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… something personal …



Pole reversals are imprinted in the seafloor – ESA/AOES/Medialab



Willi Deinzer Michael Stix

P. H. Roberts, M. Stix , The Turbulent Dynamo, 1971

Paul H. Roberts
(1929-2022)

Karl-Heinz Rädler
(1935-2020)



Interstellar medium 

Hannes Alfven Medaille

Hannes Alfven (1908 - 1995)

NASA

1937 Research into plasma physics, charged 
particle beams

1939 Theory of magnetic storms and auroras
Theory of plasma dynamics in the Earth's 
magnetosphere
Work on interplanetary, magnetospheric 
physics

1943 Development of the theorem of the freezing of 
magnetic field lines in electrically highly 
conductive matter

1970 Nobel Prize in Physics for fundamental 
achievements and discoveries in 
magnetohydrodynamics with fruitful 
applications in plasma physics

1976 Summary of his work on the influence of 
magnetic fields on the origin of our solar 
system

1987 Introduction of the term “nanoflare” to 
explain coronal heating





Interstellar medium 

Eugene Newman Parker (1927 - 2022)

Parker Solar Probe (PSP) NASA/JHUAPL

1955 Discovery of magnetic buoyancy 
(“Parker instability”) as an upward 
force exerted on magnetic flux tubes 
subject to gravity in electrically 
conductive media

1955 Development of the idea that the 
influence of cyclonic movements 
(alpha effect) could be important for 
the function of a dynamo cycle to 
generate cosmic magnetic fields

1957/1958 Development of the Sweet-Parker 
model of magnetic reconnection

1958/1959 Development of a first magneto-
hydrodynamic theory to describe 
the solar wind model design for the 
“Parker spiral”

1987 Introduction of the term “nanoflare” 
to explain coronal heating



Rudolf  Kippenhahn (1926-2020) 



Mr. Tolkin and Mr. Meyer
in the Plasmaland Circus

frozen magnetic field lines

magnetic tension magnetic pressure

magnetic reconnection

magnetic Alfvén waves

magnetic fields visible through glasses

Evi Kippenhahn



Fundamentals of Didactic Analysis

• Motivations

• Addressee References
• Future Significance

• Exemplarity
• Background Structures

• Historical References

Martin Wagenschein (1896 - 1988)  
German Physicist and Educator

Wolfgang Klafki (1927 - 2016)  
German Educational Scientist

• Subject Didactics of 
Mathematics and 
Natural Sciences

• Scientific Cognitive
Psychology

• Didactics of the Exact 
Natural Sciences

• Principle of Exemplary
Learning

• Courage to leave Gaps

What do you do, why and how?
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Lynds 1641 molecular cloud south of the Orion Nebula - B. Reipurth (Univ. of Hawaii/Manoa) et al., Subaru NOAJ
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Motivations



Magnetic Activity Areas, Sunspots, Flares and Coronal Mass Ejections
SDO/NASA/GSFC/M. Druckmüller (PM-NAFE)



Solar Orbiter reveals the Sun's many faces - ESA & NASA/Solar Orbiter/PHI and EUI Teams 



The Magnetic Sun, Corona and Solar Wind 
SDO/NASA/GSFC/M. Druckmüller (PM-NAFE)/U. v. Kusserow (Editing)



Conversion of measured signals into audio signals during a coronal mass ejection
NASA/Johns Hopkins APL/Naval Research Laboratory/Brendan Gallagher/Guillermo Stenborg/Emmanuel Masongsong/Lizet Casillas/Robert Alexander/David Malaspina



Aurora Borealis - Alexander Gerst, ESA

Aurora Borealis - Alexander Gerst, ESA Aurora Borealis – THEMIS/NASA



Solar Corona Turbulence - ESA & NASA/Solar Orbiter/Metis & EUI Teams and D. Telloni/INAF

Charged particles in the Earth Magnetosphere - NASA

Magnetospheres of Planets and the Moon Ganymed in the Solar System - U. v. Kusserow/NASA



Infrared images of protostellar disk-jet structures taken with the James Webb Space Telescope. a Molecular clouds, b jets in the constellation Cygnus, c L 1527 
NASA/ESA/CSA/STScI/K. Pontoppidan (NASA-JPL) /J. Green (STScI) (2), NASA/ESA/CSA/STScI  



