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Abstract

● The Space Environment and LISA(-like) gravitational wave observatories
● Lisa pathfinder (LPF) spacecraft: an `incidental' IMF sentinel in L1 
● Platform magnetometer dataset inspection
● EM (wiring + electronics) and magnetic sources (AC+DC)
● Modeling, Analysis, Results and Conclusions
● EXTRA SLIDES providing further results and verifications

LISA Pathfinder (LPF) was a European Space Agency (ESA) technology demonstrator of the 
Laser Interferometer Space Antenna (LISA). The LPF spacecraft (S/C) was orbiting around the 
Sun-Earth first Lagrangian libration point (L1), at about 1.5 millions of kilometers away from the 
Earth. The present study allowed to resolve the magnetic field (MF) generated on board 
(typically ~1 μT) from that of interplanetary origin (~1-25 nT) down to an overall statistical 
uncertainty of ~1.5 nT. The method described in this work may also apply to future LISA and 
LISA-like space interferometers. These missions represent natural multi-point observatories for 
probing both the interplanetary magnetic field (IMF) and high energy particles, thus providing 
precious clues on interplanetary physics and space weather science.

Content of the present document:
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● This work has been carried out in the framework of the LISA Pathfinder (LPF) 
mission, the technology demonstrator of LISA and LISA-like future gravitational 
wave interferometer.

● Test Mass (TM) (non gravitational wave) spurious acceleration must be 
suppressed in order to achieve free-fall requirements. When TMs experience 
spurious accelerations, they should be carefully measured and/or estimated.

● The monitoring of the space environment becomes fundamental in order to 
guarantee the interferometer performances since plasma, interplanetary magnetic 
field and cosmic-rays interactions produces TM spurious accelerations in distinct 
frequency bands.

The Space Environment and 
LISA(-like) gravitational wave observatories
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● This work has been carried out in the framework of the LISA Pathfinder (LPF) 
mission, the technology demonstrator of LISA and LISA-like future gravitational 
wave interferometer.

● Test Mass (TM) (non gravitational wave) spurious acceleration must be 
suppressed in order to achieve free-fall requirements. When TMs experience 
spurious accelerations, they should be carefully measured and/or estimated.

● The monitoring of the space environment becomes fundamental in order to 
guarantee the interferometer performances since plasma, interplanetary magnetic 
field and cosmic-rays interactions produces TM spurious accelerations in distinct 
frequency bands.

● Pre-mission estimations + LISA Pathfinder data analysis highlight that:
- Cosmic rays + SEPs events induce charging noise and they become relevant 

between 10^-3 – 10^-4 Hz, see Grimani's Talk, SPACEMON2020)
- IMF becomes relevant below 10^-5 Hz.

● However, a few aspects still needs to be further investigated: e.g. the passage of a 
magnetic structure as the ICME (Interplanetary Coronal Mass Ejection) which is 
able to produce an order of magnitude larger MF than the average IMF (roughly in 
the 10^-3 Hz - 10^-5 Hz frequency range).

The Space Environment and 
LISA(-like) gravitational wave observatories
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Phot. + Thermal Shield

LTP
(LISA Technology Package)

● LPF Magnetometers are placed at 1/3 of the way out 
from the S/C centre, MX and PX are placed at least 
~18.85 cm from each of the proof test-masses (TMs).

● Experimentally: ~50-300 nT variation within the S/C 
(with 700-1200 nT disturbance trend).

LISA Pathfinder (LPF)

Lisa Pathfinder (LPF) platform magnetometers
Magnetometers

The MF noise originated on board is much 
larger than that of a dedicated IMF mission !!
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Onboard magnetometer measurements
Onboard LPF MF measurements: 
● Dominant intensity variations in the 1-25 nT 

range are mainly ascribable to the IMF 
● The 0.1-1.2 μT disturbance must necessarily 

originate on board.

Note: The x-axis indicates the mission elapsed time in day-of-mission (DOM).

Measurements show many variability patters (with the 
partial exception of the PY magnetometer)
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Note: Wind data are rotated in the LPT 
reference frame !

Are the LPF on-board magnetometers able to sense the IMF?

YES !

● Thus, taking advantage of platform magnetometers, LPF might become an “incidental” IMF 
sentinel !!

● We propose to build a S/C empirical model of the onboard generated MF to clean the 
measurements gathered from platform magnetometers.

YES, LISA Pathfinder was an `incidental' IMF sentinel in L1 
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Empirical MF S/C model

● Indeed, 

Wiring Electronics

?

Which is the impact on the electromagnetic field produced by wiring and electronics ? 
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Wiring
● Also the current bus (alongside the IMF) explains mid- and short-timescale variations. 

● The onboard MF variations are well correlated with current main bus and solar array busses variations.

Electric currents carried by bus wires produce 
spurious MFs (see left figure). Considering 
the relevant currents (right figure) and by 
exploiting the superposition principle (Yu et al., 
2013), it is possible to model the MF variation 
arising by wiring with the Biot-Savart law 
applied to each j-th current bus, with a proper 
parameterization, am,j.
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Empirical MF S/C model - 2

In the case of selecting 3 current buses

...

