
Keita Kawabe inspects the in-vacuum Transmission 

Monitor at one of LIGO Hanford Observatory’s two 

end stations. The suspended bench and optics are 

intended to receive infrared light transmitted from 

an interferometer arm. Furthermore, these dichroic 

optics also transmit green laser light into the arms, 

providing a simple way to initiate the control of 

interferometer test masses (lock acquisition).

dated in the plan with cost and sched-
ule contingency. The cost contingency 
was estimated at the beginning of the 
project, based on engineering practice, 
and 23% of the initial funding total was 
designated to handle unexpected costs. 
The schedule of roughly 70 months had 
also 7 months of schedule contingency for 
each interferometer. We have used both, 
roughly in proportion to the completion 
of the project to date; we are working 

hard to preserve enough contingency to 
successfully complete the project, as no 
additional funding can be supplied.

The Advanced LIGO Project is currently at 
peak staffing levels for the project, and in 
fact most of the cost contingency use to 
date has been for increased staffing over 
the originally planned levels. Staffing at 
the end of June 2012 includes ~232 indi-
viduals representing ~170 Full Time Equiv-

alents (FTEs). From this point forward, 
people will start to move off the aLIGO 
payroll, with all gone at the end of the 
Project. Many of the people working on 
the Project are LIGO Lab long-term staff, 
and will play roles in the operation of the 
instrument when their Project responsibil-
ities are finished. (Figure 1 previous page).

A snapshot in June 2012 shows that the 
project is 3/4 complete.
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Commissioning of
Advanced LIGO

Kiwamu Izumi
for aLIGO commissioning team

26/May/2014 GWADW at Takayama
LIGO-G1400529-v2

picture from 
LIGO magazine issue.1
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Advanced LIGO
⧯ Aims to increase the sensitivity by a factor of ~10
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Optical Layout

PRM

SRM

BS

ITMY

ITMX ETMX

aLIGO interferometers require control of
DARM  (Differential ARM)
CARM  (Common ARM)
MICH   (MICHelson)
PRCL   (Power Recycling Cavity Length)
SRCL   (Signal Recycling Cavity Length)

PR3

PR2

⧯ Dual Recycled Fabry-Perot Michelson
⧯ Folded stable recycling cavities
⧯ More complication in sensing and control due to 
signal recycling

SR3

SR2
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Installation Status
Linvingston Hanford

COM
PLE
TE

will be swapped
being installed
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Time Line

H1

L1

April May June July August

Y-arm ALS Full interferometer 
locking OMC readout

Project locking 
milestone

DRMI ALS: both 
arms

Full interferometer 
locking OMC readout

Project locking 
milestone

September October November

Acceptance characterization & 
start of sensitivity commissioning

ITM replacement

2014

P. Fritschel G1400397

WE ARE HERE

⧯ Fully locked interferometer.
⧯ Stable operation for 2 hours.

Goals: we must provide

ALS: both 
arms

Y-arm ALS & HIFO-XY 
(2 arms + PRMI)
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Latest 
Commissioning 
Works

Commissioners measuring a transfer function in the middle of night at LHO
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Commissioning Status
⧯ PSL was commissioned and works as designed
⧯ Input Mode Cleaner has been fully commissioned
⧯ All the seismic isolators works as designed
   and fully automated
⧯ All the suspensions works as designed 
   and fully automated
⧯ DRMI has been fully commissioned at LLO
⧯ ALS has been commissioned at both LHO and LLO

We are ready for the full lock
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Suspension Tunings
⧯ Necessary for interferometer control
⧯ Models well agree with the actual behaviors

Frequency [Hz]
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DRMI (and PRMI)
⧯ has been fully commissioned at LLO
⧯ Locked by the 3rd harmonic demod (3f) scheme
⧯ Consequently PRMI was commissioned in LHO
⧯ Good agreement with the models

A. Effler G1400366-v1
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Arm Length Stabilisation
⧯ Controls the common and differential modes of the arms
⧯ Allows to park the arm lengths and laser frequency at a 
off resonant point
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Locking proccess

100 Hz

15 Hz
1 Hz 0 Hz

0.1%

5%

(A) (B) (C) (D) (E) (F) (G)
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100%
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CARM
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DARM
sensor

DRMI
sensor

ALS diff TRX-TRY

3f demodulation

Time
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rm
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er

ALS comm
√(TRX+TRY)

REFLDC

1f
demod.

