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Abstract. In this work, we have studied the recently 

discovered hectometric continuum radiation in near-

Earth plasma. We have carried out a detailed statistical 

analysis of the occurrence of a hectometric continuum 

near Earth at distances 1.1–2 Re, where Re is the Earth 

radius, for a two-year period, using data from the ERG 

(Arase) satellite. We have established that the genera-

tion of the hectometric radiation depends on the local 

magnetic time. The continuum radiation of this type is 

shown to occur mainly at night and in the morning. We 

have also studied the dependence of the occurrence of 

hectometric radiation on geomagnetic activity and have 

demonstrated that there is no direct dependence of the 

occurrence of hectometric radiation on geomagnetic 

disturbances. Moreover, the statistical analysis made it 

possible to localize sources of radio emission of this 

type in near-Earth space and to show that the source(s) 

of generation of the hectometric continuum radiation is 

located at low latitudes. 

Keywords: radio emission, hectometric continuum 

radiation, magnetosphere, satellite measurements. 

 

 

 

 

INTRODUCTION 

There are three natural electromagnetic emissions 
that are generated in near-Earth space at frequencies 
above the electron gyrofrequencies and can only be 
studied with spacecraft: the auroral kilometric radiation 
(AKR), the non-thermal continuum radiation, and the 
recently discovered hectometric radiation.  

AKR is a high-power non-thermal radio emission in 
the frequency range 30–800 kHz, which is generated 
near the local cyclotron frequency of electrons in the 
auroral region of Earth's magnetosphere. AKR was first 
detected by the Electron-2 satellite in 1965 [Benediktov 
et al., 1965]. Numerous measurements with high-apogee 
satellites have determine the main parameters of AKR, 
its properties, and the conditions under which this radia-
tion is generated [Gurnett, 1974; Treumann, 2006; 
Louarn, Le Quéau, 1996; Benson, Calvert, 1979; 
Hanasz et al., 2001; Chugunin et al., 2020; Kolpak et 
al., 2021; Chernyshov et al., 2022]. For more than a 
decade, various theories of the generation of such radia-
tion had been put forward until the mechanism of cyclo-
tron maser instability was proposed to explain the oc-
currence of AKR [Wu, Lee, 1979]. This mechanism is 
generally accepted at present. The instability develops 
in the auroral magnetosphere in regions with a low 
plasma density (caverns), where the electron plasma 
frequency is lower than the local cyclotron frequency of 
electrons [Wu, Lee, 1979]. The AKR-type radiation is 
observed in magnetospheres of other planets having 
strong self-magnetic fields, such as Jupiter, Uranus, and 
Saturn [Zarka, 1998]. 

The non-thermal continuum is also a fundamental 
electromagnetic emission in planetary magnetospheres 

and is detected in a very wide frequency range — from 
5 kHz [Gurnett, 1975; Brown, 1973] to 800 kHz [Hash-
imoto et al., 1999; Kuril'chik et al., 1992]. Although the 
term "non-thermal continuum" implies continuous ra-
diation, in fact it refers only to its lowest frequency 
range. The non-thermal continuum actually consists of 
discrete radiation bands, and in some cases it turns out 
to be connected with strong narrow-band electrostatic 
emission at the plasmapause in low latitudes [Kurth, 
1982]. The non-thermal continuum is often divided into 
radiation trapped in Earth's magnetosphere and radiation 
escaping from the magnetosphere [Green et al., 2004]. 
Of particular note is the non-thermal continuum compo-
nent called kilometric continuum. The kilometric con-
tinuum radiation is generated only in a high-frequency 
part of the spectrum (above 100 kHz) by the same 
mechanism as the low-frequency non-thermal continu-
um radiation [Green et al., 2004]. The question about 
the physical mechanism (or mechanisms) of generation 
of continuum radiation has not been answered in full yet. 

Moreover, in Earth's magnetosphere there is a high-

er-frequency radiation, 600−1700 kHz, whose spectrum 

is a set of individual frequencies (a linear spectrum). 

