
 

Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) 
Principle Investigator(s): Masato SHIOTANI, Kyoto University, Kyoto 

               Expeditions 19/20, 21/22, 23/24, 25/26, 27/28, 29/30 
Research Area Earth Remote Sensing 
 
SMILES is aimed at global mappings of stratospheric trace gases by means of the most sensitive 
submillimeter receiver. From the ISS altitude (~400km), the instrument detects weak submillimeter 
electromagnetic wave which is emitted from atmospheric molecules, as a “radiance spectrum”. The 
spectra are analyzed with some complicated algorithms, so that the amounts of several kind of 
atmospheric molecules on various altitude are calculated. Although SMILES has stopped atmospheric 
observation due to instrumental failures since April 2010, high sensitive data obtained for a half year will 
provide accurate global datasets of atmospheric minor constituents related to ozone chemistry. SMILES 
is still continuing operations for instrumental calibration and cooling of mechanical cooler, as well as 
brush-up of retrieval algorithms for atmospheric constituents. 

 
The high sensitive observations of SMILES will gain a better understanding of processes controlling the 
stratospheric ozone chemistry and those related to climate change. 

 
The technologies of the cryogenic system used in SMILES will be taken over by future space science 
programs. 
 

RESULTS 
SMILES performed atmospheric observation of Earth 
for six months from 12 October 2009 to 21 April 
2010. Due to the failure of the local osccilator 
component, observation period had to terminate. 
However, SMILES obtained submillimeter spectrum 
with extremely low noise (See Figure 1), and the 
instrument demonstrated its high potential to 
observe atmospheric minor constituents in the 
middle atmosphere.  
For example, SMILES data figured out anomalous 
distribution of stratospheric ozone in tropic region 

from autumn of 2009 to spring of 2010. (See Figure 2) In January of 2010, ozone depletion in the arctic, 
caused by the same mechanism as the antarctic ozone hole, could be depicted with the observation 
data of ozone and chlorine compounds. (See Figure 3) About validness of SMILES observation data, 
detailed comparisons with previous ground-based and spaceborne experiment data are implemented. 
As a result of comparisons, it was revealed that SMILES data quality is comparable or more high-
precision than those data.This “validness of SMLES data” are also encouraged by good agreements with 
the calculation results of multiple atmospheric numerical models. For example, about diurnal variations 

Figure 1. Sample of Submillimeter Spectrum Obtained with on-
orbit SMILES instrument. It measures electromagnetic wave 
emitted from atmospheric molecules on various altitude 
correspondent with antenna angle. 



 

of stratospheric ozone which have not been observed clearly, SMILES data figured out how ozone 
amount increase and decrease with one-day cycle, and results of numerical models also present similar 
pictures. (See Figure 4) Since SMILES observation and model calculation are independently implemented, 
so the agreement of those results suggests that both SMILES and the models have got a view of 
phenomena of diurnal variation of atmospheric ozone. 
After April of 2010, SMILES could not make atmospheric observation any more, but technical 
characteristics data are gained from the operations of the SMILES cryocooler and spectrometers. 
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       Investigations are still continued and more results are pending publication. 
 
 
EARTH BENEFITS 
Global distribution of ozone and related atmospheric constituents (e.g. HCl, ClO and BrO) could be 
retrieved from SMILES observation data with high resolution. Diurnal variation of these species, which 
was uncertain in previous studies, could also be figured out by SMILES. Those findings are expected to 



 

contribute for better understanding of earth’s atmospheric environment, through the comparisons with 
calculations of atmospheric numerical model.  
 
SPACE BENEFITS 
Direct cause of cryocooler “lock-out” were supposed and generation process of an impurity (CO2 gases) 
were investigated, with temperature characteristics data of cryocooler and frequency characteristics 
data of spectroscopy component which were obtained on-orbit. These result will be contribute to 
reliability improvement and extention of lifetime of the future spaceborne missions.  
 

 

Figure 2. Stratospheric ozone distribution from October of 2009 to March of 2010. The shape of the region of enhanced ozone (red-colored) can 
be seen like “rabbit-ears”, not in a cnocentric fashion.  

 



 

 

Figure 3. Wide-are distribution of ozone (upper left), chlorine monoxide (ClO: lower left), and hydrochloric acid (HCl: lower right) in January 23, 
2010. The upper right panel shows the solar zenith angle (day/night indication on each observation point). It can be recognized that ozone 
decreased (blue colored), ozone-depleting ClO increased (red colored), and chemically stable HCl decreased (blue), around north-pole. 

 

 

Figure 4. Ozone diurnal variation drawn with SMILES observation data and model calculation results of thesame observation period. (Left 
SMILES, Center: Model calculation (NIES, Japan) and Right: Model calculation (NCAR, U.S.) 

