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Survey of fainter disks including
zodi analogous
→ high sensitivity & stability

Stellar age (Gyr)
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珪酸塩

� Spitzer (Prev. works)
� AKARI (Kobayashi&Tanaka 10) 

Solar system

→ Next space infrared mission SPICA

珪酸塩

Phyllosilicates, 
Carbonates
formed at
low-T with 
CO2 & H2O

Spectroscopy of finger-print 
wavelength region
→ l 20〜40 µm

Silicates
formed 
at high-T

20  40          60 µm

Calcite CaCO3

Dolomite CaMg(CO3)2

Olivine (Mg,Fe)2SiO4

Pyroxene (Mg,Fe)SiO3

20  40          60 µm

Study our solar system in the framework of debris disks evolution
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10σ detection

x Detecting IR excess ... affected by systematic & model errors
o Detecting difference in spectral shape (star ⇔ star + disk) 

Dolomite, 1 mm 
Posch+07 

Calcite, 1 mm
Posch+07 

Amorphous forsterite
1 mm, Jager 2003

Serpentine, 1 mm 
Glotch+07 

16σ 12σ10σ 50σ
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Mg2SiO4 CaCO3 MgCa(CO3)2 Mg3Si2O5(OH)4 

Astronomical silicate, 1 mm 
Draine & Lee 84

10σ detection

Star: G2V at 10 pc (6,000 K B.B.)
Disk: Ldisk/L*~10-7, 200K,  texp : 1 hr

Stellar continuum subtracted

Astronomical silicate
Draine & Lee 84
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dust size: 1 mm, 200K

Star (∝ λ-2) 

Debris

SPICA
- Wide range spectroscopy 

covering the emission peak of disks & mineral features,
- Smaller flux contrast between central stars and disks

Detection is easier, if the planetary system shows sharp dust spectral features.

How to access our solar system analogous?

Statistics of zodi. analogous with SPICA

We separate raw data 
into 
(1) Zodi. and
(2) Galactic emission, 
by optimizing
Kelsall's model 
based on COBE data.

(2) Galactic emission(1) Zodi. light emission

Our new model parameters better explain both of AKARI and COBE data.
Temporal variation between COBE(1989-90�and AKARI�2006-07�

→ Clues for non-steady dust supply processes

Results of zodi. emission modeling

SunMars

Earth

� Number density: concentrated toward inner orbits than 
the distribution predicted simply by Poynting-Robertson   
→ Active dust supply by comets ?

Non-steady dust supply processes in the Zodi. disks

� Temperature: warmer than that predicted by thermal 
equilibrium of blackbody dust → Small (or black, carbonaceous?) 

� Non stable dust supply from the minor planet families.

Kondo+ 16, Ueda+ 17, Ishihara+ 17b

MJy/sr

2006 (AKARI 18 µm)1989 (COBE 25 µm)
Earth trailing blob component

Simulation results
(Dermott+ 94)

Sun Earth

� Distribution of dust trapped in the Earth’s resonance orbits has been 
changed between COBE�1989-90�and AKARI�2006-07�. 
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� Small cloud crossing the Earth’s orbit of nm-sized carbonation grains
related to the coronal mass ejection
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Partition function 
through 1 zodi. to 1000 zodi.

How unique is our solar system ? Which environmental affect the material 
properties of planetary systems ?

Stellar type is affected
by the metallicity of birthplace

- Metallicity ?
- radiation 

hardness ?
etc. Frequency vs. zodi. level ?

λ  (µm)

Evolution of debris disks

■ Steady state collisional cascade
(Kobayashi&Tanaka 10) 

・ Dust supply by planetesimal collisions
・ Dust emission decreases with τ~t0
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・ Fdisk/F* decreases
with stellar age

・ Objects with fluxes
larger than 
the model prediction

� Spitzer (prev. works)
�AKARI Kobayashi&Tanaka 10

■ Non-steady processes ?

Giant Impact ?

Late Heavy
Bombardment ?

・ The general decay trend 
can be explained by the
steady state collisional 
cascade model

Stellar age (Gyr)

Properties of dust grains in disks
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smin = 0.24±0.03 μm

�����Mg2SiO4

β�50

smin = 2.5±0.1 μm
��� SiO2

β�0.3

smin ~ a few tens A
Non silicate

smin = >5 μm
��	� Mg0.63Fe0.36Si0.9O3

β�0.05

�AKARI � COMICS
WISE   � fitting

Ishihara+ in prep.

Raw data (AKARI 9 μm)
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