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Abstract

A space environment data acquisition monitor (SEDA) has been flown onboard the Japanese meteorological satellites
‘Himawari-8/9"as one of the housekeeping information monitors for satellite operation. SEDA consists of a high-
energy proton sensor (SEDA-p) and a high-energy electron sensor (SEDA-e). These instruments provide near-real-time
information on the conditions of the space environment on the Japanese meridian. Initial cross-comparison between
SEDA and high-energy particle observation by geostationary operational environmental satellite (GOES) shows that
the flux level of SEDA-e is slightly smaller than that of GOES observation, and the flux level of SEDA-p observation is a

half that of GOES observation.

Space environment monitoring
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Background

The geostationary earth orbit (GEO) is one of the practi-
cal orbits of satellites providing our social infrastructure.
More than 400 telecommunications, broadcasting, and
meteorological satellites are currently operated in this
orbit (e.g., http://www.satsig.net/sslist.htm Note: Mili-
tary satellites in GEO are not included in this list). GEO
is located at the outer edge of the outer radiation belt.
Relativistic electrons in the outer radiation belt undergo
dynamic changes because of the magnetospheric distur-
bances driven by solar wind. In addition, GEO satellites
frequently experience the injection of energetic particles
related to substorm activities. Variations in the charged
particle environment are one of the causes of satellite
anomalies (e.g., Lanzerotti et al. 1998; Baker 2000). For
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and indicate if changes were made.

these reasons, the monitoring and forecasting of the
space environment in GEO is one of the key issues of
space weather research and operation.

The monitoring of the high-energy particle environ-
ment in the Japanese meridian of GEO started at the
beginning of Japan Meteorological Agency (JMA)’s sat-
ellite program. Space environment monitors (SEM)
onboard Japan’s geostationary meteorological satellite
(GMS) series ‘Himawari’ have been started with GMS-1
in 1978 (Kurino 1985). Space environment monitoring
by SEM continued up to GMS-4. However, SEM was
not installed onboard the satellites that followed GMS-4
(GMS-5, MTSAT-1R, MTSAT-2). Thus, there was a large
gap in space environment monitoring in the Japanese
meridian of GEO from the mid-1990s to the mid-2010s.

The situation changed because a space environment
data acquisition monitor (SEDA) was installed in Hima-
wari-8/9 (Bessho et al. 2016). This action has also contrib-
uted to the World Meteorological Organization (WMO)’s
recommendation of installing a space environment
monitor in all meteorological satellites for housekeeping
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information and space environment monitoring (e.g.,
WMO 2013). Himawari-8 and 9 were launched on Octo-
ber 7, 2014, and November 2, 2016, respectively. SEDA
onboard Himawari-8 and 9 has been in operation since
November 3, 2014, and December 20, 2016, respectively.

The National Institute of Information and Communi-
cations Technology (NICT) has a long history of opera-
tional space weather forecasting in Japan (Nagatsuma
2013). Space environment monitoring is one of the key
elements in space weather forecasting. Since 1979, we
have received a daily summary plot of SEM from JMA,
and a real-time data acquisition system for GMS-4/SEM
has been in operation since 1994 (Den et al. 1999). On
the basis of this background, we are now handling and
processing Himawari-8/SEDA data for space environ-
ment monitoring in the Japanese meridian of GEO. In
this paper, we briefly introduce the instrumentation of
SEDA, the initial observations, and the results of our
initial cross-comparison with geostationary operational
environmental satellite (GOES) data.

Instrumentation

SEDA has been flown onboard Himawari-8 and 9 to
monitor the space environment around the satellite. The
basic specifications of SEDA are shown in Table 1. Fig-
ure 1 shows the fully assembled SEDA. This sensor is
identical to the Environmental Monitor Unit (EMU)
for the European Galileo satellite series (Bartolomé
et al. 2015). SEDA consists of two sensors, namely a
high-energy proton sensor (SEDA-p) and a high-energy
electron sensor (SEDA-e). SEDA-p and SEDA-e have
eight channels each, the energies of which are shown in
Table 2. The large cylinder on the right side of the SEDA
assembly in Fig. 1 is SEDA-e, whereas SEDA-p comprises
the eight small cylinders on the left side in Fig. 1. The
intermediate-size cylinder on the left side has no use.

