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1. Text S1

Figure S1 compares the reconstruction fields for case 1 to those of the simulation in16

the L-N plane at the M value of the centroid of the virtual spacecraft. The format is17
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the same as that of Figure 6 in the paper, except for simulation reconstruction case 1.18

Similarly, Figures S2–S5 compare reconstruction fields to simulation fields for simulation19

reconstruction cases 7–10, respectively. Figure S3 is the same as Figure 6 in the paper,20

and Figure S5 is the same as Figure 7 in the paper; these are included here for easier21

comparison to the other figures.22

Simulation reconstruction case 1 (Figure S1) uses the RQ-3D model with tsmooth =23

0.4, whereas simulation reconstruction cases 7–10 (Figures S2–S5) show results for four24

different models (noted in the captions) for tsmooth = 0.8. All of Figures S2–S5 show25

reasonable agreement between the reconstruction and simulation fields, whereas there is26

a significant disagreement in Figure S1 (especially Figure S1e). This shows that use of a27

greater amount of smoothing significantly improves the reconstruction results.28

Movie S1 shows the reconstruction fields for case 1 versus time in the L-N and M -29

N planes for case 1. Similarly, Movies S2–S5 show reconstruction fields for simulation30

reconstruction cases 7–10, respectively. The movies show the reconstruction field in the31

L-N plane, similar to that shown in the top panels of Figures S1–S5. The movies also32

show the reconstruction field in the M -N plane.33

In principle, if the M dependence is small, there should not be any variation of the field34

in the M direction. But there may appear to be significant variation in the M direction in35

the movies if the BM and BN components of the magnetic field are small (like at t = −0.3;36

see top and bottom right panels of Movies S1–S5 at that time). There is usually less of37

this kind of problem for the magnetic field shown in the L-N plane because BL is usually38

the largest component of B.39
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Again, Movies S2–S5, for cases 7–10, respectively, using tsmooth = 0.8, show more accu-40

rate reconstructions than Movie S1 for case 1, using tsmooth = 0.4.41

Movies S6 and S7 have the same format as Movie S1, but Movie S6 shows the recon-42

struction fields for the 27 August 2018 MMS magnetotail reconnection event of section 4.143

in the paper, and Movie S7 shows the reconstruction field for the 7 December 2016 MMS44

current sheet crossing event of section 4.2 in the paper.45
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Movie S1. Movie of the reconstruction fields versus time for simulation reconstruction46

case 1. The top panel shows the magnetic field averaged over the virtual spacecraft versus47

time. The current time of the movie frame is indicated by the vertical black line. The48

bottom left panel shows the reconstruction magnetic field in the L-N plane. The black49

curves are streamlines of the magnetic field in the L-N plane at the M value of the centroid50

of the virtual spacecraft. The color scale shows BM , which is into the plane of the picture.51

The bottom right panel is similar, but showing the magnetic field in the M -N plane.52

Movie S2. Movie of the reconstruction fields versus time for simulation reconstruction53

case 7, using the same format as Movie S1.54

Movie S3. Movie of the reconstruction fields versus time for simulation reconstruction55

case 8 (equivalent to case 2), using the same format as Movie S1.56

Movie S4. Movie of the reconstruction fields versus time for simulation reconstruction57

case 9, using the same format as Movie S1.58

Movie S5. Movie of the reconstruction fields versus time for simulation reconstruction59

case 10, using the same format as Movie S1.60

Movie S6. Movie of the reconstruction fields versus time for the 27 August 2018 MMS61

magnetotail reconnection event of section 4.1 in the paper, using the same format as62

Movie S1.63

Movie S7. Movie of the reconstruction fields versus time for the 7 December 2016 MMS64

current sheet crossing event of section 4.2 in the paper, using the same format as Movie S1.65

Unlike Figure 13 in the paper, the color scale shows BM (like in the other movies) rather66

than BL.67
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Figure S1. (caption not printing in Latex) Comparison of reconstruction and sim-68

ulation magnetic field for simulation reconstruction case 1 using the RQ-3D model with69

tsmooth = 0.4. The fields are plotted in the L-N plane at the M value of the centroid70

of the virtual spacecraft. (a) Magnetic field averaged over the four virtual spacecraft.71

(b–i) In each pair of vertically arranged panels, reconstructed (top, with time label) and72

simulation (bottom, labeled “simulation”) magnetic streamlines in the L-N plane (black)73

and magnetic field into the plane of the page, BM (color scale).74

March 30, 2022, 4:11pm



X - 6 :

References

Denton, R. E., Sonnerup, B. U. O., Hasegawa, H., Phan, T. D., Russell, C. T., Strange-75

way, R. J., . . . Torbert, R. B. (2016). Motion of the MMS spacecraft relative to the76

magnetic reconnection structure observed on 16 October 2015 at 1307 UT. Geophys.77

