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Abstract 
Introduction. Relativistic, high intensity and small emittance electron bunches are the basis of a future linear collider 
and free electron laser projects. Drive beam generation in a wakefield structure employing for power extraction and 
acceleration low loss dielectrics like microwave ceramics, fused silica and Chemical Vapor Deposition (CVD) diamond 
were considered.  
Objective. We report here our experimental testing of a ceramic material with extremely low loss tangent at GHz fre-
quency ranges allowing the realization of high efficiency wakefield acceleration. We also present Barium Strontium 
Titanium oxides (BST) ferroelectric material, which is a critical tuning element of the 400 MHz superconducting radiof-
requency (RF) tuner developed and tested by the CERN/Euclid Techlabs collaboration. The materials discussed here 
also include quartz and CVD diamonds that are capable of supporting the high RF electric fields generated by electron 
beams or pulsed high power microwaves. These materials have been optimized or specially designed for accelerator 
applications. 
Materials and methods. The ceramic materials for accelerators, commonly used for the dielectric based accelerating 
structures, have to withstand high gradient accelerating fields, and prevent potential charging by electron beams. Cor-
respondingly, the ceramic materials, fused silica and CVD diamond were tested with high power wakefield accelerat-
ing structures at Argonne Wakefield Accelerator of Argonne National Laboratory. Some of the presented here ceramic 
materials were tested at X-band 11.4 GHz magnicon high power source. 
Results. Low loss microwave ceramics, fused silica, and CVD diamonds have been considered as materials for dielec-
tric based accelerating structures to study of the physical limitations encountered driving > 100 MV/m at microwave 
and ~ GV/m at THz frequencies in a dielectric based wakefield accelerator. Various ceramic compositions were high 
power and electron beam tested at X-band 11.4 GHz magnicon power source and Argonne Wakefield Accelerator cor-
respondingly. Special attention was paid to the CVD diamond cylindrical Ka-band 35 GHz wakefield structure devel-
opment. Finally, the dielectric based structure tuning was demonstrated by varying the permittivity of the BST ferroe-
lectric layer by temperature changes and by applying an external direct current electric field across the ferroelectric. 
This allows us to control the effective dielectric constant of the composite system and therefore, to control the struc-
ture frequency during operation. The same type of ferroelectric material was used for the Ferroelectric Fast Reactive 
tuner (FE-FRT) development. In a world first, CERN has tested the prototype FE-FRT with a superconducting cavity, and 
frequency tuning has been successfully demonstrated. 
Conclusion. Recent results on the development and experimental testing of advanced dielectric materials for acceler-
ator applications are presented. Low loss microwave ceramics, quartz and CVD diamond are considered. We present-
ed our experimental results on wakefield generation in microwave frequency ranges with the dielectric based acceler-
ating structures. Special attention was paid to the experimental results on high power testing at X-band of the exter-
nally powered dielectric based components. Finally, we present here first experimental demonstration of ferroelectric 
tunable microwave ceramic for accelerator application, which includes both tunable dielectric wakefield accelerating 
structure and ferroelectric based fast high power tuner for superconducting cavities. The experimental results pre-
sented here are critical for the advanced dielectric wakefield accelerating structures and other components develop-
ment intended for the future linear collider projects. 
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Introduction. A linear collider concept based on 
drive beam generation from an radiofrequency (RF) 
photoinjector and employing dielectric structures [1] 
for power extraction and acceleration has been pro-
posed [2]. The collider is based on a modular design 
with each module providing 100 GeV net accelera-
tion. High frequency (20 GHz) RF power extracted 
from the drive beam using a low impedance dielec-
tric structure is used to power the main linacs, which 
are based on high impedance high gradient dielectric 
loaded accelerating structures [2, 3]. Dielectric struc-
tures have been shown to sustain high fields for short 
RF pulse lengths and can be used as RF power genera-
tion devices [3–5]. In this paper, we present a survey of 
experimental testing of microwave materials with 
high-current electron beams and high power micro-
wave sources intended for use in dielectric based short 
pulse linear collider designs [2]. 

