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ABSTRACT

At AWAKE, self-modulation of a long relativistic proton bunch is used to drive high-amplitude wakefields. As the proton bunch self-modulates while propagating through the 10 m long plasma, the
amplitude of the wakefields grows. Measuring the wakefield amplitude directly has not been possible so far. However, as the energy stored in the wakefields is dissipated, some fraction of it is emitted

as light. By measuring the intensity of the light, we observe for the first time the growth of the self-mo

dulation process along the plasma. By varying bunch and plasma parameters, we investigate the

dependencies of the self-modulation growth. When imposing a density gradient along the plasma, we also observe growth suppression, as predicted by theory.

DISCHARGE PLASMA SOURCE (DPS)

The discharge plasma source provides flexible plasma parameters for conducting experiments
investigating bunch-plasma instabilities, especially the self-modulation instability. The plasma
density can be set for each event.
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VAPOR PLASMA SOURCE (VAPS)

The vapor plasma source provides a highly uniform plasma suitable for electron acceleration and
studying the effects of different plasma density profiles along the axis of propagation. It features
a rubidium vapor in thermal equilibrium, which is ionized by an ultrashort laser pulse.
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theorized in 2012 by C. B. Schroder et al. [4].
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bunch undergoes self-modulation, protons in the defocusing phase are ejected, leaving behind a
train of micro-bunches in the focusing phase. The micro-bunches amplify the initial wakefields
and the wakefield amplitude grows at a similar rate as the self-modulation instability. GROWTH SUPPRESSION
[ INTENSITY PROFILES (D ps) ] A density gradient along the plasma, causes the phase of the wakefields to shift along the bunch.
For a large gradient, focusing and defocusing forces alternate at a fixed position along the bunch.
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