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AKARI infrared astronomical satellite is put into orbit around the earth by M-V launching vehicle on February 22, 2006, and
conducted scientific operations until February 2010. AKARI, which was originally designed for whole-sky survey mission,
also carried out pointed observations at infrared wavelength (2-200um) in the early 16 months' phase, in which period the telescope
and the instrument were cooled by liquid Helium (170 liter of superfluid helium). AKARI continued scientific observations only in
2-5um range for 900days, after the liquid Helium ran out.
AKARI's machine time was allocated into several legacy scientific programs as well as open time observations, to maximize its
scientific outcomes, since its satellite operation has less flexibility and hard constraints. Two of the legacy program are important
for solar system studies;

SOSOS (program on solar system studies), AFSAS (observations of star-forming regions).
This talk summarizes observational results of solar system science with AKARI mission, and will discuss the future prospect.

@-F— 7 —R(keywords): IRAREDEl. RXERFEE. XTI —NAEH, N\RE, BE, XERE. THYDOVEE

Infrared observations, Astronomical satellite, All-sky survey, Asteroid, Comet, Interplanetary dust, T-Tauri type star
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IRAS*

AKARTH WISE!

Size [m] 3.6 x 3.2 x 2.1 5.5 %x1.9x%x3.7 2.9 x2.0x 1.7
Weight [kg] 1083 952 750
Telescope 57cm, f/9.56 68.5¢cm, f/6 40cm, f/3.375

Ritchey—Chrétien Ritchey—Chrétien Mirror complex®
Cryogen LHe (480 ¢) LHe (179 ¢) with Solid hydrogen (15.7 kg)

2-stage Stirling coolers
Altitude of orbit 900 km 750 km 525km . .
Launch [UT] 1983/01/26 02:17:00 2006/02/21 21:28:00 2009/12/14 14:09:00 lnfra red AStr_()nor;nlcaI\Satel | Ite
End of operation [UT] 1983/11/23 2011/11/24 08:23:00 2011/02/17 20:00:000 (77 A V), A, A F1) X)
Period of survey® 1983/02/09-1983/11/22 2006/04/26-2007/08/26 2010/01/07-2010/08/05 o —
287 days 488 days 211 days 1 983351:—_[-5 J:Lj_\ I%rg 900km

Wavelengths [;m] 12, 25, 50, 100 9,18, 65, 90, 140, 160** 3.4,4.6,12,22 S . Ny
5 o sensitivity [m]y] 350, 330, 430, 1500* 50, 90, 3200, 550, 3800, 7500% 0.08, 0.1, 0.85, 5.5%% EE’I"J"H FEE ' 9 T ﬁ :|:
FOVII] 4.5~5.0 ~10 47
Sky coverage >96% >96% >99%

[HHY ] WISE

(Bx+3—0Owv /) Wide-field Infrared Survey Explorer
20064475 H1F. BE 750km YA
E’ql IJH\HFEE 16’7’)% 2009¢$T_5J:H' ,%FE 525km
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AKARI/ASTRO-F Spectral coverage
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ASTRO-F Focal-Plane Instruments

IRC-MIR-S

The camera observes in the mid-1R
wavelengths (513 ym) with a spatial
resolution of about 5 arcsec and field of
view of 10 arcmin square.

Dichroi
splitter

FIS (Far-Infrared Surveyor)
IRC-NIR

The camera observes in the near-IR
wavelengths (2-5 ym) with a spatial
resolution of about 3 arcsec and field of
view of 10 arcmin square.

Fourier Transform Spectrometor (FTS)

FPLin the cryostat Mirror driving mechanism

Lenses
Made of Silicon and
Germanium

Rooftop mirror
InSb 512x412

FTS beam splitter

Filter wheel

Scanning mode and FTS
mode are switched by rotating
this wheel.

Long-Wavelength (LW)
detector array

15x5 pixels array of stressed Ge:Ga
detector elements. The detectors and
the cryogenic readout circuils (CRE)
will work at 1.8 K. The detectors cover
the wavelength range of 110-200 ym.

i
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elements and the CREs are in the mono-
lithic structure. The detectors observe in
the wavelength of 50—110 ym.

L
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are switched.
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ALL Sky Map (AKARI/FIS) PS

Y. Doi et.al., PASJ 2015
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Number of Refereed Papers

atellite Objective Start of End of Counting
Operation | Operation Period

AKATSUKI  Venus Atmospheric Obs. 2010 operating 2011-2012

KAGUYA Lunar Exploration 2007 2009 2008-2012 190
HINODE Solar Obs. 2006 operating 2007-2012 844
AKARI Infrared Astronomical Obs. 2006 2011 2007-2012 222
SUZAKU X-ray Astronomical Obs. 2005 operating 2006-2012 681
HAYABUSA Asteroid Sample Return 2003 2010 2004-2012 129
NOZOMI Mars Scientific Obs. 1998 2003 1999-2012 26
HALCA Space VLBI 1997 2005 1998-2012 44
ASCA X-ray Astronomical Obs. 1993 2002 1994-2012 2287
GEOTAIL Geo-Magnetospheric Obs. 1992 operating 1993-2012 1236
YOHKOH Solar Obs. 1991 2000 1992-2012 1089
Subaru The Ground based 1999 operating 2000-2012 1031