Res. Lett., 43 (11), 5589–5596. doi: 10.1002/2016gl06921478

Denton, R. E., Sonnerup, B. U. O., Russell, C. T., Hasegawa, H., Phan, T. D., Strange-79

way, R. J., . . . Vines, S. K. (2018). Determining L-M-N Current Sheet Coordinates at80

the Magnetopause From Magnetospheric Multiscale Data. J. Geophys. Res., 123 (3),81

2274–2295. doi: 10.1002/2017ja02461982

Denton, R. E., Torbert, R. B., Hasegawa, H., Dors, I., Genestreti, K. J., Argall, M. R., . . .83

Fischer, D. (2020, February). Polynomial reconstruction of the reconnection magnetic84

field observed by multiple spacecraft. JOURNAL OF GEOPHYSICAL RESEARCH-85

SPACE PHYSICS , 125 (2). (tex.article-number: e2019JA027481 tex.eissn: 2169-86

9402 tex.orcid-numbers: Hasegawa, Hiroshi/0000-0002-1172-021X tex.researcherid-87

numbers: MMS, Science Team NASA/J-5393-2013 Hasegawa, Hiroshi/A-1192-200788

tex.unique-id: ISI:000535395800016) doi: 10.1029/2019JA02748189

Denton, R. E., Torbert, R. B., Hasegawa, H., Manuzzo, R., Belmont, G., Rezeau, L.,90

. . . Giles, B. L. (2021). Two-dimensional velocity of the magnetic structure ob-91

served on 11 <span class=”nocase”>July 2017 by the Magnetospheric Multiscale92

spacecraft</span>. Journal of Geophysical Research-Space Physics , 126 . doi:93

10.1029/2020JA02870594

Fu, H. S., Cao, J. B., Vaivads, A., Khotyaintsev, Y. V., Andre, M., Dunlop, M., . . . Eriks-95

son, E. (2016, February). Identifying magnetic reconnection events using the FOTE96

March 30, 2022, 4:11pm



: X - 7

method. JOURNAL OF GEOPHYSICAL RESEARCH-SPACE PHYSICS , 121 (2),97

1263–1272. (tex.eissn: 2169-9402 tex.orcid-numbers: Khotyaintsev, Yuri/0000-0001-98

5550-3113 Fu, Huishan/0000-0002-4701-7219 Vaivads, Andris/0000-0003-1654-841X99

Liu, Wenlong/0000-0001-7991-5067 dunlop, malcolm w/0000-0002-8195-5137 Liu,100

Wenlong/0000-0001-7991-5067 tex.researcherid-numbers: Khotyaintsev, Yuri/AAX-101

9720-2021 Fu, Huishan/E-1507-2012 Vaivads, Andris/H-8169-2013 Liu, Wenlong/Y-102

7669-2019 dunlop, malcolm w/F-1347-2010 Liu, Wenlong/G-5585-2013 tex.unique-id:103

WOS:000373002100023) doi: 10.1002/2015JA021701104

Fu, H. S., Vaivads, A., Khotyaintsev, Y. V., Olshevsky, V., Andre, M., Cao, J. B., . . .105

Lapenta, G. (2015, May). How to find magnetic nulls and reconstruct field topology106

with MMS data? JOURNAL OF GEOPHYSICAL RESEARCH-SPACE PHYSICS ,107

120 (5), 3758–3782. (tex.eissn: 2169-9402 tex.orcid-numbers: Fu, Huishan/0000-108

0002-4701-7219 Khotyaintsev, Yuri/0000-0001-5550-3113 Vaivads, Andris/0000-109

0003-1654-841X Retino, Alessandro/0000-0001-5824-2852 Lapenta, Giovanni/0000-110

0002-3123-4024 tex.researcherid-numbers: Fu, Huishan/E-1507-2012 Khotyaintsev,111

Yuri/AAX-9720-2021 Vaivads, Andris/H-8169-2013 Lapenta, Giovanni/J-5221-2016112

tex.unique-id: WOS:000357869600035) doi: 10.1002/2015JA021082113

Fu, H. S., Wang, Z., Zong, Q., Chen, X. H., He, J. S., Vaivads, A., & Olshevsky,114

V. (2020). Methods for finding magnetic nulls and reconstructing field topology:115

A review. In Zong, Q and Escoubet, P and Sibeck, D and Le, G and Zhang,116

H (Ed.), DAYSIDE MAGNETOSPHERE INTERACTIONS (Vol. 248, pp. 153–117

172). (ISSN: 0065-8448 tex.orcid-numbers: Fu, Huishan/0000-0002-4701-7219 Zong,118

Qiugang/0000-0002-6414-3794 tex.researcherid-numbers: Fu, Huishan/E-1507-2012119

March 30, 2022, 4:11pm



X - 8 :

