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Temperature variation of the cloud top of Venus obtained by photometry observation by

LIR onboard Akatsuki
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The Japanese Venus Climate Orbiter called Akatsuki was designed to study the meteorology of the Venusian atmosphere, whi
differs to that of the Earth in composition, density and circulation. Akatsuki was to orbit around Venus in an elongated equatorial
orbit with almost the same angular velocity during most of the orbital period as that of the super rotation of the atmosphere at the
cloud top altitudes, like a geosynchronous satellite. A 3-D structure of the atmosphere was to be reconstructed by multi-dept
imaging using four cameras operating in the mid-infrared to near ultraviolet regions and using the radio occultation technique
The Longwave Infrared Camera (LIR), which mounts an uncooled micro-bolometer array (UMBA), is one of a suite of cameras
onboard Akatsuki, designed to take mid-infrared images of Venus with a single band-pass filter of 8?12 um. LIR detects therma
radiation emitted from the layer where the cloud optical depth equals unity. The noise equivalent temperature difference (NETD
of LIR is 0.3 K and absolute temperature can be determined with an accuracy of 3 K. In addition, a cloud tracking technigue coulc
retrieve the horizontal wind vector field at the cloud-top height. Unfortunately, Akatsuki failed to enter the orbit because trouble
occurred with the propulsion system on December 7, 2010. At present the spacecraft is orbiting the Sun, and it will have a chanc
to encounter Venus in 2015. During the spacecraft cruising, LIR successfully acquired 52 photometry data of day-side Venu
between February and March 2011 at a distance of 1.2-1.7x10"7 km. The spatial resolution of LIR and an apparent diameter
Venus being almost equivalent, Venus’ disk in the image extends to several pixels that include both Venus and the backgroun
radiation. All brightness pixels that included Venus were summarized and the background radiation component were remove
from them to estimate a Venus’ brightness component. Furthermore, it has been converted to the brightness temperature by usi
calibration data acquired in the laboratory before the launch and brightness temperature variation of the disk have been obtaine
However, the discrete data set has large data gaps. Then, the Lomb-Scargle periodgram, which is better suitable than Fast Fou
Transform, has been applied and been obtained a spectrum. The result shows spectrum peaks at 5-day and 8-day period.
5-day period may be caused by the super rotation, and the 8-day period may be a planetary-scale wave that has the phase veloi
of "50 m/s.
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Study of the Venus cloud upper haze
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Venusian upper hazes observed by Imaging-Polarimetry system HOPS
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Latitudinal cloud structure in the Venusian northern hemisphere evaluated from VEX/VIRT

with GCM
Latitudinal cloud structure in the VVenusian northern hemisphere evaluated from VEX/VIR1

with GCM
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The latitudinal characteristics of Venusian northern cloud, i.e, opacity, top temperature and top altitude are evaluated from th
Venus Express/VIRTIS observations. The cloud optical thickness in the polar region (765 degN) is 1.5 times larger than in middle
latitudes. It suggested that in the polar region the amount of cloud patrticles is larger or the properties of cloud particles are differ
ent. The averaged cloud top temperature is uniform in O - 40 degN (232+-2 K), gradually decreases north to 70degNN (223+-
K), and increases again to north pole (233+-6 K). On the other hand, the averaged cloud top altitude is monotonously decreasir
from equator (68.2+-1.6 km) to north pole (58.3+-1.0 km). Since the cloud top altitude sharply decreases beyond the polar regio
(765 degN), the structure of Venusian polar vortex is affected by the decreasing of cloud top. The abundance of carbon monoxid
under the cloud layer was measured using Band Ratio Technique constructed by Tsang et al. (2009). As a result, the mixing rat
increases from 16+-3 ppm at equator regions to 24+-5ppm at 70 degN, and it decreases to 19+-5 ppm at 80 degN. Furthermol
there is a negative correlation between the CO abundance and cloud top temperature, and the peak of CO abundance is loca
in the cold collar regions (70 degN). Since CO under the cloud is transported from the upper layer, the CO enhancement in th
cold collar can be interpreted the down-welling region of planetary-scale circulations, i.e., the Hadley-Circulation. We tried to
evaluate the suggestion with a Venusian General Circulation Model (GCM). As a result, the cloud top altitude is monotonously
decreasing from equator (67.3 km) to north pole (59.3 km) and the cloud top temperature is almost same from equator to 400 |
(234 K), and gradually decreasing to 70 degN (228 K), and increasing toward north pole (242 K) again. In addition, the mean
meridional stream-function indicates the existence of down-welling of Hadley-Circulation at the cloud top regions around 70
degN. It can be interpreted that the Venusian polar vortex structures (polar dipole and cold collar) seen from infrared wavelengtl
are created from decreasing of cloud top due to the Hadley-Circulation.
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Development of a sulfuric acid cloud transfer/condensation/evaporation scheme in a Vent

sian GCM
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Temperature distributions in the Venus O2 night airglow layer by ground-based observa
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Venus 1.27-micron @night airglow can be used as a probe of chemistry and dynamics at around 95 km. The enhanced ro-
tational temperature at around the anti-solar point found from thaif@low has been supposed to indicate the evidence of
downflow. However, the nightside temperatures at 90-100 km found by SPICAV/VEX differ from those by the airglow.

