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 Orion

«!Flambées d’étoiles

massives!»

NGC 4214

Galaxie irrégulière

d~4.1 Mpc

Taille image~ 1.2x1.5 kpc

HST: composite visible

Plusieurs super-amas
stellaires jeunes (~ 3-10 Myr)
avec régions géantes HII

Total: ~ 200 étoiles O

Interactions entre étoiles &
matière interstellaire (bulles,
superbulles…)

Vents galactiques,
supervents

10’’=200 pc

1 arcmin~1 kpc

M82



Observation/modélisation multi-longueur d’onde des galaxies

Observations intégrées (galaxie lointaine) vs résolues (proche)

Spectre intégré/global

UV visible

proche-IR

IR moyen

IR thermique

sub-mm

gamma, X radio

MC PDR
SSC

* jeunes* vieilles

milieu diffus

Observation/modélisation multi-longueur d’onde des galaxies

MC

PDR SSC

* jeunes* vieilles

milieu diffus



Visible versus X-rays

Chandra Deep Field South - color composite, 940 ksec

INTEGRAL,

GLAST, HESS,…

>108hypernova,
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around black holes

> 3 x 1019 <0.01 nmGamma-ray

Chandra, XMM,

…

106 - 108supernova
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10 - 103cool clouds of dust
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Conditions (n,T) in

astrophysical plasmas

(from Dopita & Sutherland)

Instruments

Main characteristics:

• Spectral range

• Resolution R=!/"!

• Spatial resolution

• FOV

• Sensitivity

• Multiplex

Depends on:

• Technique

• Detector type

• Dispersion element

• Optics (…)

• Detector + element size

• Backgrounds



Techniques & detectors

Techniques:

• Imaging: direct, coded masks, aperture synthesis,…

• Spectroscopy: slit, fiber, IFU, slitless

Dispersion elements: grism, grating, FTS,…

• Interferometry

Detectors:

• High energy: scintillators, proportional counter, spark chambers.

CCDs, …

• UV: Multi-Anode Microchannel Array (MAMA), Microchannel Plates

(MCPs), CCDs

• Visible: CCD (Charge Coupled Device)

• Near-IR: other solid-state detectors (fast readout)

• IR: bolometers

• mm-radio: « receivers » - many types!

Atmosphere: effects

• Opacity  --> limited « windows » from the ground

• Scattering  --> daylight!

• Emission    --> continuum + lines

• Turbulence --> image degradation + phase fluctuations

• Ionisation   --> alters propagation of radio waves

Atmospheric windows



Atmosphere: opacity

Atmosphere: transmission

• Figs LENA

Atmosphere: transmission

J H K

N

L M

Q
mid-IR

near-IR



Atmosphere: emission

• Airglow (e.g. NaI, OI, O2,OH, H): resonant, fluorescent, and

chemoluminescent processes in upper atmosphere - due to solar

radiation

• Aurorae - due to solar wind

• thermal emission: sky (+ telescope, dome…)

• zodiacal light: reflection of sunlight on the interplanetary dust cloud

(strong on ecliptic)

• Sunlight, moonlight

• light pollution

Other « backgrounds »:

• unresolved stars and galaxies

Typically: sky (mag/arcsec2) J=16, H=14, K=13

Atmosphere: emission

• Airglow

• zodiacal light



Atmosphere: emission
• Optical sky background - variable:

depends on moon angular separation,

lunar phase, ecliptic latitude, zenith

angle, and phase of the solar cycle

• No problem for imaging down to ~20-21

mag (in V)

• No problem for spectroscopy with

sufficient resolution

• Sky subtraction necessary for faint

objects

Atmosphere: emission
Near-IR sky background

• Dominated by OH (hydroxil) lines

• Variations on timescales of ~5-15

min with amplitude of 5-10%

(stronger during twilight)

• Sky subtraction mandatory!

• Spectroscopy: high sensitivity obs

possible with R>~3000-4000!

Beyond ~3 micron

• Background dominated by thermal

emission (~273-280 K)

• Strength varies with atmospheric

water vapour content and air

mass

Typically: sky (mag/arcsec2)

J=15.5, H=13.8, Ks=12.9



OH lines

thermal emission

zodiacal light

X- and gamma-rays --> cf. Marc Audard

Peculiarities:

• Normal focussing not possible
! optics: diffraction, coded masks…

but focussing via grazing incidence telescope

* High background (cosmic rays…)
! Shields

! Anti-coincidence detectors

! …

Examples:

- Chandra: high spatial resolution, high spectral resolution

- XMM/Newton: high sensitivity

- INTEGRAL, …



X-rays

Chandra Deep Field-North survey; this is the deepest 0.5-8.0 keV survey

ever made, and nearly 600 X-ray sources are detected. The survey is

comprised of 2 Ms of Chandra ACIS-I exposure covering 448 sq. arcmin.

X-rays

Chandra Deep Field South - color composite, 940 ksec



UV

• ~900 - 4000 Ang

• Imaging and spectroscopy

• IUE, HUT, HST, FUSE, GALEX…

UV

UV spectroscopy: nearby galaxies

as templates for high-z

observations



ESO VLT instruments:

(optical - near-IR - mid-IR)

* spectral coverage

* spatial coverage

* also important: FOV, multiplex! Notes: 

•No NIRMOS!