AS45Q
TRX+TRY

√(TRX+TRY)

TRX+TRY

2 Hz

REFL9I

⧯ Arm cavities are set off-resonant by ALS.
⧯ DRMI is held by the 3rd harmonic demod signals (3f signals).
⧯ Bring the arm cavities to the resonance.
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Comm PLL Error Signal
EX PDH Error Signal
Fiber Noise
Laser Noise
Displacement Noise
Noise from Length Variations

Common mode ALS 
⧯ Noise performance is understood.

30 Hz RMS

A. Staley G1400001-v1
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Differential mode ALS
⧯ has been commissioned

Suppressed !
freerun

in-loop error

Requirement (1nm)
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Current locking effort
⧯ LLO succeeded in reducing the CARM offset to 30 pm.
  (all five DOFs were locked by IR signals.)
⧯ Close to the fully locked interferometer

D. Martynov LLO alog 12430

Y arm cavity power (a.u.) Reflected light (a.u.)
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Summary
⧯ LLO completed installation of all the in-
vacuum hardwares.
⧯ LHO will finish the installation by August
⧯ DRMI has been fully commissioned
⧯ ALS has been commissioned

⧯ We will fully lock both interferometers in 
this year
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Appendix

Backup Slides
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Demonstration of Freq. Tuning
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Good !
One can now park the PSL 

frequency at any point
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Doppler Noise in Green light
⧯ X(Y) green is delivered to the corner station through a 
different path than the infrared laser. 
⧯ Modulation in the path length introduces
  a Doppler shift in the beatnote frequency.

Prelim
inary

may explain 1-20 Hz?
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Low Finesse Arm Cavities
⧯ Reflectivity of test masses at 532 nm were found 
to be out of spec.
⧯ This impacted on performance of ALS
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HIFOX
HIFOX RMS
HIFOY
HIFOY RMS

Lower finesse for green light

More severe
alignment coupling Less cavity pole 

filtering in 
laser noisesA. Staley G1400001-v1
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HIFO-Y setup

SHG

Main Laser
(PSL)

Ref. Cav. AOM

= VCO
= Fixed. RF source

PRM (misaligned) PR2

PR3

BS

ITMY

ETMY

9 MHz

24 MHz

AOM
160 MHz

80 MHz

24 MHz
40 MHz

80 MHz

Tuning offset
out-of-loop
sensor

beatnote
detection PLL
(BW=60 kHz)

Freq. 
stabilisation
(BW=300kHz)

MC control
(BW=30 kHz)

arm 
cavity

tidal
compensation
(optional)

Freq. stabilisation
(BW=20 kHz)

PDH locking
(BW=10 kHz)

ALS servo
(BW=200 Hz)
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HIFO-Y noise
⧯ 6 Hz RMS was achieved

10ï1 100 101 102 103 104 105

10ï4

10ï3

10ï2

10ï1

100

101

102

Fr
eq

ue
nc

y 
Fl

uc
tu

at
io

n 
at

 1
06

4n
m

 [H
z/

Sq
rtH

z]

Frequency [Hz] 

Noise Budget

 

 
HIFOY noise from IR REFL
RMS form IR REFL at high BW
End laser frequency
Fiber Phase
END Y REFL electronics
COMM VCO
IMC VCO
Corner SHG
Beatnote dark noise
ADC noise with signal
MC seismic
ETMY/ITMY seismic
Itensity ISS off Noise
Common Mode Board Analog Electronics
ADC Noise no Signal
RMS requirement

Goal RMS = 8 Hz 
RMS = 6 Hz

good !
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