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Abstract: The Langmuir Probe (LAP), onboard the China Seismo-Electromagnetic Satellite (CSES), has been designed for in situ
measurements of bulk parameters of the ionosphere plasma, the first Chinese application of in-situ measurement technology in the field
of space exploration. The two main parameters measured by LAP are electron density and temperature. In this paper, a brief description
of the LAP and its work mode are provided. Based on characteristics of the LAP, and assuming an ideal plasma environment, we introduce
in detail a method used to invert the I-V curve; the data products that can be accessed by users are shown. Based on the LAP data
available, this paper reports that events such as earthquakes and magnetic storms are preceded and followed by obvious abnormal
changes. We suggest that LAP could provide a valuable data set for studies of space weather, seismic events, and the ionospheric
environment.
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1.  Introduction
Perturbations in  ionospheric  plasma  parameters  have  been  ob-

served before  many  large  earthquakes.  New  spacecraft  and  pay-

load technology  provide  a  significant  opportunity  to  study  fur-

ther  the  potential  for  space  observations  to  predict  earthquakes

(Zhao  GZ  et  al.,  2007).  Langmuir  probes  have  been  extensively

used in space plasma diagnostics for more than 40 years (Brace et

al.,  1971; Bering  et  al.,  1973), having  been  included  in  the  pay-

loads of  spacecraft  of  many countries (Holback et al.,  2001; Eriks-

son et al.,  2007).  In particular,  the Langmuir probe on the French

DEMETER satellite has played an important role in the field of seis-

mic monitoring research (Lebreton et al.,  2006).  From its  records,

many ionospheric plasma perturbations related to seismic events

have  been  detected  (Sarkar  et  al.,  2007, 2012; Zhang  XM  et  al.,

2010a, b; Liu  J  et  al.,  2011).  Furthermore,  statistical  analysis  of

plasma parameters has been developed to ascertain the relation-

ships  between  ionospheric  perturbations  and  large  earthquakes

(He Y et al., 2010, 2011; Parrot, 2012; Píša et al., 2011; Li M and Par-

rot, 2012; Yan R et al., 2017a).

The  China  Seismo-Electromagnetic  Satellite  (CSES),  also  called

ZHANGHENG-1,  was  launched  sucessfully  on  February  2,  2018

(Shen  XH  et  al.,  2018).  The  Langmuir  probe  onboard  the  CSES,

called  “LAP”,  is  China’s  first  application  of in-situ measurement

technology in the field of space exploration.

CSES is  the  first  space-based  platform  in  China  for  both  earth-
quake observation and geophysical field measurement, and is the
first satellite of China’s space-based geophysical field observation
system.  It  has  considerable  potential  to  contribute  valuable  new
data  to  such fields  as  earthquake science,  geophysics,  and space
sciences  (Shen  XH  et  al.,  2018).  The  CSES  is  a  Sun-synchronous
satellite orbiting at a height of 500 km with a descending node of
14:00 local time. Its scientific payloads include a search-coil  mag-
netometer, an  electric  field  detector,  a  high  precision  magneto-
meter, a plasma analyzer package, a Langmuir probe, an energet-
ic  particle  detector,  a  GNSS  occupation  receiver,  and  a  three-fre-
quency  beacon  (Shen  XH  et  al.,  2018).  Of  these,  the  Langmuir
probe  (LAP)  and  plasma  analyzer  package  (PAP)  are  the  space
plasma in-situ detection payloads (Liu C et al., 2018). The scientif-
ic objective of the Langmuir probe is to study space plasma phys-
ics  phenomena  and  ionospheric  changes  caused  by  seismic
events, magnetic storms, etc. The payloads need to have a range
of  measurement  sufficiently  broad  to  cover  the  maximum  range
of plasma changes at the 500 km altitude, and sufficiently high ac-
curacy to identify weak abnormal information (Liu C et al.,  2018).
The  LAP  can  measure  electron  density  (Ne)  over  a  range  from
5×102~1×107 cm–3,  and  electron  temperature  (Te)  from  500  K  to
10,000  K  with  relative  measurement  accuracy  of  10%.  It  is  also
capable of monitoring the spacecraft potential and its variations.

