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4% (Gehrz, Truran & Williams 1993; Gehrz et al. 1998)
1). CO¥ 2
- HEEBMIEEEDCORBRERE (M, <1.1IM ) BNEZREICEDBRR
- free-free phase D& HoF-&IZ. F AN A HRE .
[e.g., V2362 CYGNI (Lynch et al. 2008), V705 Cas (Evans et al. 1997), etc.]
- 15X A MERL (both Silicates and Carbonaceous dust)

2). ONeMg$¥T £
- B K E B DONeMgE B IE 2 (M,,p>1. 1Mo ) DRE TORZKREDHERIESRISNIRE
- free-free phasem#& 4> 27=1& &, coronal emission-lines phaselZ#1T9 %,
- No or little evidence of dust formation (cf., V1974 CYGNI; Woodward et al. 1995 )

Dust Forming Novae (Gehrz et al. 1998)

Object Year  Type of Dust Object Year  Type of Dust

FH Ser 1970 C OS And 1986 C?

V1229 Aql 1970 C V842 Cen 1986 C, SiC, HC
V1301 Aql 1975 C V827 Her 1987 C

NQ Vul 1976 C QV Vul 1987 C, Si02, HC, SiC
V4021 Sgr 1977 C LMC1998#1 1988 C?

LW Ser 1978 C V838 Her 1991 C

V1668 Cyg 1978 C V704 Cas 1993 C, HC, silicates
V1370 Aql 1982 C, SiC, SiO2 V1419 Aql 1993 ?

PW Vul 1984 C V1494 Aql 1995 C

QU Vul 1987 Si02 V2274 Cyg 2000 ?
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Light Curve Evolution and Mass loss/Dust Formation History of V1280Sco

(1) DISCOVERY ; 2007,Feb.,4.85 [JD=2454136.85] (t=0 days; Yamaoka et al. 2007)
(2) THE TIME OF EJECTION ; 2007, Feb.,15 (t~10.5%7 days; Das et al. 2008; Chesneau et al. 2008)
(3) MAXIMUM LIGHT CURVE ; 2007, FEB., 16 (t=12 days after the discovery)

(4) ONSET OF DUST FORMATION ; 2007, FEB, 28 (t=23 days after the discovery)
(5) HIGHEST DUST FORMATION ; t=36-45 days 7.4x10° M /day (Chesneau et al. 2008)

(6) SECOND MAXIMUM ; 2007, MAY, 20 (t=104 days after the discovery)
(2)The time of ejection (t=10.5d)
(3)Maximum light curve (6) Second Maximum light curve (t=104d)  (days after the discovery)
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Julian date — 2454000 (days) (Chesneau et al. 2008)

V1280Sco) H % 2 & £130.6M, (Naito et al. 2012)
> RUAEHBELOENVTEFED—2,
Nebular phaselZ#1T79 ©F T2000H L LM 5,
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Luminosity and Temperature Evolution WD
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(Kato & Hachisu 1994, ApJ, 437, 802)
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V1280Sco; M,,p= 0.6Mg,
Assuming X =0.35, Y=0.33, C+0O=0.30

Day 150d;
Tywp=25,000K
M,,p=16,000L,

Days > 1000d;
(close to nebular phase)
Tywp=100,000K
M,,p=18,000L,



Expanding Dust Structures Around V1280Sco

d=1.1%0.4 kpc (Naito et al. 2012)

1"

1” corresponds to the distance
at which the ejected materials
with 350km/s can travel in 5000 days

0.25”

the distance at which the ejected materials
with 350km/s can travel in ~1250 days

0.32”

the distance at which the ejected materials
with 350km/s can travel in ~1600 days

0.40”

the distance at which the ejected materials
with 350km/s can travel in ~2000 days

Pay 1864 (#dupp 8010

Subaru/COMICS N11.7, Gemini-S/TReCS Si-5 (11.7um)



Dust SED Model Fit (V1280Sco at Day 150)

Temperature evolution of amorphous carbon
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Dust SED Model Fit (V1280Sco at Days 1272, 1616, 1947)

flux dansity (Jy)

flux dansity (Jy)

flux dansity (Jy)
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Amorphous Carbon Astronomical Silicate

