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Abstract: I investigate the conditions upon which atmospheric absorption may participate to the observation of a diffuse 
interstellar band (DIB), and the implications it would have. A necessary condition is that the spectrum of reddened stars 
comprises a few percent of starlight forward scattered by the interstellar cloud on the line of sight. Reciprocally, this 
scattered starlight could, in part, explain the complexity of the DIB spectrum and several observed DIB properties. It will 
also affect the interstellar extinction curve and the value of the RV parameter.  
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1. INTRODUCTION  

 Diffuse interstellar bands (DIBs) represent a 
longstanding spectroscopic problem in astronomy, which 
appeared, nearly concomitant to the discovery of the inter-
stellar medium, in the 1920-30 ([1, 2], see also the introduc-
tion in [3]).  

 DIBs are generally weak (a few percent of the 
continuum) absorption features clearly observed in the 
visible spectrum of most reddened stars, under circumstances 
which are not understood. They seem to be absent from the 
spectrum of unreddened stars, and their strength roughly 
correlates with the amount of color excess, E(B  V ) = AB  
AV , along the line of sight. They are thus logically attributed 
to absorption in interstellar clouds.  

 DIB strength’s dependence on reddening does not follow 
a linear or simple law. Some DIBs are observed towards 
very low column density directions (E(B  V) « 0.1, [4, 5]). 
There is an average linear rise of DIB strength at moderate 
E(B  V), but DIBs tend to be deficient at high reddenings 
[6-8]. It has therefore been suggested that DIB absorption 
arises from the outer, low density parts of interstellar clouds. 
DIBs are generally much weaker in the spectra of stars 
illuminating a nebula or with circumstellar dust ([8, 9], and 
Sect. 4.1).  

 Merrill [10], and Duke [11] have noted an increase of 
DIB strength with stellar distance. This somewhat 
anachronistic dependence is reported by Herbig [8] but has 
not been explained or re-investigated in recent studies.  

 DIB detections have increased exponentially during the 
last decades (half a dozen in the 1940, 40 in the mid-1970s, a 
hundred in 1991, over 380 in the recent Hobbs et al. [12] 
survey), along with instrumental progress.  

 There is, to this date, no identification of DIB carriers 
(see [8] for a review). There seems to be a consensus on a 
molecular origin, although the dependence of DIB strength 
on atomic hydrogen column density, N(HI), rather than on N(H2), 
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the column density of molecular hydrogen [13], and Meyer’s 
[4] calculations (which indicate that molecules should not be 
abundant enough to produce DIBs in low column density 
regions), hamper the hypothesis. The idea that molecules 
could be synthesized in dense clouds before being released, 
and eventually transformed, in the diffuse interstellar 
medium seems to me a bit far fetched (how do the DIB 
carriers reach the diffuse high latitude interstellar medium?). 
PAHs (polycyclic aromatic hydrocarbon mole-cules) are 
often cited as DIB carriers, but no evidence supports the 
claim [8, 14]. There is anyway no published spectrum of 
PAHs or any other supposed interstellar material that would 
reproduce even part of the DIB spectrum.  

 In general, reviews on DIB properties leave an 
impression of complexity one would a-priori not expect in a 
basic, close to vacuum, interstellar cloud, furthermore in its 
lowest density parts. It may also seem surprising that a 
medium consisting of a few atoms and molecules per cm3

 

can give rise to a chemistry we are not able to reproduce on 
earth.  

 My interest for the DIBs was motivated by earlier studies 
on the Red Rectangle nebula. The spectrum of the nebula 
exhibits the broad ERE (Extended Red Emission) bump in 
the red, and emission-like bands, which, as the DIBs, remain 
unidentified [15-17]. Some of these bands have been 
considered as DIBs in emission [15, 17-19].  

 A few Red Rectangle bands, some of which are 
associated to DIBs, are found in the background spectra of 
the observations [20, 21]. This is particularly obvious in the 
6200 Å wavelength region, and I have shown the remarkable 
similarity which exists between the spectra of DIB complex 
6200 and atmospheric NO2 (Fig. 5 and sect. 3.3 in [21]).  

 These observations may suggest that some DIBs are due 
to absorption in the atmosphere, under conditions which 
need to be understood, since, as mentioned above, DIB 
observations require to have an interstellar cloud on the line 
of sight.  

 It is this hypothesis I would like to further in this paper. 
In Sect. 2, I investigate the conditions for a DIB carrier to 
belong to the atmosphere, and in Sect. 4 several implications 
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are analyzed and compared to observation. In-between, Sect. 3 
is an attempt to relate these conditions to a remark by G. 
Herbig [8].  

