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Summary. We report the discovery of an infrared reflection nebula
GGD 27 IRS, near the optical nebulosity GGD 27. It shows a
dumbbell-shaped structure with large degrees of polarization, up
to 64%, in the K band. From the centrosymmetric pattern of the
polarization vectors we identify the illuminating source of the
nebula with IRS2. A simple model based on single Rayleigh
scattering at the surface of a paraboloidal shell gives good agree-
ment with the observed radial dependence of both polarization
and surface brightness. This model is in good agreement with
the recently revealed shell structure of the CO bipolar flow. Small
polarization and low surface brightness both east and west of
IRS 2 indicate the presence of a disk of obscuring material elon-
gated orthogonal to the extent of the nebula. We estimate the
size, extinction, and mass of the disk to be 40” x 60", 75mag
and 200 M, respectively.
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1. Introduction

Recent polarization maps (Tokunaga et al., 1981; Werner et al.,
1983; Heckert and Zeilik, 1984; Lenzen et al., 1984; Joyce and
Simon, 1986) have established the presence of infrared reflec-
tion nebulae associated with young stellar objects (YSOs). They
show large polarization, typically 50%, and elongated or bipolar
structure in their surface brightness. Although a scattering model
is accepted as a polarization mechanism, the detailed geometry
of the scattering field has not been understood yet. For the central
source of CO bipolar flows Hodapp (1984) and Sato et al. (1985)
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constructed a model with the scattering material located above
an obscuring disk on the basis of the orthogonality between the
infrared polarization and CO bipolar flows.

Heckert and Zeilik (1985) made a model calculation by
using a simple geometry, that is, an optically thin bipolar lobe
surrounding an optically thick torus, in order to explain the
wavelength dependence of infrared polarization. However, the
polarization measured on the intensity peak is rather insensitive
to the exact geometry. Although spatially resolved polarization
maps would provide a diagnostic for the geometry of the radia-
tion field, previous observations do not provide any good ex-
amples suitable for detailed examination in a sense that most
of them (i) are not viewed nearly edge-on, (ii) include several
luminous sources, or (iii) show rather large irregularities in the
nebula, presumably due to clumpiness of the scatterers. The
present observations show this new infrared source, GGD 27 IRS,
to be a particularly good example with the above difficulties
relatively insignificant. By examining this source we discuss the
geometries around it in the light of the latest discovery of a shell
structure of the CO bipolar flow in L1551 dark cloud (Snell et
al., 1985; Uchida et al., 1987).

GGD 27 is located at the south-western edge of a dark lane
extending in the NW-SE direction in Sagittarius. It was thought
to be a Herbig-Haro candidate from its appearance on the
Palomar Observatory Sky Survey (Gyulbudaghian et al., 1978).
Hartigan and Lada (1985) showed it not to be a Herbig-Haro
object but a reflection nebulosity from the lack of Ho emission.
Rodriguez et al. (1980) found a weak radio continuum at 5 GHz,
and an H,0O and an OH maser close to GGD 27. They also de-
tected 12CO, 13CO, and NH; molecules and derived a kinematic
distance of 1.7kpc from the velocity of *2CO. The flux of the
radio continuum corresponds to an exciting star of B1V at the
distance of 1.7kpc. Yamashita et al. (1987) mapped this region
with CO and CS lines and found a CO bipolar flow with blue-
and red-shifted lobes extending to the north and south, respec-
tively, and a CS disk elongated in the east and west direction.

2. Observations and results

In the course of a K band polarization survey with the Agematsu
1 m infrared telescope, we found a highly polarized source in the
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Table 1. Positions of sources

259

Sources R.A. (1950) Dec. (1950) K mag Identification Reference
IRS 1 18P16™13%0 + 3” —20°49'09" + 3" 8.1 1
IRS?2 18716™1352 + 3” —20°48'46" + 3" 9.4 5GHz cont. 1,2
IRS 3 18*16™1538 + 3” —20°49'04" + 3" 9.9 Starlike image 1,3
IRS 4 18°16™1157 + 37 —20°48'16" + 3" 10.1 No. 41; GGD 27 1,3
IRSS 18°16™1157 + 37 —20°49'13" + 3" 10.3 1
IRS6 18"16™™10 + 10” —20°47'54" + 10” 7.7 Starlike image 1,3
5GHz cont. 18716™1350 —20°48'48" 2
AFGL2121 18"16™18 —20°45'1 4
18162-2048 18"16™1258 —20°48'51" 5
No. 32 18716™12:82 —20°49'08"6 3

References: (1) This paper; (2) Rodriguez et al., 1980; (3) Hartigan and Lada, 1985; (4) Walker and Price,

1975; (5) IRAS point source catalogue, 1985

vicinity of GGD 27 (we call GGD 27 IRS). Its intensity and the
degree of polarization are 8.6 mag and about 209 in the K band,
respectively, with a beam of 15” and a chopping throw of 60" in
the east and west direction. The cross scans in the K band indi-
cate an extent as large as 2’ in the north-south and 1’ in the east-
west directions, respectively.

