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N_aser Long-range Space Interferometers/

» Measure fluctuations in the separation between
two (or more) spacecrafts with high precision

 GRACE-FO: First demonstrator of laser long-
range interferometry (with the LRI), improves
the sensitivity in the measurement of the Earth
gravity field, by orders of magnitude!

* Under development: Interferometric
Gravitational wave detectors




LISA space mission: « Laser Interferometer Spacw

 Space observatory for gravitational waves
(20uHz - 1Hz2)

 Constellation of 3 satellites in triangular
formation flight in heliocentric orbit

» 2 Optical Bench Assemblies called MOSA in . \ -
each satellite W s - g

* 3 heterodyne interferometers in each MOSA
(LO-IFO, Long Arm-1FO, Test Mass IFO)




wsm: « Moving Optical Sub Assemblies»/

Beams :
* TX (~2W)
* LO (~20uW)
* Rx (500pW after 2,5 Mkm)

* Long Arm-1FO: SC to SC Heterodyne
Interf. (TX-RXx)

* LO-IFO: MOSA to MOSA Heterodyne
Interf (Tx-LO)

» Test-Mass IFO (TXTM-LO)




\Stmy light in the MOSA in GW measurement/

Photodiode

Stray light => Noise on ¥, ,

Complex 3
Optical System amaged

SL recombining component
into the system

nom. phasor



Principle of the Stray Light Detector
\ Instrumentation (SLDI) /

Aim: To determine the presence, amplitude and path length difference of coherent stray light in a
complex optical system using a frequency-swept laser.

All photosignal(s) are recorded. Interference fringe, frequency f;r => stray light, with

AL AVt
c At

fitf —

Resolution required for instrumentation: A(AL) <2 mm

Noise floor for the measurement of the
fractional signal amplitude SL/nom: < 2,2.10°




\ SLDI Prototype Scheme //

 Frequency swept laser:

P —— 1064nm laser diode swept
1999 EY t ptical system °
bt over 2nm (30°C)

® & D2-105

,.A.T.,,A, 94T (g » Control of the frequency

\__/ ramp: Phase lock during
y T (070 = . the scan using a MZ
[EETTT ./ heterodyne IFO

= | (1)=190mA) . Variable Opt.

Attenuator
Calibrat
* Freq. Scan rate

measurement: Beat with a
fixed frequency laser

1EControl of the m::::::;eent « Calibrator: Check the
requency ram - c
quency ramp quality of the ramp with a

stable fibered IFO

Frequency




\Experimental set-up: MOSA simulator/

« AL =1,4022 m

cavity geometry

e SL/nom optical amplitude
« Nominal » ratio : TxR (3.8E-2)

(1)
.  Cavity round-trip of length

Collimator T2

/ « Generates a "stray light"
M2
beam + echoes

Silica Wedge plate




Measurements on the MOSA Sim: Scan 5,10 GHz/s.

« Scan 5,1GHz/s, Lock, MOSA Sim 20/04/2023

« Alot of peaks to
understand

e Dominant SL peaks

IR e DUPR, STaret o 0 & e

&

* Peak structure linked to
low acoustic/seismic
noise
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Measurements on the MOSA Sim: Scan 5,10 GHz/s.

« Scan 5,1GHz/s, Lock, MOSA Sim 20/04/2023

. Expected "SL" peaks

« Amplitude loss of factor 6
In the cavity round trip due
to the beam divergence
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Measurements on the MOSA Sim: Scan 5,10 GHz/s.

« Scan 5,1GHz/s, Lock, MOSA Sim 20/04/2023

100
Freq (Hz)

Expected "SL" peaks

Amplitude loss of factor 6
In the cavity round trip due
to the beam divergence

SL contribution modulated
by mechanical noise
structure at g, +f_ 4

( >1st SL
Peak, > 1st
Echoe in the cavity)
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Measurements on the MOSA Sim: Scan 5,10 GHz/s.
+ Scan 5,30 GHz/s.

