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Study on small-scale structures of the zodiacal emission observed with AKARI
all-skay survey

Ootsubo, Takafumi

3,400,000

In the interplanetary space of our Solar System, small dust grains are
widely distributed. The thermal emission of interplanetary dust dominates the all-sky diffuse
radiation in the mid- to far-infrared wavelength region. AKARI, the Japanese infrared astronomical
satellite, detects the circumsolar ring and zodiacal dust-band structures in the far-infrared.
Furthermore, in the AKARI far-infrared map, partial young dust-band candidates can be seen, which
are corresponding to the possible bands suggested by the past infrared satellite observations. These

small-scale structures are important to investigate the recent (< 1 Myr) evolution of the dust in
the Solar System. We also analyzed mid-infrared spectroscopic data of the zodiacal emission
obtained with AKARI. We detect the difference in the detailed feature shapes in the zodiacal
emission spectra among various ecliptic latitudes.



B X C—19, F—19—1., Z—19 (dt3@)
1. WFFERRAE S FI D75 B

Fox DRBGAROBREMZEMNITIT, B2 MERE - PR - BRSNS, RIED pm~cem 2
JE D EUARRL - DN AL AT LT D, 20D [E RO 12 22 R BE L IFOY, KRB EA KL, DV TR
I - BAFE B L, 300E - FOE U &L T2 RR T2 T D, 1983 4TS EIF O FRSM T2
IRAS X° 1989 42> COBE/DIRBE O#II%, /RAMRETEREZBHIL, ZNETIEACVE LT HEELD
HDAIVTU o T BB - B H BE D 43 A0 Ak & 70 28 BIMAIAE & 038 H 2 LA 3 L LTz, ZAH 0
MRS, /R - R e OB i S A7 [EHARTEORL 1 D WLEE B X S L CODZER BN o
TETCWHD, IRAS, COBE DZEMFREIZZAUTE @72, Mg 2 3 MICT A2 LT TE T
Wenotz, BAROTRIMNRER SR T80 1%, 2006 4F 2 A4S BT Bh, FITEEENT TR
HARIMRECRREZBRIL-, [$72°0 1% COBE/DIRBE JVbmE WM N fiEE AL, ZORKT —4
ZOIUTL, JOHZEZ LD R T LW EE D AR BT T VAT D 2N TED,

2. WFFED B Y

ATFIELE, ARAMRI SO o) | DR — A -7 — FH T, WIS - 40 RO AAM
Sy JBUNZ DT 5 LT, TRETHED T AR SR ML 7 - BT 7 L O,
S THRS AT LA A LT b0 Thb, ZOBFETHIBNTT 52 MM A T As
LT, BHEOET LTI E R - T £ CRAINC FIBLT 5% BT, %72, HHEO
ARIEIA L LAV A RS S, A BT I L B B O SR R L 16
PR CHHER  NERE RIS BIIEI I CRORErb O T,

3 IR ITE

AWFFETIL, SEMZNT T B0 | BB 040 F OB E I OW GERIZRREEZ B 2720, K
B 3 PN D B2 [ BE 22 1 A5 AT (2 DWW TSNS T D, BRICLL FO2ICTE N2 B W CHFFE A1) D,

1) BT =200, TTEEOKEFEEZZELFIE, 2K E GBS E L2 L,
Bk 4 7o 7S O 1S 2 fih 35, AR o BB & LB L7235, H ARO AR T
HOLER S NEEEORAEEEDREET D,

(2) RIS ICBEIL T, T30 ] O H IR LB OB & LR L7235, X ANDIE R
PHELLRD, X ANDUFRIA CTHLE R </ NEKEZ DL O DX ANFIEL LI L7235, FHi# o
FIFRIEEAE L AT =X E DN TS T,

4. WFIERRE

(1) FRONRR ST 8730 | O ARSI A K 7 — 4 (65, 90, 140, 160 pm) 1, BIfEIR—
FRICHRILABIS N TOD2Y, ZAUTEE G S FEIC > THEERT — 2 T D, IRAS <
COBE/DIRBE 728 £ D AR A M 2 OBRNC LY, HEIE i O 22 kit E L LR 7 A
JEIRS T/ NS AN SR RHE LTS, T30 | D3RR THAEEM (65, 90
pm) CTHOEBAMITEERE £10° O Mly/sr LoULDOF AU RRAREICHE TE Q04D
LEHERRLT=(Ootsubo et al., 2016),

