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Degenerate vs Non-Degenerate OPA
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EPR Entanglement!

can predict c_g= c1C0s6O - c2sinB
after subtraction: conditionally squeezed!
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~3dB less than single squeezer

measuring deg= dicosf + dzsinf

Measurement of
entangled beam
produces conditional
squeezing



Using EPR
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sent to dark-port of main IFO sent to filter cavity then detect

frequency-dependent measurement of d
[rotate by ®=-6, and measure 1st quadrature]

means frequency dependent squeezing for ¢
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Generating EPR
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U)green = 2U)O+A

From squeezer: B & C form EPR pair
Detection of sub-carrier: Joint measurement of C & D
“Conditioning”: Classical Operation on B

D teleported to B, carrier now squeezed.
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Wgreen = 2(UO+A

From squeezer: B & C form EPR pair
Detection of sub-carrier: Joint measurement of C & D
“Conditioning”: Classical Operation on B

D teleported to B, carrier now squeezed.

/



Wgreen = 2(UO+A

From squeezer: B & C form EPR pair
Detection of sub-carrier: Joint measurement of C & D
“Conditioning”: Classical Operation on B

D teleported to B, carrier now squeezed.
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Carrier: wo

Arm as filter cavity

ETM
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Sh(f) (Hz"?)
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Example: Advanced LIGO

Pc=800 kW
Tmv=1.4%
Tsr=35% |
farm = 370 Hz

Needs filter cavity with
fiter=51.3Hz
also detuned by 51.3 Hz
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f (Hz)
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any
MICroscopic
detuning

detuning
phase of
A-Lsr/C

$=0.28 + nm

Tsr=35%

filter cavity
for wo+A

for Lsr=15 meter

A =891 kHz+710-n MHz

n=0,1,2,...



Sh(f) (Hz™"?)

Noise Spectrum
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loss is the same for both photodetectors
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Detalls

Advanced LIGO
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* ldeal: 3dB less than single squeezer

- Losses:
» Filter loss much suppressed; other losses remain
e Only sub-carrier loss important @ low frequencies
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GEO 600: Detuned SR without RadiationPressure

detuned
C1,2@ wo
z=e%(c1cosf+cysinf) + h +—— frequency-dependent
quadrature rotation
a2 @ Wo+A ——— detuned oppositely

y = eiq)(dl cosd —drsinf) «———

opposite frequency-dependent
quadrature rotation

Direct subtraction achieves desired squeezing!!
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Intra-Cavity Squeezing

* Optomechancail Filter for White-Light Cavity can also be realized
this way

| :‘l | Green |
anomalous
dispersion 2Wo+A

* Question: how to deal with optical instabilities?
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Summary

ETM * Squeezer pumped at an offset
frequency produces entangled
beams

e Arm cavity can be used as
squeezing filter. Examples:

- Advanced LIGO

- GEO 600

Carrier: wo | o |
o Filter for White-Light Cavity
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