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Key Points:
●  A systematic study on the distribution of AKR at high latitudes (60°−80°) is presented of the 5-year data from the FAST satellite.
●  AKR in the northern (southern) hemisphere occurs more frequently in the regions of MLT = 05−08 and 18−22 (02−05 and 12−17).
●  Such MLT asymmetry is related to the direction of the component Bx of the interplanetary magnetic field.
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Abstract:  Auroral Kilometric Radiation (AKR) is a common radio emission, which can contribute to the magnetosphere−ionosphere−
atmosphere coupling. Similar emissions have been observed in all magnetic planet magnetospheres of the solar system. In this study,
using observations from the FAST satellite from 30 August 1996 to 9 September 2001, the distribution of AKR in altitude = 500−4500 km
and invariant latitude (|ILAT|) = 60°−80° has been analyzed. 63045 AKR samples have been identified with ~48% (52%) samples on the
dayside (nightside). Of considerable interest, there is a distinct MLT asymmetry with the high occurrence rate in MLT = 05−08 and 18−22
(02−05 and 12−17) in the northern (southern) hemisphere. The distinct MLT asymmetry is associated with the direction of  of the
interplanetary magnetic field. In addition, the occurrence rate on the nightside clearly increases as the  index increases. This study
further enriches the information and understanding of AKR in the magnetosphere as well as other similar radio emissions.
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1.  Introduction
Auroral Kilometric Radiation (AKR) is a very intense radio emission

that has a wavelength of kilometers and is present on Earth, and it

is  mainly  present  in  the right-hand extraordinary  mode (Kurth et

al., 1975; Ergun et al., 1998; Zarka, 1998; Zhang S et al., 2024). The

interaction  between  electromagnetic  waves  and  high-energy

particles  is  an  important  physical  process  in  the  magnetosphere

(Yang QW et al., 2016; Jin YY et al., 2018; Guo MY et al., 2020; Guan

CY et al.,  2020; He JB et al.,  2021; Yang C et al.,  2021; Zhao YW et

al.,  2022; Li  T  et  al.,  2023).  Numerous  studies  have demonstrated

that AKR may scatter electrons into the atmosphere or accelerate

them  to  relativistic  energy  (Summers  et  al.,  2001; Xiao  FL  et  al.,

2006; Xiao FL, 2010a; Xiao FL, 2010b; Xiao FL et al., 2011; Zhang S

et  al.,  2020, 2021).  Such  AKR-driven  accelerating  (or  scattering)

∣ILAT∣

can potentially harm spacecrafts (or destroy ozone) (Thorne, 1977;
Callis  et  al.,  1998; Baker,  2002; Thorne  et  al.,  2005).  Electron
Cyclotron  Maser  Instability  (ECMI)  is  recognized  as  an  essential
process in producing AKR and other  radio emissions (Wu CS and
Lee, 1979; Melrose et al., 1982; Pritchett, 1984; Calvert, 1995; Mutel
et al.,  2007; Burinskaya, 2013). It has been proved that the source
region of  AKR is  approximately  in  the invariant  latitude ( )  =
60°−70° and when the magnetic local time (MLT) is from 20 to 24
(Hashimoto, 1984).

∣ILAT∣

L ∣MLAT∣

Early observations have shown that AKR occurs more frequently in
the  auroral  zone  around  =  65°  and  where  MLT  =  20−24
(Gurnett,  1974; Kurth  et  al.,  1975; Calvert,  1981; Gurnett  et  al.,
1983). Using observations from the GEOTAIL spacecraft, Kasaba et
al.  (1997) have pointed out  that  AKR is  more active in  the winter
hemisphere. Observations of Interball-2 satellite have shown that
AKR  on  the  dayside  is  much  less  than  that  on  the  nightside
(Hanasz  et  al.,  2003). Xiao  FL  et  al.  (2016) have  proved  that  AKR
can propagate down to low latitudes from high latitudes using a
three-dimensional ray-tracing method. Statistical results from the
Arase  satellite  have  presented  the  asymmetric  distributions  of
AKR  in  the  region  of  =  3.0−9.0,  magnetic  latitude  ( )  =
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0−40° and MLT = 0−24 (Xiao FL et al., 2022). Statistical results have
recently  suggested  that  the  annual  and  seasonal  occurrence
patterns of AKR are associated with the direction of the interplan-
etary magnetic field (Li P et al., 2024). Nevertheless, the systematic
distributions of AKR around the polar source cavities have not yet
been  reported  so  far.  Using  observations  from  the  FAST  satellite
from 30 August  1996 to  9  September  2001,  the  MLT distribution
of AKR in the region of altitude (ALT) = 500−4500 km and |ILAT| =
60°−80° is studied. 

