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Outline

» What are gravitational-waves?
* Where do they come from?
 How can they be detected?

 What is the state of the world’s
gravitational-wave detector network?

« How much data has been taken? ‘
« What have we found?
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Gravitational Waves

» Caused by moving masses

(mass distributions with changing quadrupole)

 Distortions of space-time

— linearization of GR gives
wave equation

— propagate at speed of light
— 2 polarizations




Gravitational Waves

« Waveform and amplitude
determined by source mass

— Potential for excellent source
distance measurement

— Astrophysical sources are
unscreened by intervening matter ‘

— Hard to detect
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Gravitational Wave Detection

e |nterferometers

« How sensitive? [o5tna=s

— For a binary neutron
star coalescence..

A
2G - 47°GMR ° ., Beam \/
h;w = TI — splitter
Gl C r ‘ LASER I—

| =quadrupole mass distribution of source l ‘

- M =6x10° kg ~3 M solar & . photodiode
R =20 km g

F =100 Hz
r =102 m =3 Mpc




Basic Detector Noises

Seismic Noise
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Operating Detectors




LIGO

LIGO: Sites

3 interferometers
—H1 and L1, 4 km long
<~ —H2,2km long




LIGO: Sensitivity Progress
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M2V IRGO

» LIGO like optics, 3 km long e o
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Typical Sensitivity: Science Runs
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The S5/VSR1 Science Run

GINO NG

(M2)JVIRGO 81%

LIGO 75% single detector, 53% triple coincident




The S5/VSR1 Science Run

-18
10 i_r v e i et S P e e e B e e BT e e P P P Y P 5

R | R R TEN S | : lho4k-070318
I N O | SRS N llo-060604

L i lho2k-070514

10'19::\__: | I | . b | —— VSR1-250507 I

____________________________________________________

---------------------------------------------------

____________________________________________________________________________

___________________________

[}
=

—
DI

_______________________

k2
—_

—
DI

Strain [1/sqrt{Hz)]

________________

22

10

A TR T PO B . g [ ] Lo UL SR T S Hp S P

LIGO: L1 |13 T L RN L

"""""""""""""""""""

""""""""""""""""""""

LIGO: H1 | —— I IGO: H2 [

-23

10

Frequency [Hz]



Source Magnitudes

» Compact binary . o
coalescence

e Supernovae 107
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Talks to Come in this Session

 Black Hole Collisions!
— All sky, untriggered search
— 25 to 100 solar mass systems
— Waveforms powered by numerical relativity

« Evan Ochsner



Talks to Come in this Session

» Short Gamma-Ray Bursts
— Triggered search (time and sky location)
— Multi-messenger astronomy
— Predicted waveforms from modeled sources

* Nick Fotopoulos



Talks to Come in this Session

* The Inspiral Search
— All sky, untriggered search
— 2 to 35 solar mass systems
— Neutron star binaries!

 David McKechan

but had to guess what you might hear




Talks to Come in this Session

« Gamma-Ray Bursts, long and short
— Triggered search (time and sky location)
— Unknown waveforms from
unmodeled sources

e |sabel Leonor




Talks to Come in this Session

* The Burst Search
— Anything and Everything
— All sky, untriggered search

— Unmodeled sources
— 064 Hz to 2kHz

 Michele Zanolin




Talks to Come in this Session

* The High Frequency Search
— All sky, untriggered search
— Unmodeled sources
— up to 6kHz

* Brennan Hughey



If you_could.-netshear...

had never heard a sound in your-life,
but had to guess what you might hear
based only on what you see

think of all the sounds

that you would never imagine.




