interaction takes place in the transverse direction to an 

axially applied magnetic field [1-3]. The principle parts of the magnetron are electron emission cathode, high frequency structure 

referred as anode and microwave power output structure. The characteristics of a magnetron depends on the properties of the 

anode block which usually consists of a set of resonators. Various types of anode structures have been developed and can be 

divided into two families. One family has a number of identical side cavities around a cylinder block opposite to the cathode. 

Another one has a number of alternative sized resonators like a rising-sun structure [4-5]. The former anode needs strapping 
rings to increase mode separation between the -mode and adjacent modes in practical operation.  When the operational 

frequency goes up to millimetre wave bands, the strapping rings become so tiny that causes voltage arcing on the anode. One 
possible solution is to operate in none -mode, i.e. spatial harmonic magnetrons in /2-mode [1-5]. But a spatial harmonic 

magnetron has a very low efficiency, normally <5%.  A promising alternative solution to achieve a good -mode to none -mode 

separation is to use a rising-sun anode. Two adjacent cavities with the same shapes but different dimensions comprise a pairs of 

resonant cavity. The neighbouring resonators in a rising-sun anode have slight different resonant frequency and admittance. So 
that, only the -mode matches well with both cavities while none -modes doesn’t.  However, the rising-sun anode magnetron is 

not very popular in microwave bands due to its relatively low efficiency since the power in the co-existing ‘zero-order’ mode 

cannot be easily extracted. Here, we are exploring the rising-sun magnetron for the operation in millimetre wave bands. 

A W-band rising-sun resonant system consisting of 12 pairs of annular cavities has been designed to improve mode separation. 
The radiation was extracted axially from the rising-sun cavity operated in -mode by a circular waveguide with a taper 

transaction, as shown in Figs. 1 and 2. As shown in Table 1, the simulated results show that the separation of -mode is more 

than 2GHz and the Q values of none -modes can be reduced sharply while the Q value of -mode remains large enough. Fig 3 

Denote that the separation frequency near -mode is as large as 2GHz, although the Q value of -1 mode is quite large. The 

vital competition mode is the -+1 mode. Which always easy to oscillate and has a Q value closes to the -mode. 

Furthermore, it has a degeneration mode which has an opposite phase. 

                              

Fig 1 schematic of rising-sun magnetron Fig                Fig 2  Electric field pattern in anode at 94.1GHz    

Table 1 resonant frequency and Q near the -mode 

mode Resonant frequency External Q 

𝟏𝟎𝛑 𝟏𝟐⁄  90.87GHz 1168 

𝟏𝟏𝛑 𝟏𝟐⁄  90.90GHz 1381 

𝛑 93.43GHz 381.1 

𝟏𝟑𝛑 𝟏𝟐⁄  95.38GHz 432.8 

𝟏𝟑𝛑 𝟏𝟐⁄ ’ 95.42GHz 2.747 

                

Fig 3 electromagnetic filed pattern  a). -mode  b). +1 mode  c). +1 degenerated mode 

 

b c a 



 
Fig 4 The output signal on the output port 

 
Fig 5 The frequency spectrum of voltage at resonator terminal 

 

Fig 6 the anode current 

  
Fig 6 Electrons cloud in interaction space 

 

Then, this magnetron has been simulated with a thermionic cathode of diameter great than 1.7mm by using CST 

Particle Studio. A voltage of approximate 31.9kV is applied to the anode and a DC magnetic field of 1.18Tesla is 

set across to the interaction region parallel to the anode axis in this stimulation. As shown in Figs. 4-5, the 

simulation demonstrates that the output power at 94.1GHz is higher than 195 kW, and the beam-wave interaction 

efficiency is about 81%. This surprising high efficiency is attributed to a good coupling between the TE01 mode in 

the axial output waveguide and the ‘zero-order’ mode in the rising-sun anode. 
The operating frequency in output signal is a bit of higher than that of -mode in cold-test simulation due to the 

‘pushing effect’ of electron clouds. As shown in Fig. 6, the electron cloud in interaction space confirms this -

mode operation by having 12 spokes. 
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The design of a 48GHz gyroklystron amplifier for accelerator applications 

L. Nix*, L. Zhang*, A. Cross*  

*University of Strathclyde, UK; Cockcroft Institute, UK.  

