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Luminous Blue Variable Stars
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RG Ramo delle giganti
SgB Supergigante blu
SgG Supergigante gialla
SgR Supergigante rossa
SP Sequenza principale
SubG Stella subgigante
WR Stella di Wolf-Rayet
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Percorsi evolutivi

SpeCtral type 60 masse solari
0B (30-20x10°K) |l
A-F (10-8x103 K) |

Q M~10_7 — 10—4 M@ yr_l ﬂ Temperatura (Kelvin)
(stellar wind or outburst) Q SN impostors

® t~10*yr mmp  Nebula ~ few Mo

@
Q
)
(0
=
(7]
Qo
£
£
=
-

1




Luminous Blue Variable Stars

Rare objects (lifetime ~ 104-10° yr)

g ST R
A recent census in the Milky Way | : - ~
reported: 2 '. ,
12 confirmed LBVs g
23 candidate LBVs ¢ A ey
A few reported in nearby galaxies: o ;S
For ex. 22 objects in the - i

Magellanic Clouds

Pistol Star and Nebula
Hubble Space Telescope * NICMOS




Luminous Blue Variable Stars

Most interesting aspects

@ Direct progenitors of
Wolf-Rayet stars and
core-collapse SN

@ Provide enrichment of
processed material and P
mechanical energy ox M

Dust producers in
high-redShift gaIaXieS? PERtCa96-(2:3?ris'1"lgcleOP0 - June 10, 1996 slb i

J. Morse (U. CO), K. Davidson, (U. MN), NASA




Luminous Blue Variable Stars

Open questions

Q Mass-loss mechanisms (steady wind or violent eruption)

@ Origin and shaping of the LBV nebulae

Q Lifetime of the LBV phase

Q Total mass lost during the LBV phase

The total mass lost is a fundamental parameter
lo test evolutionary models.

A multiwavelength approach...



A Galactic example: G79.29+0.46
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A Galactic example: G79.29+0.46

D~ 1.7 kpc

Multiple-shells
i.d. different
mass-loss episodes

~ Spitzer observations T~350K
IRAC (3-8 um)  WARM DUST (d, ~ 0.8 pc)
MIPS (24, 70 um) (d, ~1.6 po)

Umana et al. 2011, ApJlL, 739, L 11



A Galactic example: G79.29+0.46

-200 -100 0 100 200 -200 -100 0 100 200 -200 -100 0
sec asec asec

EVLA observations

1,10 June 2010
Config. D, Band L+C IONIZED GAS

1, 5 December, 2010
Config. C, Band L+C

Umana et al. 2011, ApJlL, 739, [ 11
Agliozzo et al. 2012, in preparation



A Galactic example: G79.29+0.46

0 100 200 -200 -100 0 100 200 -200 -100 0
sec asec ase

IONIZED GAS and DUST coexist

M~5x107Myr!

Umana et al. 2011, ApJlL, 739, [ 11
Agliozzo et al. 2012, in preparation




A Galactic example: G79.29+0.46

GREY: EVLA 6 cm
RED: Spitzer 24 um

50 asec

Kinematical Age

Verp= 30 km s
t, = 2.7x10% yr
t, = 5.4x10% yr

Umana et al. 2011, ApJL, 739, L 11




LBV Nebulae in the Large Magellamc Cloud;‘;“

-.'._i,.Smlth & Owocki 2006, ApJ 645,145 .
- LBV extreme mass-loss via eruptlve eplsodes, drwe‘h by
metalllmty mdependent mechamsms -

LB\/s |mp0rtant m the evolutlon of early umverse : ;
.’.'masswe stars e e L e

'- LMC Iaboratory to test if LBV isa metalllclty |
S T-mdependent phenomenon (D 48 5 kpc ZLMC /2 Z@)



HST detections of LBV nebulae in the LMC

W

HST observations

1998
WFPC2 j
Ho-equivalent filter F656 N

Weis 2003, A&A, 408, 205




HST detections of LBV nebulae in the LMC

B

Weis 2003, A&A, 408, 205




HST detections of LBV nebulae in the LMC
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LBV nebulae in the LMC