2.  Observations and Statistical Results 

2.1  Case Study
The FAST satellite was launched into an ~83° inclination orbit with
350 km perigee and 4175 km apogee in August 1996 (Carlson et
al.,  1998; Mcfadden et  al.,  2001).  The satellite  crossed the auroral
zones (which form ovals at ~65°−70° magnetic latitude North and
South) four times during an orbit. The electric field Power Spectral
Density  (PSD)  of  AKR  is  measured  by  the  Plasma  Wave  Tracker
onboard  the  FAST  satellite,  which  explores  the  electric  field
component of the plasma wave in a frequency range from DC to
~2 MHz (Carlson et al.,  1998; Ergun et al.,  2001). In this study, the
acf field data from NASA website is considered.

Figure 1 shows four AKR events observed by the FAST satellite on
the  dayside  and  nightside  of  both  hemispheres.  In  event  A
(Figures  1a and 1b),  the  AKR  primarily  occurs  in  the  3−7  MLT
region of the northern hemisphere, when the sunward component

Bx

Bx

Bx

Bx

Bx

( )  of  the  interplanetary  magnetic  field  (IMF)  remains  almost
positive.  In  event  B  (Figures  1c and 1d),  the  AKR  mainly  stays  in
the  19−23  MLT  region  of  the  northern  hemisphere,  when 
remains  almost  negative.  In  event  C  (Figures  1e and 1f),  the  AKR
primarily stays in the 4−5 MLT region of the southern hemisphere,
when  remains almost positive.  In event D (Figures 1g and 1h),
the AKR primarily occurs in the 14−19 MLT region of the southern
hemisphere, when  remains almost negative. These observations
suggest that the distribution of AKR may exhibit  MLT asymmetry
and the asymmetry is probably associated with the direction of .
The asymmetry in two hemispheres and its relation to IMF will be
analyzed carefully in the following. 

2.2  Statistical Analysis

fce

fpe fcut = [fce + (f 2
ce + 4f 2

pe)1/2]/2

≥ 10−14 mV2 m−2 Hz−1

fcut

It  has  been  demonstrated  by  simulations  and  observations  that
AKR emissions typically take place in the right-hand extraordinary
(R-X)  mode.  The  local  cutoff  frequency  of  R-X  mode  can  be
obtained by the local electron gyrofrequency ( ) and the electron

plasma  frequency  ( ): .  Distinct  emis-

sions  (PSD   )  with  the  frequency  above
30 kHz and  are  identified as  AKR emissions.  Bins  are  set  with
the resolution 500 km in ALT, 1 hour in MLT and 1° in ILAT. In total,
there are 38400 bins in the region of ALT = 500−4500 km, |ILAT| =
60°−80° and MLT = 0−24.  Using the previous method (Xiao FL et
al.,  2022), 63045 AKR  samples  during  the  period  with 30161
(32884) samples on the dayside (nightside). The most (49) samples
occur  in  the  bin  of  ALT  =  4000−4100  km,  ILAT  =  61°−62°  and
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Figure 1.   Four AKR events observed by the FAST satellite. (a) Event A observed on UT 03:13:00−03:23:00 1996-12-22. (b) Event B observed on UT

10:22:00−10:34:00 1998-01-17. (c) Event C observed on UT 20:16:00−20:19:00 2001-08-17. (d) Event D observed on UT 17:40:00−17:50:00

1999-01-25.
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MLT = 20−21.  There are no (or  zero)  samples in 3783 bins where

AKR  emissions  were  not  observed.  For  one  orbit,  a  count  of  one

satellite passing in each bin is recorded. The total number of satel-

lite  passing  is  then  counted  in  each  bin  for  all  orbits  during  the

period.  For  one  specific  region,  the  calculated  total  number  of

samples (S1) and the total number of satellite passages (S2) in all

bins  of  this  region  are  produced.  The  occurrence  rate  of  this

region is the ratio of S1 to S2. There are 38920 (24125) samples in

all  bins  of  the  northern  (southern)  hemisphere,  and 288688

(187540)  satellite  passing  in  all  bins  of  the  northern  (southern)

hemisphere. The occurrence rate in the northern (southern) hemi-

sphere is 13.48% (12.86%).