SEDA obtains data every 10 s based on the clock in the
SEDA assembly. Because of the time difference between
the clock in the main satellite system and that in SEDA,
the measurement timing drifts by about one second per
day. The sampling rate sometimes shifts by 9 or 11 s
owing to the jitter of the clock in SEDA.

SEDA is mounted on the eastward plane on the body of
Himawari-8 and 9. Owing to the gyro motion of charged
particles, SEDA can measure protons whose gyro centers
lie inside GEO and electrons whose gyro centers lie out-
side GEO (Rodriguez et al. 2010). The geographical longi-
tude and local noon of Himawari-8 and 9 are 140.7° and
02:37 UT, respectively.

Real-time data observed by Himawari/SEDA are down-
linked to JMA’s Meteorological Satellite Center, where
they are routinely stored on file servers. Every 10 min, we
download the latest files of Himawari/SEDA data from

Page 2 of 8

Table 1 Specifications of SEDA

Items Description

Number of channels Protons: 8 (8 individual sensor elements)
Electrons: 8 (8 stacked plates in one element)
Protons: 15-100 MeV

Electrons: 0.2-4.5 MeV

Time resolution 10s

Protons: £39.35°

Electrons: £78.3°

Energy range

Field of view

Fig. 1 Fully assembled SEDA

the server to monitor the space environment at the Japa-
nese meridian of GEO.

SEDA high-energy electron sensor (SEDA-e)

SEDA-e is not a direct-particle-counting-type sensor
but a sensor for measuring the internal charging current
deposited by the energetic electron flux at various shield-
ing levels. Because the penetrating energy of electrons
depends on the material thickness, the electrons which
have a specific range of energy can be accumulated using
a shield and a collector plate. SEDA-e consists of eight
metal plates mounted on a stack for measuring eight
different energy ranges from 0.2 to 4.5 MeV. There is no
additional shielding between each collector plate.

The SEDA-e sensor is based on the SURF sensor and
is also used as an internal charging current monitor.
The SURF sensor was first demonstrated in space by
the Space Technology Research Vehicle (STRV) 1D in
geostationary transfer orbit in 2000 (Ryden et al. 2001).
Furthermore, the SURF sensor was installed as part of
the Merlin space weather monitors onboard GIOVE A,
a test bed for Galileo launched in 2005. The SURF sensor
has completed 8.5 years in orbit despite being originally
intended to have a two-year operational life (Ryden et al.
2015). One of the advantages of this sensor is its robust-
ness against high-energy proton contamination com-
pared with a semiconductor-type sensor. Because of the
weak current deposited from the high-energy electron
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Weak flux enhancements of high-energy protons are
observed in Ch. 0 from March 15 to 17 and in Chs. 1-3
on Mar. 15. The proton fluxes from Chs. 4-7 show no
significant variations from March 15 to 17. An appar-
ent enhancement of the proton flux from Chs. 2 to 7 is
also observed from March 18 to 20. One of the surprising
characteristics of this enhancement is that there appears
to be spectral inversion, with the higher channels show-
ing larger flux as well as possibly larger flux variations.
The trend of this enhancement is almost coherent for
each channel and appears to be related to the variations
of high-energy electron fluxes. The relationship between
Ch. 7 of SEDA-p and Ch. 6 of SEDA-e is shown in Fig. 4.
The flux enhancement of SEDA-p Ch. 7 corresponds well
to that of SEDA-e Ch. 6.

