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Direct laser acceleration is one of the mechanisms for producing electron bunches carrying up to µC charge, which
has attracted much attention in recent decades. Currently, one major challenge for its applications to high-flux x-ray beams
and Compton γ-ray sources is the relatively large divergence angle (hundreds of mrad). In this work, a scheme to guide and
focus the incident laser and the accelerated electrons is proposed and tested through two-dimensional (2D) particle-in-cell
(PIC) simulations. The scheme is based on a hollow cone target (made of aluminum or gold) filled with near-critical-density
(NCD) plasmas (pre-ionized polymer foams). Instead of separating the acceleration and focusing processes, it is convenient
to simultaneously realize both requirements in such an NCD plasma-filled cone target. PIC simulations reveal that the laser,
electrons, and emitted photons can be well-guided along the cone axis in the NCD plasma-filled cone target, preserving the
characteristic of high beam charge. Detailed PIC simulations are also performed to show the dependence of the electron
energy and charge on the plasma density for a given laser.
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1. Introduction

Electron beams with high quality are nowadays widely
used for many applications such as, for instance, bright γ-
ray sources,[1,2] free electron lasers (FELs),[3–5] and the gen-
eration of electron–positron pairs.[6–8] The applications (e.g.,
FELs) that prioritize a narrow energy spectrum tend to rely
on the conventional RF[9] or laser-wakefield[10–12] accelera-
tors. Whereas the applications (e.g., high brightness x/γ-rays
and the creation of electron–positron pairs) that prioritize a
high beam charge tend to rely on the direct laser acceleration
(DLA).[13–16] It has been demonstrated that the DLA can gen-
erate high-energy electron beams with a charge[17,18] of hun-
dreds nC or even µC using upcoming multi-petaWatt laser fa-
cilities. Such a bunch carrying large charges has become an
important research topic in recent decades because it repre-
sents a useful source of high-energy electrons itself and its sig-
nificance in enhancing the brightness of the radiation, material
detection,[19] and radiotherapy treatment.

In the DLA process of ultraintense laser pulses interact-
ing with the NCD plasmas, the accelerated electron beams
gain energy directly from the incident laser,[20,21] and the
experimental evidence of the DLA-accelerated electrons has
been observed.[22,23] However, when the laser pulse prop-
agates into plasmas for a relatively long distance, it will
undergo transverse tilt due to the filamentation and hosing
instabilities.[23–26] This will result in the generation of un-
controllable off-axis electrons with relatively large divergence

angles and hinder their further applications.[27,28] Up to now,
there have been numerous efforts to suppress the instability
and simultaneously increase the energy conversion efficiency
from laser to relativistic electrons.

One way is to control the laser beam itself. It has been
proposed that the filamentation instability can be mitigated for
the laser beam with an elliptically distributed profile.[29,30] In
addition, the DLA electron energy dependency on laser fo-
cusing geometry has been investigated using experiments and
numerical modeling.[21] Using a hollow solid plasma conical
target, 2D PIC simulations[31] have predicted a laser intensity
enhancement by a factor of 10. The scaling between the laser
intensity and the electron energy cutoff has been analytically
given in Ref. [15]. On the other hand, structured plasma tar-
gets open a way to generate dense forward-moving electrons in
a given laser condition. Theoretical analyses and simulations
performed by Huang et al. have shown that the laser hosing
instability can be mitigated and even suppressed by using a rel-
atively steep parabolic plasma channel.[24] The instability can
also be suppressed in a target consisting of a material-filled
cylindrical channel.[32] In this case, the incident laser field can
efficiently accelerate electrons propagating along the forward
direction in the quasistatic azimuthal magnetic fields, which
can confine electrons in the transverse direction. Moreover,
with the advancement of the three-dimensional (3D) nano-
fabrication technique, micro-cylinder and -tube targets have
been designed and used in experiments to manipulate either
the particles or laser pulses.[33,34] In addition, electron accel-
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eration and x-ray generation from NCD nanotube foams driven
by moderately relativistic lasers have been reported.[35,36]

