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Swarm ASM operating modes

The ASM is first and foremost an absolute scalar magnetometer (based on atomic 
spectroscopy of 4He, and relying on the Zeeman effect)

Its nominal role in the Swarm mission is twofold:

• Produce 1 Hz accurate absolute scalar measurements of the Earth’s magnetic Field 
(1 Hz L1b scalar data)

• Provide an absolute reference for calibrating  L1b vector data from fluxgate vector 
field magnetometer (VFM, 1 Hz and 50 Hz L1b vector data)

But it can also simultaneously produce (see poster by T. Jager et al.):

• When in burst mode: 250 Hz scalar data

• When in vector mode: 1 Hz self-calibrated ASM-V vector data (independent from the 
nominal L1b data produced by the VFM instrument)

Only one mode can be operated at a time and the burst mode is now run (since 2019) one 
week per month on Alpha and Bravo (usually not at the same time, but occasionally so)



Early identification of a “dBSun” issue
on the ASM, thanks to manoeuvres

manoeuvre
s

Begin (UTC) End (UTC)
0408 DATA AVAILABILITY

LT UP
A B C

62° A 19/12/13 14:00:00 20/12/13 02:00:00 100% 100% 100% 12:09

62° B 16/12/13 14:00:00 17/12/13 02:00:00 0% 100% 100% 12:22

62° C 09/01/14 11:58:00 09/01/14 23:58:00 100% 100% 100% 10:16

180° A 23/01/14 17:55:00 24/01/14 05:55:00 100% 100% 50% 09:05

180° B 22/01/14 14:20:00 23/01/14 02:20:00 20% 100% 100% 09:10

180° C 21/01/14 06:00:00 21/01/14 18:00:00 100% 100% 100% 09:15

+/- 90° AC 13/05/14 00:49:00 14/05/14 09:51:00 100% NA 100% 23:15

None 31/12/13 00:00:00 31/12/13 23:59:59 100% 100% 100% 11:05

manoeuvres$ Begin$(UTC)$ End$(UTC)$
0408$DATA$AVAILABILITY$

LT$UP$
A$ B$ C$

62°$A$ 19/12/13$ 14:00:00$ 20/12/13$ 02:00:00$ 100%$ 100%$ 100%$ 12:09$

62°$B$ 16/12/13$ 14:00:00$ 17/12/13$ 02:00:00$ 0%$ 100%$ 100%$ 12:22$

62°$C$ 09/01/14$ 11:58:00$ 09/01/14$ 23:58:00$ 100%$ 100%$ 100%$ 10:16$

180°$A$ 23/01/14$ 17:55:00$ 24/01/14$ 05:55:00$ 100%$ 100%$ 50%$ 09:05$

180°$B$ 22/01/14$ 14:20:00$ 23/01/14$ 02:20:00$ 20%$ 100%$ 100%$ 09:10$

180°$C$ 21/01/14$ 06:00:00$ 21/01/14$ 18:00:00$ 100%$ 100%$ 100%$ 09:15$

+/`$90°$AC$ 13/05/14$ 00:49:00$ 14/05/14$ 09:51:00$ 100%$ NA$ 100%$ 23:15$

None$ 31/12/13$ 00:00:00$ 31/12/13$ 23:59:59$ 100%$ 100%$ 100%$ 11:05$

180°C$ 180°B$ 180°A$
62°B$

62°A$

62°C$none$
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Example: 62° Slew Bravo Manoeuvre 

LT UP = 12:22

Blue: night time
Red: day time

- The discrepancy is maximum at the equator
- NO similar discrepancies are found between Charlie 

and Alpha -> not related to local ionospheric 
currents between Alpha and Bravo

- Amplitudes and signs are similar during day when 
moving northwards and at night when moving 
southwards
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Anomaly direction and sign rules inferred

The fact that disagreements between satellites are only seen for +/- 90° and 62° 
slew manoeuvres, are maximum at the equator and change sign in specific ways, 
suggested that a slight anomalous field is being produced in the horizontal 
transverse direction (Y component in the ASM frame of reference), as summarized 
here, with a sign depending on whether the satellite is in the day light or not.

