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MICHELSON INTERFEROMETER
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MODULATIONS
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SIGNAL IN MICHELSON INTERFEROMETER
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MODULATIONS INTHE
SIDEBAND PICTURE

CARRIER

A

AMPLITUDE MODULATION

LOVER SIDEBAND AT &

" ↳ /
UPPER SIDEBAND

P a IE12 = fall + feint + I e- irt)/
'-Go n

= Kt ( Itmcosrt) + ON FI worn
-
' :

⇐ :

i w

8



MODULATIONS INTHE
SIDEBAND PICTURE
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DETECTION AND SHOTNOISE

Can treat the complete interferometer in a classical wave picture,

except for the detection step :
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QUANTUM MECHANICS OF LIGHT

Classical field energy
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PHASE SPACE REPRESENTATION

Xin
H' =tw(vi. E) = tw(It → X

,
not zero

,
even sit

,

:*.
II.ii:÷÷ii£;

UNCERTAINTY RELATIONS shelf ? jhX , z ¥ gro"%[mm
" ball - on - stick

"

picture

COHERENT STATES K)

Eigenstates of an
,

so that all photons
are independent . DID = alt)

,
ae 6

12



(QUANTUM) SHOT NOISE IN SIDEBAND PICTURE
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SHOTNOISE IN THE MICHELSON INTERFEROMETER
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SQUEEZED STATES OF LIGHT Reminder : 5Th's' 1¥
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CREATING SQUEEZING - CONCEPT
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Add correlated photon pairs s

into upper and lower sideband,
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SQUEEZED LIGHT IN THE MICHELSON INTERFEROMETER
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HOW TO PRODUCE SQUEEZING : STEP I
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HOW TO PRODUCE SQUEEZING : STEP I

Dara IMPEDANCE MATCHED CASE

R
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1-It-
everything transmitted, dont = An → the.su = FIT

. . .
does that mean that all the noise

is gone in reflection of the

cavity ?
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HOW TO PRODUCE SQUEEZING : STEP I

Draw IMPEDANCE MATCHED CASE
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How TO PRODUCE SQUEEZING : FTEPII
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How TO PRODUCE SQUEEZING : STEP II

Daa ADD GA1N MEDIUM

[
"nonlinear crystal

"

R RE1

FE11
[ ff impedance - matched
pump case

,
no reflection !

going [
It VRT } LINKau = An

g= 1¥ 1*1 tear = FRI

ft ) per roundtrip : III 22



How TO PRODUCE SQUEEZING : FTEPI
nonlinear
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MEASURING SQUEEZING
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MAJOR CHALLENGE : OPTICAL loss

Destroys correlations between photon pairs
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10dB squeezing factor E) → max 10% loss to -
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SQUEEZED LIGHT IN THE MICHELSON INTERFEROMETER
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RESULTS Advanced Virgo
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OUTLOOK : RADIATION - PRESSURE NOISE

Advanced UG0 Design Sensitivity
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→ converts amplitude noise
into measurement phase noise ,

4¥ because of inertia of

pendulum mass (mirror) .
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OUTLOOK : FREQ - DEPENDENT SQUEEZING

Want - amplitude squeezing where-

RPN dominates (low f)

- phase squeezing where

we want to improve
readout of phase signal
(high f)
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OUTLOOK : FREQ - DEPENDENT SQUEEZING

Reflect squeezing from detuned cavity !

field inside cavity
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OUTLOOK : FREQ - DEPENDENT SQUEEZING

Nikhef plays major role in building filter cavity for Adu Virgo
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