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Celebrations with cake

2002

Feasibility Implementation

2004 2018 DTU

10 years in orbit

«------------------------»

20 years since the “Frascati” selection :
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Swarm: the mission that was not supposed to fly Eesa

2002

swarm

- Proposal selected as spare mission together
with ACE+ and EGPM

- How to optimize the constellation with

respect to science return and in the
meantime reduce costs?

N
N
S :

- Analyse nicirgina with ACE2 Secause all
have GNSES e eivers
2004
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Swarm: the mission that was not supposed to fly esa

2002 Mission End-to-End simulator (including NASA)

Second pair
Onepair 5 .. at 450 km

at 550 km . /
V. ‘,' v i h \

Mission was presented at

the IUGG in 2003 in
2004 Sapporo.

Newspaper interview with

Eigil Friis-Christensen:

. S wmw}ummmm
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Swarm: the mission that was not supposed to fly Eesa

2002 - Rules changed: selection of only 1 mission due to
budget constraints, so open competition

* French contribution: absolute scalar magnetometer

« ESA Science Directorate: debt of Canada to space
science programme becomes a contribution to the
Swarm electric field instrument from Canada

« User Consultation Meeting at ESRIN, Frascati, 2004

« Swarm mission selected for implementation and is still flying

6
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Swarm: the mission that was

Feasibility

2004

OO AR 44 AR SRS

EUROPEAN SPACE AGENCY

EARTH OBSERVATION PROGRAMME BOARD

Proposal for Selection of Earth Explorer Missions

Summary

for implementation as
CARE and SPECTRA in

to prepare

Action Required

taken in
Explorer Core M;

nd risk retiren
for EarthC4

Legal Basis

Implementing s th Observation Envelope Programme
ESA/C/CXL Rules{final) 4 in ESAC(9

going to fly

a int/export/esalP/SEMXZH2VQUD _index_2 html

Living Planet
Living Planet Programme

European Space Agency

s,
\\\\\&\t eS

A "Swarm" of satellites for a unique look inside the
Earth

3 June 2004

ESA PR 30-2004. ESA’s Earth Observation Programme
Board has just decided which of the six Earth Explorer
candidate missions, presented earlier in April at the User
Consultation Meeting, will be developed and launched.
Swarm, an Earth Explorer Opportunity Mission, is a
constellation of satellites which will study the Earth’s
magnetic field.

A further selection between the Earth Explorer Core
Missions EarthCARE (Earth Clouds Aerosols and Radiation
Explorer) and SPECTRA (Surface Processes and Ecosystem
Changes Through Response Analysis) has been deferred
to November 2004 allowing clarifications to be made for
both missions. It was recommended that the EGPM
(European contribution to Global Precipitation
Measurement) mission should be furthered within the ESA Earth Watch framework.

Based upon the recommendations made by the Earth Science Advisory Committee and the
ESA Director of Earth Observation, the choice of Swarm for full implementation was
unanimously agreed upon as a result of its scientific excellence. ESA has successfully moved
to the next round of missions that explore our environment and the Earth as a system.
Together with the decision expected in November for an additional Core Explorer, ESA is at a
point where the next generation of scientific missions can be initiated. In this context the
Agency is planning a Call for Mission Proposals in September 2004.

The objective of the Swarm mission is 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 climate. The mission is scheduled for
launch in 2009. After release from a single launcher, a side-by-side flying lower pair of
satellites at an initial altitude of 450 km and a single higher satellite at 530 km will form the
Swarm constellation.

SWARM - THREE EXPLORERS OF THE EARTH
MAGNETIC FIELD AND ITS ENVIRONMENT

honenberg. R. Haagmans, A. Regan, A. Ginati, Y. Menard
ESA — ESTEC, Noordv — The Netherlands

mme [1]. [2] includes two types of complementary user
S arch oriented Earth Ex;
ce oriented Earth Watch missions. There are two class
3 e and Opportunity. In response to a call for Opportuni
in 2001, which resulted in 25 propo! being submitted by earl
candidates. ACE+, EGPM and
the feasibility study ¢
ission to be launched in 20(
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Celebration: Swarm selected in 2004

Mission Advisory
Group including the
3 lead proposers

Implementation

8
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Early Design Phase of the Swarm Project

First Constellation Design

First Satellite Design

)
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Implementation Phase: change in design - less CHAMP  esa

Credits: Airbus

'J‘
2013 “

Implementation

No GNSS
occultation ->
boom to the back

10
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Implementation Phase: too much mass to launch? Eesa

2013
Implementation I
- Visit at IRF with Nico Stricker:
Ea...‘ \ s a huge “probe” was situated in
&2 | 7 3 the entrance hall
% -> picture taken with Nico

next to this “prototype”
Langmuir probe

g -> advice to Yvon Menard our
T project manager: need for a
bigger launcher!
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2004

Langmuir probes from
IRF, Uppsala, Sweden
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Implementation Phase: too much mass to launch? Eesa

ESA review meeting:
during Phase B

Too much launch mass!

