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OR
The answer is 42, but what was the question?q
(from The Hitchhiker's Guide to the Galaxy)



We discuss the potential of the 42m E-ELTWe discuss the potential of the 42m E ELT
at 2 - 5 microns (broad band and narrow band filters)
to probe the number density and brightness of deeply

b dd d i  t  d  t ll  bj t  j tembedded massive stars and young stellar objects just
formed in dense Galactic proto-cluster molecular clouds
(ultracompact HII regions, hot cores, outflow and maser

sources), penetrating as much as 200 mag of visual extinction.
The combination of precise astrometric, proper motion (1mas/yr)

data and high-spectral resolution, radial velocity (R ≥ 104)g p y ( )
data are crucial to study dynamical processes associated with

cluster formation, such as tight massive binary formation
and gravitational interactions followed by slingshot stellarand gravitational interactions followed by slingshot stellar
ejections (runaway stars). Integral field spectroscopy is
needed of these dense and crowded clusters (up to 100

bj t     t t it d  K  25 28)objects per square arcsec at apparent magnitudes K = 25-28).



talk outline

1. The 42m E-ELT
- science cases
- instruments
- resolution
- sensitivity

2. Interstellar extinction in the Infrared

3 DRM proposal: The origin of massive stars3. DRM proposal: The origin of massive stars
(a particular science case for the E-ELT)

- embedded dense stellar populationm p p
- embedded stellar (and gas) dynamics

4. Some examples of dense young star clusters

5. summary and conclusions (synergy with ALMA)



E-ELT

http://www.eso.org/sci/facilities/eelt/science/drm/tech_data/instruments



E-ELT

R. Gilmozzi & J. Spyromilio (ESO), ESO-Messenger 127, 2007



E-ELT

R. Gilmozzi & J. Spyromilio (ESO), ESO-Messenger 127, 2007



http://www.nature.com/news/2008/080312/full/452142a.html



http://www.nature.com/news/2008/080312/full/452142a.html



http://www.eso.org/sci/facilities/eelt/science/drm/cases.html



http://www.eso.org/sci/facilities/eelt/science/drm/tech_data/instruments



Diffraction limit (~ λ/D) of a D=42m telescope:

at 2 micron ~10mas
at 3 micron ~15mas

 5 i  25at 5 micron ~25mas

astrometric precision at 2 microns: 1 mas/yr (20 km/s at 4 kpc)astrometric precision at 2 microns: 1 mas/yr (20 km/s at 4 kpc)



sensitivity limit (~D4) of a D=42m telescope
(f  i t  b k d i  li it d)(for point sources, background-noise limited)

K = 28 mag (see ELT exposure time calculator)
L = 22 mag (about 7 mag deeper than 8m VLT)
M ~ 20 mag (Paranal sky backround 1.2 mag/ ´´)g ( y g )

for S/N = 10 in t = 1 hour integration timefor S/N = 10 in t = 1 hour integration time
(for a given S/N, tintegration ~ D-4)

PS.
compare these numbers with MATISSE performance...
VLT 2 d  4 l t i t f t  3 10 iVLT 2nd gen 4-element interferometer, 3-10 micron
L = 8.5 mag for S/N = 5 in 1 hour integration time



Interstellar Extinction in the Infrared
(Rieke and Lebofski 1985, D. Lutz 1999)( , )

AJ = 0.28AV AL = 0.06 AV

A = 0 18A A = 0 02AAH = 0.18AV AM = 0.02AV

AK = 0.11 AV

for AV = 200 mag  (NH2 = 1023.5 cm-2)for AV = 200 mag  (NH2 = 10 cm )
ie. a dense protocluster cloud clump

A  56 A  12 AJ = 56 mag AL = 12 mag
AH = 36 mag AM = 4 mag
AK = 22 mag

HERE  IS  THE  KEY  MESSAGE  TO  TAKE  HOME:
a 42m ELT can penetrate AK = 22 magp K g
of extinction in the K-band to detect
deeply embedded luminous massive stars (AV = 200 mag)



in addition, there are the hydrogen recomb.n add t on, there are the hydrogen recomb.

lines Brg, Pfg, Bra, Hu (14-6)

whose ratios have well defined valueswhose ratios have well-defined values

(e.g. Brg/Bra = 1/3; Brg/Hα = 1/100)

 ll  h  d  ( l  )in optically thin ionised gas (Menzel Case B)

to infer the extinction to individual objects



The Universe as Seen by ISO.The Universe as Seen by ISO.
Eds. P. Cox & M. F. Kessler.
1999. ESA-SP 427. p. 623



B 68 dark cloud

credit: J. Alves, ESO





Typical gas densities 2 ⋅105 cm-3, sizes ~0.5 pc
⇒ NH2 = 3 ⋅1023 cm-2   ⇒ AV = 200 mag

1.3mm dust continuum observations (contours, top row)

