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Fig. 1. A cross-sectional schematic view of MNA target. MNA
target employs a micronozzle housing a solid hydrogen rod (H-rod),
which is placed at around the nozzle-neck to maximize the proton
emission. Aluminum is here employed as the nozzle material just
as an example. The role of the micronozzle can be understood as
a kind of power lens, as it were, to integrate the applied laser
energy onto the tiny H-rod to bring about significantly higher
energies than without the nozzle structure.
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Fig. 2. (a) The proton energy spectra for the MNA, the H-rod, and
the foil targets. The H-rod (2um-diameter) is just the bullet body
taken out from the MNA target, while the foil target is composed of
a 1um-thick aluminum with 50nm-thick solid hydrogen layer over-
coated on the rear surface. (b) The temporal evolution of the three
cases of (a). For the MNA target, the maximum proton energy
Emax is read to be increasing at the rate of 160 MeV/100 fs even
after the laser illumination is finished at t =~ 250fs.
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Fig. 3. Upper row: 2D profiles of the longitudinal electric fields Ex.
Lower row: proton density profiles at different times, at sequential
times, t = 230, 250, and 270 fs for the MNA target, which
correspond to the early times of the afterburner phase; n. denotes
the critical density. The head protons are observed to be
continuously accelerated by the comoving electric field. Applied
laser and target conditions are the same as in Fig. 2.
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Fig. 4 The phase space plots at t = 250 fs and 800 fs, showing how
the protons are accelerated through the three different phases.
The proton energies increase mainly after they are ejected out of
the nozzle through the main-drive and the afterburner phases.
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Fig. 5. (a) Temporal evolution of the maximum proton energies at
different peak laser intensities (the upper- left inset in units of
W/cm2). The green Gaussian profile denotes the laser pulse. The
time, t = 250 fs, is taken here as the beginning of the afterburner
phase. (b) Maximum proton energies at the end, Emax(1 ps) (blue
circles), and the additional energies gained in the afterburner
phase, AEnax = Emax(1 pS) —Emax(250 fs) (orange circles). The solid
curve is obtained by a simple analytical model based on a self-
similar analysis.
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parameters are the same as in Fig. 5.
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Fig. 7. Maximum proton energy Emax and the laser-to-proton
conversion efficiency nc measured at t = 1 ps as a function of the
laser pulse width 1. under different applied laser intensities IL. All
the target and laser conditions are the same as those for the blue
circles in Fig. 6.
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