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Fig. 1. (color online) Schematic of the foil target and

proposed channel target.
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Fig. 2. (color online) Distributions of the transverse (top row) and longitudinal (bottom row) electrostatic
fields for the channel target at ¢ = 100 fs (left column), ¢ = 167 fs (center column), and ¢ = 300 fs (right

column).

B./10* T B./10* T

E g
Z 0 = 0
= >
—10 -1 —-10 _1
x/nm z/pm
Electron denstiy
1015
d
2 () -+ For channel target
- For foil target
1
é 1010
g
g 0 s
S Q
® E
1 ~
- g 105
5
Z
—10 —2
_3 100
5 10 15 20 25 30 0 5 10 15
/pm Eyx/MeV

B3 (TG e =41 H A% B 15 (a) 83 fs Al (b) 100 fs I ZIHI40i; (c) T2 B, (d) @iE
PRSP T B b AR I T RE S A

Fig. 3. (color online) Distributions of self-induced magnetic field B, at (a) ¢t = 83 fs and (b) t = 100 fs;
(c) electron density at ¢ = 83 fs for channel target; (d) electron spectra at t = 67 fs for the two cases. The

magnetic field is in unit of Tesla.
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Fig. 4. (color online) Distributions of the transverse electric field E, produced in channel target: (a) The

temporal evolution of spatially averaged Ey; (b) profile of longitudinally averaged E, along y direction.
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Fig. 5. (color online) Transverse distributions of proton transverse velocity for channel target at different

times of ¢ = 200, 300, 500 fs.
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Fig. 6. (color online) Distributions of proton particles for foil target (top row) and channel target (bottom

row) at different times, the grays show the initial positions of the two targets.
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Abstract

In laser proton acceleration, the inevitable transverse divergence of proton beam restricts its applications in many
fields. In this paper, a structured target with a properly wide channel attached to the backside of a foil is proposed,
and the interaction of the ultra-short laser pulse with the structured channel target is investigated via two-dimensional
particle-in-cell simulation. The simulations show that for the structured channel target, electrons on the front surface
are heated by the incident high-intensity laser pulse and then the induced hot electrons transport through the target to
the rear surface, building an electrostatic field in the longitudinal direction to accelerate the protons to high energies as
the typical target normal sheath acceleration scheme. In the case of the structured channel target, the simulation results
indicate that a strong transverse electrostatic field is created by charge separation along the inner surface of the channel
while hot electrons propagate along the channel side walls under the guidance of self-induced magnetic and electric fields,
which can focus the emitted proton beam transversely, leading to a smaller divergence. By comparing the channel target
case with the traditional foil target case under the same conditions, it is found that the divergence angle of the proton
beam from the channel target is reduced significantly. Protons with energies above 3 MeV have a divergence angle of
5.3° at the time of 500 fs in the channel target case, while the value is 17.1° in the foil case for a laser intensity of
5.4 x 10" W/cm?. Additionally, the effect of the channel target on the maximum proton energy is considered. The
simulation results of the energy spectra reveal that the maximum proton cut-off energy of the channel target is about
1 MeV lower than that of the foil target. This small energy loss is due to the refluxing of the cold electrons on the channel
walls, which suppresses the increasing of the sheath potential. Therefore, it is concluded that the focusing electric field
can work on the proton beam effectively, leading to a better collimation with conserving the proton energy by using the
proposed channel target. Especially when the inner diameter of the channel target is comparable to the laser focal spot
size, the proton beam can be confined to a small divergence, and a relatively higher laser energy conversion efficiency

can be ensured as well.

Keywords: laser proton acceleration, structured target, proton beam collimation, particle-in-cell

simulation
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