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Milky Way above the VLT (ESO Paranal Observatory)



The interstellar 
medium is 
composed of dust 
(dark & blue regions) 
and gas (red).



Huggins & Miller (1863) observed the spectrum of the Orion 
nebula and found that is was characteristic of a emitting gas

At the end of the XIX century & beginning of the XX century, 
the existence of the interstellar medium was confirmed



Edward Emerson Barnard (1857 – 1923) produced in 1895 the first 
images of dark nebulae and concluded that along with the 
illuminated gas and dust there was also significant quantities of dust 
and gas not directly illuminated.

At the end of the XIX century & beginning of the XX century, 
the existence of the interstellar medium was confirmed
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Stationary interstellar lines in the spectra of 
spectroscopic binaries
Hartmann (1904), Heger (1918)
J. A. Pearce (1932)
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In 1930, Robert Trumpler estimated distances of ~ 100 
open clusters (OC) by measuring: 
- angular size of the cluster 
- central concentration and number of stars 
- brightness & spectral class of stars in the OC

Distance using 
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Photometric 
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Comparison between distances based on 
‘diameters’ and ‘photometry’

Trumpler 
(1930, AJ, 42, 214)

‘Photometric’ distances
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Effects of dust: extinction

The attenuation of stellar 
light by interstellar dust 
is called extinction

Milky Way in the optical

B68
(the black 

cloud)
ESO



Dust absorbs 
more  blue 

than red light, 
causing the so 

called 
reddening

Effects of dust: reddening



Interstellar reddening

Optical light is 
strongly 

scattered and 
absorbed by 
interstellar 

clouds

OPTICAL

INFRARED



Neutral gas could be detected in 
optical spectra
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E(B-V) = 0.000 +/- 0.001 mag

Stellar NaI D lines

HD 140283
FeI+NiI

H2O 
telluric

Star without lines from the ISM

distance = 53pcs, so 
E(B-V)=0.00 is 
expected
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E(B-V) = 0.008 +/- 0.001 mag

Stellar NaI D lines

H2O

Star with lines from the ISM

IS NaI D lines

HD 338529

distance = 144pcs.
E(B-V)[maps]=0.04
E(B-V)=0.04+/-0.04(Fitzgerald68)
E(B-V)=0.06+/-0.06(NK80)
E(B-V)=0.05+/-0.05(Arenou)
E(B-V)=0.03 (C&B)
E(B-V)=0.98 (Schlegel 98)
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Catalog of absorptions towards 1857 early-type stars within 800 pc of the Sun. Using these data 
we determine the approximate 3-D spatial distribution of neutral and partly ionized IS gas density 
within a distance-cube of 300 pc from the Sun.



https://ui.adsabs.harvard.edu/abs/
1956ApJ...124...43V/abstract

Interstellar polarization in the 
Southern Milky Way. Elske van P. Smith

Size is proportional to the 
amount of polarization

Polarization vs. Color excess

Galactic longitude

Galactic 
latitude



Interstellar extinction curve

Seaton, 1979, MNRAS, 187, 73
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Savage & Mathis 
1979, ARA&A 17, 73

Interstellar extinction curve



Interstellar extinction AX

AX  mX - mX0   mX0 = mX – AX

AX: extinction

mX: observed magnitude

mX0: intrinsic magnitude (observed in 
absence of interstellar absorption)

AV = V - V0  V0 = V - AV



Example
AX  mX - mX0   mX0 = mX – AX

AV = 1,5 mag

V = 11,6 mag

V0 = V - AV = 10,1 (intrinsic magnitude, i.e., the 
magnitude that would be observed in absence of 
interstellar dust)



Color excess E(X-Y) 
E(X-Y)  (mX - mY ) -  (mX0 - mY0)

E(X-Y): color excess

mX- mY: observed color

mX0 - mX0 : intrinsic color

E(B-V) = (B-V) - (B0-V0)

  (B-V)0 = (B-V) - E(B-V) 



Color excess E(X-Y) 
E(X-Y)  (mX - mY ) -  (mX0 - mY0)

E(X-Y)  (mX - mX0) – (mY  - mY0)

