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The main obstacle to the practical implementation of the dielectric wakefield acceleration (DWA)
concept is the development of the beam breakup instability due to transverse dipole wakefields generated
when the beam propagates off axis in the accelerating structure. One of the methods to suppress this
instability is to elliptically shape the beam and accelerate it in a planar structure. Here, we report a detailed
experimental investigation of the transverse dynamics of elliptical beams in planar dielectric structure with
parameters mimicking future DWA modules. Both dipole and quadrupole wakefields’ effects on beam
stability and projected emittance were studied. This study has highlighted the importance of counteracting
quadrupole wakefields in future DWA implementations.

DOI: 10.1103/PhysRevAccelBeams.25.081302

I. INTRODUCTION

Dielectric wakefield acceleration (DWA) is one of the
novel acceleration concepts that has been actively devel-
oped in recent years as a technology for future linear
colliders and free-electron lasers, offering higher acceler-
ating gradients and lower costs in comparison to “classic” rf
accelerators. Accelerating gradients in the GV/m range
have been recently demonstrated experimentally [1]. Metal
corrugated structures with a similar underlying physical
mechanism have been also considered [2—4].

The collinear DWA concept is based on a high charge
drive electron bunch generating a large wakefield that
accelerates a trailing main bunch in the same dielectric
channel. Apart from high accelerating gradients, practical
and efficient DWAs must also ensure a high transformer
ratio (TR): the ratio of the maximal accelerating field for
the main bunch and the maximal decelerating field of
the drive bunch. Theoretical studies demonstrated that
to achieve both, the accelerating gradients are limited to
several 100s of MV/m level [5] by the necessity to
shape the drive bunch longitudinal profile as triangular,
double-triangular, or “door-stop” [6,7] with an unavoidable
increase of the bunch length to ps range.
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The major obstacle to the practical implementation of the
DWA concept is the beam breakup (BBU) instability that
develops if the beam propagates off axis in the DWA
structure. A widely accepted concept for BBU suppression
is Balakin, Novokhatski, Smirnov (BNS) damping [8]
explored theoretically [9,10] which is currently the basis
for prototype DWA modules [11]. Although the BNS
damping is shown to significantly suppress the develop-
ment of the BBU instability, it may still not be sufficient for
long (tens of meters) accelerating channels and imposes
very strong requirements on manufacturing and alignment
tolerances of the quadrupole wiggler around DWA down to
micrometer level [9,12].

An alternative method could be the implementation of
planar DWA structures with elliptical, high aspect ratio,
beams due to the reduction of the coupling to the transverse
wakefield modes that was theoretically demonstrated in a
number of studies [13—-15]. Planar wakefield structures
have been experimentally investigated extensively with
emphasis on the longitudinal beam dynamics [16-19] or
generation of THz Cerenkov radiation [4,20] but transverse
effects were studied to a lesser extent [21,22].

The first and, to the best of our knowledge, the only
experimental investigation of transverse effects in planar
DWA structures with elliptical beams was reported in [23].
These experiments were conducted at FACET (SLAC
National Accelerator Laboratory) using 20.35-GeV elec-
tron beams with a high bunch charge of 3.2 nC. The DWA
structures were, however, 10 mm long, with a small gap of
less than 1 mm, and beam position monitors (BPMs) were
used to observe transverse effects. These limitations pre-
vented simultaneous measurements of longitudinal fields

Published by the American Physical Society
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and transverse fields that were measured only in terms of
c.m. (center of mass) variation.

In this article, we present the results of a study on
transverse effects in planar DWA structures with elliptical
electron beams at 35-MeV energy. This lower energy and
the use of screens for beam imaging, rather than BPMs,
allowed us to observe not only transverse dipole fields but
also transverse quadrupole and longitudinal ones even at
low bunch charges of 85-100 pC.