Recently, structured targets with an initially empty cone
have been proposed to reduce the energy requirement in the
inertial confinement fusion scheme,[37–40] and improve high-
intensity laser–matter interaction[41] and the focusing abil-
ity of the incident laser pulses.[27,31] Using an opening gold
cone filled with hydrogen plasma can generate high-energy-
density electron jet[42] and highly-polarized high-energy bril-
liant γ-rays.[43] Energetic and collimated proton beams have
also been observed inside a conical target with 2D PIC
simulations.[44] It has been demonstrated that low-density
polymer foams pre-ionized by a well-controlled ns pulse are
excellent plasma targets to trigger DLA of electrons by sub-
picosecond relativistic laser pulses.[14,45–47] Furthermore, the
use of foam materials in experiments imposes less stringent
constraints on laser contrast and pointing stability, making
them attractive targets for laser–plasma interaction studies.
With these advancements, we propose a method to guide
and focus the incident laser and DLA-accelerated electrons

based on a foam-filled cone target, as shown schematically
in Fig. 1(b). Simulations reveal that the laser pulse and thus
the DLA-accelerated electrons are off-axis in the case of NCD
plasma target [see Fig. 1(a)]. While employing a cone tar-
get, the incident laser, accelerated electrons, and the emitted
photons can be well-guided along the cone axis because of
the strong azimuthal magnetic fields[48] generated by the beam
current. The magnetic field increases linearly to the maximum
at the inner walls of the cone and then decreases rapidly within
the thin layer of plasma skin depth. In addition, the character-
istic of high beam charge can be reserved. This paper is or-
ganized as follows. The PIC simulation setup is presented in
Section 2. In Section 3, we discuss the generation of strong az-
imuthal magnetic fields and the effective guiding in the NCD
plasma-filled cone target and thus the suppression of the hos-
ing instability. The corresponding radiated photon properties
are also compared. In Section 4 the influences of the NCD
plasma density and the case of laser injected off-axis are dis-
cussed. And finally, we summarize the work in Section 5.
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Fig. 1. The initial density profiles of NCD plasma (a) and NCD plasma-filled cone (b) targets. The density of the NCD plasma and the cone
are set as ne1 = 1.79nc and ne2 = 89.69nc, respectively. The longitudinal Poynting fluxes (normalized to initial laser intensity I0) at t = 480 fs
in these two cases are shown in panels (c) and (d). In addition, the dashed black lines mark the boundary of the cone in panels (b) and (d) for
illustration, and λ0 = 1 µm is the wavelength of the laser pulse.

2. PIC simulation setup

To model the laser–plasma interaction in the DLA regime,
2D PIC simulations have been performed using the code
EPOCH.[49] A linearly polarized (in y-direction) laser pulse
with an intensity of I0 = 5× 1021 W/cm2 (corresponding to
a0 = |e|E0/mecω0 ≈ 60) and the central wavelength of λ0 =

1 µm is irradiated from the left boundary of the simulation
box. Here, E0 is the electric field amplitude of the laser, c is
the speed of light in vacuum, and me (e) is the electron mass
(charge). The laser pulse has Gaussian spatial and temporal
profiles as a= a0 e(−y2/σ2−t2/τ2) with σ = 1.3λ0 and τ = 80 fs.
The central axis of the incident laser pulse is aligned with y =
0. The simulation box is featured as 120λ0×22λ0 in x× y di-
rections, and the cell size is set to be ∆x = ∆y = λ0/40. More-
over, the absorbing boundary conditions are employed for both

the laser field and particles. We represent electrons and ions by
16 and 10 macroparticles per cell. Two different targets (NCD
plasma and NCD plasma-filled cone targets) with the length of
90λ0 are examined, as illustrated in Fig. 1. The NCD plasma
electron density is set to be ne1 = 2×1027 m−3 ≈ 1.79nc with
a mean ion charge state of 3 as shown in Ref. [46], where nc

is the critical density. Additionally, the density of the cone is
set as ne2 = 1× 1029 m−3 ≈ 89.69nc with a thickness of 2λ0

