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Frequency-dependent squeezing (FDS)

= Radiation pressure noise will limit the future upgrade of Advanced Virgo.

We need Frequency-dependent squeezing to induce squeezed light ellipse
rotation = broadband reduction of quantum noise
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Frequency-dependent squeezing (FDS)

> Filter Cavity (FC)

 Frequency-independent squeezing
injected into a filter cavity (Fabry-
Perot cavity)

 planned for 04 for AdV+ and alLIGO

Cavity vacuum

» Microtower
For FC output
mirror

Microtower not in scale
i | For FC input

i | mirror

suspended bench
N

Minitower SQB1
In vacuum
suspended bench

In air squeezer
bench 4

Advanced Virgo Plus Design Report (VIR-0596A-19)
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A new technique ...

naoare

physics

Article  Published: 15 May 2017

Proposal for gravitational-wave detection
beyond the standard quantum limit
through EPR entanglement

Yigiu Ma , Haixing Miao, Belinda Heyun Pang, Matthew Evans, Chunnong Zhao, Jan Harms, Roman

Schnabel & Yanbei Chen

Nature Physics 13, 776-780 (2017)  Download Citation &
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A new technique ...

» Less components

ll\»/” > Less expensive

> More flexible

But...
» 3 dB penalty
» Other losses 24
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EPR-entanglement technique: principles

Proposal by Y. Ma et al. Nat Phys 13 no. 8, (Aug, 2017) 776-780

a Detune pumping frequency (of A)
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Credit: Y. Ma et al.
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EPR-entanglement technique: principles

Proposal by Y. Ma et al. Nat Phys 13 no. 8, (Aug, 2017) 776-780

Signaldyy = = = = = > esonant for wg
‘u B G Detune pumping frequency (of A)

Idler by = = = = = > Detuned for Detuned for wy + A
o U ﬂ ,,,,,,,,, ﬂa Auto-filtering of the signal and idler beams with the
. | L | i m
— | | interferometer arm

Figure 3 | The differential mode of the interferometer as seen by the signal (upper panel) and idler (lower panel) beams.

Credit: Y. Maetal. ETM
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EPR-entanglement technique: principles

Proposal by Y. Ma et al. Nat Phys 13 no. 8, (Aug, 2017) 776-780
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Figure 3 | The differential mode of the interferometer as seen by the signal (upper panel) and idler (lower panel) beams.

Credit: Y. Maetal. ETM e
Detection
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EPR-entanglement technique: principles

Proposal by Y. Ma et al. Nat Phys 13 no. 8, (Aug, 2017) 776-780

©
2

©

v" Recent proof-of-principle experiments was
performed by the University of Hamburg and by
the Australian National University

(o)}
-
o
N
=
()
—
~~
—
—

» Build a complete set-up to be
implemented to Advanced Virgo ) 0
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On-going work on EPR experiment

Preparatory frequency-independent squeezing bench at EGO
to be transformed in an EPR bench
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On-going works on EPR experiment

> Preparation for EPR table-top experiment
Virgo Collaboration

Detuned etalon
SHG pump

Op = wo + é i :

2 2 ==

sLO O Final optical layout almost
4} n fixed
sMC O Preparation for components
iLO {\3 D |

LO signal LO idler Y v o3

laser laser iMC

®o wo+A

=

Test Cavity
EPR conceptual scheme m 12

MC = mode-cleaner, LO = local oscillator, HD = homodyne detector, SHG = second harmonic
generator, OPO = optical parametric oscillation, OPPL = optical phase-locked loop
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On-going work on EPR experiment

> Preparation for EPR table-top experiment

.l EEEEEER
= OPO ..’0 .
a EPReentangled beams
B - i A S
™ | o= u L 4 i
'I_"E_ u ¢ £
| I EEN | J
Detuned = Q etatch
SHG pump q ..... .
W, A
2 " @ty
s B e non-degenerate OPO
S

+ auxiliary beams

LO signal LO idler
laser laser iMC
®o wo+A

=

Test Cavity
EPR conceptual scheme m 13

MC = mode-cleaner, LO = local oscillator, HD = homodyne detector, SHG = second harmonic
generator, OPO = optical parametric oscillation, OPPL = optical phase-locked loop
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On-going work on EPR experiment

> Preparation for EPR table-top experiment

Detuned
SHG pump S
w A .l ll | N 3
7 sLO al | =
@ 3 =l N 1
sMC 3 | & mimic the ITF arm
m| i n
iLO u =
5P |
laser laser iMC - al | =
W [f:e [ ]
S
.. HEEN I.
Test Cavit
EPR conceptual scheme m y

MC = mode-cleaner, LO = local oscillator, HD = homodyne detector, SHG = second harmonic
generator, OPO = optical parametric oscillation, OPPL = optical phase-locked loop
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On-going work on EPR experiment

> Preparation for EPR table-top experiment

SHG OPO

( 3 o] —— entangled b eamsq,,

mll;ﬂn_.. etalon
Detuned ‘ »
SHG pump @A H.HE ......................................... &
%=m0+% : ....‘é.........léaé_hlll

