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~ Newdetection of the C60 bands in Lin49
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L The orlgm (1. e. initial/current mass) of C

Kn wn Propertles of ”Galactlc” C60 PNe

. Coolcen-tralﬁstar and metal deﬁc1ent nebula about MC metalhclty

0PNe is unclear due to

B We. mvestlga e prop,eﬂ:les of Lmél9 >
’ B/ TN

Bl Objects <Teff> <logg> <[Ar/H]>

B Galactic C60 PNe (11 objects) 38600 3.80 -0.60

C60 SMC PNe (7 objects) 37600 ? -0.97

Lin49 in the SMC 30500 3.29 -1.07

Ref. G_arci_a—Herneinde_z et .al. ‘2010,"2(_)1 1, 2012; Otsuka et al. 2013, 2014, this work



Outlme

W1th VI:T X—SHOOTER and Spltzer IRS spectra we derlve

e Nebul__a abunda

* compare
the inii;ial \

\\ \ / |' /

i
. Through absorptlon line \fitting usmg’O Staf'ZOOZ Jgrid of s




Nebular Abundances

‘ Theﬂabundances could be explamed by the 1n1t1a11y 1. 25 Msun
with Z = 0. 06 Zsun AGB models of Fishlock-et-al-—(2014)

i, OV

AGB
model

10.99 +0.06 11.01
3.07 +0.23 8.056
6.93 -0.93 7.26

e(X/H) [X/H]

8.11 -0.62 7.638

L 7.18 -0.89 7.37
.. 6.02 -1.15 6.00
: | 4.03 -1.22 4.08
5.48 -1.02 5.28
4.55 -2.91 6.38



Outlme

W1th VLT X—SHOOTER and Spltzer IRS spectra we derlve

. compare 0
estlmated |

R \ / 1l /
. Through absorptlon line ttmg using~O- Staf2002 ygrid*of S




T 2

Stellar absorptlon ﬁttmg with TLUSTY
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: Wlth%;zr X.Si
o Nebula abunda ,

. Throu)gh absorptlon line
TLUSTY (Lanz & Hubeny
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F

. SED model with CLOUDY

. y Central Star

oV TLUSTY synthesized Dusty Nebula
spectrum - Rin = 0.0004 pc
et = D0V K s? Rout = 0.069 pc

Log = 3.29 cm s* ) nH = 4770 cm-3

7% 0.005-0.1pm
‘i\ 3 j l graphite




The NIR—IR data Cannot be ﬁttted w1th
e a normal ISM gram 51ze -

VLT/XSHOOTER - -
Spitzer/IRS —— |
CLOUDY (Total)
CSPN
Photometry (Obs) —e— |

Near-IR excess
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Flux Density (erg s cm2 ym™)

g Near IR Excess; |
I___S_tlochastlc heatmg by small partlcles? 1

For extremely small grams a photon energy E ph produces the difference

- between the max and min temperatures AT written-by

AT = Eph/3NKk (N: the number ofthe atoms in a molecule)
(Sellgren 1984;YWhittet 2003)
the radiation peak energy of the central star,is ~13.05-eV, N is ~40-60

VLT/XSHOOTER —— XSHOOTER spectrum ———
Spitzer/IRS —— Spitzer/IRS spectrum
CLOUDY (Total) ol Tpp= 1200 K —

CSPN y Tpp =860 K

Photometry (Obs) —e— Photometry @

\j

|
I

(Observation) - (CLOUDY Model) @

Residual F), (Obs - CLOUDY) (erg s™' cm? ym™)

CLOUDY SED Model

10
Wavelength (um) Wavelength (um)



i g - Near IR Excess |
_.I—Ilg 51ty component nearby the central star’P

: Low density nebula
Rin = 0.0004 pc
Rout = 0.069 pc
: nH = 4770 cm-3
TLUSTY synthesized e 0.005-0. 1}1m graphite
spectrum e Ot -
Teff = 30500 K

Log = 3.29 cm s? __ ngh den51ty nebula
& Rin = 0.0002 pc

25 Rout = 0.0004 pc

nH = 47800 cm-3
0.005-0.1pum graphite

N, o \




.+ .Near-IR EXcesS; i
component model can fit the observation

' CLOUDY model result -
SED of central star i
ESO/XSHOOTER — |
Spitzer/IRS spectrum —— |
Photometry —e— -

cm?2 um™)
3

-1

F) (ergs

Core-mass: 0.58 Msun
Luminosity: 6320 Lsun

Gas mass: 0.11 Msun
Dust mass: 4.14x10-5 Msun
Dust temp: 80-1420 K

Fa(ergstem2um™)

10

Wavelength (Lm)




. Stochastl/'heatmg n all partlcles'?

- What's type of partlc e? Co60 precursors'?
fulleren? (e.g.; C30; PlSkOtl et al. 1998, Nature)

- High-dens. &c po,_nt nearby the central star?

— Shell? flatten enve ope'? How did a ~1.25M sun"

star create? | , e |

e |s there a connectlon to Co0 formatlon'? - '

4

- Near-IR excess is seer \n C60 PNe -EOE
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