Low loss microwave ceramics, fused silica, and 
Chemical Vapor Deposition (CVD) diamonds have 
been considered as materials for dielectric based ac-
celerating structures to study of the physical limita-
tions encountered driving > 100 MV/m at microwave 
[3–5] and > GV/m at THz frequencies in a dielectric 
based wakefield accelerator [6]. Advanced dielectric 
materials can sustain high surface fields and high 
pulsed power in the GHz frequency range [4]. A 
100 MV/m gradient has been demonstrated with an 
X-band standing wave resonator [3, 4]. THz radiation 
has been generated by a short ~10 GV/m pulse with-
in a 100 μm diameter dielectric fiber [6]. The electri-
cal and mechanical properties of diamond make it an 
ideal candidate material for use in dielectric RF 
structures: high breakdown voltage, extremely low 
dielectric losses and the highest thermal conductivity 
coefficient available for removing waste heat from 
the device [7–9]. 

Recently developed nonlinear "smart" materials 
like Barium Strontium Titanium (BST) based low 
loss ferroelectrics are used as key elements in RF 

tuning and phase shifting components to provide fast 
electronic control [10, 11]. The frequency of a metal-
lic accelerating structure is defined by its geometry. 
Dielectric loaded accelerator (DLA) structures, on 
the other hand, have another important parameter 
that determines the frequency spectrum – the dielec-
tric constant of the loading material. A new technique 
that allows control of the dielectric constant (and 
consequently the frequency spectrum) for dielectric 
waveguides by incorporating ferroelectric layer is 
considered. It should be noticed that ferroelectric 
materials are also is a base for newly developed ac-
celerator components that allow coupling adjustment 
and control of power consumption during accelerat-
ing cavity filling and are under study for potential 
Energy Recovery Linac (ERL), International Linear 
Collider (ILC) and Proton Improvement Plan-II (PIP-II) 
applications [12, 13]. 

Methods. Dielectric loaded accelerator structures 
using low-loss microwave ceramics and excited by a 
high current electron beam or an external high fre-
quency high power RF source have been under exten-
sive study [1, 3–6]. The basic wakefield RF structure 
is very simple – a cylindrical, dielectric loaded wave-
guide with an axial vacuum channel is inserted into a 
conductive sleeve. A high charge, (typically 20…40 nC), 
short, (1–4 mm) electron drive beam generates TM0n 
mode electromagnetic Cherenkov radiation (wake-
fields) while propagating down the vacuum channel. 
Following at a delay adjusted to catch the accelerating 
phase of the wakefield is a second electron (witness) 
beam. The witness beam is accelerated to high energy 
directly by the wakefield produced by the drive beam 
in the collinear accelerating method [1, 2–6]. In a two-
beam-acceleration method, a low-energy, high-current 
particle beam is passed through a deceleration section, 
where the power from the beam is partially transferred 
to wakefields. With a properly designed RF output 
coupler, the power can be extracted to an output 
waveguide, and used to accelerate a high-energy low-
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current beam [3, 4, 14]. A series of proof of principle 
experiments have been successfully performed in mi-
crowave frequency range at the Argonne Advanced 
Accelerator Test Facility and Argonne Wakefield Ac-
celerator [1, 3–5]. THz range wakefields have been 
generated by the UCLA-SLAC collaboration [6]. 

The advantages and potential problems of using 
dielectric for loading an accelerating structure are 
discussed in the references [3, 4, 15] and are only 
summarized here. The advantages are:  

– simplicity of fabrication: the device is simply a 
tube of dielectric surrounded by a conducting cylin-
der that is a great advantage for high frequency struc-
tures compared to conventional structures, where 
extremely tight fabrication tolerances are required;  

– the relatively small diameter of these devices 
also facilitates placement of quadrupole lenses 
around the structures useful for suppressing beam 
break up effects;  

– dielectrics can potentially exhibit high breakdown 
thresholds relative to copper and high shunt impedance;  

– reduced sensitivity to the single bunch beam 
break-up (BBU) instability;  

– easy parasitic mode damping [3, 4, 15]. 
Potential challenges of using dielectric materials 

in a high power RF environment are breakdown and 
thermal heating, challenges that are shared with all-
metal conventional accelerating structures. 

