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Tilt-correction and
Sensor-correction at LHO

Using offline data for designing and quantifying filters
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Tilt versus Horizontal displacement

« Conventional seismometers and tiltmeters cannot
differentiate between horizontal displacement and
ground tilt.
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Tilt response to horizontal displacement response for all

seismometers = -g/»?

= Tilt is confused with horizontal motion at low
frequencies (below ~ 0.1 Hz).

Solution: Inertial rotation sensors, Tilt-free seismometers

Source: Krishna Venkateswara



Schematic
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The ISl tilt problem, Stage 2

GS-13 tilt-noise and its effect on horizontal

Calibration step

GS-13 measures velocity

Amplifier noise

Plant inversion
Tilt-baseline
Tilt-to-horizontal coupling

Result
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 RMS velocity is a good figure of merit, and
probably what we care about below ~0.3 Hz.

« Sensor correction allows us to use a lower-tilt
seismometer for low-frequency isolation.

* Below 100mHz, ground motion is pretty common
mode. The primary microseism ~70mHz sees at
least a factor 4 direct subtraction.

« We should design further ISI improvements in
the IFO basis, and potentially using IFO readout.
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BRS Signal Path

f BRS input . STS2 i/nput Offline data was used to
rom C#, (nra nm/s -
(nrad) Hl;ISI-GN(D_STS_EEMX_x_DQ tune all the BRS filters
Plant inversion for |mprc_)ved tilt-
f, = 8mHz subtraction and reduced
low-frequency noise
H1 :ISI-%&§BFSSF_IE?deERY_DQ | nJ eCtl on.
Y
Rot. to Trans., Tilt-corrected i
High-pass, match STS2 (nm/s) Most benefit came from
" kecanse - matching the high-pass
\ filter to the STS2 AC-

Vel. to Disp., -
[Sensor correction] Coupllng_

!

ISI-Stage 1 Sensor-Corrected
CPS input (nm) —> Stage 1 CPS (nm)
H1:ISI-ETMX_ST1_SCSUM _ H1:ISI-ETMX_ST1_BLND_X_

CPS_X_IN_DQ CPS_CUR_IN1_DQ
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BRS Tilt-correction filter tuning (ETMX)

ETMX BRS Sensor correction

—GND-STS2
---GND-STS2 rms
‘—GND + BRS
:=—-GND + BRS rms
—New SC filters
-—-New SC filters rms
—BRS sensor noise ||
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BRS Tilt-correction filter tuning (ETMY)

BRS Sensor correction

—GND-STS2

---GND-STS2 rms

10° —GND + BRS
---GND + BRS rms
—New SC filters
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Figure of merit

« We want to minimise the low-frequency RMS
velocity transmitted through the Sensor-
Correction filter.

* This motion is typically dominated by
(uncorrelated) tilt.

« We want to see whether the BRS causes harm
when there I1s no wind.

* And measure the reduction of injected arm-
length motion during high winds.
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Sensor Correction filter

CPS Sensor correction filter

—High pass
——-Low pass

10 10
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BRS impact, no wind (<4mph)

Ground-to-CPS Sensor correction

—GND-EX to CPS
GND-EY to CPS
—GND-IX to CPS
——GND-lY to CPS
—Tilt-corrected GND-EX to CPS
10 —|—Tilt-corrected GND-EY to CPS

10

Inertial-equivalent velocity [m/s/vHz]

10 10
Frequency [Hz]
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BRS impact, X-arm, high wind (~25 mph)

Differential Ground-to-CPS Sensor correction

—Tilt-corrected GND-EX to CPS
' ——GND-1X to CPS

—X-arm to CPS Without BRS
—X-arm to CPS With BRS
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BRS impact, Y-arm, high wind (~25 mph)

Differential Ground-to-CPS Sensor correction

- |=Tilt-corrected GND-EY to CPS
. |—GND-lY to CPS

. |=—Y-arm to CPS Without BRS

. |=Y-arm to CPS With BRS

i

Inertial-equivalent velocity [m/s/vHz]

Frequency [Hz]
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Conclusions

The BRS does no harm, even with no wind.

At high winds, it provides ~a factor of 5 reduction
In arm-length RMS velocity.

The low-tilt corner station STS2 is nearly as
good as tilt-corrected ETMY in pretty high winds.

ldentical Sensor correction filters in all corner-
station horizontal-translation Stage-1 DoFs
should result in substantially less differential
motion.

Sensor correction and blending should be tuned
using real data with high microseismic motion.
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Does Sensor Correction help? (yes)

Ground-to-CPS Sensor correction

— Tilt-corrected ground
— After sensor correction filter

Inertial-equivalent velocity [m/s/vHz]|
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IFO-basis seismic motion Is useful!

DARM Suspoint Vs Interferometer

—GS13 IFO-basis DARM

\/\ —CAL Delta L external (dewhitened)

DARM motion [m/VHz]
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IFO-basis seismic motion Is useful!

—Suspoint Versus CAL Delta L external
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No-wind data

A Grace: Untitled (modified —

File Edit Data Plot View Window Help

30: X, ¥ = [07-10-2016 13:54:08, 44 305075]

Draw Tilt-corrected ground
Q Ay s Trend from 16-07-10-11-19-44 to 16-07-10-13-19-44 After sensor correction filter
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High-wind data

Grace: Untitled (modified —

File Edit Data Plot View Window Help

30: X, Y = [07-04-2016 09:34.01, 1889.475202)

oraw__| Tilt-corrected ground
Q] Ay S Trend from 16-07-04-01-59-44 10 16-07-04-05-59-44 After sensor correction filter
z| z| —

Ch 2: HI:ISI-GND_STS_ETMX_X_BLRMS_100M_300M
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