Infrared images of the James Webb Space Telescope of stellar winds and Herbig-Haro objects of protostellar systems. a HH 46/47, b L 1527, c HH 2011
NASA/ESA/CSA/STScI/J. DePasquale/A. M. Koekemoer, J. DePasquale/A. Pagan/A. M. Koekemoer, T. Ray (DIAS Dublin)



Gas clouds and radiation bursts of jet-like bundled winds and accretion disks in the vicinity 
of the young stars XZ Tauri, HL Tauri and V1213 Tauri in the constellation Taurus

ESA/Hubble und NASA, ALMA (ESO/NAOJ/NRAO), (Editing: U. v. Kusserow)

Proplyds in a the Orion Nebula,  b Proplyd 473-245, c Proplyd 181-825  
NASA, ESA, M. Robberto (Space Telescope Science Institute/ESA), the Hubble Space Telescope 

Orion Treasury Project Team and L. Ricci (ESO)



5,000 Exoplanets: Listen to the Sounds of Discovery (until March 21, 2022) - NASA/JPL-Caltech/M. Russo, A. Santaguida (SYSTEM Sounds)





Umlauf
Orbit of the four exoplanets around the star HR 8799- Jason Wang et al. 



Historical Reference





Simple models for the formation of the solar system through a collision processes, b turbulence and c within the framework of the modern nebular hypothesis
U. v. Kusserow, J. S. Wettlaufer, B. Saxton/NSF/AUI/NRAO

a

b c





… …

Historical Discoveries related to the Formation of Extrasolar Star 
Systems and our Solar System also under Magnetic Influence

https://ulrich-von-
kusserow.de/images/Beitraege/Buecher/Entstehung_Magnetisches_Sonnensystem/Histor
ische_Entdeckungen__Extrasolare_Sternsysteme_Magnetische_Entstehungsprozesse.pdf



On the Formation of the Magnetic Solar System

Phases of Development History
• Structure and dynamics of the heliocentric Solar System

Kopernikus, Galilei, Kepler, Newton, Titius & Bode, Herschel, Le Verrier & Galle
from

1543

• Discovery of magnetic fields in the Solar System
Gilbert, Hale, Babcock, Pioneer 10

from

1600

• Early Models of the Formation of the Solar System                         
Descartes, Swedenborg, Leclerce, Kant, Laplace, …

from
1630

• Early observations and theories on the development of star systems
Hind, Burnham, Herbig & Haro, Kleinman & Low, Hertzsprung & Russell, Jeans, Hayashi

from

1852

• Advanced computer-aided analytical modeling from

1955

• Theories on influence of magnetic fields on the development of star systems
Parker, Mestel, Spitzer, Blandford, Pudritz, Shu, Balbus & Hawley, Wetherill

from
1959

• Age of discoveries with the HST, VLT, VLA … from

1990

• Era of sophisticated numerical simulations from

1990

• Age of discoveries with ALMA, SOFIA, ... from

2004

• Age of Discovery with the JWST, ELT, SKA, ngVLA, … from

2022



Background Structures



Magnetic fields are likely to direct the gas into orbit around the black hole in the centre of the Milky Way  
NASA / SOFIA; NASA / HST



ESA and the Planck Collaboration, HAWC+/SOFIA/D. T. Chuss et al., J. Wang et al. J. J. Hester et al. (1996, AJ 111, 2349)



Determination of the orientation of interstellar magnetic fields based on the orientation of dust grains using the polarization of 
the radiation  emitted by a star behind them (a) or by asymmetric dust particles themselves (b). - U. v. Kusserow (after A. Lazarian)



APEX image of a star-forming filament in Taurus
ESO/APEX (MPIfR/ESO/OSO)/A. Hacar et al./Digitized Sky Survey 2. U. v. Kusserow



Evolution of Prestellar Cores and Protostars, Pseudodisks and Accretion Disks in a Magnetized Molecular Cloud 
U. v. Kusserow



Protostar Class 0

Protostar Class I

T-Tauri/Protostar Class II



Very Large Telescope (VLT) ESO

European Large Telescope (ELT) ESO

Stratospheric Observatory for Infrared Astronomy (SOFIA)