New$interpreta+on$

25$

Ambient$northward$field$B$

Flight$direc+on$

Magne+c$anomaly$

Satellite$
in$day$light$

Satellite$
in$the$night$
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RUV = SUV -DUV ,ASM

• We assume that the perturbation is negligible on satellite flying nominal (or 180°
slew) -> assumption that could later be relaxed

• If the slew manoeuver is on SAT-U, while SAT-V is nominal, the expected
signature on the scalar disagreement is :

• Which we compare to the observed disagreementΔUV, ASM

SUV =
DB ×B

B
=
dBSunYU ×YU

F

6

Disagreements predicted during slew manoeuvres
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Testing the models
with the 90° Alpha/Charlie manoeuvres

Before correction After correction
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“dBSun” issues are now taken into account
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• A similar “dBSun” issue had also been identified even earlier on the VFM 
instrument (Lesur et al., Earth, Planets and Space, 67(1) DOI: 10.1186/s40623-015-
0239-6, 2015)

• This VFM dBSun was first corrected for, by first ignoring the ASM “dBSun” issue 
(up to 05XX version of the official ESA Swarm MAGx_LR and MAGx_HR  1B products)

• Joint efforts by DTU (L. Tøffner-Clausen, P. Brauer) and IPGP have since led to a 
joint correction of both dBSun effects on the VFM and ASM, leading to a much 
improved version 06XX of the official ESA Swarm MAGx_LR and MAGx_HR  1B 
products

• Efforts to even further improve this correction data are still ongoing (see Posters 
by L. Toffner-Clausen and P. Brauer),        



Tests using ASM-V data

16

• This first showed that the boom linking the ASM to the optical bench (VFM and STR) 
is remarkably stable (great design, thanks !) 

• Only small seasonal variations were observed in daily alignments, with amplitude of 40 
arcsec, but with less than 4 arsec deformations within 10 consecutive days.
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Agreement between B_ASMV and B_VFM, Y component (VFM frame)

17

• Differences between Y (East-West) component of B_ASMV and B_VFM versions 06XX are of 
order +/- 3 nT for Bravo (here mapped for ascending orbits, separated by LTAN). Very little 
dependence on LT, and changes sign between ascending and descending orbits.

• Similar maps and same conclusion for Alpha (+/- 3 nT) 
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• Differences between Y (East-West) component of B_ASMV and B_VFM versions 06XX are of 
order +/- 3 nT for Bravo (here mapped for descending orbits, separated by LTAN). Very little 
dependence on LT, and changes sign between ascending and descending orbits.

• Similar maps and same conclusion for Alpha (+/- 3 nT) 

Agreement between B_ASMV and B_VFM, Y component (VFM frame)
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Comparison with Y component of the full signal 

19

• Comparison with the full Y signal seen on the VFM (or the ASM) suggests differences in the Y 
component are mainly proportional to the (common Main Field) signal seen by each 
instrument.
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• Correlations (here for Bravo, descending node in 2020) with the full Y signal seen on the VFM 
(or the ASM) suggests a remaining calibration issue on the Y component of either the VFM (too 
weak) or the ASM (too strong) or both !

• This is the least excited axis of the instruments and the most difficult to calibrate.   

Calibration issue on B_ASMV or B_VFM Y components
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• Correlations with the full Y signal on the VFM (or the ASM) suggests a remaining calibration 
issue on the Y component of either the VFM (too weak) or the ASM (too strong) or both !.

• Still holds for the latest data (here for Bravo, descending node, January to August 2023) 

Calibration issue on B_ASMV or B_VFM Y components
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Br component B component

• Comparing twin models built with VFM and ASM_V data using the approach of Vigneron et al., 
EPS, 2021 show that this calibration issue appears to be the main cause of differences between 
predictions of such twin field models (here for updated data versions 06XX) at satellite altitude 
on 06-08-18) 

Tests using twin (VFM versus ASM_V) field models  

B component
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Br component B component

• Comparing twin models built with VFM and ASM_V data using the approach of Vigneron et al., 
EPS, 2021 show that this calibration issue appears to be the main cause of differences between 
predictions of such twin field models (here for updated data versions 06XX) at satellite altitude 
on 06-08-18) 

Tests using twin (VFM versus ASM_V) field models  

B component

VFM model B component
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• Clear field signal remains in the ASM_V Y component residuals, showing that the ASM_V Y 
component is stronger than ASM_V model prediction for this component (consistent with this 
component being “too strong”)

• Confirms calibration issue on the ASM_V Y component

Tests using ASM_V residuals wrt ASM_V model  

ASM_V model B component

ASM_V B residuals
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Tests using VFM residuals wrt VFM model  

• Field signal remains in the VFM Y component residuals, showing that the VFM Y component is 
weaker than VFM model prediction for this component (consistent with this component being 
“too weak”)

• ALSO suggests calibration issue on the VFM Y component ! 