We made a K band intensity map of this source using the
UH 88 inch telescope at Mauna Kea on 4 and 5 July, 1985, with
a beam of 8” and a chopping throw of 60" in the north-south
direction. The infrared source, GGD 27 IRS, was spatially re-
solved into six discrete sources and a diffuse component. The
coordinates of the discrete sources are listed in Table 1, together
with the positions of sources relevant to GGD 27 IRS. Near
infrared photometry of IRS 1 and IRS 2 is presented in Table 2
and in Fig. 3, together with the IRAS data.

Subsequently we carried out polarization mapping in the K
and L’ bands with the Kvoto Polarimeter on the UKIRT 3.8 m
telescope on 25, 26 July and 19, 20 August, 1985. We used beams
of 20” in the K band and 12” in the L’ band. A chopping
throw of 220" in the east-west direction was employed throughout
the observations at the UKIRT. In order to check the contami-
nation from field stars in the reference beam, we measured each
grid point twice with a reference at eithr side of east and west.
The methods of polarimetry were identical to those of Sato et
al. (1987). Instrumental polarization was measured to be less than
0.2%. Position angles were calibrated by observing GL 2591,
whose position angle is 171° in the K band (Lonsdale et al.,
1980). The polarization maps in the K and L’ bands are shown
in Figs. 1 and 2, respectively.

The radial dependences of the degree of polarization and
surface brightness were also measured with a beam of 12” in the
K band along a vertical line to the north from IRS2 and are
shown in Figs. 4 and 5.

Table 2. Photometries of IRS 1 and 2

Magnitude
Bands J H K L M
IRS1 13.1 10.3 8.1 59 4.9
IRS2 139 12.1 9.4 59 4.7

Typical errors for the degree of polarization are 2% in the K
band and 39%; in the L’ band. The signal-to-noise ratio of the flux
at the lowest contours are 50 and 20 in the K and L’ bands,
respectively.

3. Discussion

GGD?27 IRS consists of a diffuse component and six sources
unresolved with a beam of 8”. Of these six discrete sources, IRS 3,
4, and 6 are identified with optical images on the CCD frame by
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Fig. 1. Surface brightness and polarization map of GGD 27 IRS in the
K band. The beam size of 20" is indicated by the hatched circle. Contour
levels are 1, 2, 3, 5, 7, 101072°Wcm ™2 um ™~ !arcsec™ 2, respectively.
Each bar indicates the degree and the direction of polarization at the
position of its center denoted by a filled circle. A polarization of 20%,
is displayed by the bar in the upper left corner. Open circles indicate the
infrared sources identified with a 8” beam. Although IRS 2 is pointlike
in the K band with 8" resolution, it shows no enhancement in the surface
brightness, betause extended component is very strong in a 20” beam

16°
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Fig. 2. Surface brightness and polarization map in the L’ band of GGD 27

IRS. Designations are the same as in Fig. 1 except the beam size of 1274

and the contour levels of 0.5, 1, 2, 410"2°Wcm ™ 2um ™ !arcsec™ 2.
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Fig. 3. The energy spectrum of IRS 1 and 2. The filled circles are from
our photometry and the filled squares are from IRAS point source cata-
logue. The open circles are dereddened ones by visual extinctions of
20mag for IRS2 and of 30 mag for IRS 1. The dashed lines are black-
body spectra of the temperatures indicated

Hartigan and Lada (1985), as shown in Table 1. IRS 4 coincides
with the optical nebulosity GGD 27.

