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ABSTRACT 
Polarization observations of CRL 2688 (theoEgg Nebula) show the polarization to vary from 40 

percent at 3800 Â to 52 percent near 9400 Â. Observations of both components are also given. 
Polarization and reddening models seem to indicate graphite rather than silicate particles, with a 
column density of ~109 cm~2. 
Subject headings: infrared: sources — nebulae: general — polarization — stars: individual 

I. INTRODUCTION 
The properties of the infrared source CRL 2688, also 

called the Egg Nebula, have recently been discussed by 
Ney (1975) and Ney et al. (1975), and by Cramp ton, 
Cowley, and Humphreys (1975). It is an object con- 
sisting of two components of visual magnitude 13.5 and 
15 separated by ~8". Found in the course of the Air 
Force Cambridge Research Laboratory infrared rocket 
survey, the infrared source, wdiich is prominent at 10 
and 20 /¿, is about 2" across, and is situated between 
the components of the visual double object (Ney et al. 
1975). Each component has the spectrum of a F5 la 
star (Crampton, Cowley, and Humphreys 1975), with 
some peculiarities such as C3 in absorption and [S 11] 
and C2 in emission. The object was found to be highly 
polarized by Cooke, Warner, and Ney with a simple 
apparatus. Impressive photographs in two orthogonal 
polarimetric planes were obtained at Steward Observa- 
tory by Cromwell and Strittmatter (Ney 1975). Ney 
(1975) and Ney et al. (1975) point out that observations 
by Hudson and Stein with an “improvised” photo- 
polarimeter gave a polarization of 43 percent at visual 
wavelengths with an approximately constant value from 
4000 to 9000 Â. The purpose of this Letter is to present 
newT observations of polarization from 3700 to 9400 Ä; 
observations of each component are also presented. 
The observations are interpreted in terms of scattering 
from dust grains. 

II. OBSERVATIONS 
The observations were made with a dual-channel 

half-wave plate polarimeter coupled to a NOVA com- 
puter (Gehrels and Teska 1960; Serkowski 1974). The 
1.5 m telescope at the Catalina Station of the Lunar 
and Planetary Laboratory at the University of Arizona 
has been used during the different moonless nights of 
1975 January 13, 14, and 15, May 6, and June 5 and 6, 

* On leave from Laboratorio Física Cósmica e Tecnologie Rel., 
Milano, Italy. 

with seeing reaching 1". The inverse effective wave- 
lengths of the filters are U (2.71), B (2.25), G (1.90), 
R (1.14), and I (1.05) (Coyne, Gehrels, and Serkowski 
1974), if colors {U — B) = 1.15 and (B — V) = 1.10 
(Ney et al. 1975) are assumed. The results of the 
observations are given in Table 1, which gives the 
percentage polarization and position angle in each filter 
for the entire object, using a diaphragm of 15" centered 
between the two components, and for the individual 
components with a diaphragm of 10" (faint component) 
and 5" (bright component) centered on the two posi- 
tions of highest brightness. 

The wavelength dependence of the polarization for the 
data listed in Table 1 and plotted in Figures 1 and 2 is 
similar to that found in reflection nebulae (see, for 
example, Zellner 1973). Within the errors of measure- 
ment no substantial variation of polarization has been 
noted in the 5-month time interval or when using 
different apertures. There is some evidence of differences 
in the polarization between the north and the south 
components, as shown in Figure 2. A detailed study of 
the fine polarization structure requires more observa- 
tions with high spatial resolution. In the following dis- 

TABLE 1 
Polarization Results 

Total North South 
Parameter Nebula Component Component 

A* (arcsec).... 15 5 10 
Pu  37.3 + 3.1 40.6 + 3.6 50.8+15.2 
Pb  42.7 + 0.2 43.8 + 0.5 48.0 + 0.5 
Pg  44.9 + 0.3 46.2 + 0.3 49.0+ 0.6 
Pr  49.9 + 0.4 51.1 + 0.7 54.5 + 0.9 
Pi  49.0+0.5 50.9+1.7 53.1+ 1.8 
du  108 110 120 
6b  108 107 110 
do  108 106 111 
Or  110 108 112 
0i  Ill 109 111 

* Diaphragm size. 
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Fig. 1.—Wavelength dependence of polarization for the total 
nebula. The aperture was IS". Dots are the present data, while 
stars represent the data of Hudson and Stein (Ney et al. 1975). 

O NORTH 
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Fig. 2.—Wavelength dependence of polarization for the two 
components of the nebula. 

The degree of polarization can be increased to the 
observed value of about 50 percent by confining the 
scattering to angles near 90°; the effect on the geometry 
is a decrease in the geometric depth of the cloud. 
Figure 3 shows the resulting polarization for various 
cloud depths (depth along the line of sight). From 
Figure 3 we conclude that the ratio of cloud length (the 
cloud size in the plane of the sky) to cloud depth is 
greater than 10. 