Abstract:  
The design of a gyroklystron amplifier is presented, displaying 2MW of output power with 37dB gain and 
39% efficiency. The gyroklystron is a microwave amplifier device that operates based on the cyclotron 
resonance maser mechanism, which is a relativistic phenomenon that allows the modulation of a helical 
electron beam into phase-bunches. Energy is then extracted from these bunches to be released as 
microwave output. The gyroklystron is designed with consideration of the specific application to the 
CompactLight project. [1] CompactLight is an EU funded collaboration working toward the design of an 
advanced X-ray free electron laser (XFEL). The electron beam in CompactLight is to be accelerated by 
use of 12GHz RF linacs. The main drive frequency imposes an unavoidable non-linearity on the electron 
bunching process, which must be corrected for through use of a harmonic linearising cavity. The addition 
of a cavity at a harmonic of the main drive frequency can create a regime that approximates a time-
independent field in the reference frame of the electrons. The 48GHz gyroklystron presented here is 
designed to provide the microwave input to power a 4th harmonic linearising cavity. A 36GHz (3rd harmonic) 
gyroklystron design exists, [2] displaying good performance, but the use of the 4th harmonic is desirable as 
it would lower the size and power requirement of the lineariser, benefitting the CompactLight design goal 
of lowering construction and running costs. This presentation details the current progress towards the 
design of the 48GHz gyroklystron and its accompanying electron beam source (magnetron injection gun). 
  

References 
 
[1] – Project overview and documentation available at http://www.compactlight.eu/Main/HomePage 
[2] – Wang, L. et al. “Design of a Ka-band MW-level high efficiency gyroklystron for accelerators,” IET 
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Schematic of a gyroklystron amplifer 
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Metamaterial Based RF Source 
 

S. Foulkes* and R. Seviour 
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We present our current progress towards the development of a novel RF source utilizing a low-loss, 
dispersion engineered, artificial EM material. The device is based around a complementary split ring 
resonator design that supports both forward and backward wave propagation. The frequency 
dispersive media was designed to yield specific constitutive parameters. The permittivity and 
permeability of the artificial material were determined via a Nicholson Ross Wier based parameter 
retrieval approach. The media is designed to reduce EM wave propagation to approximately 0.2 c, 
facilitating an interaction with a 20 keV electron beam. 
 

To explore the Beam – Wave interaction, a cylindrical waveguide loaded with the artificial material 
is considered, and modelled using the Finite Difference Time Domain Particle in Cell (FDTD-PIC) 
simulation software MAGIC, the Simulation setup is illustrated in Figure 1 a. Where a 20 keV 
electron beam acted upon by a 0.3 T external magnetic field propagates on axis, to excite a wave in 
the media. The simulation results demonstrate Beam-Wave energy transfer, producing a 
narrowband EM wave around 2 GHz.  Results of the frequency spectrum and the power generated 
are presented, along with Eigenmode simulation results, some of which are included in Figure 1 b. 
Finite Element Analysis (FEA) simulations also show that the artificial material is capable of 
supporting a 1 KW continuous wave propagating though the media. 
 
 

 

 
a) 

 

 
b) 

Figure 1.  a) Device Geometry and  b) FFT, Associated Eigenmodes and Power Output 
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Abstract:  
Terahertz is a promising technology with potential applications in various fields, such as safety monitoring 
for detecting hidden explosives and drugs, medical imaging [1], communications [2], electron paramagnetic 
resonance (EPR) [3], etc. Demand for high-power, compact THz sources has been growing due to these 
applications. The solid-state sources can only generate THz waves with lower power. Conventional VEDs, 
such as gyrotrons, free-electron lasers (FELs) could generate much higher power, but require very strong 
magnetic field or high-energy electron beam, making them difficult to have a compact size. Therefore, it is 
desirable to develop THz sources with high power and compactness. 

A pseudospark plasma cathode can generate a sheet electron beam with very high current, and the 
capability of self-focusing, thus exterminating the necessity of the focusing magnetic field, which makes it 
an outstanding candidate to be used in VED THz sources with high power and compactness [4]. Hence, 
we have designed backward wave oscillators (BWOs) using a staggered double grating (SDG) SWS/ folded 
waveguide (FWG) SWS with a sheet beam generated by a pseudospark cathode, as shown in Fig. 1, in 
which the SDG BWO and the FWG BWO are represented by Fig. 1(a) and Fig. 1(b), respectively. 