Results and discussion. The first dielectric 
wakefield acceleration was demonstrated at the Ar-
gonne Accelerator Test Facility at Argonne National 
Laboratory (ANL) [1]. This accelerator provided a 
beamline for these pioneer wakefield acceleration 
experiments. The charge per bunch could be varied 
between 1 and 5 nC, and part of this bunch was sub-
sequently intercepted by a graphite target to form a 
second beam. Materials used in this proof-of principal 
experiment were polystyrene, steatite and nylon that 
were acceptable at that time for the demonstrated low 
wakefields magnitudes < 1 MV/m [1]. 

The Argonne Wakefield Accelerator (AWA) fa-
cility was built in the early 1990s, having as its main 
objective the generation of high charge electron 
beams for wakefield acceleration and RF power gen-
eration [3–4]. A single cell photocathode RF gun was 
used to produce high charge drive electron bunches 
of charge up to 100 nC accelerated by two linac 
tanks to an energy of 15 MeV; a second multi-cell 
photocathode RF gun was used to generate 4 MeV 

witness bunches. The two beamlines – drive beam 
and witness beam – were connected by a combining 
section that provided drive and witness beams that 
could be configured as both a collinear wakefield 
accelerator and two beam accelerator [3–4, 14]. 

Several materials have been beam tested at the 
AWA facility to demonstrate dielectric based acceler-
ation. An X-band dielectric loaded accelerator has 
been developed [15], and several standing-wave 
DLA structures have been tested under high gradi-
ents up to 100 MV/m [3, 4]. Recently lower power 
loss and higher acceleration efficiency multilayer DL 
structures were proposed [16] and bench tested [17]; 
an enhanced transformer ratio was shown in a 
ramped bunch train test in a DLA structure [18]. Dif-
ferent materials such as cordierite (ε = 4.7), forsterite 
(ε = 6.3), magnesium calcium titanium oxides (MCT) 
(ε = 20), alumina (ε = 9.8 ) and quartz (ε = 3.8) have 
been used for different applications, which provided 
useful experience in choosing dielectric materials 
and testing RF breakdown thresholds. 

Dielectric loaded wakefield structures have po-
tential to be used as high gradient accelerator com-
ponents, and 15 MeV drive beam measurements of 
the ceramic and quartz materials are summarized in 
Table 1 of this paper. The table is limited to the work 
of the AWA group and contributions from their col-
laborators. After the AWA demonstrated its capability 
of producing > 100 nC per single bunch, attempts 
were made to achieve high accelerating gradients in 
several short standing-wave structures using wake-
fields from a high charge beam [3, 4]. Quartz and 
cordierite structures have been recently beam tested, 
with dielectric constants of 3.75 and 4.76, respective-
ly. The AWA group has been able to gradually in-
crease the gradient in dielectric wakefield devices 
from 20 MV/m a few years ago to the current 
100 MV/m. The results show no observed break-
down [3–4], Table 1. 

A method of power extraction has to be provided 
for a two-beam accelerator design [3, 4, 14]. As part 
of the two-beam accelerator program at AWA, a 
7.8 GHz DL power extractor has been designed and 
tested with an intense electron beam. 30 MW of 
power has been generated in single bunch experi-
ments and 44 MW in tests using a train of four 
bunches [19]. Furthermore, a 26 GHz DL power ex-
tractor has been designed and demonstrated in 2009, 
and 30 MW output power has been reached in a 10 
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ns pulse [20]. No breakdown phenomena have been 
detected with this set of experiments either. The 
21 GHz DL power extractor has been tested previous-
ly by Duly Research, with the results reported in [21]. 

