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AWAKE[1] uses a relativistic proton bunch to drive wakefields in plasmas. The proton bunch is

long (∼12 cm) when compared to the wakefields period (∼1 mm) in the 7×1014cm−3 density

plasma necessary to reach GV/m accelerating fields. The self-modulation instability (SMI) is a

transverse instability that turns the long bunch into a train of short bunches with the period of

the wakefields. The train can then resonantly drive the wakefields to large amplitude.

The plasma source consists of a 10 m-long, very uniform density (∆nRb/nRb<0.2%) rubidium

vapor column ionized by a short (∼100 fs) laser pulse. Rubidium has a low ionization potential

(4.177 eV) and relatively high vapor pressure. The instability is seeded by the relativistic ion-

ization front created within the proton bunch by the laser pulse. Seeding of the SMI provides

a stable reference phase for the wakefields, a condition necessary for the externally injected

electrons to be accelerated. Proton bunch self-modulation diagnostics include: two screen to evi-

dence the defocusing of protons; optical transition radiation (OTR) and streak camera to directly

measure the bunch charge density modulation; and coherent transition radiation to measure the

modulation frequency in the 100-300 GHz range.

A low energy (∼15 MeV) electron bunch to be accelerated will be generated in a RF-photo-

injector gun driven by the same laser oscillator as the ionizing laser, thereby ensuring sub-ps

synchronization between the wakefields and the electron bunch.

The focus of experiments in 2016-17 is SMI physics. Experiments in 2018 will focus on

acceleration of electrons to the GeV energy level with a finite energy spread, as suggested by

numerical simulations.

During the very short experiments of late 2016, signs of SMI were detected on all three

diagnostics. I will introduce the physics at play in AWAKE and describe the experimental setup

we developed. I will show the very latest results on the SMI detection with emphasis on the

plasma physics aspects, including those of the plasma source. I will briefly touch on future

plans, including possible applications to high-energy physics.
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