 
(a)                                                              (b) 

Fig. 1 BWO models: (a) SDG BWO; (b) FWG BWO 

 
    (a)                                                                        (b) 

Fig. 2 Output power of the BWOs: (a) SDG BWO; (b) FWG BWO 

PIC simulation is performed for the BWOs with SDG/FWG, respectively, with beam current density ranging 
from 1×107A/m2 to 3×107A/m2, and the output power is shown in Fig. 2. Fig. 2(a) shows that the power of 
the SDG BWO increases as the beam current density grows, and the maximum power is 2706 W at 31 kV 
(J=3×107A/m2); there is a power gap from at ~ 32 kV. Fig. 2(b) shows that the power of the FWG BWO 
also increases with the beam current density, and the maximum power is 479 W at 35 kV (J=3×107A/m2). 
The SDG BWO works in a dual-band mode due to the power gap, while the working frequency band of the 
FWG BWO is continuous (365-371 GHz). It can be concluded that significant output power is obtained from 
the BWOs using SDG/FWG and pseudospark cathode, posing them as a promising THz sources. 
References: 
[1] M. Tonouchi, “Cutting-edge terahertz technology,” Nature photonics, 1(2), pp. 97-105, 2007. 
[2] A. Hirata, et al., “120-GHz-band millimeter-wave photonic wireless link for 10-Gb/s data transmission,” 
IEEE Trans. Microwave Theory Technol, 54(5), pp. 1937–1944, 2006. 
[3] M. Pannier, S. Veit, A. Godt, G. Jeschke, H. W. Spiess, “Dead-time free measurement of dipole–dipole 
interactions between electron spins,” Journal of Magnetic Resonance, 142(2), pp.331-340, 2000. 
[4] Y. Yin, et al., “Simulation and Experiments of a W-Band Extended Interaction Oscillator Based on a 
Pseudospark-Sourced Electron Beam,” IEEE Trans. Electron Devices, 63(1), pp.512-516, 2015. 
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Abstract: 
We present our initial results towards an experimental investigation of the amplification of 
electromagnetic (EM) waves due to an instantaneous time mirror in single negative active artificial 
electromagnetic materials. Theoretically the authors of [1] have shown that an EM wave propagating 
in a media that undergoes a sudden change in sign of the permittivity (ϵ) causes the EM wave to 
become spatially frozen and the amplitude of the EM field to grow exponentially. This feature is 
attributed to an Instantaneous Temporal Mirror (ITM) that arises at the point ϵ changes, at the ITM 

the wave number (𝑘) remains unchanged and the frequency (𝜔) changes. This change in frequency 

is given by 𝜔2 = 𝜔1√ϵ1µ1 √ϵ2µ2⁄  which arises due to the boundary conditions that momentum and 
electric field must be conserved over the ITM. This implies that frequency becomes imaginary when 
permittivity changes from positive to negative. Hence no propagation will occur and the EM field is 
spatially frozen while its amplitude grows exponentially. When the permittivity is changed back to its 
prior state, the frequency becomes real and the EM wave will propagate in the medium. In this 
presentation we present the effect changing the sign of the permittivity has on the initial propagating 
wave and on the resultant forward and backward waves. We show how the ITM results in 
amplification and we discuss the origin of the energy required for the amplification. We also present 
the initial designs of an active material capable of changing the sign of its permittivity, the artificial 
material we are considering consists of sub-wavelength copper split-ring resonators (SRRs) arranged 
in an array as shown in Fig. 1. The device is connected to a voltage source. When the voltage is 
applied, the charges are driven and get accumulated around the split-gap resulting in a localized 
electric dipole moment. Hence electric response dominates. Therefore, by changing the bias voltage, 
the capacitance can be tuned which in turn changes the permittivity. Hence permittivity can be 
switched between positive and negative values by changing the voltage. This results in exponential 
growth of amplitude of the field which enables modulation of amplitude for giga hertz (GHz) 
applications.  
 

                                    
   

 
 

 

 

 

 
 

 

 

 

 

Fig. 1:  Design of the single negative active metamaterial device.  Metamaterial elements are 

fabricated with a period of 𝟐. 𝟖 𝒄𝒎 in an array of 𝟏𝟎𝟎 × 𝟐𝟓 𝒎𝒎𝟐. 
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The State of the Art in Solid-State Power Generation at RF and Microwave Frequencies 
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Abstract:  
This paper will detail the state-of-the-art in RF and microwave power generation using Si and GaN power 
transistors for pulsed applications with power levels >1kW. The merits and drawbacks of the various 
transistor technologies for RF power generation will be described in terms of voltage, current, efficiency, 
thermal, bandwidth, impedance and VSWR ruggedness limitations. 

