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Gravitational wave

* Space-time metric’s
deformation

* 2 polarisations (+, %)

° AOC%
o V=C

Gravitational Wave lllustration
Credit : Swinburne Astronomy
Productions
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Detection principle

* Space-time deformation
— change distance
between free-falling
masses

* Use electromagnetic
wave to medadsure
displacement
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Michelson ITF

* phase difference between arms —
amplitude on the anti-symmetric port = | xs=

* Darkfringe offset: - :JEQA@

LLLLL

OP,c SAL
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Sensitivity curve — @

« ASD of h(t)

Virgo

02: 30 Mpc
03: 50 Mpc
O4: 90-120 Mpc
05: 150-260 Mpc
b L.:i:i.:.f‘

» Affected by various
noises

Strain noise [1/v/Hz

10 100 1000
Frequency [Hz]
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:EIBE SWEB
Benches layout "
Input
Benches: Mode
* SNEB} End-of-arms
* SWEB | benches
WI
. Detection __siB1 — o
« SDB?2 | benches sow Tarfaax T N NE_ SNEB
L; scjatr:-r | ‘l_'z’—"ﬂ ,r/ [I | ‘ | @
Lase: \J ]l et B7 |
PRM POP
 In vacuum 2 B
SIB2 SRM
e Suspended
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Transfer function %

SNEB Transfer Function computed by Optickle

— Ky Constructive/Destructive interference :
- K& | — change amplitude of the beam

£g 107114 o

£ — change radiation pressure
=

g

=

3 = Named K

> 10712 oP

" - P

ey

2 Quadratic interference:
o .
B, — add phase noise

— directly change measurement

-— 1 _ Named Kn¢

10! 10? 103
Frequency (Hz)
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Computing
backscattered factor

/

4
]

sensitivity mirror bench movement
transmission
W)= T, S22 17 s A ) )7 oo
fraction of

backscattered light

19/06/2026

transfer function by radiation
pressure (Kp) and phase (Kn)
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Simulation upgrade @

« Simulating SR alignment Sum of the module of the transfer function for SNEB
107103 —— SR misaligned (2 prad)
« HOMSs added to the simulation SR aligned

EE
10—11 4

02 12 22

T T T T
10* 102 107 104
Frequencies (Hz)

B

19/06/2026 2nd year CSI - juin 2026



https://commons.wikimedia.org/w/index.php?curid=18064771
https://commons.wikimedia.org/w/index.php?curid=18064771
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EE

Impact on SDBI

Sum of the module of the transfer function for SDB1

lo—ll] 4

—— SR misaligned (2 prad)
—— SR aligned

T T T T L T T T L T T T T
10t 10° 10° 10%
Frequencies (Hz)
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New injection on benches ——— (‘)

SDB1_LC_Z_50Hz__ TIME

* 17 june 2025 .

- SRali gn ed (LN2) ;asain..ﬂun ..... - ﬂ ..... ﬁ M}\ ........ M _______ ). Y S

~ SR misaligned (LN3) SN R R R

Benches: Axsin{zm) agaol L LU G L

!
~ SDB] L

- S D Bz C 1 | | | | | | | | | |
19n33  19h34  19h35  19h36  19h37

—_ >
SWEB 1434223998.0000. (.1 Hz | 19:33:00 UTC

19/06/2026 2nd year CSI - juin 2026




Projected vs real impact on
sensitivity

1919 SDB1 SR aligned 2025/06/17 019 SDB1 SR misaligned 2025/06/17
T 1 vy T
U excited sensitivity ! excited sensitivity
reference sensitivity reference sensitivity
reference 4+ projection reference + projection
10 20 L . 10 20 u
-;‘J‘- —
t J !
=y 21| _ frer) 21| i
Er 10 'E'r 10
i
E E
10 22 | . 10 22 L |
19723 ! 1023
10t 102 1 2
10 10

frequencies (Hz) frequencies (Hz)
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Evolution of f.. measurement

date SR yaw injection power bench fsc
2023-03-24 0 25.4 W SDB1 7x101°
2023-03-24 0 25.4 W SDB2 3x1012
2023-03-24 0 25.4 W SNEB 1.1x108
2023-03-24 0 25.4 W SWEB 3x10°
2023-12-20 2 prad 121 W SWEB 4x10°
2024-01-21 2 prad 121 W SNEB 8x10°
2024-10-31 2 prad 18 W SDB1 5x10°
2024-10-31 2 prad 18 W SDB2 5x1012
2024-10-31 2 prad 18 W SNEB 1.2x108
2024-10-31 2 prad 18 W SWEB 6x10°
2025-06-17 0 18 W SDB1 2x10°
2025-06-17 0 18 W SWEB 2x10°
2025-06-17 2 prad 18 W SDB1 7x10°
2025-06-17 2 prad 18 W SDB2 1.5x1072
2025-06-17 2 prad 18 W SWEB 4x10°
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SR alignment and f.. (‘)
Fsc evolution for given benches and SR alignement o SR Ql|gnment ChCI nge
s —————— fsc measurement