This radiation was termed "hectometric continuum radi-

ation" [Mogilevsky et al., 2021; Kuril'chik, 2007; Hashi-

moto et al., 2018]. From ERG (Arase) measurements of 

the electromagnetic field electric component in the fre-

quency range 2 kHz – 10 MHz, the generation regions 

of the kilometric continuum radiation and the recently 

discovered hectometric continuum radiation have re-

cently been identified [Mogilevsky et al., 2021]. Both 

radiations have a linear spectrum. The kilometric con-

tinuum is shown to occur mainly in the dayside magne-
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tosphere, its source is located near the plane of the geo-

magnetic equator, and the dimensions of the source do 

not exceed ±(0.1÷0.3) RE across this plane, where RE is 

the Earth radius. The hectometric radiation that is gen-

erally observed in the nightside magnetosphere most 

likely has two generation regions: one is located near 

the plasmasphere at distances to 3 RE; the second, near 

Earth at distances from 1.1 RE to 2 RE. The spectral and 

frequency characteristics of the hectometric radiation 

from both sources were noted to be almost identical; the 

only difference is the location of the source. Since earli-

er the hectometric radiation has been investigated using 

either case study [Mogilevsky et al., 2021] or extremely 

limited statistics whose results are significantly affected 

by the satellite orbit [Hashimoto et al., 2018], it is nec-

essary to perform a detailed statistical analysis to deter-

mine the main properties and characteristics of radiation 

of this type.  

The mechanism of excitation of radio emission of 

this type in near-Earth plasma is still in question. The 

physical mechanism of generation of non-thermal kilo-

metric continuum radiation is still unclear despite the 

longer history of its study compared to the hectometric 

radiation. The most probable are nonlinear models of 

three-wave interaction: coalescence of an electrostatic 

Bernstein wave with a low-frequency one and their sub-

sequent transformation into an electromagnetic mode 

[Melrose, 1981], or disintegration of the electrostatic 

wave into a low-frequency one and electromagnetic X- 

or O-mode [Ronnmark, 1985]. Alternative mechanisms 

are associated with the linear transformation of the Z-

mode of radiation into an ordinary wave near the plasma 

frequency [Jones, 1980] or with the assumption that the 

ordinary mode can be excited by electrostatic fluctua-

tions [Okuda et al., 1982]. It is possible that the previ-

ously proposed mechanisms for generating the non-

thermal continuum can also be applied to hectometric 

radiation. This issue requires a follow-up study. In addi-

tion, there may be a mechanism of double plasma reso-

nance [Zheleznyakov et al., 2016] when either upper or 

lower hybrid resonance frequencies coincide with one 

of the gyrofrequency harmonics resulting in excitation 

of plasma waves that are transformed into intense elec-

tromagnetic radiation through the mechanism of three-

wave interaction.  

Since the hectometric radiation has been discovered 

quite recently, there are many open questions concern-

ing, for example, its relationship with geomagnetic and 

solar activity. This issue has not been investigated at all 

so far. There are different points of view on such a rela-

tionship for the kilometric continuum. Hashimoto et al. 

[2005] have observed that the kilometric continuum 

occurs more often during solar minimum than during 

solar maximum. Yet, Kuril'chik et al. [2004] have found 

only a small difference in the rate of recurrence with 

solar cycle and have recorded more cases of kilometric 

continuum generation during solar maximum than dur-

ing solar minimum. The kilometric continuum was ob-

served during periods of both low and high geomagnetic 

activity, with no significant correlation of wave intensi-

ty with the Kp index [Green et al., 2004]. Nonetheless, 

the maximum observed radiation frequency of the kilo-

metric continuum statistically tends to increase with an 

increase in the Kp index; the effect is more pronounced 

near solar maximum, but is also detected near solar min-

imum. There is strong evidence that the source region of 

the kilometric continuum is close to the equatorial 

plasmapause during periods when the position of the 

plasmapause is significantly shifted to Earth [Green et 

al., 2002]. At the same time, AKR increases during 

magnetic disturbances and correlates well with the high-

latitude geomagnetic index AE [Voots et al., 1977], 

which measures the current flowing in the ionosphere. 

In other words, AKR is recorded only during geomag-

netic disturbances. In addition, there is a clear seasonal 

dependence of AKR intensity [Kasaba et al., 1997] be-

cause the radiation is more active at high frequencies in 

the winter polar region. Morooka, Mukai [2003] have 

found a seasonal dependence of the height profile of 

acceleration region and have suggested that a change in 

the height of the longitudinal particle acceleration re-

gion depends on the density of the background plasma 

originating from the ionosphere. Since ionospheric 

plasma properties vary depending on season, the aver-

age position of the radiation region also differs in height 

in winter and summer [Mogilevsky et al., 2005]. For the 

hectometric radiation, the seasonal dependence is also 

an open question. 