It will be shown that GaN High Electron Mobility Transistors (HEMT) offer significant advantages over  
other technologies for high-power pulsed applications (but not necessarily for CW applications), and the 
latest advances in this technology that achieve multi-kW level output power using drain voltages of 100-
150V will be described.  

Finally, the various methods of combining RF power transistors (circuit, cavity, free-space etc) will be 
reviewed and it will be shown that it is now feasible to generate 100’s of kW at UHF and 10’s of kW at 
microwave frequencies using a combination of GaN HEMT transistors and power combining. Examples 
of some state-of-the-art transistors and amplifiers will be given.  

 
  

 



Design and simulation of a 0.37 THz gyro-TWA 
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W. Cross* 
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†College of Electronic Science and Technology, Shenzhen University, Shenzhen, 518060, China 

 Abstract:  
This paper reports the work being carried out to realize a gyrotron-traveling wave amplifier (gyro-TWA) 
operating at 372 GHz based on a helically corrugated interaction region (HCIR). The schematic of the gyro-
TWA is shown in Fig. 1.  

The beam-wave interaction will be driven by an electron beam produced by a cusp gun [3] and traveling 
through a helically corrugated interaction region (HCIR) with a magnetic field of 7.3 T. A cryogenic-free 
superconducting magnet (SCM), as shown in Fig. 1, will provide the required field.  The HCIR enables a 
favorable dispersion characteristic allowing for even more broadband amplification, higher power 
capabilities, reduced effect of electron beam velocity spread and a second harmonic interaction [4].  Further 
waveguide components will be required such as a circular polarizer (5) [5], input (3) [6] and output couplers 
(8) [7] and microwave windows (3,9) [8], see Fig. 2. This paper will present the design of the gyro-TWA, its 
components with particular focus on the design and measurement of the HCIR. 

 

 
Fig. 1. Schematic of the gyro-TWA. 
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The Accurate Prediction of Longitudinal Electromagnetic Mode Profile Sculpting in
Wire Media using Concepts of Spatial Dispersion.
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Abstract – Using a wire medium with high dielectric wires of varying radius, we can sculpt
the longitudinal electromagnetic wave profile. Such sculpted wave profiles have applications
in signal processing and accelerator physics. The required design modulation of the wires was
calculated using concepts of spatial dispersion, and full 3D CST Studio simulations of the struc-
tures were run. Predictions and simulations were in excellent agreement, validating our design
process.
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Fig. 1: Solutions to Mathieu’s equations showing (a) flatter, (b) peakier and (c) triangular profiles

I. MODE PROFILE SCULPTING

In a uniform waveguide the mode profiles along the propagation axis are sinusoidal. Here we consider methods
of customising this wave profile, a process with many possible applications [1, 2, 3, 4, 5]. For example a flatter
profile like that in figure 1(a) enables us to reduce non linear effects. Further, when controlling the bunch properties
in particle accelerators, it would mean that more of the bunch receives the same energy boost, so that it could be

Fig. 2: A medium consisting of parallel wires of varying radii. The shape of the wire was calculated in order to
excite the Mathieu functions in figure 1. We consider infinite media by using periodic boundary conditions, but also
have done simulations of finite media when considering device-like cases; typical finite simulations incorporated
10 longitudinal periods.
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Fig. 3: CST simulations of the electric field for a wire medium with fixed radius. This field has the desired
properties. (Right) The strength of the electric field as one passes along a line through the wire.

used to accelerate longer bunches. In contrast, a peakier profile such as that in fig. 1(b) could be used to enhances
nonlinear effects; it would also enhance the signal to noise ratio. In accelerators, it would help in the acceleration
of short bunches. Another example is the triangular profile in fig. 1(c), which gives a longer bunch a sustained
chirp. Further, this wave profile shaping could have utility in high harmonic generation [6]. Existing methods of
mode profile shaping include varying the geometry of the waveguide and adding multiple sinusoidal modes.

