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A few initial numbers of the LPF DA
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A few initial numbers of the LPF DA

* About 500 days of operations

* About 40 scientists involved

 More than 100 Investigations, and
pipeline, routines, catalogues

* A number of tiger teams: calibration
team, Ag knights, pre-processing
team, ...

* About 40 paper published

* kg of gummy bears
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How it worked during operations
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How it worked during operations

Rota was organized: You must have G.U.T.S.*!!!
* Teams of 3 members: 1 team leader, 2

DA, partial overlapping

1. Landing is two days before on-duty.

* Arrive few days in advance for Get Up 2. *Get Up To Speed: starting from breakfast!
TO SpGEd o) Set-up procedures
o Discuss previous
results
o Read documents:
o Previous analysis
procedures
o Logbooks
o Pl reports
o
28/11/25 LPF Ops Workshop - Lisbon 7
04/12/25 LPF 10th anniversary celebration 9
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How it worked during operations

Rota was organized:

¢ Teams of 3 members: 1 team leader, 2 On-.duty

DA, partial overlapping (daily)
* Arrive few days in advance for Get Up |

To Speed Driver scripts < Pipelines
* Preprocessing, Quicklook, investigation, : Scientific

discussion and replanning — discussions

Logbooks

I_

Results, replannings?

28/11/25 LPF Ops Workshop - Lisbon 9

04/12/25 LPF 10th anniversary celebration
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How it worked during operations

Rota was organized:
* Teams of 3 members: 1 team leader, 2
DA, partial overlapping oo the

totally wrong!

Criticisms

* Arrive few days in advance for Get Up
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How it worked during operations

Rota was organized:
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Teams of 3 members: 1 team leader, 2
DA, partial overlapping

Arrive few days in advance for Get Up
To Speed

Preprocessing, Quicklook, investigation,

discussion and replanning
Constant support of Pls

Criticisms
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The Itpda toolbox
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The ltpda toolbox

Prior to in-flight operations the Itpda (lisa technology

package data analsys) tool was developed for them

* alot of work to develop a common framework for
the data analysis. Comparison easier between AOs

* Physical unites were always checked

* Pipeline and investigation created and tracked

* AOs history was tracked

However

* “history” attached to AO made the data very heavy

* during operations, often needed quick estimation
because of possible replanning

* we were forced to go “outside” the tool

It is important to have such a tool but the usability
should be improved for LISA
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Ag: the main objective of LPF data analysis

GOAL: to estimate the differential force per unit
mass between the two test masses inside the SC

gain of the
commanded force delay

N

Ag(t) = 612(t) + wi012(t) + Aw?0;(t) — Cyusge(t) — c1Ge(t) + 6161 (1)

I I 1

testmass 2 dijfferential IFOX1X12
04/12/25 stiffness stiffness
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Ag can be calculated only after calibration...

* We want to estimate the dynamical parameters
of the three-body system.

* Produce the Ag differential residual force per
unit mass between the two test masses.

System identification experiments:

* Excite the system: Inject fake interferometric
motion, let the system respond.

* Fit the system’s response with our model and
get the parameters’ estimation.

LPF 10th anniversary celebration

04/12/25
/12/ Barcelona
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System response was as expected...

x1078 %108

—w1(t) : —Ax(t)
—Guidance signal — Guidance signal
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and signal was fully removed from the data
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Wait a second? What? A variable actuation gain???

1-081 | | I | I | |
1-08 B ’ i|: -

1.079

I
——if
]
1

1.078

I
i
|

1.077

1.075

Amplitude []
=
=)
~J
)
—

1.074

- lambda_2

1.071 | | | | | | |
-5 0o 5 10 15 20 25 30 35
Origin: 2016-03-02 02:00:00.000 - Time [D]
LPF 10th anniversary celebration

04/12/25 LTPDA 3.0.4.0ps (R2015b), 2016-04-11 22‘2}32.310 UTC, Itpda: 62e54a2, stiffness_fit
Barcelona

1.073

1.072




We need to desigh quickly an experiment to test this

issue: the calibration tone -
Fit with standard force navs 10
B B R e v v
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""" & O 0267615 - 0006974 18
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\ \
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Commanded forces NOT EQUAL to Applied forces

DFACS FEE
FNO ~ Vla — Viz {WT ™= ~ V2: 12kHz ~ FN2
Commanded @ Commanded Y T, f 96kHz || | Applied
force/torque voltage - ' j‘\fv 1 PD | force
éi — T/k)(? T
ON/OFF |2

@

e.g. GST30158

04/12/25

' -

e.g. GST30064

Note: Luigination error is committed here!

