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OUTLINE

® LBVs openissues

® G79.29+0.46: a Galactic example

© LBVsat different metallicity : the Magellanic sample

©® ALMAproject and future work



Luminous Blue Variable

Luminous Blue Variable Stars

PROPERTIES
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Luminous Blue Variable

Openissues

© Massloss mechanism indipendent of metallicity ?

©® Dust producers in high redshift galaxies?

Eta Carinae HST - WFPC2 TERE l\/lultlcolor image o} the Canna Nebulaln 0pt|cal bands &

96 23a cl OPO - June 10, 1996

3 Morse (. CO) K. Davidson, U, WN), NASA X A Credlts ESQ" -




Luminous Blue Variable

Strategy

© Massloss mechanism indipendent of metallicity ?

é Study of the mass-oss history of LBVsin different
environments

é Massloss history by means of multlwavelength and hlgh-resolutlon
observations g i
(Umana et al. 2011a)

Eta Carmae — HST - WFPC2 el e "4 ultlcolor image o) the Canna Nebula |n 0pt|cal bands
e rse‘ ) Davidson, (U. MN), NASA ; "l S 'Cl'edltS ESO ;



Luminous Blue Variable

Strategy

® Dust producers in high +edshift galaxies?

é Determine the dust content and the rate of dust formation

é IR and sub-mm observations

Eta Carinae HST - WFPC2 LA O 'l\/lultlcolor image of the Canna Nebulaln 0pt|cal bands

PRC96-23a - ST Scl OPO - June 10, 1996

J. Morse (U. CO), K. Davidson, (U. MN), NASA . 'i.' 4 e Cl’edltS ESO 3




Luminous Blue Variable

Studying the mass-oss

Radio observations of Galactic LBVsprovided:

- lonized component of the nebula (bulk of the nebula mass)
- current mass-oss (central object, high-resolution)

HD162685

=
G79.29+0.46

VLA 8 GHz

Umana et al. 2011, a

IRAS{IBE6+0341
*

EVLA S GHz

Umana et al. 2011, b

VLA 5 GHz

Buemi et al. 201Q)

Buemi et al. im preparatiom
Duncan & Wihite 2000



Luminous Blue Variable

Studying the mass-oss

Radio observations of Galactic LBVsprovided:

- lonized component of the nebula (bulk of the nebula mass)
- current mass-oss (central object, high-resolution)

HD162685
AG Car

e iotiala N ety Fal

Mioniz [Msun] dM/dt [M sun/yr]. Ref

G79.29+0.46 1.5 1.6x10° Agliozzo et al. 2014
G26.47+0.02 17 1.9x104 Umana et al. 2012

IRAS 18576+0341 2.5 106 Buemi et al. 2010
AG Car 9 5x 105 \Voors et al. 2000;

Hen3-519 2 104 Duncan & White

2002;:Buemi et al. in
WRA751 1.8 5x 105 prep.

HD168625 2 1.5x10° Umana et'ali 2010

HR Car 0.1 2x10° Nota et al. [ 1996b
G24.73+0.69 0.5 10° Clark et al. 2003

Umana et al. 2011, by ATCA 8 GHz -
VLA 5 GHz .

Buemi et al. 201Q) - ATCA5GHz

Buemi et al. im preparation
Duncan & Wihite 2000



Luminous Blue Variable

Exploring the mass-oss history

G79.29 + 0.46 is a candidate
luminous blue variable located

in the CygnusX star forming region
at a distance of D ~ 1.7 kpc
Nebulasize 2ix2j

MIPS imageat 24 ¢m (red)
+

EVLAmMap at 5 GHz (grey)

¥

Figure 3. 6 cm EVLA map of G79.29+0.46 (gray) superimposed to the MIPS NEbL”a IS IoNnization boundEd
24 pm map (red). The field of view is 3/5 x 3!5 centered on the LBV position.

Umana et al. 2011, b

Umana et al. 2011, b



Luminous Blue Variable

Exploring the mass-oss history

Umana et al. 2012

50

ascco

001

Ho 0 00

asec

Figure 2. Left: the map of Gal 026.47+0.02 at 5 GHz superimposed on to the 70-pum image (FOV ~250 arcsec). In the zoom of the radio image (right), the
contour levels are 0.18 x (4, 6, 8, 10, 13, 16, 20, 25, 30, 40, 50, 60, 80, 100, 130, 160, 200) mJy beam™".

PACS imageat 70 em (red) G26.47 + 0.02 is a candidate
+ luminous blue variable at a

VLAmap at 5 GHz (grey) distance of D ~ 4.8 kpc




Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

Exploring the mass-oss history of G79.29+0.46

T e PACS images
VJLOO arcsec 70. 100, 160 &m

3 dusty shells
at ~ 100, 150, 200 arcsec

)

Vexp=30 km s

Waters et al. 1996

| Kinematical ages
t, =5.4x10% yr
t, = 4.0x10% yr
ty =2.7x10% yr

The derived
mass-loss rate

0 =14p T 'E0T ]

can not explain the
| nebula mass (~1.53'\)
Agliozzoet al. 2014 in a timescale ~ 104 yr




Adec (asec)

Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

Exploring the dust content in G79.29+0.46

Hot stars do not emit down to 160 €m

Nature of the central object?