We consider longitudinal modes in a wire medium with varying radii, figure 2. This is driven by the application
in particle accelerators. Inspired by [7, 8] we initially looked for longitudinal modes in copper wire media. How-
ever, being unable to find any initially (a result consistent with [7, 8]), we instead looked for longitudinal modes
in high dielectric wire media [9, 10]. We modelled the three dimensional wire medium using a one dimensional
spatially dispersive medium with permittivity of the form

εr(ω, k) = 1 +
ω2

P

−ω2 + k2 + ω2
0

(1)

There exist solutions of the form E = Ee−iω t+ikzk, D = 0 and B = 0, so that εr(ω, k) = 0. I.e. it is an ENZ
medium and the dispersion relation is

ω2 − k2 = ω2
P + ω2

0 (2)

We used CST Microwave studio to examine the modes in a uniform wire. This revealed a large number of different
modes, with a great range of mode profiles and dispersion properties. A detailed and exhaustive search though
these possibilities showed that some of them had the desired properties. It turns out a good case was when the
wires are thin and have high εr. We set period ∆x = 11mm, ∆y = 15mm, ∆z = 52mm and εr = 1200. Periodic
boundary conditions κx = κy = 360◦, varying κz between 0 and 180◦. The wire diameter were around 2mm. The
wires were in the z-direction. One such is shown in figure 3, in which we can see that:

• The field away between the wires was longitudinal, a crucial feature needed for on-axis particle acceleration
• Most of the field was between the wires, where it is needed; it is not a localised mode trapped on the wire(s).
• The dispersion relation is given by (2) to a high degree of accuracy.
• One could control this dispersion by varying the thickness of the wires.

Note that, by making the radius depend on position, we have a permittivity that depends both on position z
and wave-number k. Since these on Fourier transform conjugate variable this raises interesting issues [2, 11]. We
handle it here by taking the Fourier transform of (2) where Λ(r) = ω2

P + ω2
0 .

Ẽ′′ + ω2 Ẽ = Λ(r)Ẽ (3)

We can now make the radius a function of position to give

Ẽ′′ +
(
ω2 − Λ

(
r(z)

))
Ẽ = 0 (4)

By suitable choice of r(z) we can construct the various Mathieu equations.
Frequency domain CST simulation were made with the varying wire for the flat, peakier and triangular profiles

with very good agreement. The flat profile is shown in figure 4 and the peakier profile in figure 5.

2



Fig. 4: Flat profile: 3D fields from CST simulations (left), and a comparison of predicted (red) and simulated
(black) longitudinal electric fields.

Fig. 5: The predicted (red) and CST simulated longitudinal electric field (black) for the peakier profile.

II. CONCLUSION

We have shown it is possible to sculpt the electric field for longitudinal modes in a wire medium. The results
were very close to those predicted using a 1-dimensional spatially dispersive medium. These are exciting result
and we aim to verify these modes experimentally.
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Multi-Gigabit Wireless Links using Resonant Tunneling Diode 

J. Wang, A. Al-Khalidi and E. Wasige 

High Frequency Electronics Group, School of Engineering, University of Glasgow 

Abstract:  
There is great demand for ultra-high speed wireless communication especially with the development of 
modern multimedia technology. Instead of improving spectral efficiency by using advanced modulation 
schemes and complex signal processing techniques, the other approach is to move to unregulated 
spectrum in millimetre-wave (mm-wave) or terahertz (THz) frequency range for higher bandwidth. 
Resonant tunnelling diode (RTD) is the fastest solid-state device with a fundamental frequency of 
oscillations of around 2 THz recently demonstrated [1].  

The core of an RTD device comprises a double barrier quantum well (DBQW) epitaxial layer structure 
which consists of a narrow band gap (Eg) epilayer (InGaAs) sandwiched between two thin wide bandgap 
epilayers (AlAs). The measured I-V characteristics for single RTD with device size 16 μm2 is shown in Fig. 
1. The peak current density is 187 kA/cm2 and the peak to valley current ratio (PVCR) being about 2.5. In 
this paper we present a monolithic microwave integrated circuit (MMIC) that combines two resonant 
tunnelling diodes (RTDs) in parallel as shown in Fig. 2.  Re was realized as a thin film resistor. The 
decoupling capacitor Ce and DC block capacitor Cb was fabricated by using metal-insulator-metal (MIM) 
capacitor. The inductor L is realized by a coplanar waveguide (CPW) transmission line with length of 