Telescope  optical&infrared Observatory
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Chamaeleon survey PS
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Plaretary Sclence
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Observations of pQ
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Star forming regions s
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Detection limits of the survey PS

Plaretary Sclence

SED of a WTTS dISk W|th 130 AU radius
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FIR map of Chamaeleon |
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YSO detected in the WIDE-S map CPS

* 3 60bjects

peak > 30, FWHM ~ 40”

«Known YSO: 25
-galaxies : 6
-Unknown : 5

*Position accuracy
versus 2MASS

<Ar>=9"
«No systematic error

N
E < 1 ' by Fukagawa
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YSO detected in the WIDE-L map Cgs

*9 Objects

peak > 30, FWHM ~ 60”

« 3 C180 cores

Mizuno et al. 1999

« 6 objects detected
both of SW and LW

maps
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Mass function of the dust clumps

pick_corr2_mosaic_lw_w_071129 fits
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Mass function of the dust clumps

Dust Clump Mass Function
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Far-IR imaging observations of the pPQ

Contor for

Chamaeleon region L

1. The observations have covered 210 pc2 (33.79 deg2) in Chamaeleon with an effective spatial
resolution of 69". The observed region includes not only the bright and major star-forming molecular
clouds Cha l and Il but also the relatively diffuse regions, Cha lll, Major filament, and Cha East.

2. The observed signals were converted to the brightness in MJysr' by directly comparing with the
DIRBE ZSMA data and the flux uncertainty results in ~20%. The positional calibration was also applied
by using the near-infrared data obtained with AKARI/IRC and we achieved the pointing accuracy better
than 4"

3. The far-infrared images show that the brightness in the 90-160 um bands becomes the strongest
toward the Cha | sub-region and tends to decrease toward the east.

Brightness in the 65 um band does not have such a distinct trend. These features indicate that a warm
dust component with temperature of ~20 K is uniformly distributed over the whole Chamaeleon region,
while a cold dust component with temperature of ~10 K is prevailing particularly in the Cha I, Il, and Il
sub-regions.

N. lkeda et.al., ApJ 2012



CPS seminar Sep. 29, 2015

Far-IR imaging observations of the pPQ

Planotary Sclence

Chamaeleon region

4. Assuming that the warm and cold dust components exist toward the Chamaeleon region, as inferred from the four
band FIS images, we estimated the temperatures of the two components from the FIS images in conjunction with the
DIRBE data. The temperature of the warm component is 22.1 + 0.5 K and that of the cold componentis 11.7 + 2.5 K.
Using these temperatures, we further derived the column density maps of the two components. The column density
maps confirm that the warm component is uniformly distributed at a large spatial scale of ~50 pc, much larger than
that of the cold component of ~ several pc. Note that both the components have numerous internal structures with
sizes of 0.1-1 pc.

5. It is most likely that the cold component corresponds to the molecular clouds because the spatial correlation
between the cold component and the molecular clouds is fairly good. In addition, the mean size and density of the
cold component are estimated to be 1 pc and 3 x 103 cm-3, respectively, which are quite consistent with those of the
molecular clouds. The size and density of the warm component are estimated to be ~50 pc and 0.9-15 cm-3,
respectively, and therefore we believe that the warm component traces the cold H | clouds.

6. The distribution of the cold H | gas traced by the warm component extending into a large scale of ~50 pc can be well
explained in the formation scenario of the CNM(cold neutral medium) through the thermal instability of the
WNM(warm neutral medium) caused by an SN(super nova) shell with 100 pc size. The scenario, however, cannot
describe the several pc-scale distribution of the cold component(formation of the molecular clouds). One might require
the gravitational fragmentation of the cold H | gas or some external triggers, for example, the collision between the
CNM and a high-velocity cloud with size of ~10 pc, previously proposed for the origin of the Chamaeleon molecular
clouds.

N. lkeda et.al.,, ApJ 2012
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Observed region
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Figure 1. Observed regions are indicated by the black polygons on the 100 um brightness map created by Schlegel et al. (1998). The gray-scale range is from O to
25 Mly st 1. Following Mizuno et al. (2001), the subregions of Cha I, Cha II, Cha III, Major Filament, and Cha East are indicated.

N. lkeda et.al.,, ApJ 2012
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SED of Chamaeleon region
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Figure 6. Total flux densities in the FIS bands toward the Chamaeleon region.
The open and filled circles indicate the observed and color-corrected flux
densities, respectively, and the error bars represent the uncertainties. The thick
solid curve shows the best-fit two-component graybody function with Tyarm =
22.1 K and T,oq = 11.7 K. The dashed and dotted curves show the warm and
cold components of the best-fit function, respectively.

N. lkeda et.al.,, ApJ 2012
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Column density map of the pQ

Contor %or
Plarotary Sclence

Chamaeleon region
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Masses of the

warm and cold components
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PQ

Contor for
Plaretary Sclence
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2 01k Cha I 160 1.4 1148 1.6
S - Cha Il 178 1.0 802 3.8
o - Cha III 160 0.8 584 53
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Figure 17. Masses of the warm and cold components enclosed in the observed
area of each subregion, normalized by those of the Cha I subregion, are indicated
by the thin-color filled circles and the thick-color open squares, respectively (see
Section 6.2).