 

 



 

Monitor of All-sky X-ray Image (MAXI) 
Principle Investigator: Masaru Matsuoka, Institute of Physical and Chemical Research (RIKEN) 

            Expeditions 19/20 - ongoing 
Research Area Space Science 
 
Monitor of All-sky X-ray Image (MAXI) is an all-sky X-ray monitor (Matsuoka et al. 2009). MAXI was 
delivered to the International Space Station (ISS) by Space Shuttle Endeavour in July 2009 and started 
full operation at the exposed facility of the Japan Experiment Module (JEM-Kibo) of the ISS in August 
(Figure 1). The first two-year science achievements of MAXI were evaluated, and the extension of the 
MAXI operation (until March 2015) was approved in March 2012. The MAXI team consists of scientists 
and students from JAXA, RIKEN, Osaka University, Tokyo Institute of Technology, Aoyama Gakuin 
University, Nihon University, Kyoto University, Chuo University, and Miyazaki University. 
 
PAO Summary – Mission objectives of MAXI 
Unlike stars seen in visible light, most cosmic X-ray sources are highly variable, changing brightness and 
color by large amounts on various timescales ranging from milliseconds to longer than years. Some X-ray 
sources suddenly emerge in the sky while some disappear. Such X-ray sources pose many questions 
related to radiation mechanism and the origin of variability. To answer the questions, we need to 
monitor the activity of X-ray sources from beginning (emergence or brightening) to end by using various 
wavelengths and techniques. X-ray telescopes, such as Suzaku satellite, have high capability of observing 
one pre-selected target or region in detail at a time, but their instantaneous sky coverage is tiny, 
typically hundreds of thousands times smaller than the full sky. Therefore in most cases, an emergence 
or an unusual activity of X-ray source, which happens in an unpredictable direction in the sky at an 
unpredictable time, is not noticed with narrow-field X-ray telescopes. The main objectives of MAXI are 
to monitor X-ray activity in the sky with its big fields of view, to catch any new X-ray sources and any 
interesting state transitions of known sources as soon as they appear or happen, and to distribute alert 
notices on them through the Internet to other space- and ground-based observatories for detailed 
follow-up observations and studies. As well as follow-ups, the MAXI data by themselves are useful in 
studying the origin of X-ray source activity.  
 

 
Figure 1. MAXI on the JEM/Kibo Exposed Facility of ISS 

MAXI 



 

 
Figure 2. All-sky image with MAXI Gas Slit Camera (GSC). The 1.5-year data were used. 

The black hole candidates detected with MAXI are shown with the names. 

 
RESULTS 
1. Black Hole Candidates: MAXI has a distinctive capability of monitoring the outbursts of black hole 
binaries from beginning to end. MAXI is particularly useful in discovering and monitoring the very early 
phase of outburst, which has not been well studied yet. Figure 2 show the all-sky image obtained with 
MAXI/GSC and the locations of the black hole binaries that MAXI has observed. MAXI discovered five 
new black hole candidates, named MAXI J1659−152 (Negoro et al. 2010), MAXI J1543−564 (Negoro et al. 
2011a), MAXI J1836−194 (Negoro et al. 2011b), MAXI J1305−704 (Sato et al. 2012), and MAXI J1910−057 
(Usui et al. 2012). Since the launch of MAXI, half of all new black hole candidates are discovered by MAXI. 
 
2. Binary X-ray pulsars: The MAXI team reported more than twenty outbursts to ATels. MAXI detected 
an outburst of GX 304−1 for the first time in the last 30 years (Yamamoto et al. 2009) and another 
outburst ten times bigger in 2010. The latter outburst was quickly (two days after the request from 
MAXI) followed by a coordinated Suzaku observation, which detected a cyclotron resonance absorption 
line indicating the strongest magnetic field ever observed (Yamamoto et al. 2011). Swift also has been 
conducting coordinated observations following the MAXI alerts. For example, Swift/XRT discovered X-
ray pulsations in MAXI J1409−619 (Kennea et al. 2010). 
 
3. Stellar flare: The first unbiased survey of X-ray flares in stars and young stellar objects (YSO) is 
ongoing. MAXI detected 23 flares from 12 stars in the first two years, proving that large X-ray flaring is 
possible even in a single T Tauri star (Uzawa et al. 2011) and providing a unified picture for star flaring 
(Yamazaki et al. 2012). 
 
4. AGN and the tidal disruption of a star by a massive black hole: MAXI monitored three X-ray flares 
from the blazer (a class of AGN) Mkn 421, and provided a new insight on the origin of giant flares (Isobe 
et al. 2010). MAXI and Swift observed the instant that a massive black hole swallowed a star for the first 
time in the world (Burrows et al. 2011) 
 
5. MAXI catalog: The MAXI team released a GSC source catalog for high Galactic-latitude sky (Hiroi et al. 
2011), which shows the member list of AGN in the X-ray sky has drastically changed in the last 30 years 
(due to time variability). The catalog was used to make a reliable luminosity function of AGN in our local 
universe (Ueda et al. 2011). 
 



