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Fig. 1. Fluid velocity that analogs to a spinning BTZ black
hole with M =3 and J = 1.3[.
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Fig. 2. Fluid velocity that analogs to a spinning BTZ black
hole by the optical vortex ( po = 1.4 x 105 W/m?, o = 5 mm,
no = 1.5, |n2| = 4.4 x 107 m?/W ).
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Fig. 3. Classically forbidden region of BTZ black hole outside and inside the ergosphere (M =3,J =1.3,1 =1): (a) The classic-
ally forbidden region outside the ergosphere (7“2 = 9) ; (b) the classically forbidden region inside the ergosphere (r2 = 2.9).
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Fig. 4. Classically forbidden region of the BTZ black hole at the static limit and outside the ergosphere (M = 3,J = 3,1 = 1): (a) The
yellow area between Fy and FE_ is the classically forbidden area of radial motion at the static limit, where the radiation will be
forbidden to occur; (b) the yellow area outside the static limit outside the angular momentum L4 (blue line) and L_ (red line) is

a classically forbidden area, as shown in the figure it is the two roots of Ly and L_ when E = 1, that is, the impact parameter.
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Fig. 6. Classically forbidden region of analog black hole outside and inside the ergosphere: (a) The classically forbidden region out-
side the ergosphere (r = 1.6 mm); (b) the classically forbidden region inside the ergosphere (r = 1.5 mm).
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Abstract

Although the theory of analog gravity suggests that we can simulate the space-time structure of black holes
by using laboratory physical systems, it is difficult to find the analogs for rotating black holes in laboratory
systems. In this work, we use a new field form for the optical vortex to study the analogous black hole structure
close to the Banados-Teitelboim-Zanelli (BTZ) black hole. We compare the similarities and differences between
massless particles and sound waves by calculating their motions in space-time analogous to BTZ black holes and
gravitational BTZ black holes. The effective potential energy values of massless particles and sound waves in
both kinds of black hole spacetimes give the same forbidden-zone distributions of energy and angular
momentum. The difference is that the classical forbidden area of the BTZ black hole will approach fixed energy
values along the radial direction, while the classical forbidden area of the analogous BTZ black hole will be
closed along the radial direction. Fortunately, near the event horizon and the ergosphere, the behaviors of
massless particles and sound waves are almost the same. From this point of view, we can say that the analogous
experimental system can simulate the BTZ black hole very well. In particular, the classically forbidden regions

of particles with low energy and high angular momentum are wider in both types of black hole space-time.

Keywords: Banados-Teitelboim-Zanelli black hole, analog black hole, optical vortex, classically forbidden

regions
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