A joint ANL/NRL/Euclid program in 2005–2015 
allowed to investigate X-band DLA structures, using 
high-power 11.424 GHz RF from the NRL Magnicon 
Facility [22, 23]. The X-band NRL Magnicon can 
provide up to 20 MW with a 200 ns pulse length 
from either of its two output arms to test DLA de-
signs and in particular to determine the RF break-
down limits of the structure materials. The most re-
cent test results for two DLA structures loaded with 
alumina and MCT have been reported in ref. [22]. No 
RF breakdown has been observed for up to 5 MW of 
drive power (equivalent to 8 MV/m accelerating gra-
dient), but multipactor was observed to absorb a 
large fraction of the incident microwave power. The 
latest experimental results on suppression of multi-
pactor using a Titanium Nitride (TiN) coating on the 
inner surface of the dielectric have been reported in 
[22, 23]. It was found that the MCT structure appears 
to be superior to the alumina structure as it loses less 
power throughout the tested range. 

The DLA structure loading materials tested at the 
NRL magnicon are presented in Table 2. The most 

recently built design is the X-band clamped DLA 
structure made of quartz as the loading dielectric 
with an inner diameter of 3 mm. This structure is 
designed to produce an 11.6 MV/m accelerating gra-
dient at 10 MW RF drive power. This structure was 
tested to an input power level of 16.5 MW with no 
sign of RF breakdown, for which a gradient of 
15 MV/m can be inferred. The 10 % RF transmission 

Table 2. Microwave dielectric materials that have been high power 
tested at the X-band NRL Magnicon Facility 

Dielectric ε tan δ 
Frequency, 

GHz 
Experiment, 

reference 

Quartz 3.8 41 10   11.4 

Traveling 
Wave 250 

ns RF Pulse 
[21] 

Alumina 9.8 41 10   11.4 

Traveling 
Wave 250 

ns RF Pulse 
[20,21]  

Dual Layer 
DLA (outer 
layer) [16]* 

MCT 
(Mg,Ca)TiO3 

20 42 10   11.4 

Traveling 
Wave 250 

ns RF Pulse 
[21] 

BaTi4O9 37 43 10   11.4 
Dual Layer 
DLA (inner 
layer) [16]* 

Table 1. Ceramic microwave materials that have been utilized  
for the dielectric loaded accelerating (DLA) structure development 

Dielectric ε tan δ, 10 GHz Frequency, GHz Experiment, reference 

Quartz 3.8 <1·10–4 11.4 High Gradient Standing Wave [3, 4] 

Cordierite 4.7 <1.5·10–4 

7.8 

8.6 

21 

11.4/30 

7.8 GHz TBA Power Extractor [14] 

High Gradient Standing Wave [3, 4] 

21 GHz  DL Power Extractor [19] 

Two Channel High Transformer Ratio [23] 

Diamond 5.7 <1·10–4 26-35 High Gradient Standing Wave [5, 9] 

Forsterite 6.3 <2·10–4 
11.4 

26 

Traveling Wave DLA [13] 

26 GHz DL Power Extractor [18] 

Alumina 9.8 <1·10–4 11.4 Dual Layer DLA (outer layer) [16] 

MgTiO3–

Mg2TiO4 
16 <1.2·10–4 13.6 Collinear High Transformer Ratio [17] 

MCT 

(Mg,Ca)TiO3 
20 <2·10–4 7.8 Two Beam DLA Accelerator [12] 

BaTi4O9 37 <3·10–4 11.4 Dual Layer DLA (inner layer) [16] 

CaTiO3–

LaAlO3 
38.1 <5·10–4 1…30 (multimode) Multimode DLA bunch train generation [22] 
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drop as the input power was increased up to 4 MW 
reflects the onset of multipactor induced losses. This 
structure showed no sign of RF breakdown at the 
highest input powers applied [22]. 

