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A SEARCH FOR DIFFUSE INTERSTELLAR FEATURES 
IN STARS WITH CIRCUMSTELLAR DUST SHELLS 

THEODORE P. SNOW, JR. and GEORGE WALLERSTEIN 
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Abstract. We have searched for diffuse features at X 4430, 5780 and 6613 in the spectra of 17 stars 
which show infra-red excesses or other grounds for believing that they have dusty envelopes. In no 
case could we identify diffuse bands that may be ascribed to the circumstellar envelope. We conclude 
that the grains in circumstellar envelopes are not identical with the grains in the general interstellar 
medium. 

1. Introduction 

Although the diffuse interstellar absorption bands have been studied for over 35 yr 
no certain identification of the source of the absorption has been made. The general 
correlation between interstellar reddening and the strength of the diffuse feature at 
A 4430 (Duke, 1951) has been used to associate the diffuse absorption features with 
interstellar dust. Furthermore, the width of the bands indicate that they are not due 
to the absorption by discrete transitions of atoms or molecules in the gaseous state; 
more likely they are caused by a substance that is adsorbed on the grains. 

While the increase in band strength with distance indicates that the diffuse bands 
are in most cases interstellar, rather than circumstellar; the possibility is not ruled 
out that stars with a sufficient concentration of circumstellar dust should show anoma­
lously strong diffuse bands. Recent observations in the infra-red have shown that 
many stars have an excess of infrared radiation that can be explained most readily 
by the hypothesis that circumstellar dust is absorbing radiation from the photosphere 
and re-radiating it in the infrared. The question naturally arises as to whether the 
circumstellar dust also results in absorption in the diffuse bands. We have investigated 
the possibility that the diffuse bands may be present in stars with circumstellar extinc­
tion by examining the spectra of stars with infrared excesses or other grounds for 
suspicion that circumstellar dust may be present. We have investigated stars which 
we believe to be evolved objects rather than contracting stars*; but can never be cer­
tain of the evolutionary state of each object. 

2. Spectroscopic Observations 

We have searched for the diffuse bands at X 4430, 5780, 5796 and 6613 on spectra 
loaned from the Hale Observatory plate collection as well as some taken at the Hale 
Observatories in connection with other investigations of infrared stars by one of us 

* Except for AB Aur (Herbig, 1960). 
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(G.W.). In stars later than about type FO the blue region of the spectrum is so crowded 
with lines that the recognition of the k 4430 band becomes nearly impossible, so we 
have searched for the features in the visual and red in the cooler stars. Microdensito-
meter tracings were prepared of the blue spectra, since the 4430 feature is too broad 
to identify readily by visual inspection. Continuum points 50 A on either side of 
4430 A were used to establish a baseline against which the absorption in the band 
could be measured. The red spectra were examined with a visual projection meas­
uring engine, to distinguish the k 5780 and 6613 features from stellar lines. 

3. Photometric Data 

Since we are comparing the correlation of diffuse band strength with visual absorption 
in the circumstellar environment and the interstellar environment, we must find the 
absorption due to circumstellar material for each star. Published photometric data 
were used to estimate the visual absorption in stars with infra-red excesses. The ab­
solute energy distribution was plotted for each star and the emergent stellar flux was 
separated from the infra-red excess. We can fairly easily establish the total reradiated 
energy this way except when the infra-red flux is still rising at the longest observed 
wavelength. In that case we have assumed a characteristic temperature and integrated 
under the black body distribution at that temperature from the longest observed 
wavelength to infinity. 

While the total absorbed flux may be set equal to the reradiated infra-red flux, the 
energy distribution of the absorption is not easily determined. For interstellar par­
ticles the albedo in the visual region is about 0.7 (Van de Hulst and de Jong, 1969); 
i.e. only about \ of the energy subtracted from the beam is absorbed by the particles. 
For circuipstellar particles there is some evidence that the total extinction curve differs 
from the interstellar case and that the ratio of extinction to reddening also differs 
(Hyland et al.f 1969; Strom et al.9 1972). Hyland et al. found that the extinction curve 
for VY CMa is flat from 3500 A to 10000 A and then decreases rapidly to nearly zero 
at 3.5 /i. However, the absorption could not be absolutely zero in the infra-red, since 
the circumstellar dust radiates profusely out to at least 20 \i. In the second paper cited 
above the authors found a very large ratio of extinction to reddening indicating that 
the circumstellar dust absorbs rather nonselectively. In calculating the visual absorp­
tion we have assumed that the absorption is equal at all wavelengths. For the purpose 
of calculating the visual absorption we do not need to know the ratio of absorption to 
scattering, but will comment on that later. 

