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For context, variations in Qi and Qe and S can be compared to the total energy density [8] of each 

species  

�� = ��,����	�
 + ��,	��
��� =
1

2
������

� +
�� (��

�����)

2
, 

and the electromagnetic energy density 
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as shown in figure S1.  While it is difficult to distinguish temporal evolution from spatial dependence 

in satellite observations, we include this information as a way to gain insight to where spatial changes 

in flux densities may lead to temporal evolution of energy density. 

Ui (Figure S1e) is largest at the beginning and end of the interval where the exhaust is fastest. At the 

beginning of the interval there is an approximately equal split between the ion kinetic and thermal 

energy density whereas at the end of the interval, the ion thermal energy is higher. The ion kinetic 

energy density is not negligible and this is consistent with previous observations [Eastwood et al., 

2013; Yamada et al., 2014]. In contrast, Ue (Figure S1g) is almost entirely thermal, and an order of 

magnitude smaller than Ui. The dominance of the thermal component in Ue is to be expected given the 

small particle mass and the high electron thermal speeds typically observed in space plasmas. The 

MMS data also reveals more structure compared to the ions, and is locally enhanced both in the 

region surrounding the EDR and also after the separatrix encounter at 13:06:59 UT, with two other 

peaks around 13:07:01 UT. The electromagnetic energy density UEM (Figure S1i) essentially follows 

|B|2, and is peaked at the separatrix region, where S is also enhanced. It also peaks adjacent to the 

EDR encounter with further structure in between. The peaks in UEM are adjacent to the increases in 

electron energy density. After the EDR encounter, the electromagnetic energy density is reduced but 

MMS remained closer to the midplane at smaller values of BL, away from the separatrix region. 



 

Figure S1 (a-b) magnetic field strength and components (c) ion velocity (d) number density (e-f) ion 

energy density and energy flux (g-h) electron energy density and energy flux (i-j) electromagnetic 

energy density and energy flux. 

 


