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These are emitted in the form of:

 Gravitational waves
« If charged: Electromagnetic waves
 Possibly other fields



Gravitational wave kicks
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Gravitational wave kicks:
numerical simulations

300 ;
250 |- —
T X
200 |- i -
v (km/s)mt —
100~ % Baker, et al —
X Campanelli it
O Damour and Gopakumar
50 w7 Herrmann, et al ]
----- Sopuerta, et al
0 | | |
0.15 0.2 0.25

m1m2/(’m1—|-m2)2

Jose A. Gonzalez, Ulrich Sperhake, Bernd Bruegmann, Mark Hannam, Sascha Husa:
Phys.Rev.Lett. 98 (2007) 091101 ¢ e-Print: gr-qc/0610154 [gr-qc]




v, (km/s)

vy (km/s)

2001

100+

—100

2001

100+

—100

Gravitational wave kicks:
numerical simulations

50 75 100 125 150 175
t/M

50 75 100 125 150 175
t/M

2001

150

100

50

vy (km/s)

—50

—100

—150

—100

0

100
vy (km/s)

200




Gravitational wave kicks:
numerical simulations
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Gravitational wave kicks:
numerical simulations
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Adding spin: Superkicks
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Adding charge: Electromagnetic kicks
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Are they?




Numerical framework:
Einstein Toolkit / Cactus

Initial data for black hole binaries:
TwoChargedPunctures

Analysis of quasilocal quantities:
QuasiLocalMeasuresgeM
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Adding charge: Electromagnetic kicks
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Adding charge: Gravitational kicks

- 2001
0 21 Ly
e £
< 3
<t = 1001
N oS

01 01 : , | , ,

40 60 80 100 120 140 160 40 60 80 100 120 140 160

E= Rex [MADM] £ Rex [MADM]
160

G2 7 155
£ £ 150
=1 =
15 8145

04 140-

0.2 0.1 0.0 0.1 0.2 =03 —pd 0.0 0.1 0.2
)tz )‘2

m; = 2m;: Charge contributes (weakly) to

Equal masses: We now have nonzero
the magnitude of the gravitational kick

kicks in the gravitational channel!
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Trying to explain the deviation...
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Relative direction of kicks
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Conclusions

Charged black hole binaries have kicks both in the
gravitational and electromagnetic channels

For reasonable values of the charge, the maximum EM
kicks are about 5% of the maximum GW kicks

Charge induces GW kicks even for equal masses

The Newtonian / Keplerian approximation for EM kicks
holds when the masses are equal, but not when they are
different

More research is needed to understand this effect
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