[see the dashed black lines in Fig. 1(b)]. In experiments, gold
or aluminum is often used as the cone material, and the in-
cident laser can be reflected upon hitting the cone wall. The
left and right opening radii of the cone are 4λ0 and λ0, respec-
tively. It should be noted that the laser intensity I0 used in
this work is much larger than that required for ionizing gold
(∼ 1×1017 W/cm2). Therefore, the edge of the laser pulse is
enough to ionize the cone target to form plasmas.
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3. Electron acceleration and guiding

Laser pulses with hundreds of fs duration propagating
through NCD plasmas are favorable for the electron acceler-
ation in DLA regime. In this process, the DLA-accelerated
electrons gain energy directly from the laser. The pondero-
motive force expels electrons thus creating an ion channel.
The transverse laser electric field Ey attracts electrons toward
the center axis of the laser pulse. This can be clearly seen
from Fig. 2(a), in which the red dash-dot rectangular region
represents the attracted DLA-accelerated electrons: the mi-
crobunched electron beam with period ∼ λ0 is a typical char-
acteristic of the DLA regime. After being injected into the ion
channel, the electrons oscillate in the transverse electric field
of the laser and then the 𝑣×𝐵 force deflects the transverse
velocity into the longitudinal direction, and finally the acceler-
ated electrons co-move forward with the laser pulse. When the
laser pulse propagates into the plasma for a relatively long dis-
tance, the laser hosing instability would grow inevitably (see

Fig. 1(c)). The instability can lead to the generation of off-
axis electrons, as can be clearly seen from Figs. 2(b) and 2(c).
To better illustrate the off-axis electrons induced by the hosing
process of the laser pulse, the energy-angular distribution for
DLA-accelerated electrons at t = 480 fs is shown in Fig. 3(a),
where the angle is defined as atan(y/x). In this case, the elec-
tron angular distribution spans from −8◦ to 8◦. While em-
ploying an NCD plasma-filled cone target [see Fig. 1(b)], the
incident laser (shown in Fig. 1(d)) and thus accelerated elec-
trons can be well-guided along the cone axis, as illustrated in
Fig. 3(b) by the black solid arrow. And the electrons only oc-
cupy a smaller angular range (between −0.5◦ and 0.5◦). It
must be pointed out that the hosing instability can be sup-
pressed [see Figs. 1(d) and 2(f)] and the collimation of the
electron beam can be improved using the NCD plasma-filled
cone target. Additionally, comparisons between the lines in
Fig. 3(c) show that the charge of the accelerated beam can be
reserved. This indicates a high acceleration efficiency with a
cone target.
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Fig. 2. Distributions of the electron density ne (normalized to the initial NCD plasma density ne1) at the cases of NCD plasma [(a)–(c)] and
NCD plasma-filled cone [(d)–(f)] targets at t = 200 fs [(a), (d)], 340 fs [(b), (e)], and 480 fs [(c), (f)]. The red dash-dot rectangular region in
panel (a) represents the DLA-accelerated electrons attracted to the center axis of the laser pulse. In addition, the black dotted lines illustrate the
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Fig. 3. Energy–angular distributions for the cases of NCD plasma (a) and NCD plasma-filled cone (b) targets at t = 480 fs with energies
between 10 MeV–150 MeV. The black solid arrow indicates the direction of the incident laser pulse, i.e., y = 0. Additionally, the colorbar
presents the counts of electrons. The corresponding electron energy spectra for the two targets are also shown in panel (c). It should be noted
that the angle is defined as atan(y/x).