II. EXPERIMENTAL SETUP

Experiments were conducted in Beam Area 1 (BA1) of
the CLARA facility [24] at Daresbury Laboratory. BA1
features a 2-m long vacuum chamber which enables the
study of DWA structures with lengths and gaps similar to
modules of future accelerators. In these experiments, the
structure was identical to that designed originally for the
energy dechirper at CLARA [25,26]: 200 mm long in the z
direction, and 10 mm wide in the x direction with quartz
plates of 200 ym thickness (see Fig. 1 for the coordinate
system). It was mounted on a translation stage to vary the
beam offset from the structure axis in the vertical direction
and the structure gap could be also varied with an additional
stage in the vertical y direction. Due to the variation of
both structure gap and beam offset, the frequency of the
fundamental longitudinal section magnetic (LSM) mode
and overall wakefield spectrum content was also changed
in the experiment. To illustrate, for a = 0.5 mm, the
LSM, | mode has a frequency of 143 GHz and reduces
to 113 GHz at @ = 1.0 mm. The next higher order modes
(LSM, ,,) have frequencies of the order 500 GHz. The
overall design provided a possibility to remotely adjust the
tilt of the structure with respect to the electron beam.

A schematic of the CLARA BAI layout is shown in
Fig. 1. The upstream quadrupole triplet Q1 focuses the
beam to the desired size at the screen S3 positioned in the
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FIG. 1. Schematic of the experiment performed at CLARA
BA1, with an inset showing the DWA structure and coordinate
system used for defining structure gaps and beam offsets.

middle of the 200-mm long DWA structure. The down-
stream triplet Q2 manipulates the beam size and the beam
optical function f, on the energy spectrometer screen S6.
A single quadrupole Q3 was used to control horizontal
dispersion at the S6 position. In these experiments, the
dispersion was varied in the range of 460—1200 mm to
accommodate different widths of energy spectra.
Horizontal and vertical scanning slits for emittance mea-
surements, each with 50 ym width, were positioned 0.50 m
from the DWA center.

The majority of measurements were made with a bunch
charge of 85 pC; however, this could not be always
maintained consistently during machine operation. Some
results were therefore scaled to 85 pC since the wakefield
strengths are proportional to bunch charge [27]. During
measurements, care was taken to ensure full beam trans-
mission through the structure by choosing the appropriate
range of structure gaps and beam offsets. The bunch
length could be easily varied from the CLARA facility
by varying the accelerating off-crest phase in the linac [24].
To minimize the variation of the transverse beam optics
at different linac off-crest phases, the beam energy was
maintained at nominal 35 MeV by adjusting the linac
gradient. For these experiments, we have chosen a rela-
tively long bunch length of 800 fs rms that is more
representative of bunch lengths required for achieving high
transformer ratios with triangular, double-triangular, or
door-stop longitudinal bunch profiles [6,12,19]. Some data
were also collected with shorter, 300-fs bunches for
comparison and in part for benchmarking the simulations.
Bunch lengths were measured by a wakefield streaking
method [28] and corroborated by electro-optic measure-
ments. While the horizontal beam size (x direction in
Fig. 1) in the DWA structure was varied over a wide range
of up to 1500 ym rms, the vertical size (y direction in
Fig. 1) of 150 + 20 ym was kept approximately constant.
This relatively large vertical beam size was chosen to
minimize the beam envelope variation within the long
DWA structure and to ensure small beam sizes on down-
stream screens.

III. SIMULATION METHODOLOGY

The experimental results are compared with the simu-
lations that follow the methodology described in [29]. This
method provides the 3D Green’s functions for a given
planar DWA structure through decomposition into discrete
transverse modes. The resulting functions are then con-
volved with a macroparticle distribution that has been
distributed onto a discrete mesh grid. This allows modeling
of the resulting 3D wakefield from electron bunches with
arbitrary transverse and longitudinal distributions, with no
constraints on symmetry. In contrast to electromagnetic
finite difference time domain (EM-FDTD) solvers for
Maxwell’s equations, this method requires the simulation
domain to only cover the volume described by the electron
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beam and not the whole transverse DWA geometry. This
implementation has reduced the time for simulations by
orders of magnitude, thus eliminating the need for a high
performance computing cluster. The simulations can be
performed with modest computer resources, even when a
large number of modes are needed for accurate results. The
number of modes is set for each calculation to ensure
convergence of the final field, ensuring the accuracy of the
simulation across varying bunch and structure parameters.
The wakefields calculated by the code have been bench-
marked against commercial EM-FDTD software packages
csT and vSim, with consistent results obtained.