N. lkeda et.al.,, ApJ 2012
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A survey of T Tauri stars with AKARI pPQ

Contor for

towards the Taurus-Auriga region S

Ofthe 517 known TTSs, 133 sources are detected by AKARI:
46 sources were not detected by IRAS.

Based on the colour-colour and colour-magnitude diagrams made from the AKARI, 2MASS, and UCAC
surveys, the criteria to extract TTS candidates from the AKARI All-Sky data are proposed
68/133 AKARI detected TTSs have passed these criteria.

On the basis of our criteria, we selected 176/14725 AKARI sources as TTS candidates that are located
around the Taurus-Auriga region.

Based on SIMBAD identifications, we infer the TTS-identification probability using our criteria to be
~75%. We find 28 TTS candidates, of which we expect ~21 to be confirmed once follow-up observations
can be obtained. Although the probability of ~75% is not so high, it is affected by the completeness of
the SIMBAD database, and we can search for TTSs over the whole sky, and all star-forming regions.

S. Takita et.al.,, A&A 2010
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Distribution of the target TTSs PS

Plarotary Sclence

Distribution of the target TTSs
(small open circles). The small filled
circles indicate the TTSs detected
with AKARI and the large open
ones represent the IRAS detection,
on the IRAS 100 um map.

S. Takita et.al.,, A&A 2010
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lce absorption bands towards

edge-on young stellar objects

Ice absorption bands at 2.5—5 um towards eight low-mass YSOs were observed;
three class 0-1 protostellar cores with edge-on geometry
two edge-on class Il objects
two multiple systems with edge-on class Il
one not-edge-on class Il object.

Towards the class 0-1 objects, L1527, IRC-L1041-2, and IRAS 04302
Abundant H20, CO2, and CO ice in the envelope.
The column density ratio of CO2 to H20 ice is 21-28%
( coincides with the ratio observed by SST towards YSOs with various inclinations.)
The weak absorption at ~4.1 um can be fitted by HDO ice
(HDO/H20 ratio ranges from 2% to 22%.)
The absorption in the vicinity of the CO band (4.76 um) is double-peaked
fitted by combining CO ice, OCN—, and CO gas.

Towards the edge-on class Il objects, ASR41 and 2MASS J1628137-243139,
H20 band was detected.
low optical depth of the water feature is due to geometrical effects (Pontoppidan et al. 2005).
The detected water ice mainly originates in the disk.
HK Tau B and HV Tau C are edge-on class Il objects in multiple systems.
detected the absorption of H20 ice and CO2 ice.

Y. Aikawa et.al.,, A&A 2012
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Name Coordinates (J2000)¢ Class Note
L1527(IRAS 04368+2557) 04:39:53.6 +26:03:05.5 0-1 WCCC, i ~ 85°?
IRC-L1041-2 20:37:21, +57:44:13 0-1¢ nearly edge-on°
IRAS 04302+2247 04:33:16.45, +22:53:20.7 0-I i ~90°9

ASR 41 03:28:51.291, +31:17:39.79 IT i ~ 80°¢
2MASSJ 1628137-243139 16:28:13.7, -24:31:39.00 II i ~ 86°/

HV Tau 04:38:35.280, +26:10:39.88 II multiple system (i ~ 84°9)
HK Tau 04:31:50.900, +24:24:17.00 II binary (i ~ 85°)

UY Aur 04:51:47.31, +30:47:13.9 IT [ ~42°

Y. Aikawa et.al.,, A&A 2012
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Derived spectra of the objects PS

Plaretary Sclence

Flux [mJy]
w S o

(=

IRC-L1041-2

350,
300]
250,
200

Flux [mJy]

150
100]

HV Tau

HK Tau

85— 34 43 3 35 05533 4 435 3 35 Y. Aikawa et.al., A&A 2012

wave length [uni] wave length [pm]
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Absorption results

Name Coordinates (J2000)“ Class Note
L1527(IRAS 04368+2557) 04:39:53.6 +26:03:05.5 0-1 WCCC, i ~ 85°°
IRC-L1041-2 20:37:21, +57:44:13 0-1¢ nearly edge-on°
IRAS 04302+2247 04:33:16.45, +22:53:20.7 0-I i ~90°¢
ASR 41 03:28:51.291, +31:17:39.79 1T i ~ 80°¢
2MASSJ 1628137-243139 16:28:13.7, -24:31:39.00 1T i ~86°/
HV Tau 04:38:35.280, +26:10:39.88 II multiple system (i ~ 84°9)
HK Tau 04:31:50.900, +24:24:17.00 II binary (i ~ 85°")
UY Aur 04:51:47.31, +30:47:13.9 II [ ~42°

