Prabath Peiris!, John T. Whelan!

) Cross-Correlation Searches
RIT for periodic Gravitational Waves

Badri Krishnan® & Andrew Melatos?

lRochester Inst of Tech: 2Uni Melbourne: 3AEI Hannover

e Cross-corr method adapted to periodic GWSs
e Uses signal model to correlate data @ diff times

e Tuning max time-lag btwn cross-correlated data
allows tradeoff of sensitivity for computing time

e Can search for young NSs (e.g., SN1987A)
(search over fg & braking model params)

e Can search for LMXBs (e.g., Sco X-1)
(search over fo & binary orbit params)
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Abstract

Cross-correlation of ravitational-wave (GW) data
Stroams have been used to search for siochas-
e backgrounds, and the same fechnique was
applied o iook for periodic GWs from the low-
imass Xy binay (LA0) 5o Xc. A e
has boen developed which refines ihe cro:
conelaon Scheme 1o ake ul achantage of o
signal model for periocic gravitational waves from
rotating neutron stars. By varying the time wir-
ow over which data streams are correlated, the
‘search can “rade off”betiween parameter sens'-
iy and computational cost. Possible search tar-
gets include SN1987A remnant and Sco X-1.

Cross-Correlation for Stochastic Signals.

Gross-correlation s a standard technique o
search for faint signal n noise:
=it)

Application to stochastic background| ]: expecta:
tion value due to correlations in random signals

Sl )15 GW spectrum
«*Overlap reduction functon’ -/ encodes ob-
serving geom (detectors, sky distribution ..}

Optimally-fitered statitic
¥ = [asneumn
with optimal fiter

Q=

Used 10 search for pointike stochastic sources(2]
inciuding Scorpius X-1[3].

Cross-Correlation for Periodic Signals

/& F can be same or diff imes or detectors
<4 relevant Doppler shift
Gy s analogue to 7./
‘Optimal combination of SFT pairs:

¥ = S QU 81050035
Opimal weights

Qi
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Figure 1: lusiration of the incination  and polar-
zalion . angles relaing the neutron star spin axis
o celestial cotrdinates defined by the Earh's

rotation axis. These are amplitude parameters
which do not have a farge impact on the rumber
of required templates.

Two kinds of parameters:
« Ampitude params:
. inclinaion (. polarization ' ntal phase
«Phase params:
Spindowns, b

S0 X-1 ot random emitter; low-mass X-ray bi-
nary: neutron star in binary it wicompanion,
GW signal from rotating neutron siar.

«.: inclination of NS spin
) phase evolution n rest frame;
«(1): Doppler mod from detector motion

(& binary orbit)
Include features of signal n cross-corr method:
« Long-term coherence:

an cross-correlate data from diferent tmes
Dol it @ ceacor

Ampt »p«amxdnﬂlpnsenh fenges for fiter-
ing: drops out of cross-
corr; can average Gy, over for simplcly.

ageable # of templates. Limiting allowed pairs in
55, by 8.9, max time difference produces sormi-
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Can impty sty asimats i chsarvaions
uniformly distibuted in sidereal
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Figure 2: Geometrical factor (1G,,1" "' appear-
ing in the cross-corelation sensitviy, averaged

real time, as a function of
deciination. The sky positons of the supernova
1987A romnant and Scorpius X-1 aro shown for
reference.

Applic: upernova 19874 Remnant

‘SN1987A remnant liely contains young neutron
star, rapidly spinning down(5, 6]. Can search

for GW wicross-correlation method. Need to
and spindowns; rather

use phase model
EM spindown

search over frequency

@

‘Search over Qe
Gan ballpark sensility using iniial LIGO design
& assuming only simultaneous LLO and LHO
daa aro used. Compares favraby o indvect
age-based imit

1 SN1987A

‘Theoretical Sensitivity

Ampitude sensitity of combined statitic
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(1) Is Short Fourier Transform, duration Ty
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Figure 3: Thooretical sensitivity (o SN 19874
remnant for 1 year simutaneous nifal LIGO de-
Sign data, 5% false alarm & dismissal
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