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Abstract

An electron spectrometer has been employed in mea-
suring escaping electrons from laser-solid interactions.
Electron spectra have been obtained in different laser
pulse conditions. Dependence of escaping electron num-
bers and temperature on the pulse energy, intensity and
duration is shown in this report.

1 Introduction

Studies of fast electrons generated form a solid target
driven by an ultra-intense laser pulse (> 1018 W/cm2)
are important to understand the physics in laser-plasma
interaction physics[1–3]. Electrons are heated by the
laser field under various mechanisms such as resonant
absorption[4], vacuum heating[5] and J × B heating[6].
When the forward accelerated electrons reach the target
rear surface, a sheath field is established, which impedes
the escaping of the electrons, while accelerates ions[7].
The electron dynamics is also related to radiation gener-

ation with a broad spectrum from microwave to gamma-
rays[3, 8, 9]. The diagnosis of electrons can help to un-
derstand the efficiency and mechanisms of laser absorp-
tion and the electron transport in the target, which also
enable characterization of subsequent physical processes.

In this report, we measured energy and numbers of
escaping electrons from laser-solid interactions with dif-
ferent laser pulse parameters of pulse energy, defocusing
and duration.

2 Experiment and results

The experiment was carried out at the Vulcan Target
Area West (TAW) laser facility. A high intensity laser
pulse (> 1.4 ps pulse length) was focused on a 100 µm Cu
foil target by an f/3 off-axis parabola (OAP) with a focal
spot larger than 5 µm. The incidence angle of the pulse
was 30◦ to the target normal. For the maximum laser
energy of 70 J, the highest intensity is 5 × 1019 W/cm2.
An electron spectrometer (ES) was set at the target rear
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side in the forward laser direction, with a distance of 1
m from the target. There was an entrance slit of 1 mm
wide at the front side of the ES. Parallel magnets were
17 mm away from the slit, with a length of 25 mm and a
magnetic field strength of 0.2 T. A 2 mm thick Al win-
dow was set 90 mm away from the magnets, connecting
the vacuum chamber and the air. The window blocked
electrons with energy below 0.7 MeV. Behind the Al win-
dow, a pre-calibrated BAS-SR type image plate (IP)[10]
was used to record the electron signal.

Figure 1 (a) shows a recorded signal on the IP. There
is an imaging of the slit by X-Rays generated from inter-
nal hot electrons, which is usually called the 0th order.
The escaping electrons were dispersed by the magnetic
field. Electrons with higher energy were nearer to the
0th order. Figure 1(b) shows a typical electron energy
spectrum (green line). Electron numbers are normalized
by energy resolution of the ES. The spectrum indicates a
quasi-Boltzmann distribution of electrons escaping from
a solid target, with temperature of 3.7 MeV.
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Figure 1: Typical results of electron signal on a IP (a)
and the relevant spectrum of a quasi-Boltzmann distri-
bution with temperature of 3.7 MeV (b).

Figure 2 shows energy spectral integrated electron
numbers (Ne in black) and temperature (Te in red) for d-
ifferent on-target pulse energy between 14 and 70 J. The
correlation between Ne (and Te) and the driving pulse
energy shows a rough monotonically increasing trend.
However, the conversion efficiency dose not peak at the
maximum pulse energy but at around 48 J.

The effects of laser focusing and relevant intensity on
escaping electrons can be seen by Fig. 3(a) and (b) re-
spectively. Electron numbers are normalized to pulse en-
ergy. There was a shift from the position of best focusing
for both electron numbers and temperature. The peak
of the electron temperature appears in a range around

Figure 2: Electron number (Ne in black) and tempera-
ture (Te in red) versus on-target laser energy detected
by the ES.

40 µm defocusing towards the OAP (-40 µm), while the
electron number peaks at -150 and 80 µm, almost sym-
metric to -40 µm. The observed asymmetry of electron
temperature about the location of best focus may due
to the differences in the laser intensity distributions on
both sides of best focus for the imperfect laser beam.
As the equivalent laser intensity goes lower, the electron
temperature decreases correspondingly. The defocusing
dependence of the electron number can be understood
qualitatively as follows. With pulse defocusing, the num-
ber of escaping electrons increases firstly and then de-
creases. This may arise from the combined actions of
three competing effects: the decrease of laser intensity,
the increase of electron generation area, and the weak-
ened sheath fields allowing more electrons to escape from
the target. Similar dependence on the laser defocusing
distance have been observed previously for X-Rays and
proton fluxes[11].

(a) (b)

Figure 3: Electron number (Ne in black) and temper-
ature (Te in red) against defocusing distance (a) and
relevant pulse intensity (b), respectively. The dash line
indicates the position of best focusing.

The dependence of escaping electron numbers and
temperature on the pulse duration and relevant inten-
sity is shown in Fig. 3(a) and (b) respectively. The pulse
duration is increased gradually to a maximum value of
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23 ps. The results indicate both the electron number
and energy decrease at longer pulse, except for the case
of 1.4 ps (1.1 × 1019 W/cm2) due to low pulse energy of
13 J and less electron heating time.

(a) (b)

Figure 4: Electron number (Ne in black) and tempera-
ture (Te in red) against pulse duration (a) and relevant
pulse intensity (b), respectively.

3 Conclusion

Escaping electron spectra in intense laser and solid in-
teractions have been measured experimentally. Effects
of laser parameters of pulse energy, defocusing and du-
ration on electron numbers and temperature have been
observed. The results indicate the variation of energy
conversion efficiency when pulse energy increases. Fur-
thermore, escaping electrons are affected by combined
actions of the laser intensity, area and time scale for
electron generation and sheath field strength for elec-
trons escaping. These results can help as a reference of
fast electron adjusting and controlling, to modulate the
following ion and radiation sources effected or generated
by electrons.
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