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Gravitational wave

* Space-time metric’s
deformation

* 2 polarisations (+, x)
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Gravitational Wave lllustration
Credit : Swinburne Astronomy
Productions
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Detection principle @ —— (‘)

* Space-time deformation
— change distance Test mass 1
. Test mass 1
between free-falling
MAasses Test mass 2

Test mass 2

* Use electromagnetic wave
to measure displacement
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Michelson ITF

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

* Dark fringe offset: . B J_ﬁ-E;MA 57
SP,c SAL |
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Sensitivity curve — @

« ASD of h(t) Virgo
e 02: 30 Mpc
. M 03: 50 Mpc
@ = 04: 90-120 Mpc
< = 05: 150-260 Mpc
— |_ .- | .
* Affected by various : |
noises ;
107 - -
10 100 1000

Frequency [Hz]
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Work done I @

1.Measurement of noise from bench displacement
2.Measurement of backscattered light from sample
3.Simulation of TF for backscattered light
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Noise measurement —— (‘)

31th of october 2024
NI 5 NE SNEB
i . SNEB
« SWEB
« SDBI
« SDB2
« SQBI

injected displacement

backscattered light - V(1) = A-sin(2rt)
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Commlssmnmg shift —— O

e On cascina server with " SNEB LC Z TIME
Romain Gouaty

» Injecting A-sin(2mif) on
benches

* Control loops
engaged

1414425650.0000 Oct31 2024 16:00:32 UTC

Here an injection on SNEB with =0.2 Hz and
A=15 um
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https://logbook.virgo-gw.eu/virgo/?r=65440

Bench vibration : result

dataDisplay v10r15 : started by gouaty on Oct 31 2024 15:34:51 UTC |

Hrec_hoft 20000Hz__ FFT
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Sensitivity curve with (blue) and without (violet) SNEB displacement
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Transfer function %

SNEB Transfer Function computed by Optickle

— Ky, Constructive/Destructive interference :
1 - K& | - change amplitude of the beam
X — change radiation pressure

= Named K,
P

Quadratic interference :
— add phase noise
— directly change measurement

apparent shift by bench shift ()
[
5
N

— T T T T T T T T T | A LT | y g ENL => qued Kn
101 102 10° ’
Frequency (Hz)
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Computing
backscattered factor

sensitivity mirror bench movement
transmission

/

N+ K ()7 [eos (2 (x(0)))])

Zﬂm(:r))y[sin(%’(

N—

x(t

h(f)=VF,1

fraction of/ |:)in
backscattered light

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

@

Python library built from already existing matlab code

Use already simulated Optickle simulation

Data taken:
- Bench movement (with a calibration factor)

- Mirror movement: reference (with a calibration factor)
- h(t)

Cut high frequency movement due to sensor’s noise

Find the backscattered light factor (f.c) which match observation
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Principle — @

* Noise background : h.(f)
« Measure with an excitation :he.(f)~h(f)+h, (f)

* Findh., (f.f)tohave: h. (f.fe)~h, (f)=he(f)—he(f)
:hexc (f)_<href<f>+hrtheory<f))NO

+ Minimize : hrdw<f,fsc>=hm<f>—<href<f)+hrthm<f fo))

- Minimize on a frequency range [a, b] : m( f df-h, (f.fs)
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Computationresult —— (Q)

SDBI 2x107° 3.1x1071° 2.07x107°
SDB2 4x1071° 41x1078 1.62x10712
SNEB 2.5x10°8 4.4%x107° 5.02x10°°
SWEB 4.0x1078 2.5x%107° 3.05%107°

Unphysical transfer function

Source for O3 values : (photodiode shutter open)
and for SDB1 and SDB2 values
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https://arxiv.org/abs/2011.03539
https://tds.virgo-gw.eu/?r=21958

RequirementforO5 —— @

® B e n C h S p e e d s projection of noise from backscatterd light on SRB
10 rojection: rms = 8.82E-07, max = 2.51E-06
I _19 | rojection:
requwements

ms = 1.34E-06, max = 3.82E-06

w sensitivity
one order below high sensitivity

\

T T

A 107

» fsc requirement for - ..
new benches o
before SDBI .
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Future work on the @

interferometer
e O4 end on 7 of october 2025
- Planned measurement with SR aligned

e Code and data can be used to determine
future requirements
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Backscattermeter

laser power %
Sample
P ALt
P (t)=P,(t)=—=+f . cos(2x ( )) Suspended
V2
/ bench
wavelength
fraction of backscattered light \ C_.a) P1
bench movement \ P2 E
i
T \ N % ==
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Computing BRDF —_— @

* Assuming:

- scattered light : spherical wave

- gaussian beam \ .