IV. RESULTS

Typical images of the 800-fs long bunch on the screen S5
(while the quadrupole triplet Q2 is switched off) at different
beam offsets y, in the DWA structure, see Fig. 1, with the
gap set to 2a = 4.0 mm are shown in Fig. 2.

It is evident that the vertical beam size increases while
the beam is set to smaller distance Ay from the dielectric
plate due to increasing vertical dipole wakefield F,. Two
vertical image profiles are shown in Fig. 2 for y, = 0 (beam
set to the axis of the structure) and 1.54 mm. Apart from
dipole wakefields, the planar dielectric structure exhibits
strong quadrupole-like wakefields even with the beam on
the structure axis. The vertical quadrupole field is defocus-
ing thus contributing to the size of the streaked image and
reducing the resolution of a resulting bunch longitudinal
profile reconstruction [30]. The strength of F', along this
long 800-fs bunch is highly nonlinear and “flattens” toward
its tail—as shown in Fig. 3—resulting in a small “hump”
evident in the vertical profile. With F, being nearly
constant at the tail of the bunch, a larger portion of the
charge from adjacent longitudinal slices is projected onto
the screen at approximately the same vertical position.
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FIG. 2. Top: Beam images on the S5 screen at various offsets in
the structure with the half-gap of @ = 2.0 mm. The bunch length
is 800 fs and the rms horizontal beam size o,y = 360 pum.
Bottom: vertical projections at y, = 0 and 1.54 mm.

In the horizontal plane, the behavior is more complicated
due to the focusing nature of the quadrupole field.
Longitudinal beam slices near the head of the bunch
experience net focusing while the following slices are first
focused into the waist and then become strongly over-
focused toward the tail.

The complex behavior of the quadrupole-like wakefield
F, is also evident when the beam width ¢, and structure
gap are varied. Figure 4(a) shows horizontal divergence
calculated as ¢’ = (645 — 054)/L Where g4 and 65 are rms
beam sizes on screens S4 and S5 and L = 2.05 m is the
distance between them. The dotted black line represents the
beam divergence when the structure is withdrawn. Strictly
speaking, data presented in Fig. 4(a) can be interpreted as
divergence only if the beam waist is upstream of the S4
screen located 1.05 m from the middle of the structure. For
the smallest gap of a = 0.5 mm, this is valid for o,5 <
800 um where strong horizontal focusing takes place even
for these relatively wide beams. The increase in the beam
width significantly reduces horizontal focusing. With larger
half-gaps of 0.75 and 1.0 mm, the focusing is significantly
weaker; however, the effect of the beam width is also
diminished.

In the vertical plane, the interpretation of experimental
data presented in Fig. 4(b) is more straightforward because
the vertical defocusing field is increasing the natural
divergence of the beam. Similar to the horizontal plane,
defocusing is greatly reduced with increased structure gaps
and diminishes with increased beam width.

Although it is not straightforward to interpret experi-
mental measurements in Fig. 4, corresponding simulations
corroborate the data. Both indicate that the horizontal
focusing kick is within the range of 0.2-0.3 mrad, even

12F ' ' ' ]
1.0F ----- o, = 300fs T ]
0.8}
0.6 o

E; (MV/m)

P
-
—_——

-

-
-

FIG. 3. Comparison of simulated longitudinal E, (top) and
vertical F, (bottom) wakefields for an 85-pC Gaussian bunch
with lengths ¢, = 800 and 300 fs, and 6, = 6, = 150 ym. The
longitudinal coordinate is normalized to the bunch o, and the F,
field is plotted at y = 20, = 300 pm. The DWA structure half-
gap is a = 1 mm.
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FIG. 4. Beam divergence calculated as ¢ = (g5 — 04)/L
where L = 2.05 m is the distance between screens in horizontal
(a) and vertical (b) planes. Dashed lines are third order poly-
nomial fits to aid legibility. Measurements are presented for
structure half-gaps of @ = 0.5, 0.75, and 1.0 mm. The beam is set
on axis of the structure at each gap and the bunch length is
o, = 800 fs. Error bars shown for ¢ = 0.5 mm data are repre-
sentative of errors for other half-gaps, which are omitted to aid
legibility.

at o,y > 500 um. This may have important implications for
the practical design of the planar DWA modules with
elliptical nC scale drive bunches. Transverse dynamics of
an elliptical beam with a bunch charge of 10 nC were
studied through simulation and the results are presented
in Sec. V.