Epoch (days) 1272 1616 1947 1272 1616 1047
Temperature (K) 505410  480+10 410410 200410 210410 180+10
Mass (10°"Mg)  0.9475%% 0897539 119701 106135 04732 126732
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Temperature of Amorphous Carbon (K)

Temperature evolution amorphous carbon

of various size assuming optically thin geometry
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Dust SED Model Analyses (Days 1272, 1616, 1947)

11.7um image of V1280Sco (Day 1947) Geometry of dust around V1280Sco
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V12B0Sco (Day 1247) =
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Wavalength (micron)

Composition of Dust;
Amorphous Carbon with a=0.01um
Astronomical Silicate with a=0.01um
Qe (A), Q' (A) for A<0.1um; Dwek & Smith (2006)
Qer, (A) for A>0.1um; Zubko et al. (1996)
Qs (L) for A>0.1um; Draine et al. (1984)
——————————— Stellar Parameters - - - - - ------
White Dwarf Mass; M,,,5=0.6 M,
Effective Temperature at Day 1272; 100,000K
Total Luminosity at Day 1272; 18,000L,
——————————— best-fit parameters - - ---------
Inner Radius of Carbon Dust Shell; re", =0.16"
Outer Radius of Carbon Dust Shell; re"_ ,=0.32"
Inner Radius of Silicate Dust Shell; rs!. =0.32"
Outer Radius of Silicate Dust Shell; rs!l | .=0.80"
Initial Number Density at r", ; p©" =1.0x10% (m3)
Initial Number Density at r! ,; psil | .= 2.5x10% (m3)
Opening Angle; 15deg
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MIMIZUKUIZ K5 H BELE & D#rGE R D Ex&

(1) 3 - P fEl R4V $RSpectral Energy Distribution(SED) D Bt 43 f& 4
- LEESBO R EA DA R N UET D SED D R 73 BE AT (X | optically thin DR E [E A& Y],
A ARD 5. geometrylTX LT, BYIGETILVEEIRT SBLENH D,
A XD, FERIERT. &8
- free expanding nova ejectaf THDF AN EEME (X RIEED ?
-BEOERAREDERIZLAZEEFTHRMAAATRMN?

(2) ZZREIBERIZ x9SR
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MIMIZUKUIZ K5 H BELE & D#rGE R D Ex&

(1) 2FF A0 HETRIZx T 55R
- optically thickZiphaseZ k5= 121, LLEIAF AR B LV Ef
((BEE~1008 LIR)DEFE 2 fEEED & L EBINE R,
- SZEMDREEDERANL. BEEDX AN OBEDFEDREICWHAE,

2) FTEICESF TOEERH L DILFHIERE
- 1000-2000 A 2 E O R ARG ERIIZ L - T, ejectatZEIED
HEERADEHRES S, Optically thinlZEN X FARD DA AR)(Z
I 5B EFHED A EEISERFINSD T, FRIPSEDEEMTIZE DL
BEFMZECLT. FRAFDHFRERE. HDHWIE., BIFERIEZTRAND,
FFIZONTADIRSFEWIIEFEMRICARLIDHENHY,
(3) # ARDZE & (annealing)
- N-band DE D B2 FER A KTV Q-bandDIE A ER 7 S ERBI N E R,
- amorphous carbon[ZDULYTIE aliphatic = aromaticD £ 1t
- astronomical silicatel 2D ULNTI& crystallization D EHE N EE
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V1280Sco;

- PRSI FR SR SED K UN-band 7 Sk e &858 (R FE KA D)
Day 150; Subaru/COMICS N8.8, N11.7, Q18.8, Q24.5, NL spectroscopy
Day 1272; Gemini-S/TReCS Si-1, Si-3, Si-5, Qa, Qb, NL spectroscopy
Day 1616; Gemini-S/TReCS Si-1, Si-3, Si-5, Qa, Qb, NL spectroscopy
Day 1947; Gemini-S/TReCS Si-1, Si-3, Si-5, Qa, Qb, NL spectroscopy

- Q-band 7> YL &R Bl (silicate DL SHL D H EFE)
Day 1947; Gemini-S/TReCS QL spectroscopy

V1309Sco;
2010/8; Gemini-S/TreCS Si-1, Si-3, Si-5, NL spectroscopy
2012/6; Gemini-S/TreCS Si-1, Si-3, Si-5, Qa, Qb, NL spectroscopy