ATCA observations

18-20 April, 2011
4 Config. 6km
| Band 3+6 cm

F—
$ ~,
$ X

20-22 January, 2012
Config. 6km
Band 15 mm

5,
S&[

Agliozzo et al. 2012, in preparation



S61T A=1.7cm

R127 A=1.7cm
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Beam = 0.8°x0.7”
RMS = 0.01 mJy/beam
Iyax = 0.13 mly/beam

Fior = 2.5 + 0.2 mly

s

A

arcsec

R127 A=1.7cm

—0 4, ey

arcsec




R127 A=1.3cm
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Beam = 0.6°x0.5”
RMS = 0.03 mJy/beam
Iuax = 0.14 mly/beam

© D.Smyth, CSIRO



R127 A=1.3cm

1:5 'b'l "

e Physical properties

WUt F(1.3cm)=0.14 m]y
% 0.0
. — M~2x10'5M@yr'1
<
3 = Current-day mass-loss

Beam = 0.6”°x0.5”
RMS = 0.03 mJy/beam
Iyax = 0.14 mJy/beam

B 1= 6.7 5107y Ee0 o]




Physical properties R127 A=1.7cm

n,~ 100 cm3
Mionized =12M O

tnebula =2 X 104 yr
Fov=2Xx 1046 s71

arcsec

Spectral Type > B1 ;
oy
a8
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1= 824X 107 T, 1 >3v 21 EM -
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EM = Jne dl arcsec
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Evidence of dust

- P . . R127 H, 2=656.28nm
Comparison with Ha

Sy =8.81x 10°T¢>3v~*1YF(Ha)

Intrinsic extinction

arcsec
=
T




L.

. . R127 H, »=656.28nm
Comparison with Ha

4_ 5 -

Sy =8.81x 10°T33v %1YF(Ho) | |
2 [ -

Intrinsic extinction or

arcsec



Evidence of dust

R127 H, A=656.28nm

Comparison with Ha

Sy =8.81x 10°T¢>3v~"'YF(Ha)

Intrinsic extinction

arcsec




Evidence of cold dust in MCs LBV
R71 |

Spitzer (IRAC+MIPS) - Far-IR

P [ :

[T, ~ 500 K e Fomponen;

Herschel (PAC+SPIRE) S - B2 :
J
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| PACS 100
T ’.i._'gf
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. 1 arcmin 1 arcmin Pt

SPIRE 2500).0 - (® SPIRE 350 407 - 311> SPIRE 500/

Boyer et al. 2010, A&A, 518, [ 142
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Tpe Flux Ty Field of View
Band Frequency [GHz] Angular Resolution [*] Maximum Scale [*]

[mK] [mJy] [K] [']
Properties of the Compact Configuration (baselines of ~18 m to ~125 m)

100 8. 21 0.65

Properties of the Extended Configuration (baselines of ~36 m to ~400 m)
3 100 .56 105 7.6

4.5 11
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Exploring the dust components with ALMA

Band 7 (345 GHz)
Bandwidth 7.5 GHz
Config. Compact

1 =0.02 mJy/pixel (pixel=0.1")
Beam 1.55”x1.55”

1 =5.6 mJy/Beam

Time on source = 20 s (30)




Exploring the dust components with ALMA

ALMA 345 GHz + ATCA 17 GHz

(woaqg/Ar)
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Time on source = 20 s (30)

resized model sky




Exploring the dust components with ALMA

Band 7 (345 GHz2)
: Bandwidth 7.5 GHz
e _1 it Config. Extended

i | l i |
—400 —200 20 0 00 05 10 15
ulklambdal

Grafite_345GHz_extended_2500sec.alma.cycle0.extended skymodel flat

1 =0.02 mJy/pixel (pixel=0.1")
Beam 0.45°x0.45”

1=0.5 mly/Beam

Time on source = 40 min (30)

resized model sky




Exploring the dust components with ALMA

ALMA 345 GHz + ATCA 17 GHz
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ALMA 700 GHz

Analysis of the dust

(L,uoaq/Kp)

J2000 Declination
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Conclusmn i yr
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. Multlwavelengths (ALMA+ATCA) different CSE
components

Current-day Mass-Loss + Kinematical Age of the
nebulae