In this paper, for the first time we have examined the 

main statistical properties of the hectometric continuum 

at distances to 2.1 RE inclusive for two full years, using 

data from the ERG (Arase) satellite. It has previously 

been shown [Mogilevsky et al., 2021] that sources of 

the hectometric continuum radiation are observed both 

near Earth at distances of (1.1÷2)RE (let us call the hec-

tometric radiation of this type "type A radiation") and in 

the plasmasphere at distances of (4÷6)RE (type B radia-

tion). Sources of the non-thermal kilometric continuum, 

which has previously been studied with various space-

craft, are also assumed to be located near the plasmas-

phere [Green et al., 2002, 2004; Carpenter et al., 2000]. 

We have chosen the type A hectometric continuum for 

detailed analysis in order to identify properties of the 

recently discovered continuum, which in the future 

should help in constructing a physical mechanism for 

generating hectometric radiation. Over the period from 

2018 to 2019, 279 cases of hectometric continuum ob-

servation were found in ERG (Arase) satellite data, 

which allows us to accurately localize the sources of the 

hectometric radiation, as well as to identify the depend-

ences of hectometric continuum generation on local 

magnetic time (MLT) and on season. In addition, such 

extensive statistics makes it possible to figure out 

whether there is a relationship between the occurrence 

of hectometric radiation in Earth's magnetosphere and 

geomagnetic activity. 

 

STATISTICAL ANALYSIS 

The Japanese satellite ERG — Exploration of ener-

gization and Radiation in Geospace (renamed Arase 

after entering orbit) [Miyoshi et al., 2018a, b] was 

launched on December 20, 2016. Orbit parameters: ap-
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ogee is ∼32000 km, perigee is ∼400 km, inclination is 

31°. The satellite's period is ~570 min. The ERG 

(Arase) satellite is oriented toward the Sun and is stabi-

lized by rotation around this direction with a period of 8 

s. More detailed information about the ERG (Arase) 

satellite's orbit and its changes is available in [Miyoshi 

et al., 2018a] and in Figures therein. The magnetic local 

time of the apogee was initially nine, and then MLT of 

the apogee shifted from dawn to dusk during the night. 

The apogee line shifts in local time at a rate of ~260° 

per year clockwise. It is, therefore, necessary to have 

extensive statistics to minimize the influence of the 

ERG (Arase) satellite's orbit on the results. 

The scientific equipment of the satellite is designed 

primarily to examine physical processes in the Earth 

radiation belts, but the wide measuring capabilities of 

the complex of scientific instruments also allow for the 

study of radio emission of various types on our planet. 

To study the hectometric continuum radiation, we have 

used measurements of the electric field component 

made during the PWE/HFA experiment [Kasahara et al., 

2018; Kumamoto et al., 2018].  

The top panel of Figure 1 exemplifies a type A hec-

tometric continuum radiation recorded by the ERG 

(Arase) satellite on August 16, 2019. The satellite is in 

the Northern Hemisphere all the time of observation — 

the z coordinate in the solar magnetic coordinate system 

(zsm) varies from 1.0 RE to ~2.7 RE; and the McIlvaine 

parameter L, from ~2.6 to ~7.0. MLT varies from ~00 to 

~05, which corresponds to the night/morning side of the 

magnetosphere. The linear spectrum in the 850–1700 

kHz frequency range at a distance of order of R=1.8 RE 

is a hectometric continuum radiation that lasts for ~3 hrs 

(~09:02–11:02 UT) and ends at R=5.0 RE. The radiation 

reaches a maximum intensity of 10
–7

 mV/m Hz approx-

imately 10 min after the start of observation at 09:12 

UT, which corresponds to R=2.2 RE. It is worth noting 

that between 09:02 and 09:50 UT there is a type A radi-

ation whose intensity begins to fall after a maximum at 

09:12 UT. Then, around 10:00 UT, radiation must have 

been recorded from another source, located at a greater 

distance from Earth (~3.7 RE) — near the plasmapause, 

which indicates the generation of a type B hectometric 

continuum. Interestingly, in the top panel of Figure 1, 

starting at 09:00 UT in frequencies below 1000 kHz 

there is an auroral kilometric radiation (AKR) that also 

occurs during the event considered, with the AKR pow-

er being significantly higher than the hectometric radia-

tion power. To the left of the hectometric continuum 

and below it, there is also a region of radiation at the 

upper hybrid resonance frequency. 

