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Constant parameters

Beam Energy 1 GeV

Bunch charge (𝑄) 30 pC

Transverse bunch size (𝜎𝑟) 1.4 μm

Longitudinal bunch size (𝜎𝑧) 2.0 μm

Energy spread 1.0%

Angular divergence (𝑟𝑎𝑑) 1.0 × 10−5

Laser amplitude (𝑎0) 2.0

Laser length (𝜎𝑙) 7.5 μm

Laser waist(𝑟𝑤) 17.0 μm

Table 1. Simulation Parameter

The plasma beam dump is a scheme to depose the relativistic beam kinetic energy in plasma medium, after the accelerated
particle beam used purposefully. The plasma-based beam dump can be categorized into two types based on sources used to
induce the wakefield: passive plasma beam dump (PPBD); and active plasma beam dump (APBD). In passive plasma beam
dump [1] a relativistic particles bunch propagates in an undisturbed plasma and loses its energy through excitation of
wakefield, whereas in an APBD a precursor laser pulse is introduced to excite the wakefield in plasma before an electron beam
is injected in decelerating phase of the plasma wakefield for energy loss. Compared to the conventional beam dump where
the high-density materials such as graphite or other metals are used to depose beam energy, the plasma beam dump offers
compact footprint, low radiation hazards and therefore low costs. To investigate the beam energy loss, 2D particle-in-cell (PIC)
simulation was performed with Smilei [2].

INTRODUCTION

An analytical model was solved using 2D particle-in-cell (PIC) code to extract
the evolution of relativistic factor γ and the beam energy loss along the
propagation direction with the optimum Laser and beam parameters
(adopted from EuPRAXIA Conceptual Design Report [3]) are shown in Table 1.

𝛾 𝑠 = 𝛾0 −
𝑘𝑝

𝐸0
𝑠 𝐸𝑧𝑏 + 𝑑𝑠׬ 𝐸𝑧𝑙

𝑈 𝑠 = 𝑉𝑑𝑉׬ 𝛾 𝑠 Τ𝑛𝑏 𝜉, 𝑟 𝑛0
Where, kp is the plasma wave number. 𝐸𝑧𝑏 and 𝐸𝑧𝑙 are the bunch self-driven

longitudinal plasma wakefield and laser-driven longitudinal plasma wakefield
respectively, and 𝐸0 = Τ𝑐𝑚𝑒𝜔𝑝 𝑒 is the cold non-relativistic wave breaking

electric field, 𝑐 is speed of light, 𝑚𝑒 is the electron rest mass, 𝜔𝑝 is plasma

frequency, and 𝑒 is electron charge.
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Results

The particle-in-cell code Smilei was used to investigate the
plasma-based beam dump first time in our group.

• In this study, we observed that the electron beam losing its
maximum energy at s = 2.2 cm, reaching to a minimum
average energy of 26 MeV. Whereas the previous study
shows in passive plasma beam dump scheme for the same
configuration of optimum parameters electron beam reaches
to its minimum energy at a distance of 6 cm. Therefore, in
active plasma beam dump, the electrons in the bunch lose
their energy fast as compared to the passive beam dump
scheme that could lead to the more compactness of the
plasma particle accelerators.

• We also observed the high intensity laser envelope deformed
due to the transverse nonlinear effect in plasma. To avoid the
laser deformation because of transverse nonlinear effect
further simulation has to be done with lower laser
intensity.
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Fig: 2D simulation of active plasma beam dump was
performed for the electron beam with peak density
Τ𝑛𝑏 𝑛0~3 and 𝛾0 = 1960 , propagating in a uniform

plasma with density 𝑛0 = 1 × 1018 𝑐𝑚−3. (a) Beam spatial
distribution (orange curve), net longitudinal wakefield
(blue curve) and the laser envelope (green curve) and (b)
initial phase space at s = 0.19 cm. (c) Beam distribution,
net wakefield, deformed laser envelope and (d) a phase
space at s = 2.4 cm, bunch moved to the acceleration
phase of wakefield. (e) The maximum energy loss was
observed at s = 2.2 cm.
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