What you think What you
you are applving: are applying:

Courtesy of V. Chiavegato
PhD thesis

LPF 10th anniversary celebration
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Demodulation of 20 fN @ 7 mHz with corrected

forces

Fit with act corrected force navs 10

O Delta gain (20 fN mod amp)
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A few Lessons Learned

Duration | Type
(hrs)

#1 Fast tools to see and work
as soon as possible on
possible issues was really
important... e.g., IRLS vs
MCMC

#2 Being able to replicate the
subsystem behavior was also
important (see also lowering
authorities in Bill’s
presentation)

#3 flexibility in getting
requested data from the SC:
e.g., we needed to change
telemetered sampling rate
data from 1 Hz to 10 Hz

3045 default

3045 short

3045 long

Calibration Tone 1
Calibration Tone 2
Calibration Tone 3
IFOX1X12

Low frequency
calibration

LPF 10th anniversary celebration

Barcelona
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Guidance

Guidance

Guidance

Ool force
Ool force
Ool force
Guidance

Voltage

[1-50 mHZz]
Drag Free (DF) and
Suspension Loop (SL)

[1-50 mHZz]
DF and SL

[0.55 -50 mHz] DF and SL

20fN -7 mHz

100 fN - 7 mHz

100 fN - 10 mHz

400 mHz -1 nm

[++++] 0.25V—-1mHz 5

modulationonZ mHz 0.25 mHz
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A global fit to a unique model can also be performed

Aglt] =01[t]| = Ao F™ [t] + M FT[E]
+ (w% begd T @22 Fmax, 2 + @¢2Nmax, 2)012[t]

+ ((w% bogd T g2 Fimax, 2 + a¢2Nmax,2) — (wi‘z bogd T g1 Fmax,1 + 0¢1 Nmax, 1)) 01t]
— CLEZ™[t] + CoF5™ [t] — diso, 161 [1]

x1

Sys-ID num: 7, DOY: 94, Auth: URLA*, SDM: 20 Sys-ID num: 8, DOY: 106, Auth: URLA*, SDM: 20
: — 0 : —0)2
—Residuals, Joint fit —Residuals, Joint fit

~— Residuals, individual fit — Residuals, individual fit
e

10 12

]

m

vHzs?

10—I3 |

[

104}

10_"" F 1 - 5 4 '
107% 1072 107! 107* 1072 107!
Frequency |Hz| Frequency |Hz|
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Estimated parameters compatible with expectations

04/12/25

Expected values
axl = axz = '3 19

a1 = ay, =-26400

@l

Parameter Estimated +o

joint fit
A1 0.8 + 0.1
Ao 1.0776 + 1 x 10~*
W3 begd (8 ) —(4.21 + 0.08) x 10~
W3, begd (82) —(4.24 £ 0.04) x 1077
C'1 (ms) —2 + 1.2
C> (ms) 0.181 + 0.004
az1 (sT2N"1x10%) —0.327 + 0.006
as1 2N 1m 1x10% —26 + 1
az2 (s N~1x10%) —0.318 + 0.006
ag2 T2 N"1m 1x10%) —27 + 1
Bifo, 1 (—24 T 0Zyx 10 °
difo, 2 (—1.56 & 0.06) x 10~°
8ito, 3 (—1.97 £ 0.06) x 107°
Sifo, 4 (1.79 4 0.09) x 1075

LPF 10th anniversary celebration
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At very low frequency the spacecraft is a rotating

reference frame

Ag(t) = aip — Afzema + w501, + Aw?0; +

—w X (W XTp) 1

2 aa )2

Centrifuga

127 ¢

— (& X 715) + 1

04/12/25

Tangential

LPF 10th anniver
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<
b
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>
A
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The centrifugal and tangential contributions smooth Ag(t)
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Ag(t) shows also glitches, which are considered unknown signals
and fitted away

-15 -15
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The final Ag is the results of a series of corrections...

Delta g - LO Ag(t) = a5 — Afz2,cma w%()lz + Aw?o, |+

—w X (w0 X71,) -1

+ap+p+yy+86zZ+ 68, 04

Debumped — S —\ A
L2 _((U X le) 1
Tangential corrected -

L3

...and, finally, we deglitch —

L412/25 LPF 10th anniversary celebration
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Measuring Ag: from LPF to LISA

We learnt how to characterize system dynamics in flight, and we discovered that we are able to
do it.
Unfortunately, in LISA no local measurement will be possible at the level of accuracy needed, and

any small force experiments should go through TDI... it complicates a bit the things but, | think,
not dramatically.

Local calibration and measurement could be done, in principle, if not for the capacitive sensing
and actuation noise iny and z



Conclusions

 LPF was a great success. Part of this success was a very well-prepared data analysis, allowing
for running and analyzing many complex experiments in flight in a limited amount of time.

* |In my opinion, it was also invaluable to have several scientists plus STOC and MOC together in
the same place for days during operations, fully concentrated on the tasks, discussing and
trying to solve problems. Will be important for LISA, at least in the initial phase, likely in close
interaction with science data analysts (global fit, etc.)

* We have lessons learned, and | believe most of them are already being taken into account in
the LISA project. Perhaps some are not... but there is still time for them to be heard.

 On apersonal account, being part of the data analysis team during LPF operations was an
amazing and professional life worth experience. Thanks for that opportunity!

* Finally, as a Knight of Ag | can only conclude by saying...
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May the force be with you...

but below 3 <X 101> m/s?/Jnz

from LISA Pathfinder to LISA...

and beyond...

LPF 10th anniversary celebration
Barcelona
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