The bottom panel of Figure 1 illustrates a similar, 

but shorter-period hectometric continuum radiation rec-

orded on May 11, 2019. The observed frequency range 

for this event is somewhat narrower: ~1000–1650 kHz. 

The hectometric continuum radiation begins to be rec-

orded at R=1.3 RE, lasts for 26 min (~09:45–10:11 UT), 

and ends at R=2.2 RE. MLT varies from ~3.5 to ~7, 

which also corresponds to the night/morning side. In the 

event at hand, the satellite crosses the plane of the geo-

magnetic equator from the Southern Hemisphere to the 

Northern Hemisphere — zsm varies from –0.1 to 0.8 RE. 

The L parameter increases from 1.3 to 2.6. The radiation 

reaches its maximum intensity (>10
–7

 mV/m Hz) 8 min 

after the start of observation, at ~09:53 UT, at R=1.5 RE. 

As in the previous case, there is a region of increased 

intensity at the upper hybrid resonance frequency on the 

spectrum to the left of the hectometric region and below it. 

Next, we examined the relationship between the oc-

currence of the hectometric continuum radiation and 

geomagnetic activity by analyzing the geomagnetic in-

dex Dst. We used estimated Dst for the moments of 

maximum intensity of the hectometric radiation and 

constructed corresponding histograms (Figure 2). The 

top histogram displays the distribution of hectometric 

radiation observations depending on the Dst index 

 

Figure 1. Hectometric continuum radiation on spectrograms of the electric field component for August 16, 2019 in the fre-

quency range 50–1800 kHz (top panel) and for May 11, 2019 in the frequency range 600–1800 kHz (bottom panel)  
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Figure 2. Distribution of cases of hectometric continu-

um radiation observation over the Dst index (top), the 

probability of distribution of the Dst index for 2018–2019 

(middle), and the number of cases normalized to the proba-

bility of distribution of the Dst index for 2018–2019 (bot-

tom) 

 

[World Data Center for Geomagnetism, 2015]. The 

middle panel demonstrates the probability distribu-

tion of Dst values for 2018–2019. This distribution is 

seen to be similar to the distribution of cases of hec-

tometric continuum detection with the ERG (Arase) 

satellite in the top panel of Figure 2; therefore, for a 

more correct analysis we constructed a histogram 

with a number of cases normalized to the probability 

of distribution of the Dst values for 2018–2019 (bot-

tom panel). This histogram (bottom panel in Figure 2) 

suggests that in fact there is no direct relationship 

between the occurrence of the hectometric continuum 

and geomagnetic activity. 

Statistical analysis has also been carried out for 

other parameters of the hectometric radiation. Figure 3 

presents histograms of the events over months for 

2018 and 2019 separately and in total. Comparing 

histograms for 2018 (top panel) and 2019 (middle 

panel), we can note the absence of type A events 

from May to August 2018, yet already in 2019 the 

hectometric continuum is not observed only in 

March, and from May to August a sufficient number 

of events are recorded. Such differences between the 

observations arise due to the precession of the ERG 

(Arase) satellite's orbit because in the histogram for 

the two years the hectometric radiation is observed 

every month and there are no gaps in the distribution. 

This proves once again that to draw correct conclu-

sions it is necessary to have large statistics minimiz-

ing the impact of the spacecraft orbit. 

 

Figure 3. Distribution of cases of hectometric radiation 

observation over months for 2018 (top), 2019 (middle), and 

for the two years (bottom) 
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At the next stage of data analysis, we constructed a 

two-dimensional histogram of the magnetic latitude 

(MLAT) of the satellite's orbit over months, as well as 

the satellite's MLAT at the time of hectometric continu-

um radiation observation over months (Figure 4). The 

former histogram (left panel in Figure 4) shows the appar-

ent dependence caused by the ERG (Arase) satellite's orbit.  

