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m The Problem

LIGO uses squeezed light to improve
measurement precision but squeezing LM
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m The Approach
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uncertainty below shot noise Poisson Dwyer & Mansell & McCuller,
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We represent squeezed states with non-vacuum sidebands. The part of squeezing we
are interested in is rotations when interacting with the interferometer. This is related to
differential phase effects that are present in squeezed light but not in vacuum states.

- Squeezed light has deterministic phase relations between positive and negative
sidebands



Building the Model

Simple Michelson Power Recycling

2 mirrors and a beamsplitter Added Power Recycling Mirror

Fabry Perot Arm Cavity Signal Recycling

Added Inner Mirrors Added a Signal Recycling Mirror

Directional Beamsplitter

Add Higher Order Modes and
Switch Over to Full LIGO Model
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Add Modulated Field to Replicate
Squeezing Effects
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02 Arm Cavities - Finding the Operating Point

10000

g = i 4
£ w00 I—E
Laser T 2 2
2000 |_}\/|
I\ J )
~150 ~100 ~50 (] 50 1wo 150

TMX.phi [degrees]

10000 °
—
6000
[ ) [ )
020
o 8000
A0
. . 015
| g Py 5 [ )
2 H
€ 4000 & 010
2000
1000
2000 0.05
1% -1 -50 o e w0 10 04 0.00
TMX. phi [degrees] r

-150 -100  -50 0 50 100 150 -150 -100  -50 0 50
ITMY.phi [degrees] ITMY.phi [degrees]



ASD [1/sqrt(Hz)]

—— NSR_with_RP
10-17 1
10-18
10-19 U
10° 10! 102 103 104 10°
fsig.f [Hz]

Sensitivity Checks + Squeezing

Ad = 2LQ —iLw/c Sln(LCU/C) wt
= —e ———F - hee
c Lw/c
10 j , Cut off freq
DC Response longer -> lower
longer -> '-g sl
larger =
(7]
S . 10
210 ¢
o Notch freq
& f=nc/(2L)
£ 10°
o
—— Arm Length:75km
g —— Arm Length: 4km
10 : : :
10° 10 10*  10°  10' 10

Freauencv [Hz]

Arai, 2016



02

ASD [1/sqrt(Hz)]

109 4
L] L]
Arm Cavities 1071
g 105 4
[
o
Q.
3 3
- o 1071
N | i NSR_with_RP §
L
T 10!
10-1 4 —— R=0.99
—— R=0.7
1016 4 3 —— R=0.3
10771 — R=0.05
10° 10! 102 103 104 10°
Frequency(Hz)
-17 | . . . . .
10 Storing light in an optical cavity
1014 Cutoff-fre
Ll
\l “Cavity pole”
1013 's
o) fe=
DCResponse & 10" ALF
10718 4 amplification
[
: : : : . . N =2F/1 &1
10° 10! 102 103 104 10° o
fsig.f [Hz] E 10"
£
o 10° —— FP arm Length: 4km, Finesse 450
——— FP arm Length: 4km, Finesse 50
5 —— Ml arm Length: 4km
10
10° 10' 10° 10° 10* 10°

Frequency [Hz] Ara i, 2016
1. FP increases stored power in the arm
2. FP increases accumulation time of the signal

10



N
—i_%'
Sideband Amplitude with PRM and SRM and FP 4
P Laser 1 1 [EI 2 t 2
3400 | —— SRM.phi =0
—— SRM.phi = 15
1200 - —— SRM.phi = 45
—— SRM.phi=75
—— SRM.phi = 90
1000 A
:,: B B B . -
jE 800 - Simple Michelson + PRM + SRM + FP Cavity Sideband Amplitude with SRM R Tuning
3 3000 —— SRM.R=0.01
S 600 —— SRM.R=0.1
g 2500 A —— SRM.R=0.3
—— SRM.R=0.4
400 1 —— SRM.R=0.5
2000 1 —— SRM.R=0.6
200 3 —— SRM.R=0.7
2 —— SRM.R=0.8
h 8 1500 SRM.R=0.9
i e e — =
0 a
: : T : : £
10° 10! 102 103 104 < 1000 7
frequency (Hz)
500 A
0 .
10° 10! 102 103 104

Frequency (Hz) "



03

llllllllllllllllllllllllll Bzl

¥l

i

e e e e e e

<

L ©

[ e

o«

F O

ol

(3]

- ©

L]

— Nt n ©C

LR | | [ (I [

[ == I~ T - S~ I~ I |
_w“ 1
1 1 1
Y S 1

-

T T T T T T T w
o [=2] o0 ©~ [¢e] Tl <t
(=] (=) [=2] [=2] [=2] (=2 [=2]
S 8 & a9 9 5 05
- o . o o o (=]

apmyrdury

12

#S 094
n2 byl
150 183
18F 735
226 232
262 8219

Frequency (HD)
3% s47

i
2
4
S

1y
concditon

Frequency (Hz)

- resonance

2995 m
cn
2Lam.

2

An

—_
-
-

Larm
&res



03

Amplitude (Sqrt(w))

Sideband Amplitude Upon Transmission
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f) Transfer Function for the Sidebands
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Squeezing Parameters

0(Q) = (arg(h(+Q)) + arg(h(-L)))/2,

n(Q) = (15(+Q)I° + [5(-Q)*)/2.

E(Q) = (15(+Q)| = [5(=Q)])*/4n.
McCuller et. al, 2021
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Future Steps

Consider Gaussian beams and Higher Order Modes
- Mode Matching Effects with Squeezing are what we are most
interested in
Switch over to Full LIGO Model (not that different from current
advanced model)
Compute additional squeezing parameters
Compare with Experimental data
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