VFM model B component

VFM B residuals
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• ASM_V Y component divided by 1.0002, all rest (including F_ASMV) being untouched

• Much better agreement between predictions of twin field models built with VFM and rescaled 
ASM_V data for 06XX data (here at satellite altitude on 01-01-2018)

Tests using twin (VFM versus rescaled ASM_V) field models  

Br component B component

B component
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• ASM_V Y component divided by 1.0002, all rest (including F_ASMV) being untouched 

• Much better agreement between predictions of twin field models built with VFM and rescaled 
ASM_V data for 06XX data (here at satellite altitude on 01-01-2018)

• Signature of the Y component of the field has disappeared

Tests using twin (VFM versus rescaled ASM_V) field models  

Br component B component

B component

VFM model B component
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• Clear field signal remains in rescaled ASM_V Y component residuals (here for 06XX data, same thing 
holds for 05XX data), but now showing that the rescaled ASM_V Y component is WEAKER than ASM_V 
model prediction for this component (this component being NOW “TOO WEAK”)

• Re-scaling of the ASM_V Y component was too strong

• Joint rescaling of ASM_V and VFM Y components needed !

Tests using ASM_V residuals wrt to corresponding ASM_V field 
model after rescaling of ASM_V Y component  

ASM_V B residuals

ASM_V model B component
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• Twin field modelling shows that models built using B_VFM and B_ASMV data 
mainly disagree on B component (roughly parallel to Y VFM and ASM 
components) with the same geographic pattern as the B field component -> 
shows that the Y calibration issue is the main cause of disagreement between 
models.

• B field component residuals between data and corresponding twin models 
show the same geographic pattern as the B field component -> shows that the 
Y calibration issue affects both the B_VFM and B_ASMV data (but in opposite 
ways) for both 05XX and 06XX data versions.

• Rescaling the Y component removes most of the large scale twin model 
disagreement (degrees 1-3)

• Improvement in calibration parameters on the Y component of BOTH the VFM 
and ASM instruments is likely the next step to substantially improve BOTH the 
B_VFM versus B_ASMV data

• Comparison of B_VFM and B_ASMV data, as well as twin model comparisons 
and residual checks provide means to do this !

• Bonus conclusion: ASM-V data are very good, establishing the value of the 
vector mode principle (to be run on the MAM instruments on board 
NanoMagSat, see talk this afternoon).           

Conclusions from ASM-V and VFM data
and model comparisons
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Swarm ASM Burst mode data
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• Burst mode Initially run briefly during commissioning for testing purposes 
(end of 2013)

• Further tested in 2014

• Led to the discovery of the possibility of monitoring ELF whistlers 
produced by lightning (and other signals, see poster by A. Emsley et al.)

• Now run since end of 2019, one week per month on Alpha and Bravo 
(usually not at the same time, but occasionally so)

• Now produced as an official Swarm product (ASMxBUR_1B L1B product)

• Also led to the production of an official Swarm Whistler product 
(WHIxEVT_2 Level 2 product)

• Also prompted the decision of running a similar mode on NanoMagSat 
(using MAM and HFM now up to 2kHz with both scalar and vector data !) 



Swarm WHIxEVT_2 whistler L2 product 

• The WHIxEVT_2_ product contains information about the 
Extremely Low Frequency (ELF) portion of whistlers detected 
during ASM Burst Mode sessions

• These whistlers are detected randomly when the satellites approach regions of 
active thunderstorms and can be used to probe the ionosphere (recall talk 
by M. Jenner et al. yesterday)
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Swarm WHIxEVT_2 whistler L2 product 

• The WHIxEVT_2_ product contains information about the 
Extremely Low Frequency (ELF) portion of whistlers detected 
during ASM Burst Mode sessions

• These whistlers are detected randomly when the satellites approach regions of 
active thunderstorms and can be used to probe the ionosphere (recall talk 
by M. Jenner et al. yesterday)
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More than 100 000 whistlers detected so far !  
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Check poster by Coïsson et al. !
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Many thanks:

- to CNES for funding the ASM development

- to ESA for allowing this to happen

- to the late Eigil Friis-Christensen for initiating the project and 
inviting me to join him and Hermann Lühr on such a great 
adventure !

The CNES-CFI
CEA-Leti ASM instrument

on board Swarm is a great success ! 

Eigil Friis-Christensen
(1944 – 2018) 





ASM vector mode principle

The internal sampling of the scalar sensors at 1kHz, allows the instruments to be used in 
conjunctions with three sets of coils to also derive vector components at 1 Hz (1 Hz 
“vector mode”)      

In this vector mode, three perpendicular coils generate periodic magnetic fields with known 
amplitudes (~ 50 nT) and three different known (and adjustable) frequencies beyond 1 Hz 
(7.92 Hz, 10.98 Hz, 12.97 Hz). 