The suppression of the hosing instability in an NCD
plasma-filled cone target can be understood as follows. Firstly,
the laser ponderomotive force pushes away the electrons
from the laser axis, leading to a local decrease in the
plasma frequency and an increase in the refractive index,

n =
√

1−ne/γ0nc. Here, γ0 =
√

1+a2
0/2 is the Lorentz fac-

tor. As a result, the laser pulse and thus the electrons tend
to bend towards the area of larger refractive indexes, i.e., the
laser axis, which can be seen from both targets in Fig. 2.
More importantly, as the laser pulse travels through the NCD
plasma-filled cone target, a plasma return current can be in-
duced with the average velocity ve moving backward along the
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cone inner surface. This return current localizes at the edge
of the laser, and thus the current of the accelerated beam re-
mains unneutralized.[32] Furthermore, the ion response time
1/ωi ≈ 60 fs is shorter than that of the laser duration. Thus
the ions have sufficient time to keep charge neutralization and
reduce the electric field, which has also been clearly discussed
in Ref. [32]. Therefore, the electric field Ey and magnetic field
Bz are no longer canceled. Strong transverse electromagnetic
fields (Ey− cBz dominated by the quasi-static self-generated
fields in the plasmas) up to 1014 V/m can be generated in
the inner walls, and the DLA-accelerated electrons can be
focused by the self-generated magnetic fields. As shown in
Fig. 4, the maximum field strength in the cone inner surface
(as marked by the solid black ellipses in panel (b)) is about
1.5×1014 V/m at t = 480 fs, which is boosted by a factor∼ 6
compared to the case of NCD plasma target in panel (a). When
the laser and thus the DLA-accelerated electrons arrive at the
cone tip, the radius of the electron bunch is about R = λ0, i.e.,
the right opening radius of the cone. From Ampere’s law, the
transverse magnetic field in the NCD plasma-filled cone target
can be expressed as

Bz =
µ0Ib

2πR2 r (r < R),

=
µ0Ib

2πr
(R < r . (R+ c/ωpe)),

(1)

where µ0 is the permeability of vacuum, Ib is the DLA accel-
erated electron current, and ωp =

√
ne1e2/ε0me is the NCD

plasma electron frequency with ε0 being the vacuum permit-

tivity. From Eq. (1), the magnetic field increases linearly to
the maximum at the inner walls and then decreases rapidly
within the thin layer of plasma skin depth c/ωp, as indicated in
Fig. 4(b). With the assumptions that the electron beam, propa-
gating along the x-direction with velocity ∼ c, is cylindrically
symmetric and has a uniform density nb = nmax

e /2 ≈ 3ne1 as
shown in Fig. 2(f), the beam current can be deduced as Ib =

nbecπR2 = 0.9 MA. Thus the maximum magnetic field within
the cone’s inner surface is about Bmax

z = µ0Ib
2πR ≈ 1.8× 105 T,

which shows agreement with the simulation results (c〈Bz〉 =
2.2× 1013 V/m as shown in Fig. 4(c), which is larger than
that of the quasi-static self-generated electric field 〈Ey〉). With
such extremely strong magnetic fields, the accelerated elec-
trons can be well guided along the cone axis and the hosing
instability can be suppressed [see Figs. 1(d) and 2(f)]. It is as-
sumed that the DLA electron beams in both targets carry iden-
tical currents. In the case of NCD plasma, however, the radius
of the plasma cavity is approximately 5λ0 (see Figs. 2(b) and
2(c)), which is five times larger than that the case consider-
ing a cone. According to Eq. (1), the self-generated magnetic
field Bz in the NCD plasma-filled cone target is consequently
enhanced by a factor of five. This can also be obtained from
comparing Figs. 4(a) and 4(b). Moreover, as the laser pulse
moves forward and the cone radius decreases, the strength of
the magnetic field Bmax

z ∼ 1/R can increase further, showing
good agreement with Fig. 4(b). However, the right opening
radius of the cone cannot be reduced indefinitely because of
the diffraction-limited value.[31]

