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Abstract

The project of an experimental facility based on the
VEPP-5 injection complex is described. Due to a good
quality of electron or positron beams and specia beam
preparation system, the facility opens several possibilities
for studies of the plasma wakefield acceleration: high peak
beam currents, arbitrary beam profiles, long term beam-
plasma interaction (up to the full driver depletion), and
precise beam diagnostics. Various wakefield regimes can
be experimentally demonstrated and studied: the efficient
blow-out regime with a low energy spread and high ac-
celeration rate (up to several GeV per meter); multibunch
regime; long bunch instabilities; beam self-organizationin
plasma; plasma lens. If successfully realized, this exper-
iment becomes a solid argument for feasibility of a high-
energy collider based upon the plasma wakefield accelera-
tion.

INTRODUCTION

Plasmas can sustain very large electric fields that are
many orders of magnitude higher than those in conven-
tional accelerating structures. This property is used in
plasma wakefield accelerators (PWFA), in which one elec-
tron beam drives the high amplitude field in the plasma,
and another beam (witness) is accelerated by thisfield (see
review [1] and references therein). To compete with con-
ventional accelerators, the plasma-based accelerators must
have high efficiency, low energy spread of the accelerated
beam, and high transformer ratio R (i.e., the ratio of lon-
gitudinal fields in two beams) at reasonable beam parame-
ters and tolerances. In search of a good regime that meets
these requirements, several beam configurations were pro-
posed and studied. One of them isthe blowout regime[2, 3]
in which al the plasma electrons are gjected off the beam
propagation channel, and an electron-freeregion (called the
cavern) is formed around the drive beam.

For high beam currents and moderate beam lengths, a
promising mode of the blowout regime is realized (so-
called strong beam regime [4]) when the energy content
of the plasma is very high. Almost al this energy can be
withdrawn fromthe plasmaat arelatively high electric field
within the witness beam. Operating in the strong beam
mode with properly shaped driver and witness opens the
possibility to achieve high efficiency of the beam-to-beam
energy exchange, high acceleration rate (with R > 2), and
low energy spread simultaneoudly.
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To demongtrate the efficient blowout regime, a high-
quality high-energy electron beam from a conventional
accelerator must be longitudinally compressed, properly
shaped, and passed through a plasma section that is long
enough to completely decelerate some parts of the driver.
All this possibilities will be available at the experimental
facility based on the VEPP-5 injection complex. The ex-
perimental project itself and the expected results obtained
with computer simulations are reported in this paper.

THE PROJECT

VEPP-5 injection complex is currently under construc-
tion at Budker Institute of Nuclear Physics to provide
VEPP-4 and VEPP-2000 colliders with high-quality elec-
tron and positron beams. The complex consists of
510 MeV linear accelerator followed by the damping ring.
Beam parameters after the damping ring are shown in Ta-
ble 1. These beams can be also used for experiments on
plasma wakefield acceleration.

Being ssmply injected into a plasma, the beamswill pro-
duce the electric field of the amplitude ~ 10 MV/m. For
excitation of a higher amplitude plasma wave, the beam is
to be compressed and shaped before the plasma chamber.
These manipulations are to be made in the beam prepara-
tion system. Here, alinear correlation between energy and
longitudinal position is induced in the beam by passing an
RF structure at the zero-crossing phase (Fig. 1). Then fol-
low two 45-degrees bending magnets where particles with
different energies have different path lengths, so the bunch
is compressed longitudinally.

The efficiency of such a technique is limited by the ra-
tio of theinitial (1) to the induced (AW) energy spread
which basically determines the minimum final length of the
bunch §z. Themaximum compressionratio in the proposed
systemisrealized at AW/Wy =~ 5%, whence we obtain

In the region of maximum dispersion, a collimator is
placed to cut out some parts of the beam (Fig.1). Since
the dispersion function turns to zero after the second bend-
ing magnet, the transverse modul ation of the beam after the
collimator convertsto an arbitrary longitudinal modulation
of the beam current with the precision ~ §z.