We conducted 5-days monitoring observation of the airglow to detect the planetary-scale waves with CSHELL/IRTF from
11-15 July 2012. The 1.27-micron,ight airglow in the Venus atmosphere can pass through the Earth’s atmosphere with a
help of the Doppler shift. We obtained spectral image cubes at the wavelength of R-branch of the airglow band, which include:
several rotational lines. In order to cover spectral information continuously, a slit drifted across Venus’ nightside disk. The spatial
resolution of the image is governed by seeing. The typical seeing was 0.6” to 1.5” in our observing run and corresponds to 200
450km at the center of Venus’ disk. Under such conduction, we may detect airglow structures of small scales due to atmospher
waves; this is smaller than the region of enhanced airglow having a horizontal scale of “"3000km. We can also derive the hemi
spherical distribution of the rotational temperature. To coincide with our observations, SOIR/Venus Express stellar occultations
were conducted. We can try to compare our horizontal temperature map and vertical temperature profile from SOIR data.
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The planetary atmospheric escape to the outer space is a universal phenomenon for planets, and the escape flux will detern
the atmospheric evolution of each planet. Mars of the non-magnetization planet has dry and tenuos atmosphere, and it is seve
environment for the survival of living matter. The observations of the recent Mars Express (MEX) spacecraft have shown that the
molecular ion, whose outflow flux is very small conventionally, is escaped in large quantities. In addition, it is pointed out that
there is possibility for low energy ions less than a few eV to be escaped. The quantity of escape rate of the atmosphere is one
indispensable values for the study of atmospheric evolution, but it is a physical amount to have the big error. It is caused by th
fact that the physical mechanism to cause the escape of the molecular ions and low energy ions is not understood. Many physic
mechanisms to the atmosphere escape derived by the solar wind and the solar radiation are suggested, including ionospheric
outflow, ion pickup, sputtering, Jeans escape, and the outflow caused by the photochemical reaction.

We study possibility of the imaging observation instruments to obtain the two-dimensional structure that has not yet beer
performed for identification of these scatter mechanism until now. In particular, it is one of aims to catch the two dimensional
structure of the ionopause where ionospheric ions escape. A fact that emission intensity of the outflow is very low and the
albedo of the main body of Mars is very strong as a stray light, is a reason for the very difficult observation. However, because
this observation method is thought as an instrument bringing a breakthrough for study on atmospheric evolution, and becaus
it is predicted that it is an essential technique to future planetary probe, we started the research and development of the bas
technology. In this paper an optics design of Mars ionosphere observation equipment is argued for example, and it is hoped th
it is a beginning of the universal technique to detect the faint emission around the bright light source.
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Development of multi-fluid MHD simulation code of interaction between the solar wind

and unmagnetized planets
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Mission data processing and attitude control of the SPRINT A/EXCEED mission
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The mission data processing and attitude control of extreme ultraviolet (EUV) spectroscope (EXCEED) onboard the SPRINT-
A satellite are presented. SPRINT-A is an earth-orbiting extreme ultraviolet spectroscopic mission being developed by ISAS/JAX,
Two mission instruments are installed in EXCEED, an EUV spectrograph and a target guide camera, and the final quantificatiol
of them has been completed in the beginning of 2013. It is planned to launch on August 2013 and will begin observation of Venu:
and Jupiter on October. Collaboration with Hubble Space Telescope is approved on January 2014. The target guide camera is ¢
signed to capture a part of a target planet disk whose light is reflected from the front side of a slit. Mission data processor (MDP
acquires the image every 3 seconds, calculates the centroid position of the disk on the image, and sends it to the attitude conti
system. While the pointing accuracy of the bus system is at most 2 arc-minutes, scientific requirement for spatial resolution i
10-arcsec to derive radial structure of lo plasma torus and detect plasma emissions from ionosphere, exosphere and tail separa
(Venus and Mars). The attitude control system keeps the centroid position with an accuracy of 10 arc-seconds to achieve the sf.
tial resolution required. This pointing correction algorithm is applied to correct slow changes in the pointing direction which is
mainly caused by changing thermal input from the sun and earth to the satellite. Though vibrations from reaction wheels installe
in the bus system could cause random pointing error, the amplitude is estimated to be 1 arc-second for SPRINT-A. To test th
centroid calculation algorithm, a small pinhole image was taken by the guide camera with flight-model optical layout. The size
and brightness of the pinhole were equivalent to those of Jupiter. Changing the pinhole position, acquiring and processing C
the image and centroid calculation were repeated many times. The designed algorithm has been confirmed to work well and tt
stability of the centroid position was found to be less than 0.3 arc-second. Final interface test between EXCEED and attitude
control system is planned on March 2013.
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Study of the plasma environment near Ganymede by the Galileo spacecraft observation
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Short-term variation of Jupiter’s synchrotron radiation: Their relation with the magneto-

