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Science Objective 4: How are particles energized by waves and turbulent 
fluctuations? 

Science Objective 8: Which are the key plasma instabilities involved in 
energy transport?
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PO science objectives
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B0

Ion-cyclotron fluctuations (super ion/fluid scales) Resonant interaction of ions with fluctuations

Ion-cyclotron resonance

Kinetic effects in quasi-linear 
theory
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B0

Energy conversion to electrostatic fluctuations

Hybrid Vlasov-Maxwell (scaled units)

In the electrostatic approximation (in 1D-1V phase space 
configuration) and for massless electrons

Dielectric function (Valentini+, PRL 2008, PRL 2011)
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B0

Kinetic numerical simulations

Protons, Valentini+, APJL 2014 Electrons, Zanelli+, PoP 2025

Hybrid simulations show the 
excitation of this branch of 
undamped nonlinear fluctuations, 
an efficient channel to bring 
energy to sub-ion scales



  

Conferenza Italiana Plasmi, 3-6 febbraio, ENEA Centro Ricerche Frascati

B0

Comparison with data – electric signals
Spacecraft measurements in the solar wind, 
Valentini+, APJL 2014

MMS measurements in 
the magnetosheath, 
Perri+, APJ 2021



  

Comparison with data - velocity distributions

Eriksson+, 2021

Ion-beam velocity 
distributions in the 
magnetosheat

Stasiewicz, 2024 - Flat-top electron velocity distributions at 
the bow-shock

In regimes of low collisionality, the interaction between 
particles and fluctuations results in the deformation of ion and 
electron velocity distributions
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Perri+, APJ 2021
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PO vs start-of-the-art multi-point missions

Ion Scale Fluid Scale

4 Cluster
Ion or Fluid

4 MMS
Electron or Ion scale

log(scale)

4 SC allows to study structures in 3D but 
only one scale at time

7 SC enable to study the coupling 
between ion and fluid scale in 3D

Electron scale

Plasma Observatory: 7 observations points
 
Next logical step following Cluster, THEMIS 
and MMS

Leverage Cross-Scale and SCOPE heritage 
studies 



  

How scales couple
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Establishing cause and effect in plasmas
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Establishing cause and effect in plasmas

Curlometer → curl(E), electrostatic



  

How scales couple

Conferenza Italiana Plasmi, 3-6 febbraio, ENEA Centro Ricerche Frascati

Establishing cause and effect in plasmas

Curlometer → curl(E), electrostatic



  

Plasma Observatory is a plasma physics mission in a privileged 
natural laboratory

PO allows for the first time to investigate a fundamental and intrinsic 
property of a complex system, such as a turbulent plasma, that is 
cross-scale coupling

Many different plasma process can be get closure through
PO measurements

Scientists interested in the physics of PO are encouraged to
start thinking about possible lines of research where PO data could
be game changer

Stay tuned for the final selection, GO PO! 
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