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Evolution of a 40 solar mass star

from Wittkowski, Weigelt, Langer 1998



VY CMa

* is fabulously luminous
—-1-310°Le

* probably the star known
* one of the most largest and luminous stars known

and massive
— (peak) mass 40 Me (current mass 15 Mp)
Wittkowski, Weigelt, & Langer 1998

has an iImmense mass-loss rate
—1-210% Melyr
Monnier et al. 1999; Harwit et al. 2001

Is HUGE — @=25 mas (=23 mas) > & Saturn orbit!!!

will probably go supernova within next ~10% yr
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VY Canis Majoris

Fram Wikipedia, the free encyclopedia

VY Canis Majoris (VY CMa) isl currently the lar cnown star fand also one of the most
luminous. Located in the cons [ Vpergiant, between 1B00 and

2100 solar radii, 8.4-9.8 astronomical units, 3.083 billion km or 1.7 billion miles in diameter,

and about 1.5 kiloparsecs (4,900 light years, 4.6 x1 91 6 km or 2.9 x1 91 6 mi}) away from
Earth. Unlike most hypergiant stars, which occur in either binary or multiple star systems,
VY CMa is a single star. It is categorized as a semiregular variable and has an estimated
period of 2000 days. The actual size of VY Canis Majoris is 3,063,500,000,000m or 3.08
Tm (Terametre), ! giving it an average density of 0.000005 to 0.000010 kg/m®.

Contents [hide]
1 Mature of VY Canis Majoris
2 Measuring the distance

VY Canis Majoris

WY Canis
Majoris

Size comparison between the Sun and VY Canis
Majoris




D(VY CMa) =

1.14+/-0.10. knc VERA/H O masers
. Choi et al. 2008 PR

1.20+/-0. 12.kpc VLBA/Sl'O masers
Zhang, Reid Menten & Zheng 2011

Strongest known stellar . -
OH, H,0 and SiO masers

http://veraserver.mtk.nao.ac.jp/outline/vera2-e.html



Why study VY CMa?

into interstellar medium

e Study and in the same molecular
cloud

Study precursor of
e Wolf-Rayet star

e core-collapse supernova
(asymmetries in envelope)



Why study VY CMa (il)?

e Great source for molecular and solid-state spectroscopy
— high quality circumstellar

e VY CMa is for O-rich stars what IRC+10216 is for C-rich stars and
WERE

e > 10 x higher luminosity and a

e 10 x higher mass-loss rate

oU T
e jtis 10 x farther away and

¢ is has more O than C (which drives IRC+10216’s
extremely rich chemistry)



Peculiarities...

e Metal and metal oxide lines are seen in
Nal,KIl, CalandTiO, ScO, VO
bandheads Herbig 1970



VY CMa - High Resolution Optical/IR Imaging
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Molecules in the dense circumstellar

Much further out (> 1000s of
AU): Interstellar UV field drives
ion-molecule chemistry

envelopes of

Density drops. Molecular
: Pl abundances “freeze out”.
- / ]
¥

Dust formation: Grains form.
B Refractory elements condense
R into grains

LTE chemistry: Molecular

abundances given by the
M clemental abundances and
@8 dissociation energies

j x5=10 for

0.08 Radius (arcsec)

ot U




MULLER ET AL. Vol. 656
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THE ARIZONA RADIO OBSERVATORY 1 mm SPECTRAL SURVEY OF IRC +10216

AND VY CANIS MAJORIS (215-285 GHz)

E.D. Tenengaum!-22, J. L. Dopp'-2, 8. N. MiLam®, N. J. Woorr', anp L. M. Ziurys'-24

THE ARO 1 mm SPECTRAL SURVEY OF IRC +10216 AND VY CANIS MAJORIS

VY CMa
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Tenenbaum et al. 2008 —2010



I
| VY CMa

AlOH

[X][H + H® + H,]

19

V g (km s™)

PO, AlO, AIOH
PN, AICI Tenenbaum & Ziurys 2010




A Submillimeter Array Legacy Program
e CfA/Harvard U.:
K. H. (“T”) Young, N. A. Patel, C. A. Gottlieb, P. Thaddeus, M. C.
McCarthy, & M. A. Gurwell
* MPI fiir Radioastronomie:
K. M. Menten, T. Kaminski, A. Belloche & L. Verheyen
* K. U. Leuven:
L. Decin
* U. of Cologne:
S. Brinken, S. & H. S. P. M. Muller



SMA Observations

* 10 tracks in compact configuration
* each 2 x 4 GHz LSB and USB separated by 12 GHz

* Spectral resolution 812.5 kHz/channel (0.71 kms@ 345 GHz)

* Typical resolution 0.8 arcsec FWHM






SIO v=0, 347.3 GHz SiO v=0, 303.9 GHz
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Diatomic Number of Triatomic Number of
molecules lines molecules MES

. numbers in brackets are for lines only tentatively detected
. table includes lines for v=1 and v=2, if spectroscopic data available




VY CMa is a spectacular source of H,O emission

P Royer et al : PACS and SPIRE Spectroscopy of the Red Supergiant VY CMa (2010)
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VY CMa with Herschel/HIFI

J. Alcolea et al. (in prep.)
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In the following:

We are interested in VY CMa’s innermost circumstellar
envelope. Why is this interesting?

 Dust formation zone
 Acceleration of the outflow

« Geometry

* H,O is the most abundant molecule (apart from H,)



Observing water toward VY CMa

H,O Vibrational Modes

Bending v, Asymmetric stretch v4 Symmetric stretch v,
2295 K 5404 K 5262 K
6.27 um 2.66 um 2.73 um
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SiO v=0, 347.3 GHz

H20 v=0, 321.2 GHz

H20 v=1, 293.7 GHz

2 arcsec

H20 v=1, 336.2 GHz
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If you can detect something the SMA, you can it with ALMA

With extended configurations, ALMA
will be able image thermal line
emission. It will:

. e resolve the stellar photosphere

. *study atmospheric chemistry

—.. *image start of the outflow

» study dust formation and depletion
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ALMA: The high resolution imaging machine

ALMA High Resolution Performance

E Cantinuum
ﬂ (B GHz Bw)

Line
(Av=5km /5]

4 80

200 300
Frequency {GHz)

e i
L) L]

f
-

(SpUODBSIIL—I||[ILU) UOIIN|DSa Yy



ALMA will resolve the stellar
photosphere of nearby red (super)giants

It will image molecule formation,
depletion, and photochemistry (of many
isotopologues) — the whole (gas phase)
picture

VY CMa and IRC+10216 are the keystone
AGB and RSG stars



Thanks for your
attention!






2hv?°
=

2KT

:—21/2 if hv << kT (Rayleigh-Jeans law)
C

B, (T) = lexp(hv /KT )-1] " (PlancKs law)

S, (T)=Q,B,(T)=Q, 2—l2<V2T
C

S, (mJy)~107°6*(masj*(GHzT (K)

S, (mJy)~107°8*(mash*(GHz)T (K)
~3x107°T(K)for# =40mas, v =43 GHz
Q-band sensitivity ~0.5 mJy/9 h/Av= 2 km/s

— Can image 100s of K hot gas at
hundreds of 100 mas resolution

= non-maser emission from innermost
CSEs




