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Gravitational waves
Einstein 1916 and 1918

* Sources: non-spherically symmetric accelerated masses

* Kinematics:
* propagate at speed of light
* transverse waves, strains in space (tension and compression)
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Advanced LIGO Fabry-Perot Michelson Interferometer Schematic
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Initial LIGO Interferometer Noise Budget
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Displacement [m/vHz]

Evolution of the initial detector 2001 - 2006
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Strain [1/VHz]
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Advanced LIGO design noise budget

—Quantum noise

—Seismic noise

—Gravity Gradients

—Suspension thermal noise

—Coating Brownian noise
Coating Thermo-optic noise
Substrate Brownian noise
Excess Gas

—Total noise
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Strain (107%%)
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Strain (10721)
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Results of O1 and O2 run announced June 1,
2017
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Jet—ISM Shock (Afterglow)
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Broad band kilonova spectra vs time
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Origin of the elements
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Hubble constant measurement: Galaxy z and distance from GW amplitude
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Neutron Star Tidal Distortion
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Binary neutron star spectroscopy
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Technical Challenges and Development

* Higher power and reduced quantum noise
* Reduce and damp parametric instabilities
* Remove hot spots in coatings
* Higher thermal conductivity mirror materials
* Frequency dependent squeezed light at anti-sym. port

* Thermal noise in mirror coatings and suspensions
* Reduced mechanical losses in the mirror coatings
* Larger test masses

* Charging of optics
* Low optical loss conducting coating on the mirrors

* Noise in the optical alignment system
e Reduction in angle to length coupling

* Scattering from moving sources



PHYSICAL REVIEW D VOLUME 23, NUMBER 8 15 APRIL 1981

Quantum-mechanical noise in an interferometer

Carlton M. Caves '
W. K. Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125
(Recelved 15 August 1980)

2
Frad™ (Econh *Einca * Eincs) \

|
DFaq= 4Ech coh

.

m

2

Frad= (Ecoh - Ejnea EincS)

-g/

phase fluctuations at beam splitter

DFrad coh

(ol e S

Einca=Eines ~ VhnDB Einca
Econh ~\/nhn

|
|
|
|
|
1 |
|
|
|
|



[EEN

oI
N
N

[EEN

<
N
w

Strain [1/VHZ]

[EEN

<
N
N

Apluswithout squeezing and w ith squeezing

=—=Quantum

=S eismic

==Newtonian

=—=Suspension Thermal

=—=Coating Brownian
Coating Thermo-optic
Substrate Brownian |1 itm
Excess Gas 1

==T0tal noise

etm

prm

laser

bs

itm

etm

srm

10l 102 :|.03 isolator

shg || OpPO

1%2 X2 X2
| SQUUEZER

. X1 // Xi = T}T output

filter cavity cavity

g3

2

squeezing angle (deg)
8

U photodetector

squeezing in .
phase quadrature = = =

el

squeezing in
amplitude quad.

=)
o

2

10 10° 10*
frequency (Hz)

10"

E.Oelker, T. Isogai, J.Miller, M.Tse, L.Barsotti,N.Mavalvala,M.Evans




h(f) stain/sxt ()

interferometer evolution
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age of universe
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Mission Concept

LISA




LISA Pathfinder
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Localization with more detectors

Fairhurst 201 |



Einstein 1916
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Pin(W) SQ(db) M(kg)

evolution of interferometric detectors
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Noise budget at LLO March 2019
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AdV+: how good?

e Potential sensitivities
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Figure 3.1: Expected
evolution of the Virgo
sensitivity, and BNS
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AdV and Einstein
Telescope are also
shown for reference.



AdV+: how good?

* Phase I: “hitting the thermal noise wall”
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AdV+: how good?

* Phase Il: “pushing the thermal noise wal
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Figure 3.3: Virgo
sensitivity after the
modification of the arm
cavities optical design.
The solid curves
correspond to a factor
of 3 reduction of
coating losses  with
respect to the state-of-
the-art (dashed curves).
The results for the two
possible configurations
in which the beam size
is increased either on
ETMs only, or on all test
masses are presented.
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Timeline of a Cosmic Explorer 40km Observatory
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Acoustic mode damper for test mass : reduce parametric instability
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Michelson Interferometer Schematic and GW sidebands
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