
P
os
te
d
on

21
N
ov

20
22

—
C
C
-B

Y
4.
0
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
10
02
/e
ss
oa
r.
10
50
97
43
.1

—
T
h
is

a
p
re
p
ri
n
t
an

d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
at
a
m
ay

b
e
p
re
li
m
in
ar
y.

A Systematic Look at the Temperature Contribution to the

Dayside Magnetopause Current

Jason M H Beedle1, Daniel J Gershman2, Vadim M Uritsky1, Tai D Phan3, and Barbara L.
Giles2

1The Catholic University of America
2NASA Goddard Space Flight Center
3Space Sciences Laboratory, University of California Berkeley

November 21, 2022

Abstract

Magnetopause diamagnetic currents arise from density and temperature driven pressure gradients across the boundary layer.

While theoretically recognized, the temperature contributions to the magnetopause current system have not yet been systemat-

ically studied. To bridge this gap, we used a database of Magnetospheric Multiscale (MMS) magnetopause crossings to analyze

diamagnetic current densities and their contributions across the dayside and flank magnetopause. Our results indicate that the

ion temperature gradient component makes up to 38% of the ion diamagnetic current density along the magnetopause and typ-

ically opposes the classical Chapman-Ferraro current direction, interfering destructively with the density gradient component,

thus lowering the total diamagnetic current density. This effect is most pronounced on the flank magnetopause. The electron

diamagnetic current was found to be 5 to 16 times weaker than the ion diamagnetic current on average.
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Key Points:8

• The magnetopause diamagnetic current is composed of opposing density and tem-9

perature gradient generated components10

• The temperature gradient contributes up to 38% of the ion diamagnetic current11

density along the magnetopause12

• The temperature component typically opposes the classical Chapman-Ferraro cur-13

rent direction14
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Abstract15

Magnetopause diamagnetic currents arise from density and temperature driven pres-16

sure gradients across the boundary layer. While theoretically recognized, the temper-17

ature contributions to the magnetopause current system have not yet been systemati-18

cally studied. To bridge this gap, we used a database of Magnetospheric Multiscale (MMS)19

magnetopause crossings to analyze diamagnetic current densities and their contributions20

across the dayside and flank magnetopause. Our results indicate that the ion temper-21

ature gradient component makes up to 38% of the ion diamagnetic current density along22

the magnetopause and typically opposes the classical Chapman-Ferraro current direc-23

tion, interfering destructively with the density gradient component, thus lowering the24

total diamagnetic current density. This effect is most pronounced on the flank magne-25

topause. The electron diamagnetic current was found to be 5 to 16 times weaker than26

the ion diamagnetic current on average.27

Plain Language Summary28

The solar wind represents a continuous outflow of charged particles from the Sun’s29

upper atmosphere into the solar system. Upon reaching Earth’s magnetosphere, the so-30

lar wind’s dynamic pressure is balanced by the magnetic pressure of Earth’s magnetic31

field in a boundary layer known as the magnetopause. This boundary layer represents32

the entry point of the solar wind’s energy into Earth’s magnetosphere and upper atmo-33

sphere, playing a crucial role in energy transport throughout the interconnected system.34

Plasma density and temperature differences across the boundary layer generate an elec-35

tric current that supports the magnetopause. In this paper, we clarify the physical mech-36

anism of the magnetopause current by using high-resolution data from NASA’s MMS37

mission. We found a significant ion temperature contribution to the magnetopause cur-38

rent not identified in previous studies. Our results also indicated that the plasma elec-39

trons’ contribution to the magnetopause current was significantly smaller than the ion40

contribution.41

1 Introduction42

The magnetopause is a magnetosphere boundary layer created through the dynamic43

pressure balance between the solar wind’s kinetic pressure and Earth’s magnetic field.44

The solar wind causes distortions in the magnetosphere’s magnetic field topology sup-45

ported by a current sheet first proposed by Chapman and Ferraro in 1931 (Chapman &46