-_———
————
o ————
—
- ——

= *

| half waveplate added on SDB1 ° fSC iS d Ch(] rGCteriStiC Of
a bench

—m- SDB1 - SR aligned
—8— SDB1 - SR misaligned
SDB2 - SR aligned

e — unmodel effect in

fsc

= e o current simulation ?

T T T T T T T T T T
2023-04 2023-07 2023-10 2024-01 2024-04 2024-07 2024-10 2025-01 2025-04 2025-07
DateTime

10-12 A
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Adding defects to the @

simulation

change of optical path due to point absorber %197

» RoC change il )
* Add point albsorber
to mirrors

0 50 100 150 200 250 300
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Defects impact on transfer function

Sum of the module of the transfer function for SDB1

10-° 0

SR aligned without point absorber

SR misaligned with point absorber
SR misaligned without any maps

SR misaligned without point absorber /(

" ]

10-10

-
]

10

19/06/2026

2 108
freauency (Hz)

10t
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No change at low
frequencies (less
than 20 Hz)

— Do not explain fs
change




Backscattermeter

laser power

P,

P ()= P,()=—2 frccos( 2277 )

—
~ //
-

-
///
//

fraction of backscattered light

bench movement

_ Pi(t)=Py(t)

—=/2

A(t)

fSC

 Py(t)+Py(t)

19/06/2026

ANA
Uiy

Suspended
lbench

AL(t)
wovel/ength
| Pl
P2
\\\ I_—l %
COS(ZJZAIi(t)) '_J
Motorized Tirror

2nd year CSI - juin 2026

-




Re-characterization:
beam size and visibility

Evolution of beam profile with distance

650

X dataDisplay v11r0 : started by demagny on Aug 13 2025 14:49:13 UTC I
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Re-characterization: /3
— (@

motor steps

le—5 best snail path in cartesian coordinate * WhCIt We WC] nt :

1.00 4

- Change position of the
\ H— beam on the sample

| \E \ | * Issue:
- A—— \ :_ |

- Also change incidence

{m)

t

~0.50 - T e} (]ngle by 0.82°
—0.75 4 ||
—~1.00 \_\_\' - _\\
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Crystal measurement —— (‘)

* Multiples Faraday - L L ——,—
crystals: - e e e (2019 w0
- Old TGG 7
- New TGG | =
~ KTF (better thermal E | : | —=
performance) : 1+
— new TGG scatter less | ===
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Bench speed study — @

* Requirement on fs
and relative bench
speed.

— need to study
current bench
movement

* Speed can be computed as the

differential of the bench position
(times its frequency)

* Divide every five consecutive

minutes (an observation) in which
the ITF is in SCIENCE mode

* Here, the bench speed is the

relative motion between the
bench and its associated mirror
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Filtering bench position

©

* Higher than 2Hz — dominated 10° T

by sensing noise . .
101 signal noise
* FIR low-pass filter:
- Pass-band frequency: 1Hz o :
- Stop-band frequency: 2Hz g
- Attenuation: 100dB 102
* Applied on the position of the 103}
bench. Speed is computed WWWMM |
after. s o 107 107

frequencies (Hz)

2Hz
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Bench speed evolution

Distribution of observation starting time b Comparison of distribution of maximum speed
2
100 - 3 )
S
® 251 < -
e Excess noise
80 &
- o (o]
m =
e 2 2 -
T 60 - = §
uw -
g 8 15+ g
Y= =
: E ]
2 40 - 8
E ® 101 )
2 £
£
Q
=
20 o 51 i
j= N
[}
E
=
0 A .E D 1 T T T
2024-05 2024-07 2024-09 2024-11 2025-01 2025-03 % SDB1 SNEB SWEB
Start time of observation = bench name
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Correlation between signals

