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LIGO and the search for Continuous Waves
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The coherent technique and the need of hierarchical methods

» The coherent strategy F-statistic
is given by the the standard coherent
matched filtering method

June 2012, GWPAW-Hannover 4



The Hough-transform
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Einstein@Home (in a nutshell)
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Abstract - (preliminary results)

Einstein@Home all-sky search for periodic gravitational waves in LIGO S5 data

This paper presents results of an all-sky search for periodic gravitational waves in the frequency
for the

fifth LIGO science run (S5). The search uses a non-coherent Hough-transform to combine the
information from coherent searches on timescales of about one day. Because these searches are very
computationally intensive, they have been carried out with the Einstein@Home volunteer distributed
computing project. The search is about a factor 3 more sensitive than the previous Einstein@Home
search of early S5 LIGO data. The post-processing identifies eight candidates signals; deeper follow-
up studies rule them out. Hence, since no gravitational wave signals have been found, we report
upper limits on the intrinsic gravitational wave amplitude ho. For example, in the 0.5 Hz-wide band
at 152.5 Hz, we can exclude the presence of signals with ho greater than 7.6 x 1072 at a 90%
confidence level.
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The post-processing pipeline
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The post-processing pipeline: top 100 candidates in each 0.5 Hz band
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The post-processing pipeline: after the multi-IFO/single-IFO average F-statistic consistency veto
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The post-processing pipeline: 184 remaining candidates after the cut at <2F,,,, > =6.5; they are
clustered at 12 frequencies
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The post-processing pipeline: follow-up with “1st year of S5” data; only the candidate

at ~ 80.9 Hz was discarded!
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Candidates for which the
measured value n_Awas more
than 3 0 less significant than the
expected E[n_#] were discarded
as not being consistent with a CW
signal; 0~ 4.8




The post-processing pipeline: 11 “surviving” candidates, none of which constitutes a

PRELIMINARY

defensible CW candidate

They fail the F-statistic consistency veto after a search utilizing the
~96.6 Hz same data set as our “2"d year of S5” search but a finer grid in
~144.7 Hz parameter space!
~032.4 Hz
~1030.2 Hz Line artifacts appear in S5 H1 data at ~ 932.4 Hz, ~ 1030.2 Hz and
~ 1142 Hz at ~ 1142 Hz.

They survive the F-statistic consistency veto on the finer grid and are
followed-up with a coherent search that spans the entire duration of the “2nd

year of S5” data set. The search is performed in a large enough parameter
space box around the estimated putative signal values to include the actual
signal parameters.

The measured values of the maximum of the detection statistic over the

parameter space searched for each of the candidates are consistent with
the expectations even in Gaussian noise!
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Upper limits: loudest event 90% confidence upper limits on h,in 0.5 Hz bands
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Astrophysical reach of the search — PRELIMINARY
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Summary & Future Plans

a factor of 3 more sensitive

STAY TUNED!
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If you are interested to join
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