Real time analysis (with appropriate sampling rate) of the scalar field measured by the 
(scalar) sensor then makes it possible to measure the scalar field at 1 Hz (with 
nominal performance) together with all field components along the three coil axis. Want to learn more ? 

http://swarm-mission.cnes.fr 

ASM MAIN MISSION  

As the magnetic reference of the ESA Swarm mission, ASM shall provide absolute 

measurements of the Earth’s magnetic field strength, with unequaled 

performances, independent of the field modulus, the spatial position and 

orientation :  

- Measurement range: [15 µT - 65 µT], 

- Scalar bandwidth / sampling rate : 

- Standard mode:  [0 – 0,4 Hz]  / 1 Hz 

- Burst mode :  [0 – 100 Hz] / 250 Hz 

 - for ambient noise level measurement  

 - may also have a scientific interest ? 

- Scalar resolution / precision :    

-  Resolution < 1 pT/ ÖHz [DC-100 Hz] demonstrated over the [15 µT - 65 µT] range  

- Precision < 1 pT (Fs = 1 Hz, BW = 0,4 Hz !  σ = R * ÖBW < 1 pT) 

-  Scalar accuracy : 

-  The internal ASM accuracy error sources have been accurately characterized 

-  Maximum accuracy error after correction : σmax : 65 pT 

- Stability :  

-  Better than 25 pT over 15 days, demonstrated at Chambon-La-Forêt (IPGP) 

ASM SIDE MISSION  

On an experimental basis, ASM shall provide absolute measurements of the 

Earth’s magnetic field direction , the nominal Swarm vector data being delivered by 

the VFM.  

"  unique instrument in providing simultaneous absolute scalar & vector 

measurements at the same point 

"  auto calibration, permanent quality assessment, stability, no offsets nor drifts  

Performances (inversely proportional to the field modulus) : 

- Measurement range : ± 65 µT 

- Sampling rate :  1 Hz 

- Bandwidth :  [DC- 0,4 Hz] 

-  Resolution :  < 1 nT/ÖHz at 40 µT 

-  Absolute accuracy  ≤ 1 nT (2 s) at 40 µT 

Proven concept on ground, performance to be validated in flight (will depend on the 

background noise). Swarm will offer a unique opportunity to validate the ASM vector 

data in orbit by comparing them with the VFM’s, thus opening the way for a potential  

in-space cross calibration.  

PHYSICAL PRINCIPLE (SCALAR MEASUREMENT) 

ASM is a magnetic field to frequency converter based on atomic spectroscopy 

of the 4He in its metastable level 23S1. The magnetic field modulus B0 is directly 

proportional to the magnetometer’s resonance frequency F (Zeeman effect) : 

B0 = F / g4He, with g4He / 2π ≈ 28 GHz / T 
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STATUS  

6 ASM instruments are integrated on the 3 Swarm satellites (full cold redundancy), 

which are ready for shipment to the launch site.  

The launch from Plessetsk with a Rockot launcher is due by the end of 2013.  

ASM level 1B products will be validated during the first months following the launch, in 

close partnership between CNES, CEA-Leti and IPGP. 

SENSOR’S ISOTROPIC DESIGN 

PHYSICAL PRINCIPLE (VECTOR MEASUREMENT) 

Innovative concept based on the scalar architecture using 3 orthogonal coils: 

superposition of 3 AC low frequency modulations (amplitude ~ 50 nT) on the 

static field B0, along 3 orthogonal directions. A real time analysis of the resulting 

scalar measurement, with simple deconvolution operations, provide then 

simultaneously a direct estimation of the magnetic field projections on the three 

modulation directions in addition to the static field determination. 
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A non magnetic sensor 

including the 4He cell, 

based on an isotropic 

design with a static and 

a rotating part, optimal 

resonance conditions 

controlled by a 

piezoelectric motor : no 

dead zones. 

The Swarm Absolute Scalar Magnetometer 
Isabelle Fratter 1, Jean-Michel Léger 2, François Bertrand 2, Thomas Jager 2,  

Gauthier Hulot 3, Xavier Lalanne 3  
[1] Centre National d Etudes Spatiales (CNES), Toulouse, France 

 [2 ] Commissariat à l Energie Atomique et aux Energies Alternatives (CEA - Leti ), Grenoble, France 

[3] Institut de Physique du Globe de Paris (IPGP), Paris, France 

Vector calibration process and results  
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n  Three perpendicular coils generate periodic magnetic fields with known amplitudes 

(~ 50 nT) and three different known (and adjustable) frequencies beyond 1 Hz (7.92 

Hz, 10.98 Hz, 12.97 Hz).  

n  Real time analysis (with appropriate sampling rate) of the scalar field measured by 

the (scalar) sensor makes it possible to measure the scalar field at 1 Hz (with 

nominal performance) together with all field components along the three coil axis. 