Ferraro, 1931), often termed the Chapman-Ferraro (CF) current, which runs in a dawn-47

to-dusk direction around the magnetopause (Ganushkina et al., 2018). This current struc-48

ture is believed to be generated through pressure gradients at the magnetopause bound-49

ary layer where, as explained in Hasegawa (2012), the magnetosheath plasma has a higher50

plasma density, while the magnetosphere will have a higher ion temperature. The result-51

ing changes in plasma density and temperature across the magnetopause leads to gra-52

dients that generate ion and electron diamagnetic currents running perpendicular to the53

magnetic field (Ganushkina et al., 2018).54

Because of the magnetopause’s important role in magnetic reconnection and the55

resulting transfer of plasma and energy into the magnetosphere it has been the focus of56

numerous studies [Cahill and Amazeen (1963); Le and Russell (1994); Phan et al. (1996);57

Phan and Paschmann (1996); Haaland et al. (2014); Paschmann et al. (2018); Haaland58

et al. (2019); Shuster et al. (2019); Haaland et al. (2020); etc.] and missions [MMS, THEMIS,59

and Cluster] which have delved deeper into the current sheet’s structure and creation.60

From Paschmann et al. (2018) and their MMS magnetopause crossing database, the to-61

tal current density across the dayside magnetopause was studied in detail. The flank mag-62

netopause total current density was then surveyed in Haaland et al. (2019) and Haaland63
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et al. (2020) where the flanks were found to have a weaker current density and a corre-64

spondingly thicker boundary layer than the dayside.65

While the literature generally recognizes the importance of both the density and66

temperature in generating diamagnetic currents, a large scale systematic analysis of their67

contribution to the magnetopause current system has not yet been accomplished. To help68

fill this gap in the literature, we considered four years of burst mode MMS mission data69

over the magnetopause crossing intervals provided by Paschmann et al. (2018)’s MMS70

database. We measured both the density and temperature diamagnetic current compo-71

nents and created current accumulations of their contributions. In doing so, we found72

that the temperature diamagnetic current component is a statistically significant factor73

to both the dayside and flank magnetopause current sheet by acting against the density74

component and thus reducing the total diamagnetic current density.75

2 Data and Analysis76

2.1 MMS Database77

For this study, we used four years of data from Paschmann et al. (2018, 2020)’s and78

Haaland et al. (2020)’s database of MMS current sheet crossings. MMS is a mission com-79

prised of four separate spacecraft traveling in a tetrahedron pattern through the mag-80

netopause (Burch et al., 2015). This database catalogues MMS current sheet crossings81

based on Fast Plasma Investigation (FPI) (Pollock et al., 2016), Fluxgate Magnetome-82

ter (Russell et al., 2016), and Hot Plasma Composition Analyzer (HPCA) measurements83

(Young et al., 2016). The magnetopause transit times are captured through an automated84

minimum variance analysis of the magnetic field in boundary normal or LMN coordi-85

nates (Paschmann et al., 2018, 2020). The start and end times of the current sheet cross-86

ing were then assigned as covering 76% of the primary magnetic field component’s tran-87

sition across the magnetopause boundary. The magnetopause velocities for each cross-88

ing are obtained by the database through Minimum Faraday Residue analysis of the elec-89

tric field (Haaland et al., 2020). The database places identifiers on the individually iden-90

tified magnetopause crossings, classifying their characteristics and structure. A full de-91

scription of this process and the current sheet identifiers can be found in Paschmann et92

al. (2018) and Haaland et al. (2020). An example crossing, with the database defined93

magnetopause current sheet crossing indicated by the dashed orange lines, is given in94

Figure 1.95

2.2 Magnetopause Current Sheet Selection96

We chose database defined crossings from 2015 to 2018 using event identifiers to97

select for complete and monotonic magnetopause crossings, where monotonic indicated98

events that had a constant magnetopause velocity so their thicknesses and durations could99

be computed. Additionally, we included Harris sheet-like events, or simple clear mag-100

netopause crossings that were also complete, monotonic events in our data set. Events101

with unusually high (above 2, 000 nA/m2) current density spikes during the magnetopause102

crossing time, such as would occur during a reconnection event, or when data flags for103

the various instruments were non-nominal, were manually removed from our data set.104

