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Summary @ lobal field modelling usi

Thanks to the successive Oersted, Champ and Swarm missions, the = .
Earth’s magnetic field has been continuously monitored from LEO . f
orbits since 1999, complementing ground-based observatory data
by providing accurately calibrated scalar and vector measurements
with the global coverage needed for investigating the many sources
of this field. The three satellites of the ESA Swarm mission are
currently planned to remain in operation up to hopefully 2024, and
possibly more for the higher satellite. Further monitoring the field
from space with absolute magnetometry beyond that date,
however, is of critical importance for improving our understanding
of the very rich dynamics of the various components of this field. In
this poster, we report on our ongoing efforts to achieve this goal
with the help of nanosatellites, focusing on the NanoMagSat project

g experimental ASM vector mode data @ lonospheric studies using burst mode ASM data

* Burst mode sessions run during commissioning of Swarm revealed the ability of the ASM Burst mode to detect ionospheric signals related to plasma
bubbles and whistlers within the 20-120 Hz frequency range. Burst mode data are now regularly acquired and have become a new Swarm L1lb data
product. A study has been funded by ESA to take advantage of these data to produce derived products about the state of the ionosphere below the
satellites. The MAM instrument could provide even better data (up to 1 kHz) for such studies, which could also benefit from the high-frequency even
more sensitive magnetic vector HFM instrument, as well as the high frequency m-NLP Langmuir probe, also planned on the NanoMagSat payload (Box 6).
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ASMV core field model component dBr/dt at core surface on 28/08/2016
only using Swarm experimental ASM vector mode data (n=1-13)
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that plans to take advantage of an advanced Miniaturized Absolute MU B Ao\ Burst) | e . o Lon] .
scalar and self-calibrated vector Magnetometer (MAM) based on a ELF frequency whistlers produced by lightning in the neutral atmosphere below the satellites, the
concept (ASM) successfully tested on the Swarm mission. The Example of. high frequency signals detected dispersion Of.WhICh can.be u.sed to.lnvestlgate the state of t!1e ionosphere along the whistler paths
development of this MAM instrument is now well advanced and a when crossing plasma bubbles (19/01/2014, between their entry points in the ionosphere and the satellites (here on 22-23/02/14, LT 18:20, for
. . . e NS = S 21:30 local time) more details see talk by Coisson et al. in session A16d on Sunday 14/07/19 at 17:15).
prototype of this sensor is currently under construction. =z = T
NanoMagSat first aims at an ~60° inclination circular 500 km ASMV lithospheric radial component Br at the surface of the Earth ASMV core field model component d?Br/dt? at core surface on 28/08/2016
. . . . only using Swarm experimental ASM vector mode data (n=15-45) only using Swarm experimental ASM vector mode data (n=1-13) References
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@ Principle of the Swarm ASM magnetometers
i excited state @ Building a Miniaturized ASM (MAM) @ Constellation concept and science goals @ The NanoMagSat 12U concept Launch
’ ] . i . .. , configuration
L e Sensor head : * Orbits of the three Swarm satellites only cover four local A joint CNES/IPGP/CEA-Léti Phase O study and further work since already
Smping fasen ~, Magnetic Polarization of the laser signal and of the radio-frequency excitation field is times (L_T) each day (accounting for the ascensimg an_d establ|shedhthefp|(()jss(|jblllr’:y of bulgdlng a 12Udnano;at]?lllllte .(20 «m IX 23 «m
e now achieved using a liquid crystal polarization rotator and two orthogonal d-escendl'ng OrbI’FS, and for the faFt that two satellites Orl?'t x 30 cm, when folded) that could accommodate the following payload:
“He metastable e / oo RF coils (right, in the figure below) to avoid having to rely on complex mobile side-by-side), with a LT separation that reached 6h00 in * MAM magnetometer simultaneously providing 1 Hz vector and up to
! - m = structure and a piezoelectric motor (as in the Swarm ASM, left): April 2018, and a global LT drift (of 2,7 h/months) that 1kHz scalar data, located on an optical bench at the tip of a boom. MAM
HE discharge  mal Lifetime _ *\  BeBwatBas provides a coverage of all LT in 4,4 months. In August * A set of two star cameras (STR) located on the same optical bench for
H . t~10s ; @ (- - RF-xCou'sL 2021, orbits will again be in a co-planar configuration accurate attitude restitution (1 Hz sampling rate).