An example of the horizontal phase space with and
without DWA structure with the half-gap of ¢ = 0.5 mm
reconstructed from slit scans is given in Fig. 5 for the case
of 6,0 = 750 pm. The focusing quadrupole wakefield F, is
strong enough to transform the main body of the beam from
being divergent to convergent. The transverse phase space
also shows that F, is not linear across this wide beam and
reduces toward its edges. The projected emittance is higher
compared to that measured with the beam propagating in
the free path. The dependence of the projected emittance on
transverse beam size o, calculated from slit scans is also
shown in Fig. 5. As expected from simulations, the
horizontal emittance increases with an increase in the beam
size. The emittance in the vertical plane was also measured
but a large variance of measurement—due to the small
vertical beam size at the slit position—did not allow
making a reliable conclusion.

To demonstrate the feasibility of the BBU suppression in
planar DWA structures with elliptical beams, the beam
should be offset from the structure axis and variation of
both F, and E, should be measured as a function of the
beam size o, at the structure. In order to be representative

2 2
1 1 1
= =
g g
£ 0 g 0 \
by < .
-1 -1
-2r® =2
-2 -1 0 1 2 -2 -1 0 1 2
X (mm) X (mm)
20¢ m Free Path i ]
=) a=0.5mm
£ 15} 4 ke ]
=
g 10+ o—é—o 7
e ; 5
5 [ 1 1 1 1 ]
400 600 800 1000
Tx0 (ﬂm)
FIG. 5. Top: horizontal phase spaces of the beam with 6,5 =

0.75 mm propagating in the free path (left) and through the
structure set to @ = 0.5 mm (right). Bottom: dependence of the
horizontal projected emittance on beam size o,.

of a practical (nC scale) DWA, we used a larger structure
gap of 2a = 4.0 mm and correspondingly larger offsets to
emphasize those transverse effects.

Suppression of BBU with elliptical beams in planar
DWA structures relies on theoretical predictions [13,14]
that transverse wakefields are reduced at a much greater
rate, 1/03, compared to longitudinal ones, 1/c,. This
difference was observed experimentally as demonstrated
in Fig. 6 where the average decelerating field E, and
vertical dipole field F, are given as a function of the
horizontal beam size o, for two different quasi-Gaussian
rms bunch lengths of 800 and 300 fs. The experimental
values of F', were calculated from the c.m. change of beam
images in the vertical plane on downstream screens S4 and
S5 with and without the structure. At larger structure gaps
and larger beam offsets, the wakefields depend primarily on
the distance Ay between the beam centroid and the
dielectric plate rather than the structure half-gap a. The
data are therefore presented without normalization of o, to
a. As expected, the average longitudinal field £, was found
to be approximately 2 times stronger with shorter bunches,
while the transverse field F', was approximately the same
level compared to 800-fs bunches. Limitations of the
accuracy of our measurement of average F, prevent
differentiation between two measured cases. Lines in
Fig. 6 are simulations of the experiment conditions and
these match the measured data very closely for E,. The data
match the simulated trend for F y» even if the small change
predicted by simulations was not observed. Note that the
simulated averaged F', values are slightly smaller with the

081302-4
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FIG. 6. Average longitudinal E, and transverse F, wakefield
strengths as a function of the rms beam size at the position of the
DLW. E, is measured with the structure half-gap of @ = 1.0 mm
and beam centered. F is measured with ¢ = 2.0 mm and y, =
1.34 mm. rms bunch lengths of ¢, = 800 and 300 fs were used.
The lines are corresponding simulation results.

