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In the field of particle accelerators, recent results obtained through the interaction between particle beams
and plasmas in cm-scale short structures have demonstrated the capability to achieve high accelerating and
focusing gradients while preserving electron beam quality. In this context, the EuPRAXIA project represents
the worldwide first high energy plasma-based accelerator that can provide beam quality and user areas using
both electron beams and laser pulses to interact with plasmas. For future applications, to achieve high energies,
the challenge in the coming years will be to study solutions capable of lengthening plasma sources to the m-
scale with tailored plasma density profiles optimizing the matching with particle beams.
For this purpose, gas-filled discharge capillaries are designed for plasma acceleration experiments. These
discharge-induced plasma sources are used for both accelerating and focusing sections and can be designed,
in terms of geometry, gas distribution and HV sources, to control the properties of plasmas interacting with
particle beams. We present a study concerning the possibility of modulating the longitudinal plasma profiles
required for large sources to be used in the EuPRAXIA project, based on both the geometric characteristics of
the structure and the use of laser pulses capable of controlling the plasma formation process.
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