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We demonstrated the interaction of a gold cone target with a femto second (fs) laser pulse above the relativistic

intensity of 1.37×1018 µm2W/cm2. Relativistic electrons with energy above 2 MeV were observed. A 25%–40% increase

of the electron temperature is achieved compared to the case when a plane gold target is used. The electron temperature

increase results from the guiding of the laser beam at the tip and the intense quasistatic magnetic field in the cone

geometry. The behavior of the relativistic electrons is verified in our 2D-PIC simulations.
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1. Introduction

The interaction of high intensity short pulse lasers

with solid targets has been of increasing interest in re-

cent years. The most studied application is fast igni-

tion and X-ray source generation.[1−10] In the fast igni-

tion (FI) scheme of inertial confinement fusion (ICF),

the deuterium-tritium fuel capsule is first compressed

to high density by long-pulse lasers.[11] A short intense

laser pulse then produces an energetic electron beam

to ignite the dense core. The realization of the fast

ignition concept is challenging since the core is hidden

under a plasma corona with a long scale length.[6,9] It

is very difficult for laser pulse to get to the dense core.

Thereby, a hollow cone is proposed to attach to the

fuel shell. The cone penetrates almost to the center of

the capsule so that the intense laser has direct access

to the dense ignition region.[12−15]

The idea of a fuel capsule with a re-entrant cone

is a milestone of fast ignition. Previous investigations

have involved the effect of the cone angle,[16] the f

number of the focusing optic and the preplasma fill-

ing inhibition of fast electron energy deposition.[17,18]

It has been suggested that the target structure can

collimate fast electrons[19,20] and experimental results

have shown an efficient production of electrons.[21,22]

To date, the detailed interaction of an intense laser

with a cone target, and the precise mechanism re-

sponsible for the energy transport through the cone-

shaped target is still unclear. Solid understanding of

the characterization of relativistic electrons generated

by a cone guiding laser pulse is essential to assess the

feasibility of cone targets for full scale fast ignition

conditions.

In this paper, we report the experimental studies

of the interaction of an fs laser beam with a gold cone

target. The laser light is optically guided by the coni-

cal geometry and focuses at the tip. he guiding effect

enhances the local intensity of the laser at the cone

tip. Two groups of relativistic electrons were observed

on the laser propagating direction. The electron tem-

perature increased dramatically compared to the case

when a plane gold target is used.
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2. Experimental setup

Experiments were carried out on the SILEX-

I intense laser facility[23,24] at the Laser Fusion

Research Center, China Academy of Engineering

Physics (CAEP). This Ti: sapphire laser facility em-

ployed chirped-pulse-amplification (CPA) technique

and maximum output was 286 TW for a 30 fs pulse

duration at the wavelength of 800 nm. The contrast

ratio of the laser pulses was measured to be ∼ 10−6 at

2 ns before the main pulse. Figure 1 shows a scheme

of the experimental setup. An F/3 off-axis parabolic

mirror focused the p-polarized 140 mm laser beam

into a 10 µm circular spot (FWHM), which contained

∼ 12% of the laser energy at the gold cone tip. The

maximum laser intensity reached 4.5×1019 W·cm−2.

The gold cone target is 1 mm long, 16 µm thick, with

a 60◦ open angle and 10 µm diameter inner tip. Two

long-focus microscopes were used to monitor the ori-

entation of the target.
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Fig. 1. (colour online) Experimental setup for intense

laser interaction with a gold cone target. A gold plane

target of thickness 16 µm is also used as a reference while

maintaining other conditions.

The energy spectra of the relativistic electrons

from the cone tip were measured by an electron spec-

trometer (ESM), which consists of a 1200 G perma-

nent dipole magnet and an imaging plate (IP) (Fuji

BAS-SR 2040). The entrance of the ESM is a collima-

tor with a 5 mm aperture. The collimator is aligned

with the cone tip along the laser propagating axis.

The IP, covered with a 50 µm thick aluminum film to

block stray laser and low energy electrons, is placed

100 mm away from the cone tip. To improve the pre-

cision of the measurement the attenuation function of

IP with time is calibrated.

3. Results and discussions

For intense laser interaction with a solid target,

relativistic electrons could be produced by different

mechanisms such as resonance absorption, vacuum

heating, and sheath inverse-bremsstrahlung. In our

experiments, the ponderomotive j × B acceleration

dominates over the hot electron generation because

the laser intensity is above the relativistic intensity of

1.37×1018 µm2W·cm−2. When the relativistic elec-

trons flow into a solid target, a return current will be

induced to maintain the charge and current balance.

Any conductor connected to the cone might induce an

unknown influence on the transportation of the rela-

tivistic electrons. To avoid the electron return current

from the target support, we used insulating glue to

conglutinate the cone target on the support. Plane

gold film targets of 16 µmm thick were also prepared

as reference targets.

The radiated IP was scanned by the BAS-5000

reader and the raw electron signal is shown in Fig. 2.

It is known that the energy of the electrons is a func-

tion of the distance from the laser axis. The typical

spectra of the hot electrons are shown in Fig. 3. Rel-

ativistic electrons with energy above 2.0 MeV were

observed. These electrons could be divided into two

groups. Fitting the spectra with Maxwellian distribu-

tion, we can find that the effective temperatures are

200 and 934 keV respectively, while the effective tem-

peratures of fast electrons emitted from the reference

plane targets under the same laser condition are 165

and 752 keV. Considering the shot to shot difference, a

25%–40% increase of electron temperature is achieved.

cone target 

plane target 

Fig. 2. (colour online) Typical comparison of the raw

signal of relativistic electrons emitted from intense laser

interaction with a cone gold target and a gold plane tar-

get, recorded by imaging plate.

