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SWARM

THE SWARM MISSION

ESA's Earth Explorer mission selected in 2004

A “Swarm” of satellites for a unigue look inside the Earth

To provide the best ever survey of the geomagnetic field and its
temporal evolution , in order to gain new insights into the Earth system
by improving our understanding of the Earth’s interior and its physical
environment

Three identical satellites in different polar orbits
4 year mission scheduled to be launched mid 2012
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THE SWARM PAYLOAD

~~ © Astrium / 2010

Magnetic payload :
Vector Field Magnetometer from Denmark Technical
University

- Measurements of the Earth’s magnetic field vectorial components

Absolute Scalar Magnetometer from CNES — LETI

- Absolute measurements of the Earth’s magnetic field strength ,
best resolution and absolute accuracy ever attained in space

- ASM selected in 2005 as the Swarm reference magneto meter

- Absolute measurements of the direction on an experimental basis
Complemented by precise navigation,
accelerometer and electric field measurements
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OVER 13 YEARS OF SCALAR MEASUREMENTS

Overhauser magnetometers: Sorf
Since 1999, continuous eriormance
observation of the magnetic Range 18 000 - 65 000 nT
field’s strength from space with ;
the magnetometers from LETI/ | Resolution 3010 4 pT/ @Hz
CNES : f (magnitude)
Oersted (Denmark) : -9 dB bandwidth 0.28 Hz / 0.56 Hz
launched, 23/02/1999 — still alive | Apsolute accuracy | <0.5nT

CHAMP (Germany)
launched 15/05/2000 — end of life
19/09/2010

Overhauser Nuclear Magnetic
Resonance technology :

- Scalar measurements based
on proton magnetic resonance

Oersted
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THE ASM SHOWS MAJOR IMPROVEMENTS

New technology :
Optical pumping of “He with careful control of the heading errors

Reduced susceptibility to magnetic gradients and to radiated H fields
In the low frequency range

Improved performances with significant gains :
Resolution improved / independent of the field’'s magnitude (* 4 / * 30)
Intrinsic bandwidth widely enlarged (* > 500)
Accuracy increased (* 3)

New vector capacity :

Synchronous absolute scalar and vectorial measurements are
continuously delivered by the same instrument : a world premiere

Implemented on Swarm on an experimental basis
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ASM PHYSICAL PRINCIPLE

ASM | Magnetic field to
frequency converter based

4He excited state

the “He in its metastable j™
|eve| 2381 " resonance
] ] 4He metastable state( : 3 & m=0

The magnetic field modulus 25 3 s -
BO is directly proportional to -
the magnetometer’s HF discharge I, t~10%
resonance frequency F : Nk
BO =F/ @He
with @He /2¥ | 28GHz /T
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THE ASM ARCHITECTURE

A non magnetic sensor including the  “He cell
dedicated architecture to guarantee the  sensor’s isotropy

Optimal resonance conditions controlled by a piezoelectric
motor : simultaneous control of the RF field and the laser
polarization directions, at right angles to the static magnetic
field

Scalar performance independent of the spatial posit lon
and orientation

3 orthogonal coils : tri-axis low frequency modulat lons CEA-Leti/Christian Morel
superimposition on the static field BO

An electronic box (DPU)
drives the sensor and processes the signals
manages the communications with the satellite \
fibre laser : optical pumping / resonance detection

Electrical and optical harnesses
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Scalar Measurement range: [15 uT - 65 uT]

performance independent of the field modulus

Scalar bandwidth / sampling rate :
Standard mode [0-0,4Hz] /1Hz

Burst mode [0 — 100 HZ] / 250 Hz Herbeys’ agntic tst aciIit,Crits : LETI
- measurement of the ambient noise level e
. e *‘i -w =
- scientific interest ? = |1 F S

Scalar resolution / precision :
»1 pT/ @z demonstrated over the [15 pT - 65 UT] range
Fs=1Hz,BW=04Hz =~ =R*@W<1pT
Field simulator, Credits : LETI
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PSD of BO in nT/ (Hz
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ASM SCALAR PERFORMANCE

PSD of BO in the [0-125 Hz] band,
ambient field of 15 pT (FM1a)
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Low frequency ASM noise

FM1b-FM2b differential measurement
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ASM SCALAR PERFORMANCE

Sensor’s anisotropy measurement,
Credits : LETI

rrors
tion errors)

Scalar absolute accuracy :
Proper identification and characterisation of the e
Definition of level 1b corrections (except for data

ASM PPS ASM Datation Quadratic
recision norm of the
Error type : Bloch- \{ec’For in-orbit (SSstem error) (system error) residual
Siegert error aliasing anisotropy worst case worst case errors
5.10-7 x BO 1 ms*30 nT/s max
Initial uncorrected 50 pT 23 pT 32,5 pT
ASM error @ 46 uT @ 46 uT » 100 pT @ 65 uT 30 pT 122 pT
Remaining error after 32,5 pT 30 pT
ASM level 1B <5pT <5pT <5pT @ 65 uT 45 pT
algorithm correction uncorrected uncorrected

Stability :

demonstrated below 20 pT on a 15 days period (Chambon-La-Forét, IPGP)
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ASM VECTORIAL PERFORMANCE

Filtered scalar residuals during calibration
Measurement range : +/— 65 uT T
Sampling rate : 1 Hz
Bandwidth : DCt0 0,4 Hz _;3_Spheéeminsﬁ'heus ]éStabmty

...20n@. . 4AOnE__ 60MW._ 60N

Expected performance :

Resolution : ~1 nT/@1z @ 50 uT
Absolute accuracy MinT @ 50 uT

Measured resolution is close to the target, but sca  lar residuals
too high during calibration (stability OK in fixed field direction)

Full performance not yet formally demonstrated due to
environment conditions

search for an alternative coll facility :
low noise (< 1 pT/ @iz) / homogeneous field (gradients << 1 nT for

are

5cm)

Work still in progress to characterize and improve the performance
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ASM VECTOR MODE PROSPECTS

Proven concept, performance to be validated in flig ht (background
noise ?)
Interest :

simultaneous absolute scalar / vectorial measurement s at the same
point

auto calibration, permanent quality assessment

stability

2 vector magnetometers on board : comparison with V FM instrument

In-space cross calibration with real time fluxgate o ffsets compensation ?
(provided adequate boom stability)

Experimental mode, data not distributed by ESA
let us know your interest
Other applications :

automatic magnetic observatories (Cf. ©  Absolute vector magnetometers
for spaceborn and ground observatories ", JM. Léger et al.)
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STATUS / SUMMARY

Main achievements

6 Flight Models delivered to ESA " @ Astrium / A Rutloft 2010

best scalar precision and accuracy ever attained in space
similar performances all along the orbit

same point / same time vectorial measurements capab ility
In progress

Integration / tests on the 3 satellites

Characterisation / improvement of the vectorial pe  rformance - -
Next steps

Launch (July 2012) + 3 months commissioning phase
- Validation of these new vector data in orbit

Promising great scientific outcomes
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SWARM

Thank you for your attention

Nttp://swarm-mission.cnes.fr

sabelle.Fratter@cnes.fr

© Gérard Cottet
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