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The Planeterrella

http://planeterrella.osug.fr/?lang=
en

jean.lilensten@univ-grenoble-alpes.fr




You all know (or heard of) this amazing
wonderfull natural show...

Crédit: P. Volke, LPG

(© 2000 Laboratoire de Planétologic de Grenoble - France



- So tiny, so fragile. One sees the stars through.

Crédit: P. Volke, LPG

(© 2000 Laboratoire de Planétologic de Grenoble - France




Green red, yellow, purple, white ...

Crédit: club d’ astronomes amateurs de Gretz-Armainvillier




A long time a deep mys’réry for mankind
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Mid 19t century: localisation of the auroral oval
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At the end of the 19t century,
Thomson discovers the electrons,
first called « cathode rays »

The great
Norvegian
scientist

Kristian
Birkeland -
(1876 — 1917) 4
was already
working on

these

cathode rays




Birkeland then had this extraordinary idea, while about
nothing was known about the space environment




His hat: he got D ' , Vacuum
ol (about 50

really sick at k. s ——""" Pascal
theendofhis = | | ; | | \

life, due to the
experiment

Evik,
Birkeland’ s
PhD student
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Electron gun Magnetized sphere (+ anode)
(cathode)
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Crédit: Dynamic Explorer, NASA




Crédit: Dynamic Explorer, NASA




" From the ground

Crédit: G. Gronoff, NASA



" Crédit: C. Simon, BIRA




Crédit: C. Simon, BIRA




Crédit: O.Griunewald
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Birkeland built 14 Terrellas, with
Increasing volumes and different
magnetic / electric configurations
In his enthusiasm, he thought to have
modeled the sun, the ring of Saturn...




What goes on?

The mechanisms are a
little bit more
complicated in the case

of the Earth than in the
Terrella. But still, several

things are correctly
reproduced.




Solar wind
(the Terrella cannot reproduce the magnetosphere




Rotation around the Earth and making of the
radiation belt (5 to 7 Earth radii from the surface)




Collisions and making of the auroral ovals.




Excitation, heating, ionization, dissociation
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Unfortunately, Birkeland did not
leave many notes on the
parametrization of his experiments.

OPPKOPLING _ TERRELLA 24 cm
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In the 90" s, Ingenior Terje Brundtland
(Tromso University) rebuilt one of the
Birkeland’ s Terrella from the original
« Universe ». | had a chance to visit

him.




Now in a museum in Oslo




Inspired by Birkeland
and by Terje, | then

built several Terrellas




The first one for the Olympics of Physics in
1996 (with a physics professor near Lyon
and his 16 years old pupils). We were
ranked silver medal. | made 2 more in high
schools.
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This is the COST 724 - ICTP-
UNESCO — NSF. It was used for
practical work







Then | realized that one
could considerably

improve it: The
Planeterrella
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Planeterrellall (2011)
Mobile spheres, different gases,
new electric plugs...




Camera, preparing
the spheres to rotate
#i=— (next month!) and
i‘ electromagnet, glass
B JOr plexi




Some wonders...
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| imagined this experiment with
different constraints.
Surprisingly, security was not
the most difficult.

Flexibility was the main!!!
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No tool, easy to mount and
unmount
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50 cents coins
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Must fit in my Peugeot 206
(a small car...)




Fundings:

- Main cost is time = 400 h

conception; = 250 h technical
work

- experimental equipment =
12000 € (but...)

- In France, possibility to take
money from research budget
and reporting afterwhile.
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Small or big?

- Closeness to the public turned
out to be important

- Feeling of being a giant

- Constrained costs and difficulty
to build a large vacuum chamber
- Easy to move =2 easy to show
(scholars, astronomical festivals,
elderly houses...)
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Automated or operated?

- Security becomes much
stronger if automated

- Most important and somehow
surprising: looks very new and
modern to the visitors used to
numerical and robotic
demonstrations rather than

physical and manually operated
experiments




Patent or Gentleman
Aggreement?

- Birkeland did not patent the
Terrella...