A similar dependence can also be seen in the second 

histogram (right panel in Figure 4). However, in the 

right panel are well-defined cases in addition to those in 

the main dependence — the largest number in January 

and December, which does not agree with the histogram 

of the satellite's orbit in the left panel. Such cases indi-

cate that physical processes in near-Earth space can 

influence the results of hectometric radiation observa-

tion. Note that unlike the winter period when radiation 

of this type is mainly recorded near the geomagnetic 

equator, in other months the hectometric radiation is 

observed at latitudes to 30° N and S. 

We have analyzed the relationship between the oc-

currence of hectometric continuum and the local mag-

netic time (MLT). The histogram in Figure 5 shows that 

the hectometric radiation occurs mainly at night and in 

the morning. We have thus confirmed the assumption, 

made by Mogilevsky et al. [2021], about the relation-

ship between the hectometric continuum generation and 

the local magnetic time. According to the statistical 

analysis results, the hectometric radiation is observed 

from 21 to 08 MLT, hence the generation of this contin-

uum may depend on the illumination of the ionosphere. 

Figure 6 presents two-dimensional histograms of the 

z coordinate in the solar magnetic coordinate system 

(zsm) over the McIlvaine parameter L and the distance R, 

which allow us to understand the localization of hecto-

metric continuum sources. As inferred from Figure 6, 

most observations of the hectometric continuum radia-

tion fall within the range from –0.5 to 0.5 in zsm, from 1 

to 1.4 in the L parameter, and from 1.1 to 1.25 in the 

distance R, thereby indicating that the radiation sources 

are located at low latitudes. Furthermore, it is noticeable 

that with increasing distance away from Earth the max-

imum number of hectometric radiation observations 

moves away from the equatorial region. In other words, 

the z-coordinate modulus increases with R. 

 

Figure 4. Histograms of the satellite's orbit MLAT (left panel) and the satellite's MLAT at the beginning of hectometric con-

tinuum observation (right panel) over months 

 

 

Figure 5. Distribution of cases of hectometric continuum 

observation by local magnetic time 

In addition, we have constructed histograms of cases 

of hectometric continuum observation over R and L 

(Figure 7). In the right panel, there is a clear predomi-

nance of cases of hectometric continuum observation at 

short distances of order of (1.1÷1.2)RE, the cases of 

maximum distance were at ~ 2.1 RE. A similar depend-

ence is observed for L: most cases of hectometric radia-

tion detection occur at small L values to 1.5. 

 

SUMMARY AND MAIN  

CONCLUSIONS 

From measurements of the electromagnetic field elec-

tric component with the Japanese ERG (Arase) satellite 

(PWE/HFA experiment), 279 cases of observation of A 

type hectometric continuum radiation have been found 

for two full years — 2018 and 2019. We have carried out 
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Figure 6. Two-dimensional histograms of the z coordinate (in the solar magnetic coordinate system) over the distance R (left 

panel) and the McIlvaine parameter L (right panel)  

 

 

Figure 7. Distributions of cases of hectometric continuum observation over the distance R (left) and the McIlvaine parameter 

L (right) 

 

a detailed statistical analysis of various parameters of 

radiation of this type and have identified some of its 

properties in Earth's magnetosphere. 

All cases of the type A hectometric continuum have 

been recorded at distances to 2.1 RE inclusive. Note that 

in each case in the spectrograms there is an upper hybrid 

resonance frequency near which the radiation of this 

type occurs. In most cases, the radiation begins to be 

observed at distances of order of (1.1÷1.25)RE, which 

corresponds to the heights of the upper ionosphere and 

the lower magnetosphere. The hectometric radiation 

was observed mainly at small values of the McIlvaine 

parameter L from 1 to 1.4, the distance R varied from 

1.1 to 1.25, whereas zsm varied from –0.5 to 0.5, which 

may be associated with the satellite's orbit. Thus, the 

statistical analysis has localized sources of radiation of 

this type in plasma: the hectometric continuum occurs 

mainly in the low-latitude region of near-Earth space; 

therefore, the source (or sources) of this radiation is 

located at low latitudes. 