Atacama Large Millimeter/submillimeter Array (ALMA) ESO

Hubble Space Telescope (HST) NASA

James Webb Space Telescope (JWST) NASA
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• Zeeman effect splitting
• Stokes parameter
• Synchrotron radiation
• Faraday rotation
• Polarization of  dust emission
• Polarization of  starlight (dust quenching)

• Hanle effect
• Ion-to-neutral linewidth ratio
• Atomic alignmentRatio of  perpendicular 

to parallel velocity fluctuations

Determination of  the Magnetic Flux Density 𝑩
(strength, orientation, direction)

Component in the line of  sight to the observer (𝐵୐୓ୗ)

Component in the plane of  the sky (𝐵୔୓ୗ)

Galactic magnetic field models

U. v. Kusserow



Generation and Transport of  Magnetic Fields
• Generation of  galactic magnetic fields by the Bierman battery

effect (1)
• Existence of  magnetic seed fields in molecular clouds
• Dynamo processes (2) in prestellar cores and protostars (2)
• Accretion disk dynamo processes (2)
• Magnetic field transport in accretion disks and protostellar 

wind systems (3)
• Dynamo processes in protoplanets
• Dynamo processes in protomoons

(1)

(2)

(3)

U. v. Kusserow, S. Sanchez/A. Fournier/J. Aubert, U. Torkelsson/A. Brandenburg

 - Effect  - Effect Diffusion-Term



Model image of  
“Frozen” in Magnetic Field Lines

U. v. Kusserow



U. v. Kusserow/C. Fendt



U. v. Kusserow

Angular Momentum Transport Processes in Star Formation

• Angular momentum exchange due to the passage of star formation regions through 
the galactic spiral arms

• Angular momentum exchange between by collisions of molecular and dust clouds
• Angular momentum exchange between prestellar cores/pseudodisks and the 

surrounding clouds, rotating with different speeds
• Removel of angular momentum by magnetohydrodynamic Alfvén-waves after the 

generation of magnetic fields

Streaming Instability

• Angular momentum exchange between gas and dust particles (streaming instability)

• Angular momentum transport due to friction processes, hydrodynamic instabilities 
and the magnetorotational instability (MRI) in accretion disks

• Removal of angular momentum in magnetized protostellar and disk winds
• Migration processes due to angular momentum exchange between gas particles, 

pebbles, planetesimals and protoplanets and the accretion disk
• Angular momentum transfer through contact between the accretion disk and the 

molecular clouds bordering it
• Angular momentum input through streamers flowing into the protoplanetary disk 

from outside
• Effective angular momentum removal from the magnetosphere of the young pre-

main sequence star by continuous magnetized stellar wind and coronal mass 
ejections

• Angular momentum transport in young multiple star systems



Zeeman-Doppler-Imaging study of II Pegasi - PEPSI/K. G. Strassmeier et al. Stellar environment II Pegasi with a magnetic-field extrapolation out to 2.2 stellar radii



Inflow of matter from the accretion disk via the magnetosphere to the protostar - C. Fendt  MPIA Heidelberg Toroidal winding of magnetic fields in `Tower Jets` - Gakai



Abb. 20 Turbulent Evolution in a Protoplanetary Disk - M. Flock



Results of MHD simulations of accretion ejection including magnetic field generation by a disk dynamo - C. Fendt et al.

Accretion, disk-jet simulation
density, velocity, magnetic field



Setup of the PROMISE Experiment - F. Stefani et al. (FZDR) Design of the future MRI/TI experiment - F. Stefani et al. (FZDR)



Abb. 19Nachweis der Wirksamkeit der Magnetorotations-Instabilität (MRI) für den Akkretionsprozess mit Hilfe des Potsdam-ROssendorf Magnetic InStability Experiments - G. Rüdiger et al.



Analogues of standard MRI in a purely vertical magnetic field



Parameters of the laboratory accretion stream, with respect to 
those of the accretion stream in CTTSs, for the incoming stream



3D simulation of jet formation and collimation in a young star system 
embedded in a 5 mG axial magnetic field



Tandem model of planet formation of solar system-like planetary systems - Y. Imaeda, T. Ebisuzaki



Exemplarity



Formation of planetesimals and planets from dust and gas with possible influences of magnetic fields
U. v. Kusserow, A. S. Stodolna et al., E. K. Jessberger et al., J. Kashuba, NASA/JHUAPL/Southwest Research Institute/R. Tkachenko



Magnetic Fields Help Shape the Formation of New Planets Universe Today



Sun-like Star TW Hydrae - S. Andrews (Harvard-Smithsonian CfA), ALMA (ESO/NAOJ/NRAO) | 







SPHERE/VLT

ALMA and VLT datas in a composite image of PDS 70 - ALMA (ESO/NOAJ/NRAO) A. Isella; ESOProtoplanetary disk of PDS 70 with the planet PDS 70b - VLT/ SPHERE  ESO/A. Müller et al. 



