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Advanced LIGO
• Higher Optical Power
• Signal Recycling Mirror

• New Seismic Isolation systems
– Quadruple Suspensions for 

the test masses
[1] http://www.ligo.caltech.edu/advLIGO
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Presenter
Presentation Notes
This is a simplified version of the advanced ligo configuration. The most noteable changes here are the higher optical power, the addition of a signal recycling mirror at the dark port, and the upgrade to new seismic isolation systems, including these quadruple stage suspensions for the LIGO test masses.



The Lock 
Acquisition 
Challenge

• Initial LIGO lock acquisition 
was probabilistic

• Advanced LIGO lock 
acquisition more complicated 
than for initial LIGO
– Extra cavity (signal recycling 

cavity)
– Weaker actuation of test 

masses
– Residual displacement noise of 

test masses, at low frequencies
– Finesse of arm cavity ~ 400, 

linewidth ~ 94Hz, range of 
linear error signal very small ~ 
1.3nm
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Presenter
Presentation Notes
The LIGO interferometer configuration is going to change and lock acquisition solution will change 



For Initial LIGO a probabilistic approach to lock acquisition was taken. What I mean by this, is that the optics are allowed to swing freely, (there is no tuning of the cavity lengths, prior to lock acquisition), and when all three cavities: the PR cavity and the arm cavities, are at the correct length, the feedback loops are engaged and the system is locked. So there is chance involved in this locking scheme, the 3 cavities have to be at the correct length at the same time. And it turns out that this happens regulary enough for initial LIGO.



The Advanced LIGO lock acquisition however is more complicated. First there is an extra mirror, and an extra cavity, an extra degree of freedom to lock and control. On top of this, the test mass actuators (that are located on the quads) are much weaker, than the iLIGO actuators, so they can’t catch the mirrors as fast as the iLIGO actuators. On top of this the displacement noise at low frequencies is higher than for iLIGO, so the mirrors are moving more and faster. Finally the linewidth of the arm cavities is very small. This corresponds to a small cavity length range over which lock can be acquired.



So the bottom line here is that, a probabilistic lock acquisition approach isn’t suitable for advanced LIGO. 



The line-width of the arm cavities is very small, and since it’s the line-width that defines the linear range of our error signal, the range over which the test mass actuators has to catch lock is also small, about 1nm.



And all of this makes the lock acquisition of advanced ligo challenging, and as it turns out that a probabilistic approach is not suitable.



The Lock Acquisition 
Challenge

• Advanced LIGO will acquire lock using a 
deterministic approach

• Arm cavities locked independent of the rest of 
the interferometer, i.e. Arm Length 
Stabilisation
– Seismic Platform Interferometer[2], Digitally 

Enhanced Interferometry[3], Pound Drever Hall[4]

– Advanced LIGO going ahead with a PDH based 
scheme

[2] Y. Aso, et al; Physics Letters A Volume 327, Issue 1
[3] D. Shaddock; Optics Letters, Vol. 32, No. 22
[4] R. W. P. Drever et al; Appl. Phys. B 31, 97
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Presenter
Presentation Notes
Advanced LIGO requires a more deterministic locking scheme,  which just means that the different cavity lengths need to be tuned to there operating position, before the interferometer is locked up. 



And the scheme that locks the arm cavities independent from the rest of the interferometer is referred to as the Arm Length Stabilisation system.



Three schemes were suggested to do this independent arm locking, SPI, DEI and PDH. The first two are fairly new techniques, whereas the PDH is a well tested technique that is already used in LIGO.



