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Introduction

This supplementary information provides descriptions of satellite data used in the
analysis, and details about how we model the observed non-gyrotropic distribution
shown in Figure 2.

Text S1

Data are from the Magnetospheric Multiscale (MMS) mission burst-mode measurements.
The magnetic fields are from the Flux Gate Magnetometer at 128 samples/s (Russell et al.,
2016) and Search Coil Magnetometer at 8,192 samples/s (Le Contel, Leroy, Roux et al.,
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2016). Electric fields are from the double probes at 8,192 samples/s (Ergun et al., 2016;
Lindquvist et al., 2016; Torbert et al., 2016), where the DC-coupled ‘dce’ product has 8,192
samples/s and the AC-coupled ‘hmfe’ product that have fewer available intervals than ‘dce’
data has 65,536 samples/s. Plasma data are from the Fast Plasma Investigation (Pollock et
al., 2016), where the ion and electron measurements have time resolutions of 0.15 s and
0.03 s, respectively.

Text S2

We use 5 populations to model the distribution by finding the optimal fitting result. The
corresponding velocity ranges are marked in the observed distribution sliced in the vpara-
vperpl plane at vperp2=0 (Figure S1a). Brief explanations for the populations are written
on its right. Figures S1b-S1d show the fitting for population 1. The black boxes mark the
velocity range used for fitting, and panel d shows 1D cuts along velocities marked in 2D
panels, with reasonable agreements. The parameters are written on the right. Similarly,
Figures Sle-S1g show the fitting result for population 2. Note that the modeled
distribution extends to a larger velocity range than that used for fitting.

Figure S2 shows the modeling procedure for populations 3-5 that represent the non-
gyrotropic beam, with similar formats as in Figure S1. We first subtract the original
observed distribution by the model populations 1 and 2 and then fit the remaining
distribution. The 1D comparisons again show reasonable agreements between the
observation and model distributions.

Figure S3 shows the comparison between the observed distribution with the model
distribution that sums over all 5 populations. Two sets of 1D cuts are provided for
comparison. The model distribution captures the main features of the observed distribution,
though quantitative discrepancies exist.

When applying in the linear instability analysis, ions are set to have a density of 11.7 cm™
to keep the charge neutrality with the model electron distribution, slightly smaller than the
observed level of 14.7 cm™. The ion temperatures are Tipaa=650 €V, Tiperp=527 €V. The
observed ion bulk velocities are Vipara=75 Km/s, Viperp1=-25 km/s, and Viperp2=-25 km/s,
which are neglected in the instability analysis.
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Figure S1. Observed and model distribution for background populatlons
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Figure S2. Observed and model distributions for the non-gyrotropic beam
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Figure S3. Observed and model distributions that sum up all populations.
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