2. CONDITIONS FOR A ROLE OF THE 
ATMOSPHERE IN DIB FORMATION  

2.1. Can a DIB Arise from Absorption in the Earth’s 

Atmosphere?  

 Obviously, a DIB carrier must belong to one of the two 
media superimposed along the sight-line of a reddened star, 
an interstellar cloud and the atmosphere. The interstellar 
cloud further seems to be necessary to the observation of the 
DIB.  

 If starlight at a specific DIB wavelength is absorbed in 
the atmosphere (and not in the interstellar cloud), the only 
way for the interstellar cloud to contribute to the spectrum of 
the star is through a component of scattered light.  

 If the DIB carrier belongs to the atmosphere, direct light 
from the star shouldn’t be more affected by atmospheric 
absorption than light from an unreddened star (the 
atmosphere has no way to distinguish one from the other).  

 It follows that observation of a DIB which is due to 
absorption in the atmosphere requires that the spectrum of a 
reddened star contains a proportion of scattered light by the 
interstellar cloud on the line of sight, and that the DIB results 
from selective absorption in the atmosphere of this scattered 
light component.  

 This latter condition is in fact very similar to conclusions 
I have reached from the analysis of observations presented in 
previous papers [20, 22, 23]. These observations indicate 
that atmospheric absorption is, for reasons I have not been 
able to determine (atmospheric turbulence first comes to 
mind, although I would not exclude an instrumental bias), 
more efficient on faint extended objects (nebulae, galaxies) 
than on stars. Decomposition of the spectrum of a reddened 
star into direct and scattered starlight corresponds to the 
configuration where the observer observes simultaneously a 
star and its nebula.  

2.2. Orders of Magnitude  

 If a DIB arises due to absorption in the atmosphere, the 
scattered starlight component in the spectrum of a reddened 
star must represent a few percent of the continuum.  

 Scattering by an interstellar cloud can be of two types: 
forward-directed scattering by large interstellar grains, or 
isotropic Rayleigh scattering by atoms, molecules, or tiny 
dust grains.  

 The single scattering model used in [24] with an albedo 
of  0.7 shows that up to 20% of the incident flux of the star 
at the cloud location can be scattered by large interstellar 
grains over all directions. For a strong forward-scattering 
phase function, known to be the common case in the 
interstellar medium [25], most of this light is thrown in a 
small angular angle in the forward direction, and may thus 
represent a few percent of the starlight received on earth.  

Rayleigh scattering is far less efficient than forward 
scattering and will in general require, to be perceived, the 
source of light to be close to the cloud. Even so it remains 
weak: if, for instance, light from the Red Rectangle nebula 
is, in the red, Rayleigh scattering by hydrogen [23], it does 
not exceed 1% of the light we receive from HD44179’s 
direction.  

 Scattering (isotropic or forward scattering) can be greatly 
enhanced if the scattering medium exhibits some kind of an 
order, for example because of turbulence (see [26] for 
enhanced scattering in turbulent media). I have argued [27], 
several years ago, that an addition of coherent scattered 
starlight in the spectrum of reddened stars would explain the 
departure from linearity of interstellar extinction in the UV. 
The scattered component necessary to explain the 
atmospheric origin of a DIB could be the visible tail of this 
coherent scattered light.  

 There are thus various possibilities which can explain a 
few percent component of scattered starlight in the spectrum 
of reddened stars, and the observed strength of the DIBs.  

3. RELATION TO PREVIOUS WORKS  

 Several DIB properties, as the dependence of DIB 
strength on reddening (see the introduction and Sect. 4.2), 
are reminiscent of scattering processes. This may have 
influenced the following comment by G. Herbig on the 
absence of DIBs in circumstellar matter: ’A more prosaic 
explanation is, however, also possible: If the diffuse 
interstellar bands are formed by a pure scattering process 
and the dust is spherically distributed around the central 
source, then the bands would disappear in integrated 
light.’ (sect. 2.4, p.29 in [8]).  

 The sentence stands curiously against the rest of G. 
Herbig’s paper. The idea might appear confuse to the reader 
who may wonder how a DIB can be formed through a pure 
scattering process, and why should the band disappear in 
integrated light from circumstellar dust? This is 
unfortunately nowhere justified or deepened, in [8] or in any 
other of G. Herbig’s articles.  