- Public science is expensive, but
the outcome of public science
should remain free for the
public (who funds it through
taxes)
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Already existing Planeterrellas:
France, Belgium, UK, Ireland,
Finland, Holland, Switzerland,
USA-UCLA, Spain, USA (NASA,
UCLA Princeton Univ.), Norway,
Danmark ... : 30 copies

More than 20 ongoing. An
aggreement sent on Monday
this week to Canada
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- Several 100 thouthand of
visitors

- Several millions on public TV
channels in France, Spain,
Germany, USA (I may not be
aware of others)




Awarded once in
once in Switzerland (not me

by the way), a European
prize
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| created the Planeterrella to
show aurorasto people. | turned
out to have many unexpected

other uses...




Eva, Vienne, May 2012




Pedagogy:
- Internships from highschools
- University theoretical developments

- University practical work (spectro, plasma
physics...)
- Physics modeling
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- Technological student projects (Toulouse,
Grenoble, Danmark...)

slide (plastic)




Art:
Several artists visit to get inpiration. From France, Belgium,
Italy: painters, sculptors, novelists...

E. Régent, Nice




Played in Lyon, Caen,
Geneva, Paris, Grenoble
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Publics are enlarging:

- Outreach: festivals, planetaria,
teatchers, scholars...

- Artists

- Politicians !

- Journalists, photographs




And science of
courselll

-Uranus: predicting

auroral ovals
- Exoplanets : 2
PhD thesis
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Discovery of the blue aurora at Mars




Blue (N2+) and green
(O) at 140 km
- Red (O) at 160 km




Planetary and Space Scienc: 8 (a8 ) 58-008

Contents lists available at ScienceDirect

Planetary and Space Science

journal homepage: www.elsevier.com/locate/pss

Prediction of blue, red and green aurorae at Mars™

J. Lilensten **, D. Bernard *, M. Barthélémy?, G. Gronoff®, C. Simon Wedlund ¢, A. Opitz ¢
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ARTICLE INFO ABSTRACT

Article hiswry: The upper atmosphere of Mars is a laboratory for better understanding the planetary atmosphere evo-
Received 17 June 2014 lution, and is an example of the interaction of the solar wind with an unmagnetized planet that has only
R;‘:"’:’"g ;“’““’ form patches of crustal magnetic field. In that context, several space missions were launched to study the
17 April 201

Martian environment and its aurorae, notably ESA's Mars Express discovered the first aurora-like
structures, and more recently NASA's MAVEN, which is dedicated to understand the atmospheric escape.
However, none of the existing missions have spectrometers in the visible spectral range for the obser-
Keywords: vation of the upper atmosphere and the aurorae, but there are UV spectrometer which can be used to
infer visible aurora emission.

The UV aurorae on Mars have a counterpart in the visible spectral range which should be detectable
under the right conditions. We discuss what are the most favorable conditions to observe these aurorae
discernible with the naked eye. In this paper, we simulate the Martian aurora in the visible spectral range
both with an experimental setup (the Planeterrella, which we use to measure intensity with respect to
the naked eye) and with a numerical ionosphere simulation model (Trans#/Aeroplanets). We show that
the electron impacton CO; produces strong emissions at 412 nm and 434 nm, i.e., in the blue part of the
visible spectrum which are due to the CO,*(A) Fox-Duffendack-Barker bands. The modeling of the
electron transport at Mars shows that these blue emissions as well as the emissions of the 630 nm (red)
and 557.7 nm(green) lines of atomic oxygen may be observable several times during a solar cycle during
strong solar events

The absence of visible spectrometers dedicated to these observations onboard existing space missions
and the location of the different Martian rovers, far from the vertically aligned crustal magnetic field lines
of Mars, have prevented so far the obsenations of suchan aurora Inthe foreseeable future, two missions
may help observing these aurorae: the exo-Mars/Trace Gas Orbiter mission will carry a visible spectro-
meter which could be used to detect these events in the visible spectral range. NOMAD (Nadir and
Occultation for Mars Discovery) will carry a UV-visible spectrometer in the 200-650 nm range.

© 2015 Elsevier Ltd. All rights reserved.

