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Abstract(
Each% of% the% three% Alpha,% Bravo% and% Charlie% satellites% of% the% ESA% Swarm%mission% carries% an%
Absolute%Scalar%Magnetometer%(CNES%customer%furnished%ASM%instrument%designed%by%CEA@
LETI)% that% provides% the% nominal% 1% Hz% scalar% data% of% the% mission,% but% also% delivers% 1% Hz%
experimental%vector%data%(ASM@V).%Tests%during%the%commissioning%and%calibraKon/validaKon%
phase%have%shown%that%these%data%and%the%rigidity%of%the%boom%mechanically%linking%the%ASM%
to%the%star%imager%(STR)%on%Alpha%and%Bravo%were%of%such%good%quality%that%an%IGRF%candidate%
geomagneKc% field% model% could% possibly% be% produced% from% such% ASM@only% data% (without%
having%to%resort%to%any%of%the%nominal%vector%field%magnetometer%(VFM)%data%of%the%mission).%
Here,%we%report%on%our%efforts%to%build%such%an%IGRF%candidate,%which%intends%to%provide%an%
image%of%the%January%1,%2015%GeomagneKc%Field,%alternaKve%to%the%images%provided%by%IGRF%
candidate%models%based%on%Swarm%nominal%L1b%data,%or%other%data.%

Data(selec,on(
%%Global%data%selecKon%are%first%applied%with%the%following%criteria%

Model(assessment(

References(

Conclusions%
1.  ASM@V%data%and%the%mechanical%link%between%the%ASM%and%STR%instruments%are%of%good%enough%

quality%to%produce%a%reliable%IGRF%candidate%model%
2.  Largest%uncertainKes% in%the%model%arise%because%of%the%limited%data%coverage%in%the%Northern%

laKtude,%which%affects%the%SV%model%and%propagates%to%the%2015.0%candidate%model.%This%effect%
is%seen% in%the%ASM@V%uncertainty%and% in%the%ASM/VFM%model%comparison.% It% is%not%an%ASM@V%
issue,% but% a% data% coverage% issue% (imposed% by% the% deadline% for% submission% of% IGRF% candidate%
models)%

3.  Disagreement%between%the%direcKonal% informaKon%provided%by%the%ASM@V%data%and%the%VFM%
data%lead%to%a%staKc%zonal%disagreement%on%the%order%of%2%nT%at%the%Earth’s%surface.%The%cause%of%
this%disagreement% is% the% combined%effect%of%boom%mechanical%distorsions%and% issues%possibly%
affecKng%the%ASM@V%data,%or%the%VFM%data%(see%[3])%

4.  The%ASM%instrument%can%be%used%as%a%stand%alone%absolute%vector%magnetometer%to%produce%
reliable%global%field%models%

ASM8V(Data(produc,on(

Experimental%vector%ASM@V%data%used%here%are%derived%from%L0%quasi@daily%files%containing%the%
basic%vector%mode%output%of%the%ASM%instrument%(in%EU).%Three%steps%are%needed%to%process%
these%raw%files%:%
%
1.  CalibraKon%parameters%of%the%ASM%vector%mode%(CCDB)%are%evaluated%on%a%daily%basis%(see%

poster%GP51A@3698%[1])%
2.  L0%raw%data%are%converted%to%physical%units%using%the%CCDB%previously%computed%and%the%

magneKc%field%B%is%then%corrected%from%several%stray%fields.%
3.  Finally,%B% is% interpolated%at%UTC%Kmes%to%produce%the%ASM@V%data%in%the%ASM%instrument%

reference%frame%
%

Inversion(
The%overall%modeling%procedure%we%used%is%similar%to%the%one%used%for%CHAOS@4%(see%[2])%but%
with%a%simplified%treatment%of% the%magnetospheric%field%and%a%steady%Secular%VariaKon%(SV).%
The%field%is%assumed%to%be%potenKal%with%both%internal%and%external%sources.%Euler%angles%that%
define%the%rotaKon%between%the%instrument%and%the%Star%Tracker%(STR)%are%co@esKmated%every%
10%days.%

Then%the%data%are%split%in%the%following%way%:%
•  At%QD%laKtudes%poleward%of%±%55°%:%scalar%data%
•  At% other% laKtudes% :% keep% vector% data% if% scalar%

residuals%are%less%than%0.3%nT%and%if%not%flagged%
as%outlier%(see%[1]),%else%use%scalar%data%





Data% have% also% been% removed% if% the% matching% VFM% data% behaved% as% a% rough% outlier% w.r.t.%
CHAOS@4%model%(see%[2])%to%ensure%availability%of%synchronous%VFM%data%