spheric events
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It is known that Jupiter’'s synchrotron radiation (JSR) has information on dynamics of the deep inner magnetosphere. Our To
hoku University group has implied that Jupiter’s synchrotron radiation in several tens MHz sometimes shows rapid flux variations
(RFV) by more than several tens % within a few to several days. It is quite difficult to explain its physical process by present
theories on particle transport, such as radial diffusion because of their too fast change. This phenomena recalls the fast partic
acceleration and transport in the earth’s magnetosphere during substorm events. It is already confirmed that there are substo
like events also in Jupiter's magnetosphere, however, and it has not been revealed whether the events affect the deep inner regi

In order to reveal unknown dynamics of the RFV events in JSR, we have tried to investigate relationship between the RFV
events and electromagnetic phenomena in Jupiter’s magenetosphere. We have surveyed plasma and magnetic field data obse
by Galileo. For searching the RFV events, we have used the daily JSR monitoring data at 327MHz observed using the large rad
telescopes of STE Lab, Nagoya University. In this presentation, we show some results of characteristics of the RFV events an
make preliminary discussion on their origin.
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Statistical analysis of the repetition frequency of S-bursts of Jovian decametric radiation

oool,oooo*ooooYhoooolt,oooot
Suguru Kakimoté, Atsushi Kumamott, Takayuki Ond, Yuto Katoh', Hiroaki Misawa

l0goooooooooo
Tohoku University

Repetition frequency of S-bursts of Jovian decametric radiation has been statistically analyzed based on the datasets of grour
based observations performed at the observatories of Tohoku University since 1985. In the Jovian magnetosphere, the rac
waves are generated in decametric wavelength range due to the interactions between the rotating magnetic field and the satel
lo. Among them, the S-busts are intense emissions which show quasi-periodic frequency drift on a time scale of msec. The tyf
ical repetition frequencies are within 2-400 Hz [Carr and Reyes, 1999]. Based on the studies of the Earth’s ionospheric Alfver
resonator (IAR), Ergun et al. [2006] proposed that the periodicity of the S-bursts was caused by the Jovian IAR. According to the
hypothesis, it is expected that the repetition frequency of S-bursts and IAR increase as the solar zenith angle at the lo footprir
increases and plasma density in the Jovian ionosphere decreases. In order to verify the Jovian IAR hypothesis, we have analyz
repetition frequency of S-bursts.

We have analyzed datasets obtained by ground-based observations performed at the observatories of Tohoku University sin
1985. The datasets obtained by new HF receiver system installed at Yoneyama observatory (141.2E, 38.6N) in 2012 are al
utilized in the analyses. The frequency range, frequency and time resolutions of the new HF receiver system were 21.5 - 3
MHz, 1.2 kHz, and 0.8 msec, respectively. As a result of the statistical analysis of the datasets since 1985, it was found that th
repetition frequency of S-bursts decreases as the increase of solar zenith angle at the lo footprint on the Jovian ionosphere. T
result was opposite to the expectation. Some previous studies reported that the activity of the Earth’s aurora depends on the so
zenith angle in the ionosphere [Newell et al., 1997]. They explained that it was because the growth of the feedback instability
in IAR depended on the conductivity of the ionosphere. If the auroral electron precipitations increase in Jovian IAR when the
solar zenith angle increase just as in the Earth’s IAR, we can expect that the repetition frequency of S-burst decreases due to t
increase of the plasma density and the temperature in the ionosphere.

Keywords: Jovian decametric radiation, S-bursts, lonosphheric Alfven resonator, Solar zenith angle dependence, Jovian ion
sphere, Feedback instability
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Time variability of [Ol] 630nm emission from Enceladus torus
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