Accepted 22 April 2015

1. Introduction references therein). However, these aurorae have only been studied
in the UV, mainly due to lack of instrumentation able to observe the

The aurora at Mars was discovered in 2005 by Mars Express counterpart in the visible spedral range (Section 2.2) At Venus,
(MEX). The detection (Bertaux et al., 2005a) was made by the UV continuwous and highly variable emissions at 1304 nm have been
channel of the SPICAM instrument. These aurorae are located close ~ Observed on the nightside by the P_iunc’:r VF““—“ 9‘?’“’” “n"j*"i“l't
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Kék aurorak a Mars egén?
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Az ember! czom czémara |ahabstian wt tar falfocdezstt marcl
Sarkl Bayek® melioft talan kek c2ind 6gl jelencégakst laihainak majd egykor a Mars-
ubazok.

Legaidtbis eme ax eredményre Juloft sTmuiaciok ¢s lsboraldriumi kisérietek dapisn egy francia
vezeiisd nemzstial kutalocsoport, kaxt0k Opitz Andren, aki jeienieg az MTA Wigner Fizital
Nutattktzponiianak munkatarsa. QDK (hitecidedol o1 010160 pes.2015.04.015) &
Flanetary and Space Science cimd folytirathan jeient meg.

Exlenne az eis0 eset, hogy a Bihald fny tarlomanydban aurdraiat Sgysininek meg egy &
FOS kOnb2d bolypdn. A Mars-utazssra persze miQ egy darabip vami kefl, de 3 szamiBssok
ot mrutaljdk, hogy k(Fs0 bolypdszomazidunk fika gkdrdnek fefs0 sigidiban jeliematen kik
szinben a o Nap akih mériékitol figplen. (MO embenek
Jutngnak a Marsra, vamaloan automata Grsa

ha motra 3 isinat tadomemten s 4zikr. Marsin ja Maan revontulet muistuttavat toisiaan

Ahogy a Fiidon, Ogy a Marson Is a sarki fle 27.06.2015  Sweeiele 0

Ozt a3 VSgOrbol dekez0 nagyenergiga rl  Kansainvélinen rutkijaryhma on ensimmaistd kertaa ennustanut muuaila kan Maa-
Mars kizott, hogy a mi balygonknak van ga  Planeetalla paljain silmin ndhtavien revontulien esiinfymisen.

Eneiyelt ioksisan, egy-egy régichan méhet
risecshék paysjst, §s Igy a sarkd Siny Wie
hatdrozAk meg. Igazabdl a Mars esetin ne

globals magneses ¥r és igy a poiusok hijae

Bl mrnrms on VA an atist Feasmeation of what srooes may ©ok Bos ae seen By e NASA Curoaty sover, wers § coss 1o Tgretc
arcemalen on Mam. PhoiTortage o NAGALPLCatachNISS e () CINOS

Marzin ylompl knasuicohd saattaakin mulstutiaa Maan Imakohil anemman kuln than asti on luultu.
Tusdjat osoftthvat, otth Marsin ylomp! knasuiohd hehkuu sinisond rippuen audngon aktivisuudosta.
Valclimidt ovat pajain siimin ndntivissd volmaidaldon auringonpurkauston fikeon. Tulos saatin alaan
numoarnston sk Ja rovontulai toimivan Planstorolia-laboratoriokokoon avida.
Tusdmus jukalstin johtavassa planetologia-alan julkalsusaa Planetary and Space Sclkencoasa 26.
toukolosta.

Tutkimus osolttaa, ottd rovontulon volmakkain viid on syviinsininon.
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Blue Aurorae in Mars’ Sky Visible to the Naked Eye
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Des aurores bleues dans le ciel de Mars

Une équipe composée de scientifiques de I'Institut de planétologie et d’astrophysiq
Grenoble! (IPAG - CNRS/Université Joseph Fourier), de la NASA, de I'ESA |
I'Université d’Aalto en Finlande, a prédit pour la premiére fois I'existence d’au
visibles a I'eeil nu sur une autre planéte tellurique que la Terre : Mars. Ce résultat
obtenu grace a des simulations numériques et a un simulateur d’aurores : la Planete
Il est publié dans la revue Planetary and Space Science du 26 mai 2015.

Les aurores polaires se produisent lorsque des particules chargées dorigine solaire, conduites
champ magnétique local, pénétrent dans une atmosphére planétaire et excitent les atomes
molécules de I'atmosphére. Lorsque la désexcitation s'accompagne d'émission lumineuse, il se |
une aurore. Sur Terre, les aurores sont essentiellement vertes ou rouges (excitation de l'o»
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