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Abstract

High-gradient plasma wakefield acceleration up to
100 GeV/m on the considerable length up to one meter has
been already demonstrated experimentally [1, 2]. However
producing accelerated electron bunch of high quality
(charge, emittance, etc.) by plasma wakefield accelerators
remains problematic.

In [3] optically triggered injection and acceleration of
electron bunches, generated in a multi-component hydro-
gen and helium plasma, demonstrated. This ‘plasma pho-
tocathode’ decouples injection from wake excitation by lib-
erating tunnel-ionized helium electrons directly inside the
plasma cavity, where these cold electrons are then rapidly
boosted to relativistic velocities. The injection regime is an
important step towards the generation of electron beams
with unprecedented low transverse emittance, high current
and 6D-brightness.

To accelerate electron bunch of low energy spread, a
method is usually used that involves the formation of the
same accelerating gradient at the location of the bunch. The
same accelerating gradient (plateau due to beam loading
(see [4-7]) in the region of the accelerated bunch allow all
its parts to move as a whole, and ensure the preservation of
the spatial distribution of electrons over time, which, in
fact, means an accelerated beam of high quality.

Also, the question arises about the limiting witness
bunch length at which the accelerating wakefield is plat-
eau-type. Beam loading has already been experimentally
demonstrated in a beam-driven plasma accelerator
(see [8]). In this report, the problem of the uniform accel-
erating wakefield (of plateau-type) formation due to wit-
ness-bunch loading is simulated in the cases of a short or
long electron driver-bunch.

INTRODUCTION

High-energy particle physics requires more and more en-
ergy for research. For this, new accelerators are being built
and old ones are being modernized. However, already now,
the limits of energies to which particles can be accelerated
are insufficient. And the only available way to increase the
accelerated particles' energy to TeV value is to directly in-
crease the size of the accelerator. This, in turn, entails an
increase in the cost of the operating accelerators.

Conventional accelerators can provide accelerating gra-
dients up to 100 MV/m. Such limitation is caused by the
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electrical breakdown. Obviously, in order to reduce the size
and cost of the installation, it is necessary to increase ac-
celerating gradient. Simulations and experiments show that
there is a possibility of obtaining accelerating gradients up
to 100 GV/m. In experiments [1] using front of 40 GeV
bunch as a driver for plasma wakefield excitation the dou-
ble energy of accelerated trailing edge of this bunch on one
meter plasma length has been observed.

External injection of the bunch with a small size and a
small energy spread, produced by a conventional accelera-
tor, allows accelerating this bunch of high quality in high
gradient plasma wakefield to high energy.

To compensate the energy spread of the accelerated elec-
tron bunch, it is possible to construct bunch of such a shape
so that it forms a necessary self-consistent distribution of
the accelerating wakefield. Such bunch should form an uni-
form accelerating wakefield in the region where the beam
is located. This allows this bunch to be accelerated in the
same way. Earlier it was shown [4-6] that in the case of
acceleration of an electron bunch with external injection in
a wakefield accelerator such self-consistent field of the
plateau type can be obtained in a rather wide region of the
excited wakefield. This raises the question of what maxi-
mum length of the accelerated bunch can be in order to
form such a field.

In this paper, we report the results of numerical simula-
tion on the problem of maximizing the length of the accel-
erated electron bunch, which creates a self-consistent field,
which makes it possible to achieve minimum energy spread
of the bunch. A mechanism for constructing such bunches
was developed, as well as some dependences of their max-
imum length on the initial location of the bunch in the
wakefield, excited by the bunch-driver, were obtained.

We present results of numerical simulation of plasma
wakefield excitation in blowout regime by a driver-bunch
and wakefield modification by witness-bunch using
2.5 D LCODE [9] that treats plasma electrons and bunches
as ensembles of macro-particles. We consider the bunch, in
which electrons are distributed according to Gaussian in
the transverse direction along the radius. We use the cylin-
drical coordinate system (1, z, ¢) and draw the plasma and
beam densities and longitudinal electric field at some z as
a function of the dimensionless time 1=yt or E=Vit-z, Vy,
is the bunch velocity. Time, distance, bunch current I, and
fields are normalized to electron plasma frequency
Ope, C/Ope, Ler=mmc/4e and mcwpe/e. Here e, m are the
charge and mass of electron, c is the light velocity.