-0.5

0

0.5

y
 ↼
λ

0
↽

x ↼λ0↽ x ↼λ0↽ y ↼λ0↽

<Ey>
c<Bz>

F
ie

ld
s 

(1
0

1
3
 V

/
m

)10

100

0

0 50 1000 50
-10

100

0

5

2

-10 -5

-2

Fig. 4. Distributions of the transverse electromagnetic field (Ey−cBz) for the cases of NCD plasma (a) and NCD plasma-filled cone (b) targets
at t = 480 fs. The solid black ellipses in panel (b) mark the strong field in the inner walls. The corresponding slice profiles of the quasi-static
self-generated electric field 〈Ey〉 and magnetic field c〈Bz〉 in the cone target at x = 78 µm are also displayed in panel (c).

Figure 5 shows the trajectories of two selected electrons
in the targets. As the tracked electrons travel through the tar-
get, they lose and gain energies at specific locations. In this
figure, one can clearly observe that the electron in the NCD
plasma target experiences serious transverse tilting, i.e., hos-
ing instability, for a relatively long propagation distance (about
50 µm). In contrast, the laser in the NCD plasma-filled cone
target can be well-guided along the center axis (see Fig. 1(d)),
and so will the accelerated electron. The advantage of such
an NCD plasma-filled cone target is obvious that the tilting
behavior can be suppressed because of the transverse focus-
ing field (dominated by the self-generated magnetic field 〈Bz〉
shown in Fig. 5) discussed before. It should be noted that

the instability is a 3D process, 2D PIC simulations may over-
estimate its growth rate.[50] However, limited by the present
computation capabilities, the current work is restricted to two
dimensions. Nevertheless, the cone structure retains its ad-
vantages in guiding both the laser pulse and the accelerated
electron beam. The oscillations of the electrons can also be
observed in this figure, suggesting the DLA mechanism. The
electron energy is shown to increase over multiple oscillations
in the laser pulse.

It should be noted that the trapped electrons behind the
laser wave front and confined near the laser axis oscillate sig-
nificantly in the transverse direction (which can be clearly seen
from Fig. 5) and emit synchrotron-like gamma photons in both
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forward and backward directions. We further show here the
effect of the cone target on the properties of emitted photons.
The energy–angular distributions of the photons in the two tar-
gets at t = 480 fs are shown in Figs. 6(a) and 6(b). Only the
photons with energies between 1 MeV–10 MeV and velocities
vx > 0 are counted in the figure. It must be pointed out that
the DLA-accelerated electrons in the case of NCD plasma tar-
get are uncontrollable and their deflecting angle would exhibit
random behavior in every simulation. As shown in Fig. 6(a),
the emission photons are located from −20◦ to 10◦, showing
a great emission angle. After changing the NCD plasma tar-
get to an NCD plasma-filled cone target, the transverse oscil-
lation of the trapped electrons can be confined by the elec-
tromagnetic fields in the cone. Thus the angle of emission
can be greatly decreased, and the photons are also well-guided
along the cone axis, as clearly shown in Fig. 6(b). In addi-
tion, the transverse electromagnetic fields would result in a
larger cut-off energy of the photons in the cone target. Fig-
ure 6(c) shows the corresponding photon energy spectra in
the two targets. In this figure, the number of photons in-
creases, and the cut-off energy increases by a factor of two
using an NCD plasma-filled cone target proposed in this work
(not shown here). These results are of great interest for ap-
plications in high-energy-density experiments, which require

a high photon flux. It is also noteworthy that both the cutoff
energy and flux of the photons propagating in the backward di-
rection (i.e., px < 0) increase significantly in the NCD plasma-
filled cone target, as illustrated in Fig. 6(d). These photons
are primarily generated through nonlinear Compton scatter-
ing, where relativistic electrons interact with the intense laser
field and emit high-energy photons in the opposite direction of
the laser propagation. The emission of backward x-rays has
been experimentally reported.[51] Such backward-propagating
gamma photons may be highly beneficial for applications such
as nuclear spectroscopy, high-resolution imaging, and the de-
velopment of compact photon sources.
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4. Effects of target parameters