In  Section  2  we  describe  in  brief  the  LAP  instrument  design  and
provide  an  overview  of  its  operations  modes.  In  Section  3  we
present  the  data  analysis  method.  Examples  of  preliminary  LAP
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scientific  results  are  described  in  Section  4.  Concluding  remarks
are given in Section 5.

2.  The LAP Instrument Description and Operation

Mode
A Langmuir Probe, in its simple form, is a conductor immersed in
plasma  to  which  a  bias  voltage  is  applied.  The  principle  of  the
measurement technique is  to vary the bias voltage and to meas-
ure the current collected as a function of the applied voltage, i.e.
to  acquire  the  current-voltage  (I-V)  characteristic  of  the  probe
(Chen FF and Chang JP, 2002; Guan YB et al., 2011).

The LAP onboard the CSES consists  of  Sensor  1,  Sensor  2  and an
electronics  box  (Figure  1).  Sensor  2  is  designed  as  a  backup.
Sensor 1 has a diameter of 5 cm; Sensor 2 has a diameter of 1 cm.
Both sensors  are  immersed in  the plasma by extension bars.  The
sensor extension bar,  whose length is  50 cm, is  designed to sup-
port the sensor away from the satellite surface and to reduce the
interference of the satellite (Guan YB et al., 2011). The sensors are
given bias voltage, controlled by the electronics box, the princip-
al components of which are a sweep voltage circuit, a sensor sig-
nal output circuit, a control and processing circuit, the satellite in-
terface circuit, and a power supply circuit. The sweep voltage cir-
cuit is  operated by the control  and processing unit  which gener-
ates a  continuous  sweep  voltage  loaded  to  the  sensor,  by  con-
trolling  the  digital-to-analog  convert  circuit.  The  sensor  signal
output circuit  is  designed  to  collect  and  convert  the  sensor  cur-
rent  signal  by  the  preamplifier  circuit  and  the  differential  circuit
(Liu G et al., 2018; Guan YB et al., 2011).

When the satellite is in orbit, the satellite body and the extended
strut  form  plume  in  the  opposite  direction  of  the  satellite  flight
direction. The detection region of the LAP must avoid the plume
because it  disturbs  the  space  plasma  and  causes  errors  in  meas-
urement.  The  LAP  has  been  installed  on  the  front  of  satellite.
Design of the LAP on the CSES is described in more detail in previ-
ous reports (Guan YB et al., 2011; Liu C et al., 2016, 2018).

When  a  conductor  immersed  in  plasma  is  biased,  it  acquires  a
space  charge  based  on  the  relative  flux  of  electrons  and  ions  to
the conductor.  When the bias  voltage is  negative,  the probe col-
lects an ion current and repels electrons from the ambient plasma.
Conversely,  for  a  positive  voltage,  it  collects  an  electron  current
and repels ions. The response of the LAP is obtained by acquiring
the I-V characteristic.

When the area of a sensor is fixed, the effect of a satellite ground
potential will  increase  with  increasing  scanning  voltage  amp-
litude.  The  current  collected  by  Sensor  1  (5  cm)  would  be  much
larger  than  Sensor  2  (1  cm)  because  of  its  larger  collecting  area,
which make it easier to get current. Because Sensor 1 is relatively
large  compared  to  the  size  of  the  satellite,  if  the  positive  biased
voltage  applied  to  Sensor  1  is  too  large,  the  spacecraft’s  ground
potential could be lowered by the Sensor 1’s relatively high collec-
ted electron current (Szuszczewicz,  1972).  Conversely,  Sensor 2 is
small  enough compared to the satellite  that  its  collected current
would have nearly no effect on the ground potential of the space-
craft,  even  when  a  relatively  large  positive  voltage  is  applied  to
Sensor 2. But it is somewhat difficult to measure very low plasma
densities. So the sweeping voltage (Vs)  is –3 V–+3 V for Sensor 1,
and –6 V–+6 V for  Sensor  2  (Guan YB et  al.,  2011).  The +3 V bias
loading on Sensor  1  causes  a  0.05  V  decrease  in  the  satellite  po-
tential,  which can be ignored. When the load on Sensor 2 is +6 V
bias,  the  satellite  potential  decreases  by  less  than  0.01  V,  which
has an insignificant  effect  on the satellite’s  potential  (Liu  C et  al.,
2016).