*He ground state : ) . E E counter-rotating orbits), and LT coverage will degrade. .. . -~ .
B = . m B wmater D S ( . & ) . - & o 5 . * A miniature high frequency magnetometer (HFM) providing relative
* The ASM is a magnetic field to frequency converter, with B=F/y. M polarizer 4 Ptt = * A C|rcularSI.EO (at I:()O km‘)j with 60 |IncI|nat|on for a first vector magnetic values in the 0.01 Hz-1kHz range with very low noise
. L . . gl peo Bar = Barcos(0ar) 7+Barsin(0ae). 7 NanoMagSat would provide a complete LT coverage in
« yis the “He gyromagnetic ratio for the 23S, state, and F is the magnetic Mor | o = o0 (6sr) oy onegmonth 36 oII)ays) etweer Iztitudes “0° ang c0° level (see Box 7), further down the boom (or on the body of the
. Swarm ASM » , ini ized - ; 1
resonance frequency between the Zeeman sublevels (proportional to | TR ‘ Szt EeaﬁSM‘ land useful ties points crossing st 60° anzle): most satellite) to complement the MAM high frequency scalar values.
B), measured through magnetic resonance with a signal enhanced by . _ _ . S beneficial for maenetic field. ionospheric and I ’htnin * A cubesat multi-needle Langmuir probe m-NLP, providing Ne at 1 kHz,
optical pumping (using a linearly polarized fiber laser on Swarm). T.h|s. allows a reduction of the size of the sensor head, while maintaining whistler investi atigons ’ P 8 & the location of which remains to be finalized (see Box 7)
Magnetic resonance is optimized by ensuring that both the Radio- similar performances, compared to Swarm. - g ' + Available cubesat dual frequency GPS. Fully deployed
Frequency excitation field and the polarization direction of the laser _---- * Additional copies of NanoMagSat could also be launched Need for AOCS Initial Phase 0 concept (above) that could be adapted to
: ) . . : : eed for : ilable Open C 12U platef h ithout a boom,
are near-perpendicular to the orientation of the magnetic field to be < 10'. Accuracy better than 50pT (10) to complement/replace the LEO Swarm orbl.ts. (with . . di bilized soluti 1d b d witha2mil EZT;\?\/) e platelorms fhere without oo
measured. This was achieved thanks to a piezoelectric motor on £ 0l | | complementary polar coverage and slowly drifting LT Gravity gradient stabilized solution could be used, with a 2 m long
Swarm (see Box 4) T e characteristics). deployable boom radially oriented outwards is viable.
e The ASM has a high internal acquisiﬁon rate (1 kHz) which made it " § : i . o ° PrOpUISion Only for initial phase and basic orbit altitude maintenance
. ) ] . . . . + . o .
possible to acquire absolute scalar data at 250 Hz rate (cut-off at 100 Replacement of the Peek material by Al,0, (low need for orbit control}, aiming at 3+ years lifetime
Hz, “Burst mode”) or dual-purpose scalar/vector data at 1 Hz (“vector for the structure, and monolithic structure * Minimum attitude control for initial detumbling and rough attitude
mode”), thanks to the design described below (for details, see ensuring the stability of the exciting coils requirements (avoiding systematic spinning).
Gravrand et al., 2001) (see bottom left figure of Box 1) to improve
| '°';g'te;“" Sta'?t"';V of these coils by one @ High frequency HFM and m-NLP Conclusion and Perspectives
- ! - order of magnitude. . . g :
By cOS(Qt) — — B, 8 * A miniature High Frequency vector Magnetometer (HFM) | |+ Swarm has not only proven to be a scientific success, it
e D s e Laser source and DPU size : developed by CEA-Léti for MagnetoEncephaloGraphy also allowed in-flight science validation of the CEA-Léti
—> ° . . . .