Arm Length Stabilisation

[5] B. Slagmolen et.al. ; LIGO-T0900144-v1-D
G0900577-v3

Presenter
Presentation Notes
This is what that ALS scheme looks like on one of the arms. The main thing to remember here is that our goal is to lock our arm cavity



Arm Length Stabilisation

• Step 1: Inject 532nm beam from “Acquisition Laser” into 
each arm cavity
– Different wavelength doesn’t interfere with other 

interferometer beams
– Uses light with double the frequency of the main laser
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Arm Length Stabilisation

• Step 2: Phase lock the Acquisition Laser to the Main Laser
– Optical fiber used to transfer main laser tap-off to end station 

for phase reference
– Acquisition laser - dual frequency laser, 1064nm beam 

exactly half the frequency of the 532nm beam
– Beating of the two 1064nm beams gives heterodyne signal 

that is fed back to the acquisition laser to phase lock the two 
lasers G0900577-v3



Arm Length Stabilisation

• Step 3: Inject offset into Phase Locked Loop
– Will eventually allows us to tune the length of the arm cavity

G0900577-v3



Arm Length Stabilisation

• Step 4: Lock the frequency of the acquisition laser to the 
arm cavity length
– Use PDH technique
– The frequency actuator has a much larger dynamic range 

than the quad test mass actuators
– Acquiring lock not a problem G0900577-v3



Arm Length Stabilisation

• Step 5: Hand-off the feedback to the quad 
actuators, to lock the cavity length to the 
frequency of the laser.

G0900577-v3



Arm Length Stabilisation

• Step 6: Acquire lock of the rest of the interferometer
– Recycling cavities
– PLL offset tuned so that cavity is non-resonant with the 

main laser
G0900577-v3



Arm Length Stabilisation

• Step 7: Tune PLL offset to bring cavity onto resonance 
with the main laser
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Arm Length Stabilisation

• Step 8: Finally, switch feedback from the Acquisition 
Laser to the Main Laser.
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Possible ALS issues
• Modifying the HR coating of the test 

masses
– @532nm: ITM reflectivity ~ 99%, ETM 

reflectivity ~95%, Finesse ~ 100, 
overcoupled cavity

– The modification has minimal effect on the 
coating thermal noise for the 1064nm 
beam

• Noise induced by the fiber
– Polarisation drift
– Scattering effects
– Optical path length fluctuations

G0900577-v3



pm = main + fiber - acq

Fiber Induced 
Phase Noise

• Mechanical and temperature fluctuations in the fiber induce 
phase noise onto the beam passing through

• Limits how well the lasers 
are phase-locked

• Is ultimately imposed onto 
the cavity length 
fluctuations seen by main 
laser

• Maximum sensor noise 
equivalent to 1pm/√Hz [6] 

or 75mHz/√Hz in 
differential frequency 
noise

BAD!!!




L
L

[6] B.J Slagmolen et.al. ; LIGO-T0900144-v1-D
G0900577-v3



Drive local + remote to zero

Fiber Noise Experiment

local = (main + fiber ) - acq

remote = main - (acq + fiber )
local + remote = 2(main - acq )

acq = main + fiberacq = main

Drive local to zero

Local Feedback OnlyDual Feedback

Not Cool!Very Cool! G0900577-v3



Fiber Noise 
Experiment

• 4.6km single mode optical fiber 
used.

• Power into fiber ~ 100uW 
(Minimise scattering effects).

• Signal power onto detector 
~5uW.

• LO power onto detector 
~50uW.

• Phase-meters immune to the 
small amount of polarisation 
drift present.

• Results measured using out- 
of-loop detector and phase- 
meter.

G0900577-v3



Fiber Noise Results
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Future Work

• Test ALS scheme in a table 
top experiment
– to test the various 

feedback hand-offs and 
offsetting away from the 
main laser

• Fiber noise cancellation scheme used
• Suspended cavity
• Testing fiber noise cancellation at caltech 40m
• Eventual testing of ALS at LIGO Hanford observatory (Nov 2010?)

G0900577-v3



Conclusion

• Advanced LIGO going ahead with PDH 
based “Arm Length Stabilisation” 
scheme to achieve deterministic Lock 
Acquisition of the interferometer.

• Technical issues being mitigated
– Fiber phase noise issue solved

• Need to integrate system into Advanced LIGO 
hardware

G0900577-v3
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