ZIT, EPCoOMEO T, 18, MEEATTL T T 4T 4 T RITET UL, INRES
AMSURORIEE R RGAMOT TV —MERZTE T LIz, A0 IRAS #2 THERIN-Y
ARRURDIL, ~1-2 My/sr OFfE £1.4° , £2.1° , £10° OEFR3>FHfRICKRHL,
RIEEMO 140, 160 pm O 2 SOPERM TIEAMRRZ AU RIS -T2, 20 3
DO/ AR SRS, RHE S HERITIE S TR > TODHBRI RIS S D5 A RS
HENTEFEBERL AN URTHLEB 2 HND,

EOITE 2 M oy il BRSNS 2 LD 2 DTS, NARAT 4V Z T E DEG LI A 92 &
T, EfE £1.4° , £2.1° & £10° OFEE 3 NURITIZ, #@EOFEIRIMRELITEES
RISV TV difE £6° , =137, =177 FHED, KR VS MEEE I 35283 Tz,
EARMRE R TH 30 LoUL TR TE CWOS ATREMES E VY, ZOFHIZR S RGO T



(2

Brlz+17° NURIEEE 3 ANURIZRWTHAL, DIRBE OF —#%& I L EE ST T VT
FLAAFNTODD, BHNIZ N ETHBIRMRO AT, IR CO BRI B0 | 23

VDT THD,

FEE D AR DFEIK 72T Wit LA
Mo TCNDBE ARG, BEND
~1 Myr BANOEZE TREIILTZTEEK
WP O HEHIE NS AR R E 2
DAL, B0 &2 REBICIVEZOE
B HR DR R R IE 2 i AR AR TR
THRHT 52 LI L7=(K1), =17°
NURIE ~2.2 X 10° 4ERTOEZE T

30

-30

-60

wibER ()

0

180 120 a0 ELT) 00 240

K1: NA/RRT g NEESELTAD, T | DRI

RENT/NELIRTHS Emilkowalski - gy, #5EFHHILIC FE/RS ARV RA LR
cluster IR THHLEEZLNTEY, ¥ 5, £6° , £13° , £17° fHIIZE, BRagHEED
AR D— IR LDERS - TR, TVOF ANV RHERROND,
HARNSURTERGRE T OIRIER R CWAEEZBND, (5 |EmRIMREE T, 2o £17°
NURIZ—EOERTORBHIN TS, SHIZ £6° NURbHHL, ZiE Datura cluster

EIREHEEST TS,

EEBBEOMEZMD TRV EL T, HEMHAXIMVWZALNDHE 10 pm A0
r—bh74—=Fr—IZbEHE B L, TORRERE 2 7o KR CHEL LT, (520 | TR L 74 1R
FEDHEERS DAY My AT (E 5.4-12.3 pm) OETIZEWT, E 9-12 um
TR T DRIBA S R H L, T DIRI DA IT 25 FA5 2R [ BE DM %4
ELT, 2RI MM EMBEOMEE LT, 1 um L TFOYAXOFESE V7 —h
Tl Fr, FRICRE RS SR B FF Enstatite B 7 ZICE ENDIEN DI -T2, Fe, B
FEOBEME, SFERERFIETEINDEIZE, KV Forsterite/(Enstatite+Forsterite) L,
Olivine/(Pyroxene+Olivine) bz rdZE 0300 o7~ (Takahashi et al., 2019)

