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Introduction
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GR is nonlinear, no hope for analytic solutions describin§
GW emission.

In thepostNewtonian approximatiothe velocities of the source and the
gravitational potential is treatgukrturbatively

A the PN field equations are solved in tlearandwave zones
A in the overlap of these regions the solutions are matched to each other

i the radiation field far from the source is expressed in terms of integrals over
the source

In numerical relativitythe nonlinear field equations are solved
without limitations on the speed of the source but limitations on the
computational power.

GWs from the three stagesio§piralcan be computed both in analytical and
numericalrelativity. Sufficiently accurate templates are needed to cover the
larges possible parameter domain.
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CBwaveso motivations

A Our main purpose to develop was

A to provide a fast and accurate computational tool to
determine the gravitational waveforms yielded by generic
spinning binaries of neutron stars and/or black holes on
eccentric orbits.

A The current version of CBwaves involves all the possible
termsi In the acceleration, radiation field and eneirgy
within the applied PN approximation for an accurate
description of these type of generic binary configurations.



" A
CBwaveso basicfeatures

A Analytic setup within th&N framework,
synthesis oéll therecent developments.

A The 3.5PN accurate equations of motion
are integrated,order RingeKuttascheme

Contributions to the acceleration

>

L. Kidder (95)

2PN with spins, radiation reaction at 2.5PN

A H.Tagoshiet.al. (01), G Faye et.al. (06)
1PN correction to SO

T. Mora and C. M. Will (04pPN
A B.R.lyerand C. M. Will (95)

3.5PN radiation reaction

A C. M. Will (05) , H. Wang and C. M. Will (07)
SO and SS contributions to radiation reaction
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" A
CBwaveso basic features

A The radiation field is determined by the simultaneous
evolution of the analytic waveforniisall the
contributions are included that have been worked out
for generic eccentric orbits up to 2PN order

Contributionsto thewaveform

A R.VWagonerand C. M.Will
(76,77
0.5 and 1PNorrectongo Q;
A A. G.Wiseman(92) 1.5PNQ; term
A L. Kidder (95)spinterms

A C.M.Will and A. G.Wiseman(96)
2PN contributionto Q;

A The strain is calculated from the polarization states
with respect to the orthonormal triad (radiation fram\i&l, b, 4k

he o 2 2 i [T, ho: 2¥oidy + &b T
h¥b: F.h.XP+ FehoXE

A Wavefornsare calculated in time and frequency
domain (implemented FFT).

>

Provides g&pansion of the radiation field in s-2
spin weighted spherical harmonics.
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CBwaveso basic features

A The most important input parameters
i Separation, masses, spins and their orientation, initial eccentricity

In order to make the submission of the software to research clusters a
Condor job description file generator script is provided along mvéh
pagesrpm packageetc.

>

The source code of the current versioiC8wavescan be downloaded

>

http://grid.kfki.hu/project/virgo/cbwaves/

>

For a similar GW generating softwardor generic spinning binaries moving possibly on

eccentric orbit§ seelLevin et.al.

J. Levin et.al.
A equations of motion up to 3.5PN CQG 28, 175001 (2011)

A some contributions related to the generic motion of the binary is missing
A waveforms tajuadrupoleorder



A Circular nonspinnng waveforms

A

Circular orbits

strain [m]

i slow rise in the amplitude and the
frequency
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Circular orbits

The adiabatic approximation is expected to hold whenever the time scales

of precession and shrinkage of the orbit are long compared to the orbital

period,
i quas-circular inspiral orbits

To check this approximation the ratio of the rate of inspiral of the

dr ad
dt

dE/dt
dE/dr

ar
dt

adiabatic approximation and the corresponding time evolution is monitored

102 }

A It was found that the adiabatic approximation

yields 10%slowerdecrease of the thusthan
for the instantaneoushange

107

u need for a revision of the assumptiong

applied e.g. in DA
i use of physically realistic waveforms

i
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Validity range of PN

>
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Validity of the PN approximation: until the ISCO ?

By investigating the validity of the energy balance relatsom theractional energywhich is
the ratio of tle actual and initial energiesve have foundhat the PN approximation should not
be applied when the PN parameter reaches the ddmaih08-0.1

The loss of accuracy is insensitive, i.e. to the
i variations of the binary parameters

i size of the applied timstep 1.2

The loss of accuracy is more transparent 1.1 [

in frequency domain and is getting moge
significant before reaching the frequertc:y
ranges of the upgraded ground based“

detectors.

1

CthI’l

In accordance with the results of Levirg ~ 0-8 |

et. al., where the relative magnitude of
the higher order contributions to the
equations of motion eremonitored
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Effect of eccentricity
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A Radiation reaction drives the binary

towards circularization. e ' max 2T min
p . . b 'max*! min
A Use of the geometric, not instantaneous eccentricity
A Detection pipelines are mainly using circular waveform templates

i the binary is circularized by the time the GW enters the frequency band of
the detectors.
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Effect of eccentricity

A In the early phase afispiraleccentric evolutioms perfectly explained by
analytic estimatedoward the end of the evolution there is a difference,
although the PN parameter is still below its critical valiie0.08-0.1

A Universality: the frequency dependence of the eccentricity is insensitive t
the total mass or the mass ratio
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Effect of eccentricity

A
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Besides circularization tiny eccentricity may remain. Negligible orbital
eccentricity, i.e. from BH binaries formed by tidal capture in globular clusters or
galactic nuclei.

Using circular templates for systems with even tiny residual eccentricities lead to &
large Overlap/SNR loss whigh studied with Bwaves for AdV and ET.

The dropof overlap is even more significant than it was for initigbO basically
because the signals and templates spend longer period within the sensitivity range
these more advanced detectors.



