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Motivation

1 signal recycling option for Advanced Virgo
= fime domain simulation using e2e (Hiro’s talk)

= acquisition of knowledges about a dual recycled
Interferometer on 40m site (Osamu’s talk)
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DUAL-RECYCLED INTERFEROMETER

Common of arms L,=(L+ Ly) /2
Differential of arms L =(L,— Ly) /2
Power recycling cavity |, = (L + Iy) /2
Michelson | =(l - Iy) /2
Signal recycling cavity lo = (1 + Isy) /2
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Sensitivity of a dual recycled IFO
(Quantum noise) compared to the
Power Recycled IFO sensitivity and

Sensitivity of a dual recycled IFO
dashed line: pendulum thermal noise
dotted line: mirror thermal noise

to the SQL solid line : total thermal noise
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Dual-recycled interferometer in the world

Already installed:

 40m @ CalTech with Fabry-Perot cavities
« GEO600 @ Germany without Fabry-Perot cavities
e4Am @ NAQOJ

Note: 10m @ Glasgow has signal recycling cavity but it is not dual
Not yet existing:

« AdVLIGO @ United States with Fabry-Perot cavities
e same configuration than 40m

 Advanced Virgo

o LCGT @ Japan (broadband RSE)

» Table-Top experiment @ ANU
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OUTLINE

eZe simulation
» 40m / advanced LIGO configuration
v 'main e2e boxes

v main results

= optical plant validation - equilibrium fields, transfer functions
 Large use of TWIDDLE

= error signals sweeps

= 40m optical response (with optical spring)

= in-lock state for 5 dof with a realistic seismic noise
» Mach-Zehnder noise for the 40m IFO

= relative mirror velocity reconstruction

» application to a possible Advanced Virgo configuration
= equilibrium fields (for a given set of parameters)

= optical plant validation (for a given set of parameters)
= optical response
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eZ2e SIMULATION: 40m/AdvLIGO package

suspensions
mirror positions

PSL = In-lock state
—~ E Length Sensing
2 Control
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signals
monitoring
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—— Main eZe boxes for the time domain simulation —
of a Dual Recycled Fabry-Perot Michelson IFO
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e2e SIMULATION: 40m/AdvLIGO package
optical configuration
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e2e SIMULATION

« eZe validation of DC fields )’

comparing with TWIDDLE
results: good agreement !

» e2e transfer functions i

simulations (and comparison
with TWIDDLE ones) of DOF
at SP, AP and PO shaking the
end mirrors with white noise

at different demodulation
frequencies :

(33,133,166,199) MHz

. 40m/AdvLIGO package

DARM AP @ 166 MHz

+ g2e | signal .
e2e Q signal | s|gna|
— Twiddle | signal
— Twiddle Q signal
E2E
TWIDDLE l

e

TWIDDLE

Example:
DARM @ AP 166 MHz

TWIDDLE and e2e comparison
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e2e SIMULATION: 40m/AdvLIGO package

Error signal sweep @ AP Q - 166 MHz - phase: 1 pif2

Error signal sweeps at 10° m/s
for the 40m IFO with the E2E
simulation (and comparison
with TWIDDLE ) to validate
the static case

Example:
DARM @ AP 166 MHz
TWIDDLE and E2E
comparison
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e2e SIMULATION: 40m/AdvLIGO package

40m optical response
@ AP 166 MHz
(Dark Port)

40m real data and e2e
comparison

Erananry {H7\
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eZ2e SIMULATION: 40m package

£ Error signalcI

40m in-lock state : | error §|g|jals
5 DOF controlled e

with radiation pressure
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e2e SIMULATION: 40m package
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Mach-Zehnder noise for the detuned RSE interferometer
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e2e SIMULATION: 40m package
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e2e SIMULATION:
application to a possible dual recycled Virgo

Laser Power =100 W

Demod frequency =6.26 MHz

Arm Length =3 km
PRM2BS =6 m
SRM2BS =6 m
BS2ITMN =5.6 m
BS2ITMW =6.5m

Actual Virgo losses

Detuning phase = 0.1 pi/2

for SRC

e2e optical configuration
validation of DC fields
for a given set of parameters

SRC power

PRC power

MICH power
West Arm power
North Arm power

0.16 W
2713 W
1349 W

1 MW

1 MW
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e2e SIMULATION:
application to a possible dual recycled Virgo

Optical Response

optical response
@ Dark Port

Investigation of the 1 1 10 1
RSE peak for Red 0.2 pi/2
different SRC N Grzleljnodlogfi/z

Phase (degrees)
=
Lo }

01/06/2006 o 10 10 ‘*
Frequency (Hz)



Conclusions

» e2e package ready to investigate the behavior of the
Interferometers in time domain
v 40m : optical configuration, in-lock state
v «possible» Advanced Virgo : optical configuration

 use of the e2e package to establish the suitable parameters
optical configuration for Advanced Virgo and comparison with
a SIESTA model (to be implemented) and eventually other
available programs
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Further steps

 e2e simulation for the 40m
» Lock acquisition strategies investigation
» DC readout investigation

o e2e simulation applied to a dual recycled Virgo
» Length Sensing Control (LSC) implementation
= Optical response including optical spring
» SuperAttenuator (SA) implementation
» Lock acquisition strategies investigation
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