 

6. Hypernova Remnant: The MAXI X-ray CCD camera (the MAXI Solid-state Slit Camera, SSC) revealed 
the existence of a hypernova remnant. From the MAXI data, the age of the remnant is estimated to be 3 
million years. The hypernova explosion is more This is the first hypernova remnant discovered in our 
Galaxy, or Milky Way (Kimura et al. 2013). 
 

 
Figure 3.  The size of the hypernova remnant discovered by MAXI looks 20 times bigger than the full Moon when viewed from the Earth. The 
right panel shows the all-sky X-ray image constructed from the 2.5-year data of the MAXI X-ray CCD Camera (or Solid-state Slit Camera, SSC).  
SSC is sensitive to “soft” X-rays, which is invisible to the other MAXI camera, GSC. Several extended regions are seen in the SSC image (right 
panel), but not in the GSC image (Figure 2). One of the extended regions (enclosed in the rectangle) is the newly discovered hypernova. 
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       Investigations are still continued and more results are pending publication. 

Earth Benefits  
The all-sky X-ray pictures obtained with MAXI are very useful in science education. The MAXI all-sky X-
ray images have already appeared in a planetarium program, a physics textbook for Japanese high 
school students, and an astronomy textbook published in the United States.  
   
Space Benefits  
The X-ray CCD camera technology developed for MAXI was used for Hayabusa spacecraft 
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ISS - Ionosphere, Mesosphere, upper Atmosphere, and Plasmasphere mapping 
(ISS-IMAP) 
Principal Investigator(s): Akinori Saito (Associate Professor at Kyoto University) 
Research Area Terrestrial upper atmospheric imaging observation  
 
The ISS-IMAP mission has two scientific instruments and one mission data processor (MDP). The 
instruments are a visible and near-infrared spectral imager (VISI) and an extreme ultraviolet imager 
(EUVI). VISI measures three nightglow emissions; O (630 nm), OH Meinel band (730 nm), and O2 (0-0) 
atmospheric band (762 nm) and has two slit field-of-views in 45 degrees directions forward and 
backward to the trajectory of the ISS to obtain stereographic images of the airglow. EUVI measures 
resonantly scattering emissions from helium ions (30.4nm) and oxygen ions (83.4nm) and has the 
backward-looking field-of-view in 15 degrees. 
 
RESULTS 
An initial checkout operation for the ISS-IMAP mission was performed in the period from August 11 to 
September 24, 2012. It is confirmed that all the functions and the qualities of the instruments are 
normal in the comparison of the previous results in the ground test before the launch. VISI and EUVI 
obtained the first light images to measure the invisible airglow and emission from the upper atmosphere. 
From October 15 ISS-IMAP performs the stable observation succeeding an observation scheduled 
“sequence file” uploaded to MDP. 

Figures. (Left) Photographs of IMAP instruments. (Upper) Visible and near-infrared spectral imager 
(VISI) and (Lower) Extreme ultraviolet imager (EUVI). (Right) An airglow observation example from 
ISS. See that the upper atmospheric airglow shines green at the 80-km altitude of the limb of the 
Earth (Image from a web site of http://eol.jsc.nasa.gov/). 
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Investigation is ongoing and more results are pending publication. 
 
 
Earth Benefits:  

When violent fluctuations of density and temperature in the upper atmosphere at low and middle 
latitudes occur, application satellites, such as GPS satellites, communications satellites, and 
meteorological satellites, become impossible to communicate because of a bad reception. ISS-IMAP 
observations of the fluctuations clarify the mechanism of sudden disturbances between Earth's 
atmosphere and outer space, and lead to correct data of the satellites by anticipating the scattering of 
radio waves. 
 
Space Benefits: 

It is hoped that the ISS-IMAP observations clarify mechanism of the plasma and atmospheric 
disturbances occurring between Earth's atmosphere and outer space in methods similar to Earth 
Benefits, and that the observation results lead to development of a forecasting system to prevent the 
signals of the satellites from being unreachable. 
 
 



 

Global Lightning and sprIte MeasurementS on JEM-EF (JEM-GLIMS Mission) 
Principle Investigator(s): Tomoo Ushio (Prof. at Osaka University, Osaka) 

               Expeditions 32/33 - Ongoing 
Research Area Atmospheric and Space Electricity 
 

The aim of the JEM-GLIMS mission is to carry out a continuous nadir observation of lightning 
discharges and lightning-associated Transient Luminous Events (TLEs), such as sprites, elves, and 
blue jets, from the exposed facility of ISS/JEM, which is the first time in the world.  Using the JEM-
GLIMS science data, it is possible to identify the difference of the occurrence types, spatial 
distributions, and time evolutions of TLEs, and it is also possible to clarify the electrical properties 
of their parent lightning discharges.  Based on these results, it is possible to determine the 
occurrence conditions and mechanisms of TLEs, which is the final goal of the JEM-GLIMS mission.  
It is also possible to estimate global occurrence rates and distributions of TLEs, which would have 
best estimation accuracy than ever before. 