—F T, MEMEOMBIE CHHELRSY
ANMZOWT, HARSRO H 53 e8]
ERIIeoln, AEEH 6.6 A% E
BEThHiHrY vyar =YV o —HE
(21P/Giacobini-Zinner) 1%, 10 H VT
ER(AMYyae =i 2RO RIEES 2
LTS, ZOEET, \EDOE R HHH
FEIEDENT T HEBL TODIEN 0>
TV, =T, ROBEMRARES T 3MEE
T HAREMED MRS LU, bivbiug,
JIE D G E BT 0 1y B T R SRR 4
e 2EE (COMICS) & VT 2005 4 7
A 5 B UD IZBllshzvyae =y
F—EHEOFEIRINR D BT — 2%
FEANCARAT U=, T DRE SR, F A BRI
EIROF 7 4 —F %I4T, HEETIEZ
NETHEICHRESNTEZEDR 8.2,
8.5, 9.2 um DTA4—F¥%&, HIOTEDA

(this study) —e— 21PiG-z
4 17P/Holmes (x0.25) —|
—~— 9P/Tempel 1 i
5 73PISW3 (B)
—o— 73PISW3(0) B
/2002 V1 (NEAT) (x2)_

-
i
‘ T T T ‘ T T T ‘ T

_o—
[

Blackbody normalized spectrum

L RAH aliphatic? PAH? PAH7
0.8 omatic), | 4 v op oy Loy b by Wl
8 9 10 1 12 13

Wavelength (um)

R t N i
%

X2: Uyar =Y —EE O MIRINRFEx L
B 58 JEE AT NV AR S BV % AR T El -
72HD), LD T=DIZ, DKk 2 72 E R D AT
Ab 7y L TWA(1] ORZSELZLED)., P
b=V —HETIE, hoEETITIRLNAL
W72 IR N RIS DAL, BEHET AR Sy T FR
KiZLEZLND,

ATV LU= (K2) , 2O ARSI T TERWVRFRIE RIS R THY, &
PBIXZ R EFIRBI ORI R K FE 72 E OB MBSy 7 T2 Al REMEA BV (Ootsubo et

al., 2019),

<F TR

Ootsubo et al., 2016, PAS], 68, id.35
Takahashi et al., 2019, PASJ, 71, id.110
Ootsubo et al., 2020, Icarus, 338, A113450

0.2

0.15

0.1

0.05



12 11 1 1

Usui Fumihiko Hasegawa Sunao Ootsubo Takafumi Onaka Takashi 71

AKARIZIRC near-infrared asteroid spectroscopic survey: AcuA-spec 2018

Publications of the Astronomical Society of Japan 1-1 1-41
DOl

10.1093/pasj/psyl125

Yamagishi Mitsuyoshi Yamamura Issei Mizuki Toshiyuki Ootsubo Takafumi Baba Shunsuke Usui 71

Fumihiko Onaka Takashi

AKARI mid-infrared slit-less spectroscopic catalogue 2018

Publications of the Astronomical Society of Japan 3-1 3-16
DOl

10.1093/pasj/psy132

Ohsawa Ryou Sako Shigeyuki Sarugaku Yuki Usui Fumihiko Ootsubo Takafumi 165

Luminosity function of faint sporadic meteors measured with a wide-field CMOS mosaic camera 2019

Tomo-e PM

Planetary and Space Science 281 292
DOl

10.1016/j .pss-2018.09.006

Arimatsu K. Tsumura K. Usui F. Shinnaka Y. Ichikawa K. Ootsubo T. Kotani T. Wada T. 3

Nagase K. Watanabe J.

A kilometre-sized Kuiper belt object discovered by stellar occultation using amateur telescopes 2019

Nature Astronomy 301 306

DOl
10.1038/s41550-018-0685-8




Shinnaka Yoshiharu Ootsubo Takafumi Kawakita Hideyo Yamaguchi Mitsuru Honda Mitsuhiko 156

Watanabe Jun-ichi

Mid-infrared Spectroscopic Observations of Comet 17P/Holmes Immediately After Its Great 2018

Outburst in 2007 October

The Astronomical Journal 242-1 242-8
DOl

10.3847/1538-3881/aadfea

Ishihara D. Kondo T. Kaneda H. Suzuki T. Nakamichi K. Takaba S. Kobayashi H. Masuda S. 603

Ootsubo T. Pyo J. Onaka T.