. sLO® " O separate detection

I 5 - TR 2 MCs for LO
= sMC I QL"
™ aEn lllll;llllllll. *

------?v:iLO i q

ead
LO signal LO idler ] v @—E
laser laser : iMC o u
- | |
®Wo wo+A @ EEEEEEEEEEEEEERE"

=

Test Cavity
EPR conceptual scheme m 15

MC = mode-cleaner, LO = local oscillator, HD = homodyne detector, SHG = second harmonic
generator, OPO = optical parametric oscillation, OPPL = optical phase-locked loop
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On-going work on EPR experiment

> Preparation for EPR table-top experiment

Detuned 1 Sae
A b N
SHG pump q & E . &
w, A -lllg ll.....éE
2 @ty =" =s, Separate the two EPR-
. sLO entangled beams
Z =
sMC
iLO
)
LO signal LO idler v -3
laser laser iMC
®o wo+A
o

Test Cavity
EPR conceptual scheme m 16

MC = mode-cleaner, LO = local oscillator, HD = homodyne detector, SHG = second harmonic
generator, OPO = optical parametric oscillation, OPPL = optical phase-locked loop
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Work on etalon at APC

= separate EPR- entangled beams

= no locking system

= needs a good thermal control

= Delivery ongoing (with our dimensioning)

For APC : J.-P. Baronick, M. Barsuglia, E. Bréelle, C. Nguyen, P. Prat

Ter = T(0) x

1

1+

finesse

T

) wsn(8)

Ter

» Thermal control of the etalon e

v' We want a temperature stabilization of + 0.03°C
v' We use temperature controller to find the working point.

I Temperature set

Peltier
) drive the current
orature @
e — |
4
yea
Thermistor Scheme of temperature control set-up

frequency
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Work on etalon at APC

» Temperature control preliminary tests

out-of-loop thermistor
23,9

Q23,7 == B= |
<35
L33
2731
g 22:9 |

22,7 \

= AN
ld_) 22,5 ———

22,3 I —

——TEMPERATURE{IN-LOOP)
—— TEMPERATURE {OUT-OF-LOOP)

PID optimization Peltier

in-loop thermistor

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Time (s)

Mechanical design —
of the etalon holder oW =7 I°]-copper cu-a1

» Will be machined at APC
mechanical workshop

Insulating material

(ABS, 3D printer) ﬁ

Design of Jean-Pierre Baronick (APC)
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Work on etalon at APC

» Temperature control preliminary tests 22'09'} Y
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Mechanical design

of the etalon holder &
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>  Will be machined at APC

Insulating material
mechanical workshop

(ABS, 3D printer)

(e)}
=
o
N
—3
(@)
—i
33
—
—

Design of Jean-Pierre Baronick (APC)
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Take-away messages

=

Frequency-dependent squeezing technique is needed for a broadband
reduction of quantum noise.

For Observation Run 04, FDS technique using a filter cavity is planned
for AdV+ and alLIGO.

Squeezing using EPR entanglement is a technique to avoid using a filter
cavity and an experiment will be built to test its application to
Advanced Virgo.

EPR squeezing is a promising technique for future detectors as Einstein
Telescope.

GdR OG, GT Développement des détecteurs, EPR squeezing



Thank you er
Voeur attention ¢

ARy cuestions ¢

GdR OG, GT Développement des détecteurs, EPR squeezing



Noise budget and quantum noise

1007 [ Quantum noiso
— Coating Brownian nosse
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Advanced Virgo sensitivity curvec

= Quantum noise (QN) is one of the major sources of noise
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Noise budget and quantum noise

At low frequency At high frequency

Radiation pressure Shot noise

noise (RPN)
Limits the sensitivity at

> 400 Hz
does not limit the current f

Advanced Virgo sensitivity
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Heisenberg uncertainty principle

. NOESO

h gradient
Inséon thermal Nnoiso

At low frequency Wate Brownian noise At high frequency

o e 10 1NN e ml | s L ____
Radiation pressure % Shot noise
noise (RPN) § &

Limits the sensitivity at

L f>400 Hz
does not limit the current

Advanced Virgo sensitivity
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Heisenberg uncertainty principle

AY
» A multiplicative limit !
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Amplitud
mplituae )24

Quantum fluctuations in quadrature space
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Origin of quantum noise

I Faraday $

............... rotator

detector

Jan Gniesmer & Min Jet Yap, GWADW 2019

GdR OG, GT Développement des détecteurs, EPR squeezing

?
2
Photo \ /
)
‘e

Quantum noise is due to
vaccuum fluctuations entering
the dark port of the

interferometer
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Frequency-independent squeezing (FIS)

ETM ‘
Q vacuum
l : Bi-refringent

crystal

degenerate OPO

squeezed
vacuum
a [. ...... e rotator
A e ———————————— 1505 == =0 = = =
light source Photo R P N
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Advanced Virgo : 3.1 dB, aLIGO: L 3.1 dB, H 2.2 dB, GEO 600: 6 dB
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