Light reflects off the naturally smooth individual 
facets of diamond crystals comprising the polycrys-
talline aggregate. 

It should be noticed that multiple arcing has been 
detected with initial high power tests. The RF power 
applied to the first MCT structure was stopped at 
1.9 MW due to multiple arcing sites that appeared at a 
dielectric joint between the upstream end taper section 
and the uniform acceleration section resulting from the 
existence of a microscale vacuum gap in the dielectric 
joint [23]. Based on the continuity of electric flux, the 
local longitudinal electric field should be enhanced by 
20 (ε) times compared to the ideal (joint free) case. 
For this MCT DLA structure, the accelerating field is 
around 5.7 MV/m (10 % power reflection considered) 
at the upstream end taper when 1 MW of incident 
power is applied. One can estimate that the electric 
field enhancement at the gap to be 100 MV/m for a 
5.7 MV/m accelerating gradient. Interestingly, this 
indirectly shows that the MCT DLA structure handled 
60…100 MV/m electric fields for a 200...250 ns RF 
pulse without breakdown [23]. 

In order to eliminate dielectric joints, two new 
types of structures were developed that employ a sin-
gle-section dielectric insert. One uses a coaxial RF cou-
pler, and the other structure uses a clamped metal outer 
jacket to enclose a tapered dielectric insert. The X-band 
clamped DLA structure using quartz as the loading ma-
terial has been fabricated and tested at NRL Magnicon 
Facility. As expected, this structure showed no signs of 
RF breakdown at the highest powers tested [22]. 

RF power attenuation is a critical problem in the 
development of dielectric loaded structures for parti-
cle acceleration. A Multilayer Dielectric Loaded Ac-
celerating Structure (MDLA) is a possible approach 
for reducing the RF losses below those of a single 
layer device [17]. A MDLA based on the principle of 
Bragg reflection has been designed and constructed 
using alumina and 4 9BaTi O  low loss ceramic as 

loading materials (Tables 1, 2). The cold test results 
are presented in [17]; beam and high power tests are 
planned in nearest future. 13.625 GHz DLA structure 
was designed fabricated with 3MgTiO – 2 4Mg TiO  

ceramic loading (ε = 16) for the High Transformer 
Ratio experiment [18]. A multimode DLA structure 
( 3CaTiO – 3LaAlO ,  ε = 16) has been excited with 

the four-bunch train as well [24]. A two channel DLA 
based structure with enhanced transformer ratio and 
made of cordierite ceramic is currently being tested 
at AWA [25]. No breakdown or multipactoring were 
detected in these experiments. 

Low-loss microwave ceramics and quartz are not 
the only materials that are being intensively studied as 
potential DLA loading. An alternative is to use poly-
crystalline artificial diamond produced by CVD [9], 
which shows promise for use in a high-gradient, DLA 
structure. It has a very high breakdown field up to 
2 GV/m at DC field (no data available for RF frequen-
cies yet), low loss tangent (<10–4 at 10…30 GHz), and 
the highest known thermal conductivity 

( 3 1 12 10 W m K    ) [7–9]. 

Initially, a diamond based resonator loading was 
considered in [7]. In [8], a diamond-based rectangular 
DLA was discussed and all-metal and dielectric-based 

Fig. 1. Photographs of CVD diamond tube developed: top view (a); axial view (b) 

а b 
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accelerating structures were compared. The cylindrical 
diamond dielectric tubes that are manufactured via a rela-
tively simple and inexpensive CVD process, plasma as-
sisted CVD have been considered in [5, 9]. Our initial 
work was based on 100 μm and 5 mm scale tubes with 
fundamental frequencies in the 0.1…1.0 THz range; 
promising results were obtained using the plasma assist-
ed and hot-filament CVD process. The 5 mm inner di-
ameter, 2.5 cm long and 500 μm thick diamond tube has 
been fabricated for 35 GHz structure and characterized 
with SEM, micro-Raman and micro-photoluminescence 
spectrum analysis. Fig. 1 shows the finished free standing 
diamond tube. Tube parameters are: 5 mm inner diame-
ter, 2.5 cm long and ~500 μm thick. 

