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1 Introduction 3

1 Introduction
This note is an update of the note VIR-0707B-17 [1] that describes the actuation models for
the Virgo h(t) reprocessing V1O2Repro1A of the O2 run.

One bias at the level of 0.3% on the NE and WE actuators that was present in the first
release is now properly taken into account, hence reducing the corresponding systematic errors
given in the previous note by 0.3%.

A delay in the interferometer (ITF) optical response to the end mirror motion was forgotten
in the online and V1O2Repro1A h-reconstruction and will be included in the new reprocessing.

Finally, simulations of the ITF optical response to a motion of the PR mirror have been
performed. The fitted model is given and its variation depending of the arm cavity finesse is
highlighted.
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2 Update of the NE and WE actuator models
This is an update of the section 9.1.2 of note VIR-0707B-17. When transferring the calibration
from input to end mirror, the ratio RITF,in/FITF,end between the ITF optical responses to input
and en mirrors must be taken into account. This TF ratio is 1/1.0037 in modulus and its phase
matches a 10 µs delay.

The figure 1 shows the modulus ratio obtained from ITF simulations with Optickle. The
10 µs delay is not reproduced by the simulation, but is due to the light propagation time from
the end mirrors (see page XX of the thesis of Rakhmanov [2]). The delay was properly taken
into account in the transfer described in note VIR-0707B-17.

The tables 1 and 2 give the updated models for the NE and WE mirror and marionette
actuator models: only the gains have been modified by 0.3% (hence there is still 0.07% residual
bias). The models for BS and PR are the same as the ones given in tables 4 and 5 of note VIR-
0707B-17. The table 3 gives the updated systematic uncertainties on the mirror actuation
models.

Figure 1: Magnitude ratio of the ITF optical responses between end mirrors and input mirrors for both
arms.
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3 Optical response to NE and WE mirror motions
The optical response of the ITF to a GW is approximated by a simple pole at c/(4FL0), where
L0 and F are the length and finesse of the ITF arm cavities. For a finesse F = 430, the cavity
pole is 58.1 Hz and the optical responses for NE and WE are shown in Figure 2.

As detailed in [3], the response of the ITF to mirror motion is the same for the input mirrors,
and the same with an extra-delay of L0/c for the end mirrors. For Virgo, the extra-delay is 10 µs.

As a consequence, for the end mirrors, in the h(t) reconstruction, it is equivalent to increase
the actuation delay by 10 µs and use the simple cavity pole model. Hence the delays given
in tables 1 and 2 must be increased by the extra-delay of +10 µs also stated in the
tables.

Figure 2: Simulated ITF optical responses to NE and WE mirror motions with a laser input power
of 14 W and a finesse of 430.
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4 Optical response to PR mirror motion
The optical response to PR mirror motion is simulated with the MATLAB based Optickle
model for gravitational waves interferometers.
The interferometer is in PRITF configuration meaning that it is locked and has a power recy-
cling cavity. The simulation is done with a laser input power of 14 W and an optical finesse
of 430. The figure 3 shows, on the left panels, the optical response (modulus and phase) to a
PR motion in blue, and a fit of the data in red. The fit residuals are shown in the right panels.
Note that arbitrary statistical errors of 1% have been added to the simulated TF before running
the fit. The fit parameters are given in table 4. From the residuals, the fit matches the data
within 1% and 10 mrad up to 300 Hz.

Figure 3: ITF optical response to PR mirror motion. Left panel: data in blue, and fit in red. The
modulus (top) is in [W/m] and the phase (bottom) in [rad]. Right panel: fit residuals.

Simulations were also done to compare the optical responses to PR mirror motion with a
finesse of 430 and of 450 since Advanced Virgo is expected to have a finesse around 450 but the
finesse measured during O2 with hrec is around 430. Figure 4 shows the shape of the simulated
optical responses with both finesses. A 5% error on the finesse changes the simulated response
by ±30% in amplitude and +0.2/− 0.5 rad in phase.
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Model Optical response
Type parameters PR

Gain (W/m) (−9.21± 0.01)× 108

Integrator – –
Integrator – –

1st order pole fp (Hz) 58.1 (fixed)
1st order zero f0 (Hz) 0.0696± 0.0005
1st order pole fp (Hz) 57.3± 0.3
1st order zero f0 (Hz) 91.6± 0.4
1st order pole fp (Hz) 1.144± 0.008
1st order zero f0 (Hz) −734± 3
2nd order zero fp (Hz) −60.04± 0.02

Q 1.770± 0.003

.

Table 4: Model for the ITF optical response to PR mirror motion.

Figure 4: Comparison of the ITF optical responses to PR mirror motion with a finesse of 430 in blue
and a finesse of 450 in red. The modulus is in [W/m] and the phase in [rad].
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