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Strong Field General Relativity

General Relativity has been tested in many ways, but only in the weak field
(solar system, binary pulsar).
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Strong Field General Relativity

General Relativity has been tested in many ways, but only in the weak field
(solar system, binary pulsar).

The alternative theories that predicted modifications of the weak field have
been heavily constrained.

What about theories that predict modification only of the strong field?

Gravitational waves

Katerina Chatziioannou (MSU) ppE formalism June 20, 2012 2 /17



Templates

Current data analysis techniques require that we have the correct template
family for the gravitational waves.
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If the theory of nature is not GR and we try to filter the signal with GR
templates
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Templates

Current data analysis techniques require that we have the correct template
family for the gravitational waves.

However, no accurate templates for alternative theories exist today.

If the theory of nature is not GR and we try to filter the signal with GR
templates

@ We might end up with the wrong parameters for the signal.
@ Or even miss the signal entirely.
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Templates

And even if we had alternative theory templates, it wouldn't be practical
to test for each one of the theories seperately.
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Templates

And even if we had alternative theory templates, it wouldn't be practical
to test for each one of the theories seperately.

We would like to have generic templates that could cover all
well motivated alternative theories known to date.
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ﬂ Original Parametrized post-Einsteinian Formalism

© Construction of the Generic Waveform

© Extended Parametrized post-Einsteinian Formalism
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Original ppE

A first parametrization of the generic waveform for quasicircular compact
binary inspirals:
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Original ppE

A first parametrization of the generic waveform for quasicircular compact
binary inspirals:

h= lN7GR(1 + ozu")e’ﬂ“b
where

u= (rMF)>/3

Yunes, Pretorius PRD 80,122003(2009)
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Original ppE

h(F) = her(F)(1 + au?)e®’

However, the original ppE parametrization is restricted in two ways:
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Original ppE

h(F) = her(F)(1 + au?)e®’

However, the original ppE parametrization is restricted in two ways:

© The time domain response function accounts only for the two tensor
polarization modes of the gravitational wave.

h(t) = Frh® + Feh™ + Foh™ + Fb™ + Fb + FAt
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Original ppE

h(f) = her(f)(1 + au?)e®”

However, the original ppE parametrization is restricted in two ways:

© The time domain response function accounts only for the two tensor
polarization modes of the gravitational wave.

h(t) = Frh® + Feh™ + Foh™ + Fb™ + Fb + FAt

© The parameter « is detector-dependent, since it depends on the sky
location of the source.
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Complete polarization content

Gravitational-Wave Polarization
v

v
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Figure: Polarization modes of the gravitational waves
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Brans-Dicke theory of Gravity
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Deviations
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Deviations

HO(E) = Q. 0,0,0) P/® T vte i

E = Eqn |1+ A (?)p}
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Deviations

HO(E) = Q. 0,0,0) P/® T vte i

E = Eqn |1+ A (?)p}
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Generic Response

7.’(8) -~ u(2£—11)/2[1 _ f(q)u2q + f(p)u2p]e_,\|1(4)
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Generic Response

7.’(8) -~ u(2£—11)/2[1 _ f(q)u2q + f(p)u2p]e—illl(e)

WO ~ PS4 P
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Generic Response

'l".’(é) ~ u(2£—11)/2[1 . f(q)u2q + f(p)uzP]e_iw(Z)

oW ~ 0P P9

There seems to be a pattern in the possible waveforms
that can be produced by theories of gravity.
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Single Detector

ppE 0—

=Au
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Single Detector
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Single Detector

~ —7/2 _i ) o b

o = Ay e Ve (14 aug) e
(1)

+ uf e—l\II(G'% el&uf

This is the most general form we can get and the ppE parameters now are

—

>\ppE,0 = (a7 a, /87 b7 v, G, 57 d7 q)g:l))

Katerina Chatziioannou (MSU) ppE formalism June 20, 2012 12 /17



Single Detector

~ _ . ) . b
o = Ay e Ve (14 aug) e

. 1 .
+ uf e—l\II(G'% el&uf
This is the most general form we can get and the ppE parameters now are

)\ppE,O = (a) a, /67 b7 v, G, 57 du q)g:l))

However, we have seen that the various parameters are related to each
other.
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Reduced ppE model

ppE,1
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Reduced ppE model

hs®

ppE,1
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with parameters prE,l = (b, 8,7, <b£1)).
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Many Detectors

Again, we will have a full ppE model and a reduced one that makes use of
the relations between the parameters.
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Many Detectors

Again, we will have a full ppE model and a reduced one that makes use of
the relations between the parameters.

b
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Many Detectors

Again, we will have a full ppE model and a reduced one that makes use of
the relations between the parameters.

2
e 1 = hy [1 +c ﬁué’ﬂ &0 4 o M uy T2V R 200

2 (1) -
1/5M u1_9/2e_""E:F1e’B“f

+an D

a — (auFy sin® 1 + o F, sin? 1 + a,, F,, sint + a..F.. sin 21)
v = (WwFosine 4+ Y Fsin e 4+ Yo Fay + Yoo Fee COS 1)
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Many Detectors

Again, we will have a full ppE model and a reduced one that makes use of
the relations between the parameters.

2
TMD  _ JGR b+5]| i2Bub M 72 jw@ jogub
hoe1 = Py [1 +c fuy } e28uy 4 o D Y e'Verei26U;
2
_ aw@®
/SM uy 9/2e—l‘UGRel,8uf

P,

a — (auFy sin . + o F_sin? 0 + g, Fop sin L + ae Fo sin 21)

v = (WwFosine 4+ Y Fsin e 4+ Yo Fay + Yoo Fee COS 1)

. . Pk
If we introduce a further phase correction e'*" we can account for

propagation modifications.
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© The GW frequency domain response function for theories with
complete polarization content contains terms proportional to the
¢ = (1,2) harmonic of the orbital phase.
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© The scaling of the amplitude and the phase of the generic /-harmonic
can completely be determined by the deviations of the theory from
GR.
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© The GW frequency domain response function for theories with
complete polarization content contains terms proportional to the
¢ = (1,2) harmonic of the orbital phase.

© The scaling of the amplitude and the phase of the generic /-harmonic
can completely be determined by the deviations of the theory from
GR.

© We proposed two extensions to the single-detector ppE framework: a
generic one with a total of 9 ppE theory parameters; and a reduced
one with 4 ppE theory parameters.

©Q We carried out a multiple-detector extension with a large increase in
ppE parameters, necessary to test for the existence of all 4 additional
non-GR polarizations.
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Testing General Relativity

Using these templates to search for gravitational waves, we can
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Testing General Relativity

Using these templates to search for gravitational waves, we can

© Test the validity of General Relativity without assuming that it is the
correct theory of gravity.
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Testing General Relativity

Using these templates to search for gravitational waves, we can

© Test the validity of General Relativity without assuming that it is the
correct theory of gravity.

@ Use the potentially non zero value of the ppE parameters to search
among the existing alternative theories for the correct one.
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Thank you



	Original Parametrized post-Einsteinian Formalism
	Construction of the Generic Waveform
	Extended Parametrized post-Einsteinian Formalism

