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Fig. 2 The planned sensitivity evolution and observing runs of the aLIGO, AdV and KAGRA detectors
over the coming years. The colored bars show the observing runs, with the expected sensitivities given by
the data in Figure 1 for future runs, and the achieved sensitivities in O1 and in O2. There is significant
uncertainty in the start and end times of planned the observing runs, especially for those further in the future,
and these could move forward or backwards relative to what is shown above. The plan is summarised in
Section 2.2.

2015 – 2016 (O1) A four-month run (12 September 2015 – 19 January 2016) with the
two-detector H1L1 network at early aLIGO sensitivity (60 – 80 Mpc BNS range).
This is now complete.

2016 – 2017 (O2) A nine-month run with H1L1, joined by V1 for the final month.
O2 began on 30 November 2016, with AdV joining 1 August 2017 and ended on
25 August 2017. The expected aLIGO range was 80 – 120 Mpc, and the achieved
range was in the region of 60 – 100 Mpc; the expected AdV range was 20 – 65 Mpc,
and the initial range was 25 – 30 Mpc

2018 – 2019 (O3) A year-long run with H1L1 at 120 – 170 Mpc and with V1 at 65 –
85 Mpc beginning about a year after the end of O2.

2020+ Three-detector network with H1L1 at full sensitivity of 190 Mpc and V1 at
65 – 115 Mpc, later increasing to design sensitivity of 125 Mpc.

2024+ H1L1V1K1I1 network at full sensitivity (aLIGO at 190 Mpc, AdV at 125 Mpc
and KAGRA at 140 Mpc). Including more detectors improves sky localization [61,
62,63,64] as well as the fraction of coincident observational time. 2024 is the
earliest time we imagine LIGO-India could be operational.

This timeline is summarized in Figure 2; we do not include observing runs with
LIGO-India yet, as these are still to be decided. Additionally, GEO 600 will continue
observing, with frequent commissioning breaks, during this period. The observational
implications of these scenarios are discussed in Section 4.
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Noise Budget for LLO detector in O2
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Upgrades & other changes for O3

Upgrade Motivation Frequency band 
impacted

Stray Light improved Control, part A
LIGO-D1700361

New & improved light baffles; 
some testing performed at LLO 50-500  Hz

Monolithic Signal Recycling Mirrors Original mirrors were temporary, 
held in a composite structure

3 kHz noise peak;
f <100 Hz

neoLASE amplifier for 70 W output
LIGO-T1700046

Allows doubling of laser power vs. 
O2 freqs > 80 Hz

LHO vertex components done pre-O2 at LLO (SR3 
heater, ISS upgrades, ISI dampers, TM Bounce/roll 
dampers, etc.)

LLO was the pathfinder for these 
components various & duty cycle

New ITMX on H1 (point absorber on old optic)
LIGO-T1700149

Discovered during O2; caused 
noise problems freqs > 30 Hz

Squeezed Light Upgrade
LIGO-E1600387

Both IFOs have squeezed 
vacuum injection capability freqs > 80 Hz

Test Mass Discharge System on all Test Mass chambers
LIGO-E1500235 System to neutralize static charge 

buildup on/near test masses freqs < 100 Hz

Replace End Test Masses, retrofit annular-End Reaction 
Masses
LIGO-E1500264

Better optical quality ETMs; 
ERMs have lower residual-gas 

damping
freqs > 20 Hz
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Upgrades & other changes for O3

Upgrade Motivation Frequency band 
impacted

Acoustic Mode Dampers applied to all Test 
Masses
LIGO-E1800071

For parametric instability 
control; successful results 

after years of R&D
freqs > 80 Hz

Beam Rotation Sensors for LLO (4 units; built & 
installed by Univ. of Washington collaborators)
LIGO-G1801085

Ground tilt sensing for 
improved low-frequency 

isolation (higher duty cycle)
Duty cycle 

improvement

Signal Recycling Cavity  alignment sensing with 
new 118 MHz modulation
LIGO-E1700327

For better sensing of the 
SRM alignment; required 
some new electronics & 
modulator modifications

Duty cycle 
improvement

Electric Field Sensors: outfit one end-station 
chamber per IFO
LIGO-E1800049

New diagnostic for electric 
field fluctuations near the test 

mass
freqs < 100 Hz

Scattered light control for Output Faraday 
Isolator
LIGO-G1800787

Identified in LLO testing as 
(most likely) the most 

sensitive remaining area for 
scattered light noise

30-60 Hz
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Stray light control:

Removing some 
baffles which caused 
noise

Adding new baffles

Modifying some 
baffles

5/11/2018 7

Baffles for Scattered Light



Charge on optics, fluctuating electric fields

Large earthquake added charge to 
Hanford test masses

Noise dependence on static electric 
fields around test mass at Livingston

A Effler G1800748
5/11/2018

8

Installing test mass 
discharging 
systems in place for 
all test masses



Electric Field Meters

Photo: G Mansell C Cahillane Design: G1800293

Sensor for stray electric fields 
will be installed in one end 
chamber at each site

5/11/2018 9



Pre-O3 commissioning: 
Expect to start in August 2018

q Sensitivity
Ø Goal is ≥120 Mpc range for binary neutron star mergers (1.2 

Gpc for 30+30 M⦿ black holes)
q Higher laser power operation

Ø Double the laser O2 power stored in the arm cavities to 200 kW
q Realize Squeezed light injection

Ø goal of 3 dB of shot noise suppression
q Iterate on Alignment control

Ø Improved robustness and reduced control noise coupling
q Optics, cavities, wavefronts

Ø characterization of new optics & optimization of thermal 
compensation

q Environmental couplings
q Duty cycle improvements
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High Power Operations
Establish operations at high interferometer power
q Goal: 200 kW arm power à 50W input laser power
q New laser amplifier: Characterization of jitter etc.
q Alignment control design to compensate for power induced instabilities
q Thermal compensation

Ø Optimization for mode-matching, noise couplings
q Parametric Instability control

Ø Opto-mechanical feedback between the test mass acoustic modes 
& the arm cavity optical modes can lead to instability

Ø For O3, all test masses will have Acoustic Mode Dampers to 
mitigate PIs

Small tuned dampers:
Resistively-shunted 
PZT + reaction mass,
bonded to sides of TM
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New test mass Optics

q Anomalous absorption 
spot found on one 
Hanford input test mass 
(~10 microns dia.)

q May have been 
responsible for increased 
jitter coupling 

q This test mass has now 
been replaced

q Also: correcting wrong
532 nm transmission 
(locking), reduced coating 
planetary ripple

Photo: G Billingsley

5/11/2018 12
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Laser

Frequency independent 
Squeezing for O3

Photo: M Tse

Squeezers now 
installed at both sites

5/11/2018



Squeezing preliminary results

Frequency (Hz)
102 103
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q Early results from Livingston
q Around 1 dB of squeezing 

measured
q No harm done!
q Goal is to 3dB of squeezing 

(40% shot noise reduction) 

Plot: L Barsotti

5/11/2018 14



Target sensitivity for O3
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Double power, NO SQZ: NSNS 123 Mpc, BHBH 1220 Mpc
Double power + 3 dB SQZ: NSNS 134 Mpc, BHBH 1300 Mpc
aLIGO design: NSNS 173 Mpc, BHBH 1606 Mpc

Projections made by starting with the L1 sensitivity in O2, and
Reducing technical noise by 1.5x, Increasing laser power, injecting squeezing



Detector duty factor

NSF Annual Review, 19-21 June 2018, LLO 16

q Observation run overall uptime of 70% for individual detectors, and 
50% H1-L1 double-coincidence.

q Suppresses events; could miss a unique event (supernova)



Improvements to robustness/duty cycle
q Passive dampers for suspension modes to reduce time spent in active 

damping
Ø Bounce & roll mode dampers being propagated to H1 (successfully 

deployed on L1 prior to O2)
Ø Investigating designs for dampers for the violin modes, for possible 

O4 implementation
q Improve ability to hold lock during low-level earthquakes

Ø Modify controls in advance of EQ arrival
q Shorten time required for lock acquisition

Ø New ETMs: arm cavities will now have current, higher green 
finesse to benefit Arm Length Stabilization

Ø R&D ongoing on machine learning to speed up certain steps
q Improve ability to lock in times of high wind and high microseism

Ø Beam rotation sensors, to deal with low-frequency tilts, now 
deployed at both observatories

17



Once O3 is running, ~February 2019

● Fundamental change for O3:  Open Public Alerts for Triggers
Ø No more standard EM follow-up MOUs or private GCN alerts!
Ø LIGO/Virgo to  release public alerts for all event candidates for which 

we have reasonable confidence
qFor binary mergers: one false-alarm-rate threshold, aiming for 90% 

purity overall (in practice, lower purity for neutron star binary 
candidates— i.e., pursue them more aggressively)

qMore restrictive threshold for unmodeled GW burst candidates
qWe can “promote” a weaker GW candidate if it is coincident with a 