shorter 300-fs bunch length. At a given bunch charge
(identical for both bunch lengths), the peak of the trans-
verse wakefields is indeed larger for a shorter bunch but this
peak is located well behind the 300-fs bunch. At 800 fs, on

0.30 =™ , : ;
025 - @
T 020} e yo=1.14mm 1
E 0.15 %% * yo=1.54mm ]
< 0.10} el
S
0.05F
0.00
1.0f
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&S [ pn=134mm e Teeel
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oL
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FIG. 7. (a) Average transverse F, wakefield strengths as a

function of o,y. F, is measured with a structure half-gap of
a =2.0 mm, and offsets yo = 1.14 and 1.54 mm. rms bunch
length is set to 800 fs. Lines—corresponding simulation results.
(b) Normalized simulated dependencies of £, and F, on o, from
Figs. 6 and 7(a).

contrary, the field peaks at the tail of the bunch and affects a
larger portion of the total charge, as shown in Fig. 3. Hence
the average values of Fy—across the whole bunch—are
similar or even somewhat smaller for a shorter bunch.

Average dipole fields F for two further offsets and a
bunch length of 800 fs are given in Fig. 7(a). Lines
represent simulated results with, again, a good match to
experimental data. All simulated curves are also combined
together in Fig. 7(b) and presented in a normalized form.
Normalization is made to the highest value of F'y at 6,y = 0
for a given offset. For beams with large transverse
ellipticity, coupling to higher order transverse modes is
reduced [14]. These higher order modes contribute
to transverse fields to a greater extent than longitudinal
fields. Indeed, F, falls off much faster than E, with
increasing o,), especially at larger offsets y, (smaller
distances to the plate).

V. SCALING TO HIGH CHARGE,
HIGH ENERGY ACCELERATOR

Although elliptical high aspect ratio electron beams in
planar structures reduce the transverse dipole wakefields
that cause the development of the BBU instability, the
effects of quadrupole wakefields have to be taken into
consideration while evaluating the feasibility of this acce-
leration scheme. In this section, we describe the results of
simulations performed with high charge drive bunches
propagating through a long planar structure.

We consider bunches with charge Q = 10 nC, 1 GeV
beam energy and skew Gaussian longitudinal profile,

(t 0 _if 2

)= P <ﬁ> o (~32)

rms bunch length, 6, = 1 ps, and skew factor « = —4. This
profile is shown in Fig. 8(a) and approximates a triangular
profile similar to those considered for future wakefield
accelerators. The total bunch length is 3 ps, with peak
current ~7 kA, the vertical beam size 6., = 50 um, and the
horizontal beam size ¢, = 500 ym (using the coordinate
system shown in Fig. 1). The projected normalized emit-
tance was set to a low value of 0.05 ym to eliminate effects
from the beam envelope development and demonstrate only
wakefield effects. The planar structure gap was set to 2a =
2.0 mm which is representative for practical wakefield
accelerators [31]. For reference, Fig. 8(b) shows also
transverse wakefield forces F, and F, along the bunch
calculated at coordinates (x,y) of (26,,0) and (0,20,),
respectively.

As noted in Sec. IV, the beam behavior in the horizontal
plane is complex owing to the variation of F transversely
and longitudinally. To illustrate this behavior, the bunch
was divided into five identical longitudinal slices of
0.4 ps each as shown in Fig. 8(a). Summarily, these slices
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FIG. 8. (a) Skew Gaussian longitudinal bunch profile used in

simulations at 1 GeV and 10 nC. Five longitudinal slices of 0.4 ps
width each that were studied individually are also shown.
(b) Transverse wakefield forces along the bunch on the structure
axis. Horizontal F, is calculated at coordinates (x,y) = (20,,0)
and vertical F, at (x,y) = (0,20,), where 6, = 500 ym and
6, =50 um.

represent 8.9 pC of the total 10 pC bunch charge.
Horizontal rms widths o, of longitudinal slices along the
5 m length of the structure are given in Figs. 9(a) and 9(b).
Here, the vertical wakefields were deliberately removed by

500 ¢
400
300 ¢
200 ¢
100}

95% o (um)

