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Abstract

Plasma and Wakefield Diagnostics

for the AWAKE Experiment at CERN
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AWAKE develops a new plasma wakefield accelerator using the CERN SPS proton bunch as a driver. The proton bunch propagates through a 10m long
rubidium plasma, induced by an ionizing laser pulse. The co-propagation of the laser pulse with the proton bunch seeds the self modulation instability of
the proton bunch that transforms the bunch to a train with hundreds of bunchlets which drive the wakefields. Current diagnostics for the occurrence of the
seeded self-modulation (SSM) focus on the proton bunch. We therefore investigate the possibility of measuring frequency modulation of a CW laser
propagating perpendicularly to the wakefields to determine some of the wakefield characteristics. Wakefield period information will be in the position of
satellites in the laser beam spectrum, whereas wakefield amplitude information will be in the satellites intensity. Satellites at the harmonics of the plasma
period would indicate nonlinear modulation of the plasma density and wakefield amplitude. Measuring the wakefield amplitude at two points of the plasma
cell, near the plasma entrance and near the exit, would provide proof of the growth of the SSM. Additionally we want to look at the rubidium light spectrum
to detect the growth of the wakefield amplitude over the plasma cell and want to measure the plasma radius using Schlieren Imaging.

Motivation for Plasma and Wakefield Diagnostics

Plasma-based Wakefield Acceleration at AWAKE

- Proton bunch propagates through rubidium plasma

- Co-propagating laser seeds seeded self-modulation (SSM)
— Micro bunching of the proton bunch
— Generation of the wakefield and modulation of the plasma density
—> Foreseen: acceleration of injected electrons in the wakefield

Wakefield Evolution

- Initial wakefield due to
seeding with the co-
propagating laser pulse

- Growth of the wakefield
amplitude in the first
meters of the plasma cell
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- Development of additional plasma diagnostics

Observation points (vievT/ports at the plasma cell) predmtEd grOWth' K. Lotov
- Comparison of the signal at the entrance and exit

Plasma Light Spectra
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—> Phase modulation of the laser

Set up for measuring a phase modulation of a laser propagating
perpendicular through the plasma cell at AWAKE

Expected Laser Spectrum with Phase Modulation
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Information of the Spectrum

- Distance of the
satellites to the main
peak:
plasma frequency

- Relative peak intensity
of the satellites to the
main peak:
wakefield amplitude

Schematic sketch of the expected spectrum for

a plasma density n,, = 10'°cm
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Relative peak intensity ~ electron plasma density perturbation ~ wakefield amplitude

- Phase modulation of the laser beam
E(z,t) = E,cos(wt — kz)
with k = k(t) = kyn(t)
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