Next, simulations are also performed to find out the de-
pendence of the electron energy, charge, and divergence angle
on the plasma density for a given laser. By changing the delay
time between the ns and ps laser pulses in experiments, the ps
laser can interact with the NCD plasma with different densi-
ties. The density plays an important role in increasing electron
energy and laser absorption efficiency during the DLA accel-
eration stage. Here, three different densities are considered:
0.36nc, 1.79nc, and 5.38nc with other parameters unchanged.
A summary of the results at t = 480 fs is shown in Fig. 7: the
electron energy spectra (a), and the angular distributions of
photons with energies between 1 MeV–10 MeV (b) for differ-
ent densities. Here, θ = atan(py/px) is the divergence angle

of photons. From this figure, we can infer that there exists an

optimal NCD plasma density in our laser–plasma parameters,

i.e., ne = 1.79nc. It is found from Fig. 7(a) that the charge

of high-energy (20 MeV–120 MeV) electrons in the case of

ne = 1.79nc is enlarged by a factor of 1.3 compared with

ne = 5.38nc, and a factor of 6.8 compared with ne = 0.36nc.

In the case of low density, i.e., ne = 0.36nc, the laser can trans-

port in the cone without significantly weakening, leading to a

limited number of the DLA accelerated electrons and radiated

photons, as can be seen from the red dashed lines in Fig. 7.

For a higher density plasma with ne = 5.38nc, more electrons

can be trapped in the initial interaction stage between laser and

plasmas. Therefore, the laser is rapidly exhausted in the cone,

and background electrons are piled up in the laser front so that
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the laser cannot penetrate deeper into the plasma.[52] In this
case, the trapped electrons are only accelerated to low energy,
and the photons are emitted with a relatively broad angular
distribution. When the NCD plasma density is 1.79nc, the an-
gular distribution of photons [see Fig. 7(b)] becomes narrow,
indicating that most photons are emitted in the forward direc-
tion.
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Fig. 7. The energy spectra of accelerated electrons (a), and the di-
vergence angle atan(py/px) of photons with energies between 1 MeV–
10 MeV (b) for different densities at t = 480 fs.

Furthermore, the case of laser injected off-axis is consid-
ered, which is a scenario commonly encountered in experi-
ments. In this case, the parameters of the target are similar
to those presented in Section 2. Simulations reveal that as
the laser injection becomes increasingly off-axis (quantified
by the transverse displacement ∆y from the laser axis to the
x-axis), the beam charge decreases while its divergence angle
increases. As shown in Fig. 8(a), when the off-axis distance
is 1.5λ0, the beam charge decreases by 30%, and the diver-
gence angle increases by 20%. Additionally, with the same

cone length and left opening radius, evolutions of the dimen-
sionless FWHM (full width at half maximum) divergence
angle for different right opening radii rout have been consid-
ered, i.e., different cone angles. As illustrated in Fig. 8(b),
the divergence angle remains relatively stable as the radius
varies, especially in the case of I0 = 1× 1020 W/cm2. These
results demonstrate the robustness of the NCD plasma-filled
cone target. The effects of the laser obliquely incident at
a small angle on the electron beam charge and divergence
angle have also been considered. To simplify the simula-
tion, the laser is set to propagate along the x-axis, while
the cone target is placed with a certain inclination angle
α = 0.57◦, 2.86◦, and 5.71◦. Here, α is defined as the an-
gle between the cone axis and the x-axis as shown in Fig. 9(c).
Before the laser hits the cone walls, the longitudinal poynt-
ing fluxes remain consistent in these cases (as illustrated in

Dy ↼λ0↽

rout ↼λ0↽

1.00

0.95

0.90

0.80

0.85

0.70

0.75

0.65

C
h
a
rg

e
 (

a
rb

. 
u
n
it
s)

