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LIGO
L1GO Observatories

Hanford: two interferometers in same vacuum
envelope (4km, 2km)

Livingston: one
Interferometer (4km)
G030155-03-Z
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Inspiral and Merger of
Compact Binaries

- LIGO is sensitive to:
» Gravitational waves from binary

systems containing neutron
NS/NS @ lOMpc stars & stellar mass black holes

» Last several minutes of inspiral
driven by GW emission

» Clean systems, accurate

=) BBH (40Mm ) modeling shows that GW’s
500 Mpc depend on masses/spins only

Neutron Star Binaries
Known to exist (Hulse-Taylor)
LIGO range =20Mpc, N< 1/(3yr)

NS/BH, BH/BH

New science: rates, dynamics of
gravitational field, merger waves

LIGO range=105Mpc, N<1/(2yr)
G030155-03-Z
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How to detect inspiral waves

Use template based matched
filtering algorithm

Search for non-spinning binaries
» 2.0 post-Newtonian waveforms

s(t) = (IMpc/D) X [ sin(@) h, (t-t0) + cos(a) 1, (t-0)]

D: effective distance; a: phase
Discrete set of templates labeled
by I=(m1, m2)

» 1.0 Msun <ml1, m2 < 3.0 Msun

» 2110 templates

» At most 3% loss in SNR
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LIGO sensitivity
S1: 23 Aug — 9 Sep, 2002

Inspiral sensitivity measured
In distance to 2 x 1.4 Msun
optimally oriented inspiral at
signal to noise = 8

» Livingston: <D> =176 kpc
» Hanford: <D> = 36 kpc
- Sensitive to inspirals in
» Milky Way
» Magellanic Clouds

Hanford (2km) and GEO not
Included in pipeline because
of sensitivity/stability issues.
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Population Monte Carlo

H1

G030155-03-Z
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Population includes Milky
Way, LMC and SMC

Neutron star masses in
range 1-3 Msun

LMC and SMC contribute
~12% of Milky Way

Efficiency is fraction of the
population detectable by
the pipeline

Simulated signals injected
Into data stream to
determine efficiency



Statistical Analysis and Results

 Floating signal-to-noise (S/N) threshold
1. Use all triggers from Hanford (4km) and Livingston (4km)
2. Cannot accurately assess background (assume it is zero)
3. 90% confidence limit = 2.3/ (efficiency * time)

Actual results

All data, max S/N=15.9
Time = 214 hrs

Efficiency = 0.51
R <164 /yr/ MWEG

Predicted rate limit

All data, max S/N=16
Time =258 hrs
Efficiency = 0.58
R <118 /yr/ MWEG

) : . Theoretical prediction
Previous observational limits P
, R<5x10%/yr/ MWEG

Japanese TAMA R < 30,000/ yr / MWEG _
LIGO-I design (1 yr)

Caltech40m R < 4,000/ yr/ MWEG
R~2x103/yr/ MWEG
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L oudest Surviving Event

Candidate

Not NS/NS inspiral event
1 Sep 2002, 00:38:33 UTC
S/N =15.9, c?/dof = 2.2
(m1,m2) = (1.3, 1.1) Msun

G030155-03-Z

What caused this?

Appears to be saturation of a
photodiode
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Conclusion

Science with LIGO is beginning
» LIGO Scientific Collaboration has taken first tentative steps in this
field of gravitational-wave astronomy
The future Is bright
» Second science run under way: 14 Feb — 14 April 2003
» |nstruments are closer to design goal
» Could see inspirals at distance increased by ~10 times

Binary Black Holes
» Searches underway with second science run data

Searches for MACHO Binaries

» First science run provided a practice run
» Full scale search in second science run
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