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Quantum noise will limit the sensitivity
of advanced detectors
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Quantum noise in an interferometer




Quantum noise in an interferometer




Squeezing in an interferometer




Enhanced LIGO squeezing goals:

Demonstrate that
squeezing does not add
noise in the LIGO band

Study environmental
noise couplings

Understand limits to
measured squeezing

Enable planing for
aLIGO+ squeezing




Squeezing in Enhanced LIGO
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Squeezing in Enhanced LIGO
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——Squeezing Injected|]
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Best broadband sensitivity to date

—Reference
— Reference + Squeezing 1
— Best enhanced LIGO (S6) sensitivity
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Squeezing in Enhanced LIGO
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1Mpc range added to NS range
Bl 24% increase in volume




Backscatter noise

e Light from
interferometer is
scattered towards
squeezer

See poster by Sheon Chua, presented by Lisa Barsotti




Backscatter noise

e Light from
interferometer is
scattered towards
squeezer

* Sgueezer scatters
light back towards
IFO

See poster by Sheon Chua, presented by Lisa Barsotti




Backscatter noise

e Light from
interferometer is

scattered towards /
squeezer

Squeezer scatters

:nggt back towards _ I _ y

Spurious
interferometer
adds noise
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See poster by Sheon Chua, presented by Lisa Barsotti




Noise Coupling

= |nterferometer noise relative to quantum noise H

=== |nterferometer quantum noise level
Projection for eLIGO
¢ Back scattering noise relative to qguantum noisef§
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260140 fW of backscattered power at detector




Backscatter in ALIGO

—— 30 Watts Advanced LIGO,146 Mpc
—— Squeezing, current backscatter,151 Mpc|!
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Backscatter in ALIGO

—— 30 Watts Advanced LIGO,146 Mpc
—— Squeezing, current backscatter, 151 Mpc|
—=Enclosure, lower OPO finesse, 166 Mpc |
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Backscatter in ALIGO

I - I
— 30 Watts Advanced LIGO,146 Mpc
— Squeezing, current backscatter,151 Mpcj}
—— Enclosure, lower OPO finesse, 166 Mpc |
—— QPO in vaccum,179 Mpc
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What’'s the catch? Losses

X X Y
— [nterferometer losses 5%
— 0%
—_— 0%
s 3%
—_— 4%

50%
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Loss budget and goals

Enhanced LIGO Advanced LIGO
squeezing assumptions
3 faraday passes 5% each 3% each

Mode matching 30% 4%

Output mode cleaner 19% 3%
Total losses 55-60% 20-25%

Based on a tally of 11
different loss sources

Reducing losses is a major challenge
for squeezing commissioning




Squeezing Angle Fluctuations

- NO squeezing angle fluctuations
— 80 rmad
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Losses and squeezing angle
fluctuations limit squeezing level
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Losses and squeezing angle
fluctuations limit squeezing level
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Losses and squeezing angle
fluctuations limit squeezing level
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Squeezing with a radiation pressure
limited interferometer

—— Advanced LIGO design|]
—— Squeezing injected ]
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Squeezing level and angle optimized
for NS binaries
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— 30 Watts }
—45 Watts
— 60 Watts |
7 5 Waltts
— 90 Watts

105 Watts |
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Frequency Dependent
Squeezing

- Frequency Independent Squeezing, 186 Mpc}]

~ [— Advanced LIGO design. 180 Mpc
— Squeezing and filter cavity,217 Mpc
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Summary

Squeezing works in the LIGO band!

Backscatter reduction will allow squeezing to

be used as an alternative to high power in
aLIGO

Losses and squeezing angle jitter limit
squeezing

Frequency dependent squeezing could

improve sensitivity beyond advanced LIGO
design




Squeezing angle fluctuations

— N0 squeezing angle fluctuations
- 40 mrad

| —— 80 mrad

160 mrad
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Measurement of squeezing angle
fluctuations and losses
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—— 80% detection efficiency
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Squeezing angle fluctuations

Fit: 62% losses
81+13 mrad
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An alternative to high power
operation in Advanced LIGO

InJectlon Losses:8.3% Detection Losses:17%

—Advanced LIGO 125 Watts 177Mpc
— Advanced LIGO 31 Watts,140Mpc ]
— Advanced LIGO 31 Watts with squeezing, 165Mpc
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Squeezing in Advanced LIGO

Black Hole Inspiral Range [Mpc]
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Squeezing with full power

Advanced LIGO 125 Watts,183Mpc
— Advanced LIGO 125 Watts with squeezing,199Mpc
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Squeezing Angle Fluctuations

— (0 mrad squeezing angle fluctuations
— 10mrad
— 20mrad
40mrad
——60mrad
80mrad
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