GRB, core-collapse supernova, etc.
Ø We’ll provide basically the same information as in O2: significance, time, 

binary type classification, sky position and distance 3D map
qConsidering adding some more information to aid prioritization

Ø We’ll provide automatic preliminary alerts before human vetting

● See https://www.ligo.org/scientists/GWEMalerts.php for more info

18



Rates in O3
q From Town Hall presentations

LIGO-G1801160-v2 19
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Fig. 2 The planned sensitivity evolution and observing runs of the aLIGO, AdV and KAGRA detectors
over the coming years. The colored bars show the observing runs, with the expected sensitivities given by
the data in Figure 1 for future runs, and the achieved sensitivities in O1 and in O2. There is significant
uncertainty in the start and end times of planned the observing runs, especially for those further in the future,
and these could move forward or backwards relative to what is shown above. The plan is summarised in
Section 2.2.

2015 – 2016 (O1) A four-month run (12 September 2015 – 19 January 2016) with the
two-detector H1L1 network at early aLIGO sensitivity (60 – 80 Mpc BNS range).
This is now complete.

2016 – 2017 (O2) A nine-month run with H1L1, joined by V1 for the final month.
O2 began on 30 November 2016, with AdV joining 1 August 2017 and ended on
25 August 2017. The expected aLIGO range was 80 – 120 Mpc, and the achieved
range was in the region of 60 – 100 Mpc; the expected AdV range was 20 – 65 Mpc,
and the initial range was 25 – 30 Mpc

2018 – 2019 (O3) A year-long run with H1L1 at 120 – 170 Mpc and with V1 at 65 –
85 Mpc beginning about a year after the end of O2.

2020+ Three-detector network with H1L1 at full sensitivity of 190 Mpc and V1 at
65 – 115 Mpc, later increasing to design sensitivity of 125 Mpc.

2024+ H1L1V1K1I1 network at full sensitivity (aLIGO at 190 Mpc, AdV at 125 Mpc
and KAGRA at 140 Mpc). Including more detectors improves sky localization [61,
62,63,64] as well as the fraction of coincident observational time. 2024 is the
earliest time we imagine LIGO-India could be operational.

This timeline is summarized in Figure 2; we do not include observing runs with
LIGO-India yet, as these are still to be decided. Additionally, GEO 600 will continue
observing, with frequent commissioning breaks, during this period. The observational
implications of these scenarios are discussed in Section 4.
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Detector upgrades for O4

q 200 W at the laser source à 600-700 kW in the arms
q Will evaluate several options:

Ø Custom 200 W fiber amplifier
Ø Coherent beam combining of multiple amplifiers
Ø Original high power oscillators

q Plan on down-selecting between these options in early 2019, to be 
ready with new lasers in early 2020 (right after O3)

New Higher Power Laser

LZH fiber 
amplifier

MIT-Lincoln 
Labs fiber 

amplifier 21



Detector upgrades for O4

q Noise due to input beam pointing fluctuations
Ø (Input beam jitter) x (differential arm misalignment)
Ø Original requirements on both of these factors are proving difficult 

to achieve
Ø Projected to limit aLIGO target design sensitivity in the 200-1000 

Hz band
q Noise due to input beam higher order fluctuations

Ø (Input beam size fluctuations) x (differential lensing in the arms)
Ø Not considered in the original design; difficult to tightly control the 

differential lensing
q An additional mode-filtering cavity would address both of these noise 

issues
Ø LIGO-T1700542, Jitter attenuation cavity preliminary design

Jitter Attenuation Cavity

22



Detector upgrades for O4

Jitter Attenuation Cavity
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Advanced LIGO H1 Optical Layout
Optical parameters from LIGO-T0900043-08
Coordinates & wedges from D0901920-v13

May 31, 2016
P. Fritschel

E. Gustafson

Suspension: Quad

ROC = pl/pl
ERMY: End Reaction Mass, Y arm

D = 340 mm, t = 130 mm; 26 kg
Both sides AR

Suspension: Quad
D = 340 mm, t = 200 mm; 40 kg
S1: T = 5 ppm; S2: AR 
Ver. wedge = 0.08 deg, thick down
ROC = 2245 m, =���
��55
(x,y,z)=(-200.0, 3999468.1, -80.0) mm
ETMY: End Test Mass, Y arm