A likely detection of a local interplanetary dust cloud passing near the Earth in the AKARI 2017

mid-infrared all-sky map

Astronomy & Astrophysics A82-1 A82-5
DOl

10.1051/0004-6361/201628954

Ishihara Daisuke Takeuchi Nami Kobayashi Hiroshi Nagayama Takahiro Kaneda Hidehiro 601

Inutsuka Shu-ichiro Fujiwara Hideaki Onaka Takashi

Faint warm debris disks around nearby bright stars explored by AKARI and IRSF 2017

Astronomy & Astrophysics A72-1 A72-8
DOl

10.1051/0004-6361/201526215

Ueda Takahiro Kobayashi Hiroshi Takeuchi Taku Ishihara Daisuke Kondo Toru Kaneda Hidehiro 153

Size Dependence of Dust Distribution around the Earth Orbit 2017

The Astronomical Journal 232-1 232-11

DOl
10.3847/1538-3881/aa5ff3




Ootsubo Takafumi Doi Yasuo Takita Satoshi Matsuura Shuji Kawada Mitsunobu Nakagawa Takao 32

Arimatsu Ko Tanaka Masahiro Kondo Toru Ishihara Daisuke Usui Fumihiko Hattori Makoto

SMALL-SCALE STRUCTURE OF THE ZODIACAL DUST CLOUD OBSERVED IN FAR-INFRARED WITH AKARI 2017

Publications of The Korean Astronomical Society 63 65
DOl

10.5303/PKAS.2017.32.1.063

Takahashi Aoi Ootsubo Takafumi Matsuhara Hideo Sakon Itsuki Usui Fumihiko Chihara Hiroki 71

Mid-infrared spectroscopy of zodiacal emission with AKARI/ZIRC 2019

Publications of the Astronomical Society of Japan 110-1 110-24
DOl

10.1093/pasj/psz095

Ootsubo Takafumi Kawakita Hideyo Shinnaka Yoshiharu Watanabe Jun-ichi Honda Mitsuhiko 338

Unidentified infrared emission features in mid-infrared spectrum of comet 21P/Giacobini-Zinner 2020

Icarus

DOl
10.1016/j . icarus.2019.113450

17 6 8

Takafumi Ootsubo

Mid-infrared observations of cometary silicate dust

DUSTY VISIONS 2018

2018




Ootsubo, Takafumi; Ishihara, Daisuke; Hasegawa, Sunao; Pyo, Jeonghyun; Usui, Fumihiko; Kawakita, Hideyo; Mueller, Thomas;
Ali-Lagoa, Victor; Takahashi, Aoi; Takaba, Sachi

Comets, asteroids and interplanetary dust as seen in near- to far-infrared with AKARI

42nd COSPAR Scientific Assembly

2018

Takafumi Ootsubo, Yoshiharu Shinnaka, Hideyo Kawakita, Mitsuhiko Honda, and Jun-ichi Watanabe

Estimating the formation region of the cometary nuclei based on the infrared observations of cometary dust

The 11th meeting on Cosmic Dust

2018

2018

2018

2018

2018




2018

2018

2019
2019

2017
2017

Takafumi Ootsubo

Faint young asteroidal dust bands observed with AKARI

The 10th meeting on Cosmic Dust

2017




Takafumi Ootsubo

Global and small-scale structure of the zodiacal dust cloud observed with AKARI

The Cosmic Wheel and the Legacy of the AKARI archive

2017

Takafumi Ootsubo

Infrared Observations of Zodiacal Dust: Cometary or Asteroidal Origin?

PERC International Symposium on Dust & Parent Bodies (1DP2018)

2018

2018

2018

Birth-place of comet 17P/Holmes from its mass fractions of minerals

2019

2019




Takafumi Ootsubo

Cometary dust: A perspective from mid-infrared spectroscopy

The 12th meeting on Cosmic Dust

2019

(21P/Giacobini-Zinner)

2019

2019

Takafumi Ootsubo

Mid-infrared observations and mineralogy of comet dust grains with Subaru/COMICS

Subaru Telescope 20th Anniversary

2019

(21P/Giacobini- Zinner)

2020

2020




(Ishihara Daisuke)

(30507835) (82645)
(Usui Fumihiko)

(30720669) (14501)
(Doi Yasuo)

(70292844) (12601)