3.1. The diffuse component

The diffuse component shows a dumbbell-shaped structure ex-
tending for about 2’ in the north-south direction.’ The largest
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Fig. 4. Radial dependence of the degree of polarization along the vertical
line to the north from IRS 2. The positional error is indicated by the
horizontal lines. Errors in the degrees of polarization are within the
radius of the circles. The dot-dashed and dashed lines show dependences
of Rayleigh scattering calculation for volume and surface scattering, re-
spectively. The employed parameters are summarized in Table 3
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Fig. 5. Radial dependence of surface brightness. Parameters are the same
as in Fig. 4. The dot-dashed and dashed lines are model calculations for
volume and surface scattering without corrections, respectively. The thin
solid line corresponds to surface scattering model with the corrections
of extinction in the cavity or variable optical depth for scattering (see
text). The employed parameters are summarized in Table 3. These lines
are normalized to the observed data at the distance of 22

polarization, up to 649, is observed in the northernmost and
southernmost region, coincident with the edges of the diffuse
component. The large degree of polarization and the centrosym-
metric pattern of polarization vectors indicate that the polar-
ization mechanism is scattering and that the diffuse component
is illuminated by a source located at the polarization center.
Although the polarization vectors (Fig. 1) do not form a com-
plete centrosymmetric pattern, most of the normals of the po-

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1987A%26A...177..258Y

FT987ARA ~ _I77.ZZ58Y]

Table 3. Parameters of the model calculations

261

Ry or Z,? i(°)® C(arcsec™ 1) Expressed lines
(arcsec)
Figure 4 Figure 5
Volume scattering - 35 0.20 Dot-dashed Dot-dashed
Surface scattering - 35 0.20 Dashed Dashed
Surface scattering with 33 16 0.28 Dashed Thin solid
variable optical depth

Surface scattering with 80 30 0.25 Dashed Thin solid

finite extinction

* R, for finite extinction and Z, for variable optical depth
® Inclination angle of the nebula from the plane of the sky
¢ Coefficient of the paraboloid; Z = C(X? + Y?)

larization vectors converge at a position immediately close
to IRS2, which coincides with an ultra-compact H1 region
(Rodriguez et al, 1980) and IRAS source 18162-2048. (see
Sect. 3.3).

The northern lobe is brighter than the southern one, which
would be obscured by the tilted disk discussed in Sect. 3.2. The
inclination is consistent with that expected from the CO bipolar
flow (Yamashita et al., 1987); the disk would be tilted in the way
that nearer side is in the south because the blue- and red-shifted
lobes of the flow are in the north and south, respectively.

The degrees of polarization in the L' band (Fig. 2) are com-
parable to or slightly larger than those in the K band (Fig. 1),
in contrast to the wavelength dependence for interstellar polar-
ization (Serkowski et al., 1975) or for most cases of infrared po-
larization of YSOs measured on the position of the peak intensity
(Dyck and Capps, 1978; Heckert and Zeilik, 1981). Generally,
for scattered radiation polarization at longer wavelengths shows
larger degrees than at shorter wavelengths due to the fol-
lowing two reasons. (i) The integrated polarization is reduced by
multiple scattering at shorter wavelength. (i) Polarization in
the L' band produced by single scattering is comparable to or
slightly larger than that in the K band, in the wavelength range
of A > 2na (van de Hulst, 1957, Matsumura and Seki, 1986). In
previous measurements of YSOs on the intensity peak, contami-
nation from thermal emission has resulted in a wavelength de-
pendence showing smaller polarization at longer wavelengths
(Dyck and and Capps, 1978; Heckert and Zeilik, 1981).

In the extended region of Cep A, the polarization in the L
band is much higher than that in the K band (Joyce and Simon,
1986); they attributed the relation to multiple scattering. In the
diffuse component of GGD27 IRS, we argue that single scattering
must be the dominant process because of the near equality of
polarization in the K and L’ bands.

The radial dependences of both the degree of polarization
and surface brightness in the K band along the vertical line to
the north from IRS 2 are shown in Figs. 4 and 5. The effect of
beam size on the degree of polarization, which is due to the varia-
tion of position angles within the beam, was calculated for a
centrosymmetric field of polarization vectors for the cases of both
a constant and a r~2-dependent surface brightness, and was
shown to be negligibly small 20” away from IRS?2. Both the
polarization and the surface brightness inside 20" appear to be
heavily affected by the presence of a disk and this will be dis-

cussed later in this section. Figure 4 shows that the degree of
polarization increases with distance from IRS 2.