L. Bench SDB1 SNEB SWEB
2 os Correlation

;: wind speed 25~ 10~ 16«
%: Micro-seismic 600-1000 mHz 747 11~ 28~
. Micro-seismic 300-500 mHz 81 13« 277
” Micro-seismic 100-200 mHz 53% 17~ 21~
%0:6- Micro-seismic 10-100 mHz 247 27~ 23~
i T T
R s e Impact of excess noise
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Projection for different speed

back-scattered light projection: SDBE1

1018 1018 - Iback-scattemd light projection: SWEB
hrec ] hrec ]
—— median | { — median | {
1019} 95% - 10712 L 95% 4
99% ] 99% E
10720 ¢
= B
E g 10%
o o
v v
.= i
1022
10-23
10724 :
102 102
frequencies (Hz) frequencies (Hz)
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summary — @

* New work on simulations (HOMs/defects)

* New measurements on back-scattermeter
(TGGcrystals)

* Bench backscattered light study :
- Evolution fraction of backscattered light
- Correlation and impact of bench speed
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Future work —

* Back-scattermeter :
-  OMC

- New Faraday components (crystals/half-waveplate, polarization splitter)

* Investigation of bench backscattered light variation:
- New measurement on Virgo
- Improve the model (more realistic defects)

- analyze the impact of the calibration error on the Virgo detector data
* Check backscattered light with new configuration with detuned signal recycling cavity
* Simulation of O5 configuration

— Validate the methodology

19/06/2026 2nd year CSI - juin 2026




	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27


2nd year CSI - juin 2026 Augustin Demagny

MJIVIRGO <UAPP

Backscattered light noise in the
Virgo interferometer

PhD advisors : Michal Was & Romain Gouaty

OSCARS Funded by
S the European Union

00,
*





h/sqtr(Hz)

1020

1020

1022

102

1024

back-scattered light projection: SWEB

hrec

—— median
95%
99%

frequencies (Hz)




max speed SNEB max speed SDB1
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Comparison of distribution of maximum speed
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Distribution of observation starting time
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PSD of the relative speed of SNEB
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Sum of the module of the transfer function for SDB1

SR misaligned (2 prad) |
—— SRaligned 1
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Sum of the module of the transfer function for SDB1

SR aligned without point absorber
SR misaligned without point absorber
SR misaligned with point absorber
SR misaligned without any maps
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Detector
output
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apparent shift by bench shift (2)

10-11
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10-13

SNEB Transfer Function computed by Optickle
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02: 30 Mpc
~ 1072 03: 50 Mpe
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Strain noise
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fsc

107¢

107°

10-10

10-11

10712

Fsc evolution for given benches and SR alignement

SDB1 - SR aligned

SDB2 - SR aligned

SDB2 - SR misaligned

SNEB - SR aligned

SNEB - SR misaligned

SWEB - SR aligned

SWEB - SR misaligned

SDB1 - SR misaligned

e

2023-04 2023-07 2023-10 2024-01 2024-04 2024-07 2024-10 2025-01 2025-04 2025-07
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width of the beam on the given axis (um)

650

600

550

500

450

400

350

300

Evolution of beam profile with distance

— X
—— Xmodel: wo = 3502 um, zy = 448.0 mm
—y

~— Ymodel: wp = 291.7 um, 2o = 307.9 mm

100 200 300 400 500 600 700 800
distance from the start of the bench (mm)





brdf

1074

1075

Angular evolution of BRDF

—+ ktf crystal (2019) 13x20mm

+— tgg crystal (old) 13x10mm

—— tgg crystal (2019) 13x10.8mm

1071

Angle in *

100
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P
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change of optical path due to point absorber  x10-7
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Gravitational wave



		Space-time metric’s deformation



		2 polarisations (+, ×)



		



		









Gravitational Wave Illustration

Credit : Swinburne Astronomy Productions





Detection principle



		Space-time deformation → change distance between free-falling masses



		Use electromagnetic wave to measure displacement







Test mass 2

Test mass 1



Test mass 2

Test mass 1



d



d+δd







Michelson ITF





		phase difference between arms → amplitude on the anti-symmetric port







		Dark fringe offset:









Sensitivity curve



		ASD of h(t)







		Affected by various noises











Benches layout













Benches :

		SNEB



		SWEB



		SDB1



		SDB2









Detection benches





End-of-arms benches



		In vacuum



		Suspended









Transfer function





Constructive/Destructive interference :

→ change amplitude of the beam

→ change radiation pressure



⇒ Named



Quadratic interference :