H,0 HDO 12¢0, CO XCN
Absorption peak [um] 3.05 4.07 4.27 4.67 4.62
Band strength 10~'7 ¢cm molecule™ 20 4.3 7.6 see text 5.0
Column density 10" [em™] 10" [em™?] 10" [em™] 10" [cm™2] 10" [em™?]
L1527(04368+2557) 47T+13  0.96 2.0%) 10 1.1 21%) 18 2.6 (38%) 1.5 £0.22 (3.2%)
IRC-L1041-2 39 + 6.6 3.7 (9.5%) 9.4 + 1.6 (24%) 18 £4.0 (46%) 2.5+ 0.48 (6.4%)
IRAS 04302+2247 24 +0.82 5.3 (22%) 6.8 +0.64 (28%)  3.1+0.55(13%) 0.53 +0.064 (2.2%)
ASR 41 7822 - - - -
2MASSJ 1628137-243139 6.7 +2.6 - - - -
HV Tau 544023 1.0(19%)  0.72+0.11 (13%) - -
HK Tau 2.1+0.23 - 0.9+ 0.11 (43%) - -
UY Aur 0.61 +0.20 - 0.54 + 0.086 (89%)

Y. Aikawa et.al.,, A&A 2012
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Albedo, Size, and Surface Characteristics of Hayabusa-2 Sample- DQ

Return Target 162173 1999 JU3 from AKARI and Subaru Observations Farsiary Science

162173 (1999 JU3): Diameter determination 162173 (1999 JU3): Albedo determination
LIE D, =092 +/-0.05 km (I'=1000J m>s* K™ 3 [ py = 0.063 +0.007/-0.006 (T=1000J m” s  K") ]
e E _ _ 2 05 gl
D, = 0.92 +/- 0.10 km (F'=500-2000 J m? s** K" _ . o2k - - _ _ = 0.063 +0.017/-0.012 (I'=500-2000J m”* s* K") ]
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Fig. 5. Overall diameter and albedo solutions as a function of the thermal inertia assuming a prograde ellipsoidal shape model. The dashed lines reflect
only the observational uncertainties.

Hasegawa, et.al. PASJ 2008
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Asteroid Catalog Using AKARI: PQ

Contor for

O Q Planotary Sclence
AKARI/IRC Mid-Infrared Asteroid Survey
A oty unvey Event SOW LISW
- Point source extraction (a) All events 4762074 1244249
- Flux calibration (b) Events employed in the IRC-PSC 3882122 936231
- Position determination (RA. Dec) (¢) Residual events 879952 308018
Calibrated event list (d) Events identified as asteroids 6924 13760
(e) Asteroids in the final catalog 2507 5010
- Grouping (f) Asteroids detected overall 5120
- Hours/months confirmations
AKARVIRC Mid-infrared L A B B B

Point Source Catalog (IRC-PSC)
(Ishihara et al. 2010)

Residual events
(unused in the IRC-PSC)

< Sect.2.2.1 > i
Satellite positions B
Observational status
Asteroid orbital elements
from Lowell Observatory

- Asteroid identification by numerical calculations (N-body calculations)

< Sect.2.2.2 >

Albedo

Detected
asteroid canditates

- Color correction of the flux and fake events removal < Sect.2.2.3 >
- Thermal model calulations with Standard Thermal Model < Sect.2.2.4 >

Size, albedo list of : :
asteroids : e :
0.01 L L IIIIII| L L IIIIII" L ‘I IIIIII| L L Ll Lill

- Refurbishment 0.1 1 10 100 1000

- Band merging
- Catalog generation < Sect.2.2.5 > Diameter [km]

Final products 7
AKARI Asteroid Catalog F. Usui et.al., PASJ 2011
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Fig. 3. Distribution of (a) diameter and (b) albedo of asteroids detected by IRAS (green), AKARI (red), and WISE (blue). The bin size is set at 100
segments for the range of 0.1 to 1000 km in the logarithmic scale for (a) and 100 segments for the range of 0.01 to 1.0 in the logarithmic scale for (b).
(Color online)

F. Usui et.al., PASJ 2014
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Asteroids: Fraction/Semimajor axis

Analysis of the albedo properties of MBAs detected by AKARI.
Of the 5120 AcuA asteroids, 4722 are MBAs, and 1974 are provided as a complete data set of MBAs larger than d >
20 km.
Albedo distribution of MBAs is strongly bimodal; this trend is present not only in the distribution of the total
population, but also in the distributions of inner, middle, and outer MBAs. The bimodal distributions are separated
into two major groups at an albedo value of pv = 0.1, which demarcates low-albedo C-type and high-albedo S-
type asteroids.
Albedo distribution is size-dependent, and the variation in albedo values is greater at smaller sizes.
For smaller asteroids, the effects of surface heterogeneities on albedo are relatively large, while such local
heterogeneities are averaged out and seemingly homogenized for larger asteroids.
Albedo distributions in S-type asteroids appear to be affected by the space weathering, whereas the albedo
distributions in C-type asteroids are partially explained by the effects of metamorphism.
Mean albedo is nearly constant and independent of heliocentric distance throughout the entire main belt region,
irrespective of taxonomic type. In the total distribution, on the other hand, the mean albedo value gradually
decreases with increasing the semimajor axis, presumably due to the compositional mixing ratios of taxonomic
types.
Almost 90% of the X-type MBAs in the AcuA data set can now be subdivided into E-, M-, and P-types based on the
AKARI-derived albedos. The distribution of P-types, which have lower albedos among the X-types, are spread
through-out the main belt regions, and increases beyond 3 AU, while the proportion of medium-albedo M-types
decreases. P-type asteroids are considered to have similar origin or similar evolutional process, to C- or D-types.