Alongside the database defined event criteria, we imposed two additional condi-105

tions on our events in order to ensure high signal-to-noise ratios and typical magnetopause106

plasma number densities as described below:107

First, we considered the current measured during the magnetopause crossing and108

selected for events that reported significant peaks in their current densities. Where “sig-109

nificant” in our case was considered to be a current crossing where at least 50% of the110

crossing duration was within 15% of the maximum current peak during that crossing.111
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Figure 1. Example crossing during a monotonic (constant magnetopause velocity), complete

2015 MMS transit from the magnetosheath into the magnetosphere at the following Cartesian

GSE position along the dayside magnetopause, indicated in Earth Radii (X,Y,Z): (9.4 Re, -6.5

Re, -1.0 Re). The orange lines represent the magnetopause current sheet as identified by the

MMS database. (a) Magnitude of the magnetic field, (b) magnetic field in LMN coordinates,

(c,d) ion and electron omnidirectional spectrograms, (e) ion number density, (f) ion perpendicular

and parallel temperature, and (g,h,i,j) curlometer, total ion diamagnetic, density component,

and temperature component current densities respectively in LMN coordinates with magnitudes

indicated in black.
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This condition enabled us to select events with a strong current and high signal-to-noise112

ratios, thus ensuring that the temperature and density gradients and their resulting dia-113

magnetic current components were not artificially diminished by the higher noise floor114

of low current density magnetopause crossings.115

Second, we used HPCA measurements to compare the number densities of H+ with116

O+ for each magnetopause crossing. If O+ exceeded 0.2 cm−3 during the transit and H+
117

remained below 1.5 cm−3, then we considered O+ to dominate the magnetospheric ion118

mass density by more than a factor of 2 as described by Fuselier et al. (2019). Events119

fitting this classification were also removed from our data set as they represented den-120

sities not typically found in the magnetopause current sheet.121

From the application of the database identifiers as well as our conditions, we were122

able to identify 561 events. The locations and corresponding years of the selected cross-123

ings are denoted in Figure 2.124

Figure 2. Diagram of our 561 MMS magnetopause crossings from 2015 (red), 2016 (green),

2017 (orange), and 2018 (blue). We define a local spherical coordinate system with φ in the

XGSE - YGSE plane, positively defined from the +XGSE axis, R defined as radially outward,

and θ as the polar angle into the ZGSE direction. Note, every 15◦ in φ is equal to 1 hour of

MLT with 12 MLT corresponding to 0◦ in φ, or along the +XGSE axis. The Dawn flank is de-

fined as −55◦ to −90◦ in φ, the Dusk flank as +55◦ to +90◦, and the Dayside as +55◦ to −55◦.

Note, MMS first launched in 2015 with an orbit focusing on the dayside magnetopause, but after

2017, this orbit was extended to a wider orbit focusing on the flank magnetopause (Haaland et

al., 2020). Because of the varying solar cycle, this has the possibility of creating an asymmetry

between the dawn and dusk flank plasma measurements.
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2.3 Current Calculations125

MMS’s four separate spacecraft allows the total current to be calculated by the cur-126

lometer method (Dunlop et al., 1988) that uses all four spacecraft to perform the curl127

of the observed magnetic field in order to approximate Ampere’s law in the MHD ap-128

proximation (e.g. Ganushkina et al. (2018)). This current we call the curlometer cur-129

rent:130

Jcurl =
∇×B

µ0
. (1)

