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Noise Limits

—— Quantum noise
——Seismic noise
Gravity Gradients
——Suspension thermal noise |
— Coating Brownian noise
Coating Thermo-optic noisg
Substrate Brownian noise
Excess Gas
—Total noise

Frequency [HZ]



Tuning

—NS-NS
[===Broadband
BH-BH
Pulsar

Frequency [Hz]



Low F v. High F

l High Circulating Power

Seismic Noise
Radiation Pressure

Newtonian Noise

Squeezed Light
Angular Controls A =i High BW Angle Control

Low Noise Coatings “Thermal Compensation

Low Absorption
Suspension Thermal W oTPHO

Low Scatter



What to do!

AdvLIGO/Virgo
~2014-2017

Need Adv+ IFO R&D
now, before 3G.

Need coincidence for
both low f & high f.

HI/H2 + LI/L2 +VI/V2

Hanford shown
(Livingston only has

: one interferometer)
2 km antisymm

photodiode
: 2 km laser

4 km antisymm
photodiode

2 Interferometers / site
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Newtonian
background,
estimate for LIGO
sites

Seismic ‘cutoff at 10
Hz

Suspension thermal
noise

Test mass thermal
noise

Unified quantum
noise

dominates at

most frequencies for
full

power, broadband
tuning

1022
‘_N

, h(f)H

< 1ain Poise

1

(\®)

(OS]
r
(k]

ek

1kH:



Newtonian Gravity

Noise
x(f) = G AM(f) /(£2 12)

-

AdvLIGO Noise Curve: P. = 1.0 W
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Strain [1/vHz]

@ Surface Waves
2 Air Pressure Fluctuations
@ Subsurface density Fluctuation
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FEA of Concrete Slab

“e Noise Cancellation

. @ Accelerometers measure ground motion
G. Cella Q Adaptive algorithm estimates GG noise
Virgo/INFN Q Subtraction done through software



¢ Noise Cancellation
@ Accelerometers measure ground motion
@ Adaptive algorithm estimates GG noise
@ Subtraction done through software

Optimization started...
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Wiener FF for Li- Control

2%¢ Simulated reduction of
mirror control force

21¢ >5x reduction in RMS in
addition to the Active
Isolation (HEPI)

21¢ Using ground
seismometers only.

2K No knowledge of transfer
functions required.

Amps or Amps/VHz
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MISO Wiener Filter based subtraction
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From LMS to
Filtered-X

LMS
Noise Cleaner
thess » FI Rﬂ N

Adapt

M. EVANS @ CALTECH 40M



From LMS to
Filtered-X

Adaptive Filter Result (100 runs on 1024 s)

10 [t

Noise N N ¥ Cleaner
Witness " Signal

1
10
Power spectrum o
2
i £
My §
10° ¢ E]
E 8 o
o 10
2 10F
2 F /,/u%
[ o -
PN
= T e T T 3 e g A L= = .. .
B
=
2l C1:SUSMCT_MCL_QUT
10 = 01:2UA-MCZ MCL OUT
E C1.8US-MCZ_MCL_OUT{RME] 1 1
= C1 :EUE—MC'I_MCL_OUT{HME‘,I'
10.2 I O ! !
1 10 P T 1 1 1 1 [ : 1 i 1 T T
Frequency (Hz) 10" 10’ 10’
i H
T0=19/03/2008 18:55:13 Avg=20 BW=0. recency (Hz)

Adaptive FF running online at CIT 40m prototype



Coating Possibilites

Standard approach: find a lower loss material

® Reached a plateau? Is ¢ ~ 10~ possible?

Use less layers (lower Finesse, higher loss)

Use thinner layers (A = 404-532 nm)

Optimize periodic pattern (e.g. |/8-3/8 layers) to
minimize high loss material’s volume

Optimize Brownian w/ the ABC scheme (see Yanbei
Chen’s talk)

ABC scheme w/ multi-color arm cavity readout



Red v. Blue

CONFIDENCE

ITLETS YOU WIELD ANY
COLOR
LIGHTSABER YOU LIKE.




Strain [1

bLIGO Noise Curve: Pm =5.0W
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