F. Usuiet.al, ApJ 2013
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Asteroids: Fraction/Albedo PS

Planetary Sclence
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Asteroids: Fraction/Semimajor axis e
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distribution (b) of MBAs with d > 20 km for each of the taxonomic types. Bold lines denote E-, M-, and P-type asteroids, respectively.
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Asteroids: Mean albedo/Semimajor axis R$
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Comet observations

18 comets, including both OCs and the JFCs, were spectroscopically observed
This is the largest homogeneous database of CO2 /H20 production rate ratios in comets obtained so far.

The prominent emission bands of the fundamental vibrational bands of H20 at 2.7um and CO2 at 4.3um can be
seen in all of the comet spectra, except for the comet 29P/Schwassmann-Wachmann.

The gas production rate ratios of CO2, with respect to H20, in the 17 comets have been derived.

The present data set of the large samples confirms the range of ratios that previous measurements have obtained.
The CO2/H20 ratio in cometary ice spans from several to ~30% among the comets observed within 2.5 AU from
the Sun, where H20 effectively sublimates from the nucleus of the comet.

The range of the CO2 /H20 ratios represented by the upper and lower quatrtile values is 11%-24% (the median
value is 17%), and it is comparable with that of the high-mass protostellar ices (12%-22%),

while the mixing ratios of CO2 in low-mass protostar envelopes is 22%-35% (O bergetal. 2011).

CO2 in cometary ice is more depleted with respect to water and more diverse than the low- mass protostellar ices.
If the cometary ice composition has not been significantly altered after the formation of cometary nuclei, then the
ices incorporated into the comets should have been altered in the early solar nebula.

Based on our observations, the CO/CO2 ratio in comets seems to be smaller than unity. This may indicate that
there is a highly oxidized environment for the formation of molecules, or that CO has been exhausted in the
vicinity of the surface of the cometary nuclei. However, it should be noted that we had the upper limits for CO in
many of the comets, and CO was only detected in a few cases. We will require more samples of CO2 and CO
observations for further discussions.

