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- laser frequency noise is important because

» with a non-zero path length difference, laser
frequency noise couples into our measurement

* how to measure it: with a dedicated interferometer!
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frequency IFO

» total: 4 interferometers (IFO) Freq.
on LPF optical bench (OB) ™
» frequency interferometer |
allows us to measure the laser .. @@
frequency noise =T .3
* intentional path length % RN
difference of 0.382Im in T |
optical fibres before OB 20 @
* input to laser frequency
control loop ™

picture courtesy of ASD & IGR
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laser frequency control loop(s)

FF error

—{ fast actuator fast controller
SF error
FF output

slow actuator 4——| slow controller

SF output

| Pl laser P frequency IFO
l{—injection

nested control loop
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laser frequency control loop(s)
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loop characterisation experiment

* measured either
only at injection
frequencies (transfer
function estimate II)
or including also the
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measured frequency noise

derived before OB build using 1 pm req. & Z gg; ;‘fgg t:’y i?hOIse
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- fulfil frequency noise requirement with stabilisation
- due to small arm length difference, displacement
requirement fulfilled in both cases
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different levels of freque” ‘noise
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-+ obse: e two different levels
- systematic analysis pending
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, path length

difference
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fluctuations

B AL L o arm length mismatch: path length of
T - -  measurement and reference beam

® .. b= : : :
UK S in same interferometer is not equal
dependent on absolute TM

™ positions
2 X mechanical mismatch ~
optical path length difference

picture courtesy of ASD & IGR

Laser frequency stabilisation & IFO path length differences on LPF XI LISA Symposium Zurich



arm length mismatch

* mismatch Is interesting because
- quality assessment of LPF Core Assembly
(LCA)
+ parameter is needed to estimate the frequency
noise contribution to total OMS noise
- In LPF: measure frequency noise (Freq IFO) &
displacement in IFOs (012 or o1 IFO)

- deduce mismatch
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arm length mismatch

two principles to calculate:
- transfer function
- noise minimisation

three ways to measure on LPF

1. arm-length mismatch experiment

2. from frequency loop characterisation experiment
3. during noise measurement
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arm length mismatch experiment - design
s of R
experiment:
|. injection @

nominal = €

position s :
2. injection @

offset

position ot 20160834 212080000 UTE- 191 © vrat” |
3. open-loop

. commanded offset: 9.576 um
noise

TM 2 moved towards
measurement centre of satellite
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arm length mismatch experiment - results

- the measurements are
consistent with each other

- we know the sign of the
mismatch

- expected: , measured: , agrees
within errors of of the offset
position

- the error at the offset position is
larger because mismatch and
thus coherence is smaller

* mismatch during noise
measurement averaged over 5
min segments, worst case error
estimate

result agrees to the estimates from the frequency characterisation experiment on
DOY164:

not inconsistent with ground measurement where OB was measured individually
well below the requirement of Tmm
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arm length mismatch over time

we want: arm length mismatch estimate over noise runs

required: TM motion low, high coherence between the channels
caveat I: phase tracking is reset after every station keeping

caveat ll: accordance between the different methods and their errors

already in best case with injections, different check: during injection measurement:

implementations provide different errors equivalent displacement noise fror
frequency noise should explain * raks in
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contribution to total OMS noise

mismatch:

frequency noise
relevant from

max ~
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summary

- In an interferometer where the two beams
travel not the same path length, frequency
noise IS relevant

- on LPF, laser stabilised with nested

feedback control
+ deduce the arm length mismatch in 012 IFO

- the integration of LCA is better than
required
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