Garay et al. 2004

of 4 dense molecular proto-cluster regions

MSX mid infrared images of the same regions



DRM proposal: The origin of massive starsDRM proposal: The origin of massive stars
(a particular science case for the E-ELT)

- embedded dense stellar population
b dd d t ll ( d ) d i-embedded stellar (and gas) dynamics

the centers of young massive clusters





mid infrared images of the

Shuping, Morris & Bally 2004

mid infrared images of the
Orion KL-BN region



W3 IRS 5 with NICMOS

Megeath, Wilson & Corbin 2005



Linz et al. 2005



Keto & Wood 2006



stellar and gas dynamics in dense embedded proto clusters

m mb  1 m s/   20 km/s t 4 kpremember 1 mas/yr = 20 km/s at 4 kpc
also note R = 104 spectral resolution = 30 km/s
the combination of astrometry and radial velocity ⇒ star/gas dynamics



Hughes Sana (priv. commun.)



Sana et al. 2008



INTEGRAL   FIELD   SPECTROSCOPY

Definition „spaxel“
4k x 4k IR detectors (K, LM)
pixel scale: 5 mas (K), 10 mas (LM) R = 104

IR stellar spectroscopy in crowted cluster centers
e.g. Brg (2.17 μ), Bra (4.05 μ); CO 2.3 μ, 4.6 μg g ( μ), a ( μ); μ, μ



ELT



Zinnecker 2002



Credit:
McCaughrean & Rayner



NGC 3603

VLT/ISAAC JHK

FOV 3.4´ x 3.4 ´

Brandl et al. 1999



R 136 (NGC 2070)

HST/NICMOS image

FOV 15 pc x 15 pc

Andersen et al. 2007



R136 cluster

HST
optical/IR image

FOV ~ 30´´x 30´´FOV  30 x 30

Zinnecker 2004



Westerlund 1 cluster

NTT/SOFI JHK image

FOV ~ 4 x 4 arcmin

Brandner et al. 2007



Arches cluster

Color composite image
F205W (red), 
F160W (green),

110 ( )and F110W (blue)

Figer et al. 1999



Quintuplet cluster

Color composite image
F205W (red), 
F160W (green),

110 ( )and F110W (blue)

Figer et al. 1999



Outline of the various 2003-2005 SPIFFI/SINFONI H+K- and K-band cubes,
superposed on a ~100 mas resolution, L-band NACO image (logarithmic scale).
Small circles denote the 90 quality 1 and 2 early-type stars
(OB I-V  Ofpe/WN9  W-R stars  A dotted circle denotes a 0 5 pc (20 arcsec)(OB I-V, Ofpe/WN9, W-R stars. A dotted circle denotes a 0.5 pc (20 arcsec)
radius zone centered on Sgr A*, within which essentially all OB stars
we have found appear to lie (from Paumard et al. 2006).



NGC 4038/4039

ISAAC Ks-band image

Mengel et al. 2002









Foster & Goodman 2006





Goto et al. 2006





ESO-Messenger 128, 2007



MATISSE – A Mid-IR ImagerMATISSE A Mid IR Imager

Multi-AperTure mid-Infrared SpectroScopic Imager

2nd Generation VLTI Instrument
Principal Investigator Lopez (OCA,Nice)
Co-PI & Proj Scientist Wolf (MPIA Heidelberg)Co PI & Proj.Scientist Wolf (MPIA,Heidelberg)

Specifications

L, M, N band: ~ 2.7 – 13 μm
S i i i 0 / 8 (L) 1 0 / 0 2 J (N) i AT / UTSensitivity 7.0 / 8.5 mag (L),  1.0 / 0.2 Jy (N) using ATs / UTs
Spectral resolutions: 30 / 100-300 / 500-1000
Simultaneous observations in 2 spectral bands

Wh t’ ?What’s new?

• Image Reconstruction 
on size scales of  3 / 6 mas (L-band) 10 / 20mas (N-band)

• Multi-wavelength Approach in the Mid-Infrared
2 new mid-IR observing windows for interferometry (L,M)

• Improved Spectroscopic Capabilities



MATISSE – A Mid-IR ImagerMATISSE A Mid IR Imager

successor of MIDIsuccessor of MIDI
• imaging capability in the

mid-IR
• accessible from the ground

extension of AMBER:
extension down to the L-
band (2.7μm)
general use of closure phase

complement to 
ALMA + TMT/ELT

ground precursor of DARWIN
(6-18μm)



MATISSE – A Mid-IR Imager

hot accretion regiong
around the planet

100:1 200:1

m
as

10
0

m



ConclusionConclusion

The centers of massive clusters is all about

RESOLUTION  RESOLUTION  RESOLUTION ! ! !RESOLUTION, RESOLUTION, RESOLUTION ! ! !

we need near-IR AO simulations

with „cloud-shine“ (Foster & Goodman 2006)