In view of the difficulties presented by the lack of data in the far infra-red, the am­
biguity in determining the cut-off point between emergent stellar flux and reradiated 
infra-red flux, and the unknown spectral distribution of the absorption in optical 
wavelengths, we have estimated crude bolometric circumstellar extinctions from 
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where Fv is the estimated stellar flux which escapes the dust shell directly without 
loss, Fhol is the total flux of the star, and A is the extinction in magnitudes. Since the 
bolometric flux is given by the sum of the emergent stellar flux plus the infrared 
excess flux, we have 

A = -2 .5 log ( — ), (2) 

where FIR is the estimated infra-red excess flux. We can also estimate crude bolometric 
optical depths of the dust shell for optical wavelengths from 

In the case of VY CMa, where we had enough information to estimate a true visual 
extinction as well as a bolometric extinction from Equation (2), we found them to be 
approximately equal. 

In some cases the stars under consideration were variables with large amplitudes. 
For these it was necessary to attempt to match phases by using available light curve 
data. This was difficult and at best quite inexact, because very little information can 
be found concerning the IR light curves of variable stars (Lockwood and Wing, 1971; 
Lockwood [preprint] have done some work on Mira variables). In a few cases satis­
factory phase matching was not achieved and we could only place upper limits on the 
circumstellar extinction. 

4. Results 

Table I lists the stars whose spectra we have examined. After the star name or number 
we list the region searched and the circumstellar absorption calculated as described 
above. With the exception of RS Ophiuchi and e Aur we could find no stars with 
diffuse band absorption. At X 4430 we can set an upper limit of 5% absorption. No 
quantitative limit can be set for the bands in the visual region since most of our stars 
have atomic or molecular lines near X 5780 and 6613. We can only state that there is 
no noticeable enhancement or widening of these features. 

The only star to show evidence of absorption at X 4430 is e Aur. It is an eclipsing 
system with a period of 27 yr and an eclipse duration of about two years. The eclipse 
lasts too long for the eclipsing object to be a normal star and it has been suggested 
that a small central object surrounded by a cloud of gas or dust may be responsible 
for the eclipse. For a recent discussion of e Aur see Wilson (1971) which contains 
many further references. We are concerned here not with the nature of the central 
object, but with its large surrounding envelope. We find that the X 4430 band is of 
equal strength both in and out of eclipse, showing that the X 4430 absorption is not 
formed in the object that is in front during the eclipse. Furthermore, the central depth 
of the X 4430 band in s Aur is 11%, which is just about what may be expected from an 
interstellar reddening of 0.34 mag. and its distance of about 1000 pc. We found from 
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TABLE I 
Stars investigated for diffuse bands 

Object 

eAur 
AB Aur 
R A q l 
W C e p 
V Y C M a 
T C r B 
R W C y g 
U H e r 
AC Her 
89 Her 
17Lep 
48 Lib 
T M o n 
U O r i 
WSer 
VXSgr 
SVVul 

Spectral 
type 

A8Ia 
B9 
M5-M8e 
KOIa 
M3-M5 lb 
M3III+sdB 
M3Ia 
M6-8e 
F2-K4Ib 
F2 Ia 
B8 + M2III 
Bpec 
F8-K0Ib 
M6-8e 
F5e 
M4 
F8-K0Ib 

Region 
searched 

a b c 
a 
b e 
b e 
b e 
a 
b e 
b e 
a 
a 
a b c 
a 
a b c 
b e 
a 
b e 
a b c 

Circumstellar 
absorption 
(mag.) 