The operational modes of the LAP include survey mode and burst
mode.  The  survey  mode  is  used  mainly  to  detect  global  electron
density and electron temperature, while the burst mode primarily
allows detection of key areas, over China and within seismic belts,
because bursts can yield physical parameters in greater detail. We
can obtain an I-V curve from a set of whole voltage sweepings. In
order to compare different states, each sweeping period contains
3  parts:  voltage  down-sweeping,  voltage  up-sweeping  and  fixed
bias voltage sweeping. The sweeping period for the burst mode is
1.5  seconds:  0.5  s  for  the  voltage  down-sweeping,  0.5  s  for  the
voltage up-sweeping, and 0.5 s for the fixed bias voltage (Figure 2).
The sweeping period for the survey mode is 3 seconds: 1 s for the
down-sweeping, 1 s for the up-sweeping, and 1 s for the fixed bi-
as voltage.

For  fixed  bias  voltage  sweeping,  the  LAP  measures  the  collected
currents only in the saturation regions by applying a fixed voltage
relative  to  the  spacecraft  ground.  In  a  short  time,  the  electron
temperature  can  be  assumed  to  be  constant,  and  the  electron
density is directly proportional to the electron current; that is, the
relative plasma density fluctuation can always be estimated from
the  current  variations  of  the  probe.  The  advantage  of  the  fixed
biased probe is the high resolution of its measurements, while the
disadvantage is that it cannot measure the electron temperature,
nor  the  absolute  electron  density  but  only  relative  variation  of
electron density  (Guan YB et  al.,  2011),  so Ne/Te cannot be calcu-
lated  from  fixed  bias  voltage  sweeping.  From  each  complete
voltage  down-sweeping  and  up-sweeping,  we  can  get  an  I-V
curve and then an electron density (Ne) and electron temperature
(Te). However,  the  voltage  down-sweeping  is  subject  to  interfer-

Sensor 1

Sensor 2

 
Figure 1.   Configuration of the LAP (Liu C et al., 2018).
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ence.  So  we  calculate Ne/Te only  from  up-sweeping;  the  result
from  down-sweeping  is  used  as  verification.  Therefore,  because
the velocity of the satellite is 7.8 km/s and the resolution of LAP in
survey mode  is  3  seconds,  spatial  resolution  on  the  500  km  alti-
tude CSES orbit is approximately 24 km; in burst mode, time resol-
ution is 1.5 seconds, corresponding to about 12 km spatial resolu-
tion.

3.  Data Inversion Analysis Method and Data Product
Before the CSES was launched, we studied the data analysis meth-
od  carefully  and  set  some  primarily  parameters  in  the  inversion
process; the  method  was  verified  using  data  from  plasma  cham-
ber testing in INFN-IAPS (National Institute for Astrophysics -Insti-
tute for Space Astrophysics and Planetology) (Yan R et al., 2017b).
Now  that  CSES  has  been  launched  successfully,  we  apply  the
method to actual observation data. In this section, we review the
basic theory that govern characteristics of the I-V curve and intro-
duce the analysis method applied to data from the LAP on CSES.
We also introduce the data base that can be accessed by research-
ers.

3.1  Data Inversion Analysis Method
A typical I-V characteristic in both linear-linear and linear-log scale
is  shown  in Figure  3,  which  contain  three  main  regions  (the  ion
saturation region,  the  electron  retardation  region,  and  the  elec-
tron  saturation  region)  and  two  important  data  points  (floating

potential (Vf) and plasma potential (Vp)) (Hutchinson, 1987; Chen
FF and Chang JP, 2002). The Vf is where the ion and electron cur-
rents are equal and the net current is zero. The Vp is near the cross
point  of  electron  retardation  and  electron  saturation,  where  all
the electrons have been repelled and only the ion saturation cur-
rent is  detected.  In  the transition region,  the ion current is  negli-
gible, and the electrons are partially repelled by the negative po-
tential.  In a Maxwellian plasma, this part of the curve is changing
exponentially;  when  the  sweeping  voltage  reaches Vp,  all  of  the
random thermal flux of electrons is  collected. In the electron sat-
uration region,  electron  current  grows  slowly  because  of  the  ex-
pansion of the sheath.

