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LIGO

Strain Sensitivities for the LIGO Interferometers
H1 Performance Comparison: S1 through post 83 LIGO-G040439-00-E
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LIGO

Continuous Periodic

Gravitational-Wave Sources
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LIGO The back of the envelope please...

Approximate form of the Quadrupole Formula
h= LI/L~(GIc")(DIr); O~MR?

O~(MV?) ;o h~10 Y erg ' (MR?F> )

asyni. GW  asym.

e Triaxial ellipsoid: h ~ (G/c*) eMR?*4f _ */r ~ 107 (for ellipticity € ~
10°,f,=200Hz, M=14M R=10°cm, r=1kpc =3x 10* cm)

9 ~rot

e Precession: h ~ (G/c*) sin (20) € MRt _*/r ~ 107 (for ellipticity € ~
10°, r =1 kpc, wobble angle 6 = 174, etc...)

e LMXB Sco-X1: h ~ 10*°(balance GW torque with accretion
torque)

e R-modes: h ~ (G/c*) MA'R*(16/9) £ _*/r ~ 10*( for saturation

rot

amplitude A ~ 107, r = 1 kpc, etc...)
e Pulsar Glitch h ~ (G/c*) MA’R’f_*/r ~ 10 ** ( for glitch amplitude

rot

A~10°r=1 kpc, etc...) LIGO-G0s0191-00-W



LIGO [ SC Period/CW Search Group
« False alarm & false  O€arch Techniques

dismissal rates
determine SNR of
detectable signal.

* Coherent matched
filtering tracks
phase.

 Incoherent power
averaging tracks
frequency only.

e Optimal search
needs 10% templates
per 1 Hz for 1 yr of
data; Hierarchical
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LIGO

T = arrival time
at SSB

t = arrival time
at detector

Phase Modulation
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Relativistic corrections are included in the actual code.



LIGO
Phase and Frequency Modulation
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LIGO

Amplitude Modulation

Figure 9. Antenna response function for an interferometric gravitational wave detector.
The interferometer is placed at the center of the surrounding box with Michelson arms
oriented along the horizontal axes. The distance from a point of the plot surface to the
center of the box is a measure for the gravitational wave sensitivity in this direction. The
plot to the left is for + polarization, the middle one for = polarization and the right one
for unpolarized waves.
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LIGO

Coherent Matched Filterin
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vico Time Domain Coherent Search
Using Bayesian Analysis




LIGO Tncoherent Power Averaging

e Break up data into M segments; FFT each segment.

e Track the frequency.

StackSlide: add the power weighted by the noise inverse.

Hough: add 1 or O if power 1s above/below a cutoft.

PowerFlux: add power using weights that maximize SNR

Frequency

Time
|
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StackSlide Power

LIGO

Fake Pulsar vs. Fake Instrument Line

StackSlide Power vs. frequency for 1-10 days of fake data. StackSlide Power vs. frequency for 1-5 days of fake data.

(Pure sinusoidal line f = 405 Hz; power is normalized to make mean = 1.)

5 (Pfjlsarlf=4(l)5 Hzl; povxferhals been noi"mali?ed 1(‘) mak‘e me‘an=‘1.) - 10
.
0 ‘ 0 - ‘ - ' - ' ‘
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Power averaging reduces Frequency demodulation
noise variance. Pulsar broadens instrument line.

SNR increases with time. SNR decreases with time.



LIGO  All Sky Loudest Events
1000 SFTs, Fake Pulsar & Noise:

StackSlide Power Loudest Events For Each Sky Fosition
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LIGO Al Sky Loudest Events
1000 SFTs, Fake Inst. Line & Noise:

StackSlide Power Loudest Events For Each Sky Fosition
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ico S! Results: gr-qc/0308050; EI_%@}{
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h, < 2.2E-21 h, < 1.4E-22
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2F* = 6.0: chance probability 20% 2F* = 3.4: chance probability 49% hy h,
h, < 4.0E-22 h, < 5.4E-22 h, < 3.3E-22 h, < 2.4E-22

Previous results for PSR
J1939+2134: h, < 10%°
f Glasgow, Hough et al., 1983)
h, < 1.5 x10%
(Caltech, Hereld, 1983).
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LIGO S2 Time Domain Search Results
or-qc/0410007; accepted PRL
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LIGO Many searches are underway. You
can join via Einstein @home:

e Like SETI@home, http://einstein.phys.uwm.edu/
but for LIGO/GEO
data

e Goal: pulsar searches
using ~1 million
clients. Support for

Windows, Mac OSX,
Linux clients

Einstein@Home

 From our own
clusters we can get
thousands of CPUs.
From
Einstein @home hope
to many times more
computing power at
low cost




LIGO Summary

Initial LIGO will search for highly deformed
stars in the solar neighborhood of the
galaxy.

Advanced LIGO will search for *‘average”
deformed stars throughout the galaxy.
Coincidence, hierarchical searches with
follow-up targeted searches, and signal
recycling are several ways to improve
sensitivity beyond back-of-the envelope
estimates presented in this talk.



