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Motivation

Address two fundamental problems related to
mass-loss in massive stars:

— Clumping
— Weak-winds

Mass-loss diagnostics : Multiwavelength view
— UV (PV, OIV-V, CIV)
— Optical (e.s.), Halpha
— IR + Radio continua
_|_

— IR L+K Band spectroscopy

Potential of IR spectroscopy for Mdot estimates:

— Dense winds = Mdot + clumping
— Weak winds = Mdot
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DENSE WINDS

HD 14947
<g> Mdot
Unsaturated PV:

Mdot l factor 10!
BUT

Macroclumping

(Oskinova et al 07, Sundqgvist 2010,11)

Fullerton et al 2006
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WEAK WINDS

Puls, Vink & Najarro 2008 Very low Mdot for
Log L/Lsun <5.3

BUT
X-Rays
Mdot - Xray

degeneracy
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WEAK WINDS
X-Rays - Mdot degeneracy over 2 dex!!
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WEAK WINDS

Ha not optimal diagnostic !!!

— — 1.01077

Puls, Vink & Najarro 2008

6567
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CygOB2 # 11

N

Outer Clumping

Non-thermal emission

Najarro et al 2008
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Auer & Mihalas (1969), Mihalas (1978):
NLTE- effects amplified in the IR in hot stars (hv/kT < 1)

St/B, = (1+8/(hv/ET)) ", 6= by/by — 1

o

E.g. T=30000 K hv/kT =0.24 at By and 0.11 at Ba
Ba Dbl/bu=0.95 SL/Bv =1.83
Ba Dbl/bu=0.90 SL/Bv =11

Thin winds =» n=4 depopulation at line core.

Very high sensitivity =» valuable diagnostics for Mdot
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WEAK WINDS
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WEAK WINDS

2.1720] 3.7300

L-Band lines provide reliable constraints on Mdot

IAU Beijing 23 — Aug - 2012



1.04f Hel 3.70 1.04f

: ] 1.02} -
102} | Mo Ori 09.5V
1.00. ] 0.98: . I
0.98] 0.965 M=2d-10 Msun/yr .
o.gef 0.94|
0.92}

: : 1 0.90t
3.690 3.698 3.707 3.715 3.723 3.734  3.744  3.755

0.94|

%
=
[
T

0
R
[

E

>

O
z

1.0}
0.9}
0.8}

1.0} | o7

0.9t : I oel \ :
4.040 4.047 4.055 4,063 6535 6553 6572
Wavelength Beijing 23 —Aug - 2012

Najarro, Hanson & Puls 2011




DENSE WINDS
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Conclusions

Potential of L-Band spectroscopy for M estimates:

e Dense Winds:
— Ba = intermediate wind
— Pfy =2 inner wind

— When combined with other indicators
(multiwavelength studies) = wind clumping structure

« Weak Winds:

— Ba = reliable diagnostic tool to constrain M _
— Strong reaction of the emission core to low M values
— Wings behavior similar to Ha core

Ba - primary diagnostic tool to measure
very low mass-loss rates
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