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1. Plasma Propagation Method 
After choosing a configuration 

where the spacecraft are radially 
aligned, we model the  plasma 

propagation.
 

 
 We considered a ballistic 

propagation and tested several 
assumptions: constant speed, 

constant acceleration, non radial 
propagation.

For one crossing at PSP, we compute 
at each instant the distance between 
the propagating plasma parcel and 
SolO, and find the time at which this 

distance is minimum.

Redoing the above operation for 
each time at PSP gives us an 

estimation of the propagation time 
and to how close the plasma can get 

to the outer spacecraft.

4. Stream Interaction Region development
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Trajectories and positions of PSP and SolO around 
the studied radial alignment.

2. Density structure and HCS/HPS

Helios 1 & 2 opened a new era as they allowed for synergistic observations of the solar wind. In particular, there have been studies about the radial evolution of what can be considered the same solar wind parcel passing through both spacecraft 
when they were radially aligned during so called “plasma line-ups”. The recently launched Parker Solar Probe (PSP) and Solar Orbiter (SolO) are great new opportunities for such studies. Results of plasma line-ups studies are however strongly 
dependent on the considered time intervals. We propose here a new solar wind propagation method allowing to identify what we believe to be the same plasma passing through PSP (~0.075 au) & SolO (~0.9 au) during a radial alignment. We show 
the matching of two density structures (with radial lengths of ~ 10^7 km), corresponding to crossings of the Heliospheric Current Sheet on both spacecraft. Data also indicate the development of Stream Interaction Region during the plasma 
propagation. The unperturbed slow wind observed at PSP has indeed been caught up by a faster wind, creating a propagating discontinuity and trailing compression region, eventually engulfing the Heliospheric Current Sheet.

● We identified the same density structure  using the 
estimations of the propagation method.
This corresponds to a 137 h propagation time (   ).

● These structures are associated with  HPS/HCS  crossings 
on both spacecraft.

● By directly comparing the measurements as time-series, 
me made the implicit hypothesis that the structures vary 
along the radial direction.

● The magnetic fields inverse in opposite ways for the two 
spacecraft, why ?

Schematic of near-Sun HCS/HPS substructures 
as seen by PSP. Lavraud et al (2020)

Physical parameters as functions of time around the predicted 
plasma line-up as measured by PSP (blue) and SolO (orange).

Schematic of an expanding density structure 
varying the radial direction.

● We take into account the Sun’s rotation by 
plotting the parameters as functions of 
longitude the extension in the Carrington 
ref. frame.
 

● Because PSP is in super-rotation with 
respect to the Sun, one of the time series 
has to be reversed.

● In the HPS, the large scale magnetic field 
seem to follow the same trend on both SC.

● Density structures seem to be varying in 
the radial direction while the magnetic field 
seem to vary in the azimuthal direction.

● A fast solar wind source observed at PSP (red) 
interacts with a slow wind source, eventually 
forming a SIR seen at SolO.

● There is formation of a propagating discontinuity, 
and a trailing compression region (light blue) 
engulfing the HCS and HPS.

Physical parameters as functions of the angle in a corotating 
ref. frame around the predicted plasma line-up for PSP (blue) 

and SolO (orange).

Schematic of density structures varying in the 
radial direction and large scale magnetic field 

lines following the Parker spiral.

Schematic of a  Stream Interaction Region in an 
inertial reference frame. Adapted from Pizzo (1978)

Measurements should be compared differently 
depending on the structures spatial topologies !

Schematic of the propagation model.
Propagation method’s outcome considering a purely 
radial speed with a constant acceleration constrained 

by velocity measurements at PSP and SolO.

Large-scale physical parameters as functions of time a around the predicted plasma line-up as 
measured by PSP (left) and SolO (right).

Summary 
● We identified what we believe to be the same plasma 

parcel passing through PSP (0.075 au) and SolO (0.9 au) 
during a radial alignment.

● We modeled the plasma propagation to estimate what 
time intervals to compare on PSP and SolO.

● We identified the same density structure correspond to 
HCS and HPS crossing on both spacecraft.

● We take into account the Sun’s rotation by comparing 
measurements as functions angular extension in a 
corotating reference frame.

● The observations are interpreted with density structures 
having dominant radial variations while the magnetic 
field has dominantly an orthoradial gradient.

● The large scale physical parameter indicate the 
formation of a Stream Interaction Region engulfing the 
HCS and HPS during the plasma propagation.
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