52 BRDF = 0)
= overlap == e
W
A’cos(6)
f..=Overlap- tBRDF ( 6) cos( 8)= BRDF ( 6)
TW
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Telescope design — @

optics fs. ON bench BRDF
mirror 6x1071 3x1074
antireflective coating [1x10™ 6x107°
_-————-—y substrate 4-10x107T" 2—-6x%107°
{ i commercial optics
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Characterization of
crystals (‘/

* Crystals: critical [ eomerystal 17.5 mrad 7.710°¢ 1,610
elements EOM crystall 40 mrad 4,610 9,710
. . Faraday 13 mm 17.5 mrad 3,0-104 5,4-107"

- Low Iincidence
Faraday 13 mm 40 mrad 2,410 5,110
- Long crystals: Faraday 12 mm 25 mrad 3,110 6,607

. . . . -5 . =

r0y|e|gh dlfoSIOn Faraday 12 mm 40 mrad 6,2-10 1,310
Faraday 12 mm 220 mrad 1,110 2,210
Polarizer Brewster’s angle 1,410°° 3,010
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Parallel with @

measurement on Virgo

» fsc of SDB1 during commissioning: f,. =3.1-10""
fSCSDBl _
f =>5.7 Not using latest results for now — waiting for new TF
SCaraday

=Faraday isolator highly contribute to the
backscattered noise
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Future analysis o— @

* More measurements on the dependance of the
incidence angle for various faraday crystals

Optics used in Ob5
OMC ?

Analyse of the distribution of speckles
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Simulation of TF — @

* Model already created by M. Was, using Optickle

* Cannot model mirror misalignement:
- Adding losses on SR

. o Physically incorrect
- Lowerlng transmission on SR

* Unmaintened for more than 5 years

= Needs for a new simulation
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Finesse 3 — @

* Python based interferometer simulation
« Modal simulation

» Will be used (and is already used) by
members of the collaboration
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O,

f’fsv-'l-ﬂ_)

= | |

& * Simple model with :

k_q_r'_d,

© - Laser

@D - Power Recycling cavity

|'II_ o

Q}'-_-;) - Fabry-Perot cavity
& :Pf-'-@__@f‘———?@-x____ - - Signal Recycling cavity
—
) =), - benches
_J/> &
& N
/“"' NET
Con )
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Comparison with Optickle

Sum of the module of the transfer function for SNEB Sum of the module of the transfer function for SDB1
—— Finesse | —— Finesse
—— Optickle 1 —— Optickle

10—11 i
EE ] EE
T 10—10 _
101 102 103 10* 10! 102 103 10*
Frequencies (Hz) Frequencies (Hz)

Same laser power, dark fringe offset and SR alighed
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Current & future work ——— (‘)

* Current work
- Added high order TEM mode
- Added an angle to SR - modelize misalignement
- Still interpreting the result
* Future work
- Adding antireflective surface on beam splitter
- Getting a result compatible with current observation

- Modelize future O5 configuration
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Conclusion & outlook —— (@

* Measurements on the backscattermeter:
- Faraday crystals
- Various Ob5 optics
- OMC?
 Simulation results :
- Add anti-reflective surface of BS (allows to model B5 beam) & finish 04 modelization
- Modelize future O5 configuration

« Work on photodiode design to measure polarization fluctuations
= Work on upgrade for O5 on backscattering noise
- Side project : RRT shifts (level 0) before the end of 04b

15/05/25 29/31



Training courses —_— @

* Mandatory : « Research Ethics », « Scientific Integrity »
* « Physics in the XXIst century », 18h

* « Statistics courses using a data driven approach,
using R software », 15h

MaNiTou Summer School on Gravitational Waves, 4
day
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Augustin Demagny

(M2J)JINVIRGO CLAPP

Thanks you for listening

Any questions ?
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