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Abstract: <span>Gravitational waves will alow scientists to test Einsteind€™s theory of General Relativity in the previously unexplored
strong-field regime. Einsteind€™s theory of genera relativity, as the most accepted theory of gravity, has been greatly constrained in the
guasi-linear, quasi-stationary regime, where gravity is weak and velocities are small. Gravitational waves may carry information about highly
dynamical and strong-field gravity that is required to generate measurable waves. Coalescing compact binaries are the most promising sources of
gravitational waves accessible to ground-based interferometers, such as Advanced LIGO. Made of neutron stars and/or black holes that orbit each
other hundreds of times a second just before they collide, the resulting waves are imprinted with information about the individual objects and the
dynamical coalescence process. After reviewing the basic properties of gravitational waves, | will present an overview of the detector design and
provide an update on the current status of Advanced LIGO and its ability to probe the strong gravity regime.</span>
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Weak field regime tests of GR

Bending Light Mercury’s Orbit

Gravitational redshift Frame Dragging and
of light Geodetic

Almost all of the previous experimental tests of GR are in the quasi-

stationary, quasi-linear weak field regime.
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Strong field regime tests of GR

 Binary pulsars probe GR in the dynamical and
quasi-linear sector.

Data from J. M. Weisberg and J. H. Taylor

* Future EM observations of BH accretion disks probe _
o . . ventHoruonTelescope
GR in the non-linear and stationary sector.

 Gravitational waves will allow a full non-linear and dynamical
strong field regime test of GR.
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Strong field regime tests of GR

* Binary pulsars probe GR in the dynamical and
quasi-linear sector.

Data from J. M. Weisberg and J. H. Taylor

* Future EM observations of BH accretion disks probe |
: : : ventHorazonTelescope
GR in the non-linear and stationary sector.

 Gravitational waves will allow a full non-linear and dynamical
strong field regime test of GR.
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Gravitational Waves
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Direct detection of Gravitational waves

end mirror

end mirror

\ 4

photodiode

Animations
J. Creighton
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Direct detection of Gravitational waves
end mirror- R

end mirror

photodiode

Animations
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Direct detection of Gravitational waves
end mirror- B

predicted polarizations by GR

end mirror

photodiode

Animations
J. Creighton
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Direct detection of Gravitational waves
end mirror- R

predicted polarizations by GR

end mirror
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Animations
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signal for a binary NS in circular orbit:
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signal for a binary NS in circular orbit:
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Global Network of Interferometers

Adv. LIGO Hanforg, US
4 km arms

»

-

Adv. LIGO Livingston, US
4 km arms

LIGO-India
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Global Network of Interferometers
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Multi-messenger Astronomy

LIGO Hanford C:EO 600 KAGRA
A

LIGOIndia

+*

-

| e //Vi |
LIGO Livingston @ @
Sendinfo X »
to observers

Analyze data, Validate

identify triggers,
infer position

.

"
.

Select event
candidates

e Science return from Gravitational Wave detection will be strongly enhanced if there are
simultaneous EM observations.

* EM counterparts to GW events will result in better localization of GW events.

e After the first four published GW events, LSC and Virgo will promptly release public
triggers to be followed up.

Laleh Sadeghian, EHT 2014
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Multi-messenger Astronomy
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* Science return from Gravitational Wave detection will be strongly enhanced if there are
simultaneous EM observations.

e EM counterparts to GW events will result in better localization of GW events.

¢ After the first four published GW events, LSC and Virgo will promptly release public
triggers to be followed up.
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[nitial LIGO

sensitivity curves of the detectors

2007.08.30
Initial LIGO goal
2010.05.15

Advanced LIGO goal

[1/sqrt(Hz)]

=
L
=
v
=
=
k
-
=
—
—
=
o
—
=
el
;.
e
=
=%
77
)
.
-
2
ol
=
=
Z

Frequency

[Hz]

template params of the syste

VoY
“S(H)h(S.0)

”
In(f) d
\

(spectral noise

Laleh Sadeghian, EHT 2014

Pirsa: 14110088 Page 17/27



[nitial LIGO

sensitivity curves of the detectors
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[nitial LIGO

sensitivity curves of the detectors
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LIGO and Virgo Observing Runs
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Fifth science run (S5) data and all Fifth and Sixth science runs results can be found in ligo.org
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Recent News

(September 26, 2014)
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https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=14821

Laleh Sadeghian, EHT 2014

Pirsa: 14110088 Page 22/27




| | |
LIGO NS-NS Merger
L]

LIGO BH-BH Merger_|
®

IMRIs IMBH-SCO
$ -
LISA IMBH-IMBH Merger

"MRIs SM -SC
Double Binary Pulsar RE SRS

® LISA SMBH-SMBH Merger |
LAGEOS

[ ]
Earth's Surface ey mi®
Sun's Surface

L
Lunar Laser Ranging

.
+—
(@)
=
(b
-
+—
w
@
.
=
+—
©
>
-
-
O

PerihelionPrecession of Mercury Pulsar Timing Arrays
L ]
] | | | |

10" 107 10° 107 10" 107 107 107 10
e=M/r

F|e|d Strength credit: Nico Yunes

{
L]

amical, strong-field regime.

Will, Liv. Rev., 2005, Psaltis, Liv. Rev., 2008, Siemens & Yunes, Liv. Rev. 2013,
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Gravitational waves can probe the non-linear, dynamical, strong-field regime.

Will, Liv. Rev., 2005, Psaltis, Liv. Rev., 2008, Siemens & Yunes, Liv. Rev. 2013,
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Feasible GR tests using Gravitational Wave detection

* Do Gravitational waves travel at the speed of light? Is Graviton
massless?

* Do Gravitational waves have only plus and cross polarizations
or are there more?

* Does Kerr solution explain the exterior geometry of a BH? (no-

hair theorem test)

Laleh Sadeghian, EHT 2014
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Alternative theory zoo
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In Summary:

* First generation of gravitational wave detectors have been built and
operated in 2005-2010.

* Numerous gravitational wave searches performed. No detections, but
we have demonstrated ability to detect.

* Advanced detectors will be online next year and will achieve 10x initial
detectors sensitivity few years afterwards

 Gravitational waves observation of compact binary inspirals will allow
us to constrain deviations from GR.

* Gravitational wave and multi-messenger astronomy are coming soon.
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