Irving Langmuir first proposed the concept of what is now known
as  a  Langmuir  probe,  and  then  together  with  Mott-Smith,  gave
the classical  theoretical  formula  under  the  approximate  condi-
tions  of  a  Langmuir  probe,  applying  the  Orbit-Motion-Limited
(OML) theory (Langmuir et al., 1924, 1932; Mott-Smith et al., 1961).
The  principal  theory  of  the  Langmuir  probe  is  well  established,
when plasma conditions are such that the Debye Length is much
larger than the dimensions of the electrode (Lebreton et al., 2006).
In data inversion, we only consider the current contribution from
the background plasma electrons and ions. The effects of the pho-
toelectrons,  of  secondary  emission  and  of  the  magnetic  field  are
not considered. According to the theoretical Langmuir probe for-
mula  (Langmuir  and  Mott-Smith,  1924; Langmuir,  1932; Mott-
Smith, 1961), the electron density and electron temperature of the
plasma are obtained by fitting the I-V characteristic curve.

The raw data of the LAP contains all sweep voltage values (Vscan),
output voltage value (Vout)  and range information (R). Data calib-
ration  aims  to  convert  the  output  voltage  corresponding  to  the
scanning voltage into the collection current, and then we can ob-
tain the I-V curve. Based on the linear amplifying circuit, the linear
relationship  between  current  and  voltage  is  shown  in  equation
(1):

I = a jVout+b j, (1)

a j

b j

where, Vout is output voltage, I is collected current,  is gain coef-
ficient,  is  drift  in  zero,  and j =  1,  2,  3,  represent three different

0.5 s
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V

Sensor 1 (+3V)
Sensor 2 (+6V)

Sensor 1 (-3V)
Sensor 2 (-6V)

0.5 s 0.5 s

0.5 s

 
Figure 2.   The voltage sweeping cycle of LAP in burst mode.
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Figure 3.   Typical I-V characteristic of LAP (in orbit 2661 during 2018-02-19, 18:38:57–2018-02-19, 19:09:14). In both plots, the bias voltage is on a

linear scale. (a) The current is on a linear scale; (b) The current is on a logarithm scale.
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ranges,  respectively.  Gain  coefficient  and drift  in  zero  is  different

according to range information.

Then we obtained a whole I-V curve and Ne/Te are obtained from

the I-V characteristics. The main steps are:

(1)  When  electron  current  (Ie)  is  equal  to  the  ion  current  (Ii),  the

sweep  voltage  value  is  the  floating  potential  (Vf).  So  the  floating

potential (Vf) is identified when the total collected current is 0.

V ⩽ Vf −
5kTec

e

(2)  In  theory,  the  ion  saturation  region  is  in  the  range  of

 (Chen FF and Chang JP, 2002). The initial electron

temperature (Tec) in the ionosphere is  here set at  3000 K.  We de-

rived an approximation curve (Ii) for the ion saturation region, and

then derived ion current approximation curves in the electron re-

tardation and electron saturation regions.

(3)  Subtracting  the  ion  approximation  current  (Ii)  from  the  total

electron current (I), gives the electron current (Ie), that is Ie=I–Ii.
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Figure 4.   The data inversion analysis for different I-V curve in orbit 2661. (a) is the smooth I-V curve, (b) is the characteristics analysis process of

(a), Vp can be determined using the second derivative I″(V) directly; (c) is special I-V curves with many fluctuations, (d) is characteristics analysis

process of (c), Vp can be obtained from the point at which the slope of the electron retardation region crosses the approximation curve for the

electron saturation region; (e) is the characteristics analysis process of an I-V curve with several fluctuation near the inflection point of electron

retardation and electron saturation, (f) is the local amplification of (e), Vp should be reconfirmed by iteration.
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(4)  Next we identify the plasma potential  (Vp). Vp is  the inflection

point  of  the  electron  retardation  region  and  electron  saturation

region.  For  the  normal  smooth  I-V  curve  (Figure  4(a,  b)), we  de-

termine Vp using the second derivative I″ (V). But for the special I-V

curve that  may  be  affected  by  the  satellite  or  unknown  interfer-

ence, there are some fluctuations, especially in the electron satur-

ation and electron retardation regions (Figure 4c). In this case, the

Vp point  cannot  be  determined  by  the  second  derivative I″ (V).

