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Introduction
1916: Einstein-» GR-> existence of GW.

1916:; Schwarzschild -» existence of black
holes.

No direct evidewnce up Fo now.

1974-: Tajtor and Hulse —» indirect evidence
of GW in neutro stars system.

' Detection is important: 1) new window of
obervakional astronomy, 2) understanding
fundamental laws of physics—> GR prowf.



GWs carry energy and deform the spacetime.
 Propagate through matter with Little interaction, so hard to detect.
Their amplitude decreases as they propagate and are redshifted.

Emitted in regions of space time where gravity is very strong and
velocities close to the speed of Light. Usually these areas are
sorrounded by wmatter that absorb EM radiation or do not emit
any, so GWs are the only way to sEu,dj Ehem.




Theory of GW
Accelerating charges —> EM radiation

Accelerating masses -> GW radiation

Some equa&&ons:

Any change in Tap -» change in grav. field ->
change n gap:

Perturbations qoverned bv wave equation: ' ),0*h,,

Plane wave solubtion:

~5 independent comp.



D Some proper&ies:
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(PRL 116, o6l102 (2018))

GWs debection bfj LIGO

D 0On Sepfzember 14, 2018, the two LIGO detectors simui&ameaustv

observed a GW signal.

quGSTON




@ A GW has the effect of alternately stretching and squeezing the spotial

separation between two points.
@ High sensitivity needed - Interferometers.

9 L-shaped interferometer needed -» quadrupolar GW nature!

- When a gravitational wave passes bj,
the stretching and squashing of space
couses

A%
the interferometers’ arms change
lengths, the laser beams take a
different time to bravel through the
arms -»




@  1f the arm lengths are equal (L1 = L2), no Light is transmitted to the
Phc&od@.&e«c&on

D Distance bbkw bwo evenks:

@ This differential length variation alkers the phase difference between the

two Light fields returiing to the beam splitter, transmitting an optical

sighal pm—por%&omai to the gravitational wave strain to the pho&cd&%@{:?&an



How to obtain high sensikivity
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Seismic noise (low ﬂfrequ,enties < &OHz)

Thermal noise (intermediate freq.)

Photon shot noise (high ffreq. > 150 Hz)



Observation of GW150914

Hanford, Washington (H1) " Livingston, Louisiana (L1)
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- Cotncident signal: 10 ms intersite propagation time.



@ Th@. Gw S&T’QE«V\ d&&& O\ﬁquiréd »’ Inspiral Merger Ring-

down

by LIGO is compared with
lots of theoretically
predw&ed waveforms - a
process khowi as

- with the qoal of |
finding the waveform that - e o vampae
best mabtched the data.

oL N WA
Separation (Rs)

Two black holes with 36 and 29 solar wasses => one
black hole with 62 solar masses



D

Searches
GW150914 was detected by two different type of searches.

One recovers signals from the coalescence of compact
objects using waveforms predicted bj &R,

Targets generic transient signal, with minimal assumptions
about the waveforms.

Events are assigned a detection-statistic value that ranks
their Likelihood of being a GW signal.

The of a candidate event is determine by the rate
ak which proc&wce.s evenks with a debeckion-
skakiskic value »= ko bthe candidate event.



Backqground

o Estimating bekgr. is very challenging: nonstationary and
non-gaussiain,

o Introduce a series of between the H1
and L1 data, creating a much longer data set in which to
search for apparent signals that were as strong (or
stronger) than GW1590914. By using

they ensured that these artificial data sets
contained
Then they see how often a coitncidence mimicking
GW150914 appears. This analysis gives the false alarm
rate: how often they could expect to measure such a
seemingly loud event that was really just a noise
fluctuation -> overstimation of the bekqr,



Bimarsj coalescence search

Binary coalescence search ,

405.10 _ >5.10 | {8

An event as strong as

mmm Search Result
- Search Background
— Background excluding GW150914

to appear b&j chance
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How do they determine the direction of the
evenk?

o With kwo detectors you can malee sure Ehej bobh hdve_a stghal.,

o Using the difference in times for the two detectors, you can get
an idea of what direction the gravitational wave came from.

1f o gravitational wave traveled
alowng the je.i.tow line, the
difference in time would be 10
s due to the distance WA-LA,
The measured time difference
for the detected qgravitational
wave was aboub 7 nas,

B, There are an infinite number of
‘ points that would give this time
difference. However, those points
are confined to a ring with
angle tetha.




Conclusions

o Two predictions of Einstein’s theory
were confirmed:

1. First direct detection of
gravitational waves.

2. First observation of a bmm‘:j black
hole wmerqger,

o The detected waveform wmakbches the
F?reciicﬁom of general relativity,