Beam line tracing confirms the above estimates and
shows that this system can produce electron or positron
bunches of various shapes, for example, a single short
bunch (0.2mm-long) with peak current up to 6kA, two
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Table 1: Beam from VEPP-5 injection complex

energy, Wy 510 MeV
number of particles in bunch (2+5)-10%°
rms bunch length, o, 4 mm
transverse rms size, o, X 0, 1.5 x 0.03 mm

2.3.107% mrad - cm
0.5-107° mrad - cm

z-emittance
y-emittance

energy spread, SW /W, 0.05%
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Figure 1: General layout of designed facility. Insets show the beam portraits at different positions.

0.2mm-long microbunches with peak currents of 1-2kA,
or along train of microbuncheswith the peak current about
100A.

The finest scale of beam modulation 6z determines the
minimum wavelength of the wakefield A, ~ 24z and the
maximum required plasma density
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n =

A plasma of this density and length L ~ 1 m can be cre-
ated by a direct discharge in a magnetic field. A similar
dischargeis routinely used in Budker INP for creation of a
densetarget plasmaat thermonuclear facility GOL-3 [5, 6].

The required plasma homogeneity is determined by the
number of micro-bunches N in the modulated beam. The
relative variation of the plasma wavelength 6\, /A, aong
the plasmacolumn must not exceed (3IV) ~! [7]. Otherwise
the particles from the beam tail will eventually fall into the
defocusing phase of the wakefield and get lost.

The beam energy spectrum after the plasmawill be mea-
sured by adipole spectrometer. The angular distribution of
beam particleswill be registered also.

EXPECTED RESULTS

The designed facility will be flexible enough to study
various regimes of plasma wakefield acceleration: the ef-
ficient blowout regime with a low energy spread and high
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acceleration rate, resonant wakefield excitation by atrain
of short bunches, instability and self-organization of long
bunches in the plasma, various plasma lens regimes, etc.
Here we describe only the efficient two-bunch regime [8]
which is of a prime interest for possible collider applica-
tions of PWFA.

In the efficient blowout regime, the plasma response to
the beam is essentialy nonlinear and alows no detailed
analytical study. The account of beam dynamics compli-
cates the problem further. Therefore, for optimization of
the system we used two-dimensional hybrid code LCODE
[9, 10] to make end-to-end simulations of beam propaga-
tion through the whole plasma section. The optimization
involvesthe adjustment of several input parametersto max-
imize the witness energy gain and witness charge at mod-
erate (< 10%) energy spread. These parameters are: the
longitudinal compression ratio of the beam, location of col-
limator plates, plasmalength and density.

The result of optimization is shown in Fig. 2. The beam
that initially comprises 2 - 10'° electrons is to be com-
pressed to o, = 0.3 mm, focused to o,. = 0.026 mm, and
collimated to create the double-hump density and current
distribution (Fig. 2a). After passage of 95 cmin the plasma
of density 1.7 - 10'°cm—3, the beam energy spectrum con-
siderably changes (Fig.2b). The first bunch (10'° elec-
trons) loses 54% of its energy and decelerates, in average,
from 510 MeV to 240 MeV. The second bunch takes 63%
of the plasma energy and acceleratesto 1.1 GeV. This cor-
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Figure 2: Results of simulations: a) the profile of beam current before the entrance to the plasma, dashed line shows the
current profile with no collimation, the beam propagatestoward positive z-direction; b) energy spectrum of the beam after
the plasma; ¢) beam portrait on the plane “energy — longitudinal coordinate” after the plasma; d) angular distribution of
the beam after the plasma, accelerated particles are shown by darker shading.

responds to 34% bunch-to-bunch efficiency and the accel-
eration rate of 600 MeV/m. Thefinal energy spread of ac-
celerated bunchis 9% (Fig. 2b), the angular spread is lower
than 0.3° (Fig. 2d).
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