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Abstract: The Advanced Wakefield Experiment (AWAKE) at CERN uses CERN SPS bunches to develop proton-driven plasma wakefield acceleration. However, to excite ~GV/m wakefields, the long SPS bunches must undergo seff-modulation (SM) in plasma. SMis a :
beam-plasma instability and can be seeded to ensure wakefield reproducibiity. During Run 2a (2021-2022), ANAKE demonstrated SM seeding using wakefields driven by an electron bunch ahead of the proton bunch in plasma. In these experiments, the electron bunch
length was shorter than the plasma wavelength. In this contribution seeding with an electron bunch longer than the plasma wavelength is experimentally explored. This is interesting as higher plasma electron densities yield higher acceleration gradients, however, have
shorter plasma wavelengths and sub-picosecond electron bunches needed for the seeding at these high densities are not readily available.
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Previous Results:

Seeding SM of long proton bunch in plasma demonstrated using :

Additional diagnostic digital camera images plasma light emitted via a viewport

1) Intense (~200 ml), short (~120 fs) laser pulse which 2 20 -15Time [psilo > 0 (0150 15 5 871 IS
creates a relativistic ionisation front (RIF) [3].

2) 20 MeV electron bunch at low (1e14 cm™ ) plasma density Figure 1: LCODE [5] simulation of longitudinal wakefield amplitude E, driven by a full ( ) and truncated (green) electron bunch 0.5m into plasma (7e14 cm3).
with o, ~ 0, opt ~0.3mm [4]. Bunch profiles are illustrative sketches of the bunch at the entrance. Parameters chosen close to experimental ones.
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T: Time (in units of o, , o, = 170 ps, incoming proton bunch length) at which lines on Fig 3a) and
b) cross y = £2 mm. Figure 3a) and b): SMI, Tgy~ + 0.1 o, ~-0.2 0,; SM
defocusing effect starts earlier than in the SMI case.

Diruncated buncn =~ = 0.4 @ 5 SM defocusing effect starts even earlier than in the e55M Full beam 1) Measurements show: SM develops more rapidly along the bunch(Fig. 3 and Fig. 4a)) when seeding with a

Case. | | | truncated electron bunch, compared to using the full bunch or relying on noise.

Faster onset of the SM defocusing effect = stronger seed wakefields = higher number of

protons defocused earlier along the bunch = lower peak intensity 2) When using the truncated electron bunch, increased plasma light is observed near the plasma entrance
(Fig. 4b), indicating the presence of stronger wakefields.

Figure 3c): peak intensity drop from 1 to 0.95 in the case of , and down to 0.5 in

These results suggest cutting electron bunches that are longer than optimum using a RIF allows for stronger
SM seeding. This could further imply a better wakefield phase accuracy, due to the sharp onset in electron
beam density.

the case of eSSM truncated.
—> Lower peak intensity (Fig 3c) & earlier crossing of y = 2 mm (Fig 3a, b) consistent with
truncated bunch driving higher initial seed wakefields
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