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Abstract
In this work, particle-in-cell simulations were carried out

to investigate the role of the down-ramp length of a H2 gas
jet in accelerating electrons ionized by the laser pulse. The
laser and plasma density were chosen so that the system is
operating in the self-modulated regime. Preliminary results
show how the down-ramp length can control the injection
of electrons in the first bubble induced in the plasma by the
laser pulse.

INTRODUCTION
The conventional method of accelerating charged particles

is by generating electric fields. Traditionally, the accelerat-
ing electric fields have been produced by radio-frequency
generators. More recently, plasmas have been proposed as
transformer media for producing high-amplitude electric
fields in short distances [1]. With this technique, through a
laser pulse or a beam, a wakefield is produced in the plasma,
which can accelerate charged particles with gradients of
GV/cm [2, 3]. This plasma-based technique might allow for
high-energy compact accelerators to become available for a
wide variety of applications.

Besides overall compactness, many applications might
require accelerators operating at high frequencies. For this
purpose, the use of gas jets produced by nozzles as targets,
which are ionized by the laser pulse, generating the plasma
medium for acceleration, become an interesting alternative.

The purpose of this work is to provide a brief investigation
on the effect of the down-ramp length of a trapezoidal-shape
gas jet with the aid of particle-in-cell simulations. The next
section presents the results and a brief discussion with pre-
liminary conclusions.

SIMULATION AND DISCUSSIONS
In this work, a gaussian laser pulse, with waist 𝑤0 =

7 µm, and longitudinal extension 𝑐𝜏 = 15 µm, propagates
along a gas jet with a trapezoidal longitudinal density pro-
file, which has an up ramp with length 80 µm, a plateau
of 40 µm, and a down ramp, which is varied from 20 µm
to 140 µm, in steps of 20 µm. The gas jet density in the
plateau is 𝑛0 ≅ 2×1020 atoms/cm3, and the laser is focused
at the middle of the up ramp. The laser pulse ionizes the
gas, driving a wakefield, and hence being self-modulated, re-
sulting in acceleration of plasma electrons. Since the 80 µm
down-ramp length case is discussed in another IPAC’21
∗ roger.pizzato@ufrgs.br

proceeding [4], it is not presented here. The simulations
were carried out by using the FBPIC code [5]. Simulation
properties are also described in the previously mentioned
reference.

Figure 1: Electron-plasma density for down-ramp lengths
of 20 µm, 40 µm, and 60 µm.
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Figure 1 presents the electron-plasma density for the
down-ramp lengths of 20 µm, 40 µm, and 60 µm, while in
Fig. 2 the same is shown for 100 µm, 120 µm, and 140 µm.
𝜉 = 𝑧 − 𝑠 is the co-moving coordinate, 𝑧 is the longitudinal
coordinate, and 𝑠 is the propagated distance. Note that, for
the same propagated distance 𝑠 =163.4 µm, the density of
plasma electrons is mostly the same in shape and in intensity.
There are two bubbles (rounded light-pink regions), the
first incomplete, followed by a well-defined second bubble.
While the first bubble is empty, there are electrons inside
the second one, demonstrating that injection has occurred
earlier in simulation.

Figure 2: Electron-plasma density for down-ramp lengths
of 100 µm, 120 µm, and 140 µm.

Figure 3 shows again the density of plasma electrons for
down-ramp lengths of 100 µm, 120 µm, and 140 µm. Now,
a longer propagated distance is considered, 𝑠 ≅190 µm. It
can be seen that the first bubble shown in Fig. 2 is now
completed. Moreover, there are now electrons inside this
first bubble, indicating that the electrons previously injected
in the second bubble have been accelerated enough to
be injected in the first bubble. This electron injection in
the first bubble has not been observed for the down-ramp
lengths of 20 µm, 40 µm, and 60 µm cases.

Figure 3: Electron-plasma density for down-ramp lengths
of 100 µm, 120 µm, and 140 µm.
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Figure 4 presents the accelerated bunches exiting the gas
jet for 20 µm, 40 µm, and 60 µm down-ramp lengths. See
that the bunches are a diffuse cloud of electrons, resulting
from the acceleration in the second bubble over the whole
gas jet length. Figure 5 shows the bunches produced by
down-ramp lengths of 100 µm, 120 µm, and 140 µm. It is
possible to see that, besides the diffuse cloud already seen for
the other cases, there is now also the presence of a leading
bunch, which is a result from injection in the first bubble.

From this brief analysis, it can be perceived that the down-
ramp length of the gas jet can be used to control electron
injection. As shown here, while injection has occurred only
in the second bubble for the down-ramp lengths of 20 µm,

Figure 4: Accelerated bunches for down-ramp lengths of
20 µm, 40 µm, and 60 µm.

40 µm, and 60 µm cases, for the 100 µm, 120 µm, and 140 µm
cases injection has occurred in the first bubble. The vi-
sual difference observed in the accelerated electrons is the
presence of a leading bunch for the down-ramp lengths of
100 µm, 120 µm, and 140 µm cases. Future works will ad-
dress the quantitative analysis of the accelerated electrons
shown here.
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Figure 5: Accelerated bunches for down-ramp lengths of
100 µm, 120 µm, and 140 µm.
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