BSC1

CPY

ITMY

Suspension: Quad
D = 340 mm, t = 200 mm; 40 kg
S1: T = 1.4%; S2: AR 
Ver. wedge = 0.08 deg, thick down
ROC = 1934 m, =���	��55
(x,y,z)=(-200.0, 4983.1, -80.0) mm
ITMY: Input Test Mass, Y arm

Suspension: Quad
D = 340 mm, t = 100 mm; 20 kg
S1 & S2: AR 
Hor. wedge = 0.07 deg, thick -X
ROC = pl/pl, =���	��55
(x,y,z)=(-200.0, 4763.1, -80.0) mm
CPY: Compensation Plate, Y arm

BSC2 Suspension: Triple
D = 370 mm, t = 60 mm; 14 kg
S1: 50/50; S2: AR 
Hor. wedge = 0.07°, thick +X +Y
ROC = pl/pl, =���	��55
(x,y,z) = (-202.6, -183.9, -82.9) mm
BS: Beamsplitter

HAM4

BSC3

Suspension: Triple (HSTS)
D = 150 mm, t = 75 mm; 2.9 kg
S1: T = HR; S2: AR; AOI = 0.748° 
Ver. wedge = 1 deg, thick down
ROC = -6.427 m, =���� ��55
(x,y,z) = (-594.1, -4178.1, -104.4) mm
SR2: Signal Rec. Cav. Mirror 2

Suspension: Triple (HSTS)
D = 150 mm, t = 75 mm; 2.9 kg
S1: T = 35% or 20%; S2: AR
Ver. wedge = 1 deg, thick down
ROC = -5.6938 m, =���� ��55
(x,y,z) = (305.4, -19908.6, -113.2) mm
SRM: Signal Recycling Mirror

Suspension: Triple (HLTS)
D = 265 mm, t = 101.4 mm; 12 kg
S1: T = HR; S2: AR; AOI = 0.608° 
Ver. wedge = 0.1 deg, thick down
ROC = 36.0 m, =���	��55
(x,y,z) = (-174.2, -19615.9, -94.5) mm
SR3: Signal Rec. Cav. Mirror 3

HAM5

OFI

Aperture: 20 mm
OFI: Output Faraday Isolator

Suspension: Single
HAM6

x

y

z

Suspension: Quad
D = 340 mm, t = 100 mm; 20 kg
S1 & S2: AR 
Hor. wedge = 0.07 deg, thick -Y
ROC = pl/pl, =���	��55
(x,y,z)=(4793.0, -200.0, -80.0) mm
CPX: Compensation Plate, X arm

Suspension: Quad
D = 340 mm, t = 200 mm; 40 kg
S1: T = 1.4%; S2: AR 
Ver. wedge = 0.08 deg, thick down
ROC = 1934 m, =���	��55
(x,y,z)=(5013.0, -200.0, -80.0) mm
ITMX: Input Test Mass, X arm

BSC9

TMY

TMY: Transmission Monitor, Y arm
Suspension: Double

Suspension: Quad
D = 340 mm, t = 200 mm; 40 kg
S1: T = 5 ppm; S2: AR 
Ver. wedge = 0.08 deg, thick down
ROC = 2245 m, =���
��55
(x,y,z)=(3999498.0, -200.0, -80.0) mm
ETMX: End Test Mass, X arm

Suspension: Quad

ROC = pl/pl
ERMX: End Reaction Mass, X arm

D = 340 mm, t = 130 mm; 26 kg
Both sides AR

HAM3

IFI

IM2

IM1 IM3

IM4

P

HAM2 Suspension: Triple (HSTS)
D = 150 mm, t = 75 mm; 2.9 kg
S1: T = 0.6%; S2: AR 
Hor. wedge =  0.5 deg
ROC = pl/pl, =���� ���55
(x,y,z)=(-20072, 255/719.9, -108.3) mm
MC1 & MC3: Mode Cleaner Mirrors

Suspension: Triple
D = 150 mm, t = 75 mm; 2.9 kg
S1: HR; S2: AR 
Hor. wedge =  0.5 deg
ROC = 27.24 m, =���� ���55
(x,y,z)=(-3833.1, 487.4, -98.2) mm
MC2: Mode Cleaner Mirror

Suspension: Triple (HSTS)
D = 150 mm, t = 75 mm; 2.9 kg
S1: T = 250ppm; S2: AR; AOI = 0.748° 
Ver. wedge = 1 deg, thick down
ROC = -4.555 m, =���
 ��55
(x,y,z) = (-3581.7, -530.4, -84.5) mm
PR2: Power Rec. Cav. Mirror 2