Using the curlometer method, we also calculated the gradient of the ion density,131

and the divergence of the temperature tensor to get the total ion diamagnetic current132

and its current components (Jdia ∇Ni
and J

dia ∇·
←→
Ti

). We found the electron diamag-133

netic current to be at least one order of magnitude smaller, on average, than the ion dia-134

magnetic current. This is in agreement with the results of Dong et al. (2018) in their case135

study where they found that the perpendicular current was mainly carried by the ion136

diamagnetic current in the magnetopause. Thus we are presenting results for the ion com-137

ponents and will drop the signifier “i” going forward. The components of the total dia-138

magnetic current are found by imputing the ideal gas law,
←→
P = Nkb

←→
T , into the ex-139

pression for the total diamagnetic current J⊥ =
~B×∇·

←→
P

|B|2 , see e.g. Ganushkina et al. (2018)140

and the references therein, resulting in the following expressions:141

Jdia ∇N =
B× (Kb

←→
T · ∇N)

|B|2
, J

dia ∇·
←→
T

=
B× (KbN∇ ·

←→
T )

|B|2
. (2)

Where, by definition, Jdia Total = Jdia ∇N + J
dia ∇·

←→
T

.142

These currents were then averaged over our selected magnetopause crossings for143

each event, leading to single averaged current values for each of our 561 crossings. See144

Figure 1 for an example crossing on the dayside magnetopause. Note the two vertical145

orange lines represent the database defined current sheet crossing where the resulting146

currents would be averaged over.147

All of the data taken from MMS, as well as the current calculations, was interpo-148

lated to the 30 ms FPI electron time resolution. As our main results involve ion diamag-149

netic currents and the total current as computed from the curlometer method, any sub150

150 ms variations in the ion measurements will not impact our results. For non-curlometer151

calculations, we averaged over all four spacecraft to create a single data stream where,152

on average, the MMS separation during 2015 - 2018 was 10 - 60 km while the magne-153

topause current crossings analyzed typically had thicknesses greater than several hun-154

dred km, sufficiently larger than the max 60 km tetrahedron separation. These calcu-155

lations were completed in GSE coordinates and then converted to a local spherical co-156

ordinate system built off of the Cartesian GSE coordinates. See Figure 2 for a depiction157

of our spherical coordinate system and the definition of the dusk and dawn sectors.158

Note, one limitation with applying the curlometer method to a magnetopause cur-159

rent sheet crossing is that the curlometer method requires simultaneous measurements160

from all four spacecraft to calculate a gradient, curl, or divergence of a quantity. Thus,161

errors occur when one or more of the MMS constellation is outside of the magnetopause162

boundary as the spacecraft are no longer all measuring the same medium. For our study,163

this caveat is mitigated by the fact that the magnetopause boundary is, on average, at164

least one order of magnitude larger than the average MMS separation, with median mag-165

netopause thicknesses often reported as approximating 1,000 km (e.g. Haaland et al. (2019,166

2020)). This makes times where the curlometer method results in erroneous measure-167

ments brief and limited to the outskirts of a current sheet crossing.168
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2.4 Current Accumulations169

The averaged currents from the 561 magnetopause crossings were put into bins cor-170

responding to MMS’s physical location in our local spherical coordinate system. The an-171

gle φ was used to create 1-dimensional bins from 90◦ to −90◦ in 20◦ increments. This172

was done for each component in the spherical coordinate system as described in Figure173

2 and shown in Figure 3. Error bars for each figure were computed using the standard174

error or σ/
√
N , with σ the standard deviation of the values in each bin and N the num-175

ber of events that fell inside that bin.176

Using Figure 3 we can make several observations. The first is that the Jcurl, Jdia Total,177

and Jdia ∇N φ-component currents are all in the +φ direction across the magnetopause,178

or in the classical CF, dawn-to-dusk direction. However, the J
dia ∇·

←→
T
φ component is179

consistently in the −φ direction, or from dusk-to-dawn across the magnetopause. There-180

fore the two components of the ion diamagnetic current, Jdia ∇N and J
dia ∇·

←→
T

, are op-181

positely directed across the magnetopause as can be seen in Figure 3b. The directions182

