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QUANTUM NOISE

A M P L I T U D E  Q U A D R A T U R E

Quantum noise = fundamental
measurement limit in LIGO

radiation pressure noise (dominant at
low freq)

P H A S E  Q U A D R A T U R E

shot noise (dominant at high freq)
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SQUEEZING

DCC G2201146

Coherent state: equal uncertainty in both
quadratures 
Squeezed state: reduce uncertainty in
one quadrature at the cost of the other
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FREQUENCY DEPENDENT SQUEEZING
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FILTER CAVITY
A long, high-finesse optical cavity that rotates the phase
of squeezed vacuum light in a frequency-dependent
way.

Enables frequency-dependent squeezing.

Green beam (532 nm) pre-locks cavity length near IR
(1064 nm) resonance.
Squeezed light enters; cavity detuning controls
quadrature rotation.

Length ~300 m
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Sensor Controller Actuator

Filter Cavity Transmitted
Green Signal

Filter Bank Electro-Magnetic
actuator on ZM mirrors

ALIGNMENT CONTROL LOOP

Electro-Magnetic
actuator on FC mirrorsFilter BankFilter Cavity Length

Control Signal
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DITHER & DEMODULATION

Demodulation

Take the readout signal (contains oscillation
at dither frequency).
Multiply by reference sine at same frequency
and low-pass filter.
Output is an error signal 

Dithering

Apply small sinusoidal excitation (mirror
pitch/yaw) at a known frequency.
This creates a controlled oscillation in a
chosen readout signal.

LIGO-T2500287

ZM mirrors → green transmission signal.
FC mirrors → cavity length control signal



PART 1 
TRANSFER FUNCTIONS OF ZM’S
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ZM1 PITCH TF

Dither frequency selection requires actuator TFs
Measured ZM1 & ZM3 bottom-stage (M2) transfer
functions
Applied swept sine: 5–2500 Hz
Signal: excitation → 'L1:SUS-
{ZM1,ZM3}_M2_DITHER_{P,Y}_OUT'
Readout: transmitted green → 'L1:SQZ-
FC_TRANS_A_SUM_OUT'
Cavity DoFs deliberately misaligned to enhance
sensitivity
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 PART 2
ZM  DITHER / DEMODULATION
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DITHER PHASE
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DoF
Frequ
ency
(Hz)

Gain
Phase
(°)

ZM1
Pitch

101.1 2000 –40

ZM1
Yaw

126.1 2000 +140

ZM3
Pitch

151.1 200 +120

ZM3
Yaw

176.1 200 +105

Excitation (dither):
Small sinusoidal modulation applied to ZM1/ZM3 DoFs..

Error signal (sensing):
Demodulated TRANS_A_SUM photodiode signal at each dither
frequency.
Output is proportional to misalignment in pitch/yaw.

Servo filter (controller):
Error signal is processed (gain, phase compensation, filtering).
Converts raw error into a stable control signal.

Control signal (output):
Sent to angular actuation channels:
INJ_POS_P / INJ_POS_Y → ZM1 pitch & yaw
INJ_ANG_P / INJ_ANG_Y → ZM3 pitch & yaw

Actuators (plant):
Electromagnetic coil actuators at mirror suspensions 
Adjust mirror angles → correct cavity alignment
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 PART 3
ZM INPUT MATRIX DETECTION
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ZM’S - PART 4
PLANT FILTERS FOR ZM'S
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ZM1 PITCH Fitting Plot

https://git.ligo.org/vladimir.bossilkov/chebychefLIGO-T2500287



PART 5 
FC LOOPS
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BEAM SPOT POSITION
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Substitute
L, g1 and g2

Invert the
Matrix

Yaw

Pitch
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RESULTS
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CONCLUSION

ZM TO ZM ZM TO FC FC TO FC

ZM Loops
compensating
the ZM errors

FC GREEEN
ANGULAR

CONTROL LOOP
COMISSIONED

ZM Loops
compensating
the FC errors

FC Loops
compensating
the FC errors
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GUARD STATE “ GR_ALIGN “

/opt/rtcds/userapps/release/s1z/l1/guardian/SQZ_FC.pyLIGO-T2500287



FUTURE WORK
IMPLEMENTATION

GRAD SCHOOL
APPLICATION

Implementing the
guardian state into filter
cavity locking sequence

Personal future outlook  :)

FINE-TUNING
Input, output matrix
values
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