 I do not see how DIBs can be pure scattering, unless to 
accept, as in Sect. 2.1, a component of scattered starlight in 
the spectrum of reddened stars. Then, features in the 
scattering cross-section, or absorption bands of the scatterers 
could provoke the DIBs. This is as if atmospheric 
absorption, as it has been considered in the previous section, 
was replaced by an absence of scattering at DIB 
wavelengths. Orders of magnitude needed for the scattered 
light will be as found in the preceding section, and 
consequences (next section) will be the same.  

4. IMPLICATIONS  

 In this section, I suppose that a DIB, in either case of 
Sects. 2 and 3, is due to the presence of a few percent of 
scattered starlight in the spectrum of a reddened star. I 
investigate how different parameters, the geometry and the 
reddening, can influence the amount of scattered starlight 
(thus the DIB’s strength), and the effect it will have on the 
visible extinction curve.  
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4.1. Influence of the Geometry  

 In the two cases which may justify a few percent of 
scattered starlight in the spectrum of reddened stars, forward 
scattering by large grains or coherent scattering, angles of 
scattering need to be small (say within a maximum angle 

max). The amount of scattered starlight will thus depend on 
the geometry of the scattering.  

 The area of the interstellar cloud which contributes most 
to the scattering, that is the area around the direction of the 
star within which the scattering angle is less than max, grows 
with distance between the star and the cloud. It is maximum 
when the star is at infinity (the distance between the star and 
the cloud is much larger than the sun to cloud distance), 
minimum when the cloud is in the vicinity of the star.  

 Strength of a DIB linked to scattered starlight should thus 
have a general tendency to increase with star distance. If the 
DIB is observed in the spectrum of the illuminating star of a 
nearby (close to the star) foreground cloud, it should be 
weaker than if the star was farther away in the clear. These 
two tendencies are conform to observation [3, 10, 11].  

 The DIB should be particularly weak in stars embedded 
in circumstellar matter. HD44179, the star at the center of 
the Red Rectangle, surrounded by a very thick torus of 
matter [28, 29], has no DIB in its spectrum and may be an 
example.  

 DIBs in circumstellar matter have been observed and 
discussed in several papers ([8, 9] and references therein). 
There is, in general, no significant DIB detection, except in 
two studies [30, 31].  

 Le Bertre & Lequeux [30] detects DIB 6177 in the 
direction of several stars with circumstellar dust. This DIB is 
particularly interesting since it is a clear feature in the 
spectrum of NO2 [21].  

 Le Bertre and Lequeux assume that stars in their sample 
are not affected by foreground reddening. This is far from 
being obvious and remains to be proved: in all of the 
directions where the authors detect 6177 the ’large scale’ 
reddening (due to cirrus on the line of sight) given by NED 
database ([32], http://nedwww.ipac.caltech.edu/forms/calculator. 
html) is particularly important, sometimes even larger than 
the reddening of the stars. In contrast, in the directions where 
NED’s E(B  V) is low or less than the stars’ reddening, Le 
Bertre and Lequeux do not observe the DIB. It therefore 
seems to me probable that 6177, when it is detected in these 
observations, is due to foreground interstellar clouds (and 
not to circumstellar dust, in agreement with all observations 
of stars reddened only by circumstellar material).  

 In the direction of supergiant O9.5 HD188209 
Galazutdinov et al. [31] report days variations of some 
DIBs. The authors rightly argue that such a variability would 
not be observed if the DIB carrier(s) belonged to an 
intervening interstellar cloud. It thus has to arise either in the 
immediate vicinity of the star (as supposed in [31]), or in the 
atmosphere.  

 The reddening of HD188209 [E(B  V) = 0.20, from b  
v  0.07 and (B  V)0 0.27] is the same as the one expec-
ted from the galactic cirrus on the line of sight (E(B  V) = 
0.20, from NED). The star is also relatively far-away from 

the Sun (Hipparcos gives a parallax of 0.22 mas), and has a 
bump at 2200 Å, usually absent in the observation of stars 
with circumstellar dust. HD188209 is furthermore not visible 
in IRAS 60 and 100 mm images, while heated dust in its 
vicinity should give a bright spot at the position of the star 
on the infrared maps. These observations favor a position of 
HD188209 behind the interstellar cloud on the line of sight, 
which would imply that the day variations observed in the 
spectrum of HD188209 are not due to circumstellar matter 
but to the earth’s atmosphere.  

4.2. Variation of DIB Strength with Reddening  

 In a given geometry, the amount of scattered light, and 
the DIB’s strength, will increase linearly with reddening at 
small optical depth and reach a ceiling when the optical 
depth is close to 1.  