Zong, Qiugang/L-1920-2018 tex.unique-id: WOS:000637603000010)120

Fuselier, S. A., Trattner, K. J., Petrinec, S. M., Pritchard, K. R., Burch, J. L., Cassak,121

P. A., . . . Strangeway, R. J. (2019, November). Stationarity of the reconnection122

x-line at earth’s magnetopause for southward IMF. JOURNAL OF GEOPHYS-123

ICAL RESEARCH-SPACE PHYSICS , 124 (11), 8524–8534. (tex.earlyaccessdate:124

NOV 2019 tex.eissn: 2169-9402 tex.orcid-numbers: Giles, Barbara L/0000-0001-125

8054-825X Strangeway, Robert/0000-0001-9839-1828 Fuselier, Stephen/0000-0003-126

4101-7901 Burch, James/0000-0003-0452-8403 Pritchard, Kristina/0000-0002-6523-127

6263 TRATTNER, KARLHEINZ/0000-0001-5169-109X tex.researcherid-numbers:128

Giles, Barbara L/J-7393-2017 tex.unique-id: WOS:000494920500001) doi: 10.1029/129

2019JA027143130

Gershman, D. J., Avanov, L. A., Boardsen, S. A., Dorelli, J. C., Gliese, U., Barrie, A. C.,131

. . . Pollock, C. J. (2017, November). Spacecraft and instrument photoelectrons132

measured by the dual electron spectrometers on MMS. JOURNAL OF GEOPHYS-133

ICAL RESEARCH-SPACE PHYSICS , 122 (11), 11548–11558. (tex.eissn: 2169-9402134

tex.orcid-numbers: Giles, Barbara L/0000-0001-8054-825X Avanov, Levon/0000-135

0003-2357-4851 tex.researcherid-numbers: Giles, Barbara L/J-7393-2017 tex.unique-136

id: WOS:000419938600040) doi: 10.1002/2017JA024518137

Haaland, S., Runov, A., Artemyev, A., & Angelopoulos, V. (2019, May). Char-138

acteristics of the flank magnetopause: THEMIS observations. JOURNAL OF139

GEOPHYSICAL RESEARCH-SPACE PHYSICS , 124 (5), 3421–3435. (tex.eissn:140

2169-9402 tex.researcherid-numbers: Artemyev, Anton/AAO-8011-2020 tex.unique-141

id: WOS:000471601500019) doi: 10.1029/2019JA026459142

March 30, 2022, 4:11pm



: X - 9

Hasegawa, H., Denton, R. E., Nakamura, R., Genestreti, K. J., Nakamura, T. K. M.,143

Hwang, K. J., . . . Saito, Y. (2019). Reconstruction of the Electron Diffusion Region of144

Magnetotail Reconnection seen by the MMS Spacecraft on 11 July 2017. J. Geophys.145

Res., 124 (1), 122–138. doi: 10.1029/2018ja026051146

Korovinskiy, D. B., Kiehas, S. A., Panov, E. V., Semenov, V. S., Erkaev, N. V., Divin,147

A. V., & Kubyshkin, I. V. (2021, May). The Inertia-Based Model for Reconstruction148

of the Electron Diffusion Region. Journal of Geophysical Research-Space Physics ,149

126 (5), e2020JA029045. (WOS:000657463000045) doi: 10.1029/2020JA029045150

Li, W.-Y., Khotyaintsev, Y., V, Tang, B.-B., Graham, D. B., Norgren, C., Vaivads, A.,151

. . . Wang, C. (2021, August). Upper-hybrid waves driven by meandering electrons152

around magnetic reconnection x line. GEOPHYSICAL RESEARCH LETTERS ,153

48 (16). (tex.article-number: e2021GL093164 tex.eissn: 1944-8007 tex.orcid-numbers:154

Khotyaintsev, Yuri/0000-0001-5550-3113 Lindqvist, Per-Arne/0000-0001-5617-9765155

Norgren, Cecilia/0000-0002-6561-2337 Dokgo, Kyunghwan/0000-0003-3917-7885156

Tang, BINBIN/0000-0002-9244-1828 Graham, Daniel/0000-0002-1046-746X An-157

dre, Mats/0000-0003-3725-4920 tex.researcherid-numbers: Khotyaintsev, Yuri/AAX-158

9720-2021 Lindqvist, Per-Arne/G-1221-2016 tex.unique-id: WOS:000688759800030)159

doi: 10.1029/2021GL093164160

Liu, Y.-H., Li, T. C., Hesse, M., Sun, W. J., Liu, J., Burch, J., . . . Huang, K.161

(2019, April). Three-dimensional magnetic reconnection with a spatially con-162

fined x-line extent: Implications for dipolarizing flux bundles and the dawn-163

dusk asymmetry. JOURNAL OF GEOPHYSICAL RESEARCH-SPACE PHYSICS ,164

124 (4), 2819–2830. (tex.eissn: 2169-9402 tex.orcid-numbers: Sun, Wei-Jie/0000-165