The frequency of a metallic accelerating struc-
ture is defined by its geometry. DLA structures, on 
the other hand, have another important parameter 
that determines the frequency spectrum – the dielec-
tric constant of the loading material. We have pro-
posed a new technique that allows control of the die-
lectric constant (and consequently the frequency 
spectrum) for dielectric waveguides by incorporating 
ferroelectric layers. The most noteworthy feature of 
the tunable DLA is the replacement of a single ce-
ramic by a composite of 2 layers as shown in 
Fig. 2, a. The inner layer is ceramic, with permittivi-
ty typically in the range of 4…36 [5, 10]. The outer 
layer is made of BST ferroelectric, placed between 

the ceramic layer and the copper sleeve. The DLA 
structure tuning is achieved by varying the permittiv-
ity of the ferroelectric layer by temperature changes 
or by applying an external DC electric field across 
the ferroelectric. This allows us to control the effec-
tive dielectric constant of the composite system and 
therefore, to control the structure frequency during 
operation. Table 3 presents materials that have been 
used for the tunable DLA fabrication. The details can 
be found in [10, 12], where the results show a very 
good linearity and sensitivity of the thermal tuning of 
this ferroelectric material: ~14 MHz/K has been 
measured for the structures. 

The BST solid solution can be synthesized in the 
form of polycrystalline ceramic layers and in bulk 
[12]. High dielectric breakdown strength, low gas 
permeability and simplicity of mechanical treatment 
make ferroelectric ceramics promising candidates for 
the loading material in accelerator tuning and switch-
ing devices [12]. Recent progress in the technology 
of BST(M) ferroelectrics was demonstrated in labor-
atory tests of fast switching: switching times < 1 ns 
were measured for small ferroelectric samples and 
< 30 ns for a high power L-band tuner model 
[12, 13]. Other desired material properties are quite 
well known: high tunability and low dielectric losses 
are required. Consequently our work has focused on 
ferroelectric-dielectric composites containing inclu-

Fig. 2.  The tunable DLA resonator with double layer loading: the nonlinear layer is made  
of BST(M) ferroelectric and the inner forsterite layer (light) inserted into the ferroelectric one (a);  

tunable ferroelectric elements for BST based superconducting RF (SRF) tuner prototypes (b) 

а b 

forsterite BST(M)BST (M) Forsterite 

Table 3. Microwave dielectric and ferroelectric materials that have been used for the tunable DLA fabrication 
Dielectric ε tan δ Frequency, GHz Experiment, reference 

Forsterite 6.3 42 10   18…26 Tunable DLA [10, 11] 

BST/MgO/Mg2TiO4 100…500 31 10   18…26 Tunable DLA [10, 11] 



Известия вузов России. Радиоэлектроника. 2019. Т. 22, № 4 
Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 4 

ОРИГИНАЛЬНАЯ СТАТЬЯ 

Квантовая, твердотельная, плазменная и вакуумная электроника 
Quantum, Solid-state, Plasma and Vacuum Electronics 

ORIGINAL ARTICLE 

 

72 

sions of low permittivity conventional dielectric ma-
terial. In particular, the area of possible accelerator 
applications of ferroelectric elements is broadening. 
Our collaboration currently has studied two L-band 
tuner designs, and X-band and Ka-band fast switches 
and phase shifters [12, 13]. A fast ferroelectric tuner 
has been designed for operation in L-band to allow 
rapid adjustments of cavity coupling in an accelerator 
where RF source fluctuations, microphonics, or other 
uncontrolled fluctuations could cause undesirable emit-
tance growth. This ferroelectric based device is intend-
ed for ERL [11], ILC and PIP-II applications [12, 13]. 