of these components are as expected when using the magnetospheric quantities evalu-183

ated by Hasegawa (2012) where the density component should run in the traditional CF184

current direction as the plasma density is higher in the magnetosheath and lower in the185

magnetosphere. At the same time, it is expected that the ion temperature is lower in the186

magnetosheath and higher in the magnetosphere, leading to the ion temperature com-187

ponent typically running counter to the CF current direction. On average, however, Jdia ∇N188

is stronger than J
dia ∇·

←→
T

, which allows the total diamagnetic current, Jdia Total, to still189

flow in the classical CF direction.190

2.5 Current Measurement Results191

We then used our data to create a table of results over the dusk, dayside, and dawn192

magnetopause including the mean, median, and standard errors for our 561 magnetopause193

crossings as seen in Table 1.194

From this table, Jcurl is strongest on the dayside, with a dusk-dawn asymmetry195

as the dawn curlometer current is stronger than the dusk. Both Jdia Total and Jdia ∇N196

show similar distributions with the dayside again being the strongest sector, but the dusk197

and dawn results are now in agreement within their standard errors. The J
dia ∇·

←→
T

com-198

ponent shows a dusk-dawn asymmetry with a significantly stronger dusk current den-199

sity than either the dayside or the dawn, whose values overlap in their standard errors.200

The total electron diamagnetic current, Je dia Total, is the weakest current component201

studied and shows a dusk-dawn asymmetry with the dusk being significantly weaker than202

both the dusk and the dayside.203

Comparing these results with past studies, our magnetopause thickness are, in gen-204

eral, higher than those found by Haaland et al. (2020); however, this is to be expected205

as we are considering a specific subset of database events as described in the previous206

sections. For similar reasons, the current densities found by Haaland et al. (2020) show207

differences, with our dawn current densities matching closely, but the dusk and dayside208

values showing deviations.209

–7–
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Figure 3. a) through d) depict current density accumulations for Jcurl, Jdia Total, Jdia ∇N ,

and J
dia ∇·

←→
T

across the dayside and flank magnetopause sectors, represented by the grey dashed

lines. Moving from top to bottom: a). represents the R-component of the current in our lo-

cal spherical coordinate system (described in Figure 2). b). φ - component, c). θ - component,

d). magnitude of the current components. e) diagram of the contributions and directions of

Jdia Total, Jdia ∇N , and J
dia ∇·

←→
T

across the dusk, dayside, and dawn magnetopause. Note the

size of the arrows in each sector indicates the relative magnitude of their current densities and

the direction indicates the current component’s flow around the magnetopause.
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Table 1. Magnetopause parameters and the magnitudes of current sheet densities across Dusk:

(+55◦ to +90◦), Dawn: (−55◦ to −90◦), and Dayside: ( > −55◦ and < +55◦) crossings with

the following format: mean (median) ± standard error of the values measured over each event’s

magnetopause crossing. Note, Vn values are unsigned averages and medians of the normal magne-

topause velocity.

Parameter Dusk Dayside Dawn

Number of Crossings 201 259 101
Thickness (km) 2028.3 (1459.5) ± 139.3 1892.2 (1251.8) ± 120.9 2149.4 (1524.2) ± 205.6
Thickness (di) 22.1 (15.4) ± 1.6 24.9 (15.2) ± 1.6 30.6 (17.8) ± 3.5

Thickness (Rgi) 37.0 (18.9) ± 4.6 77.3 (30.4) ± 10.2 35.0 (19.5) ± 4.6
Vn (km/s) 134.5 (112.4) ± 7.3 95.6 (70.0) ± 6.7 102.3 (92.2) ± 7.0

