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Interestellar extinction

– Interstellar extinction is generated by the scatter and absorption of photons by 
the medium between the observer and the radiation source. 

– It is produced by dust grains and gas present in the interstellar medium and 
this mechanism is effective in photons with wavelengths comparable to the 
size of grains. 

– The correction of the observed line fluxes for this effect is an indispensable 
preliminary step for the physical interpretation of the data. 
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Methods to determine interstellar extinction

– Using the ratio of two forbidden lines from the same upper set of levels.

– Comparing hydrogen recombination lines from two different series arising from 
the same upper level.

– Comparing two hydrogen recombination lines from the same series, even if 
they do not originate from same upper level.

The use of these strong lines can lead to selection biases when studying 
regions with different surface brightness
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Hα/Hβ disadvantages

Ѳ Some spectrographs not including these Balmer lines.

Ѳ In extended nebulae observations are focused only in the brightest region.

Ѳ In Integral Field Spectroscopy data, we can study physical conditions of the entire 
nebula but cover a very large dynamical range of surface brightness.
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240 s 2400 s 

Hα/Hβ disadvantages
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240 s

Hα/Hβ disadvantages
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- We propose an alternative method to derive extinction corrections based on the 
lines of HeI.

Observations
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Wide Field Camera 3 (WFC3) y Advanced Camera for Surveys (ACS). 
Azul, banda I; verde, banda J; rojo, banda H
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Wide Field Camera 3 (WFC3) y Advanced Camera for Surveys (ACS). 
Azul, banda I; verde, banda J; rojo, banda H

1x1 minarc2 x 4 campos 240 s y 2400 s 
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2400 s 

Observations

• Circular aperture of 1.5" = 
largest seeing value of the 

observations.

• Covered area = more than 
35\% of the total area of the 4 

data cubes. 
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Theoretical context
SINGLET TRIPLET
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Singlet states

11S

2µm

HeI Lyα
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Singlet states
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21S
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Singlet states
He I 5016

He I 5048
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Triplet states
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Robert A. Benjamin et al. 1999

15%
5%

Collisional contribution



Radiative transfer
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2 x 104 K = 1.6 eV 

104 K = 0.8 eV 
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Robert A. Benjamin et al. 2002

2 x 104 K = 1.6 eV 

104 K = 0.8 eV 

Radiative transfer
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Theoretical context
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Case B of recombination

The fluxes of two lines separated in 
wavelength are measured.

The most intense line of those left to us will be 
selected as a reference: HeI 6678

A typical ratio of these fluxes is assumed.
Pyneb, Luridiana et al. (2015)

Datos atómicos de 
Storey & Hummer (1995) para H

Porter et al. (2012) para He

An extinction curve is assumed.
Miller & Mathews (1972), Rv = 3.2
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1-Interstellar extinction correction using
the ratio of two recombination lines
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• Hydrogen reddening from short exposure spectra (240 s). 
v Mean relative errors in fluxes of Hβ line -> 0.92% 

v Mean relative errors in fluxes of Hα line ->  0.15% 

v Absolute mean error of c(Hβ) -> 0.02. 

• Helium reddening from long exposure spectra (2400 s). 
v Mean relative errors in fluxes of HeI λ 5875 line -> 0.37% 

v Mean relative errors in fluxes of HeI λ 6678 line -> 1.37% 

v Absolute mean error of c(Hβ) -> 0.05. 

1-Interstellar extinction correction using
the ratio of two recombination lines



2-Interstellar extinction correction using
a linear regression

23Sandra Zamora Starburst along the life of the Universe



24Sandra Zamora Starburst along the life of the Universe

The fits obtained for hydrogen lines, helium lines and all the lines together are 
consisting with each other and the intercept is compatible with zero.

2-Interstellar extinction correction using
a linear regression
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Other codes• We have introduced the derived
methodology in the Bayesian algorithm
described in Fernández et al. (2019).

• It simultaneously fits a 14 parameters
chemical model, obtaining
results which are fully compatible with
those reported here



Underlying stellar absorption
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Helium lines:
• EW(He I 4471) = 0.4 Å

(Izotov et al. 2007; 
González Delgado et al. 2005)

• EW(He I 3889)/ EW(He I 4471) = 1 Å
• EW(He I 5876)/ EW(He I 4471) = 0.8 Å

(Leitherer et al. 1999; Izotov et al. 2010; 
González Delgado et al. 2005)

• EW(He I 6678)/ EW(He I 4471) = 0.4 Å
(Leitherer et al. 1999; Izotov et al. 2010)

• EW(He I 7065)/ EW(He I 4471) = 0.4 Å

Hydrogen lines:
• EW(H) = 2 Å

(McCall, Rybski & Shields 1985; 
Skillman & Kenicutt 1993)

The underlying stellar absorption is less important than in the case of Helium.

Izotov et al. 1994.
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Temperatures and densities

• Bootstrap model
Temperatures, 8000 K and 14000 K
Densities, 50-500 cm−3
106 repeats, resampling with replacement
PyNeb

σ(H) = 0.0185 
σ(He) = 0.0041 

The ratio of HeI lines are less
affected by temperatura and 

density variations.



Conclusions
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1- Both methods of extinction derivation, using HI or HeI recombination lines, 
are fully compatible within the errors with each other and the errors in the
determination of reddening constant get considerably reduced when both methods
are used simultaneously.

2- The results presented in this work will allow to study spatially resolved nebulae
in their full extension, analysing both high and low surface brightness regions
simultaneously in a single moderate-to-long exposure pointing.

3- We can recover saturated images from the archive of different telescopes .

4- We can determine interestellar extinction with existing and coming up
spectrographs that not includes Balmer lines.



Thank you!
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