We made a model-fitting for this infrared reflection nebula
by adopting a paraboloidal shape, Z = C(X? + Y?), where X
and Y axes are in the plane of the disk, tilted with an angle, i,
from the plane of the sky, with C and i free parameters. We
assume (i) single and (ii) Rayleigh scattering (x = 2ma/A « 1) and
neglect thermal emission. According to the calculation with Mie
scattering (Matsumura and Seki, 1986) Rayleigh scattering ap-
proximation holds for a < 0.35um at 1 =22um for each of
graphite, silicate, and ice grains. The assumption of single scat-
tering is supported by the near equality of K and L’ band polar-
ization degrees at a level larger than 20%,. First, we make an
assumption that the extinction is negligibly small and the scat-
tering cross section is constant per unit volume or per unit area.
We calculated two cases of the spatial distribution of the scat-
tering material. We call them (i) volume scattering and (ii) surface
scattering (Nagata et al., 1986); that is, (i) scattering occurs on
grains inside the lobes and (ii) scattering occurs only at the surface
of the shell enclosing the cavity. The latter model is based on
the shell structure recently reported for a CO bipolar flow in the
L1551 dark cloud (Snell et al., 1985; Uchida et al., 1987).

Systematic search of parameters C and i shows a general
tendency: the surface scattering model (dashed line in Fig. 4) gives
a good agreement with the observed radial dependence of polar-
ization, whereas the volume scattering model (dot-dashed line)
does not rise sufficiently steeply. This can be simply understood
as follows: the degree of polarization due to volume scattering
is an average of polarization by dust grains located along the
line of sight, and so the polarization changes little with the pro-
jected radial distance. That due to surface scattering is an aver-
age of the polarization at the two points of the paraboloid which
the line of sight intersects. Therefore, the curve of surface scat-
tering model shows a gradient steeper than that of the volume
scattering.

It should be noted that we can determine the parameters C
and i uniquely, because the vertical shift and the gradient of the
curve are sensitive to i and C, almost independently. Conse-
quently, we obtained parameters, i = 35° and C = 0.20 arcsec™ !,
for the best fit to the observed radial dependence of polarization.

In spite of this agreement of the surface scattering model with
the polarization result, it shows a substantial deviation from the
observed brightness distribution (Fig. 5). Then we introduce
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either (i) height(Z)-dependence of optical depth for scattering,
for instance, due to grain density variation, as exp(—Z/Z,), or
(i) extinction of light during the transmission through the ca-
vity as exp(—R/R,). Case (i) with parameters, i = 16°, C =
0.28 arcsec™ !, and Z, = 33", and case (ii) with parameters, i =
30°, C = 0.25arcsec” !, and R, = 80" provide radial dependence
of surface brightness in good agreement with observation (thin
solid line in Fig. 5) and that of polarization similar to that
derived previously. If case (ii) applies, the characteristic mean-
free-path, R, = 80", corresponds to a density of about 10*cm ™3,
which may be too high for the cavity. However, the actual dust
shell must have transient region inside and the extinction would
occur therein. The resultant shape of the cavity with the param-
eters C = 0.28 or 0.25arcsec™ ! fits fairly well to the K band
surface brightness (dashed line in Fig. 1 is for C = 0.28), and
the small inclination angle (i = 16° or 30°) is also consistent with
the fact that the source appears to be viewed from nearly edge-on.

Thus a simple model that a single Rayleigh scattering occurs
on the inner surface of a paraboloidal shell can provide good
agreement with the observed radial dependences of both polari-
zation and surface brightness. This geometry of scattering is in
good agreement with the shell structure of the bipolar flow,
suggesting that the infrared light is scattered by the dust shell
formed by the molecular outflow. The good agreement of the
spatial extent between the infrared reflection nebula and the CO
bipolar flow (Yamashita et al., 1987) also supports this idea.

Within 20" from IRS 2, which we have neglected in the pre-
vious discussions, the degrees of polarization are larger than those
calculated for the surface scattering model (Fig. 4). This could
be attributed to a contribution from volume scattering, arising
from a higher density of dust grains around the central star.

Deviations from a centrosymmetric pattern are seen in three
regions in Fig. 1. First is a region around IRS4, where the
degree of polarization is small. This is probably due to dilution
by the infrared light from IRS 4, which corresponds to both an
optical nebulosity GGD 27 itself and No. 41 on the CCD image
by Hartigan and Lada (1985). Therefore, IRS 4 (GGD 27) would
not be a bright knot in the infrared reflection nebula but a
self-luminous source. Second is a region to the northeastern side
of IRS 2, where surface brightness decreases steeply to the east.
The polarization integrated over the beam would be dominated
by the contribution from the western part of the beam and,
as a result, the normals of the polarization vector point to
IRS 2 from the western part of the beam, not from the center.
Third is a region to the west of IRS1, where the polarization
vectors are almost vertical (P.A. ~ 0°), different from those ex-
pected for a illumination by IRS 2. Their normals pointing to
IRS 1, together with the enhancement of brightness here, means
that a reflection nebulosity is likely to be also associated with
IRS 1.

