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Introduction
* Whatis the (.)rigin'-o.f dust in our galaxy?
— AGB stars are one of the important sources of interstellar dust.
* PNe are the final stage of stellar evolution.

* PNe record the mass-loss histdry in the AGB phase.

» |tisimportant to observe the dust around planetary nebuTae.
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Dust soucesbf bipolar PNe

e Massive AGB creétes a mouht of dust. round
* Initial mass (Pottasch+ 2006) .

= M@ s round elllptlcal PN

4~8 Mo — bipolar PN ' bipolar

* Bipolar PNe are important dust sources.
— Where is the dust in massive AGB phase?

The spatial distribution of cold dust in the bipolar PN
have not been well understood so far.
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~ Massive torus in the bipolar PN

NGE 6302
- HST WFC3/UVIS , e
s * NGC 6302 is one of the most studied

; bipolar PNe (é.g. Matsuura+ 2005)

B Initial mass : 5Moe —

 Adarklane (a dust torus) can be seen
in the central region.
— Massive dust torus
My, = 3.0x102Me
70K
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o M_Z?? has a massive torus?

.HSTWFPC_Z e e e R RE) mass > 4Mo (Pottasch+ 2005)

. “No dark lanes at the center of Mz3.

e — A massive or light dust torus?




| Previous studies of Mz3
. [Warm componentin The CaltTal reToH]- M= 1.1X40: Mo (Smithe 2005, with ESG3 67

- A light dust disk in the central region : M, ;= 0.9x10™ Mo (Chesneau+ 2007, with MIDI)

* Cold components in the lobes : M, ., = 2.6x10°3 Mo (Smith+ 2005, with IRAS)
- —'|RAS can’t resolve the central disk (torus) and the lobes.

Is the dust |
disk light?

Light dust disk
1.0x10> Mo
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Observations

ROV s o e Obiject': bipolar PN Mz3
i y .+ Instrument : miniTAO / MAX38

:' _%* « Wavelength : 18.7, 25, 31.7 um

Cow R 2011.5.28 400
S i S T 2012.10.21 1000
B S e 2011.5.28 3000




MiniTAO / MAX38

- 1 Om telescope

- Atacama desert in northern Chlle

Janeiro

* MAX38 , '
- Our own deveIQped midfinfrared camera
- The unique instrument which has animaging
capability at 30 micron bands from the ground;“’f

- Wavelength coverage : 8 — 38 um
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- Spatlal resolution : 8” at 30 um

1 |n|TAO/ MAX3 35"



~ Results

Spatially resolved images of Mz3

at 18 and 25; 31 um were obtained.

- Abright peak‘is seen at the center
of the 18 um image.

The 18-um image well resembles
-~ the 17-um image obtained by
Smith (2005). ‘

The central region is also bright -
in the 25,31-um image.
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Analysis : péfphotometry

- PSF photometfy . the fluxes of the central region at 18, 25, 31 um

Object (Mz3)

Lol elalo i

* The 31um flux of the central region is much larger than the expected value.
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‘Analysis : mass estimation

< Masses of the warm/cold component at the center are estimated by a graybody
fitting with A"t emissivity.

- We apply the equation of Smith (2005) to this results.

— Massive dust torus in Mz
, : . Graybody fitting results

Smith+ 2005
| parameter | ___value

a Grain size 0.05-1.0 [um]

P Density 2.25 [g/cm3]
Stefan-Boltzman 5.7e-8 [W/m?2/K%]
Q, Emissivity Gilman - 1974

| Toust Temperature 70 K]
(
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' Orus in bipolar PN:M2-9

e Bipolar PN: M 2-9
- Similar structure to Mz3
i’nitial mass > 2Moe (Palla+ 1999)
- No dark lanes at the center region"
- Alight disk in the central region : M, = 1.5x10°Mo
(Lykou-: 2011, with MIDI)

* Double 12CO 2-1 ring were detected (Castro2012)

* Outerring : M, =1.0x10* Mo



Discussion : cold torus
~«  Observation ... MAX3S8. couldn’t‘resolve the Cold torus with 31um
- MAX38 31um resolution : 8 arcsec ~ 10000 AU

— cold torus < 5000 A :

- » Thermal equilibrium : the cold torus distance from the central star/~ 11000 AU
- optically thin
- normal size dust - . not resolved resolved
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Size distribution 335

| Dust temperature 70 [K]
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“possible explanations

1) Extinction of stellar radiation - 2)Growth of duSt grains
by the inner disk Gy in the'torus
-
B r C «

Chesneau+ 2007 : ol ° a4
tauy~ 3.5 |




2) Growth of dust grains in the torus ?
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Summary

We successfully obtained spatially resolved images of Mz3
at the 18.7 and the 20um, and the 31.7um bands.

- T!he cold component of T~70K was found at the central

region. s

The mass of the torus (1.0x103 M.) is 100 times higher
~than the previous studies.

Assumptions of the dust g'rain growth or the existence of
optically thick inner disk can explain the unresolved dust

““torus with MAX38 / 31 micron.






