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Research plan: summary

e Data analysis: algorithm development and
coding. Ongoing, in concert with ASIS/DCSA
subgroups of LSC.

A Stochastic gravitational waves

B. Blind signal searches

C. Multi-detector waveform reconstruction
algorithm

D. Improved inspiral filters

e Long term plans: collaborate with Milwau-
kee and Claltech groups in next stage of anal-
vsis of 40-meter data and /or mock data chal-
lenge.

e Complete series of papers with Kip Thorne
on light scattering noise in LIGO beam tubes.

e Gravitational wave source/waveform calcu-

l[ations (outside LSCY



Stochastic gravitational waves

with B. Allen, J. Creighton. and J. Romano].

o Stochastic GWs an be produced either by early Uni-
verse processes (cosmic strings, phase transitions, in-
flation) or by more recent astrophysical processes (su-
pernovae. r-mode instability, spinning NSs).

o Standard detection algorithm (Michelson 1987: Chris-
tensen 1990, 1992):
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o Complicating iss 1es:

a. Lime delays between detector sites and detector
orientations

b NMore than 2 detectors

C.np(f) and nott) not statistically independent

d. Is above method optimal?

¢onp () and 1o(4) not Gaussian and /or not station-
Aary

[ s(f) not Gaussian: “popcorn”
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Stochastic gravitational waves
(cont)

Methodology: Use Bayesian analysis. Dataiss(t) = [si(t), ..., s~ (t)],
unknowns are €,(f) and S, (f) (N x N matrix). Use approxi-
mations (correlation tirie) < (observation time) and (signal in

cach detector) << (detector noise). C'alculate

P Q,(f)-Sulf)ls(t)].

Integrate out S, (f) to obtain P, (f)].

e For stationary, Gaussian noise, above program carried out
in EF, Phvs. Rev. D 48, 2389 (1993); obtained essen-
tiallv standard cross-correlation statistic. Addressed issues
ab.e.d.

e For white, non-Gaussian noise. above program carried out
recently: derived a data analysis method previously guessed
by B. Allen wherein one computes the usnal cross-correlation
statistic after zeroising all data points that are above some
threshold.

o [1 progress: extend analysis to colored. non-Gaussian noise:
examine also non-Gaussian stochastic background: imple-

ment and test algorithm. Draft of paper exists.



Blind Signal Searches

‘with P. Brady, W. Anderson and J. Creighton].

o | xio~~ o ~tati=tic dertved in EF and S. A. Hughes,
Phys. Rev. D 571535 (1998), using
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e Statistical properties verified by Monte Carlo simu-
lations. Also explored by P Hello et. al., 1998.

o ’rehiminary vers.on of multidetector statistic and statis-
tic in presence of non-Gaussian noise has been de-
rived. Draft of paper exists.



Waveform reconstruction
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e Such algorithm useful for (i) obtaining GW wave-
[orms after detecting sienal. and (i) Constructing a
multi-detector voto (subtract from all detectors best

fit signal).



Waveform reconstruction (cont)

e Optimal aleorithm for stationary, Gaussian noise de-

rived in EF and S.A. Hughes, Phys. Rev. D 57, 4566
(1998):
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o Goal: implemen and test this algorithm



Exploration of improved
inspiral filters for detecting
massive binaries

e ['or detecting NS/BH and BH/BH binaries,
standard post-Newtonian filters can some-
times be madequate.

e “Empirical” methods for increasing accuracy:

[. Pade approximants (Damour and Sathyaprakash,
1997).

2. Effective 1-body treatment (Buonanno and
Damour. 1998)

3. Use post-Newtonian approximation only
to obtain equations of motion: from then
on solve for templates numerically.

o Cioal: scope out performance of 1.2. and 3.
by comparing to test mass case (a la Poisson
and Droz 1998). [Wolfgang Tichy]



Light scattering noise
calculations

Planned papers:

o Noise due to light scattering in the beam tubes of
gravitational wave detectors 1: Foundational Anal-
yses. EF and K.S. Thorne.

o Nowe duc to light scattering in the beam tubes
of gravitational wave detectors Il: Fockker-Planck
analysis of forward light propagation, S.A. Hughes,
K'S Thorne. anc A.G. Wiseman

o Nouwse duc to light scattering in the beam tubes
of gravitational wave detectors [11: Application lo
LIGO. EF and K.S. Thorne,

Goal: complete a draft of paper 1 by Aug 15.
1999,



GW source calculations

e Ncutron star binaries: “To crush or not to
crush?”

a. Demonstration that no crushing occurs
i general relativity: EF. Phys. Rev. D
8. 124030 (1998) [also K. Thorne. Phys.
Rev. D 5s. 124031 (1998)].

b. Demonstration of error in numerical sim-
ulations o Wilson, Matthews and Mar-
ronettl, EF. Phys. Rev. Lett 82, 1334
11999).

e Calculation of local piece of radiation re-
action force for compact ()l)j(*('t mspiralling
mto large black hole (eg ~ 300A7.) (with
W Anderson. in progress).
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