However, Vp can be obtained from the point at which the slope of

the  electron  retardation  region  crosses  the  approximation  curve

for  the  electron  saturation  region  (Figure  4d).  The  time-honored

way to obtain the space potential (or plasma potential) is to draw

straight lines through the I-V curve in the transition and electron

saturation  regions  and  call  the  crossing  point Vp.  This  does  not

work well if the electron retardation region is curved. In this case,

taking  the  point  where Ie starts  to  deviate  from  exponential

growth is  a  good method (Chen FF  and Chang JP,  2002; Godyak

and Alexandrovich,  2015).  So  for  the  special  I-V  curve  with  some

fluctuations, finding  the  crossing  of  the  slope  of  the  electron  re-

tardation region and of the approximation curve for the electron

saturation region is the relatively best choice.

(5)  We  next  reconfirm Vp by  iteration  if  needed.  A  measurement

error  in  the  plasma  potential  can  lead  to  an  order  of  magnitude

error in  finding  the  electron  saturation  current  and,  correspond-

ingly,  in  the  calculated  electron  density.  An  error  in  determining

the  electron  temperature  can  be  even  more  significant  (Godyak

and  Alexandrovich,  2015). Some  I-V  curves  may  have  few  fluctu-

ations,  as in Figure 4,  but may not be completely smooth. Figure

4e is the characteristics analysis process of a whole I-V curve, and

Figure 4f is the local amplification near the inflection point of elec-

tron retardation and electron saturation in Figure 4e. From Figure

4f we can see more clearly that there is a fluctuation near the in-

flection point (arrow position).  So Vp obtained by the second de-

rivative  is  just  the  fluctuation  position.  In  this  case,  we  can’t  find

the  exact Vp point  from  a  single  second  derivative;  iteration  is

needed. The steps are: take Vp obtained by Step (4) as Vp1 ; setting

Vp1 and Vf as boundaries, we can get the new ion saturation, elec-

tron retardation, and electron saturation region; then we find the

crossing point of the slope of the electron retardation region and

of the approximation curve for the electron saturation region; this

crossing point is Vp2. Repeating the previous procedure, we set Vp2

and Vf as the  boundaries  of  the  ion  saturation,  electron  retarda-

tion, and electron saturation region and the find the new crossing

point  of  these  two  new  regions.  Then  set  it  as Vp3,  and  so  forth.

When (Vpn–Vp(n–1)) is minimized, Vpn is the final Vp.

In general, 2 or 3 iterations are often sufficient. When the I-V curve

is  smooth (Figure 4(a,  b))  or  exhibits  few fluctuations (Figure 4(e,

f)), the approximation curve for the electron saturation region can

be  calculated  by  curve  fitting;  for  special  I-V  curves  with  many

fluctuations  (Figure  4(c,  d)),  good results  can be obtained simply

by linear fitting.

(6) The electron retardation region is the exponential part of the I-

V curve; when plotted semi-logarithmically, the sweeping voltage

and current  should  be  a  straight  line  if  the  electrons  are  Max-

wellian (Hutchinson, 1987; Chen FF and Chang JP, 2002):

Ie = Ie0 exp
(

eV
kTe

)
, (2)

ln Ie = ln Ie0+
eV
kTe
. (3)

tanφEquation (3) shows that the slope ( ) of the (ln Ie)-V curve is ex-

actly  proportional  to  1/Te and  is  a  good  measure  of  the  electron

temperature. So Te can be derived by applying equation (4):

Te =
e

k× tanφ
≈ 11600

tanφ
. (4)

(7) The electron current (Ie0) at Vp point is determined from the I-V

curve and the Ne is derived by applying equation (5):

Ne =
Ie0

e×A

√
2πme

kTe
. (5)

In all the above equations, k is 1.38×10–23 (boltzman constant); e is

1.6×10–19 (coulomb charge); me is 9.1×10–31 (the electron mass); A
is the deployed area of the probe.

