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Geomagnetic storms carry the primary SWx impact

http://dx.doi.org/10.1111/risa.12765

Risk Analysis, just published: open access – download and cite now!

Coronal Mass Ejections (CMEs) and Stream Interaction Regions 
(Corotating Interaction Regions) (SIRs) cause geomagnetic storms

But not all CMEs or SIRs cause geomagnetic storms



CMEs vs CIRs

•CMEs
• Fast moving – bow shock
• Compressed (enhanced) 

magnetic fields in sheath region
• Smoothly rotating magnetic 

field in core often observed

•CIRs
• Fast solar wind in trailing edge
• Contains large amplitude 

Alfven waves with extended 
intervals of southward IMF

•Both can exhibit
• Fast flow
• Southward IMF
• CME storms tend to be 

stronger
Image credit: Kataoka and Miyoshi 2006



Not all storms are created equal

Image credit: H. Hietala
Hietala et al. 2014, Kilpua et al., 2015

doi: 10.1002/2015GL063542
doi: 10.1002/2014GL059551



Implications for space weather forecasting

Image credit: H. Hietala
Hietala et al. 2014, Kilpua et al., 2015



Space weather monitoring at L1 and L5



In situ measurements at L5

• October 2009, STEREO-B at L5
• Bottom panel: AE index (auroral electrojet). 

Geomagnetic activity on 11 October
• Similar solar wind observed on 6 October by 

STEREO-B at L5
• More than four day warning

STEREO-B proof of concept
October 2009

STEREO-B proof of concept



Measurement requirements

Measurement requirements

• Operational capability implies that the instrument must exhibit high 
reliability and the instrument must provide continuous data flow 24/7 for 
at least 10 years, at the specified accuracy. 

• But, mission operators have not yet made explicit the resilience 
requirement

Interplanetary
Magnetic Field

Obs cycle Obs latency WMO cycle WMO lat L5 cycle L5 Latency

Bx, By, Bz & |B| 1min 3 min 1-60 sec 1-15 min ~1sec-1min ~1-3min



Sensor technology

• Heritage is key to demonstrate operational levels of reliability: 

• For operational missions that require high reliability, and stable 
accurate space weather measurements over a multi-year mission, a 
fluxgate magnetometer is the obvious choice. 

• Cluster, Ulysses, Cassini, DoubleStar, MMS, THEMIS, Solar Orbiter, 
JUICE etc.

• For novel mission ideas, a different solution is appropriate
• Satellite swarm at L1/L5
• Mother-daughter concept
• Solar sails

• Magnetoresistive technology offers a low resource envelope 



Solar Orbiter magnetometer (EM)



MAG Flight Model Delivery Review Board 28 Feb 2017 - Passed

Solar Orbiter magnetometer accepted for flight by ESA



JUICE magnetometer: J-MAG

• J-MAG is DC (0-64Hz)
Vector Magnetometer
featuring dual fluxgate
sensors and an absolute
scalar sensor

• Sensors are boom
mounted with scalar at
boom tip and the two
fluxgates inboard of it



SOSMAG: GEO-KOMPSAT-2A

•ESA SSA Hosted Payload

•Providing operational space 
weather data from GEO 

• 10 year lifetime

•SOSMAG collaboration 
between Imperial, TUB, Graz

•KSEM magnetometer: 
• 2 boom mounted science-grade 

fluxgate sensors
• 2 platform mounted MR sensors 

to help track local magnetic 
disturbances.

http://eng.kari.re.kr/sub01_01_02_09



THOR – ESA M4 mission candidate

MAG is a dual-sensor fluxgate 
magnetometer for measuring DC 
and low frequency magnetic field 
vectors.
MAG consists of two sensors 
(outboard & inboard) and related 
front-end electronics. 

OBS
IBS

www.thor.irfu.se
https://doi.org/10.1017/S0022377816000775



Boom requirements

How long should the boom be?

• Important to note that the instrument provider does not define the boom 
length!

• A requirement on the magnetic environment at the sensor is placed 
which the spacecraft manufacturer must meet

• Key issue: real time operations. We cannot spend 1 year 
decontaminating the data (e.g. Venus Express)

• Therefore a longer boom may be needed than is the case on a science 
mission (and no other instruments on the boom!)



For some applications a lower resource payload may be appropriate

Archer et al., Ann. Geophys., 33, 725, 2015



Sunjammer Engineering Model

Eastwood et al., Weather, 2015



MR hosted payload ready to go - we need a ride!

• Magnetometer payload developed 
for sub-L1 Sunjammer solar wind 
magnetic field measurements. 

• Needed capability to measure 
weak fields (+/- 256 nT/ axis), not 
just those experienced in 
LEO/GEO.

• Developed a new engineering 
model magnetometer that can 
measure solar wind/low fields
• Low field range
• Feedback to null the measured field
• Electronics adapted to be more 

radiation tolerant and reliable
• Includes a DC-DC converter and 

microprocessor – improved 
instrument intelligence

Image credit Imperial College London

Image credit Imperial College London

Eastwood, J. P., et al., Weather, 70, 27, 2015
doi:10.1002/wea.2438



Summary

• L1 and L5 magnetic field measurements are mandatory for operational space 
weather purposes

• The magnetic field is a crucial measurement:
• Geoeffective structure (CMEs, SIRs/CIRs)
• Data assimilation into forecast simulation models (e.g. ENLIL; CME sheath regions)
• Space weather at other planets?

• Operational requirements are different from science requirements
• They are not easier to meet (require a cleaner magnetic environment)
• They are not necessarily cheaper to meet (high reliability, long lifetime)

• High heritage instrumentation from top-level science missions means that 
magnetic field instruments are ready and available for operational deep-space 
space weather missions. 