Three%different%dataset%were%produced%at%this%point%:%all%have%the%same%data%coverage%(same%
Kme% on% the% same% satellite).% The% only% difference% is% the% data% used% :% ASMV,% VFM% or% VFM%
normalized%to%the%scalar%ASM%data%(VFMn).%This%allows%us%to%produce%three%different%models%
for%comparison.%



Residuals(

%%

These%1953%parameters%are%esKmated%using%an% IteraKvely%Reweighted%Least@Squares%algorithm%
with%Huber%weights.%No%regularizaKon%of%any%sort%was%applied.%

What%must%be%kept%in%mind%when%comparing%these%residuals%:%

Boom(oscilla,on( the%ASM%instrument%is%sijng%much%further%away%(2%m)%from%the%
STR%than%the%VFM%(which%shares%the%same%opKcal%bench%as%the%STR)%

Noise(of(the(instruments(( roughly%2%nT%standard%deviaKon%for%the%ASM@V%(see%[1])%and%0.3%nT%
for%the%VFM%

VFM8ASM(scalar(residual(issue( PerturbaKons%can%affect%the%VFM%data%(see%poster%GP51A@3700%[3])%

Power(spectra(and(maps(

GP51A@3701%

Criteria( Threshold(
Satellite(s)% A%and%B%only%
Time% From%November%29,%2013%to%September%25,%2014%
Sun%exposiKon% Sun%at%least%10°%below%the%horizon%
Magnetospheric%ring@current%strenght% RC%index%<%2%nT/hr%
GeomagneKc%acKvity% Kp%index%<%2+%
Merging%electric%field%at%the%magnetopause% Em%<%3.3%mV/m%on%average%over%the%last%60%minutes%

Finally%data%have%been%adequatly%decimated%

Component( N(
Mean((nT)( Mean((nT)( Rms((nT)( Rms((nT)(
ASM8V( VFM( ASM8V( VFM(

F%(polar)% 49,214% @0.27% +0.00% 4.81% 4.80%
F%(non%polar)%+%BB% 223,627% +0.04% +0.02% 2.30% 2.27%

Br% 139,292% @0.02% @0.06% 2.45% 1.76%

Btheta% 139,292% @0.03% +0.06% 3.56% 3.18%

Bphi% 139,292% @0.16% @0.13% 2.96% 2.61%
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Core field at core surface in epoch 2015.0 
ASMV model, R component 

SV at core surface between 2014.0 and 2015.0 
ASMV model, R component 

Error estimate of ASMV model 
R component, epoch 2015.0 

ASM8V(versus(VFM(model(comparison%

ASM8V(model(uncertain,es(—(the%ASM@V%dataset%was%split%into%two%subsets%of%equal%
length% based% on% even% days% (for% the% first% one)% and% odd% days% (for% the% second% one).% Then,%
uncertainKes% in% the% predicKons% of% the% ASM@V%model% at% the% Earth’s% surface%were% computed,%
using%:%
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where%B1%(resp.%B2)%is%the%predicted%field%based%on%the%first%(resp.%the%second)%sub@model,%while%B%
is%the%predicted%field%based%on%the%ASM@V%model%





•  The%North%Pole%area%contains%the%highest%
uncertainKes%(the%color%scale%is%truncated,%max%
value%is%12%nT)%

•  UncertainKes%elsewhere%are%much%smaller%
(typically%1nT%to%2%nT)%

%

Differences ASMV - VFM 
R component at Earth’s surface, epoch 2015.0 

 

SV Differences ASMV - VFM 
R component at Earth’s surface 

%% Number(of(coefficients(
Internal%sources%(max%degree%40)% 1680%

Steady%secular%variaKon%(max%degree%8)% 80%

External%sources%
%Remote%magnetospheric%sources% 2%
%Near%magnetospheric%ring%current% 11%

Euler%angles%(every%ten%days)% 180%
TOTAL( 1953(

•  Disagreements%in%the%field%predicted%at%the%Earth’s%surface%by%the%ASM@V%and%VFM%models%for%
epoch%2015.0%concentrate%in%the%North%Pole,%and%in%two%equatorial%bands%

•  Disagreements%in%the%SV%at%the%Earth’s%surface%show%a%similar%concentraKon%close%to%the%North%
Pole,%showing%that%the%SV%is%the%cause%of%the%North%Pole%disagreements%in%the%2015.0%models%

•  Analogous%maps%are%obtained%when%comparing%the%ASM@V%model%against%the%VFMn%model%


