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Table S1. Mean values of the O" (1-40 KeV ), H” (1 eV-40 keV) density, the O, H™ particle fluxes for energies at ~1 keV, ~10 keV, ~20 keV and ~35 keV in the magnetopause boundary layer during intense substorm (AE>500nT). And
the corresponding mean values of the MMS locations (Rx, Ry and Rz), three components of the interplanetary magnetic field (IMF Bx, By and Bz), solar wind dynamic pressure and AE index during magnetopause boundary layer
crossings. The 0 and 1 indicate the events occured during the expansion phase and recovery phase of intense substorm, respectively.

Magnetopause boundary ~ No* N+ O Flux H*Flux  O"Flux H'Flux O"Flux H" Flux O'Flux H"Flux Position (Ry) IMF (nT)
layer crossing time ~ (cm®)  (cm®)  1keV 1keV  10keV 10keV 20keV 20keV 35keV 35 keV £ (P;W) (Af) Phase
nra n
interval (1-40keV) (1eV-40keV) Flux (cm?® s sr eV)” Rx Ry Rz Bx By Bz
2015-09-07/07:05-07:10 0.142 1.237  37.230 274289 42911 725507 21682 601114 6157 459.269 4786 4033 -1749 -3089 4256 -9451 2205 629545 1

2015-09-07/17:55-18:05 0.091 11613 35929 29934206 15.230 586.124 12.633  230.363 4931 149602 1574 10.879 -4.372 1.612 3.605 -8.888 3528 941545 1
2015-09-07/20:55-21:05 0.046 3.080 31.220 7,061.769 6.990 79.934 2.187 21917 0.848 5694 -0197 10206 -3.186 -0.145 6.852 -8.408 4132 835909 0
2015-09-09/08:35-08:45 0.599 14406 179.469  42,735.070 76.019 496.719  29.063 251.542 6.214 149610 5276 5971 -3.318 1.373 1760 -7.910 3.937 606.364 1
2015-09-09/12:39-12:45 0.107 7.842 31637 16483012 17.698 564.204 9.887 325903 2.622 177350 4423 8.870 -5536 -0.763 -4.249 -7456 2322 741714 0
2015-09-09/13:15-13:25 0.056 14.047 37296  21,678.069 10.373 400.182 9.180 261.400 2946 128748 4174 9219 -5621 -1.215 -3.233 -7.225 1.959  637.091 1
2015-09-09/13:45-13:55 0.064 9.041 36.773  11,580.033 12.045 306.715 6.542 137.802 1.541 50.572 3981 9458 -5636 -1.345 -2.694 -7.194 2721 1,038.273 1
2015-09-09/14:25-14:35 0.043 10.241 38495  18,815.151 8.119 375.745 4932 222822 1523 124868  3.661 9802 -5586 -1.339 -1.984 -6.619  3.493 1,139.000 0
2015-09-09/15:35-15:43 0.059 14944 32768  26,134.293 11.508 377.701 8.116  236.275 2112 144860 3.097 10279 -5335 -3.020 0.044 -6.352  2.803 1,005.556 1

2015-09-09/18:40-18:50 0.040 5551 29.022  12,149.427 8.418 553.067 4270 240.704 1.273 87.097 1367 10.756 -4.066 -2.744 -1611 -6.038 3.342  856.545 0
2015-09-10/19:10-19:20 0.046 20.640 37101  22,002.970 7.806 378.786 3.024 309.229 0979 230639 1186 10.628 -3.867 7.841 -9592 -5740 8139  869.000 1
2015-09-11/09:55-10:05 0.328 9.543 97676  22,705922 33.864 597.728 12118 382.099 3.356 258424 5403 7128 -4424  -5303 3485 -5553 5864  689.364 1
2015-09-14/10:05-10:15 0.049 9.756 42821  23,447.125 9.140 320.256 3.622 173.490 1.014 100.230  5.727 7250 -4631 -2813 7955 -5338 3104  542.727 0
2015-09-14/15:27-15:40 0.025 11241 37334  26,970.368 4.851 363.691 2.780 177.241 1.334 82.722 3760 10.031 -5403 -4.193 1985 -5086  1.990 1,048.786 0
2015-09-18/08:30-08:35 0.045 16.843  40.623  18,853.343 9.521 264.591 4352 164.118 0.978 99.159 6314 6.066  -3.600 0.493 3490 -5050 3.223  602.667 0
2015-09-19/07:43-07:48 0.054 17.642 62590  43,832.709 9.269 521.361 3.712 396.036 1121 227670 6.344 5414  -2997 2262 -7480 -4958 4010 851833 0
2015-09-20/06:35-06:45 0.102 14666  80.937 35712553 10.240 1,163.906 7678 602.357 2772 325489 6154 4352 -2.088 -9.394 6.299 -4925 7106  752.091 0
2015-09-20/11:55-12:10 0.434 7442 80.124  16,341.032 71.086 400462 28.091 240.984 6.978 143438  5.999 8.204 -5510 -5784 5480 -4753 2717 521188 0
2015-09-20/13:08-13:15 0.016 10.544 30954  13,836.314 6.678 73.363 2.834 31.369 0.886 15220  5.589 8.763 -5685 -8.054 1125 -4638 2098 722750 0
2015-09-20/15:10-15:30 0.096 5629 33507 16,883.659 15.966 248980 13872 116.136 4277 81.692 4632 9.612 -5452 -6.761 2.044 -4557 1932  904.381 0
2015-09-20/15:50-16:00 0.060 6.365 31.734  13,611.068 13.464 271.933 8.134 136.969 2.675 88.419 4272 9.815 -5250 -6.335 2445 -4505 2251  797.455 1
2015-09-23/09:30-09:40 0.029 9.385 38.675  21,243.013 4.903 309.771 2.772 95.593 1145 43088 6.868 6.745  -4.430 7346 -1.930 -4083 2180  578.000 0
2015-10-03/07:20-07:35 0.085 8.665 36.580  17,494913 13.027 347510 4431 224319 1304 114122  7.924 5148 -3.039 -6.693 6.429 -4.080 1711 530.188 0

2015-10-03/15:30-15:35 0.018 15300 42059  29,640.560 4.033 420.373 2519 229.615 0974 104.451 5831 8840 -5035 -4737 -3845 -3942 2385  775.500 1
2015-10-04/09:20-09:30 0.059 3.884  29.528 9,5686.658  16.949 123.538 3.718 43.133 1.314 13713  8.147 6.287  -4297  -7.468 5159 -3.925 0.994  551.818 1

2015-10-08/16:38-16:42 0.035 4557 28378  11,347.393 6.925 813.632 6.872 146.593 3.493 54523 5487 8618 -4415 -0558 -0594 -3.753 2023  697.600 0
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