𝑙  terminated by Ce. The oscillators were measured on-wafer. The measurement results are summarized 
in Table I. It is worth to note that the output powers are reported here directly from RTD oscillators without 
any power amplifier stage. 2 mW at 84 GHz and 1 mW at 206 GHz which are the highest power reported 
for RTD-based oscillators in the relative frequency range. Effort has been devoted to package both W and 
J band RTD oscillator. The W-band waveguide packaged device is shown in Fig. 3. By using mW RTD as 
transmitter (Tx), 15Gbps using W-band RTD Tx over 50cm distance was demonstrated. The bit error rate 
(BER) was also characterized as 1.0×10-6 up to 5 Gbps, 3.6×10-4 @10 Gbps, and 4.1×10-3 @15 Gbps. By 
using J-band RTD Tx, 6 Gbps error-free and 20 Gbps with correctable BER with ranges of up to 20 meters 
was also demonstrated. The block diagram and lab measurement setup are illustrated in Fig. 4 and Fig. 5. 
The transmitter (Tx) consists of a voltage controlled RTD oscillator (RTD-VCO) with a horn antenna. No 
power amplifier (PA) is employed at this stage which shows the simplicity/merit of RTD transmitter. The 
data is superimposed over DC bias through a bias tee. The modulation scheme is ASK. On the receiver 
(Rx) side, the received signal and demodulated by a Schottky barrier diode (SBD) envelope detector and 
then the baseband data is amplified by a low noise amplifier (LNA) and displayed on oscilloscope. The 
10Gbps and 15 Gbps eye diagram are shown in Fig. 6 and Fig. 7.   

The work reported here demonstrates the potential of RTD oscillators for applications as compact sources 
for multi-gigabit wireless communication systems.  The RTD transmitters provide a very promising simple, 
low cost, compact solution for future ultra-fast wireless communication systems. Future work is focused on 
RTD epitaxial layer design to increase the oscillator output power at THz frequencies, the development of 
integrated modulators and RTD based receivers for numerous applications. 

Table I: Summary of RTD oscillators performance 

Device 
size 
(μm2) 

Fundamen
tal Freq. 
(GHz) 

Power 
(mW) 

DC 
Power 
(mW) 

5x5 50 10 120 

5×5 84 2 114 

4×4 260 1 180 

4×4 308 0.5 191 

 
 
References: 
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Fig. 1. Measured and modeled device IV 

characteristics. The negative differential 
conductance Gn is also shown. Note that the Gn 

is negative across the entire NDR region with a 

minimum value of -42.5 mS. 

Fig. 1.  

 

Fig. 2. Fabricated double RTD oscillator. 

2RTDs are connected in parallel. Each device is 
biased individually with resistor Re and bypass 

capacitor Ce. Cb is the DC block capacitor. The 

CPW length 𝑙 depends on the designed frequency. 

Fig. 3. Packaged W-band 

RTD transmitter. 

Fig. 4. Block diagram of the wireless communication 

measurement setup 
Fig.  5. W-band wireless communication measurement setup 

in the lab 

Fig. 6. 10 Gbps ASK eye diagram: when RTD is based at 1.2 

V with data amplitude 400 mV. 

 

Fig. 7. 15 Gbps ASK eye diagram: when RTD is based at 1.2 

V with data amplitude 400 mV. 

 



Review of a W-band TWT for Satellite Communications 
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 Abstract:  

We present a review on the progress on a project to design, fabricate and test a 71-76GHz, ~100W, 40dB gain TWT 

to validate key technologies for space communications (ESA contract No. 4000119380/17/NL/HK/hh).  

Predictions of the performance of the amplifier have been obtained using the PIC method in CST studio. These have 

studied the amplifiers gain and saturated efficiency/power as a function of frequency and microwave input power. 

The simulations have mapped the transition from the linear to the saturated regime of operation showing the 

performance varies with frequency. Further studies of critical factors such as multipacting, thermal/ mechanical 

loading of the structure have also been carried out, however no significant impact on performance has been 

observed. PPM stack and electron gun designs have been carried-out by TMD Technologies. These have shown 

effective formation and transport of the required electron beam within the limited transverse size of the beam 

tunnel.  

