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Theory of Black Hole Laser in Electric Circuits

Haruna KATAYAMA'
'Hiroshima Univ., I-7-1 Kagamiyama, Higashihiroshima, Hiroshima 739-8521

Abstract: We propose a black hole laser in the Josephson metamaterial transmission line to amplify weak Hawking
radiation. We show the existence of a phase soliton that obeys the nonlinear Schrodinger equation in the transmission

line. The velocity of the electromagnetic wave inside the soliton is modulated by the Kerr effect, resulting in the creation

of two event horizons that behave as a resonator. It is found that the soliton operates as a squeezed-state entanglement

laser by considering nonlinear mode conversion at the horizons.
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Fig. 2: A spatial varying velocity is
required for creating an analogue
black hole. The idea is explained by
carp climbing up a waterfall. There is
an unreturnable point across which
carp cannot escape because of the
fast flow.
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Fig. 3: The electromagnetic-wave
velocity depends on the position,
while the reference-wave velocity is
fixed. The horizon is defined as a
point where c(xy) =v.
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Fig. 4: A soliton is a
solitary wave formed by
balancing the dispersion
and nonlinear effects and
propagates stably without
changing the shape.
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indicates a Josephson junction.
(b) A current soliton propagating
at the velocity v . (c) The
velocity of the electromagnetic
waves c(x) and the soliton v.
Two horizons occur at c(x) = v.
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Fig. 6: Graphs of the dispersion
relation (the orange line for c(n) <v
and the green line for c(n) >v) and
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Fig. 8: Sketch of the mode
propagation between two
horizons. The solid (dotted)
line represents particle
(antiparticle) mode.
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