3.2  Data Representation
The  CSES  provides  a  total  of  five  levels  of  data  (Shen  XH  et  al.,

2018). For the LAP, Level 0 is the raw data (sweep voltage values,

output  voltage  values,  and  range  information)  generated  after  a

series of processes including frame synchronization, de-randomiz-

ation,  decoding,  and  de-formatting;  Level  1  is  the  data  (electron

density,  electron  temperature,  floating  voltage,  and  plasma

voltage) obtained after general error rejection, format conversion,

and  calibration  of  Level  0  data.  Level  2  is  physical  quantity  data

(electron  density,  electron  temperature,  floating  voltage,  and

plasma voltage) with satellite orbit information after coordination

system  transformation  and  necessary  data  inversion  of  Level  1

data.  Level  3  is  time-sequential  data  (electron  density,  electron

temperature) in  the  frame  of  satellite  orbits,  generated  after  res-

ampling.  Level  4  is  global  or  regional  dynamic  observation  data

(electron  density,  electron  temperature)  retrieved  from  Level  2

and  Level  3  data,  in  terms  of  variation  between  recursive  orbits

and disturbances observed according to the background field.

After finishing the in-orbit test, the user can have access to Level 2

science data by connecting to the CSES website. We present one

example  of  Level  2  data  in Figure  5,  including  descending  orbit

and ascending orbit. The first panel represents the variation of the

probe’s  floating  potential  and  of  the  plasma  potential  measured

by Sensor 1 of the LAP. The second and third panels, respectively,

are derived  electron  density  and  electron  temperature.  The  latit-

ude, longitude, universal time, and Beijing time are marked below

these data.

4.  Preliminary LAP Science Results
The CSES is currently in commission phase; some experiments and

tests  are  being  conducted.  But  we  have  been  able  to  acquire

some  useful  data.  Several  specific  features,  such  as  magnetic

storms and variations related to earthquakes have been observed.

These observations  are  described  here  to  illustrate  the  measure-

ment capabilities of the LAP.
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4.1  Magnetic Storm

A magnetic storm is a complex process that originates from solar

wind and  the  magnetosphere.  It  can  cause  severe  global  iono-

spheric disturbance and affect the neutral  atmosphere, including

the  troposphere  and  the  middle  atmosphere.  During  magnetic

storms, some ionospheric parameters exhibit drastic changes (Yao

YB et al., 2013). We present data regarding the magnetic storm on

the 1st of June. (Figure 6).

According to Kp index records every 3 hours on 1st June (Table 1),

the Kp index during 13:00–15:00 was 5, the maximum. In this pa-

per, the  data  during  this  time  range  is  selected  and  tracked  for-

ward and backward respectively by revisited orbits (Figure 7) (re-

visited  orbits  are  the  orbits  passing  by  the  same  sub-satellite

point,  which  means  these  revisited  orbits  are  roughly  above  the

same location).  We compared the Ne at  the same position (revis-

ited  orbit)  and  same  time  before  and  after  the  magnetic  storm.

Three groups  of  data  from  revisited  orbits  were  selected  separ-
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Figure 5.   LAP level 2 data. (a) is descending orbit; (b) is ascending -orbit.

484 Earth and Planetary Physics       doi: 10.26464/epp2018046

 

 
Yan R et al.: Inversion method of Langmuir Probe onboard CSES

 



ately on the night side and the day side, in the main phase of this

storm. The local time of the night side was about 02:00, and of the

day side was approximately 14:00. Tracked data from 12, 17, 22, 27

May  are  references  for  quiet  periods  before  the  magnetic  storm;

tracked  data  from  6  and  16  June  are  quiet  references  after  the

storm  (There  are  no  data  during  this  time  range  from  11  June).

The Kp index valuse for these days are presented in Table 1.

