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Laser plasma accelerators (LPAs) can produce accelerating gradients on the order of tens to 
hundreds of GV/m, making them attractive as compact particle accelerators for radiation 
production or as drivers for future high-energy colliders. [1, 2] In an LPA, a short and 
intense laser pulse propagating in an underdense plasma ponderomotively drives an 
electron plasma wave (or wakefield). The plasma wave has a relativistic phase velocity, and 
the charge separation between the plasma electrons and the neutralizing ions is responsible 
for the large accelerating and focusing fields. In 2006, monoenergetic electron bunches 
with an energy of ~1 GeV were produced in a 3.3 cm LPA (plasma density of ~3x1018 cm-3) 
with a laser power of 40 TW. [3] In 2014, 4.3 GeV electron bunches were produced in a 9 
cm LPA (plasma density of ~7x1017 cm-3) with a 0.3 PW laser. [4] Theoretically, achieving 
higher energies in a single-stage LPA requires operating at lower plasma densities and 
increasing the laser-plasma interaction length. [1] 
In this talk, I will discuss the path towards obtaining high-quality 10 GeV-class LPAs with 
the BELLA laser (40 J laser energy, 30 fs pulse length) at LBNL. In particular, I will 
discuss the numerical modeling and the experimental activity devoted to the 
characterization and optimization of the guiding of a high-power laser pulse in a low 
density plasma with a length of 10s of cm, using a realistic description for the laser and the 
plasma target. Detailed simulations performed with the Particle-In-Cell (PIC) code 
INF&RNO show the production of ~8.5 GeV electron bunches with a charge of ~100 pC 
and a few percent energy spread in a ~40 cm plasma with a density of ~2x1017 cm-3. 
Coupling of independently powered LPA stages as a way to increase the energy gain 
beyond the single-stage limit while keeping a high accelerating gradient will also be 
discussed. [5] 
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