PACS images

A=100 pm

Agliozzoet al. 20141




Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

Exploring the dust content in G79.29+0.46

Point source catalogues

2ZMASS U H K
WISE (312 &m)

Archival data

Spitzer

IRAC (8 nm)
MIPS (24, 70 mm)
IRS ( 5-37m)

(70,100, 160 mm) -



Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

The nature of the central object in the IR

100.0
A=70 pum
200 10.0
— 100 —~
0 =
© < 1.0
(&) L
(B}
b}
< -100
0.1
-200

T T r'|~l.l,[J_|.

Te; = 1.00 T, = 20000 K

T, = 1169 K

T, = 337K

T, = 145 K

T, = 37K

10 100

A (um)

1 black body (input: T) + 4 grey bodies (T: free parameters)
BESTFIT following Flageyet al. 2011)

Wesuggest a range of temperatures explored by T1 to T4, in
a circumstellar envelopeclose to the central star.

Agliozzoet al. 20141, MNRAS 1440, 1391A



Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

The IR nebula of G79.29+0.46: populations of dust

r=8 um |IRAC A=24 um MIPS

4 Resolution: 200 F
28 » CNJIRAC) 2
@B < @Njmips) 100f

asec
[=]

-100

200 F

Nebula
ionization bounded 100

8 ¢m well-contained
within the ionized

asec
[=]

nebula -100

24 ¢em emission -

more extendedthan - e
. . -200 -100 0 100 200 -200 -100 0 100 200

the ionized gas asec

Cmcne ¢l sl 2011, Apdl, 7329, L7117



Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

The IR nebula of G79.29+0.46: populations of dust

r=8 um |IRAC A=24 um MIPS

4 Resolution: 200 F
28 » CNJIRAC) |
@B < @Njmips) 100}

asec
[=]

-100

200 F

Nebula
lonization bounded 100

8 ¢m well-contained
within the ionized
nebula ~100

asec
[=]

b
=
w

-200 -100 0 100 200
asec

24 em emission oo
more extendedthan
the ionized gas

Cimsine ¢ sl 20100, Apdl, 7322, 117



Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

Modelling the nebula of G79.29+0.46

Photo-ienizatiomn code

CLoUDY

Input:

parameters derived from
radio and infrared! analysis

Parameter Value
Ters (K) 20400
D (pc) 1700
logirin) (cm) 18.3085
logirin) (pc) 0.66
M (Mg) 1.53
log(L/ (L)) 5.4
log(ny) (em—3) 2.13
T, (K) 5800)
gas /dust 99

Flux (Jy)

10000.0

1000.0

100.0

10.0

1.0

O-l 11

ISO/Isocam @

WISE @

IRAS ®

Spitzer/Mips ®
Herschel /Pacs

EVLA ®

10 102 10° 10* 10°
A (pm)

Wesuggest that the emission at the IRACbands
Is due to spectral lines rather than dust.

Agliozzoet al. 2014) MNRAS, 440, 1391A



Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

Modelling the nebula of G79.29+0.46

Photo-ienization code 1001000 AT
cLoOuUpPpY - 1SO/Isocam @
L WISE @
B Se 7
Input: 1000.0 = ) 200 F - ° E
parameters derived from - / by Ao -
radio and infrared! analysis - 100F - .
_ 100.0 " - =
> = 13) J
> C 3 0 ]
: : ) :
Parameter Value =
IO.OE— ~100 E
Ters (K) 20400 g :
D (pc) 1700 - -200 1
ln::-glirm] (cm) 18.3085 1.0E 2 - -
(l_in] {PC} 0.66 E =200 -100 0 100 200 E
M (Mg) 1.53 i ———————"
og(L/(Lz)) 5.4 0.1 L1 Ll C Ll Ll
og(ng) (em—3) 213 10 10° 10° 10* 10°
TE (K) 5800) M (um)
gas/dust 99 Wesuggest that the emission at the IRACbands

Is due to spectral lines rather than dust.

Agliozzoet al. 2014) MNRAS, 440, 1391A



Luminous and variable
stars in M31 and M33

(Humphreys et al. 2014)

no evidence hot dust.

