
  

Foreshock bubbles can modify their 
driving discontinuities, enabling the 

formation of hot flow anomalies

Simulation model and setup
● Simulation conducted using the Vlasiator model [Palmroth et al., 2018]
● Hybrid-Vlasov approach:

– Ions as 3D velocity distribution functions
– Electrons as a massless charge-neutralising fluid

● Run setup:
– 2D simulation in ordinary space: equatorial plane
– Resolution: Δr = 300 km ; ΔV = 31 km/s 
– Solar wind parameters: n = 1 cm-3 ; T = 500 kK ; V1 = [-750; 0; 0] km/s 

V2 = [-750; -103; 0] km/s (after discontinuity)

– Interplanetary magnetic field: B = 3 nT; B1 = [2.12; 2.12; 0] nT; 

B2 = [2.12; -2.12; 0] nT (after discontinuity)

– Alfvén Mach number: MA = 11.4

The foreshock bubble creates favourable 
conditions for hot flow anomaly (HFA) 
formation: converging electric fields

Motivation and overview of the study
● The interaction of solar wind directional discontinuities with near-Earth space 
generates mesoscale transient structures upstream of Earth’s bow shock.

● These structures have a global impact on the magnetosphere, such as 
magnetopause compression or the generation of magnetospheric waves [e.g. 
reviews by Zhang et al., 2022; Kajdic et al., 2024]. 

● Understanding the formation conditions of these transient structures is 
crucial to evaluate their contribution to solar wind-magnetosphere coupling.

● We conduct a global 2D simulation of the interaction of a rotational 
discontinuity with near-Earth space to investigate the properties of the 
resulting transient structures.

We find that a foreshock bubble can modify its driving discontinuity, 
enabling the formation of hot flow anomalies when it reaches the shock

The foreshock transients cause large-scale 
shock deformation

As the rotational discontinuity travels through 
the foreshock, a foreshock bubble forms on its 

sunward side due to the accumulation of 
suprathermal ions

Later on, a hot flow anomaly develops where 
the discontinuity intersects the bow shock

The foreshock 
bubble’s core 
causes a local 
weakening of 
the bow shock 
and creates a 
low density 

region inside the 
magnetosheath.

The shock also 
expands 

outwards into 
the bubble’s 
compressed 

edge
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Strong electric 
fields along the 
discontinuity 
normal arise 

inside the 
foreshock 

bubble. They 
converge in two 
layers marked by 

dashed lines.

The motional 
electric field Ex 
is due to the 
residual Vy 

velocity of the 
suprathermal 

ions and Bz due 
to the current 

sheets

HFAs

HFA

The initial 
discontinuity 
current sheet 
bifurcates into 
two negative Jz 
current sheets
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