It  can  be  seen that  the  electron density  (Ne) from both descend-

ing orbits (day time) and ascending orbits (night time) during the

magnetic storm significantly increased (red line in Figure 7) com-

pared with Ne on other days. In day time (local time), the positive-

phase was found initially in the mid-latitude with a small positive

effect  found  in  low-latitudes  of  the  northern  hemisphere  (Figure

7a). The big positive phase then occurred in the equatorial region

(Figure 7b). Later, the positive-phase decreased and finally disap-

peared (Figure 7c). In night time (local time), significant enhance-

ment in the low-latitude and equatorial regions was obvious (Fig-

ure 7(d, e, f)). And the negative-phase was also found in the mid-

latitude of the southern hemisphere at the same time (Figure 7(d,

e)).  In  low  latitudes,  the  maximum  electron  density  at  02:00  LT

(descending orbit) increased to 100% (Figure 7A), while the Ne at

14:00  LT  (ascending  orbit)  increased  to  a  maximum  of  30%

(Figure  7B).  This  is  consistent  with  previous  research  findings

(Buonsanto, 1999; Balan et al., 2010). It is noted that, for this mag-
netic  storm,  the  asymmetry  between  the  northern  and  southern
hemispheres  was  clear.  In  June,  the  northern  hemisphere  is  in
summer and the southern hemisphere is in winter; the data in low
and  mid  latitudes  of  the  summer  hemisphere  display  positive-
phase, while  negative-phase  is  observed  in  the  winter  hemi-
sphere.

Furthermore,  the response of Ne to the magnetic  storm is  sensit-
ive  especially  in  ascending  orbits  during  nighttime.  The Ne dis-
plays  different  disturbances  according  to  different Kp value. Be-
side  the  most  severe  disturbance  on  the  day  of  the  magnetic
storm (red line), the degree of disturbance varies with Kp, such as
the  blue  line  corresponding  to Kp equal to  3,  green  line  corres-
ponding to 2, and then the yellow line and purple line (Figure 7A).
But Te did not show the same sensitivity as Ne.

The  phenomenon  observed  during  the  storm  is  consistent  with
the basic  laws  of  geomagnetic  storm  effect  evolution;  the  phe-
nomenon  in  day  time  is  probably  caused  by  neutral  wind  and
penetrating electric field, and the one in night time is probably re-
lated to  wind dynamo disturbance (Buonsanto,  1999). In  this  pa-
per,  we  present  just  the  LAP’s  responses  to  the  magnetic  storm
objectively.  We  have  not  attempted  to  describe  their  physical
mechanism in detail.

Table 1.   Kp index records every 3 hours before and after magnetic storm in 1 June

00:00–03:00 04:00–06:00 07:00–09:00 10:00–12:00 13:00–15:00 16:00–18:00 19:00–21:00 22:00–24:00

18:05:12 3 3 1 1 1 1 2 2

18:05:17 3 2 2 2 3 2 2 2

18:05:22 0 1 2 1 2 1 2 2

18:05:27 1 1 0 1 0 0 0 1

18:06:01 3 4 4 4 5 3 2 2

18:06:06 1 1 0 0 1 2 3 2

18:06:16 0 1 0 0 0 0 0 1
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Figure 6.   Planetary magnetic 3 hour Kp indices (https://www.gfz-potsdam.de/en/kp-index).
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4.2  Ms 6.9 Sumbawa, Indonesia Earthquake
The earthquake that occurred on 5 August 2018 in Sumbawa, In-

donesia with a magnitude of 6.9 (116.452°E, 8.287°S), has been se-

lected  to  study  ionospheric  perturbation  in Ne and Te during

earthquakes.

The  ionospheric  perturbations  were  studied  using  the  moving

median method (MMM) on data from 10 days before and 2 days

after this  earthquake  (in  local  time).  MMM  method  reveals  tem-

poral  variations  before  and  after  an  earthquake  and  can  remove

the  background  effects  effectively  (Liu  J  et  al.,  2011, 2014; Priy-

adarshi et al., 2011; Liu J, 2013).

We  adjusted  some  parameters  according  to  the  CSES  data.  The

original data along one nighttime orbit around the epicenter ±10°

were resampled by 0.5° in latitude direction, and then the current

background  median  was  calculated  by  applying  the  moving

method to data from the previous 10 orbits (about 10 days) as the

the  calculation  window  and  1  orbit  as  the  step  window,  taking

80%  and  20%  quintiles  as  the  upper  and  lower  thresholds,  as

shown in Figure 8a. Then we calculated the relative changes ‘Dev’

(see Figure  8b). Od,  Ub, and Lb are  observational  data,  upper

threshold and lower threshold respectively.

