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Introduction  30 

This file contains 2 texts, 8 figures and 1 table. Text S1 and Text S2 describe how current 31 
density is calculated from the view of particle motion and the magnetohydrodynamic 32 
equilibrium respectively. Figure S1 displays density, temperature and pressure 33 
distributions in the magnetic equatorial plane. Figure S2 shows data coverage of 34 
spacecraft. Figure S3 and Figure S7 provide more information from simulations. Figure 35 
S4 gives magnetic field records of two flybys and exhibits crosses of the boundary layer. 36 
Figure S5 and Figure S6 are current density distributions calculated in the two ways 37 
described by Text S1 and Text S2 respectively. Figure S8 is the averaged heliocentric 38 
distance distribution. Table S1 is the parameter details of the hybrid simulations shown in 39 
Figure S2. 40 
  41 
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Text S1. 42 

Calculation of current density from particle motion. The current density can also be 43 
calculated from the motions of charged particles. The total current density arising from 44 
the drift of charged particles in a static dipole field should consist of the current of the 45 
magnetic gradient drift (J∇), the current of the magnetic curvature drift (JR), and the 46 
magnetization current (JM) due to the gradient of the total magnetic moment and the 47 
inhomogeneous magnetic field—that is, J=J∇+JR+JM (Parks, 2004). The three types of 48 

current are calculated as𝑱ఇ ൌ ேሺఓ೔ାఓ೐ሻ

஻మ ሺ𝑩 ൈ 𝛻𝐵ሻ, 𝑱ோ ൌ െ
ଶேሺௐ೔∥ାௐ೐∥ሻ

஻ర ሾሺ𝑩 ⋅ 𝛻ሻ𝑩ሿ ൈ 𝑩, and 49 

𝑱ெ ൌ 𝛻 ൈ 𝑴 ൌ െ𝛻 ൈ ቂேሺఓ೔ାఓ೐ሻ

஻
𝑩ቃ , respectively, where 𝜇 ൌ ௠௩఼

మ

ଶ஻
ൌ ௐ఼

஻
, 𝑊ୄ ൌ ଵ

ଶ
𝑚𝑣ୄ

ଶ ൌ50 

𝑘஻𝑇 , 𝑊∥ ൌ ଵ

ଶ
𝑚𝑣∥

ଶ ൌ ଵ

ଶ
𝑘஻𝑇 , (kB is Boltzmann’s constant), and 𝑣ୄ  and 𝑣∥  are the 51 

components of thermal velocity perpendicular and parallel to the magnetic field, 52 
respectively. The subscripts i and e represent ions and electrons respectively. Each type 53 
of current can be evaluated by the FIPS NTP dataset if both ions (assumed to be protons 54 
in the calculation) and electrons have the same density (N) and temperature (T). The 55 
contribution of each current component to the statistically derived eastward current by 56 
𝛻 ൈ 𝑩 at the magnetic equatorial plane is shown in Figure S5. If the plasma pressure is 57 
isotropic, it can be proved that the sum of J∇+JR+JM equals the diamagnetic current 58 

𝑱 ൌ 𝑩

஻మ ൈ ∇𝑃 (Parks, 2004). 59 
 60 
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Text S2 62 

Calculation of current density from Magnetohydrodynamic (MHD) theory. Following 63 
classic MHD theory, the current density in magnetohydrodynamic equilibrium can be 64 

derived generally as 𝑱ୄ ൌ 𝑩

஻మ ൈ ቂ∇𝑃 ൅ ሺ𝑃∥ െ 𝑃 ሻ ሺ𝑩∙∇ሻ𝑩

஻మ ቃ, which is equivalent to the sum 65 

of J∇+JR+JM in terms of particle motions (Parks, 2004). If the plasma pressure is 66 

isotropic, the current density becomes 𝑱 ൌ 𝑩

஻మ ൈ ∇𝑃 . In our calculation, the plasma 67 

pressure, P, was derived from the FIPS NTP dataset (Figure S6). 68 
 69 

70 
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Table S1. The input parameters of upstream solar wind for simulations. IMF Bx, IMF By and IMF 141 
Bz are the three components of the IMF along the x-axis, the y-axis, and the z-axis, respectively. 142 
IMF B is the magnitude of IMF. Vx is the flow speed of solar wind along the x-axis. N0 is the 143 
number density of proton in the solar wind. Pdyn is the dynamic pressure of the upstream solar 144 
wind. β is the plasma Beta. VCS is the sound speed in the solar wind. 145 

 Case 1 Case 2 Case 3 Case 4 Case 5 
IMF Bx (nT) +17.55 +17.55 +17.55 +17.85 +17.85 
IMF By (nT) 0 0 0 +2.31 -2.31 
IMF Bz (nT) +4.00 +4.00 +4.00 0 0 
IMF B (nT) 18.00 18.00 18.00 18.00 18.00 
Vx (km/s) -370 -600 -370 -370 -370 
N0 (#/cm3) 30.00 30.00 78.89 30.00 30.00 
Pdyn (nPa) 6.82 17.93 17.93 6.82 6.82 

β 0.90 0.90 2.37 0.90 0.90 
VCS (km/s) 62.29 62.29 62.29 62.29 62.29 
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