Duration (s) 16.3 (11.3) ± 0.9 23.8 (17.2) ± 1.2 21.1 (15.2) ± 1.4

|Jcurl| (nA/m2) 27.9 (16.1) ± 3.3 80.4 (63.6) ± 5.2 47.1 (31.0) ± 6.1
|Jdia Total| (nA/m2) 18.9 (8.6) ± 6.0 55.1 (45.4) ± 6.2 24.4 (12.5) ± 5.4
|Jdia ∇N | (nA/m2) 51.8 (27.3) ± 9.0 72.0 (62.6) ± 6.5 42.1 (29.9) ± 7.1
|J

dia ∇·
←→
T
| (nA/m2) 33.8 (18.2) ± 7.4 17.3 (12.8) ± 5.2 18.5 (10.1) ± 3.2

|Je dia Total| (nA/m2) 1.3 (0.5) ± 0.7 5.5 (4.0) ± 0.9 4.8 (2.8) ± 0.8

3 Temperature Gradient’s Impact on the Magnetopause Current Sys-210

tem211

Using our results from Figure 3 and Table 1, we can posit three primary ways the212

ion temperature gradients impact the magnetopause current density and, in doing so,213

create a 2D diagram to summarize our findings as shown in Figure 3e.214

1. The divergence of the ion temperature tensor generates up to one third of the to-215

tal ion diamagnetic current density in the φ direction.216

217

Specifically, in the φ direction, J
dia ∇·

←→
T

makes up 38% of the diamagnetic cur-218

rent density on the dawn, 19% on the dayside, and 31% on the dusk.219

220

2. J
dia ∇·

←→
T

goes in the opposite direction of the classical Chapman-Ferraro Current.221

222

J
dia ∇·

←→
T

is clearly in the −φ direction across the magnetopause when consider-223

ing Figure 3b. This results in J
dia ∇·

←→
T

lowering the contribution of Jdia ∇N , mak-224

ing the Jdia Total less than Jcurl on average as seen in Table 1.225

226

3. J
dia ∇·

←→
T

’s contribution to the magnetopause current density becomes more im-227

portant toward the flank magnetopause.228

229

Jdia Total and Jdia ∇N are strongest on the dayside and grow steadily weaker on230

the dusk and the dawn flanks, with both flanks showing similar results for the cur-231

rent densities. This is in contrast to J
dia ∇·

←→
T

which increases in strength, par-232

ticularly on the dusk flank, resulting in the total diamagnetic current being de-233

creased even further by J
dia ∇·

←→
T

’s impact on the flank mangetopause.234

From Table 1 and Figure 3 we may also notice the difference between the curlome-235

ter and the total diamagnetic current densities across the magnetopause. This difference236

is generally expected as the curlometer current represents the total current density as237
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measured by MMS across the magnetopause current layer, which includes contributions238

from both ion and electron currents and their perpendicular and parallel components.239

The total ion diamagnetic current is thus one component of the curlometer current. This240

being said, the total diamagnetic current density still represents the main contributor241

to the curlometer current, accounting for almost 70% of the current density on the day-242

side.243

4 Discussion244

4.1 Gradient Formation245

These observations are generally consistent with previously literature regarding ion246

populations in the magnetosphere. From Chappell et al. (2008), the warm plasma cloak247

is defined as a population of 10 eV to 3 keV ions energized in the polar cap and mag-248

netotail, which circulates in a dawn-to-dusk circulation pattern throughout the inner mag-249

netosphere out to the magnetopause. As Chappell et al. (2008) notes, the warm plasma250

cloak ions can occupy the same space as the much warmer and more energetic ring cur-251

rent ions, which circulate in the opposite direction across the magnetosphere, from dusk-252

to-dawn. Thus it is possible, on a simplified level of magnetospheric circulation, that the253

colder warm plasma cloak ions provide generating pressure for the density gradient com-254

ponent across the magnetopause in its dawn-to-dusk, CF current like direction, while the255

warmer ring current ions provide generating pressure for the temperature gradient com-256

ponent in its dusk-to-dawn direction. The density component’s dayside-flank asymme-257

try could also be explained by additional density gradients generated by the plasmas-258

phere drainage plume (Borovsky & Denton, 2008), which exhausts through the dayside259