E(X-Y)  AX – A Y

Example: E(B-V) = AB -  A V



Example
AB = 1,05 mag, AV = 0,90 mag

V = 10,1 & B = 10,9. Find (B-V)0 

E(B-V)  = 1,05 – 0,90 = 0,15

B-V = 10,9 – 10,1 = 0,80

(B-V)0 = (B-V) - E(B-V) = 0,80 – 0,15

(B-V)0 = 0,65



•E(V-R)J = 0.78 E(B-V)   E(V-R)C  = 0.60 E(B-V)
•E(V-I)J  = 1.60 E(B-V)    E(V-I)C  = 1.25 E(B-V)
•E(V-K)J = 2.72 E(B-V)
•E(J-K)J =  0.22 E(B-V)
•E(b-y) =  0.73 E(B-V)
•E(m1)  = -0.33E(b-y)  = -0.24 E(B-V)
•E(c1)   =  0.17 E(b-y) =  0.12 E(B-V)

Savage & Mathis 1979, 
ARA&A 17, 73

Careful: this is for
R, I in the Johnson (J) 
system. Now most 
people use R, I in the 
Cousin (C) system.

FOR A MORE RECENT 
EXTINCTION CURVE 
TABLE (Schlegel et al. 
1998) SEE SLIDE 27



 3,1

• d < 80-100 pc (0.1 kpc)  E(B-V) ~ 0
• E(B-V)  0.53 d (kpc) → AV  1,6 d (kpc) magnitudes

Bond (1980, ApJS 44,517):
• b within 30 Galactic North Pole: E(B-V) = 0.00
• b within 30 Galactic South Pole: E(B-V) = 0.03
• |b| < 60 from the plane:

Rough Av and E(B-V) R=
AV

E(B−V )



Hakkila et al. 1997, AJ 114, 2043
Av : EXTINCT.FOR
l,b,d(kpc) 
ftp.mankato.msus.edu/pub/astro

EXTINCT



Schlegel et al. E(B-V) maps

http://astro.berkeley.edu/~marc/dust/

The Schlegel et al. 1998 maps are also known as:
- S98 (for Schlegel et al. 1998) or 
- SFD (for Schlegel, Finkbeiner & Davis 1998)

The E(B-V) of the SFD maps are overestimated. One possible 
correction was proposed by Schlafly & Finkbeinet 2011: 



R, I are 
both in 
the 
Cousin 
system

Schlegel et al. E(B-V) maps



Schlegel maps with correction
http://irsa.ipac.caltech.edu/applications/DUST/





Example
Observed data: V = 9,831; B-V = 0,750; V-R =0,464
Adopting E(B-V) = 0,10, which are the magnitudes (V) 
and colors (B-V, V-R) corrected by interstellar 
extinction? Use table of Schlegel (slide 26).
 

Adopting AV / E(B-V) = 3,315  AV = 0,331

V0 = V – AV = 9,500

(B-V)0 = (B-V) – E(B-V) = 0,650
AV/E(B-V) = 3,315, AR/E(B-V) = 2,673  AV – AR = 0,642 E(B-V).  
E(V-R) = AV – AR E(V-R) = 0,642E(B-V) = 0,064
Note: we suggested previously that E(V-R) ~ 0,6 E(B-V), which is close to the value from Schlegel table

(V-R)0 = (V-R) – E(V-R) = 0,400



31

E(B-V) = 0.008 +/- 0.001 mag

Stellar NaI D lines

H2O

E(B-V) can also be obtained using NaD lines

IS NaI D lines

HD 338529
Keck+HIRES
Meléndez et al. 2010.

Distance = 144pcs
Galactic latitude = 3o

E(B-V)[maps]=0.04
E(B-V)=0.04+/-0.04(Fitzgerald68)
E(B-V)=0.06+/-0.06(NK80)
E(B-V)=0.05+/-0.05(Arenou)
E(B-V)=0.03 (C&B)
E(B-V)=0.98 (Schlegel 98)
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For nearby objects (d < 80 pc): E(B-V) = 0.00

For larger distances, you could use E(B-V) from Schlegel et 
al., corrected by both Schlafly & Finkbeinet (2011) and by the 
factor proposed by Árnadóttir et al. (2010):

S&F

- E(B-V)S&F = 0,86 E(B-V)SFD is the corrected E(B-V) from the 
Schlegel et al. (1998) maps.
- d is the distance
- b is the galactic latitude
- h is the scale-height of the thin dust disk (125 pc) 

Árnadóttir, A. S.; Feltzing, S.; Lundström, I. 2010, A&A, 521, A40

How to estimate E(B-V)?
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