A high frequency window has been designed using CST microwave studio to carry-out S-parameter analysis with the 

goal of achieving return losses of 30dB or better over the frequency range of interest. A review of the fabrication and 

resulting performance of this high frequency window will also be reported. 
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Asymmetric SRF dual axis cavity for ERLs: studies and design for ultimate performance and 
applications 
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2 National Research Nuclear University MEPhI, Moscow, Russia 
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Abstract:  
 

A dual axis asymmetric SCRF ERL has been recently proposed as a possible way to drive a high 
average current electron beam while avoiding the BBU instability excitation. Such high current 
ERLs can be attractive for the next generation light sources, beam cooling in electron ion collider 
and isotope production. Here the results of the studies of band-pass modes and HOMs will be 
shown. The field distribution of the modes will be shown and asymmetric field distribution of 
HOMs will be demonstrated and HOMs excitations using dipole couplers will be discussed. The 
original design of the dual axis asymmetric cavity has been optimised to minimize the peaks of 
magnetic and electric fields on the cavity surface, to increase the distance between operating 
mode and neighbouring parasitic mode as well as to reduce the cavity manufacturing cost. To 
reach the goals several solutions have been suggested leading to simplification of the 
manufacturing as well as bringing the fields amplitudes on the cavity surface to the acceptable 
values. The new design of the cavity will be presented and possible applications of such a high-
current ERL will be discussed.   
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Abstract:  
We have previously demonstrated in simulations of infinite dielectric wire media that our method can 
successfully replicate desired profiles [1]. Here we will cover the extension of this method to other, more 
practical realisations, of wire media as well as efforts, such as time domain simulations, made to bolster 
these results. This work has given us more confidence on the ability of this method to be experimentally 
replicated. 

Electromagnetic field shaping 
The ability to control how the field strength of an electromagnetic field varies spatially is a useful skill. 
Crab cavities are currently used to achieve such an effect to facilitate control of the particle bunch in 
accelerators [2]. 
Our method allows for a high level of control over the field profile-the spatial variation of field strength-
without the need to iteratively optimise the structure, as is done for crab cavity design. When a suitable 
profile is chosen our method produces a set of parameters for the structure which if implemented will 
instantly support the desired profile without the need for further refinement. 

 
Fig. 1 A representation of a wire medium                Fig. 2 Typical field profiling results obtained 
 
The structure we have worked with is a modified version of a standard dielectric wire medium, similar to 
the one shown in Fig. 1; ordinary wire media consist of a lattice of constant radius, identical, parallel 
dielectric wires. Such structures are useful because they can be described as a one-dimensional, 
spatially dispersive, inhomogeneous medium - the effective permittivity depends not only on frequency 
(temporal dispersion) but also the wavenumber 𝑘 [3]. Using this model we can predict the existence of 
purely longitudinal electric modes with a plasma-like dispersion relation, and these modes are integral to 
our electromagnetic field profile shaping scheme. Our field profile shaping method exploits our ability to 
control the cut-off frequency of these modes,𝜆𝑠, by varying the wire radius, 𝑟. As such the relationship 

between these two parameters as defined by 𝜆𝑠(𝑟) is extremely important. 
 
Extending our method to new regimes 
We had demonstrated the ability to closely replicate a desired profile, as shown in Fig. 2, but these initial 
results were achieved for a specific realisation of wire media. This realisation consisted of an infinite 
lattice of dielectric wires, or rods, with an extremely high permittivity, 𝜀𝑟 = 1600. Although these material 
properties are achievable using barium-strontium-titanate (BST), the specificity of this initial realisation 
raised concerns about the flexibility of our method. 
To alleviate these concerns, we then extended our method to a number of new regimes. One area we 
explored was the effect of the wire permittivity. We found that the relationship 𝜆𝑠(𝑟) for each permittivity 
examined was of the same form and as such we were able to successfully use our method to replicate 
desired field profiles. The relationships for each of these permittivity values is plotted in Fig. 3 along with 
the exponential decay fitting curve used to describe the relationship.   
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Fig. 3 The 𝜆𝑠(𝑟) relationship for a variety of permittivity values 

As well as the wire permittivity we have considered the effect of the lattice parameters and the 
introduction of perturbations in our infinite structures. Another significant step we have made in extending 
our method is the consideration of finite structures. Clearly infinite wire media are not practically 
realisable so it is useful to explore the use of finite structures. As with the infinite case, we found that the 
𝜆𝑠(𝑟) relationship for finite dielectric wire media is well described by an exponential decay curve and 
using this we are able to vary the radius to produce a desired field profile. 