An example of a minor proton event that occurred on
October 29, 2015, is shown in Fig. 3. The higher proton
channels show higher flux levels on October 27 and 28.
In this event, the proton flux shows a two-step enhance-
ment. Time profile of proton flux variations can be dis-
tinguished in two groups. The first rapid enhancement of
the proton flux from Chs. 0-7 occurred at around 03:10
UT with energy dispersion. Higher-energy channels tend
to show earlier enhancement. The second enhancement
of the proton flux from Chs. 0-4 occurred at around
07:10 UT. The proton flux of the lower-energy channels
shows a significant increase during the second enhance-
ment. However, the second enhancement shows no clear
energy dispersion. The reason of the different time profile
of these two enhancements is not clear. It might be caused
by the characteristic of response function for each chan-
nels or natural phenomena. The electron flux variation

P.ch:7-E.ch:6

(5-min. running mean)

201508 01-31

Proton Diff. Flux [/cm”*2/s/sr/eV]

10®  10° 10* 10° 10% 10" 10°
Electron Diff. Flux [cm”2/s/sr/eV]

Fig. 4 Scatter plot showing relationship between proton flux (Ch. 7:
81.4 MeV) and electron flux (Ch. 6: 2.0 MeV)
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does not show any correspondence with the proton flux
variation during this minor proton event.

Quality check of SEDA data

To examine the quality of SEDA data, it is important
to compare the data with high-energy particle data
observed by other GEO satellites. The differences in
the L-value among the GEO satellites need to be taken
into account for the cross-comparison of particle data,
because the magnetic dipole axis is not aligned with the
rotational axis of Earth. The L-value of each GEO satellite
also changes with geomagnetic disturbances and depends
on the local time. Figure 5 shows Roederer’s L (L*)-
value of GEO estimated from the Tsyganenko 89 (T89)
model under quiet conditions at 00 UT on Jan. 01, 2015
(Tsyganenko 1989), where L* is the magnetic drift invari-
ant proposed by Roederer (1970). In Fig. 5, the L*-values
of Himawari-8, GOES 15, and GOES 13 are 6.03, 5.94,
and 6.39, respectively. This suggests that the drift shell
of GOES 15 is close to that of Himawari-8. We use high-
energy particle data obtained from the Magnetospheric
Electron Detector (MAGED) (Hanser 2011) and the
Energetic Proton, Electron and Alpha Detector (EPEAD)
(Onsager et al. 1996; Hanser 2011) onboard GOES 15 in
our data analysis. The energy channels of MAGED and
EPEAD are shown in Tables 3 and 4, respectively. Note
that the high-energy electron channels of EPEAD meas-
ure the integral flux, whereas SEDA-e measures the dif-
ferential flux of high-energy electrons.

Estimating differential flux from observed integral
fluxes

Because EPEAD measures the integral flux of high-energy
electrons, we need to estimate the differential flux from

Tsyganenko 89 Model 2015/01/01 00 UT

68 Ko = 1]

6.6 R /
AN |
o 3

: Himawari-8 J ]

5.8

56 L. ...

longitude [deg.]
Fig. 5 [*-value at GEO as a function of geographic longitude at 00
UT on January 01, 2015 for Kp = 1. The L*-values of Himawari-8, GOES
13, and GOES 15 are plotted as solid black circles
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Table 3 Energy range of GOES MAGED

Ch. no. Energy range (keV)
1 30-50 (40)

2 50-100 (75)

3 100-200 (150)

4 200-350 (275)

5 350-500 (475)

Table 4 Energy range of GOES EPEAD

Ch.no Proton energy (MeV) Electron energy (MeV)
1 0.7-4 >0.8

2 4-9 >2.0

3 9-15 >4.0

4 15-40

5 38-82

6 84-200

7 110-900

integral fluxes. Onsager et al. (2004) introduced a method
of estimating the phase space density with a 90° pitch
angle at the magnetic equator by assuming the exponen-
tial distribution of the phase space density and the pitch
angle distribution at the equator using two channels
for integral flux observation by EPEAD. We adopt the
method of Onsager et al. (2004) for our data analysis. In
his method, the distribution of the phase space density is
expressed as the following exponential equation:

S(E) = foexp (—E/Ep). (1)

Equation (1) can effectively represent the energetic
electron spectra observed at GEO (e.g., Cayton et al
1989). On the basis of this assumption, the relationship
between the phase space density fIE) and the observed
integral flux J(>E) is written as

FE) = (> E)/((Eg + EE0> 21,2

3 2 2 (2)
+2E3 4 2EE2 4+ E Eo),

where c is the speed of light and 1, is the rest mass of an
electron.

Using the integral flux observed in two channels (>0.8
and >2.0 MeV) from EPEAD, we can estimate f; and E,.
The differential flux j(E) is calculated from the following
equation using the estimated f and E;:

JE) = P (B) = ((E/0)* + 2mecE) fo exp (~E/Eo), (3)

where p is the particle momentum. Using this method,
differential fluxes of 1.0, 1.5, and 2.0 MeV are estimated
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from EPEAD onboard GOES 15. Gannon et al. (2012)
already used the same technique to estimate differential
flux from GOES EPEAD data.

Cross-comparison between Himawari-8/SEDA,
GOES 15/MAGED, and GOES 15/EPEAD

Figure 6 shows scatter plots revealing the relationship
between Himawari-8/SEDA-e and GOES 15/MAGED
(left) and that between Himawari-8/SEDA-e and GOES
15/EPEAD (right). In this analysis, we only use one-hour-
averaged flux at each noon local time data for compari-
son. Although the geographical locations of Himawari-8
and GOES 15 on GEO are almost opposite each other,
the correlation between the two particle sensors shows
reasonably good agreement. The flux level of SEDA-e is
slightly smaller than that of GOES observation.

Figure 7 shows the combined energy spectra of elec-
trons obtained from Himawari-8/SEDA, GOES 15/
MAGED, and GOES 15/EPEAD on March 9, 2015. The
energy spectra obtained from both satellites show good
agreement during this period, although the flux level of
Himawari-8/SEDA is slightly lower than that of GOES
15/EPEAD and MAGED.

Few proton events have occurred since the Hima-
wari-8/SEDA started operation. Thus, the proton fluxes
of SEDA and EPEAD cannot be statistically examined
and compared. Figure 8 shows the combined plot of
proton energy spectra from Himawari-8/SEDA (red)
and GOES 13/EPEAD (black) at 10:45 UT on Oct. 29,
2015. Sandberg et al. (2014) have examined the effec-
tive energies of GOES solar proton detectors using cor-
rected interplanetary monitoring platform (IMP) 8 solar
proton measurements. As shown by Rodriguez et al.
(2017), agreement is greatly improved between GOES
and STEREO when using the effective energies estimated
by Sandberg et al. (2014). So, we also apply this effective
energy of EPEAD in our analysis. Green line with filled
circles shows differential flux of GOES 13/EPEAD chan-
nels with effective energies derived from Sandberg et al.
(2014). Although Sandberg et al. (2014) estimated effec-
tive energies of GOES 11/EPEAD, that information can
be used as effective energies of GOES 13/EPEAD with
reasonable accuracy based on the inter calibration study
done by Rodriguez et al. (2014). To determine the energy
spectra, 5-min-averaged data with the background flux
level caused by galactic cosmic rays subtracted are used.
The energy spectrum of SEDA-p shows a power law dis-
tribution, except for Chs. 6 (75.2 MeV) and 7 (81.4 MeV).
The flux enhancement seen in Chs. 6 and 7 appears to
show contamination with high-energy electron flux,
since flux of high-energy proton and that of high-energy
electron has some correlation shown in Fig. 4. The energy
spectrum of EPEAD shows a power-law distribution with
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Fig. 6 a Scatter plot showing relationship between electron flux at 0.45 MeV estimated from SEDA-e and that estimated from MAGED. b Scatter
plot showing relationship between electron flux at 1.0 MeV estimated from SEDA-e and that estimated from EPEAD
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Fig. 7 Combined electron differential flux spectra from Himawari-8/
SEDA (orange), GOES-15/MAGED (light blue), and GOES-15/EPEAD
(green) on March 9, 2015

