Black Hole–Scalar Field Interactions 1

Black Hole–Scalar Field Interactions in Spherical Symmetry Robert L. Marsa Center for Relativity The University of Texas at Austin October 1995

This work is supported by:

Texas Advanced Research Project TARP-085 [R.A. Matzner] Cray Research Grant [R.A. Matzner] NSF PHY9318152 (ARPA supplemented) [Grand Challenge Alliance] (Center for Relativity, University of Texas at Austin)

Black Hole–Scalar Field Interactions 2 2

Overview

• Coordinate System • Equations • Power-law Tails • Quasi-normal Ringing • Definition of Criticality • Mass Scaling • Non-linear Effects • Coordinate Effects

Black Hole–Scalar Field Interactions 3 3

Coordinate System

Minimally-Modified Ingoing Eddington-Finkelstein Coordinates (M.W. Choptuik and W.G. Unruh) 2ds − ( −^2α +^2a^2β )_2 dt + 2^2a βdtdr +^2a^2dr +^2r^2b d^2Ω

s− r + f ( t )

2ds − ( −^2α +^2a^2β )_2 dt + 2^2a βdtdr +^2a^2dr +^2s d^2Ω

Slicing: → ∂_t −^→∂_r is null

g_{tt} − 2g_{tr} + g_{rr} − 0 α − a ( 1− β ) Shift: . s− − αs^θK_θ + βs′ β − . f + sα^θK_θ

β − . f + sa^θK_θ

X1+ sa^θK_θ

Black Hole–Scalar Field Interactions 4 4

Equations

Scalar Field: Π ≡ 1 X1− β (. ϕ − βϕ′ ) Φ ≡ ϕ′ . Π ≡ 1 X^2s (_2 s ( βΠ + ( 1− β ) Φ )) ′− 2 . s Xs Π . Φ ≡ ( βΦ + ( 1− β ) Π ) ′ Geometry: . a − −^2a ( 1− β )_r K_r + ( aβ ) ′ θK ._θ − β^θK_θ′+ a ( 1− β )_θ K_θ

(_r K_r + 2^θK_θ ) + 1 − β X^2s ( a− 1 Xa ) + β′ Xas rK_r − s^θK_θ′+^θK_θ− 4πsΦΠ Xa

Black Hole–Scalar Field Interactions 5 5

Power-law Tails

Log ϕ at r − 30 verses t

The power-law fit: ϕ(t)− a^{− 3.38}t

Black Hole–Scalar Field Interactions 6 6

Quasi-normal Ringing

Log ϕ at the horizon verses t for various amplitudes

The period for one oscillation is ≈ 53M

Black Hole–Scalar Field Interactions 7 7

Definition of Criticality

Schematic motion of the horizon for various amplitudes of scalar field

Black Hole–Scalar Field Interactions 8 8

Mass Scaling

Mass verses amplitude The graph is fit by a line with slope 2.01.

Black Hole–Scalar Field Interactions 9 9

Non-linear Effects

The inset shows 1000 times the fraction of mass scattered.

Black Hole–Scalar Field Interactions 10 10

Coordinate Effects

Shift: β − . f + sa^θK_θ X1+ sa^θK_θ At the horizon: β − . f X2 + 1 X2 Characteristic speeds: − 1, 1− 2β

Black Hole–Scalar Field Interactions 10 (ctd.) 11

Evolution of dM Xdr showing retrograde motion