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1.  –

https://www.atnf.csiro.au/outreach//education/senior/astrophysics/spectr
a_astro_types.html



Infrared transit spectroscopy of
exoplanets

. Encrenaz 2014
https://doi.org/10.1098/rsta.2013.0083



https://www.astrogeo.va.it/astronom/spettri/
neb_planen.htm



HII regions

, HII,

 ISM 

Peimbert et al. 2017 PASP, 129:082001

 + 
.

: boundfree, free–free, two photon
emission, dust scattered light

: 

 (+ ,
).

https://www.eso.org/public/images/eso0834a/



SN Remnants

(HST) SNRs ston M51, Winkler et al. 2021 ApJ  908:80

Crab nebula
https://en.wikipedia.org/wiki/Supernova_remnant



R.C. Kennicutt
https://ui.adsabs.harvard.edu/abs/1992ApJS...79..255K
/abstract

SDSS DR17 sdss.org



 quasars

Van den Berk et al. 2001, AJ, 122, 549

NOAO

https://www.sdss.org/science/
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(U , V , W ) = (8.63±0.64, 4.76±0.49, 7.26±0.36) kms-1. (Gaia DR2)



 Zeeman

, 
Zeeman 

.
. 

Zeeman,  3
, ,

(B in Tesla)

 Fe II 4520 15 kG
) 

. .) 
vsini. Bailey 2014

A&A 568, A38
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2.  - Line intensity

.
 N , , , 

 ~
.

The theory of the growth curve of lines determines and in
particular its linear part, as a function of the characteristic atomic
parameters of the transition determination of the abundance of a
given constituent in the emitting region.



3.  - Line profile
The pro le ) is a function describing as closely as possible the shape of
the line, and normalized to unity:

The pro le of a line re ects exactly the local physical conditions which
produced it.

Doppler lines When the atoms, ions, or molecules undergoing transitions
are in Maxwellian thermal agitation, at some temperature T , the line
pro le is primarily determined by the Doppler effect due to that agitation. It
is given by a Gaussian function

where the frequency dispersion  is given by

where V the most likely value of the isotropic microturbulence speed



Lines dominated by collisions – Lorentz profile
At suf ciently high pressures, collisions between those particles
undergoing transitions and other particles of the medium lead to a
further damping effect, which broadens the line:

where                            and  is the mean time between collisions,
directly related to the physical conditions described by agitation
speed and collision cross-section.

General profile (Doppler plus collisions) Voigt profile
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collimator

Spectrographs

slit

camera

detector

corrector

From telescope



 (MOS)
 (IFU)



 - Spectral
resolution

.

R

R

Resolving power RP



1. , Quasars, ( )

= 500 – 1000

2.  SN:
 ~ 3000 km/s

d / = v/c = 3000/3x105 = 0.01
RP > 100



R = 3.000

R = 30.000



35.0000.160100000

60.0000.09130000

100.0000.05310000

140.0000.046000

200.0000.0283000

RPth (Ang)T (K)

3. 



3000001K

1000003G0

1200025F5

375080F0

2000150A0

RP1Vsini (km/s)Sp. T.

4. :

1 2 pixel resolution, no other broadening



5. :
: RP= 30.000
: RP = 60.000 – 100.000



6 :
.:

Li7 : 6707.76
Li6 : 6707.92
R> 200.000



7 (pulsations, spots, convection):
R=100.000 –200.000



 The
effect of resolution on an absorption line
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• Transmission gratings
– Amplitude grating: periodic transmission by grooves that are the

clear sections in a glass blank
– Phase grating: light transmitted by entire area but phase varies

due to varying optical thickness of grooves

• Reflection gratings
– groove faces made of highly reflecting material and the

periodic reflection of the incident light operates like the
periodic transmission of waves in the transmission
grating



Reflection gratings



Blazed gratings
absolute efficiency of a grating in given -region  = diffracted light
energy/incident light energy

Light energy throughput increases with N

Zeroth order diffraction principal maximum carries a lot of energy
but no information – energy loss

Blazing: shifting the principal maximum to a higher order



Unblazed grating

Blazed grating



 Echelle
Blazed  (reflection grating)

 « » (grooves)
 blazing 

(>50)
:  + 

, 

: cross-disperser



:

• 600-1200 /mm

blaze angle (~10-20 )

 m=1-3

 Echelle:

• 32-80 /mm

blaze angle (~65 )

 m=50-120

Both satisfy grating equation for = 5000 A



4000

m=99

m=100

m=101 5000

5000 9000

9000 14000

 79 mm-1

30002000

 1:  (interference filters)

 2: cross-disperser  echelle

:)  
, 



 Echelle  - Cross disperser

 (
) – cross-disperser –

.



collimator

Echelle Spectrographs

slit

camera

detector

corrector

From telescope
Cross disperser





Multi-object spectrographs

)

» (apertures)
format



(slitless spectroscopy)

: 
 :

•

•

Slitless spectrograph: 
.



Example of
slit-mask and

spectra
FOCAS MOS

(Subaru Telescope)

Pre-imaging required
Measurements of positions
Design and construction of mask

When observing:
Fine tuning of telescope alignment
before final exposure



Installed at
8m Gemini telescope



Micro-shutter array

The microshutters are a new technology that was developed for the James
Webb Space Telescope mission. They are basically tiny windows with shutters
that each measure 100 by 200 microns. Arrays of these tiny windows are a
key component of one of Webb's instruments, the Near Infrared
Spectrograph or NIRSpec.
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. Sloan Digital Sky Survey
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2dF – 4m AAT



Techniques of IFS

Lenslets

Fibres+
lenslets

Image
slicer

Telescope
focus

Spectrograph
input

Spectrograph
output

Pupil
imagery

Fibres

Mirrors

slit

slit

1 2 3 4

1
2
3
4

x

y

Datacube

Both designs maximise the spectrum length and allows
more efficient utilisation of detector surface.

Only the image slicer retains
spatial information within
each slice/sample

high information density
in datacube

Like SAURON and OASIS.
Overlaps must be avoided

low information density
in datacube



One
image
at each
velocity
form the
datacube
(only 4%
shown)

One spectrum
for each
element
(only 4%
shown)

The IFU
records a
spectrum
for each
element

Image taken
by
GMOS without
using the IFU

GMOS integral field unit observes NGC1068
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https://www.handprint.com/ASTRO/specclass.html

.
https://lweb.cfa.harvard.e
du/
~pberlind/atlas/atframes.
html





https://www.handprint.com/ASTRO/speccla
ss.html