The dust may be cold
and neededto be
observed from the mid-
IR to the sub-mm

10-14

10 13

AR, (W/mt)

lO-Lt

10 14

10 13

AMYOTW m? |

10

10 14

AF, (Wim®)

107

M31 - AF And

M33 - Var 83

M31 - Var Al

M33 - Var C

M31 - Var 15

M33 - Var 2

A pem)

il A (pem)

10

Fig. 9.— The SEDs for the confirmed LBVs. The symbols are the same as in Figure 7,
e xcept for Var. 15. We also use open circles for the earlier B and V photometry when
it was brighter. As no ted in the text we've used visual and near-infrared photometry for
Szeifert et al. (1996) for Var C. Note that AF And and Var. 15 show PAH emission.



Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

Properties of the dust in the nebula

Hp: thermal dust, opically thim

Table 7. Assumed chemical composition, grain size and absorption coefficient. We also show the derived optical depth, temperature and mass of the dust,
where 21 and Az are 869 and 13.5 um. respectively {(for hot dust) and 24 and 70 pm (for warm dust}).

Composition Ky Kig Tk, Tis T M; M,
and size { pum) fem® g~y (em® g~y {K) (M) Mz
Warm dust

Silic. (0u00, 0.1, 17 6477 a3t (4.0 £ 04) = 1o=* (4.2 £ 0L8) = 1= 594+ 18 0032 £ (.0 0032 £+ 0,006
Ciraph. (0.01] E LI 107 (6.1 = (L6) = 1= (22 x04) = 1= T2+ 22 0011 £ 0002 0011 £ 0.2
Ciraph. (0.1} 304 Y 62206)= 107 (222£04) = 107 T2422 0010 £ 0002 0010 £ 0002
Ciraph. {1} L L E1L I (36 x04) = 1= (1.8 x04) = 1= TT L+ 23 (3] £ 000G 031 £+ 0006

O 0 Yz

Averagedust temperature ~60-80 K

z =l "/

Averagedust mass ~0.02 M,

M="/+0

Agliozzo et al. 20145 MNRAS, 440, 1391A



Luminous Blue Variable: The galactic candidate LBV G79.29+0.46

Properties of the dust in the nebula

Hp: thermal dust, opically thim

Table 7. Assumed chemical composition, grain size and absorption cocfficient. We also show the derived optical depth, temperature and mass of the dust,
where 21 and Az are 869 and 13.5 um. respectively {(for hot dust) and 24 and 70 pm (for warm dust}).

Composition Ky Ky Tag Tiy T M, M;,

and size (pm) em? g=1)  (em? g=) (K) (Mg) (M)
Silic. (0000, 0.1, 1
Graph. (0.01) Mdust [Msun]  Tidust [K]
Graph. {0.1)
Graph. (1) G79.29+0.46 0.02 60-80 Agliozzo: et al. 2014
G26.4/7+0.02 0.01-0.03 (1-92 Umanaetal. 2012
(ORNI  |[RAS 18576+0341 0.01 130-150 Buemi et al. 2010
AG Car 0.2 Voors et al. 2000;
— ” Smith et al. 1994;
4 = I Hen3-519 0.007 V(Trlnv;[ir: -Nakou et al.
’ WRA751 004 2013;Buemi et al. in
M="/ ¢ ¢ S

HD168625 0.001 110210 Umana et al. 2010
G24./3+0.69 0.004 60 Clark et al. 2003

Agliozzo et al. 2014 MNRAS, 440, 1391A



Luminous Blue Variable

LBVsin the Magellanic Clouds

PRODBLEI
LBV phenomenon indipendent of metallicity,?

Smith & Owocki 2006;, Apd 645, L45

ME | HO
LMC:laboratoery to test if LBVis a metallicity,
independent phenomenon (D ~ 48.5 kpc,

Linc™ lj/z Zy).

TARGE
LBVNein the: LMC (poorly observed).

No observations in the radio)sofar:.IR?
observations not suitable for exploring the
dust content in the LMC.

HST optical images available in the data
archive.

_ Weis 2003, A&A, 408, 205




Luminous Blue Variable

LBVsin the Magellanic Clouds

PRODBLEI
LBV phenomenon indipendent of metallicity,?

Smith & Owocki 2006;, Apd 645, L45

ME | HO
LMC:laboratoery to test if LBVis a metallicity,
independent phenomenon (D ~ 48.5 kpc,

Linc™ lj/z Zy).

TARGE
LBVNein the: LMC (poorly observed).

No observations in the radio)sofar:.IR?
observations not suitable for exploring the
dust content in the LMC.

HST optical images available in the data
archive.

'
Weis 2003, AZA, 408,205




Luminous Blue Variable

Radio detection at ATCA

—1.0 wnaiva —1.0 wnaiva
6 I ———— — 6 T ———— T
-
1.0 9
B
»—\727
Q
a
17
3]
-
& qof
o
a
a
<
1ol
—4F
R127 R143
P ) L TR R P
4 6 —6 -4 -2 0 2 4
ARa (arcsec )

5 GHz

9 GHz

17 GHz

Agliozzoet al. 2012
Aagliozzoet al. 2015, in preparation