With finite structures successfully simulated were then able to move to time domain simulations of wire 
media. Using finite lattice structures, we simulated the excitation of the structure through a port mode. In 
these extended structures it was necessary to evaluate the resulting field profile at a number of different 
position, which spanned from the bottom of the structure near the excitation port to the top of the 
structure. A plot of a figure of merit for the agreement between the observed field profile and the desired 
field profile against position is shown in Fig. 4. An 𝑅2 value close to 1 represents a field profile that is 
extremely close to the desired profile. From Fig. 4 we can see that there are large reasons of the 
structure where the agreement is very good, the brown and orange squares, and some others where it is 
quite poor, the magnet square. This work could be further improved by an analysis of the transmission of 
these fields. 

Conclusion 

We have detailed the steps we have taken to extend our successful field profile shaping method to a variety 
of different regimes. This has included different permittivity values, finite wire media structures and an 
exploration of the possibility of exciting the profiled fields in time domain simulations.  
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Gun 
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*STFC, ASTeC, Daresbury Laboratory, WA4 4AD, UK. anthony.gilfellon@stfc.ac.uk 

Abstract:  

CLARA (Compact Linear Accelerator for Research and Applications) is a FEL test-bed 
accelerator located at Daresbury Laboratory in the North-West of England. As well as being a 
precursor for a cutting-edge FEL facility based in the UK, CLARA also seeks to greatly contribute 
to international research and knowledge in the subject area. 
Starting in April this year, CLARA has undergone a series of maintenance procedures and 
upgrades as part of a scheduled shutdown period, one timetabled upgrade was the replacement 
of the backplate/photocathode of the 10Hz rep rate gun with a new backplate that included an 
integrated load lock system, designed to facilitate the more rapid and less intrusive exchange of 
photocathodes. 
In this talk I highlight the installation of the load lock backplate and RF characterisation of the 
upgraded gun, including beadpull experiments that were used to determine the field flatness, 
stability and reproducibility analyses of photocathode extraction / re-insertion and the effects that 
baking procedures (needed for various cleaning processes) had on the resonant π mode 
frequency and Q0. In addition to this, I discuss the nature and results of simulations that were 
carried out to deliver an estimate of the momentum the beam can expect to obtain, see figure 1 
below. 

 
Figure 1: A plot of z-axis coordinate vs. electric field strength in the second CST MWS simulation. 
The Peak E-field value, marked as a black cross, and the field flatness was found to be 21.260 
kV/m and 98.9% respectively. The inserted subplot is an expanded view of the data showing the 
slight phase difference between Re(E) and the Im(E) which leads to the situation where | E | 
never obtains a z-axis zero value within the gun. The | E | data was processed and used as the 
input for the subsequent ASTRA simulation in order to evaluate the expected beam momentum. 
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Abstract:  

Recirculating energy recovery linacs are a promising technology for being able to deliver high 
power particle beams (~GW) while only requiring low power (~kW) RF sources. This is 
achieved by decelerating the used bunches and using the energy they deposit in the 
accelerating structures to accelerate new bunches. We present studies of the impact of the 
bunch train filling pattern on the performance of the accelerating RF system. We show that 
different filling patterns are optimal for different figures of merit, such as RF stability and beam 
break-up instability. We also present a mathematical description to allow us to identify optimal 
beam filling patterns under different conditions. The results of these studies have major 
implications for design constraints for future energy recovery linacs, by providing a quantitative 
metric for different machine designs and topologies.           

 

 
  

 



The pulsed DC large electrode system for breakdown studies at CERN 
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Abstract:  
 
CLIC (Compact Linear Collider) is the concept for a future linear electron-positron high gradient collider 
based at CERN. One of the problems related to running high gradients accelerators is a phenomenon 
called vacuum breakdown. Vacuum breakdown in an accelerator is when an electrical connection is 
made between the electron beam and the walls of the accelerator. There are several theories as to what 
could cause breakdown but currently the exact process that causes it to occur is unknown.  
 
Due to the complexity of linear accelerators, to simplify analysis breakdown is also studied in DC 
systems. This talk is based on the Pulsed DC systems, designed for the of study vacuum breakdown 
phenomenon and conditioning processes. In the systems, two plane electrodes with large surface areas 
are placed parallel to each other with a separation between 20 and 100 micrometres, under a high 
vacuum. The pulsed DC system is capable of running at high repetition rates, at a relatively low cost 
compared to RF due to the reduced amount of power required in this setup. Providing experimental 
results from field emission current measurements, conditioning of different materials and the effect of 
different parameter changes to the breakdown rate and the material properties. Also, looking at the 
current methods of detecting breakdowns and current analysis using a spectrometer. 
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