In Figure 2a, the number of AKR samples is plotted for each region

with the interval of 500 km in ALT and 1 hour in MLT for the whole

|ILAT|  (60°−80°).  There  are  the  most  samples  in  the  region  of

ALT  =  3500−4000  km,  because  the  FAST  satellite  is  more

frequently  in  this  altitude  region.  In Figure  2b,  the  plot  of  the

corresponding occurrence rate  is  presented.  The occurrence rate

increases with the increasing altitude and can reach 30% at ALT =

4000−4500  km,  because  the  FAST  satellite  passes  fewer  times

through this altitude region.

Figure  3a (3b)  shows  the  number  (occurrence  rate)  of  AKR

samples  in  the  northern  hemisphere  as  a  function  of  MLT  and

ILAT.  The  most  (590)  samples  can  be  observed  in  the  region  of
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Figure 2.   Statistical results of AKR samples observed by the FAST satellite from 30 August 1996 to 9 September 2001. (a) The number of AKR

samples for each region with the interval of 500 km in ALT and 1 hour in MLT for the whole |ILAT| = (60°−80°). (b) The occurrence rate of AKR for

each region with the interval of 500 km in ALT and 1 hour in MLT for the whole |ILAT| = (60°−80°).
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Figure 3.   Statistical results of AKR samples as a function of MLT and ILAT in two hemispheres. (a) The number of AKR samples for each region

with the interval of 5° in ILAT and 1 hour in MLT in the northern hemisphere. (b) The occurrence rate of AKR samples in the northern hemisphere.

(c−d) The same as (a−b) except for the southern hemisphere.
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MLT = 20−21 and ILAT = 70°−75°.  The relatively  high occurrence

rates  (>15%)  primarily  stay  in  the  regions  of  MLT  =  04−08  and

19−23. Figure 3c (3d) shows the number (occurrence rate) of AKR

samples in the southern hemisphere. The most (368) samples can

be  observed  in  the  region  of  MLT  =  12−13  and  |ILAT|  =  65°−70°.

The  relatively  high  occurrence  rates  (>15%)  primarily  stay  in

MLT = 02−05 and 12−17. The highest occurrence rate is 18.1% in

the  region  of  MLT  =  06−07  and  ILAT  =  65°−70°  in  the  northern

hemisphere,  or  17%  in  MLT  =  12−13  and  |ILAT|  =  65°−70°  in  the

southern  hemisphere.  Furthermore,  the  regions  with  relatively

high  occurrence  rates  (>16%)  in  the  northern  hemisphere  are

broader than those in the southern hemisphere. The above results

show that  the  MLT distributions  of  AKR in  both  hemispheres  are

clearly asymmetric.

Bx

Bx

Bx > 0

Bx < 0

Bx < 0

Bx > 0

Recent  work  has  demonstrated  that  the  distributions  of  AKR  in

two hemispheres are associated with the direction of IMF (Li P et

al., 2024). In order to study the correlation between the MLT asym-

metry and the direction of , we selected these regions with high

occurrence rate for comparative analysis. In Figure 4, the number

of samples under different directions of the sunward component

( ) of IMF in four regions with the high occurrence rate is plotted.