● Indeed, 

Which is the impact on the electromagnetic field produced by wiring and electronics ? 
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Power conversion efficiency and the electronics setup

Although the operation mode was changing 
during the mission, the voltage working point 
was very stable and the power conversion 
efficiency too.
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Empirical MF S/C model - 3

● We propose to produce a S/C magnetic phenomenological model of the onboard generated 
MF to clean the measurements gathered from LPF platform magnetometers.

● Indeed, 

in the case of selecting 3 current buses + 
electronic devices for each timespan in 
which the power conversion efficiency is 
stable:
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Insights on the mid- and long-term onboard
magnetic field variations

● The long time-scale variation of the on-board MF seems to be related with the use of the 
Colloidal Micro-Newton Thrusters (CMNTs).

The correlation arises 
because the propellant 
was stored in a stack of 
four compressible bellows 
held with a spring 
connected to a moving 
assembly. The motion of 
as such eventually 
magnetized mechanical 
part would be able to 
justify the experienced MF 
variation
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Empirical MF S/C model - 4

● We propose to produce a S/C magnetic phenomenological model of the onboard generated 
MF to clean the measurements gathered from LPF platform magnetometers.

● Indeed, 

In the case of selecting 3 current buses + 
electronic devices for each timespan in 
which the power conversion efficiency is 
stable:

with

And finally
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Interplanetary Magnetic Field (IMF) model 

● Therefore, with the help of the equations already presented:

?

To be minimized !!Measurements!!
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Markov Chain Monte Carlo (MCMC) Fitting
Using the Markov Chain Monte Carlo (MCMC) algorithm provided by the LPF Data Analysis 
toolbox (which was developed specifically for the analysis of the LPF mission data), it allowed 
to sample the posterior distributions of the introduced model parameters.
Moreover, the least squares estimate adopted by the fitting algorithm is carried out in the 
frequency-domain . The parameters am,j and lm appearing in the equation below are 
estimated by minimizing the residue among the collected data and the model of the already 
introduced onboard generated MF as follows:

assuming

it is obtained
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Results for TS1 and TS3
LPF vs Wind Timeseries comparison
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Results for TS1 and TS3
LPF vs Wind PSDs comparison

PRELIMINARY
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Conclusions
● LPF onboard magnetometers are immersed in a strong magnetic field (~700-1200nT) 

considering IMF values in L1 (which are in the 1-25 nT range).

● The onboard generated MF varies at all timescales (short-, mid- and long-) and along all the 3-
Cartesian axes.

● Identifiable and separable contributions originating by different onboard processes drive the MF 
variation in different frequency bands. As shown in this presentation, even within the short 10^-4 
– 10^-6 Hz band, in the case of LPF there is the contribution of at least 4 processes !! 

● In general, in order to systematically employ magnetometer platform measurements, an 
empirical MF noise model can be produced per each S/C design even when already in-flight 
(provided availability of the whole housekeeping dataset).

● For the first time, we shown that it is possible to systematically separate the onboard 
generated MF from the IMF (with a residual around ~1-5 nT for the whole mission) and we 
tested our empirical approach against the Wind dataset.

● In the case of space-based gravitational wave interferometers, we shown that it is 
possible to effectively monitoring the space environment since having MAGs + PD on 
board the same S/C enables to infer the speed of the solar wind !!

● MOREOVER, these results enable LISA and LISA-like missions to trigger dedicated 
studies on

● Space weather (science)

● Interplanetary physics studies (science)

● Advance in space science (engineering [HW + SW to reduce mission costs])

● Further probing of S/C subsystems (engineering)
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Thanks
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EXTRA
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Overall Fit parameters (2)
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Overall Fit parameters (2)
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IMF timeseries 
obtained by 
processing the 
four LPF 
magnetometers 
compared with 
the IMF 
measurements 
gathered wby 
MFI Wind.

Note: DFACS+A4 is the “cooling down” period (vertical 
hatching). Time intervals are indicated in Table II.

Overall LPF mission dataset
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• Time interval ranging from July 15 
through August 4, 2016.
 

• Observations are shown with respect 
to the Global Solar Ecliptic (GSE) 
reference frame. 

• The average distance between LPF 
and Wind S/C was limited below ~1.12 
millions of kilometers.

• On these length scales the IMF was 
not expected to vary significantly.

The ICME during an ICME passage
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● This event has been extensively studied in 
Benella et al. 2019 and 2020. 

● In this case, LPF IMF data trend are estimated 
from the magnetic cloud configuration obtained 
by applying the Grad-Shafranov reconstruction 
technique to Wind S/C observations. 

● The comparison between IMF components 
inferred from the GS reconstruction and LPF 
observations is shown in figure. 

● LPF IMF (black line) and the IMF interpolation 
along the LPF orbit on the basis of the Grad-
Shafranov reconstruction of the magnetic cloud 
(open blue circles). Each Cartesian LPF IMF 
component results from the average of the four 
inferred onoboard IMF timeseries.

Using a ICME passage as an independent verification

● The actual LPF IMF trend on the LPF orbit can be independently inferred (and verified) 
from Wind in situ observations during the passage of a magnetic cloud observed between 
August 2 and August 3, 2016. 
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