1.00

0.95

0.90

0.80

0.85

0.70

0.75

0 0.5 1.0 2.01.5 2.5

1.0

0.9

0.8

0.7

0.6

0.5

θ
F
W

H
M
 (

a
rb

. 
u
n
it
s)

θ
F
W

H
M
 (

a
rb

. 
u
n
it
s)

0.5 1.0 1.5

(a)

(b)

I=5T1021 W/cm2

I=1T1020 W/cm2

Fig. 8. (a) Evolutions of the beam charge and the dimensionless FWHM
divergence angle for different off-axis ∆y. Here, ∆y is defined as the
distance from the laser incident axis to the x-axis. (b) Evolutions of the
dimensionless FWHM divergence angle for different right opening radii
rout, i.e., different cone angles.

y
 ↼
λ

0
↽

y
 ↼
λ

0
↽

0

0.5

1.0

0

0.5

1.0

-0.5
0
0.5
1.0
1.5

-0.5
0
0.5
1.0
1.5

0

0.5

1.0

0

0.5

1.0

1.0

0.9

0.8

0.7

0.6

C
h
a
rg

e 
(a

rb
. 
u
n
it
s)

1.0

0.9

0.8

0.7

θ
F
W

H
M
 (

a
rb

. 
u
n
it
s)

0 2 4 6

x ↼λ0↽ x ↼λ0↽ x ↼λ0↽

10

0

-10

10

0

-10
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

Fig. 9. Distributions of the longitudinal Poynting fluxes (normalized to initial laser intensity I0) at the cases of α = 0.57◦ [(a), (d)], 2.86◦ [(b), (e)], and 5.71◦

[(c), (f)] at t = 120 fs [(a)–(c)] and 380 fs [(a)–(c)]. The corresponding evolutions of the beam charge and the dimensionless FWHM divergence angle for
different inclination angles α . Here, α is defined as the angle between the cone axis and the x-axis as shown in panel (c).

125201-6



Chin. Phys. B 34, 125201 (2025)

Figs. 9(a)–9(c)). Although there exists an inclination angle
between the laser axis and the cone axis, the laser is eventu-
ally guided to propagate along the direction of the cone axis,
which can be seen from Figs. 9(d)–9(f). The corresponding
evolutions of the beam charge and the dimensionless FWHM
divergence angle for different inclination angles α are shown
in Fig. 9(g). From this figure, to maintain a high beam charge
and a small divergence angle, α should be less than 2.86◦.

5. Conclusion

In conclusion, a novel target in DLA has been proposed
and validated by 2D PIC simulations. The scheme is based
on a hollow cone filled with NCD plasmas, which can be
conveniently obtained in experiments. PIC simulations re-
veal that the laser pulse and thus the DLA-accelerated elec-
trons are off-axis in the case without a cone. When using an
NCD plasma-filled cone target, the maximum transverse field
strength increases by a factor of six. In this case, the laser,
DLA-accelerated electron beam, and the emitted photons can
be well guided along the cone axis. Additionally, the char-
acteristic of high beam charge can be preserved. Based on
this scheme, the electron acceleration and focusing processes
can be achieved simultaneously, highlighting the key advan-
tage of our approach. The cut-off energy and number of the
emitted photons are shown to be increased using the NCD
plasma-filled cone target. Simulations are also performed
to investigate the dependence of the electron energy, charge,
and divergence angle on the plasma density for a given laser.
Experimentally, the variation of the density can be achieved
by adjusting the time delay between ns and ps laser pulses.
These findings play important roles in the development of
high-energy-density experiments, including radiography and
ultrafast diagnostics. Additionally, one main challenge of us-
ing NCD plasma-filled cone target in experiments is the align-
ment between the laser spot and the entrance of the cone. One
potential solution is to use a larger laser spot and place a uni-
form NCD plasma layer before the cone, where the laser can
first undergo a self-focusing process in the plasma lens[53] be-
fore coupling to the cone entrance.
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