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In LIGO, seismic isolation tables help create the high precision environment required for gravitational wave detection. One limitation of these isolation systems is the coupling between vertical motion and tilt of
the seismic isolation table between 100 mHz and 2 Hz. Experiments applying a vertical drive to the isolation table confirm that discrepancies in vertical sensor readout appear as table tilt. We minimized the
difference in sensor signals using multi-objective optimization and observed a 50x reduction in the predicted vertical to rotational coupling for the driven data in the frequency range of interest. Assuming the
optimal parameters apply to sensors on an undriven table, we estimate the tilt readout noise to within a factor of 2 relative to the genuine table tilt readout signal. This demonstrates the viability of sensor
calibration optimization as an alternative to new sensor installation for mitigating tilt noise in LIGO sensor signals.
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parameter space P, and constraint vectors L, U Simplified tilt control loop with actuator
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3. Evaluate the fitness of the offspring and the
parents for the multi-objective function. Trim
the total population by minimizing the fitness

=
e
9

table tilt (nrad/rthz)
=
o

.
e
&

objectives and choosing the best performers. A vertical Schroeder phase drive was applied to seismic Parsllel plot for GA 30 ablective function over microseism |
isolation table. Since the high gain isolation loops were oasf
disconnected, we expect the vertical sensor signals at the e / o
Intermediate crossover: drive frequencies to be identical above the noise floor. | /// - i
Let K be a vector with length N (dimension of parameter ////
space), and each entry in K be a random float chosen 1 4 . .
uEiforir”y between 0 aynd 1. The sensor calibrations found from the drive driven table y - =N DlSCUSSlOn
apply to the undriven table, as the sensors for both A o5
The offspring’s parameters C € R satisfy: measurements are the same.
C = parent, + K = weights = (parent,- parent,), | - — Using optimization on the CPS and GS13
where weights is a n-vector of weights. - : calibration filter parameters reduces the tilt
Minimization of signal differences over the drive frequencies cPs-as137 550 CPe-G51 Rx g CPs.Gs13 Ry ssg caused by vertical motion in the microseism by
lweights < 1] \weights > 1] results in sensor calibration parameters which reduce the table Visualization of nondominated up to a factor of 50.

tilt over the microseism by a factor of 50.

Exploitation > Exploration  Exploitation > Exploration costs on the pareto front.

- In the experimental non-driven dataset, we saw

. o= ParentB [ [ [ . . . . . .
Parent &4 RIS, Coherence improvement and Tilt reduction on HAM-6 datastream  thetiltnoise from miscalibrations in the CPS and
enes; 2 4 T R GS13 parameters match the noise in the non-
offsgring: @) ! o 1!)3X:CPS vs GS13 drive frequencies - RX:CPS vs GS13 full freq driven GS13 data. The CPS data is within a factor
Gengs: 1.3,1.2,1.8 i o | oo targe. |- Gsts opima | St of 2 of the experimental.
! ! ! / differences gzisNNogwniqr}ng — 104 - _gg?sNNog”n':;ﬁgl N
| A Vi ) 4 (purple v. yellow) [° e o _CpS *
! Offspying: 10 . o : " GRS CompLP ext steps
" Gertés: 2.297,1.5 ~ P % < 07 e p N , ,
Parent A: ParentA:‘ ----------- > = / o WAy £ | . ‘ — Package optimization, cost function, and analysis
Genes: 1,1, 1 Genes: 1,1, 1 g 10 . T o100 - L e programs into a single executable to be run
= Differences - R = : i Silg N I I
= very small atter = e | during maintenance.
: : : = 0 ?ptémlzsltlo? = 10°
Objective function 2 s 5 | .
: : = = 10+ - Relax 1-1 sensor parameter to signal assumption
— Sensor signals pass through analog filter modules and : : :
amplifiers which process them locall ol In coupling calculation.
ITl wnli y. ’ 10-6 .
. . . 10° L i B AN EEEE ™ e E=c=ceu - Include additional hyperparameters in the signal
> To recover genuine table motion, local sighals must be 102 10° 10? 101 10° 10 . : : . : :
) i i i ¢ troq (H processing chain to check if their miscalibrations
projected into the basis of the table (cartesian). req (Hz) _ req (Hz) account for the remaining tilt noise
RY:CPS vs GS13 drive frequencies =~ RY:CPSvs GS13fullfreq & ~
- The difference between the sensor signals in each degree of EEcie - os Optimal | A
freedom is the fitness value, with a smaller fitness value i SR > CPS Nominal | 10% GS13 Nominal |
implying better matching. o S e | 10| -~ Gsia+ CompLp. ACknOWledgeentS
E 103 i o ° E “\\\ | : i
£ £ ey, ' ke -
i g IR, Thi is based K
£ 102, £ TR - IS poster IS based upon wor
Z fitness - : = e
=B = 107
et Loc 2 L il s supported by the Stanford
. Cart s 10 10 : :
signal | o : undergraduate research in physics
CPS 100 - sl === : :
digital Loc 2 | N program and the National Science
signal Al A N N I N R e 80 S s e e e .
RY fitness 0 101 100 10! 0 101 10° 10! FOU ndat|on .
freq (Hz) freq (Hz)

LIGO G2601696



	Untitled Section
	Slide 1



   𝜔 0


  N


  P


  L , U


  p ∈ P


  L ≤ p ≤ U


  N


  ∈  


  C = p a r e n  t 1 + K ∗ w e i g h t s ∗  ( p a r e n  t 2 – p a r e n  t 1 )


  w e i g h t s


   | w e i g h t s   <   1 |


  p


   1 Resp


   1 Resp


  K


  +


  +


  +


  +


  A


  P


   F  g s 13


   F  c p s


    − g t


   g t


   n  g s 13 , t


   n  c p s , t


   t t


     |  n  c p s , m | 2 =  F 2  (    |  n  g s 13 , e | 2 +    |  n  c p s , e | 2 +    |  (  𝛿  c p s +  𝛿  g s 13 )  t z −  𝛿  c p s  g z | 2 )


   | w e i g h t s ≥ 1 |


  c p  s  z e r o


  c p  s  p o l e


  c p  s  s k e w