•New HAWK-I camera 

ESO instruments:
spectroscopic modes

• Long Slit Spectroscopy

• Scanning Imaging Spectrographs

• Cross dispersed echelle

spectrograph

• Multi-object spectrographs

• Integral Field Spectroscopy



ESO instruments:
spectroscopic modes

• Long Slit Spectroscopy

• Scanning Imaging Spectrographs

• Cross dispersed echelle

spectrograph

• Multi-object spectrographs

• Integral Field Spectroscopy

ESO instruments:
VLT 2nd generation instruments

• X-shooter (wide-band [UV to near infrared] point source

spectrometer) - offered now (P84)!

• KMOS (a cryogenic infrared multi-object spectrometer) is in the pre-

design phase

• MUSE (a huge "3-dimensional" spectroscopic explorer) is in the pre-

design phase

• SPHERE (a high contrast exoplanet searcher) is in the pre-design

phase



Visible - near-IR
• Def.: visible ~ 300- (700) 1000 nm; near-IR ~ (0.7) 1 - 5 micron

• Detectors:

* CCD (with Si): to ~1 micron

* IR: HgCdTe (Mercury-Cadmium-Telluride) or InSb (Indium

Antimonide)

-- good QE (~50%), but high read-out and dark currents (however

<<sky emission for imaging)

• Near-IR - challenges:

* detector sensitivity lower

* arrays smaller than CCDs

* dominated by sky emission (sky lines+)

* strong thermal emission --> cryogenic instrument mandatory at >1.6

micron

• Near-IR - advantages: adaptive optics…!

– Improves spatial resolution

– Improves sensitivity for spectroscopy of unresolved sources

near-IR observations
Dominated by sky emission (sky lines+)

Sky (mag/arcsec2): J=15.5, H=13.8, Ks=12.9

==> ~insensitive to moon (--> often bright time, but not z, Y bands)

==> short exposures to avoid saturation

==> accurate flat fielding and sky subtraction are crucial!

Sky subtraction:

- use sky and target frames taken close in time

- better: shift and add technique

for imaging and spectroscopy



near-IR observations

Shift and add (« dithering ») - principle:

1. Take set of exposures at position A. Add up and save.

2. Shift pointing by few arcsec (following raster/dither pattern)

3. Take next set of exposure… etc.

4. compute median image = perfect sky flat!

5. Flat field individual images

6. Align individual images (*) and add them up --> final image

Extended objects or crowded fields: take sky flat outside field using same

procedure

(*) Alignment requires enough exposures to detect bright objects!

Also: elimination of images with bad seeing etc…

Background subtraction



Ultra-deep near-IR observations

With lensing  NICMOS/HST

ground-based

Depths reached:

~25-28 in JH

The most distant galaxies

known: z~7-9

Current « trends »: wide field

cameras!



Ultra-deep near-IR spectroscopy

 sky subtraction

* long slit: ABBA dither pattern

Wavelength calibration

* often using sky lines

ground-based

Depths reached: ~25-28 in

JH

Ultra-deep near-IR spectroscopy

Pelló et al. (2004), Stark et al. (2008)

Flux limits: ~4e-18 erg/cm2/s, 

typically few 1.e-17



near-IR observations
Sky emission: how to reduce it ?

! go to space. Beyond >~1.6-1.8 micron

space observations imperative to

reach faintest sensitivities!!

! Spectral resolution!  -- See between the

sky lines

R=16500, Maihara et al. (1993)

near-IR observations
Sky emission: how to reduce it ?

! Suppress OH lines (e.g. with

filters in optics) -

Currently: ~150 lines suppressed in

J+H band --> sky reduced by 4

mags!

Very promising for imaging!

Ellis & Bland-Hawthorn (2008)



Space near-IR observations

SPITZER:

* imaging from 3.6 to 160 micron

* spectroscopy

Space near-IR observations

* Zodiacal background dominates

* Difficulty: confusion limit due to spatial

resolution (overlapping images of faint

galaxies)

Importance of confusion increases with

wavelength

No problem if source position known

Resolution: ~70           40                             15 arcsec at 70 micron



Space near-IR observations

Detection of several

z~6-7 galaxies

1 muJy = 23.9 mag

! stellar masses

! Ages up to 400-700

Myr!

! z_form up to 10-11

 

 

 

 

mid-IR observations (chop+nod)

Sky background dominated by thermal emission (sky + telescope)

• Chopping: secondary, high frequency (optical path differences though…)

• Nodding: telescope « dips » every 2-4 min

« On » source:

signal1 = source + skyA

signal2 = skyB

« Off » source:

signal3 = skyA

signal4 = source + skyB

Then compute:

( signal1- signal2) + (signal4-signal3)

= ((source + skyA) - skyB ) +

((source + skyB) - skyA)

= 2*source

Complications: extended sources,

crowded fields…



mid-IR

observations

E.g. galaxy spectrum

Starburst - AGN diagnostics

IR to mm observations (imaging)



IR to mm observations (imaging)

Same basic principles as for mid-IR (chop + nod)

! beam switching: dual beam obtained using « wobbler »

! « Scans » (e.g. on-the-fly (OTF) maps) to cover wide field

IR to mm

observations

(imaging)



IR to mm

observations

(imaging)

IR to mm observations (imaging)









SCUBA galaxies

• New population of dusty, high-z galaxies

• Selected at sub-mm

• Identification difficult, often thanks to radio

• Average redshift z~2.5



scuba

• http://astro.dur.ac.uk/~irs/press.html

SCUBA galaxies

•Identification thanks to radio or HST imaging
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