- o hxh h, Replacement of the athermal fiber laser (used in the Swarm ASM) by a 1083 applications, can be adapted to provide complementary ASM magnetometer dual mode concept.
i o |- ,/ o ’ - nm Ias.er diode allows a simplification of the laser source and DPU volume very low noise 1 kHz (relative) vector field mgasurements. « A miniaturized version of this ASM will shortly be
: A . rEducuon (performances kept). Stability of the DO wavelength control loop : Stability of the DO wavelength control loop : [ [100pTref] [ m C meai;i;w available'
. . gy e e et o)l Local times provided by orbits on days 1, 9, 18 and 27, s = b : :
bmz Qz mx COS(82, 10 10 10 10 (]
cosf__ — e COS(E i) : ' L AT A ol B M”’” illustrating the full LT coverage a LEO 60° inclination orbit £ icu A Phase 0 study with CNES, followed by very active
. L e - ( | - C would provide in 36 days S ongoing studies, points at the possibility of relying on
B — B + b . COS Qt Accuracy < 0.046 pm (1 o) il g1 == H
H ot 4 s " ’ o | : by R e W e e e * Such a constellation launched before decommissioning of PR S—" ) A I zvallable 12}: .rIJ(Ijatforms (SUCIT_ as proposed' ?1y th.e:
5 *"’hnuf_ffﬁ?f’ ' | . 10 ‘ ] ' ' Bolosp ] ’ ' ] Swarm Would help improve: - ‘Probe pptical noide : 47 fT/V}z osmos) to u' a nano.sate Ite concept Wlt a Ig
: g : .. | = G e Ty : . : : : 0 s w0 om0 20 %0 3w TRL payload and SRL readiness.
* Three perpendicular coils wired on Peek material generate periodic Electronics and DBR laser diode for & colanresolution of 07 pTVhz - temporal resolution of ionospheric Sq field models Frequency (42 _
magnetic fields with known amplitudes (b_~ 50 nT) at three the D, wavelength control loop | (monthly), A4 needle Langmuir Probe (m-NLP) concept by University | |* Several such NanoMagSats could quickly be developed
m ‘ . . . . J \ . . . .
different known (and adjustable) frequencies beyond 1 Hz (at o e oo e ® - temporal resolution of core field secular variation and of Oslo, already flown on the Nc?rsat—l cubesat (Hoang.et fordatrrll(ultlple I:I:lncsh in 2024, tf: c"or:ilplement, inhantce
about 8 Hz, 11 Hz and 13 Hz). Overall DPU volume reduction by a factor of 3 (possibly 5) is achievable. acceleration (sub-annual), al., 2018) could be used to provide 1kHz electron density an . ake OVEI‘. e. warm constellation magnetometry
, : . : : data. sdar el 6ps | : and ionospheric science goals.
 Real time analysis of the scalar field measured at 1 kHz makes it ° Improvmg performance : - |lth05pherlc field models (rem0V|ng North-South b|ase5), +Y ~— /s I g
] ) ) ) L ] , : . . . . oz [ e notenns * Such a NanoMagSat concept could pave the way to
possible to measure the absolute scalar field together with all field Better optimization of the vector modulation amplitudes and of the vector || - investigations of currents induced in the solid Earth, and — (1ot _ _ .
| the th il axis at 1 Hz (cut-off at 0.2 H mode processing, taking more non-linear effects into account, has been currents produced by oceanic circulation Solar Array 1 permanent low-cost multi-satellite collaborative
5omponents a”ong o Ee Lo a8 PR shown to be poss’ible | investigations of instabilities, currents an’d waves in the o o observation of the geomagnetic field and ionospheric
Vector mode”). ibility of o he i i dual mode. simul | - , gh ‘ torial é lar latitud - 2ord environment, complementing the INTERMAGNET
. Both ASM burst and vector modes successfully work on Swarm I1>ol_:|:,5| i |:y ooI r:nnu;gBt etmstrlumder;t |: uba mo :;:m;: tjneous y providing |onosF) elje at equa o.rla a.n t\on-po ar a. udes, (http://www.intermagnet.org/) network of ground-
(see Léger et al., 2015; Fratter et al., 2016, and Boxes 2 and 3). £ Vector data and burst scalar data has been established. - Investigations of ELF lightning induced whistlers. based magnetic observatories.