Suspension: Triple (HLTS)
D = 265 mm, t = 101.4 mm; 12 kg
S1: HR; S2: AR; AOI = 0.608° 
Ver. wedge = 0.1 deg, thick down
ROC = 36.0 m, =���	��55
(x,y,z) = (-19740.5, -174.0, -94.8) mm
PR3: Power Rec. Cav. Mirror 3

Suspension: Triple (HSTS)
D = 150 mm, t = 75 mm; 2.9 kg 
S1: T = 3.0%; S2: AR 
Ver. wedge = 1 deg, thick down
ROC = -11.0 m, =���� ��55
(x,y,z) = (-20194.3, -628.0, -95.8) mm
PRM: Power Recycling Mirror

IM1, IM4: Steering Mirrors

P: Periscope
IFI: Input Faraday Isolator

IM3: ROC = -6.24 m, =���� ��55 
IM2: ROC = 12.8 m, =���� ��55

OMC OM1

OM2

OMC: Output Mode Cleaner
Suspension: Double

TMX: Transmission Monitor, X arm
Suspension: Double

TMX

HAM1

PRC: 25 °
SRC: 19 °

f1 = 9.099471 MHz
f2 = 45.497355 MHz
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D0902838-v5
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Suspension: Single (HAM-AUX)
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REFL
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Input Beam

IMC: vertical 
IFO: horizontalPolarization

Positions are given in 
Global Coordinates

OM3: Steering Mirror, =���� 	�55
OM2: ROC = 1.7 m, =���� ��55 
OM1: ROC = 4.6 m, =���� 
�55

Suspension: Single (Tip-Tilt)
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Fig. 2 The planned sensitivity evolution and observing runs of the aLIGO, AdV and KAGRA detectors
over the coming years. The colored bars show the observing runs, with the expected sensitivities given by
the data in Figure 1 for future runs, and the achieved sensitivities in O1 and in O2. There is significant
uncertainty in the start and end times of planned the observing runs, especially for those further in the future,
and these could move forward or backwards relative to what is shown above. The plan is summarised in
Section 2.2.

2015 – 2016 (O1) A four-month run (12 September 2015 – 19 January 2016) with the
two-detector H1L1 network at early aLIGO sensitivity (60 – 80 Mpc BNS range).
This is now complete.

2016 – 2017 (O2) A nine-month run with H1L1, joined by V1 for the final month.
O2 began on 30 November 2016, with AdV joining 1 August 2017 and ended on
25 August 2017. The expected aLIGO range was 80 – 120 Mpc, and the achieved
range was in the region of 60 – 100 Mpc; the expected AdV range was 20 – 65 Mpc,
and the initial range was 25 – 30 Mpc

2018 – 2019 (O3) A year-long run with H1L1 at 120 – 170 Mpc and with V1 at 65 –
85 Mpc beginning about a year after the end of O2.

2020+ Three-detector network with H1L1 at full sensitivity of 190 Mpc and V1 at
65 – 115 Mpc, later increasing to design sensitivity of 125 Mpc.

2024+ H1L1V1K1I1 network at full sensitivity (aLIGO at 190 Mpc, AdV at 125 Mpc
and KAGRA at 140 Mpc). Including more detectors improves sky localization [61,
62,63,64] as well as the fraction of coincident observational time. 2024 is the
earliest time we imagine LIGO-India could be operational.

This timeline is summarized in Figure 2; we do not include observing runs with
LIGO-India yet, as these are still to be decided. Additionally, GEO 600 will continue
observing, with frequent commissioning breaks, during this period. The observational
implications of these scenarios are discussed in Section 4.
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A+ elevator pitch
q An incremental upgrade to aLIGO that leverages existing technology and 

infrastructure, with minimal new investment, and moderate risk
q Target: factor of 1.7* increase in range over aLIGO

è About a factor of 4-7 greater CBC event rate 
q Bridge to future 3G GW astrophysics, cosmology, and nuclear physics 
q Stepping stone to 3G detector technology
q Can be observing within 6 years (mid- 2024)
q “Scientific breakeven” within  1/2 year of operation
q Incremental cost: a small increment on aLIGO

*BBH 30/30 M¤ : 1.6x
*BNS 1.4/1.4 M¤ : 1.9x

Zucker 25



A+: a mid-scale upgrade to 
Advanced LIGO

q Reduced quantum 
noise
Ø Improved optical 

losses
Ø Improved readout
Ø Frequency-Dependent 

Squeezing
q Reduced thermal noise

Ø Improved mirror 
coatings 

q Observing by mid-2024
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Projections toward aLIGO+ (Comoving Ranges: NSNS 1.4/1.4 M- and BHBH 20/20 M-)