→ add phase noise

→ directly change measurement



⇒ Named 





Computing backscattered factor



fraction of backscattered light









mirror transmission









bench movement











transfer function by radiation pressure (Kp) and phase (Kn)









sensitivity



















Pin



Pout











bench



















x(t)





Simulation upgrade



		Simulating SR alignment



		HOMs added to the simulation











By DrBob at English Wikipedia, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=18064771





Impact on SDB1







New injection on benches



		17 june 2025

		SR aligned (LN2)



		SR misaligned (LN3)







		Benches :

		SDB1



		SDB2



		SWEB













A×sin(2πf)



 0.1 Hz





18 μm







Projected vs real impact on sensitivity









Evolution of fsc measurement



		date

		SR yaw

		injection power

		bench

		fsc



		2023-03-24

		0

		25.4 W

		SDB1

		7×10-10



		2023-03-24

		0

		25.4 W

		SDB2

		3×10-12



		2023-03-24

		0

		25.4 W

		SNEB

		1.1×10-8



		2023-03-24

		0

		25.4 W

		SWEB

		3×10-9



		2023-12-20

		2 μrad

		12.1 W

		SWEB

		4×10-9



		2024-01-21

		2 μrad

		12.1 W

		SNEB

		8×10-9



		2024-10-31

		2 μrad

		18 W

		SDB1

		5×10-9



		2024-10-31

		2 μrad

		18 W

		SDB2

		5×10-12



		2024-10-31

		2 μrad

		18 W

		SNEB

		1.2×10-8



		2024-10-31

		2 μrad

		18 W

		SWEB

		6×10-9



		2025-06-17

		0

		18 W

		SDB1

		2×10-9



		2025-06-17

		0

		18 W

		SWEB

		2×10-9



		2025-06-17

		2 μrad

		18 W

		SDB1

		7×10-9



		2025-06-17

		2 μrad

		18 W

		SDB2

		1.5×10-12



		2025-06-17

		2 μrad

		18 W

		SWEB

		4×10-9









SR alignment and fsc



		SR alignment change fsc measurement



		fsc is a characteristic of a bench

→ unmodel effect in current simulation ?









Adding defects to the simulation





		RoC change



		Add point absorber to mirrors











Defects impact on transfer function





		No change at low frequencies (less than 20 Hz)



→ Do not explain fsc change









Backscattermeter





P1



P2



Suspended bench



Sample











laser power



bench movement



fraction of backscattered light



wavelength

























Motorized mirror





Re-characterization : beam size and visibility









Re-characterization : motor steps





		What we want :

		Change position of the beam on the sample







		Issue :

		Also change incidence angle by 0.82°













Crystal measurement



		Multiples Faraday crystals :

		Old TGG



		New TGG



		KTF (better thermal performance)





→ new TGG scatter less











Bench speed study



		Requirement on fsc and relative bench speed.

→ need to study current bench movement







		Speed can be computed as the differential of the bench position (times its frequency)



		Divide every five consecutive minutes (an observation) in which the ITF is in SCIENCE mode



		Here, the bench speed is the relative motion between the bench and its associated mirror









Filtering bench position



		Higher than 2Hz → dominated by sensing noise



		FIR low-pass filter:

		Pass-band frequency: 1Hz



		Stop-band frequency: 2Hz



		Attenuation: 100dB







		Applied on the position of the bench. Speed is computed after.











signal



noise



2 Hz





Bench speed evolution







Excess noise





Correlation between signals





		 Bench

Correlation

		SDB1

		SNEB

		SWEB



		wind speed

		25%

		10%

		16%



		Micro-seismic 600-1000 mHz

		74%

		11%

		28%



		Micro-seismic 300-500 mHz

		81%

		13%

		27%



		Micro-seismic 100-200 mHz

		53%

		17%

		21%



		Micro-seismic 10-100 mHz

		24%

		27%

		23%









Impact of excess noise





Projection for different speed









Summary



		New work on simulations (HOMs/defects)



		New measurements on back-scattermeter (TGG crystals)



		Bench backscattered light study :

		Evolution fraction of backscattered light



		Correlation and impact of bench speed













Future work



		Back-scattermeter :

		OMC



		New Faraday components (crystals/half-waveplate, polarization splitter)







		Investigation of bench backscattered light variation :

		New measurement on Virgo



		Improve the model (more realistic defects)



		analyze the impact of the calibration error on the Virgo detector data







		Check backscattered light with new configuration with detuned signal recycling cavity



		Simulation of O5 configuration

→ Validate the methodology