0.0 
0.4 
0.4 

<0.05 
2.1 

<0.05 
<0.30 

0.50 
0.20 
0.50 
0.50 
0.15 

<0.15 

1.0 

Reference 

13 
7, 12, 15 
4, 12, 17 
4,17 

11, 12 
8, 13, 15 
6, 17 
2, 3, 16 
4,18 
5 
1, 13, 15, 17 

13, 14 

6, 17 
19 
9, 10, 12 
4 

Remarks 

* 

V 

A 

+ 

a = 4430 
b = 5780 
c = 6613 

1. 

* at max. extinction at min. is 0.8 mag. 
+ not known but presently under study 
v spectra taken during outburst of 1946 
A spectra taken near maximum light. 
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a plot of color excess vs distance for stars in the U.S. Naval Observatory Photoelectric 
Catalogue (Blanco et al., 1968) that the distance to s Aur is approximately 500 pc, 
while spectral classification yields the 1000 pc estimate. 
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The nova RS Oph shows strong absorption at X 6613, 5780, and 5796 A (Waller­
stein, 1958). We find these bands in the nearby cepheid, Y Oph, which suffers about 
the same amount of interstellar extinction as RS Oph (Kraft, 1961; Sandage and 
Tammann, 1971) and is thought to be at roughly the same distance. Therefore in this 
case also we believe that circumstellar diffuse bands are absent. A detailed comparison 
of the two stars would be very difficult because of blends with atomic lines in Y Oph 
and uncertainty in the distance to RS Oph. Photometry of RS Oph shows no infra­
red excess in the V-K color assuming a KO star to be present (Wallerstein, 1969) that 
is reddened by 0.85 in B— K(Svolopolous, 1966) but a considerable excess in the K-N 
color (Geisel et al., 1970). Observations out to 3.5 \x by Harvey (1972) in August and 
September 1970 confirm the absence of an excess in the near infra-red. 

We wish to compare the diffuse band strength or upper limit on it for circumstellar 
material with the strength to be expected had the reddening material been of the same 
nature as interstellar dust. The absorption listed in Table I for each star is only a 
lower limit of the total visual extinction because the scattering term has been omitted. 
If the ratio of scattering to absorption is similar to that for interstellar material the 
absorptions must be increased by a factor of three to find the total visual extinction. 
The proposed factor of three is an upper limit on the range of possible corrections 
since the particles may be close to the star and have a phase function that favors 
forward scattering. In the limiting case the scattering will not add to the absorption, 
since as much light will be scattered into the beam as out of it. 

By inspection of Table I we see that a number of stars have sufficient circumstellar 
absorption that we would expect to see X 4430 if it followed the interstellar relationship 
between X 4430 and extinction. If we recognize that the absorption of Table I may be 
only % of the total extinction many of the stars should show X 4430, but they.do not. 

Gahm and Hultquist (1972) report an anomalous feature at X 6613 in the spectra 
of several late type supergiants, and suggest that it may be the X 6613 diffuse band. In 
our stars we have used a spectra comparator to compare the lines from different stars, 
and we conclude that the line we see at 6613 A is the same in each star, rather than 
being more broad and diffuse for later type stars. We have no stars in common with 
Gahm and Hultquist. 

5. Discussion 

The lack of circumstellar diffuse bands in stars which have IR excesses may be due to 
some intrinsic difference between the grains in circumstellar envelopes and those 
in the general interstellar medium, or to the physical conditions in the near environs 
of stars. There is some evidence for the reduction of X 4430 strength in regions of 
strong heating (Greenberg, 1968; Stoeckly and Dressier, 1963). On the other hand, 
A'Hearn (1971) has found evidence of X 4430 absorption in reflection nebulae, near 
hot stars. Although the temperatures in circumstellar dust envelopes are much lower 
than those in H n regions they are much higher than in dense interstellar clouds. 

If the lack of circumstellar diffuse band absorption is due to some intrinsic property 
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of circumstellar dust grains which is different from that of the interstellar grains, then 
the question arises what that difference may be. Two possibilities are that the compo­
sition of the grains is different, or that the size of the grains is different. The size dis­
tribution in the circumstellar environment may differ from the interstellar environ­
ment because stellar radiation pressure may selectively deplete its circumstellar cloud 
of the smaller grains. Perhaps our results indicate that circumstellar envelopes around 
evolved stars are not the main source of the general interstellar dust. 
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