To explore the enhancement of the electron tem-

perature, we divide the detected hot electrons into

two parts according to the position where they were

generated. One part of the electrons were generated at

the tip of the cone target. Due to the cone guiding ef-

fect, the laser can be reflected by the inner wall of the

cone. The reflected proportion of the incident laser

energy flux depends on the material and geometry of

the cone. We note that 3D-PIC simulations indicate

an increase in the optical intensity by more than one

order of magnitude by the focusing action of the cone

with an open angle of 26◦.[6] In our experiments, the
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focal spot consisted of a Gaussian spot with full width

at half maximum (FWHM) of 10 µm (containing 12%

of the total energy) and a dim ring (containing about

40% of the total energy). The laser energy in the

dim ring was guided to the tip by the cone. Accord-

ingly, the laser intensity at the cone tip are enhanced

by 2–3 times. As shown in Fig. 3, an increment of

25%–40% in electron temperature, inferred from the

electron spectra of the cone target compared to the

plane target is consistent with the scaling law of the

resonance absorption mechanism,[25] Te ∝ I1/3 keV.

The other part of the energetic electrons generated at

the cone inner surface near the tip, where the laser

intensity is much lower than at the cone tip. We did

not detect as many low energy electrons as expected.

The most likely reason is that these electrons are

heated while propagating forward. The generation

of a quasistatic magnetic field makes this possible.

The electrons can be heated directly by the laser if a
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Fig. 3. (colour online) Typical comparison of the energy

spectra, and the effective electron temperature of the rel-

ativistic electrons emitted from intense laser interaction

with a cone gold target and a gold plane target.

magnetic field exists.[26] In the case of the cone target,

the laser light can excite an intense quasistatic mag-

netic field on the cone surface, which can enhance the

electron energy dramatically. Therefore, optimization

of the cone design and inner surface could be an av-

enue to improve the quality of the relativistic electron

beams.

4. Simulations

To reach a deeper understanding of the experi-

ment, we carried out two-dimensional (2D) particle-

in-cell (PIC) simulations. The cone guiding laser ef-

fect has been discussed in previous work.[6,14] Here,

we emphasise the effect of the quasistatic magnetic

field. The scales of the simulation box are XL×YL =

30λ0 × 30λ0 with the time step length of 0.025 τ ,

the simulation duration of 50 τ and the grid size of

∆X = ∆Y = 0.05 λ0, where τ and λ0 are the pe-

riod and wavelength of laser pulse, respectively. A

p-polarized laser pulse with a Gaussian profile in the

y-direction is introduced along the axis of the cone tar-

get from the left. The laser profile in the x-direction

can be described as rising up to a peak intensity in

5 τ , remaining at the peak intensity for 10 τ , and

then falling to zero in another 5 τ . For the nor-

malized amplitude of the vector potential of the in-

cident laser, a0 = 5.0 is used. The initial tempera-

ture of both the electrons and ions is 1.0 keV. The

scale length of the preplasma is 1.0 λ0 at the cone

tip and the side wall. The cone is a high-Z material

with a density of 20nc, where the effective charge-to-

mass ratio is assumed to be 1/10. To note nc is the

critical density, which is related to the frequency of

the laser as nc = mew
2
0/4πe

2. For simplification, the

normalization of the electric field and magnetic field:

E = eÊ/mew0c, B = eB̂/mew0 is used in our calcu-

lation.

While propagating inside the cone, the laser light

can excite an intense quasistatic magnetic field on the

cone surface. Figure 4 shows the magnetic field in z-

direction (Bz) at different time. The magnetic field is

most intense after 30 laser circles, and will affect the

behavior of electrons in the vicinity. As mentioned

above, a part of the relativistic electrons are gener-

ated at the cone inner surface near the tip. On one

hand, these surface relativistic electrons are confined

in the plasma skin layer and guided to the tip of the

cone by pre-generated quasistatic magnetic fields. On

the other hand, these hot electrons experience trans-

verse betatron oscillations in the quasistatic magnetic

fields. These oscillations are along the polarization of

the laser pulse electric field, and thus an efficient en-

ergy exchange occurs when the betatron frequency is

close to the laser frequency. Figure 5 shows the dis-

tribution of hot electrons above 200 keV in the cone
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target. One can see the hot electrons are assembled

in the cone surface and guided to the cone tip.
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Fig. 4. (colour online) Magnetic field of z-direction in the

cone at the time of 10 τ0 (a), 20 τ0 (b), 30 τ0 (c), 35 τ0 (d).
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Fig. 5. The distribution of hot electrons above 200 keV

in the cone target at 30 τ0.

5. Conclusion

In conclusion, we have demonstrated the interac-

tion of the ultra-intense laser with a cone gold target.

The laser pulse is guided by the conical surface, and a

2–3 times increase of the laser intensity at the cone tip

is achieved. We expect that with an optimally shaped

surface it might be possible to achieve a higher con-

centration. The temperature of the observed electrons

increased dramatically compared to the case when a

plane gold target is used. It is particularly important

for the fast ignition.
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