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Global distribution of whistler-mode chorus waves observed

on the THEMIS spacecraft
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[1] Whistler mode chorus waves are receiving increased
scientific attention due to their important roles in both
acceleration and loss processes of radiation belt electrons. A
new global survey of whistler-mode chorus waves is
performed using magnetic field filter bank data from the
THEMIS spacecraft with 5 probes in near-equatorial orbits.
Our results confirm earlier analyses of the strong
dependence of wave amplitudes on geomagnetic activity,
confinement of nightside emissions to low magnetic
latitudes, and extension of dayside emissions to high
latitudes. An important new finding is the strong
occurrence rate of chorus on the dayside at L > 7, where
moderate dayside chorus is present >10% of the time and
can persist even during periods of low geomagnetic activity.
Citation: Li, W., R. M. Thorne, V. Angelopoulos, J. Bortnik,
C. M. Cully, B. Ni, O. LeContel, A. Roux, U. Auster, and
W. Magnes (2009), Global distribution of whistler-mode chorus
waves observed on the THEMIS spacecraft, Geophys. Res. Lett.,
36, L09104, doi:10.1029/2009GL037595.

1. Introduction

[2] Chorus waves are intense whistler mode electromag-
netic emissions characterized by a sequence of discrete
elements typically in the range of 0.1-0.8 f.. [Santolik et
al., 2003]. Chorus emissions are often observed in two
bands, with a gap at 0.5 fi. [e.g., Tsurutani and Smith,
1974], and both upper-band and lower-band chorus are
dependent on geomagnetic activity [e.g., Tsurutani and
Smith, 1974; Meredith et al., 2001, 2003]. The generation
region of chorus is located outside the plasmapause near the
geomagnetic equator [LeDocq et al., 1998; Santolik et al.,
2003] and chorus waves are associated with enhanced
fluxes of suprathermal electrons injected from the plasma
sheet [e.g., Anderson and Maeda, 1977, Li et al., 2008, 2009].
Recently, whistler-mode chorus waves have received
increased attention due to their important roles in both acce-
leration and loss of energetic radiation belt electrons [e.g.,
Horne and Thorne, 1998, 2003; Summers et al., 1998, 2002,
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2007; Lorentzen et al., 2001; Meredith et al., 2002, 2003;
O’Brien et al., 2004; Horne et al., 2005; Shprits et al., 2006;
Thorne et al., 2005, 2007; Li et al., 2007], but better informa-
tion is required on the global distribution of chorus waves.

[3] Previous statistical analyses [e.g., Tsurutani and
Smith, 1977; Parrot and Gaye, 1994; Meredith et al.,
2003; Santolik et al., 2005] captured important features of
the global distribution of chorus waves, showing that chorus
activity is dependent on geomagnetic activity and occurs
over a wide range of geospace. Their analyses also demon-
strated that intense nightside chorus is confined near the
magnetic equator (<15°), while strong dayside chorus can
extend to higher magnetic latitudes (>15°). However, the
data coverage was still limited with previous spacecraft only
(e.g., CRRES is largely confined within 7 R, with a
pronounced data gap in the pre-noon sector for L > 5).

[4] Data from the THEMIS spacecraft are used here to
examine the global distribution of the chorus magnetic field
intensities as a function of magnetic activity, as well as its
occurrence rate, to identify where these chorus waves
should be most effective to cause acceleration or precipita-
tion of energetic electrons. This analysis not only provides
complementary information to the earlier statistical analyses
but also points out new important characteristics on the
global distribution of chorus waves.

2. THEMIS Data Analysis

[s] The THEMIS spacecraft, comprising 5 probes in the
near-equatorial orbits with apogees above 10 R, and peri-
gees below 2 R, [Angelopoulos, 2008], are ideally situated
to measure the chorus emissions in the equatorial magne-
tosphere. The Digital Fields Board (DFB) [Cully et al.,
2008a] calculates the mean amplitude of the electric and
magnetic fields in 6 logarithmically-spaced frequency bands
from 0.1 Hz to 4 kHz using electric field data from the
double-probe Electric Fields Instrument (EFI) [Bonnell et
al., 2008] and magnetic field data from the Search Coil
Magnetometer (SCM) [Roux et al., 2008; LeContel et al.,
2008]. The resulting wave amplitudes (filter bank data) are
included in the survey mode telemetry, covering most orbits
with a measurement cadence of four seconds [Cully et al.,
2008a]. In the present study filter bank data of wave
magnetic field obtained from 1 June 2007 to 1 Feb 2009
for all 5 probes are analyzed to obtain the global distribution
of chorus emissions over the radial range between 5 and 10 R,
at magnetic latitudes less than 25°. During this period, the
alignment of the apogees of the 5 THEMIS probes gradually
changed to provide excellent coverage over all MLT.

[6] The global distribution of the equatorial electron
cyclotron frequencies (inferred from the background mag-
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