In the region of  MLT = 05−08 (02−05) of  the northern (southern)

hemisphere,  there  are  2572  (1711)  samples  observed  for 

and 2545 (1679) samples for . In the region of MLT = 18−22

(12−17)  of  the  northern  (southern)  hemisphere,  there  are  3881

(2733)  samples  observed  for  and  3683  (2491)  samples  for

. The basic reason for this is that the magnetic reconnection

occurs  on  the  dayside  magnetopause  in  one  hemisphere  and

Bx Bx > 0 Bx < 0

behind the cusp in another hemisphere under the different direc-
tions  of .  More  specifically,  for  (or ),  the  magnetic
reconnection  tends  to  occur  in  the  dawn  of  the  northern  hemi-
sphere  and  after-midnight  of  the  southern  hemisphere  (or  pre-
midnight of the northern hemisphere and afternoon of the south-
ern hemisphere) (Pi  G et al.,  2018; Lu JY et al.,  2021; Wang ZW et
al.,  2022).  Under  the  drive  of  the  magnetic  reconnection,  more
suprathermal  electrons  are  injected  into  the  polar  cavities  of  the
corresponding MLT regions, generating more AKRs.

AE∗

AE∗

AE∗

AE

AE∗

AE

Figure 5 plots the occurrence rates in both hemispheres as a func-
tion of ILAT and MLT under different  indexes. It takes time for
the process from the onset of substorms to particle injection, and
subsequently  to  the  excitation  of  emissions.  So  we  adopt 
index  to  characterize  the  level  of  geomagnetic  activity,  which  is
more  precise.  The  corresponding  index  is  the  mean value  of

 index  over  the  previous  1  hour  and  is  recorded  for  each
sample.  In  both  hemispheres,  the  occurrence  rate  of  AKR
increases  as  the  index  increases,  typically  on  the  nightside.
This  is  because  more  suprathermal  electrons  move  into  polar
source cavities during the strong geomagnetic activity, providing
more free energy for the generation of AKR. However, due to the
distribution of  observatories,  there is  a more notable increase
in  occurrence  rate  in  the  northern  hemisphere,  compared  to  the
southern hemisphere. 

3.  Summary

∣ILAT∣
In  this  study,  the  MLT  distribution  characteristics  of  AKR  near
source  regions  using  observations  from  the  FAST  satellite  are
presented. 63045 samples  are  analyzed  in  the  region  of  ALT  =
500−4500  km,  =  60°−80°  and  MLT  =  0−24  from  30  August
1996 to 9 September 2001. It might be noted that the occurrence
rate is the ratio of the number of AKR samples and the number of
satellite passing. The main conclusions are summarized as below:

(1)  The  relatively  high  occurrence  rates  (>15%)  for  AKR  in  the
northern hemisphere (southern hemisphere) primarily stay in the
regions of MLT = 05−08 and 18−22 (02−05 and 12−17), displaying
a distinct MLT asymmetry.

Bx Bx > 0

Bx < 0

(2)  The distinct MLT asymmetry of  AKR is  related to the direction
of  the  component  of  IMF.  Under  the  condition  of  (or

), the magnetic reconnection favorably occurs in the dusk of
the  southern  hemisphere  and  after-midnight  of  the  northern
hemisphere  (or  pre-midnight  of  the  southern  hemisphere  and
afternoon  of  the  northern  hemisphere).  Consequently,  more
suprathermal  electrons  are  injected  into  the  polar  cavities  of  the
corresponding MLT regions, producing more AKRs.
(3)  In  both  hemispheres,  the  occurrence  rate  of  AKR  clearly
increases  with  the  increasing  geomagnetic  activity.  This  is
because there are more suprathermal electrons injected into polar
source cavities thereby providing more free energy for the gener-
ation of AKR. 

4.  Open Research
Science  data  of  the  FAST  satellite  was  obtained  from  NASA
Goddard  Space  Flight  Center  for  NASA,  USA  (https://spdf.gsfc.
nasa.gov/pub/data/fast/, Carlson  et  al.,  1998).  The  present  study
analyzed AC Field-acf-k0 v01 data (doi: 10.48322/23b9-6g23). The
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BxFigure 4.   Number of samples under different directions of  in four

regions with high occurrence rate. (a) Statistical results in the regions

of MLT = 05−08 and 18−22 in the northern hemisphere. (b) Statistical

results in the regions of MLT = 02−05 and 12−17 in the southern

hemisphere.
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IMF  data  was  downloaded  from https://spdf.gsfc.nasa.gov/pub/
data/omni/. The  index data was downloaded from http://wdc.
kugi.kyoto-u.ac.jp/aeasy/index.html. 
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