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An F-statistic based multi-detector veto for
detector artifactsin continuous-wave
gravitational wave data
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Abstract Continuous gravitational waves (CW) are expected fromrdponeutron
stars with non-axisymmetric deformations. A network okifikrometric detectors
(LIGO, Virgo and GEO600) is looking for these signals. Theg predicted to be
very weak and retrievable only by integration over long obston times. One of
the standard methods of CW data analysis is the multi-dategtstatistic. In a
typical search, the7-statistic is computed over a range in frequency, spin-dameh
sky position, and the candidates with highésvalues are kept for further analysis.
However, this detection statistic is susceptible to a ctdssoise artifacts, strong
monochromatic lines in a single detector. By assuming aaneldd noise model
- standard Gaussian noise plus single-detector lines - waisa a Bayesian odds
ratio to derive a generalized detection statistic, the liet (LV-) statistic. In the
absence of lines, it behaves similarly to thestatistic, but it is more robust against
line artifacts. In the past, ad-hoc post-processing vel@a® been implemented
in searches to remove these artifacts. Here we provide amsgst framework to
develop and benchmark this class of vetoes. We presentsultsérom testing this
LV-statistic on simulated data.

In a search for gravitational waves, we are conducting Hygsis tests: at a cer-
tain point in parameter space (frequency, spin-down andpsigjtion), is there a
signal or not? Assuming Gaussian detector noise only, we haw hypotheses,
6 2 X(t) = n(t) andszs 1 x(t) = n(t) + h(t, <), wheres/ are additional signal pa-
rameters, like polarization angles. In the Bayesian apgiroae compute the odds
ratio of the two hypotheses, and we marginalize over the owkparameters?:
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The marginalization can be done analytically (for specifions on.<7, see([3[5]).
We obtainOsg(x) 0 e” ™, with the standard multi-detecto¥ -statistic [1[2].
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The problem with this approach is that quasi-monochromstttionary detector
artifacts ("lines”) look more likes#g than ¢ and will result in large values for
Osc. So we add an alternative noise hypothegisthat fits lines in single detectors
better than the multi-detector coherews, namely % : xX(t) = n*(t) + h*(t, <)
for a signal in only one detectof, but pure noise’#s in the others. Again using
the .7 -statistic priors and analytically maximizing over, we can (e.g. for two
detectorsX = 1,2) replace the standard -statistic by a new detection statistic with
an extended noise hypothesis:
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The new detection statistic downweights candidates whiabe hhigher single-
detector than multi-detecto? -statistics, thereby penalizing lines. The are the
prior line probabilities, while the parametgrax from a signal strength prior allows
us to tune the detection statistic, determining how muctrdjEancy between detec-
tors is attributed to Gaussian noise and how soon vetoirsgirseFurther work on
simulated data is necessary to choose this prior optimally.

In preliminary studies with simulated data, we found the nketection statistic
to be much more effective than the standard semi-cohefestatistic, as seen in
the figure below. Especially at low false-alarm rates, wtdch desirable for GW
searches, the new statistic allows for more detections[4jéer more details.
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