magnetopause during storm conditions, enhancing the dayside with more cold ions, thus260

leading to an enhanced dayside Jdia ∇N while leaving the dusk and dawn components261

reliant solely on the warm plasma cloak ion population. The presence of magnetosphere262

particle populations in the mangetopause and their effects on the magnetopause current263

sheet, specifically regarding magnetic reconnection, is explored in the following studies:264

e.g. Borovsky and Denton (2008), Fuselier et al. (2017), and Walsh et al. (2013). Ad-265

ditional study regarding the effects of the warm plasma cloak and plasmasphere parti-266

cle populations on the diamagnetic current and its component generation is needed how-267

ever.268

4.2 Large Scale Current System Closure269

From Figure 3 and Table 1, we can see the total diamagnetic current density is lower270

on the flanks, helped by an increasingly prominent temperature component. This indi-271

cates current closure with the larger 3D current system where the magnetopause cur-272

rent steadily curves toward the parallel as it goes around the flanks. As the total cur-273

rent through the magnetopause current system must remain constant, as charge is con-274

served, the current density of the total current’s components must then fluctuate appro-275

priately along the dayside and flanks to “transfer” the current density from the perpen-276

dicular dominated dayside to the increasingly parallel dominated flanks. This indicates277

that the total diamagnetic (perpendicular) current decreases in order for more of the to-278

tal current density to be diverted toward parallel currents such as the field aligned cur-279

rents. Additionally, the magnetopause is generally thinner on the dayside and thicker280

on the flanks while the magnetopause current must remain the same as it flows through281

the magnetopause (e.g. Haaland et al. (2019, 2020)). Thus the total perpendicular cur-282

rent density must change to compensate for either a thinner or thicker magnetopause.283

From Figure 3, we can see this is, indeed, the case as the total diamagnetic current den-284

sity decreases on the flanks and is strongest toward the dayside.285
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4.3 Ion vs. Electron Diamagnetic Current Densities286

Even though the electron diamagnetic current was found to be significant on elec-287

tron scale current sheets by Shuster et al. (2019, 2021), we found the electron current288

density to be less significant over our ion scale magnetopause current sheets. Specifically289

the electron diamagnetic current density is 6% of the ion diamagnetic current density290

in the φ direction on the dusk, 9% on the dayside, and 19% on the dawn. This presents291

an interesting asymmetry for the electron current as it is noticeably weaker on average292

on the dusk than it is on the dawn; however, in both cases, the electron diamagnetic cur-293

rent is also weaker than the contribution made by the ion current. The weaker electron294

current density may be explained based on the fact that we are averaging over many elec-295

tron scale current sheets when considering our ion scale magnetopause crossing, thus low-296

ering the resulting current density.297

5 Conclusions298

In this paper, we have quantified the diamagnetic current’s composite nature. Based299

on our systematic analysis of four years of MMS magnetopause crossings, the diamag-300

netic current is composed of two competing components: one generated by density gra-301

dients and one by temperature gradients.302

We have found that the temperature generated component acts against the den-303

sity component, weakening the total diamagnetic current’s net strength, particularly on304

the flanks where the temperature component’s contribution can reach up to 38% of the305

diamagnetic current density along the magnetopause. We also found that ions contribute306

the majority of the current density to the diamagnetic current, with electrons account-307

ing for only 6% to 19% of the ion’s contribution.308

Taking these findings into account, we can posit that enhancements of the temper-309

ature gradient along the magnetopause boundary may lead to a corresponding weaken-310

ing of both the diamagnetic current and, by extension, the total current in the magne-311

topause. This implied weakening of the magnetopause current by the temperature gra-312

dient leads to a more complicated picture of the interaction between the solar wind and313

Earth’s magnetosphere, especially on small scales where situations can arise where the314

two components of the diamagnetic current become equal yet opposite, leading to the315

net cancellation of the diamagnetic current in that region. Studying the small-scale con-316

sequences of this interaction is the basis of our future work.317
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