Close-up view showing PDS 70b and PDS 70c with its “circumplanetary disk” - ALMA (ESO/NAOJ/NRAO)/Benisty et al.



as it

Artist's illustration of exoplanets PDS 70 b and c - J. Olmsted (STScI) Illustration of the forming exoplanet PDS 70b collecting material from a circumplanetary disk
McDonald Observatory–University of Texas, Y. Zhou (UT Austin)







Magnetized protoplanetary disk winds - U. v. Kusserow/C. Fendt (2023)



https://ulrich-von-kusserow.de/index.php/buecher/magnetisches-sonnensystem-solare-eruptionen-sonnenwinde-und-weltraumwetter/entstehung-sonnensystem

Entstehung des magnetischen Sonnensystems  Formation of the magnetic Solar System



“Ash rain” drifting outwards above the accretion disk near the protostar, driven by matter ejection in protostellar winds

Y. Tsukamoto/Kagoshima University, M. N. Machida, S. Inutsuka (Editing: U. v. Kusserow) 

Results of simulation calculations: electrically charged particles are pre-
ferentially transported poleward due to their binding to the magnetic
fields in collimated protostellar jet streams (above), neutral particles drift
more strongly outwards because of centrifugal forces (below)





Abb. 29Interaction of stellar and planetary magnetic fields (a). Based on the results of computer simulations, different magnetic field topologies arise in the vicinity of the 
planets depending on the relative orientation of stellar and planetary fields to each other (b and c) - A. Strugarek, compilation: U. v. Kusserow



Future Significance



Solar-like stellar winds and space weather in a magnetic protoplanetary system - U. v. Kusserow/M. Druckmüller



3D simulation of a massive (Carrington scale) stellar coronal eruption initiated from a magnetogram - B. J. Lynch et al. (2019)





https://virginia.box.com/s/4katluvu3d4598sdqm2xvnv5m5evenzt
video



U. v. Kusserow

Vorhauptreihen-Entwicklung

Pre-main Sequence Evolution



Left and middle columns : shell slices at the surface of radial velocity and radial magnetic 
field for the five MHD simulations. Right column: equatorial slice of 𝑩𝝋 for each model.



The ratio of the poloidal ram pressure plus thermal pressure to the poloidal 
magnetic pressure within the inner 0.2 AU of the disk



Exciting structures in a young Protoplanetary Disk that support Planet Formation - ALMA (ESO/NAOJ/NRAO)/Dong et al.



Artist´s conception Square Kilometre Array Observatory (SKAO)

Artist's conception of the multi-antenna next generation VLA (ngVLA)

Artist's conception of the Extremely Large Telescope (ELT)

Artist's conception of the Thirty Meter Telescope (TMT) - ESOArtist's conception of the Giant Magellan Telescope (GMT)



Shielding the Extremely Large Telescope from the Atacama Desert | ELT Updates - ESO





Artist's impression of the space telescope PRIMA (PRobe far-Infrared Mission for Astrophysics) - NASA/JPL-Caltech; Background: ESO/S. Brunier



DREsden Sodium facility for DYNamo and thermohydraulic studies (DRESDYN)
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Simulation of a gas disk in a magnetized protostellar system
AIP/E. Sarafidou, O. Gressel; Background: AIP/A. Saviauk

MHD simulation of a protoplanetary disk with ambipolar diffusion - O. Gressel

Simulated Planet Formation in a Magnetized Protoplanetary Disk - O. Gressel



„To B Or Not To B “ 
Virginia Trimble, 2001

„The larger our ignorance, the
stronger the magnetic field“

Lodewijk Woltjer, 1965

Hendrik van der Hulst, 1987 

„Magnetic Fields are to Astrophysics
as Sex is to Psychology“
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