We have also established that there is no direct rela-

tionship between the occurrence of hectometric radia-

tion and geomagnetic disturbances. The absence of an 

explicit dependence on the geomagnetic index Dst (a 

measure of magnetic field variations due to ring currents 

arising in the magnetosphere during magnetic storms) 

suggests that the hectometric continuum can be ob-

served both during quiet periods and during strong ge-

omagnetic activity. Earlier in [Hashimoto et al., 2018] 

based on incomplete statistics for 2017, no significant 

dependence was found on another geomagnetic index 

Kp (characterizes the global geomagnetic disturbance in 

a three-hour time interval), whereas the total number of 

cases for Kp≥6 was very small. Note that radiation of 

other types — AKR and non-thermal continuum — 

occurs mainly only during geomagnetic disturbances 

[Kasaba et al., 1998; Kurth et al., 1998]. Since, as is 

known, AKR and the kilometric continuum are ob-

served in all Solar System planets having magnetic 

fields [Zarka, 1998; Kurth, 1982], it should be expected 

that the hectometric radiation is also characteristic of 

such planets. In this case, the hectometric radiation can 

be used as an additional indicator of planets (exoplan-

ets) with magnetic fields. The main indicator is AKR 

whose lifetime depends on geomagnetic activity. Ac-

cording to [Turner et al., 2021], from the processing 
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results of LOFAR measurements, radio signals that may 

be cyclotron radiation from an exoplanet with a magnet-

ic field have been detected. In other words, AKR-type 

radiation from an exoplanet was found, which once 

again demonstrates the importance of studying proper-

ties of radio emission of various ranges. 

In this paper, using statistics for full two years, we 

have confirmed the relationship between generation of 

the hectometric continuum and local magnetic time, 

found earlier in [Mogilevsky et al., 2021]. Radiation of 

this type is observed at night and in the morning. This 

may be due to a decrease in the electron density in the 

upper ionosphere and the lower magnetosphere at night. 

Note also that the ERG (Arase) satellite's orbit 

changes have a significant impact on the detection of 

hectometric continuum. For example, there are fewer 

cases of type A radiation observation in 2018 than in 2019. 

The distribution of the hectometric continuum over months 

for two years does not have such obvious dips and peaks as 

if we considered separately 2018 or 2019. 

Hashimoto et al. [2018] from limited statistics for 

2017 have obtained very different results for each 

month due to peculiarities of the ERG (Arase) satellite's 

orbit. All this clearly indicates the importance of statis-

tics for as long a period of time as possible in order to 

minimize the influence of evolution of a spacecraft's 

orbit when studying and determining hectometric radia-

tion properties. 

Similar radiation was observed during the AKR-X 

experiment with the Interbol-1 satellite at frequencies of 

1463 and 1501 kHz [Kuril'chik, 2007], and no more 

than 50 such events have been detected for more than 

five years. It was, however, recorded during the day, 

whereas the ERG (Arase) satellite observed all cases of 

hectometric continuum at night and in the morning. Ku-

ril'chik [2007] also suggests that the hectometric radia-

tion occurs near solar minimum. A similar assumption 

about the influence of solar activity on the generation of 

hectometric continuum radiation has been made in 

[Hashimoto et al., 2021], where generation of this radia-

tion is associated with equatorial plasma bubbles since 

during solar minimum the rate of occurrence of bubbles 

after midnight increases at the summer solstice [Dao et al., 

2011; Otsuka, 2018]. 

The characteristics of the hectometric radiation in 

Earth's magnetosphere, as well as, for comparison, simi-

lar characteristics of the kilometric continuum and AKR 

we have obtained in this work are presented in Table. 

The main findings of this study are as follows: 

 We have carried out a statistical analysis of cases 

of hectometric continuum radiation observation for a 

type A source(s) for a two-year period (279 cases). 

 The relationship between hectometric continuum 

generation and local magnetic time has been confirmed. 

Radiation of this type is observed at night and in the 

morning. 

 We have established that there is no direct rela-

tionship between the occurrence of hectometric radia-

tion and geomagnetic disturbances. 

The hectometric continuum radiation source(s) is lo-

cated at low latitudes. 

 

Characteristics of AKR, non-thermal and hectometric continuums 

Parameters Auroral kilometric 

radiation 

Non-thermal continuum 

radiation 

Hectometric continuum 

radiation 

Frequency range 30–800 kHz 5–800 kHz 600–1700 kHz 

Dependence 

on geomagnetic activity high present absent 

Radiation source 

localization 
high latitudes equatorial latitudes low latitudes 

Generation mechanism 
Cyclotron maser instability Linear or nonlinear mode 

conversion 

currently unknown 

Time of recording (MLT) at night mostly during the day at night and in the morning 
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