 

  
Fig.1 (Left) A picture of the MCE base plate.  JEM-GLIMS optical instruments (CMOS Camera (LSI) and Photometers (PH)) and a radio receiver in 

the VLF range (VLF receiver (VLFR)) are installed.  (Right) A picture of MCE.  At the both ends of the MCE base plate, two VHF antennas (VITF 

Antenna) are installed to receive VHF pulses excited by lightning discharges.  Since the MCE base plate is directed to the nadir, all JEM-GLIMS 

instruments can observe lightning and TLEs right above these phenomena from ~400km altitude. 

 

RESULTS 
  After the installation of Multi-mission Consolidated Equipment (MCE) into the JEM exposed 
facility, an initial checkout operation for JEM-GLIMS was performed in the period from September 
15 to November 12, 2012.  From this operation it is confirmed that the all systems and functions 
of JEM-GLIMS instruments are normal and that the qualities of the instruments before and after 
the launch are identical. 

  From November 20, test observations operated automatically by starting the sequence 
command.  It is confirmed that JEM-GLIMS correctly triggered the lightning events and stored all 



 

science instruments data.  These test observations were carried out until the middle of December, 
2012 to examine the appropriate trigger threshold levels, and then, nominal operation started at 
the end of December, 2012. 

  Following figure shows an example of the lightning and possible lightning-associated transient 
luminous event data triggered over the Pacific Ocean at 09:50:47UT on Jan. 29, 2013s.  
Consecutive three image data shown at the left-side panel were obtained by LSI.  It is clear that 
the lightning emission expanded and decayed rapidly as seen in the LSI-1 image data and that 
weak emission measured by LSI-2 may imply the occurrence of TLEs.  At the right-side panel, light 
curves measured by the photometers are plotted.  It is also clear that strong FUV emission was 
measured by photometer 1 (PH1) channel, which is almost simultaneous with the strong lightning 
emission as measured by other photometer channels.  This fact implies that the N2 Lyman-Birge-
Hopfield (LBH) emission was excited in the mesosphere and that this FUV emission may strongly 
related to the occurrence of TLEs. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
Fig.2  (Left) Consecutive three image data obtained by LSI.  Rapid development and decay of lightning emission can be confirmed in the LSI-1 

images.  Diffuse glimmer was also occurred simultaneous with the lightning emission.  (Right) Light curve plots measured by six channel 

photometers.  There exists strong FUV emission in the PH1 channel, which may imply the occurrence of TLEs. 

 
  Following figures show sample waveforms of VHF pulses (left-side panel) and whistler wave 
(right-side panel) excited by lightning discharge.  Two VHF antennas installed at the base plate of 



 

MCE and separated by 1.6m detected transient impulsive pulses almost simultaneously.  From 
these data, it is possible to estimate the direction of the source location of the electromagnetic 
waves.  VLF receiver detected whistler wave, which are excited by lightning discharges and 
penetrated into the ISS altitude.  From this whistler wave data, it is possible to estimate electric 
properties of the parent lightning discharges. 

 

  

Fig.3 (Left) Waveform plots of VHF pulses detected by two VHF antennas at 16:30:51UT on Jan. 9, 2013.  These VHF pulses are excited by 

lightning discharges.  (Right) Sample plot of whistler wave detected by VLF receiver at 09:50:47UT on Jan. 29, 2013. 
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Investigation is ongoing and more results are pending publication. 
 
Earth Benefits: 

  In order to maximize the scientific outputs from the JEM-GLIMS mission, simultaneous ground-
based optical and electromagnetic campaign observations are planned.  For this purpose, JEM-
GLIMS science teams are collaborating with TLE researchers in Europe, USA, Middle East, and 
Taiwan.  Based on the observation data and results derived from the data analysis, it is possible to 
share the new discoveries and most recent knowledge with these researchers.  It is also possible 
to spread these findings to the public through web pages and the activities of science café or 
outreach events. 

 
Space Benefits: 

  In 2015, TARANIS micro-satellite developed by CNES and ASIM instruments for ISS/Columbus 
module developed by ESA will be launched.  These two missions aim to carry out continuous 
observation of lightning and TLEs from space.  Since these two missions adopted same observation 
techniques as JEM-GLIMS, we will provide our scientific outputs and knowledge to these teams, 
which will benefits future space activities. 

 