3.2. The disk

It is striking that not just the surface brightness, but also the
degree of polarization, decreases both east and west of IRS 2.
The degree of polarization can be reduced by 1) an addition of
thermal emission by hot dust or free electrons, 2) contamination
by background stars, or 3) multiple scattering by dust grains.
The reduction in surface brightness as well as polarization would
exclude cases 1) and 2). Multiple scattering by dust grains is
therefore the most plausible and suggests the presence of a dense

condensation extended in the east-west direction, that is, perpen-
dicular to the elongation of the surface brightness. Comparison
of the surface brightness distribution in the K and L’ bands also
supports this interpretation: since the extinction coefficient de-
creases with increasing wavelength, as was discussed in Sect. 3.1.,
the dips in either side of IRS 2 in the L’ band are shallower than
those in the K band.

The extent of the disk can be obtained from the distribution
of polarization and surface brightness. If we assume that polari-
zation is caused by scattering and that depolarization is due to
multiple scattering, then a small degree of polarization delineates
the high density region. The region within 30” to the west of
IRS 2 shows polarization less than 5%, while the polarization at
a point 45” away is as large as 159 in the K band (Fig. 1).
Thus the radius of the disk is estimated to be about 30" or
0.25pc in the east-west direction. From the decrease of surface
brightness toward the central source from the north, the height
of the disk is inferred to be about 20”. We obtain therefore a
rough size (diameter x thickness) of 60" x 40" for the obscuring
material.

We estimate the extinction in the disk using the same method
as that employed by Lenzen et al. (1984), that is, by comparing
the photometric data with the intrinsic (unobscured) magnitude
of the central source. They took account of the effects of the
albedo of the dust grains and of the solid angle of conical lobe,
in converting the total integrated flux over the nebula into an
intrinsic flux of the central star. We use the brighter northern
lobe only in the calculation of the intrinsic flux, both because the
southern lobe contains an additional source, IRS 1, and because
it may suffer from an additional extinction by the slightly tilted
disk. If we assume an albedo of 229 in the K band (Mathis
et al.,, 1983) and a solid angle of 3.6 sterad (corresponds to an
aperture angle of 130°) for the northern lobe, the intrinsic flux
originating from the central illuminating source is estimated to
be 2.1107*Wem ™% um ™. Comparing this value with the pho-
tometry of IRS 2, we obtain an extinction of 6.2mag in the K
band or a visual extinction of 75 mag, if we assume the extinction
curve No. 15 of van de Hulst (Johnson, 1968). Adopting the re-
lationship, N(H,) = 1.310%! x Ay (Dickman, 1978), this amount
of extinction yields a column density N(H,) ~ 1.010?3cm™2,
which, using the size of the disk obtained above, leads to a
density of 1.310°cm ™~ and a mass of the disk of 200 M.

Recent CS emission maps revealed a dense (8 10“cm ™ 3) cloud
elongated (70” x 30”) in the direction of east-west (Yamashita
et al., 1986). The values are in good agreement with those esti-
mated from the infrared observation.

3.3. GGD27IRS?2

We have shown that, from the centrosymmetric pattern of the
polarization vectors, the illuminating source of the reflection
nebula is IRS 2. The radio continuum source revealed with the
VLA (Rodriguez et al.,, 1980) is coincident with IRS2 within a
positional error of 2”. The IRAS source, 18162-2048, which is
identified with GL 2121 in the IRAS point source catalogue, also
coincides with that of IRS2. The position of the far-infrared
source, GL 2121, is considerably different from that of IRS2 by
0.9 arcmin in R.A. and 3.9arcmin in Dec. (Walker and Price,
1975). However, GL 2121 probably corresponds to IRS2 if we
take the positional uncertainty of the AFGL rocket survey into
consideration.
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The spectral energy distribution of IRS 2, including the IRAS
data, is shown in Fig. 3. It can be decomposed, after a correction
of A, = 20 mag, into three components, of >6000K, 800K, and
around 70K; the three components each dominate a different
wavelength range. The corrected spectrum in the near-infrared
can be fitted with any temperature above 6000K, being con-
sistent with the spectral type of B1V derived for an exciting
source by Rodriguez et al. (1980). The 800 K component would
arise from thermal emission from hot dust located close to the
exciting source rather than from free-free emission because the
infrared flux is much larger than that expected from the radio
flux at 5GHz The far-infrared component (~70K) shows a
rather broad spectral distribution ranging from 40K through
110K of color temperature, depending on which of the wave-
lengths 12, 25, 60, and 100 um are used in computation; we
assume dust emissivity proportional to 27