A+
aLIGO design

BNS: 325 Mpc
BBH: 2563 Mpc

BNS: 173 Mpc
BBH: 1607 Mpc

O2

Zucker 26



Improved Mirror Coatings for A+

q TARGET: Elastic loss angle φ < 9 x 10-5

Ø (aLIGO φ= 3.6 x 10-4)

q Current R&D on small samples
q UK, Europe and US Center for Coatings 

Research initiative to select best low-loss 
coating design in about 2 years

q A+ Coating Pathfinder program will spin up 
industrial vendor(s) and qualify full-aperture 
coatings for production

q In parallel, new and existing spare aLIGO
optics will be polished

q Metrology, QA, lab infrastructure, tooling, 
procedures all same as aLIGO & reused

q Replacement core optics delivered for final 
phase of A+ installation (mid-FY23)

400mm LIGO Fizeau 
interferometer at CIT  

aLIGOETM figure map
6.5 ÅRMS over central 160 mm Φ

(LIGO Lab/G. Billingsley)LIGO-G1801161 Zucker 27



A+ Coatings
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Frequency-Dependent Squeezing

q Optical “filter cavity” (FC)
q Rotates squeezing phase; improve radiation 

pressure at LF and phase noise at HF
q Low-loss, high finesse cavity with bandwidth 

~100 Hz
q Sensitive to optical losses, scattering and 

mirror motion
è Requires seismic isolation and 

quiet mirror suspension
è Requires high-quality FC mirrors
è Requires LFC ~ 300 m

3

Solution: Add a filter Cavity
● Rotate the squeezing as a function of frequency to 
   achieve broadband improvement.

● Frequency dependent squeezing observed at MHz
frequencies by Schnabel Group at AEI[1].

● Loss and linewidth requirements much more 
demanding for FD squeezing in the GW band.

[1] Chelkowski et. al, Phys. Rev. A 71, 013806 (2005).
[2] Figure Credit: Evans et. al., Phys. Rev. D 88, 022002 (2013). 
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Filter cavity vacuum system and facility modifications

50 m

Corner station (Hanford)

D0901865 AdvLIGO Vacuum Equipment Layout, LHO Corner Station.SLDASM

50 m
300 m

(TO 
LLO)

C. Torrie & E. Sanchez
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The edge of the pond is ~32 foot from the edge of the cement beam tube (32 foot is where the marker is standing up)

IMG_7464.jpeg

survey	and	photo	of	LLO	for	A+ 	

6	of	15 2/1/2018	1:32	PM

View from future LLO  FC  end 
station back to corner 

A+ FILTER CAVITY
BEAMLINE

C. Torrie, E. Sanchez , G. 
Billingsley
M1800040

New HAM
Chamber

New HAM
Chamber

New station 
building

New 20cm 
Beamtube & 

Enclosure
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A+ Program/Funding Update

q Preliminary Construction Proposal submitted March 2018 
Ø NSF (lead) 
Ø STFC (UK) planning partnering in support; ARC also helping

q Peer review convened 5/10 with UK participation 

Ø Rigorous and extremely positive panel report returned to NSF

q A+ RECOMMENDED FOR CONSTRUCTION

q Accelerated start date: October 2018 
Ø Late-2022 construction completion unchanged 

qpaced by mirror coating development and observing obligations
q Highly construction-efficient award  funding profile 
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LIGO-India
q Concept: Put the ‘spare’ aLIGO detector in a new southern Observatory
q NSF contributes detector; India contributes Observatory
q A greater number of detector facilities around the world improves:

Ø Sky localization
Ø Polarization information
Ø Network robustness/duty-factor; at 75% uptime, 

q P(triple detection, 3 detector network) = 42%
q P(triple+ detection, 4 detector network) = 74%
q P(triple+ detection, 5 detector network) = 90%

q Status:
Ø Site acquisition nearly complete
Ø Initial funding (~10%) being used for site, preparing engineering

q Instrument is planned to be upgraded to A+ technology
q Expect fully-commissioned observation to start in 2025
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Summary

q Preparations for O3 are challenging
Ø Instrument installation and commissioning
Ø Collaboration preparations for anticipated detection rates 

also challenging! But that’s another talk…

q Future development of the instrument, and field, looks bright

q Eager for KAGRA to join O3!
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