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1	Supplementary Data
In Text S1 we provide additional justification for using specific energy invariants ( and ) and whether they are consistent with the radial dependent . Text S2 provides details about Movie S1, which shows the response of the magnetosphere-ionosphere coupled system to many plasma bubble injections.
Text S1.
The reason for choosing  and  is to improve the accuracy of the moment profiles (temperature, density, and pressure) of the electrons and protons. Figure S1 shows the density and temperature of electrons and protons calculated in our simulation (panels C-F) and the statistics given by Runov et al. (2015) (panels G and H). The density (C and E) and temperature (D and F) profiles of plasma at a fixed-point A (, ) in the equatorial plane are obtained at time  before a bubble reaches point A and at time  after the bubble reaches point A. In general, the density and temperature profiles retrieved from RCM are consistent with trends in background and intruding populations (i.e., dipolarizing flux bundles), as observed. According to Runov et al. (2015), bubbles show drop of density but increase of temperature inside the bubbles corroborating the existence of type-1 bubbles (see Figure 1 of Wang et al., 2020). 
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Figure S1. (A) The equatorial distribution of entropy parameter () in units of  at  and . The time-dependent (B) entropy (), (C) proton density (in units of ), (D) proton temperature (in units of ), (E) electron density (in units of ), and (F) electron temperature (in units of  at (). Panel (G) shows  distribution of bubble events detected by THEMIS between 2008-2009 (adapted from Figure 1 in Runov et al. 2015). Panel (H) shows superposed mean values of number density, electron and ion temperatures inside and outside of bubbles (adapted from Figure 2 in Runov et al. 2015). Colors correspond to geocentric distances.

Text S2.
Movie S1 shows the response of the coupled magnetosphere-ionosphere to random plasma bubble injections. In this file, panels (A)-(D) show the equatorial view of evolution of  (in units of ),  (in units of ),  (in units of ), and  (in units of ). Panels (E) and (F) show the ionospheric distribution of  (in units of ), and  (in units of ).
2

image1.png
® (nPa(Ry/nT)*") M M

Jan — Mor 08; Feb — Apr 09

o (b) -10 R <93 RE! 59
£ o5 (9) 9.5 <R<12 RE: 159
3 12 <R< 155 RE: 29
=& oo 5 . 15.5 <R< 25 RE: 24
g i s /\/ . .
g x
%o 5 o -]
[
-5 -10 -15 10 5 20 )K
T,=00:06:00 X(R) Time (min)
55 By ~ 1
o © @ .
° 5 10
o= 3 0 -5 =10 -15 -0 =25
S0 = X_GSM, RE
" I B —
E 04f, it |
02 g s -
g 70 £ 4 8 o 3 & 02 eaterest
Time (min) Time (min) bt
10
035 1 & Xé - -
e
@ @ gy - S
03 05 = (——————
2
I < .
§ o /\/\/ %o % 4 T pm—
& e o 5 3 gyt
= [ R TN
02 o8 Y5 i
_ s
o1 - = & 08, % S %5 dt  -100 50 0 50 100
Time (min) Time (min)




