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• Two particles, 1 and 2, collide in the vicinity of the BH horizon.

Collisional Penrose process

• Extremal RN black hole with negative, zero, or positive cosmological constant,
considering 𝑑 dimensions.

• Particle 1 is critical and particle 2 is usual.

• Two resulting particle: 3 and 4 (falls into the BH).



List of all possible scenarios

1. 𝐎𝐔𝐓−: 𝑬𝟑 < 𝑬𝟏, 𝒆𝟑 ≤ 𝒆𝟑𝒄. Collision just near the horizon. Moves to large radii. No 
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• The bounds for the energy extracted do not depend on 𝒅 for zero cosmological 
constant.

• These bounds depend on 𝑑 for nonzero cosmological constant: weak dependence.
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