MC3: Novel Particle Sources and Acceleration Techniques

A22 Plasma Wakefield Acceleration



12th Int. Particle Acc. Conf.
ISBN: 978-3-95450-214-1

INVESTIGATION OF THE POSSIBILITY
OF MAXIMIZING THE LENGTH OF THE
BEAM FORMING THE DISTRIBUTION
OF THE ACCELERATING WAKEFIELD
OF THE PLATEAU TYPE

For convenience, we will build long accelerated beam
from small longitudinal elements. Such small element, pro-
vided self-consistent plateau-type field in its area, do not
distort field for neighbouring areas. That is, to build a long
beam, which creates a self-consistent field, it is enough to
alternately select the required charge of each small element
of the beam, and, in the course of increasing the beam
length, the field, in the already self-consistent region, re-
mains so and does not change or changes extremely
weakly.

We begin by considering a small bunch-driver. In Fig. 1
and Fig. 2, one can see the appearance of a self-consistent
accelerating field, a plateau type. It is clearly seen that the
sign of the accelerating field in these cases is opposite to
the sign of the decelerating field of the bunch-driver, when,
as in Fig. 3, due to the fact that the bunch-precursor is ex-
tremely close to the main bunch-driver, the signs of the de-
celerating fields for both bunches are the same. Also, it can
be noted that the maximum dimensions of the accelerated
beam depend on the proximity to the bunch-driver.
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Figure 1: The on-axis wakefield excitation E, by bunch-
driver and plateau formation on E, (&) by bunch-witness,
& =z-Vyt. Densities of bunches ny, on the axis are shown by

brown. Average field <E>=IEznbrdr/ I n,rdr is shown

by red. Plasma electron density is shown to be blue as a
function of the coordinate & along the plasma. The length
of uniform bunch-driver is equal to 0.06 of nonlinear wave-
length. The maximum current of bunch-driver is equal to
[,=5.015kA. The maximum current of bunch-witness is
equal to [,=0.9 kA.
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Figure 2: The on-axis wakefield excitation E, by bunch-
driver and plateau formation on E,(§) by bunch-witness,
& =z-Vyt. Densities of bunches ny, on the axis are shown by
brown. Average field <E> is shown by red. Plasma electron
density is shown to be blue as a function of the coordinate
& along the plasma. The parameters are the same as in
Fig. 1. The maximum current of bunch-witness is equal to
[,=0.7 kA.
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Figure 3: The on-axis wakefield excitation E, by bunch-
precursor and plateau formation on E, (&) by bunch-driver,
& =z-Vyt. Densities of bunches ny, on the axis are shown by
brown. Plasma electron density is shown to be blue as a
function of the coordinate & along the plasma. The param-
eters are the same as in Fig. 1. The maximum current of
bunch-driver is equal to I,= 11 kA.

Figures 4 and 5 show the obtained beams of maximum
length, which form an accelerating wakefield, such as a
plateau. It can be noted that the longer bunch-driver is, the
longer bunch-witness can be obtained.
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Figure 4: The on-axis wakefield excitation E, by bunch-
driver and plateau formation on E, (&) by bunch-witness,
& = z-Vyt. Densities of bunches ny, on the axis are shown by
brown. Average field <E> is shown by red. Plasma electron
density is shown to be blue as a function of the coordinate
& along the plasma. The length of uniform bunch-driver is
equal to 0.23 of nonlinear wavelength. The maximum cur-
rent of bunch-driver is equal to I,=3 kA. The maximum
current of bunch-witness is equal to I, = 1.5 kA.
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Figure 5: The on-axis wakefield excitation E, by bunch-
driver and plateau formation on E, (&) by bunch-witness,
& = z-Vyt. Densities of bunches n, on the axis are shown by
brown. Average field <E> is shown by red. Plasma electron
density is shown to be blue as a function of the coordinate
& along the plasma. The length of uniform bunch-driver is
equal to 0.33 of nonlinear wavelength. The maximum cur-
rent of bunch-driver is equal to I,=2 kA. The maximum
current of bunch-witness is equal to I, = 1.76 kA.

CONCLUSION

Numerical simulation was used to obtain such charge
distribution of the witness-bunch, which makes it possible
to obtain the longest section of a self-consistent accelerat-
ing wakefield of the plateau type. Such a field distribution
makes it possible to reduce the energy spread in the beam.
Some dependences of the length of such accelerated bunch
on the relative position of the bunch-driver and its length
are also shown.
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