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Motivation

How low can we go?

LPF Instrument limit

N

Actuation noise

\ f— Instrument Limit

0 actuation

/

IFO

1
10

Gas brownian

Thermal gradient

Charge + stray E

Laser rad press
100 Crosstalk

Magnetics

Grav gradient

S\ < (s’ /Hz"4)

10 10

Frequency (Hz)

10

LPF as a measurement of acceleration noise for eLISA

Torsion pendulum
small force
measurements
(lightweight TM)

= Surface

} Bulk ~

LISA Pathfinder
flight test

Gainesville - 20/05/14

X LISA Symposium - M Nofrarias




Magnetic Diagnostics in LPF

e Magnetic diagnostics in LPF:

- 4 Fluxgate magnetometers
- 2 Coils
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Magnetic Diagnostics in LPF

e Magnetic diagnostics in LPF:

- 4 Fluxgate magnetometers (1) Estimation test mass magnetic parameters
- 2 Coils - Injected signals
- Estimation force noise contribution

iy
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Magnetic Diagnostics in LPF

e Magnetic diagnostics in LPF:

- 4 Fluxgate magnetometers (1) Estimation test mass magnetic parameters

- 2 Coils - Inje_cteo! signals | o
- Estimation force noise contribution

(2) Magnetic field interpolation
- Characterisation of magnetic env.
- Contribution of mag. sources

FLUXGATE
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Magnetic analysis #1: colls experiment

e Coils attached to ISH to apply a o B
force/torque on the TM d P

e [he response must allow a |
precise characterization of the | I Test Mass

the moment and susceptibility Y~y
of the TMs
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Magnetic analysis #1: colls experiment

e Coils attached to ISH to apply a | J B

force/torque on the TM W p
0

e [he response must allow a | >
precise characterization of the | I Test Mass
the moment and susceptibility Y -y
of the TMs

Measured

F.| = X0 fD(J + M, fIL']u.;[] + X0 fl‘z-,.vu + Xe f;;,zm

Ny — lwz nymu

Nz = lwy nzl'w‘(l

X LISA Symposium - M Nofrarias Gainesville - 20/05/14



Magnetic analysis #1: colls experiment

e Coils attached to ISH to apply a | J B

force/torque on the TM W p
0

e [he response must allow a | >
precise characterization of the | I Test Mass
the moment and susceptibility Y -y
of the TMs

Measured Unknown

F:r — .XOQfDC + M:Z? f:L‘l-w-[] + XO fl‘z-.w + Xe f;;,zwu

Ny = Mz Ny1wo

NZ s -My Mz1w0
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Magnetic analysis #1: colls experiment

e (Coils attached to ISH to apply a =
force/torque on the TM W

e T[he response must allow a
precise characterization of the

the moment and susceptibility Y —y
of the TMs
Measured Unknown
F:z: — .XOQfDC + MIZ? fiL']u;(] + XO fl"z;cl) + Xe .';I,z;,;()
Ny = ’Mz Ny1w0 0
N, = My Mz100
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STOC Simulation #4

e STOC Simulations are exercises to
train the team for LPF operations

- different DA teams/sites
- mission-like schedule

- telecommand/telemetry as in
operations

e S5STOC end-to-end Simulation #4
(16-23 Nov 2013) included
magnetic characterisation
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STOC Simulation #4

e STOC Simulations are exercises to
train the team for LPF operations

- different DA teams/sites
- mission-like schedule

- telecommand/telemetry as in
operations

e S5STOC end-to-end Simulation #4
(16-23 Nov 2013) included
magnetic characterisation

Thu

Fri

Fri Sat Sun Mon
Day-1 Day0 Day1 Day2
Team 1 Team 2 Team 1
acceleration Cross-talk
measurement T?M(i ?33) Sys
Mystery Noise)
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STOC Simulation #4

e STOC Simulations are exercises to
train the team for LPF operations

- different DA teams/sites

- mission-like schedule ‘

- telecommand/telemetry as in
operations

Signal characteristics:
Four frequencies: [1, 3, 5, 7 ] mHz
Fixed amplitude TmA
Applying ~5uT (interplanetary ~10nT) s

e STOC end-to-end Simulation #4
(16-23 Nov 2013) included

magnehc characterisation Duration 19h
Fri Sat Sun Thu Fri
Day-1 Day0 Day1 Day2 Day6 Day7
Team 1 Team 2 Team 1 Team 3 Team 4 (offline)
' long charge
acceleration Cross-talk :
measurement DC bias Sys estimate on
Mystery Noise)
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Magnetic analysis pipeline
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Magnetic analysis pipeline
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Analysis pipeline - displacement

e Analysis based on telemetry parameters

- applied voltage on coils, TM displacement
- magnetic experiment too close to CMS discharge (planning error)
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Analysis pipeline - displacement

e Analysis based on telemetry parameters

- applied voltage on coils, TM displacement
- magnetic experiment too close to CMS discharge (planning error)
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Analysis pipeline - force and torque

requires system parameters (assumed to be known)
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Analysis pipeline - force and torque