The integrated flux from 1 to 100 um corresponds to a lu-
minosity of 20000 L, at the assumed distance of 1.7 kpc, much
larger than the 6000 L, assigned to a B1V star by Rodriguez
et al. (1981). The same authors noted the possibility that the
spectral type B1V is a lower limit because of (i) the direct ab-
sorption of UV photons by grains or of (ii) a lower temperature
for a more luminous star in a pre-main-sequence stage. If we take
the luminosity of 20000 L, for IRS 2, it corresponds to a spectral
type of BOV or B0.5V.

The visual extinction of 20 mag obtained from the photometry
apparently does not agree with the extinction of 75 mag obtained
in Sect. 3.2. It should be noted, however, that the former deter-
mination of extinction (4, ~ 20 mag) involves the tacit assump-
tion that all the photons coming toward us are transmitted
through the disk from the central star not scattered. However,
the large polarization (P = 21.1 +0.1%) toward the central
source, comparable to that of the diffuse component near IRS 2
(Fig. 4), means that a substantial fraction of the flux actually
arises from scattering above the disk. As a result, the apparent
spectrum would be substantially modified by the scattered light:
the color suffers “blueing” in the near-infrared regions because
of (i) less extinction through a low-density cavity and (ii) higher
scattering efficiency at shorter wavelengths.

Similar apparent disagreement between the extinctions de-
rived by the different ways or at different wavelengths was re-
ported. Persson and Frogel (1974) derived extinctions of K3-50
by comparing fluxes of ratio continuum, hydrogen lines, and H
band continuum with the decrease of the extinctions at shorter
wavelengths. Harvey et al. (1977) measured FIR fluxes of
NGC 6334 and the Rosette nebula and derived the optical thick-
ness of 0.1 ~ 0.5 or Ay > 20 ~ 100mag, which is inconsistent
with the visible nebulosities. Both authors suggested the models
similar to us, that is, spatially varying obscuration (Persson and
Frogel, 1974) or cylindrically symmetric distribution of the dust
with a hole pointing to the nebulosities (Harvey et al., 1977).
Thus, such anisotropic phenomena may be universal among
young sources. Therefore, it would not be an appropriate way
to obtain extinctions toward the central stars in star forming
regions from near-infrared photometry, especially for highly po-
larized sources.

34. GGD271RS ]

The results of the photometry of IRS1 are summarized in
Table 2 and displayed in Fig. 3. The spectrum is consistent with
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a star (>4000K) suffering visual extinction of 30mag and
showing little indication of hot dust emission. This large visual
extinction indicates that IRS 1 would be located within or be-
yond the cloud to which IRS2 belongs. IRS1 is supposed to
be associated with its own nebulosity not the one around IRS 2,
because the polarization vectors show little deviations from the
centrosymmetric pattern centered on IRS 2, as was discussed in
Sect. 3.1. The CCD image by Hartigan and Lada (1985) has a
star-like image (No. 32; see Table 1) at the position coincident
with IRS 1 within the positional error. Its brightness in the R
and I bands is 21.3 and 19.6 mag, respectively. Thus its color,
R-I = 1.8mag, is much bluer than the color, J-K = 5.0 mag
of IRS 1. The positional coincidence would be by chance and
IRS 1 is unlikely to be No. 32.

4. Conclusions

The main results derived from K and L’ polarization maps of
the infrared reflection nebula GGD 27 IRS are summarized as
follows.

1. From the centrosymmetric pattern of the polarization vec-
tors the illuminating source is shown to be IRS 2.

2. A surface scattering model can explain the radial depen-
dences of both the degree of polarization and surface brightness.

3. Weak surface brightness and small polarization to both
east and west of IRS 2 (compared with those to north and south)
indicate the presence of a disk elongated in the east-west direction.

4. The size and the mass of the disk are estimated to be 60”
(E-W) x 40" (N-S) or (0.5pc x 0.3 pc) and 200 M , respectively.

5. The near-infrared flux of IRS 2 within an 8" beam is sub-
stantially dominated by scattered radiation, rather than by radi-
ation transmitted through the disk from the central source.
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