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Acceleration of particles by black hole horizons: 
kinematic properties nad near-horizon geometry 
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Energy in the centre of mass frame and its growth

From particular metrics to generic rotating and charged black holes

Kinematic explanation

Geometric explanation

Unification. General nature of effect and 

Collisions near inner horizon

Strong and weak versions of effect

Plan of talk
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Banados, Silk, West (BSW effect)
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Energy in centre of mass frame

2
cmE P P µ

µ=

(1) ( 2 )P p pµ µ µ= +Total momentum

Infinite growth near horizon
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Schwarzschild metric (a=0)

2 5cmE m= Baushev 2008

Schwarzschild

Kerr (rotation)

Reissner-Nordstrom (charge)

No effect
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Kerr metric

On horizon both numerator and denominator=0

Extremal case: a=1

Kerr

BSW
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BSW: Extremal Kerr

Grib and Pavlov: also nonextremal

O. Z.  generic rotating BH, charged BH (even for radial motion)

BSW effect: both particles move toward horizons

PS effect: 1 of particles moves away from horizon
Always exists

1977

needs fine-tuning between
energy and momentum

2009
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O. Z., PRD 2010

Role of horizon

Universality of black hole physics

Unified approach to nonextremal versus extremal black holes
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For geodesic motion
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Unbound growth

Critical value:

( )1 1 1 0HH
X E Lω= − =
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Strong and weak versions

. .lim (1 )H c mE critical → ∞
Extremal

Proper time Actual collision with infinite E does NOT
occur

2
1X N: Cannot approach horzion

Near horizon energy is finite but can be made as large as one likes 
(weak version)
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However, if 1X Nδ: :
2

. .c mE δ:

Nonextremal case

2 2
1 1Z X N b= −

near horizon

Energy is finite but can be made as large as one likes (weak version)

1 1 1 1 (1 )
H

X E L E ω
ω

ω
= − = −Critical

1X b N>

cannot reach horizon
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Kinematic censorship 

only weak version can be realized
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Kinematic explanation

Infinite grow if particle 1 is critical, particle 2 – is usual
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Conserved quantity

V measured by ZAMO

Usual particle: 0, 1N v→ →

critical: 0, 1HN v v→ → <0X E Lω= − →

0H HX E Lω= − ≠
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Extension to collision of photons and electrons

For photons: interplay between gravitational blue shift and Doppler effect

Either critical photon and usual electron 

or critical electron and usual photon

BSW effect
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General geometric explanation
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Four-velocity

0α= For head-on collision
means that particle
cannot cross horizon

Case 1
always

Case 2
Special condition
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Case 2

Now, special condition

Kruskal-like coordinates

1X YCu u =
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Combined explanation

General, not necessarily geodesic motion near horizon

ZAMO
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Horizon limit: 

for usual particle
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Critical particle:

Then, v remains finite and previous explanation applies.
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Universality: 
1) horizon and 
2) presence of a critical particle
Gravitational radiation, backreaction

Complicates picture but does not abolish effect
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Collision on inner horizon

PS effect

BSW effect

intermediate
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Collision on inner horizon

PS effect

BSW effect

intermediate
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Collisions on inner horizon

Critical particle
From T region inside to
T region outside
passes through bifurcation point

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


SummarySummary
nn BSW effect BSW effect –– generic feature of rotating and charged BH generic feature of rotating and charged BH 

nn Key property: presence of event horizon plus critical Key property: presence of event horizon plus critical 
partcilepartcile

nn Similar effect for inner horzion (BSW and PS on equal Similar effect for inner horzion (BSW and PS on equal 
footing)footing)

nn Only weak version manifests itself in natureOnly weak version manifests itself in nature

nn Explanation based on kinematics and geometry Explanation based on kinematics and geometry ––
universalityuniversality

nn Role of gravitation and backreaction not quite cear but Role of gravitation and backreaction not quite cear but 
these factors seem not to destroy effect itselfthese factors seem not to destroy effect itself

FOSOLim ≠)( FOSOLim ≠)(

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Thank you!
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