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In a plasma wakefield accelerator, a long proton bunch can be used as a driver if it undergoes

the process of self-modulation (SM) [1], as shown in the AWAKE Experiment [2] [3]. During

the SM, the proton bunch is transformed into a series of microbunches that resonantly drive

wakefields. To produce wakefields with a large amplitude over distances interesting for electron

acceleration, the microbunches should be positioned in the focusing and decelerating phase.

During the SM process the phase velocity of the wakefields is slower than that of the drive

bunch and evolves along the bunch and the plasma [4] [5]. This causes some of the microbunches

to be in the defocusing and accelerating regions of the wakefields. The accelerating protons ab-

sorb energy from the wakefields, while the defocused ones are eventually pushed away and stop

driving them. Both of these effects decrease the wakefields amplitude.

The implementation of a positive plasma density gradient was proposed to increase the phase

velocity of the fields and mitigate the effects of the slow down of the phase velocity during the

SM. Experimental results of the AWAKE Experiment show an increase in the number of mi-

crobunches and the total charge, as well as a change in the bunch frequency, by using a plasma

density gradient [6]. Limitations on the experimental diagnostics left many relevant character-

istics unknown. We present here the results of numerical simulations using OSIRIS[7] with

parameters similar to the experiment. Furthermore, we show that the use of a moderate value

plasma density gradient produces wakefields with a larger amplitude than the constant density

case. We also show that the wakefields amplitude eventually decays after reaching saturation.
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