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Ripples in spacetime
due to violent astrophysics events

Credits: NASA/CXC/GSFC/T.Strohmayer
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First direct observation in 2015
by the LIGO and VIRGO collaborations (GW150914),
using data from the two LIGO interferometers

Very small perturbations (AL~10* m)

curvature of spacetime

Credits: NASA/CSC/SAO/P.SIane et al
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Power
Recycling
Mirror Beam Splitter

Signal
= Recycling
Vacuum E Mirror
fluctuations | &

he arms are stretched and
compressed in the opposite
direction, oscillating at the

frequency of the GW.

Fabry-Perot

Measurement of
light interference to
the detector
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- Main sources of noise

GWIMNC Moise Budget: Advanced LIGO
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@ilalipitum Noise

GW effects on the test masses of
interferometer can be confused with the _
effect of of the optical FENaT=as
fields that entering from the dark port of :
the detector.

Quantum Noise limits the

10 Cuantum Noso

Grawvity gradant
Susponsson tharmal Noise
Coating Brownian nosa
Coating thermo-0plics NOIse
Substrate Brownian noiso
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Radiation Pressure Noise:
vacuum- amplitude fluctuations
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@iitalipitum Noise

Electro-magnetic fields in
terms of quadrature
operators (amplitude *
and phase quadratures ?)Gwﬂgnal |

h
vacuumnoise |

2

Photodetector

Heisenberg Uncertainty
Principle

<(Ai’)2> <(A})2> > 1

AX=1

= Laser light can be
descrlbed by coherent states

(9,7 -
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L Aelmagee Quantum Noise

v Squeezed States of Light:

T T N S

GW signal

+ Non-linear optics (OPO) to

_ X _squeezed squeezed vacuum noise

generate squeezed vacuum

Photo detector

* Amplitude-Squeezed States

-\ 2 ., -\ 2 , Homodyne souecredvacuum
<(A‘\) > - <(m ) > - Technique

Mode

Cleaner

 Phase-Squeezed States 5
T X ) 9 . ’ 9 Oscillator \/ Homodyne
AY=e T < (A_Xr) > =€ < (AEF) > = " 'S detector
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Quantum NelScuglelilaslely
in Advanced Vlrgo Plus (AdV+]

Advanced Virgo (2019-2020): - T N hdvancd Vi oo Gur: Py = 250W
Frequency-independent squeezing o el - ]

(FIS) injection up to 3.2 dB (red curve)

nnemasefmaﬂhvsﬂ}mn Jﬁ 123,28 2019r23 1

J Absence of
A7 7 " squeezed light

= ot
i

Observatory noise,
calibrated to GW-strain [1/V Hz]

m

Frequency-dependent squeezing (FDS)
achieved by a 300m long detuned cavty

FILTER CAVITY

H ______ "

Frequency dependent
sgueazed beam
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Quantum Nolse reaductiom
, im A@M%

3 . 3 . I - - . 3 ‘ “_‘;
Y \ \ \ Cavity vacuum /

; - iy - = tube L=285m,
. y P Microtower not in scale Microtower

FILTER CAVITY

Detuned
—— ; - ;
FIS beam

Minitower SQB2
Q For FC input For FC output

In vacuum 8 .
suspended bench mirror mirror

Minitower SQB1
In vacuum

suspended bench
-

In air squeezer
bench
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Quantum Noadliladls]y
i[ip AdV+- S
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FILTER CAVITY (285 m) |

FIS

Credit M. Vardaro

FDS QVE RALL

"! L

'u,'. S

2 SUSPENDED BENQHES (SQBT S'QBZ)

o NOT SUSPENDED BENCHES.(EQB!

-~ for'the, queesz;-scwrce EQBZ and FCEB
‘forcontrolloops)-. .~ »= -7 .

'FILTER"CAVJTY . A .

parallel to E}.e {TF North Army;

length L=28

finesse F'-]JOOO (@1064:nm)

Coloured mirrors are motorized for the
automatic alignment leops

AdV+ required squeezing angle
rotation: 20-30 Hz
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Next Observative runs — Need for a FDS

Advanced Virgo Noise Curve: P, =125.0 W

RUSHEINSIEIMERQEOISK -Rosen experiment

=== An alternative method to @ signal and idler *
: the filter CaVity: '..:'_‘7': squeezed beams:
' EPR ENTANGLED §i EPR entangled

' BEAMS

l

Non-degenerate OPO

0p =205 + A | m— _625_’ Signal
(x®
Detuned pump X 0, =0 +A Idler

| -

= Interferometer both GW detector and the filter cavity (FC) ¥ .

. less expensive, more compact setup; avoids | N
the Ippm/m round trip losses for the FC [

= Disadvantages: two squeezed beams so double losses,
need for two Homodyne Detectors

B.Garaventa, PUMA22



EPR (Einstein-Podolsky-Rosen) table-top experiment
at R&D Squeezing LAB @ EGO-Virgo site

PLL Eulpsce Injection in a small [N
_ WE suspended 1
MAIN laser |
N W
i | SIPS

Mach-Zehnder interferometer
(SIPS) similar to
Virgo detector

[ I

Entangled
beams
production

-

= 5

MCIR lé.HEJ' idler to

separate

Some pictures of EPR optical bench
17 |already installed
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Some activities performed at Genoa laboratory

for the EPR experiment:
Acousto-optic-modulator (AOM) tests

nnnnnnnn

mirror | 5 PEERESE S T
o

250mm e
LENS . S e

= Optical cavities test
= Development of the optical
design

* Actuators test in order tof sﬁ A T s 4
develop automatic- N A . Sl -
alignment loops s 3. Pt - e

" Actuators for remote - -
alignment  [Some plctures of Genoa

laboratory

~~~~~~~~
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LIGO Y& 3
For next observative run a FDS is required in order to" [ e ol

8-25 25130

mitigate Quantum noise in the entire bandwidth of the =~ fatein

interferometer. _
T i | LIGO-India

FDS injection allows to explore a portion of the universe
10 times larger than the last observation run.

The Genoa group collaborated directly in AdV+ for the
squeezing system, in EPR experiment and will collaborate
also for the Einstein Telescope.
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