10.00

a bump at around 30 MeV. The proton flux of GOES 13/
EPEAD with effective energy is about two times higher
than that of Himawari-8/SEDA-p. However, the slope
of the power law is almost the same for those energy
spectra.

Summary and discussion

As we mentioned earlier, this instrument was originally
developed as the EMU onboard the European Galileo
satellite. The specifications of this instrument are opti-
mized for observations on medium earth orbit, which is
the orbit of Galileo. Thus, the sensitivity of the sensor is
slightly low to cover the dynamic range of high-energy
particle observations at GEO, especially for Chs. 6 and 7
of SEDA-e.

2015/10/29 10:4

10.000

L vndn

1.000 ¢

O\
NN

0.010 X

Himawari-8 SEDA-p
[ GOES 13 EPEAD Proton

0.100

Differential Flux [/cm® sr sec MeV]

0.001

10 100
Energy [MeV]

Fig. 8 Combined proton differential flux spectra from Himawari-8/

SEDA (red), GOES-13/EPEAD (black) and GOES-13/EPEAD with effec-

tive energy (green) at 10:45 UT on Oct. 29, 2015

The trend of the daily variation seen in Chs. 6 and 7 of
SEDA-e appears to be residuals of the bias current sub-
traction, because the daily variation of the temperature of
SEDA is in phase (data not shown). The daily and long-
term trends of the electron flux variations in Ch. 7 and
their relation with the sensor temperature trend sug-
gest that the effect of the bias current still remains. The
subtraction of the bias current effect from the raw data
of SEDA-e will be improved by detailed analysis of the
relationship between the electron flux and the sensor
temperature.

One of the advantages of SEDA-e is that high-energy
proton flux contamination is negligible. Thus, high-
energy electron flux variations during a proton event
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can be captured by SEDA-e. In contrast, contamination
by high-energy electron flux is apparent in most of the
SEDA-p channels. It is well known that detector diode
has a sensitivity of both high-energy electrons and pro-
tons [e.g., Fig. 2 of Takagi et al. (1993)]. However, SEDA-
p cannot discriminate high-energy protons and electrons
on board because of simple instrument for monitoring
purposes. Removing the electron flux contamination
based on data processing on the ground is not easy
because the high-energy electron channels (Chs. 6 and
7) can only measure the high-flux period. Another future
task is to improve the data quality of SEDA-p. Problems
in the removal of electron contamination from proton
flux data and the improvement of bias current subtrac-
tion from electron flux data will be solved in the near
future.

The cross-comparisons between differential flux of
Himawari-8/SEDA-e and that of GOES 15/MAGED
in Fig. 6 show good correspondence. However, each
data point also shows some degree of scattering. It
seems that the time difference of each differential
flux at noon local time produces the difference. So,
we should select the period when Himawari-8 and
GOES 15 are in the same L* at the same time for
cross-calibration.

Himawari-8/SEDA data are useful for monitoring the
high-energy particle environment around the Japanese
meridian of GEO. Near real-time plot and archived
data of SEDA are available from our web site (http://
seg-web.nict.go.jp/himawari-seda/). Furthermore,
combining Himawari-8/SEDA data with other satellite
data in GEO (e.g., GOES 13, 15, and Kodama (JAXA’s
Data Relay Test Satellite)) will enable us to estimate the
particle distribution in the whole area of GEO. Devel-
oping a method for cross-calibration of the particle
sensor will be one of the important tasks for recon-
structing the particle distributions around GEO and
the inner magnetosphere.
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