 For larger optical depths, scattered starlight diminishes 
because of multiple scattering and absorption. It might 
explain that DIBs are more difficultly observed in high 
column density directions [6, 7].  

 In these directions it is however difficult to predict what 
will be the proportion of scattered light in the observed 
spectrum of the star, since direct starlight is also 
extinguished. For high optical depths scattered light should 
nevertheless decrease more quickly than direct starlight.  

4.3. Effects on the Extinction Curve  

 A scattered starlight component in the spectrum of 
reddened stars will basically be a continuum, distributed 
over the whole spectrum. Observed extinction curves, which 
include this component, might thus be different from the true 
interstellar extinction.  

 The true visible extinction curve will best be determined 
from observations of stars with very low reddenings 
(scattered starlight is small). In these directions, the 
extinction curve is linear in 1/  over the whole visible-UV 
wavelength range, in the Milky Way as well as in the 
Magellanic Clouds [33, 34]. Therefore, if a component of 
scattered starlight does modify the true extinction curve (and 
provided that there is no grey extinction, see eq. 2 in [34]), 
the true value of RV should be 4.  

 In addition, for observations from the ground, the 
continuum of scattered starlight will be affected by 
atmospheric absorption at all wavelengths. This absorption 
will reflect the complexity of atmospheric absorption, so that 
a high number of DIBs should be found with increasing 
resolution and signal-to-noise ratio.  

5. CONCLUSION  

 In this study I have first searched for the conditions upon 
which a DIB can arise due to the atmosphere, and the 
implications it has. I finally found that a component, in the 
spectrum of reddened stars, of starlight scattered by the 
interstellar cloud on the line of sight could explain a large set 
of the observed properties of the DIBs. A DIB related to this 
component may then be atmospheric (absorption by 
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molecules of the atmosphere) or interstellar (interruption of 
the scattered light at the DIB wavelength).  

 Conditions for a DIB to arise due to the earth’s 
atmosphere are that the spectrum of a reddened star contains 
a few percent of scattered starlight by the interstellar cloud 
on the line of sight, and that this light be more specifically 
absorbed, at the DIB wavelength, by the atmosphere. If one 
DIB only is due to absorption in the atmosphere (for instance 
6177), many others can be expected, reflecting the richness 

and complexity of atmospheric absorption. A role of the 
atmosphere in DIB observations, surprising at first glance, 
meets earlier results I have obtained from the analysis of 
nebular and galaxies’ spectra, especially in the Red 
Rectangle.  

 The article largely focused on the implications a 
component of scattered starlight in the spectrum of reddened 
stars would have on observation. A key parameter is the 
relative distance between the interstellar cloud, the reddened 
star, and the observer: DIBs related to the scattered light 
should be absent in the spectrum of stars with circumstellar 
matter; the expected dependence of DIB strength on stars’ 
distances and on reddening agrees with the observations.  

 A component of scattered light in the spectrum of 
reddened stars will also have consequences for the visible 
extinction curve. It may imply that true extinction in the 
visible is simply linear, due to a size-distribution of large 
grains. In this case, the exact value of RV must be 4.  

 Some DIBs have been observed in other galaxies [35, 
36], with a significant redshift, and 4430 seems to be 
present in a few Hubble Space Telescope (HST) 
observations [37]. These observations question, but do not 
necessarily diminish the interest of the present work. There 
are first very few such DIBs, and they could be related to the 
scattered starlight as indicated in Sect. 3.  

 It is also noteworthy that, besides 4430, no DIB has yet 
been observed from space. Observations with the 
International Ultra-violet Explorer (IUE) prove that there is 
no DIB under 3000 Å [38, 39]. In the visible, stars in LMC’s 
RMC136a association, observed by the HST with a possible 
absorption feature at 4430 Å [37], do not show DIBs at 
longer wavelengths. This may be attributed to an insufficient 
signal-to-noise ratio, but would worth new observations with 
the HST.  

 This study finally shows that other solutions than a pure 
interstellar absorption process may be envisaged for the DIB 
problem. The hypothesis at the origin of this research, a role 
of the atmosphere in the observation of some DIBs, may be 
wrong, or only partially right. It has the advantage to account 
for several DIB observations, for the resemblance between 
the DIB spectrum and the spectrum of NO2 in the 6200 Å 
region, and may explain part of the DIB spectrum 
complexity. This should, in my opinion, motivate and justify 
new observations from space.  
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