500 ¢
400 ¢
300 ¢
200
100 ¢

95% o, (um)

500f (c)

400 \/
300 ¢

200¢
100 ¢

— Whole beam 1

95% o (um)

s (m)

FIG. 9. Variation of horizontal rms beam sizes along the DWA
structure. Initial beam size is o, = 500 um but 5% of particles
with largest deviation from the axis are discounted. The beam is
set on axis. Vertical wakefields F, are removed. (a, b) five slices
as shown in Fig. 8. (c) projected size of the whole beam.

setting F', = 0 to isolate only the horizontal effects from
F.. Note also that 95% of macroparticles were used to
calculate o, values to remove the contribution of outlier
particles with excessive offsets.

Each slice exhibits oscillatory behavior with the fre-
quency of oscillations increasing toward the tail of the
bunch in accordance with longitudinally increasing F . The
amplitude of oscillations is rapidly decaying, with a
corresponding variation in oscillation frequency, as a result
of F, variation within the relatively thick longitudinal
slices. With sufficient propagation, each slice tends to reach
a steady state with ¢, ~ 300 ym. It should be noted that
even for very thin longitudinal slices—which do not have
an appreciable variation of F, along the slice—these quasi-
betatron oscillations also decay, albeit much slower. This
effect within a thin slice is caused by a different underlying
mechanism: the transverse nonlinearity of F(x) across a
wide electron beam which increases at larger ¢,(. This was
evident from particle tracking in the transverse phase space.
All of the above results in the projected horizontal beam
size reaching a steady state with negligible oscillations, see
Fig. 9(c).

Even though the rms beam size o, reduces by a relatively
small amount of ~30%, the transverse horizontal profile
undergoes a significant transformation as evident in
Fig. 10. From an initially Gaussian distribution, a strong
peak develops at the beam center after ~1 m of propagation
through the structure and this profile remains largely
unchanged afterward. Such a profile will have a reduced
effect on the suppression of transverse wakefields, includ-
ing the dipole component of the F, if compared to the
initial 500-ym Gaussian distribution.

Transverse quadrupole wakefields significantly disrupt
beam propagation through the structure causing the onset
of beam losses after ~1 m even with the beam set on axis as
seen in Fig. 11. This plot shows also the dependence of
beam losses with distance when the horizontal force F, is
removed (dotted line) to emphasize the effect of horizontal
profile variation. Particle distributions in y-¢ plane are also
shown at the start of the structure in Fig. 12(a) and after 1.5

25T . . B . . 1
i s=0.0m
L S | — s=1.0m]
E L5¢ s=2.5m]j
&
< 1.0 ]
0.5 / 1
0.0t n L L n
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

X (mm)

FIG. 10. Horizontal beam profiles at s = O (initial) and at s =
1.0 and 2.5 m. The beam is set on axis and vertical wakefields F y
removed.
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FIG. 11. Bunch charge as a function of propagation distance

through the structure. Plots are shown for F, removed (dotted
line) and included (solid line). The beam is on the structure axis.

and 2.5 m of propagation in Figs. 12(b) and 12(c).
The beam losses, and the difference between cases
with and without F,, increase when the beam is initially
offset vertically by 50 ym, see Fig. 13. BBU instability
development is evident in the particle distributions shown
in Fig. 14.

The bunch has lost more than half of its charge after only
3 m of propagation. At this point, slices 4 and 5 (indicated
in Fig. 8) have been eroded, only ~10% of the charge in
slice 3 remains, and losses in slice 2 have started, see
Fig. 15. Since the lost slices are positioned at the tail of the
bunch, the longitudinal bunch profile changes, and the
effective bunch length is reduced as shown in Figs. 14(a)
and 14(b). Therefore, in addition to a reduction of the
longitudinal wakefield E, due to diminished bunch charge,
the transformer ratio has been impacted and reduced the
accelerating gradient behind the drive bunch.

10[
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g 00
> L
050 s—00m
-10k,
L0 o)
= 05
E 00—
> E
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~101,
l.0’(c)
~ 05}
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0.5 s=25m
~10f, ‘ . J
-3 2 Z1 0 1

t(ps)

FIG. 12. Transverse-longitudinal distribution of particles after
propagation distances of s = 1.5 and 2.5 m from the beginning of
the structure (s = 0). The beam is on the structure axis. F, is
included.