T. Ootsubo et.al.,
ApJ 2012
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Comet observations

Object UT Date ObsID? P A° Aperture Flux (H,0)d Flux (CO»)*® Flux (CO)f
Width

(AU) (AU) (arcsec) (x107'Wm=2) (x107'°Wm=2) (x10716Wm2)
19P/Borrelly 2008 Dec 30.08 1520268  2.19 195 29.2 2.61 +0.08 3.80 £ 0.06 <0.27
22P/Kopff 2009 Apr 22.57 1520241 1.61 1.26 46.7 24.60 + 0.20 29.06 £ 0.08 <0.45
22P/Kopff 2009 Apr22.63 1520242 1.61 1.26 56.9 82.76 + 0.44 90.50 + 0.24 <1.05
22P/Kopff 2009 Dec 11.18 1521077 242 222 51.1 5.00 £0.13 3.23 +0.09 <0.49
22P /Kopff 2009 Dec 11.45 1521079 243 222 43.8 399 +0.13 1.64 £ 0.09 <0.46
22P /Kopff 2009 Dec 11.52 1521080 243 222 51.1 6.96 £ 0.12 1.69 £ 0.09 <0.46
29P/Schwassmann-Wachmann 1~ 2009 Nov 18.49 1521081  6.18  6.09 43.8 2.07+£0.13 <0.69 458 £0.14
29P/Schwassmann-Wachmann 1~ 2009 Nov 18.56 1521083 6.18  6.09 51.1 2.61 £0.14 <0.64 5.79 £0.15
64P/Swift-Gehrels 2009 Nov 23.09 1521099  2.27  2.05 36.5 2.17 £ 0.10 3.40 4+ 0.08 <0.60
64P/Swift-Gehrels 2009 Nov 23.16 1521101 227  2.05 43.8 3.12+0.11 4.05 + 0.08 <0.62
67P/Churyumov-Gerasimenko 2008 Nov 02.38 1520244 1.84  1.56 58.4 5.77 £ 0.11 2.40 + 0.09 <0.57
81P/Wild 2 2009 Dec 14.10 1521107 1.74 144 43.8 48.79 £ 043 49.11 £ 0.15 <0.69
81P/Wild 2 2009 Dec 14.16 1521109 1.74 144 43.8 71.31£0.34 49.93 £0.17 <0.96
81P/Wild 2 2009 Dec 14.50 1521110 1.74 143 49.6 61.58 +0.40 52.16 £ 0.17 <1.03
88P/Howell 2009 Jul 03.06 5200913 1.74  1.41 29.2 25.57 £0.20 3543+ 0.10 <0.47
88P/Howell 2009 Jul 03.13 5200914 1.73 141 453 3373+ 0.24 51.09 £ 0.14 <1.22
116P/Wild 4 2009 May 15.60 1520245 222  1.98 43.8 5.534+0.13 3.30 £ 0.08 <0.50
116P/Wild 4 2009 May 16.49 1520246 222 1.99 48.2 8.02+0.13 2.64 + 0.09 <0.51
118P/Shoemaker-Levy 4 2009 Sep 08.71 1520247  2.18  1.93 16.1 4.16 £ 0.08 3.59 +£0.06 <0.33
118P/Shoemaker-Levy 4 2009 Sep 08.78 1520248  2.18 193 21.9 3.52 +£0.09 5.99 + 0.07 <0.37
144P/Kushida 2009 Apr 18.48 1520249 1.70  1.37 58.4 44.85 +0.30 39.51+£0.12 <0.62
144P/Kushida 2009 Apr 18.55 1520250 1.70  1.37 54.0 38.41 £0.28 35.15+0.12 <0.75
157P/Tritton 2009 Dec 30.13 1521128 148 1.11 43.8 7.16 £ 0.13 2.90 + 0.09 <0.47
157P/Tritton 2009 Dec 30.27 1521131 148 1.11 36.5 5.16 £0.12 2.97 +0.09 <0.53
C/2006 OF2 (Broughton) 2008 Sep 16.72 1520252 243 221 58.4 26.74 £ 0.24 36.02 + 0.10 <0.50
C/2006 OF2 (Broughton) 2009 Mar 28.07 1520271 320 3.04 46.7 3.26 £ 0.15 11.01 £ 0.09 <0.38
C/2006 Q1 (McNaught) 2008 Jun 03.59 1520254 278  2.59 36.5 8.890 +£0.14 22.82 £ 0.08 <0.39
C/2006 Q1 (McNaught) 2009 Feb 23.76 1520273  3.64  3.50 43.8 1.55+£0.11 4.60 + 0.08 <0.32
C/2006 W3 (Christensen) 2008 Dec 21.07 1520256  3.66  3.52 51.1 11.82 £ 0.29 69.72 £ 0.16 20.95 +0.18
C/2006 W3 (Christensen) 2009 Jun 16.75 5200910  3.13  2.96 43.8 39.71 +£0.49 96.65 £ 0.23 19.86 £ 0.23
C/2007 G1 (LINEAR) 2008 Aug 20.23 1520258 2.80 2.62 29.2 3.90 + 0.09 5.06 + 0.06 <0.29
C/2007 N3 (Lulin) 2009 Feb 05.57 1520260 1.28  0.80 43.8 1139.0 £ 6.87 782.10 +£2.02 <10.6
C/2007 N3 (Lulin) 2009 Mar 30.67 5200708 1.70 136 56.9 266.50 £+ 1.40 158.20 £ 0.34 <1.54
C/2007 Q3 (Siding Spring) 2009 Mar 03.27 1520261 329 3.14 43.8 6.89 + 0.13 6.94 + 0.08 <0.30
C/2008 Q3 (Garradd) 2009 Jul 05.60 5200917 1.81 1.48 24.8 73.17 £ 0.44 115.90 £ 0.25 10.90 £ 0.22
C/2008 Q3 (Garradd) 2009 Jul 06.49 5200916 1.81 1.50 26.3 79.73 £ 047 113.20 £ 0.24 10.48 £ 0.22 r OOtSUbO et'al"
C/2008 Q3 (Garradd) 2010 Jan 03.14 1521055 296  2.78 36.5 145+ 0.11 5.38 +0.09 <0.36 Ap_j 20 12
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Observation results e ¥
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PQ

