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The Universe as seen In different wave




Plan of the talk:

1. History and basics of theory of GW.

2. First indications for existence of GW:HulsTaylor (1998

3. The development of Numerical Relativity.

4. GW150914 announcement and its announced features.

5. The real data for GW150914 and their analysis.

6. The problems with QNM analysis.

7. Possible alternative explanations and models of GW150914 and their problems.

10. Some basic conclusions.



Theexistence of gravitational waves (BWis hypothesized on the basis of general considerations for the first tir
Oliver Heaviside (189@n his bookElectromagnetic theoyy

and independently by

HendricA. Lorentz (1900),

and by

Henri Poincare (1905)

Leading idea: finite velocity of spreading of
Electromagnet interaction in vacuum:

&= =299 792 458 m/s.

No specific theory of GW was proposed at that time, or at least is not known.

Oliver Heaviside HendricA. Lorentz Henri Poincare



GW were predicteih 1916 byAlbert Einsteito existon the
e basis of his theory general relativitgravitational waves
theoretcally transport energy gsavitational radiation

Uber Gravitationswellen.

Niherungsweise Integration der Faldgluix:hungﬂ
der Gravitation.

Albert Einstein: A. EinsteinSitzungsbepreussAkad Wiss,
First theory of GW 191618 B. 1916, S.688; 1918, S. 154.

Remember thathe basic PHYSICRA v Aide&fgf inventing
GR was also tHaite speed of spreading of gravity!
The geometry was only a tool!



Weak fieldapproximation in GR

g#":"?#p_'_hﬁv._ h#p{{: ]

_I"l

4G S#p(x’,:—“‘fT)
c* lx — x|
Suv = Tyv — ]/Qgﬁvﬂi

4>y’

hyy(x,t) =

Flat waves: 7, = ¢,, exp(ikx*) + &,y exp(—ikix*).

Wave equation:

k%, = 0

Gauge transformations:
X" =¥+ &(x).

Flat GW along axes Oz
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only the two states £, + 1gy, exist, with J.=+2

The graviton is particle with spin 2
e —iep' =e” (en1 —1&12)
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The two types of GW In GR:
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Polarization of GW modified theories
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Figure 4: Effect of the six possible GW polarization modes on a ring of test particles. The GW propagates
in the z-direction for the upper three transverse modes, and in the z-direction for the lower three longitu-
dinal modes. Only modes (a) and (b) are possible in GR. Image reproduced by permission from [471].



Quadrupolecharacter of GVMasacodcar
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First indirect evidences for gravitational waves
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BH merger:

The collision afwo BH will produce angingsingle final BH
O{USLIKSY 1 IFglAYyIZIbXOU

From thering-down wavewe can infer the mass, the spin
and surface area of the final BH.

Kip Thornein The Future of Theoretical Physics a ;H &
CosmologyCambridge, 2003: ) 25

df the total area does not increase, Stephen is

9 Ay 4 GRalwsatewrong,andwe will havea greatcrisisin

physicX Sincethe 19702 theseremarkablepredictionshave

remained untested They seem to be an unequivoca
consequenc®f9 A Yy & GRalwy Q&

but relativity might be wrongor
we mightbe misinterpretingts mathematice




BHmerger (NR)

Phase transitions

Several Orbits: NR is not what it was!

| 3. Singularities are
1 not resolved but

1 Just put under

| carpet.

14.Too expensive
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Figure: Success after 30 years: 4.2 Orbits and waveforms, NASA Goddard.

Radiated energy: 3.6 —3.9%, final a/M ~ 0.7.

5. Husa (F5U Jena)

EEH Challengs

Palma de Mallorca 07 /09 /06

NR Problems:
1. We have No
resolution of the
GR constraints.
2. Superluminal
Signals and waves

and CPU time
consumingsy only
a few exact NR
waveforms are
available.

5. Works only for
restricted domain
of BH masses

6. Eccentricity and
spin effects for
higher GW modes
are not taken into
account.
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