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* Gravitational &
Electromagnetic Waves
on the Null Cone

Maria Babiuc, Marshall University, Huntington, WV
APS April Meeting 2015
Baltimore, Maryland



*Bondi (1962) proved
mathematically the
existence of gravitational Vv
waves at null infinity. ds? = —e*° —du® — 228 dudr

59 . r
He found an exact solution |, 2 A 174
: . . h — B 1B
of Einstein equations ;fr ) ;B (d?N Udu)(da™ = U” du)
*Within this metric, he =T = Oty + Oyhy
calculated the loss of mass

due to the emission of
gravitational waves

*Bondi Makes the News

The mass of a system is constant if and only if there is no news.
If there is news, the mass decreases as long as there are news.



*We consider the
coupled Einstein-
Maxwell system of
equations, on the Bondi
null space-time metric.

* The choice of a null
gauge field splits the
coupled equations into
spatial components,
evolution equations,
and conservation laws.
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*Grayitation and Light
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*The Maxwell equation on
the hyper-surface is JY,

with only radial and . Dc(h®P0,Ap) .
angular derivatives =
AC AC
*The evolution equations 474 = %/ aTAC)ZZ f?“(h 9uAc) n

for the electromagnetic o

: : B r_ 0u(0,A,+ U0, Ap)
field are given by J P -

€

*The radial component is - Dc (K79, 4p) + ..
a conservation law,
fulfilled everywhere if
satisfied initially.

*Main Equations for Light



r2 B |
Dp(h*°Ec) + 55 DBl Er)

“The last equation provides + Dp hBC(gBC - UCBr)}

the information on the

electric and magnetic r2 _—
parts of the null radiation - 62—5173((] U”Bc) =
memory effect: change in 5

relative separation of two  4re?r2 )" + . + ...

test particles. a4
Er — 8rAu, EC — 20[0Au]7

*The Memory Effect
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*Memory involves a process
of physical changes in the
structure of receptors.

* Short-term or temporary
* Long-term or permanent

*What is Memory



*The memory of a 4 ‘*
gravitational-wave burst 1
is the permanent relative '

displacement of receptors.
* Linear or ordinary, due to

(a)
anisotropic source emission S\ —
| /
* Nonlinear or null, produced v ] O { :
by the flux of gravitational N AN
0 0 - 2 o
J

or electromagnetic waves to
propagating to null infinity

*Grayitational Wave Memory



*Covers the unit 2D hB :JquB/Q—I—jCIAC]B +KC]AB/2
sphere with complex AB A_B /9
coordinates K=hagq /2, J=haBq ¢ /2,

*Tensqrs are decomposed ), A, = D(CAB) + D[CAB]
in spin-weight scalars

*Express angular DcAg = (qeqpdA + qoqpdA) /4
derivatives avoiding - - 1
polar singularities +{acq50A fr QCQB6‘14>/4

*We .nee.d the eth - (KA - JA)(QCB5J + (736706[()/4
derwat_we of the 4- _ (K[l _ jA)(cj 5 _
potential (null gauge) CqB qcqp0J)/8

J

*The eth Formalism



4 9.6 =Ns(hsc) — 81Ty
The Maxwell tensor splits into 28 B
hyper-surface, evolution and (), ( “Phyp0rU )

conservation equations
% ) . NU(Ba hBC’) - 87TTTru
The complete algorithm 4
proceeds in two steps: 0,V =Ny(U”, B, hpc) — 8nrT, g
1. Solve the hierarchical v
equations on the hypersurface 8T(8u(7«hBC) _ __ar (ThBC)) _
2. Integrate the metric and the 2r

4-potential on the null cone. N(U, B, hBC) — SWTTBC

*Einstein-Maxwell Equations




*The null metric and 4-potential
are reconstructed from a
spectral decomposition and
calculated on the world-tube by
two coordinate transformations

*The Maxwell field is added to
the Einstein equations and
evolved on the null ray

*The gravitational waveforms
are extracted at null infinity on
inertial coordinates as News

7
v

S
/

gl

/ /éwu\to,\'
> il

SPATIAL DIRECTIONS

*The Numerical Algorithm

—



_ k k.,
*The Kerr-Schild Gy =T ¥ Fh )
2 = _(1-F)du” - 2dudr —

solution described a dsxs =

black hole with L (r? + a? cos? 6)db? + 2asin” Odrdo
charge and spin, and |, 20\ 1 12\ sin20do?

is asymptotically flat H'(L+ Fsin®0) 7 Jsin”0do

9aF sin’ Odudd

2Mr - Q°
“For a non-spinning  F= ( 2+T2 QQQ) A= n Cj 29’%
charged black hole rrd COS' , FeTameos
we recover the ky = (=1,0,0,asin”0)
Reissner-Nordstrom dshy = (1= F)du® - 2dudr + 12 (d6? + sin? B}
solution M — () ‘
F= O Q
T'2 ) Aﬁl — ;—(_‘1.0,0’0)

*Test Design




*Next:
1. Develop and test the code

2. Run the code with a realistic
configuration to extract GW
and EM waveforms

*Study interesting phenomena:
* Null GW and EM memory
* Trapped surfaces, horizons

*Adding to the News
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