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A new self-injection scheme is proposed for the laser wakefield accelerator in the nonlinear

(bubble) regime using a pair of matched, copropagating laser pulses which yields a low emit-

tance, pC electron bunch. By tuning their relative delay and intensity, the subsequent betatron

radiation energy can be considerably (×3) enhanced compared to the single pulse scheme for

the same total energy. A general condition for the optimal bubble size is derived and verified by

particle-in-cell simulations, further demonstrating the advantages of the double-pulse scheme

for self-injection. Previously, multi-pulse schemes have been used as a means to achieve ion-

ization injection of electrons in higher energy regimes [1].

The bubble regime of electron acceleration [2] is the highly non-linear regime of laser wake

field acceleration where the laser pulse intensity is high enough to create an electron-free cavity.

Some electrons get trapped in the cavity, are accelerated and start to wiggle around the laser

pulse propagation axis, resulting in betatron radiation [3]. In the wiggler regime, the number

of emitted photons and photon energy respectively, per electron and period are Nγ = 4.40×

10−12
√

γne[cm−3]rβ [µm] and h̄ωc[eV] = 5.24×10−21γ2ne[cm−3]rβ [µm] [4]; where Nγ and h̄ωc

are the number and maximum energy of the emitted X-ray photons, respectively; ne is the

number density of the accelerated electrons and rβ is the wiggle amplitude.

With two consecutive laser pulses, higher energy gain for electrons, higher beam current [5]

and enhanced betatron emission in the nonlinear blowout regime is possible. The double-cavity

scheme achieves this firstly by ensuring that the plasma is fully ionized by the leading pulse;

secondly, the accumulation and recycling of free electrons at the back of the first cavity provides

a concentrated source for the second pulse to enhance the accelerating field behind it. The two

separate pulses each carry a fraction of the total energy which would normally be contained

in a single pulse. To make more quantitative predictions for the double-pulse scheme we have

performed 2D particle-in-cell simulations using the EPOCH code [6], with the aim of finding







emission flux, as expected from the radiation equation. However, as it was shown in Fig. 1-

a, the quality of this electron bunch is inferior. Higher electron energy and lower emittance

is achieved using the double pulse scheme, contributing to the higher mean X-ray energy.
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Figure 3: Comparison of the longitudinal

component of electric field between single-

pulse (blue line) and double-pulse schemes

(red line), at t = 1500fs.

In summary, we conclude that a tandem-pulse

wakefield accelerator in the nonlinear cavity regime

offers significant advantages over the conventional

single-pulse method, yielding higher electron and

betatron emission energies thanks to an enhanced

cavity size for the same total laser energy. We note

that it is likely that sequences of 3 or more pulses

might permit even greater control over final cavity

size and beam energies for the same total pulse en-

ergy, extending the original 1D pulse-train concept

[1] to the nonlinear, three-dimensional regime.
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Figure 4: Comparison of the energy spectra

of emitted X-rays from a single betatron os-

cillation period of accelerated electrons using

single (blue line) and double-pulse schemes

(red line), for a0 = 3.85.
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