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It is well-justified [1, 2] that the water in the presence of a strong inhomogeneous pulsed elec-

tric field can be saturated with cavities due to the action of electrostriction forces. When the

length of a cavity and the electric field strength inside the cavity is sufficient to accelerate elec-

trons up to the water molecules ionization energy, the electron multiplication can eventually

occur. Our study proposes a new mechanism to study electron multiplication during the pulsed

nanosecond electrical breakdown in liquid water. For a description of the phenomenon, we use

a Monte-Carlo model called Geant4-DNA [3, 4, 5, 6], which includes the set of the essential

electron processes occurring in liquid water. The model pointed out that the motion of electrons

is not restricted on the axis of the cavity; however, the impact ionization takes place on the

cavity/liquid interface due to the electron bouncing, see figure 1.

Figure 1: Schematic of electron multiplication in long cavities.

The numerical model and analytical considerations also show that for a given product of electric

field strength (E) and the cavity radius (R), there exists a minimum ratio of cavity length (L)

and cavity radius (R), to ensure that the proposed electron multiplication scenario can be put in

action. The conclusions of our work shed light on one of the missing steps in the scenario of the

nanosecond electrical breakdown. Acknowledgments: This work was supported by the Czech

Science Foundation (Project ID 18-04676S).
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