« Scan 5,3GHz/s, Lock, MOSA Sim 20/04/2023

« Scan 5,1GHz/s, Lock, MOSA Sim 20/04/2023
* V,, .=5,10 GHz/s,
. V...=5,30 GHz/s
Fourier plot

. Expected SL peaks

« SL contribution modulated
by mechanical noise
structure at f, 2f_ 4
( >]1st SL

Peak, > st
Echoe in the cavity)
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Measurements on the MOSA Sim: Scan 5,10 GHz/s.
+ Scan 5,30 GHz/s.

. Scan 5,3GHz/s, Lock, MOSA Sim 20/04/2023 * V,,.=5,10 GHz/s
. Scan 5,1GHz/s, Lock, MOSA Sim 20/04/2023 ’ ’
V _.=5,30 GHz/s

. Expected SL peaks

NeFetTiisist ey semn um

« SL contribution modulated
by mechanical noise
structure at f, +f_ 4
( >1st SL
Peak, > 1st
Echoe in the cavity)

SL peaks coincide

' - S L e TR, i it (Red/Blue), whatever the
0.0 0.8 16 24 3.2 40 48 56 6.4 72 80 8.8 9.6 104 112 scan rate

SL/nom OPD (m)
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Measurement Floors

« Scan 5,3GHz/s, Lock, MOSA Sim, M1-M2 masked 21/04/2023
« No Scan, Lock, MOSA Sim, M1-M2 masked 21/04/2023
. Dark DET10CS2, MOSA Sim 20/04/2023

10°
Freq (H2)

» Dark (no laser):
Below 10-° above 50 mHz
(2 mm en OPD)
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Measurement Floors

/

« Scan 5,3GHz/s, Lock, MOS/
« No Scan, Lock, MOSA Sim,
+ Dark DET10CS2, MOSA Sim

10°
Freq (H2)

Silica Wedge plate

im, M1-M2 masked'}1/04/2023

1

-M2

masked 21/04/2023

» Dark (no laser):
Below 10-° above 50 mHz
(2 mm en OPD)

Below 3.10% above 1 Hz
(6 cm en OPD)
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Measurement Floors //

= Scan 5,3GHz/s, Lock, MOS¢Sim, M1-M2 masked }1/04/2023 e Dark (no |aser);

« No Scan, Lock, MOSA Sim\M1-M2 masked 21/04/2023 )
. Dark DET10CS2, MOSA Sim 2076« Below 106 above 50 mHz

Below 3.10% above 1 Hz

Below 5.10-¢ above 1 Hz
and parasitic SL
contributions in fibers

( circle)!
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\\ OPD determination: measured valuy

* The N-th Echo, at N*
ALp1m2 OVerlaps with the

— 1st Echoe

— 2nd Echoe main SL contribution: see
— 3rd Echoe I

| %th Echoe comparison of the peaks
— Scan 5,1GHz/s, Lock, MOSA Sim 20/04/2023 barycenters

 Mean barycenter at scan
:1,4016 m

 Mean barycenter at scan
:1,4017 m
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 Max deviation with the

1.400  1.401 1402 1403 1404  1.405  1.406 geometrical round-trip
Round—trlp Optical path length (m) value: 0,6 mm
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\\ OPD Resolution //

« Scan 5,32GHz/s, Lock, MOSA Sim, Etalon 1mm 04/01/2023
« Scan 5,22GHz/s, Lock, MOSA Sim, Etalon 1mm 04/01/2023

« Mirror M1 replaced by an
1,0 mm silica uncoated
etalon (SL from the rear
side + SL from the front)

| %
" Vg ¢ A(AL)gy"

Etalon 2*Ngip,*thickness= 2,9 mm

1mm

* A(AL)pes= 2,97 mm

-

1.1425 1.1450 1.1475 1.1500 11525 1.1550 1.1575
SL/nom OPD (m)
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« Reproducibility <0,1 mm
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\ Conclusions /

« MOSA simulator with ghost + echoes (also with scattered light )

* Frequency ramp control (with a phase lock loop) and monitoring (ring IFO)
* Resolution of position measurement: <1 mm

* Resolution between two close peaks: 1 mm

» Verification of the meas. floor required for the instrument (< 10~° above 1 Hz)
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