Typical representative ferroelectric materials are 

3BaTiO  or a 3BaTiO – 3SrTiO  solid solution 

(BST). The BST solid solution can be synthesized in 
the form of polycrystalline ceramic layers and in 
bulk, Fig. 2, b. BST(M) material [26] (BST ferroe-
lectric with Mg-based additives) was developed by 
Euclid Techlabs/Ceramic Ltd. collaboration allowing 
fast switching and tuning in vacuum at a high biasing 
electric field of 50 kV/cm [27, 28]. Initially this ma-
terial was developed for the X-band frequency range 
[29, 30] (11.424 GHz) and demonstrated loss tan-

gents of 35 1 0  at 10 GHz. Tunability, time response 
and loss factor measurements for large bulk ferroe-
lectric samples have been presented and published in 
[31]. A new BST-based material has been developed 
with a tunability of 6–8 % at a 15 kV/cm biasing 
field to be applied in air [32–34]. Development of 
this type of material was a challenge; there are no 
other materials available with a tuning range and loss 
factor close to those listed above. It was demonstrat-
ed recently that by introducing a linear (non-tunable) 

Mg-based ceramic component into the BST solid 
solution one can enhance the tunability factor of the 
entire composition while keeping the loss tangent 

below 310  at L band [33–34]. This counter-intuitive 
property (by increasing the non-tunable ceramic con-
tent of the ferroelectric-ceramic mixture one can en-
hance the tunability of the resulting material) opens 
important new possibilities in designing the specific 
class of microwave ceramic materials that will ena-
ble tuning at low magnitude biasing fields. In partic-
ular, an unprecedented low zero-field permittivity, 
non-linear material that retains tunability has been 
developed [33–34]: a BST ferroelectric and Mg-
based additive composite with a dielectric constant in 
the range of ≈ 150, Fig. 3, a, b. 

A prototype Ferroelectric Fast Reactive Tuner 
(FE-FRT) for superconducting cavities has been de-
veloped, which allows the frequency to be controlled 
by application of a potential difference across a fer-
roelectric residing within the tuner. This technique 
has now become practically feasible due to the recent 
development of a new extremely low loss ferroelec-
tric material. In a world first, CERN has tested the 
prototype FE-FRT (based on the Euclid/Ceramics 
Ltd. BST material) with a superconducting cavity, 
and frequency tuning has been successfully demon-
strated [11]. This is a significant first step in the de-
velopment of an entirely new class of tuner. These 
will allow electronic control of cavity frequencies, by 
a device operating at room temperature, within time-
scales that will allow active compensation of micro-
phonics. For many applications this could eliminate 
the need to use over-coupled fundamental power 

 

Fig. 3. The tunable BST ferroelectric element for 400 MHz SRF cavity tuner (a);  
tunable ferroelectric BST element after metallization (b) 

а b 
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couplers, thus significantly reducing RF amplifier 
power. Details of this research can be found in [11]. 

Conclusion. We presented a survey of experi-
mental testing of microwave materials with high-
current electron beams and high power microwave 
sources intended for use in dielectric wakefield ac-
celeration and other beam physics applications. The 
discussed materials include low loss microwave ce-
ramics, quartz (fused silica), CVD diamonds and 
nonlinear BST based ferroelectrics. We presented our 
experimental results on wakefield generation in mi-
crowave frequency ranges with the dielectric based 
accelerating structures. Special attention was paid to 

the experimental results on high power testing at X-
band for the externally powered dielectric based 
structures. Finally, we presented here first experi-
mental demonstration of application of ferroelectric 
tunable microwave ceramic for accelerator applica-
tion, which includes both tunable dielectric wake-
field accelerating structures and ferroelectric based 
fast high power tuner for superconducting cavities. 
Experimental results presented here are critically 
important for the advanced dielectric wakefield ac-
celerating structures and other components develop-
ment intended for the future linear collider projects. 
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