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In the context of plasma-based accelerators, one of the main advantages lies in their compactness and lower overall cost compared to conventional machines. Beside
particle acceleration, plasma can also be used to focus (plasma lens) [1,2], and bend particle beams [3,4] within compact structures such as plasma discharge capillaries [5].
Beam bending in such devices requires a tailored capillary geometry and a dedicated discharge circuit capable of delivering high currents — typically above 10 kA —
through the plasma. In this work, we present the development of a new type of discharge system based on a Marx generator, specifically designed to deliver more than 50

kV and 10 kA into a 20 cm-long capillary.
Additionally, numerical simulations are conducted to estimate the magnetic field distribution produced by such current discharge, and beam dynamics studies are

performed to evaluate the guiding effect on a charged particle beam.

Marx Generator Principle Benefits of Marx circuit

Why Marx instead of a classical RLC pulser?
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* Higher energy per pulse - thermal stress and magnetic fields.
at high repetition rates. * Reduced energy per pulse - thermal
management, enabling operation >400 Hz [6].

Discharge simulation
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Parameters Value Comments
T Rismall) X 2F N e=—- - 3
Trigger Numbers of gaps (N) |2 Equivalent to 2 stages at 30 kV each
Marx Generator (Discharging) 3 Output voltage (V) 60 kv From 2 x 30 kV 19 500
Ribig)
= Capacitance per . " _ =8
9 stage (G) 100 nF Equivalent capacitance = 50 nF :Sf !: -10(
i = Inductance per stage 18 nH Total inductance = 36 nH + plasma é L ’-’
Operating principle of a Marx generator: capacitors charged in parallel are discharged in series through (L) contribution 3 " i 15
spark gaps, delivering a short high-voltage pulse to the plasma capillary (load). Cable length ~0.1m | =~0.05 m effective half-length per side i
! 2000
. . 3 . Capillary length 20cm Radius =1 mm : !
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high—cu rrent pulses toa plasma capillary. ®) ~260Q Approximated load (plasma) resistance i
Its operation is based on a two-step process: 2o 500 1000 1500 2000
i . . . Time (ns)
* Charging phase (parallel): The voltage delivered to the plasma is evaluated meine
Each capacitor is charged in parallel at a moderate voltage 1, , as )
through charging resistors R,. R With the chosen parameters, the current reaches a
« Discharge phase (series): Vplasma = Viot R =47 kv, peak of 12 kA at t = 112 ns.
When the spark gaps (or fast switches) are triggered, the capacitors ot The pulse FWHM is = 244 ns, i.e. the 6 kA level is
park gap ggered, p and under the chosen parameters it satisfies all crossed at & = 27.4 ns and £, = 271.4 ns
are suqdenly reconfigured in series, producing an output voltage of breakdown conditions (Paschen law): For referer:ce F‘;VHM WitthLc u.lser i.S Sooone
.app.>r0>(|mately N VC i * Below the breakdown of individual gaps, This satisfies t;1e breakdown conZitions and deliver.s,
This high-voltage pulse is then delivered to the plasma capillary (load), . Above the breakdown threshold of the : ' <
driving large discharge currents (kA-10 kA range) within tens of capillary. a transient B-field sufficient to bend a 60 MeV-class
nanoseconds. electron beam by ~90°.
*A discharge current of 12 kA generates an azimuthal magnetic field up to ~2.6 T inside the capillary (Fig. 1).
*A weak energy—position correlation (dispersion) is observed at the exit, quantified by R = 0.46 mm (Fig. 2). 001
*The 60 MeV electron bunch is bent by =90° over the 20 cm long curved plasma channel (Fig. 4). 5
eThe transverse beam distribution at the exit shows clear displacement while remaining well confined (Fig. 4). J100 €
eEmittance growth remains limited (<10%) and transmission is 100% (Fig. 4, bottom panel). 5 o
Parameter Value Transverse spot size (RMS) | 10 pm Capillary radius | 1.0 mm
Nominal energy 60 Mev Bunch length (RMS) 100 s (~30 pm) Bending radius | 0.15m 100 _
Energy spread (RMS) | 1.5 MeV (2.5 %) Normalized emittance 1.0 mm-mrad Effective length 0235 m 2
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*A 2-gap Marx generator has been designed and simulated, delivering =47 kV to the plasma and producing peak currents of ~12 kA. nicA Lindlstmm‘ et:u arXiv:2012.10680 (2020).
. . . . 3 . . 2] R. P ili et al., Phys. Rev. E 109, 055202 (2024).
The generated current pulse (FWHM = 240 ns) provides the required transient magnetic field (effective dipole ~1.3 T). oot e e ot 1p mray o).
eBeam dynamics simulations confirm that such a discharge can bend a 60 MeV electron beam by ~90° while preserving beam quality. é‘;‘é;ﬁ;;‘;‘:} R-Pompili, A. R. Rossi, Phys. Rev. Accel. Beams 27,
sThese results demonstrate the feasibility of plasma-based bending devices powered by tailored Marx generators, paving the way for [5] L. Crincoli et al., J. Phys. Conf. Ser. 2687, 042006 (2024); JACOW-
B i : IPAC2023, TUPA097 (2023).

compact, high-repetition-rate plasma beam optics. (6] 1. Crincol ot a, Sci Rep. 15, 96882 (2025).