Derived gas production rate -

Plaretary Sclence

Object ObsID?* P O(H,0) Q(CO») Q(CO)
(AU) ( x 10%° molecules s—1)° ( x 102 molecules s~1)d ( x 10%° molecules s~1)®
19P/Borrelly 1520268 2.19 6.38 + 0.67 1.62 +£0.16 <1.55
22P/Kopff 1520241 1.61 19.31 £ 1.94 3.89 +£0.39 <0.79
22P/Kopff 1520242 1.61 59.39 +£5.95 10.96 £+ 1.10 <1.65
22P/Kopff 1521077 242 12.15+£1.26 1.34+0.14 <2.66
22P/Kopff 1521079 243 1048 £ 1.10 0.74 £ 0.08 <2.70
22P/Kopff 1521080 243 16.99 £ 1.72 0.70 £ 0.08 <2.53
29P/Schwassmann-Wachmann 1 1521081 6.18 57.79 £ 6.79 <3.77 269.1 £ 28.15
29P/Schwassmann-Wachmann 1 1521083 6.18 67.75 £ 7.63 <3.22 313.9 £ 3242
64P /Swift-Gehrels 1521099 2.27 5234058 1.41+0.14 <3.25
64P /Swift-Gehrels 1521101 2.27 6.85+0.72 1.52+£0.16 <3.07
67P/Churyumov-Gerasimenko 1520244 1.84 6.20 + 0.63 0.43 +£0.05 <1.35
81P/Wild 2 1521107 1.74 50.83 £5.10 8.73 £0.87 <1.60
81P/Wild 2 1521109 1.74 7429 £ 7.44 8.87 £0.89 <225
81P/Wild 2 1521110 1.74 60.02 £ 6.01 8.63 £0.86 <224
88P/Howell 5200913 1.74 32.09 £3.22 7.73 £0.77 <1.35
88P/Howell 5200914 1.73 3351 +£3.36 8.65 £ 0.87 <2.72
116P/Wild 4 1520245 2.22 11.33 £ 1.17 1.16 £ 0.12 <2.28
116P/Wild 4 1520246 222 15.82 + 1.60 0.89 £+ 0.09 <2.26
118P/Shoemaker-Levy 4 1520247 2.18 1425+ 145 2.18 £0.22 <2.62
118P/Shoemaker-Levy 4 1520248 2.18 9.97 +1.03 2.99 +0.30 <2.42
144P/Kushida 1520249 1.70 37.55+£3.76 5.57 £0.56 <1.14
144P/Kushida 1520250 1.70 3329 +3.34 5.15£0.52 <1.43
157P/Tritton 1521128 1.48 4.50 £ 0.46 0.31 £0.03 <0.65
157P/Tritton 1521131 1.48 3.55+£0.36 0.35+£0.04 <0.82
C/2006 OF2 (Broughton) 1520252 243 61.22 +6.15 13.97 + 1.40 <2.52
C/2006 OF2 (Broughton) 1520271 3.20 16.99 + 1.86 9.90 £+ 0.99 <4.46
C/2006 Q1 (McNaught) 1520254 278 36.33 £ 3.68 16.19 £+ 1.62 <3.67
C/2006 Q1 (McNaught) 1520273 3.64 11.57 £ 1.40 5.96 £+ 0.60 <5.48
C/2006 W3 (Christensen) 1520256 3.66 82.96 + 8.55 84.59 £ 8.46 299.3 +30.0
C/2006 W3 (Christensen) 5200910 3.13 201.0 £20.3 84.66 £ 8.47 197.7 £ 19.9
C/2007 G1 (LINEAR) 1520258 2.80 18.37 £+ 1.89 4.17 £042 <3.19
C/2007 N3 (Lulin) 1520260 1.28 409.1 £+ 40.9 48.48 £ 4.85 <8.67
C/2007 N3 (Lulin) 5200708 1.70 2238 +£224 22424224 <2.86
C/2007 Q3 (Siding Spring) 1520261 3.29 39.80 &+ 4.05 6.95 +0.70 <397
C/2008 Q3 (Garradd) 5200917 1.81 1120+ 11.2 31.04 £3.11 29.30 +3.02
C/2008 Q3 (Garradd) 5200916 1.81 119.8 £ 12.0 29.66 £+ 2.97 26.84 +£2.77 T OOtSUbO et'al"

C/2008 Q3 (Garradd) 1521055 2.96 6.99 + 0.87 450 £ 0.46 <3.93 ApJ 2012
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Modeling the
InterPlanetary Dust(IPD) Cloud

Kwon et al. 1998

longitude of ascending node, €2 inclination angle, i

Sun = IPD cloud center, amount of off-centering Ax and Ay
(Kelsall et al. 1998)
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Mean Volume Emissivity Near the Earth’s Orbit CPQ

arotary Sclence
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Seasonal modulation PS

Contor for
Plaretary Sclence
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Seasonal modulation

on 12/25 color
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Modeling the

InterPlanetary Dust(IPD) Cloud

From the AKARI mid-infrared All-Sky Survey, we have constructed the brightness maps of the zodiacal
emission light over the entire sky.

Maps enable us to locate the maximum IPD density plane with respect to the ecliptic, and reveal new
features from the diffuse, broken bands discovered earlier by IRAS.

In constructing the three-dimensional model of the IPD cloud, the mean volume cross-section and
temperature of the local IPDs play a pivotal role; yet, these parameters are measured for the first time by
the AKARI's pointing observations.

Constructed brightness maps of the zodiacal emission at 9 and 18 um, from the AKARI All-Sky Survey,
and applied the Fourier filtering to the maps. Although the original map has limited resolution, after
having been filtered, they clearly confirm the dust bands already discovered by the IRAS and display
new band features as well. As regards to the band pair lying around 3= +17°, Espy et al. (2009) paid
special attention to gaps appeared in the IRAS filtered maps in some longitude intervals and took the
gaps as an evidence of the pair's genetic relation to Emilkowalski cluster of asteroids and its extremely
youthfulness in dynamical evolution. An incomplete longitude coverage of the IRAS might have misled
us to believe the gap as a real feature. In our filtered maps, however, the band pair extends over the
whole longitude circle. The full longitude coverage of the AKARI survey is of great importance in future

dynamical studies of diffuse, broken bandes.
S.S.Hong et.al., ASPC 2009
J.H.Pyo et.al., ASPC 2009
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COLOR PROFILE OF ZE
OVER LATITUDE Beta
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I color temperature with the single component model ?
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The Sky Observed by AKARI S9W-band
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The Sky Observed by AKARI L18W-band
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ZE brightness map
at 9 pym
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Observed SED of IPD cloud
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The observed SED of ZE is compare with calculations of single (dashed line) and double (solid line)
component model of IPDs. For both components of the IPDs, density and temperature exponents are kept
the same, but the reference temperature is left as model parameter. Near infrared part of the SED is

dominated by the hotter component of IPDs.
S.S.Hong et.al., ASPC 2009
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Asteroidal dust bands PQ
near the ecliptic plane =