The wavelength dependence of polarization for clouds 
composed of silicate and graphite particles with a single 
particle size is shown in Figures 4 and 5. No silicate 

CLOUD DEPTH 

Fig. 3.—Polarization at 5000 Â as a function of cloud depth. 
Cloud depth of 0 corresponds to an infinitely thin distribution of 
particles (that is, the particles are confined to a plane that con- 
tains the star and is normal to the line of sight) ; cloud depth of 
2 corresponds to a cloud depth to length ratio of approximately 
l/10 while a depth of 4 has a ratio of approximately l/5. 

cussion only the measurements for the total nebula will 
be taken into consideration. 

in. DISCUSSION 

Ney et al. (1975) suggest a model consisting of a 
star surrounded by a toroidal disk such that the direct 
radiation from the star is obscured but allowing 
illumination of two optically thin clouds on either side 
of the disk. This model is assumed for the present 
discussion. The model is closely approximated by the 
double sector used by Kruszewski, Gehrels, and 
Serkowski (1968) and by Shawl (1975) in calculating 
the polarization and reddening from asymmetric cir- 
cumstellar clouds. The geometry is similar to a figure 
eight of revolution about the long axis such that the 
axis of revolution is in the plane of the sky. The details 
of the model calculation are given by Shawl (1975). 
The polarization of scattered light from such a model 
(i.e., the direct light from the star is blocked) is about 
20 percent for small silicate and graphite particles. 

Fig. 4.—Wavelength dependence of normalized polarization 
for silicate particles. Polarization has been normalized to a value 
of 100 at \~2 = 2 ¡i. 
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Fig. 5.—Wavelength dependence of normalized polarization for 
graphite particles. 

models will fit the observations in the red (X-1 < 2), 
although they will in the blue (X-1 > 2). Graphite 
models with particle radii of 0.07 /z will fit well in the 
red but deviate from the observations in the blue. (On 
the basis of the calculations presented by Shawl 1975, 
iron particles, which have polarizing properties similar 
to graphite, would also fit although such models were 
not calculated for the present work.) If there is indeed 
significant radiation from the infrared source in the 
Johnson R and / filters (Ney et al. 1975) the observed 
polarization will be below the polarization produced by 
the scattering process in the cloud. Thus, the true 
deviation in the red between the observed polarization 
and that calculated for the silicate models will be 
greater than or equal to that shown in Figure 4. 
Because of the large deviation of the silicate models in 
the red, graphite models are preferred. In addition, a 
distribution of particle size will probably produce a 
better fit to the data for graphite but not for silicates. 

The results of calculations of the reddening produced 
by silicates and by graphite are shown in Figure 6. 
Because of the similar, neutral colors of the two com- 
ponents, silicate particles tend to be ruled out. Using 
the intrinsic colors for a F5 la star given by Johnson 
(1966), we find a color excess Eb-v = 0.73; this is the 
amount by which the cloud reddens the F5 la star. 
This low value of color excess is further evidence for 
graphite particles instead of silicate particles.1 

Since ts = Tra2QsNL where ts is the scattering optical 
depth, a is the particle radius, Qs is the scattering 
efficiency, and NL is the column density of scattering 
particles, we find (assuming graphite particles of 0.09 /x 
in radius) NL ^ 109cm“2/ör the scattering clouds. 

Ney et al. (1975) and Crampton et al. (1975) point 
to various types of similarities between CRL 2688 and 

1 The preference of graphite over silicates, first made on the 
basis of the fitting of the polarization models to the data, was 
made prior to our knowing of the existence of carbon lines in the 
spectrum (Crampton et al. 1975) or of the lack of a 10 ju feature 
(Forrest et al. 1975). See Shawl and Tarenghi (1975). 

a (micron) 
Fig. 6.—Reddening of scattered light as a function of particle 

size for silicate and graphite particles. Note that the wavelengths 
are not the same for both particles. 

VY CMa, IRC +10216, 77 Car, and Herbig-Haro 
objects. All these latter objects are known to have high 
polarizations of 5-25 percent [VY CMa (Serkowski 
1969a, h; Shawl 1969; Dyck, Forbes, and Shawl 1970; 
Herbig 1971), IRC +10216 (Shawl and Zellner 1970; 
Dyck et al. 1971), rj Car (Visvanathan 1967; Schmidt 
1971), Herbig-Haro objects (Strom, Grasdalen, and 
Strom 1974)]. In the light of the entire object, CRL 
2688 has the largest polarization of all of these objects. 
This is probably due simply to the obscuring cloud 
directly in front of the illuminating star. At least in the 
case of VY CMa, the observations can only be explained 
by silicates and not by graphite (Dyck, Forbes, and 
Shawl 1971), while for CRL 2688 the observations are 
best explained by graphite. The observations of 17 Car 
are explained by Visvanathan (1967) as due to electron 
scattering because of the flat wavelength dependence, 
while Schmidt (1971) argues that a dust hypothesis is 
not ruled out. The cometary nebula R Mon has a large, 
variable polarization whose wavelength dependence is 
also flat (Zellner 1970). Thus polarization similarities 
and differences show these various objects to be far 
from identical. 
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