Want to learn more ? 

http://swarm-mission.cnes.fr 

ASM MAIN MISSION  

As the magnetic reference of the ESA Swarm mission, ASM shall provide absolute 

measurements of the Earth’s magnetic field strength, with unequaled 

performances, independent of the field modulus, the spatial position and 

orientation :  

- Measurement range: [15 µT - 65 µT], 

- Scalar bandwidth / sampling rate : 

- Standard mode:  [0 – 0,4 Hz]  / 1 Hz 

- Burst mode :  [0 – 100 Hz] / 250 Hz 

 - for ambient noise level measurement  

 - may also have a scientific interest ? 

- Scalar resolution / precision :    

-  Resolution < 1 pT/ ÖHz [DC-100 Hz] demonstrated over the [15 µT - 65 µT] range  

- Precision < 1 pT (Fs = 1 Hz, BW = 0,4 Hz !  σ = R * ÖBW < 1 pT) 

-  Scalar accuracy : 

-  The internal ASM accuracy error sources have been accurately characterized 

-  Maximum accuracy error after correction : σmax : 65 pT 

- Stability :  

-  Better than 25 pT over 15 days, demonstrated at Chambon-La-Forêt (IPGP) 

ASM SIDE MISSION  

On an experimental basis, ASM shall provide absolute measurements of the 

Earth’s magnetic field direction , the nominal Swarm vector data being delivered by 

the VFM.  

"  unique instrument in providing simultaneous absolute scalar & vector 

measurements at the same point 

"  auto calibration, permanent quality assessment, stability, no offsets nor drifts  

Performances (inversely proportional to the field modulus) : 

- Measurement range : ± 65 µT 

- Sampling rate :  1 Hz 

- Bandwidth :  [DC- 0,4 Hz] 

-  Resolution :  < 1 nT/ÖHz at 40 µT 

-  Absolute accuracy  ≤ 1 nT (2 s) at 40 µT 

Proven concept on ground, performance to be validated in flight (will depend on the 

background noise). Swarm will offer a unique opportunity to validate the ASM vector 

data in orbit by comparing them with the VFM’s, thus opening the way for a potential  

in-space cross calibration.  

PHYSICAL PRINCIPLE (SCALAR MEASUREMENT) 

ASM is a magnetic field to frequency converter based on atomic spectroscopy 

of the 4He in its metastable level 23S1. The magnetic field modulus B0 is directly 

proportional to the magnetometer’s resonance frequency F (Zeeman effect) : 

B0 = F / g4He, with g4He / 2π ≈ 28 GHz / T 
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STATUS  

6 ASM instruments are integrated on the 3 Swarm satellites (full cold redundancy), 

which are ready for shipment to the launch site.  

The launch from Plessetsk with a Rockot launcher is due by the end of 2013.  

ASM level 1B products will be validated during the first months following the launch, in 

close partnership between CNES, CEA-Leti and IPGP. 

SENSOR’S ISOTROPIC DESIGN 

PHYSICAL PRINCIPLE (VECTOR MEASUREMENT) 

Innovative concept based on the scalar architecture using 3 orthogonal coils: 

superposition of 3 AC low frequency modulations (amplitude ~ 50 nT) on the 

static field B0, along 3 orthogonal directions. A real time analysis of the resulting 

scalar measurement, with simple deconvolution operations, provide then 

simultaneously a direct estimation of the magnetic field projections on the three 

modulation directions in addition to the static field determination. 
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A non magnetic sensor 

including the 4He cell, 

based on an isotropic 

design with a static and 

a rotating part, optimal 

resonance conditions 

controlled by a 

piezoelectric motor : no 

dead zones. 

The Swarm Absolute Scalar Magnetometer 
Isabelle Fratter 1, Jean-Michel Léger 2, François Bertrand 2, Thomas Jager 2,  

Gauthier Hulot 3, Xavier Lalanne 3  
[1] Centre National d Etudes Spatiales (CNES), Toulouse, France 

 [2 ] Commissariat à l Energie Atomique et aux Energies Alternatives (CEA - Leti ), Grenoble, France 

[3] Institut de Physique du Globe de Paris (IPGP), Paris, France 

Vector calibration process and results  
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Progress on the ASM instrument 
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