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Motion estimates for the BSC-
ISI during A#
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Tweak the BSC requirement a bit:
• Set the SUSpoint Length & Vertical requirement to  

5e-13 m/√Hz at 10 Hz 
   (Not all the ISIs reach this now, a few do better,. 
     My target is 2e-13 for all the tables,  
     but not confident we can do that everywhere all the time )

• Leave the current req for horizontal & vertical microseism. 
  (but we can probably do better, requires some thought)

• Set the 0.4 Hz vertical to 2e-11 m/√Hz.  
  Impacts vertical calculations (I think?) 

• Improve req for low frequency pitch motion. 
  Assume a good rotation sensor, impacts the pitch calculations 
  Roll doesn’t get this improvement. 

G2302230, B. Lantz, Nov 28,2023
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TL; DR 
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Draft Requirements for BSC-ISI motion in A#
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Motion now - LHO

3

Sat, Nov 11
Mon, Nov 6
Thurs, Nov 2
Fri, Oct 27
Sun, Oct 22
Tues, Oct 17
Wed, Oct 11

Ground motion and table motion is very consistent above 1 Hz 
(5 tables, 7 different times)

Table motion at 1 Hz is limited by sensor noise and blend filters
Table motion at 10 Hz is set by UGF, Feedforward tuning, and sensor noise

table motion at 10 Hz is not a priority for O4.



G1800606 4

Sat, Nov 11
Mon, Nov 6
Thurs, Nov 2
Fri, Oct 27
Sun, Oct 22
Tues, Oct 17
Wed, Oct 11

Ground motion and table motion is very consistent above 5 Hz
Table motion at 1 Hz is limited by sensor noise and blend filters

Table motion at 10 Hz is set by UGF, Feedforward tuning, and sensor noise
table motion at 10 Hz is not a priority for O4.
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LLO 
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Sat, Nov 11
Mon, Nov 6
Thurs, Nov 2
Fri, Oct 27
Sun, Oct 22
Tues, Oct 17
Wed, Oct 11

Ground motion and table motion is very consistent above 5 Hz
Table motion at 1 Hz is limited by sensor noise and blend filters

Table motion at 10 Hz is set by UGF, Feedforward tuning, and sensor noise
table motion at 10 Hz is not a priority for O4.
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H1:ITMY on July 30, 2023 at 1 am local time
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SUSpoint Length
A# req for X
GS-13 noise for SUSPoint-L (A#)
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adapted from B. Lantz SWG log 12085

https://alog.ligo-la.caltech.edu/SWG/index.php?callRep=12085
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Z motion
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Z motion, LHO, Nov 18, 2023, 4 test mass chambers
10 Hz is typically pretty stable (unlike microseism)
Feedforward tuning important to get best performance,
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tilt prediction
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Estimated stg2 tilt motion using the CRS (T2200393)
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LHO
LLO, big-ish microseism
LHO est w/ CRS
LLO est w/ CRS (big-ish seism)

blends developed in T2200393
this curve uses theory curve for CRS, and leaves some margin 

good table now
pred. w CRS

rY req.
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LLO tilt data set
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data taken at 

Nov 16, 2023 20:00:00 UTC

Nov 16, 2023 14:00:00 CST

GPS Time = 1384200018

very low wind, no earthquake

microseism so big the IFO wouldn’t lock
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LSC
Yaw (RZ) motion
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Also look at the RZ motion of ITMY at LLO and LHO at this time 
(because I have most of the data already)

RZ motion of the ground is expected to be quite small at the 
microseism, but we don’t have a good measure of this. 

Note - laser ring gyros do have some measures of this which we should 
look at. They claim RZ can be calculated with the derivative of the shear 
waves moving through (we should really do this calculation).

The yaw peaks we see at the microseism are almost certainly the 
results of cross-coupling. Evidence includes:

• The ground yaw is less than the table yaw

• The table yaw seen on the 5 platforms is different by 2x

• The T240 and the CPS see very similar signals in yaw

ITMY has the lowest yaw - we’ll use that and assume that the tuning will 
be improved by O5 to match the LLO ITMY yaw motion at low 
microseism, and be between LHO and LLO at 10 Hz.
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LSC
stage 1 yaw
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0.01  8e-6
0.05  3e-8
0.20  3e-8
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LSC
Yaw on stage 2
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0.01  8e-6
0.05  3e-8
0.20  3e-8
0.40  1e-9
1.0   7e-12
4.0  5e-13
20   5e-13
60   5e-14

From 1 - 4 Hz - leave a bit of space to allow 
flexibility in shaping. Keep above the sensor 
noise. 5-20 Hz, LLO is always worse than LHO. 
ITMY is the best because of careful feedforward 
tuning. L-4Cs on stage 0 will make this easier to 
implement. We may need to have damping of 
the support tube (e.g. HEPI)

freq  spec.
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Back to the plot
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Draft Requirements for BSC-ISI motion in A#
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Pitch
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Tilt stick-line fit  
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0.01: 4e-8
0.06: 4e-8

0.16: 4e-9
0.20: 2e-10
0.6: 1.3e-11
3.0:  3e-12
50:   4e-14

0.01: 2e-8
0.06: 1e-8
0.10: 6e-10

0.20: 2e-10
0.6: 1.3e-11
3.0:  3e-12
50:   4e-14

big µseism med µseism
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Estimated stg2 tilt motion using the CRS (T2200393)
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LHO
LLO, med microseism
LHO est w/ CRS
LLO est w/ CRS (med seism)

Tilt stick-line fit  
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0.01: 2e-8
0.06: 2e-8

0.13: 2e-9
0.20: 2e-10
0.6: 1.3e-11
3.0:  3e-12
50:   4e-14

big µseism
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• signal on GS-13 for ITMY vs. time - how stationary is it?
• Is it fair to extrapolate ITMY to all chambers?
• ground motion 10-30 Hz - how stationary is it?
• ground motion 10-30 Hz - compare LHO to LLO
• signal on GS-13 vs. motion of platform
• LHO:ITMY vs. other LHO chambers
• LHO vs LLO - how does the ground compare in 10-30 Hz band
• LHO vs LLO - 

maybe use 8-20 Hz?
make a ref. spectrum to use
describe how to get all the chambers to this
what are all the peaks in the 8-20 Hz band? 
 - many ways that it is not “stiff and well damped”