Plaretary Sclence
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Brightness map of the zodiacal emission #~pQ

from the AKARI IRC All-Sky Survey e

In the preprocessed data of the AKARI IRC All-Sky Survey, we have identified instrumental
features that require further corrections to the data: detector's after-effect caused by exposure
to bright Moon light and the Earthshine scattered into the telescope beam. The all-sky
brightness maps exhibit smooth distribution of the ZE brightness with the wobbling of the
symmetry plane and the leading-trailing asymmetry of the ecliptic plane brightness. The
asymmetry between leading- and trailing-direction brightness is compared with the IPD cloud
model of Kelsall et al. (1998) to derive the emissivity modification factors at 9 um for the
smooth cloud, the dust bands, and the MMR components in the model. The factors for the
cloud and band components are comparable to those at 12 um, but one for the ring is about
20% higher than the values at 4.9 um and 12 um. This implies that the contribution of the MMR
component to the ZE brightness is underestimated in Kelsall's model.

Furthermore, AKARI's monitoring of the brightness at the ecliptic poles has located the plane of
maximum IPD density with respect to the ecliptic plane. We modified the plane's inclination
and longitude of ascending node for the smooth cloud model of Kelsall et al. (1998) to best fit
the observed variation of the pole ZE brightness difference. The resulting values are slightly
different from the original model, which suggests a possible warping of the IPD cloud.

J.H.Pyo et.al, A&A 2010
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Residual brightness maps of IPD cloud CEQ

for
Plaretary Sclence
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Intensity

¢ .. D
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Fig.5. Schematic diagram for the seasonal variation of NEP and SEP
brightness due to tilt of the IPD cloud’s symmetry plane. The Earth’s
positions marked by A, B, C, and D on the top frame correspond to the
abscissas labeled by the same characters. In the top frame, the upward
arrows point to the NEP while the downward ones point to the SEP.
1.0 15 2.0 25 The NEP and SEP intensities are represented by a black, solid line and
Intensity [M Jy SI'_I] a gray, broken line, respectively, in the bottom frame.

0.0 0.5

Residual brightness maps in the leading a) and the trailing b) directions, after the brightness due to the
Kelsall et al. (1998) IPD cloud model has been subtracted from the AKARI observation.

J.H.Pyo et.al, A&A 2010
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Derived parameters

Table 2. Symmetry plane parameters.

Parameter Kelsall et al. (1998) This work
Inclination [°] 2.03 £ 0.017 2.29 +0.36
Ascending node [°] 77.7 0.6 74.491 £ 0.012

Table 3. Longitude of the maximum average pole brightness.

Observation Wavelength ~ Longitude
IRAS ZOHF* 12 um 11624 + 221
25 uym 12326 + 2:6
COBE/DIRB? 12 um ~44°
25 ym ~44°
AKARI® 9 um 6522 + (5
Model“ 9 um 9325

J.H.Pyo et.al, A&A 2010
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Neptune at summer solstice: Zonal mean temperatures PQ
from ground-based observations, 2003-2007 e
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Neptune at summer solstice: Zonal mean temperatures PQ

Conter for

from ground-based observations, 2003-2007
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Number of Refereed Papers

atellite Objective Start of End of Counting
Operation | Operation Period

AKATSUKI  Venus Atmospheric Obs. 2010 operating 2011-2012

KAGUYA Lunar Exploration 2007 2009 2008-2012 190
HINODE Solar Obs. 2006 operating 2007-2012 844
AKARI Infrared Astronomical Obs. 2006 2011 2007-2012 222
SUZAKU X-ray Astronomical Obs. 2005 operating 2006-2012 681
HAYABUSA Asteroid Sample Return 2003 2010 2004-2012 129
NOZOMI Mars Scientific Obs. 1998 2003 1999-2012 26
HALCA Space VLBI 1997 2005 1998-2012 44
ASCA X-ray Astronomical Obs. 1993 2002 1994-2012 2287
GEOTAIL Geo-Magnetospheric Obs. 1992 operating 1993-2012 1236
YOHKOH Solar Obs. 1991 2000 1992-2012 1089
Subaru The Ground based 1999 operating 2000-2012 1031

Telescope  optical&infrared Observatory
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IRAS T D&M PQ

&SRB ER BHD THHS

@KNOWN PROCESSING ANOMALIES
@ Processing of Extended ("Cirrus") Sources as Point Sources
@ Instability and Lag of the Noise Estimator
@ Frequency Dependence of Responsivity with Amplitude
@Errors in Cross-Scan Uncertainties Related to Failed Detectors
@ Photon-Induced Responsivity Enhancement
@ Artifacts in the Digital Image Data Base
@ Photometric Processing
@ Insufficient Specification of HCON Coverage
@ Position Uncertainties
@ Overestimated Weak Fluxes
@ Minor Problems
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