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Ion beam-plasma interaction is an area of fundamental importance in the physics of charged

matter [1]. In the limit of ultra-high density and ultra-low temperature, quantum effects (man-

ifested via electron degeneracy) become significant and the classical treatment is invalidated.

Electrostatic excitations in ultradense (quantum) plasmas are effectively studied via quantum-

hydrodynamic models [2], which incorporate an electron momentum equation consistently tak-

ing into account the equation of state of the Fermi (degenerate) electron gas [3].

In this contribution, we present a multifluid model for a plasma consisting of a negative ion

beam, positive ions and degenerate electrons. A linear dispersion relation is derived as a basis

for stability analysis, revealing the existence of two unstable modes. Based on the relativis-

tic version of the Sagdeev pseudopotential method [3], we have investigated the existence of

nonlinear localized solitary excitations in the presence of a negative ion beam. The existence

diagram for quantum electrostatic solitary waves is depicted, and the structural characteristics

(e.g. polarity, amplitude) of electrostatic pulses are discussed. Bipolar structures for the electric

field are thus obtained, qualitatively reminiscent of earlier results obtained via proton imaging

techniques [4, 5]. Our results extend and corroborate earlier findings on quantum plasmas [3, 6].

Acknowledgment: The authors acknowledge support from the EU-FP7 IRSES Programme

(grant 612506 QUANTUM PLASMAS FP7-PEOPLE-2013-IRSES). One of us (I S Elkamash)

acknowledges financial support via an Egyptian government fellowship.

References
[1] R. P. Drake, High-Energy-Density Physics, Springer-Verlag (Berlin, 2006).

[2] F. Haas, Quantum Plasmas: An Hydrodynamic Approach, Springer (New York, 2011).

[3] M. McKerr, F. Haas and I. Kourakis, Physical Review E, 90, 033112 (2014).

[4] L. Romagnani et al, Phys. Rev. Lett. 101, 025004 (2008).

[5] H. Ahmed et al, Phys. Rev. Lett. 110, 205001 (2013).

[6] New insight in the dispersion characteristics of electrostatic waves in ultra-dense plasmas: electron degen-

eracy and relativistic effects, Plasma Phys. Cont. Fus. (submitted, under review).

44th EPS Conference on Plasma Physics O4.413