Q (nC)

0.0 05 1.0 15 2.0 25 3.0

s(m)
FIG. 13. Bunch charge as a function of propagation distance

through the structure with the beam offset vertically by
yo = 50 pum. Plots are shown for F, removed (dotted line) and
included (solid line).

One may conclude from these simulations that the
simple concept of BBU suppression with elliptical beams
in planar structures may not provide a scalable solution for
DWAs as the quadrupole wakefields also need to be
counteracted. One method to achieve this is well known
and represents a sequence of short DWA sections with
alternating orthogonal orientation [32] which has been
implemented already for energy dechirpers in FELs
[25,33,34]. The efficiency of this method was demonstrated
by simulations in the case of a small size circular beam
[35]. The application of this method to large aspect ratio
elliptical beams is not straightforward. The main obstacle
would be filling the aperture of every other structure with
beam thus causing strong nonlinearities and excessively
large wakefields at the beam edges. This represents a very
complex problem that requires a dedicated study.

As evident from Fig. 14, the elliptical beam with 6,4 =
500 um is not able to suppress the BBU instability fully.
Further increase in o, would extend the length of propa-
gation due to a further reduction in transverse wakefields
strength (Fig. 7) but, in this case, compensation of

1.0 @
~ 05} !
£ 00
- L
05 ¢_15m
-10f,
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~ 05} '
£ 00
> _nsl
0.3 s=25m
~ 1.0}, , . E
-3 -2 —1 0 1

t(ps)

FIG. 14. Transverse-longitudinal distribution of particles after
1.5 and 2.5 m propagation distance through the structure. The
beam is initially offset vertically by y, = 50 ym. F, is included.
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FIG. 15. Bunch charge in five longitudinal slices (shown in

Fig. 8) as a function of propagation distance through the
structure. The beam is initially offset vertically by y, = 50 ym.
F, is included.

quadrupole fields with alternating structures as described
above may become impractical.

VI. CONCLUSIONS

In conclusion, we have experimentally studied the
transverse effects of elliptical beams propagating through
planar dielectric wakefield accelerating (DWA) structure
with parameters mimicking future practical accelerating
modules, i.e., gaps of a few millimeters, length of 200 mm,
and beam offsets that are indicative of development of the
beam breakup instability. Computer simulations match
closely with the experimental data. As in [23], we observed
a significant reduction of the transverse wakefields at the
expense of some reduction in longitudinal fields with the
increasing beam ellipticity. An important observation is that
the suppression of the transverse wakefields becomes
stronger while the beam moves closer to the dielectric
plate, facilitating the overall suppression of the BBU
instability. This experimental study has highlighted the
importance of counteracting the quadrupole-like focusing
wakefields that decrease the initial beam width thus
diminishing the effect of the high beam aspect ratio.

To evaluate the feasibility of the elliptical beams concept
with a practical DWA parameter range, simulations were
conducted for an electron bunch having a 10-nC charge and
500-¢m beam width propagating through the planar struc-
ture with a 2-mm gap. The simulations showed that
defocusing quadrupole wakefields cause the onset of beam
losses after 1 m of propagation and about half of the bunch
charge is lost after 3 m.

To negate both focusing and defocusing wakefields, a
sequence of the orthogonally oriented planar DWA struc-
tures has been proposed [32,35] and applied in energy
dechirpers for FELs [25,33,34]. These studies, however,
were conducted with small size circular beams. Practical
realization of this concept with elliptical beams—even with
amodest 500 ym width—is not trivial and may suffer from
strong nonlinearities and significant wakefields strength at

the edges of the beam in every other section of the structure.
Simulations also demonstrated that this beam width is not
sufficient to effectively suppress the development of the
BBU instability. Further increase in the beam width would
make transverse beam dynamics even more complicated
and can prevent stable beam propagation in orthogonally
oriented structures. The feasibility of this concept is the
subject of further dedicated study.
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