March 30, 2022, 4:11pm



X - 10 :

0001-5260-658X Li, Tak Chu/0000-0002-6367-1886 Liu, Jiang/0000-0002-7489-9384166

Burch, James/0000-0003-0452-8403 tex.researcherid-numbers: Sun, Wei-Jie/E-8097-167

2012 Liu, Jiang/B-3015-2014 tex.unique-id: ISI:000477707800034) doi: 10.1029/168

2019JA026539169

Manuzzo, R., Belmont, G., Rezeau, L., Califano, F., & Denton, R. E. (2019, December).170

Crossing of Plasma Structures by Spacecraft: A Path Calculator. JOURNAL OF171

GEOPHYSICAL RESEARCH-SPACE PHYSICS , 124 (12), 10119–10140. doi: 10172

.1029/2019JA026632173

Shi, Q. Q., Pu, Z. Y., Zhang, H., Fu, S. Y., Xiao, C. J., Zong, Q. G., . . . Liu, Z. X. (2005).174

Simulation studies of high-latitude magnetospheric boundary dynamics. Surveys in175

Geophysics , 26 (1-3), 369–386. doi: 10.1007/s10712-005-1900-6176

Shi, Q. Q., Shen, C., Dunlop, M. W., Pu, Z. Y., Zong, Q. G., Liu, Z. X., . . . Balogh,177

A. (2006). Motion of observed structures calculated from multi-point magnetic field178

measurements: Application to Cluster. Geophys. Res. Lett., 33 (8). doi: 10.1029/179

2005gl025073180

Shi, Q. Q., Tian, A. M., Bai, S. C., Hasegawa, H., Degeling, A. W., Pu, Z. Y., . . .181

Liu, Z. Q. (2019). Dimensionality, Coordinate System and Reference Frame for182

Analysis of In-Situ Space Plasma and Field Data. Space Science Reviews , 215 (4).183

doi: 10.1007/s11214-019-0601-2184

Sonnerup, B. U. O., Hasegawa, H., Teh, W. L., & Hau, L. N. (2006). Grad-Shafranov re-185

construction: An overview. J. Geophys. Res., 111 (A9). doi: 10.1029/2006JA011717186

Sonnerup, B. U. O., & Teh, W.-L. (2008). Reconstruction of two-dimensional coherent187

MHD structures in a space plasma: The theory. J. Geophys. Res., 113 (A5). doi:188

March 30, 2022, 4:11pm



: X - 11

10.1029/2007ja012718189

Sonnerup, B. U. O., & Teh, W. L. (2009). Reconstruction of two-dimensional coherent190

structures in ideal and resistive Hall MHD: The theory. J. Geophys. Res., 114 . doi:191

10.1029/2008JA013897192

Torbert, R. B., Dors, I., Argall, M. R., Genestreti, K. J., Burch, J. L., Farrugia,193

C. J., . . . Strangeway, R. J. (2020, February). A New Method of 3-D Mag-194

netic Field Reconstruction. Geophysical Research Letters , 47 (3), e2019GL085542.195

(WOS:000529107400048) doi: 10.1029/2019GL085542196

March 30, 2022, 4:11pm



X - 12 :

Figure S1. Comparison of reconstruction and simulation magnetic field for simulation

reconstruction case 1 using the RQ-3D model with tsmooth = 0.4. The fields are plotted

in the L-N plane at the M value of the centroid of the virtual spacecraft. (a) Magnetic

field averaged over the four virtual spacecraft. (b–i) In each pair of vertically arranged

panels, reconstructed (top, with time label) and simulation (bottom, labeled “simulation”)

magnetic streamlines in the L-N plane (black) and magnetic field into the plane of the

page, BM (color scale).
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Figure S2. Comparison of reconstruction and simulation magnetic field in the L-N

plane for reconstruction case 7 using the LB-3D model with tsmooth = 0.8. The format is

the same as that of Figure S1. March 30, 2022, 4:11pm
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Figure S3. Comparison of reconstruction and simulation magnetic field in the L-

N plane for reconstruction case 8 (equivalent to case 2) using the RQ-3D model with

tsmooth = 0.8. The format is the same as that of Figure S1.March 30, 2022, 4:11pm
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Figure S4. Comparison of reconstruction and simulation magnetic field in the L-N

plane for reconstruction case 9 using the Q-3D model with tsmooth = 0.8. The format is

the same as that of Figure S1. March 30, 2022, 4:11pm
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Figure S5. Comparison of reconstruction and simulation magnetic field in the L-N

plane for reconstruction case 10 using the CQ-3D model with tsmooth = 0.8. The format

is the same as that of Figure S1. March 30, 2022, 4:11pm