The Dev is (Od–Ub)/Ub when observation data are larger than the

upper  threshold,  and Dev=(Od–Lb)/Lb if  observation  data  are

smaller than the lower threshold. If observation data fall between

the upper and lower thresholds, the Dev is 0.

Figure 8a shows the variability of Od, Bd, Ub and Lb (from 23 July

to 7 August) during the earthquake (M=6.8 and M=6.5). Ub and Lb
are the  upper  and  lower  limits  of  day-to-day  variability  in  iono-

spheric Ne.  We  have  checked  the Kp index  around  the  epicenter

during these times and all of them are less than or equal to 3. So

this period is free from magnetic storm. In this case we observed

the perturbation in Ne on the second day (3 August) and the sixth

day (29 July)  before the main seismic shock (5 August)  when the

Ne increased by more than 60%. It should be noted that there was

another  earthquake  with  magnitude  of  6.5  on  28  July  in  nearly

same position (116.55°E,  8.3°S).  The increase on the sixth day be-

fore the Ms 6.8 earthquake is also on one day after the Ms 6.6 seis-

mic  shock  (28  July).  We  can’t  give  a  definite  conclusion  whether

the  disturbance  is  a  post-phenomenon  of  the Ms 6.5  earthquake

or  a  pre-phenomenon  of  the Ms 6.8  earthquake.  There  are  also

two weak increases on July 24 and 25. However, according to pre-

vious study, we need not care about Dev less than 0.5 (Liu J, 2013).

We  did  not  observe  any  special  phenomenon  in Te. The  phe-

nomenon observed  in  this  paper  is  consistent  with  previous  re-

search results (Liu J et al., 2011, 2014; Priyadarshi et al., 2011; Liu J,

2013). We do not address the mechanism about LAI (Lithosphere-

Atmosphere-Ionosphere) coupling (Pulinets et al., 2015) in this pa-
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Figure 7.   Changes in Ne obtained by CSES from 12 May to 16 June. The up panels (A) are Descending orbits (local time 14:00), including (a) orbit

18130 in 1 June and its revisited orbits, (b) orbit 18140 in 1 June and its revisited orbits, (c) orbit 18150 in 1 June and its revisited orbits; The

bottom panels (B) are ascending orbits (local time 02:00), including (d) orbit 18131 in 1 June and its revisited orbits, (e) orbit 18141 in 1 June and

its revisited orbits, (f) orbit 18151 in 1 June and its revisited orbits. Legend, such as ’18130-0601-1148’, means ‘orbitnumber-date (mmdd)-time

(hhmm)’.

486 Earth and Planetary Physics       doi: 10.26464/epp2018046

 

 
Yan R et al.: Inversion method of Langmuir Probe onboard CSES

 



per. Further research will be performed using CSES data later.

5.  Conclusions
The  CSES  Langmuir  probe  instrument  (LAP)  has  been  described
and  the  main  instrument  operation  modes  are  explained.  The
main  plasma  parameters  that  can  be  reliably  extracted  from  the
LAP  current–voltage  response  are  the  electron  temperature  and
density  and the plasma potential.  Variations  of  these parameters
are obtained with a time resolution with a time resolution of 1.5 s
(burst mode) and 3 s (survey mode).

The CSES is currently undergoing orbit-testing; data from the LAP
may be either unavailable or subject to interference from CSES ex-
periments or tests. Based on the data that were available, this pa-
per  studied  magnetic  storms  and  seismic  events.  Examples  of
these  geophysical  phenomena  observed  with  the  LAP  illustrate
the instrument’s capabilities.

Improvements  of  data  quality,  perfection  of  data  processing
methods, and authenticity verification of data are still in progress.
In the future,  more scientific results will  be obtained with further
analysis of scientific data.

It is anticipated that a complete data set will be acquired over the
lifetime of the CSES mission that will allow main CSES science ob-
jectives  to  be  addressed  in  depth.  The  LAP  may  also  provide  a
valuable data  set  for  seismic  and  space  weather-related  iono-
spheric studies.
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