TM Force [kg m s'z]

e Translation into force and torques
- requires system parameters (assumed to be known)
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Analysis pipeline - force and torque

e Translation into force and torques. Spectra:
- Force contribution at fo and 2xfo
- Torque contribution at fo
- High frequency IFO noise
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Analysis pipeline - parameters

o d _ h Parameter Value
. : | 4
O determine the parameters: o (581 £0.09) x 105
- heterodyne at the injected frequency to get M, (1.18 +0.01) x 1074 Am™1
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- solve the linear system M, (1.40 £0.03) x 1074 Am™!
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Analysis pipeline - reconstructed force
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Analysis pipeline - reconstructed force
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Analysis pipeline - reconstructed force

——TM Force

w, component !
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Frequency [Hg|
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Analysis pipeline - reconstructed force

——TM Force

w, component !

2(00 component |

Frequency [Hg|

Last step in the pipeline is noise projection (requires magnetic field)
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Magnetic analysis #2: magnetic field extrapolation

IBI [T] . 10'8
e Magnetometers are fluxgate,

so magnetically active
- can’t be near the TMs

e Magnetic field needs to be
iInterpolated to TM position

-  ~ 30 magnetic active units

surrounding the TMs create a | v
complex mag. environment o R~ 0.2
X [m]
e Neural networks found to solve T =i 1
0,=1.45% —TM2
the problem S =
- need to be ‘trained’, so relying & /’t\ =
on previous knowledge s : PO A -
. . . B Interpolation error (%) ) Interpolation error (%)
M Diaz-Aguilo, A Lobo, E Garcia-Berro. ] ’
Exp. Astronomy 30 2011 st | e ol | L
2 0 Zos
—%)00 0 100 —?OO 0 100
Interpolation error (%) Interpolation error (%)
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Exploring the LPF magnetic map
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Exploring the LPF magnetic map




Exploring the LPF magnetic map
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Exploring the LPF magnetic map
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FEEP to Cold Gas thrusters

FEEPs Cold Gas

(measured sources)
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Sources contribution - magnetometers

e Nominal contribution of sources to mag. measurement
- Dominated by cold gas latch valves (CGLV)
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Sources contribution - test masses

Test Mass #1 Test Mass #2
50 T 50 T T
a5 . a5 e TM contribution
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Magnetic sources location exercise

e The LPF spacecraft went through a Thermal Balance/Thermal Vacuum test
(Oct 2011)

- Including magnetometers in the payload
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OSTT campaign real data
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OSTT campaign real data
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OSTT campaign real data
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OSTT campaign real data
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Magnetic MUSIC

e | PF magnetometers can be treated as a sensor array
-  take advantage of geometry to locate sources
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Magnetic MUSIC

e | PF magnetometers can be treated as a sensor array
-  take advantage of geometry to locate sources

* MuUltiple Slgnal Classification (MUSIC) Schmidt, R.O, IEEE Vol. AP 34 (March 1986)
method is based on subspace properties
of the covariance matrix to:

- locate sources

- determine number of sources in received
signal

r=As+n
R = E{XXH} = AR;A" 4 ¢2%
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Magnetic MUSIC

e | PF magnetometers can be treated as a sensor array
-  take advantage of geometry to locate sources

* MuUltiple Slgnal Classification (MUSIC) Schmidt, R.O, IEEE Vol. AP 34 (March 1986)
method is based on subspace properties
of the covariance matrix to:

- locate sources

- determine number of sources in received
signal

r=As+n
R = E{XXH} = AR;A" 4 ¢2%

Music algorithm:

(1) R=XX"=UAU — (2)U=[U,,Us — (3) S(6,) =
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Magnetic MUSIC - real data
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Magnetic MUSIC - real data
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Magnetic MUSIC - real data

Sun Sensor Star Tracker Electronics
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Conclusions

e [orce noise due to magnetic coupling of the test mass
Is the main contribution coming from direct forces at
low frequency

e \We have developed a data analysis pipeline for the in-
flight experiments with coils. Tested in STOC Simulation

e Magnetic field needs to be interpolated to the TM
position. Work to improve better understand the structure
and main contributors of the magnetic field

e \We are developing tools to help locate magnetic sources
iIntroducing a magnetic signal in the system
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Thank you