V5587Sgr;
2012/6; Gemini-S/TreCS Si-1, Si-3, Si-5, Qa, Qb, NL spectroscopy

V445 Pup;
2012/6; Gemini-S/TreCS Si-1, Si-3, Si-5, Qa, Qb, NL spectroscopy

Gemini-S/TReCS iR (2012.8-) XERXRADE AT EE(Z
Subaru/COMICS £ & U Subaru/Mimizuku (2014(?) LAB&) 3¢t KR AKRIZ R T s

SOFIA/FOCASTT®D FfEl Fr 4V &7GRI XA dt KR D &R 0D B F A4 8RB (X R gE 2



Appendix



Temperature Evolution of Dust Formed in the Nova Wind

Assuming the radiative equilibrium

4m a2 <Q,ps(@, Ty)> Ty? =1 a2 <Qgps(@, Twp)> Twp® (Rwp/r)?
Lwp = 476 Ryp?Two?

<Q,,<(a,T)> ; the Planck mean absorption cross-section for amorphous carbon
a; the radius of a dust grain [m]

T4 the temperature of a dust grain

r; the distance between the dust and the white dwarf [m]

Ryp; effective radii of the White dwarf star [m]

Two, effective temperature of the white dwarf star [K] (~10000K; Chesneau et al. 2008)
Lypo: total luminosity of the white dwarf star [W] (~8400L,; Chesneau et al. 2008 )

o ; Stephan-Boltzmann constant [W K*m™]

r= (I—WD/:I-6TEG)1/2 (<Qabs(a’TWD)> / <Qabs(a’Td)>)1/2 Td-2

If the dust particles formed in the nova wind ejected at t=t,; are assumed to expand
with a constant velocity v, [km s], they reach at r = 8.64x107 v (t—t;) [m]

(Lo 1670)"2 (<Qqpe(@, Typ)> / <Qups(@, Tg)>) V2 T2 = 8.64x107 vy (t — )
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Near Infrared Spectrum of V1280Sco
at ~940 days with AKARI/IRC

(a) Near-Infrared spectrum of
COygas  COgas V1280 Sco on the epoch 940
absorption absorption .
days after the discovery
V1280 Sco (days 940) —— | normalized to the continuum
obtained with Infrared Camera
(IRC) onboard AKARI.
A PAH 3.3um feature with a
strong redwing in 3.4-3.6um was
recognized.

aromatic
1C-H stretch

aliphatic
C-H stretch

}

Bro
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26 28 3 32 34 36 38 4 42 44 46 438

(b) ~ ,  DfweCamcicEmsson—— | () Near-infrared spectrum of
mplate) .

Galactic ISM as an example of
typical spectrum of PAH features
with a normal inter-band ratios
T e AT e e e i among 33’ 34 and 35“ m
P o . o = Fl  features obtained with

26 28 3 32 34 36 38 4 42 44 46 48
Wavelength(um) AKARI/IRC.
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Mid-Infrared Spectral Features over the Infrared Continuum
modeled with amorphous carbon and astronomical silicate
at 1272 days

10g—
Day 1272

A p—_ _— UIR bands
. {HALS ene )
i“ |'H —I—l H'l crystaline silicates

Lo
_-Il;‘ reidual amerphous silicate
=
o 4
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2
™ 2

bl
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B 2] 10 11 12 13
Wavelength (micron)

Features at ~¥8.1um, ~8.7um, ~11.35um;

Hydrogenated Amorphous Carbons (HACs), NH2-rocks (Grishko & Duley 2002)

- similar to those found in V704 Cas 1993 (Evans et al. 1997, 2005)

A Broad Feature at ~10.1um; amorphous silicate
Features at ~¥9.2um, ~¥9.8um, ~10.7um, ~11.4um;

Possible contributions of forsterite, enstatite and diopside (Molster et al. 2002)



Mid-Infrared Spectral Features over the Infrared Continuum
modeled with amorphous carbon and astronomical silicate
at 1616 days

10

Day 1616

g} em == mmm  UIR bands
[HAC: &1e}

1
H'I |'H -I—l H—l crystalline silicates
I—I— regicdual amorphows slicane

Flux Density (Jy)

g g 10 11 12 13
Wavelength (micron)

Possible HAC features at ~8.1um, ~8.7um, ~11.35um have diminished at t=1616 days