Question: Which
instrument to remove,
the accelerometer?

Implementation

2013

Answer: End-to-end+ study: change of
initial constellation saves fuel without
impacting the science

Realism before launch: plenty of mass
left, so tanks are filled up with fuel

Situation after in orbit commissioning:
approximately 60kg of fuel left in each
satellite!

Accelerometer kept (unfortunately as
“experiment”) but in the meantime with

good products for science analysis

~ BT 1
f P—
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From a magnetic satellite to a magnetic field satellite

Absolute Scalar Magnetometer Deployable boom Solar panels GPS antennas S-Band antenna
French (CNES) contribution

Startracker assembly Laser retroreflector
Optical bench Accelerometer (inside)

Vector Field Magnetometer Coarse Earth & Sun sensor S-Band antenna

Electric Field Instrument
thermal ion imagers

Canadian (CSA)

Fl |g ht direction & . support

Total length of ~9m
468kg incl. 106kg of fuel;
~1.0 m=2 cross section

4 years lifetime

Electric Field Instrument
Langmuir probes 13
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Magnetic properties and effects: Cesa
tackled by design, pre- and inflight characterisation

e e - 4 |

Optical bench alignment, DTU

= e 4
= e 4

.1—' e 4 T _ T

Exploitation Extension

Sun angle related effect, tackled by
scientist, industry and ESA

|
Sensors h0|der Credits: Airbus

e o s o i @ .‘_‘...,.“

) N ol ! {e L. g fasiSaming ="
< CSen T fﬁ" oy P

L s
'r' ASM sensol s

In-orbit constellation

i*' =S = \/’;;l CFRP plate g 7y 2018 alignment (designed in
== 4ol po. ok Titanium bracket Phase B) successfully
Magnetic characterization, IABG applied by science team
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Implementation Phase: competitions? esa

2013 Airbus proposed: Blood, Sweat and Tears

“=* BLOOD, SW§AT & TEARS
-

Idea for a naming
competition for the
three satellites

Wit S 4l
ey
_1;7%» m f

& ;\\M}i‘m’«
The winner is: Swarm A, B & C

Implementation

nnnnnnnnnnnnnnnnnn

space gallery competition

2004

Kids Swarm art
competition 2013

Winner: Claudia from Spain! 15
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Implementation Phase: towards launch 22 November 2013eesa
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Implementation Phase: Just after launch
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.
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Swarm science meetings esa

3rd science meeting,
Copenhagen,2014 Now, Copenhagen, 2024

2013 — 2024
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1st science meeting, Nantes,2006

';J‘“ \| 4th science meeting,
= Banff,2017
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Swarm science selected highlights on ESA webpages

Big success due to the
science and applications

community

[irriicanon [l

Supersonic plasma jets
discovered

Magnetic oceans and
electric Earth

Swarm detects
asymmetry

Earth's magnetic
heartbeat

Unravelling Earth's
magnetic field

Magnetic complexity
begins to untangle

Anatomy of a debris
incident

Swarm reveals Earth's
changing magnetism

There's a jet stream in
our core

Swarm's precise sense
of magnetism

SMOS and Swarm team
up to spot huge solar
storm

Swarm yields new
insight into animal
migration

10 remarkable Earth
facts

The curious incident of
Swarm and sprites in
the night-time

e olliba iy

The scary sound of
Earth's magnetic field

Antarctica’s magnetic
link to ancient
neighbours

Swarm dodges collision
during climb to escape
Sun's wrath

Energy from solar wind
favours the north

Swarm unveils
magnetic waves deep
down

Swarm probes
weakening of Earth's
magnetic field

Swarm and Cluster get
to the bottom of
geomagnetic storms

Magnetic north and the
elongating blob

Steve over the picket
fence

Swarm turns to
whistlers and storms

3D Earth in the making

Swarm tracks elusive
ocean magnetism

Swarm reveals why
satellites lose track

Swarm heads for new
heights

Tug-of-war drives
magnetic north sprint

Getting to know Steve

Inclusive mission:
From Core to Space
From Compass to
Animal migration

Swarm helps explain
Earth's magnetic jerks

Swarm trio becomes a
quartet

New observations for
the new economy

Swarm details
energetic coupling

Swarm helps pinpoint
new magnetic north for
smartphones

When Swarm met
Steve

19
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2013

+ e-POP, Cluster, platform

magnetometers, CSES .... Exploitation

2018

Pre-cursor for a "cheap” Sentinel
continuation of a key Earth observable
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esa
How swarm became Swarm

My training period
experience in Finland 1986

A real swarm

Before going to bed you kill most of the swarm in
the cabin, so 3 become the swarm remainder
which was given the name Swarm

21
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s .
atulations to all Swarm V@esa
ns in the Swarm
- community, industry and ESA
with one of the most exiting,
mysterious, intriguing and
useful missions of ESA

22
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