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CIRRUS COLOR VARIATIONS DUE TO ENHANCED RADIATION FIELDS
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ABSTRACT

We have investigated the variations in 12/100, 25/100, 60/100, and 12/25 um colors for seven main-
sequence B stars and three F and G supergiants associated with infrared cirrus. All sources displayed an
increase in 60/100 color above the background cirrus color. In two of the sources, € Apodis and HR 890,
the 12/100 and 25/100 colors decline toward the embedded star in a similar fashion to the IR colors of
S264 and the Rosette Nebula. Current grain models composed of equilibrium-heated submicron grains,
transiently heated small grains, and polycyclic aromatic hydrocarbons cannot account for the color
variations observed around € Aps and HR 890. The supergiants exhibited 12/100 and 25/100 increases,
suggesting that the color deficits observed for the B stars are due to an enhancement in the soft UV
component of the radiation field only. A candidate explanation for the color variations is a conglomerate
small grain component, composed of very small grains and/or large molecules, that is fragmented in the
enhanced radiation field around € Aps and HR 890.

Subject headings: dust, extinction — infrared: ISM: continuum

1. INTRODUCTION

Observations of the infrared colors of diffuse infrared
cirrus clouds (Low et al. 1984) provide valuable information
on the size distribution and composition of interstellar dust.
Detailed studies of the infrared properties of cirrus clouds
have been conducted by Laureijs (1989) and Heiles, Reach,
& Koo (1988). The infrared emission from cirrus clouds is
primarily due to reprocessing of the ambient radiation field
by the dust.

A good laboratory for examining interstellar dust is a
cirrus cloud heated by an embedded B star. Embedded B
stars generally have wandered into the cirrus (Gaustad &
Van Buren 1993), and the dust composition is not affected
by additional material from the embedded object. The
ambient radiation field can be well characterized, and the
effects of an enhanced radiation field upon the dust emis-
sion properties can be studied.

Shipman & Clark (1994) and Shipman (1994) have inves-
tigated the infrared properties of the H 11 regions: S264 and
the Rosette Nebula. Both objects exhibit a decline in 25 yum
emission relative to both 12 and 100 ym emission toward
the exciting O stars. A similar decline with increased radi-
ation field is noted in the Pleiades star cluster, a collection
of main-sequence and giant B stars (Carey, Shipman, &
Clark 1997). The decrease in 25 um emission relative to
both 12 and 100 um in an increased radiation field is diffi-
cult to explain with equilibrium (e.g., Draine & Lee 1984;
Hong & Greenberg 1980; Mathis, Rumpl, & Nordseik
1977) and stochastically heated (Draine & Anderson 1985)
grains, even after accounting for the proposed contribution
to short-wavelength emission due to polycyclic aromatic
hydrocarbons (PAHs) (see Puget & Léger 1989 and refer-
ences therein).
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We have examined seven main-sequence stars, with spec-
tral types between B1.5 and B9, and three F and G super-
giants embedded in infrared cirrus structures to investigate
the infrared emission and dust properties as a function of
ambient radiation field. In particular, we are interested in
determining if the 12 and 25 um deficits noted for H n
regions are present in the vicinity of late-type stars. To this
end, we examine the infrared colors of the associated cirrus
as a function of stellar spectral type and distance from the
embedded object.

2. DATA

The B stars examined were taken from the IR hot spot list
of Gaustad & Van Buren (1993), while the supergiants are
from Dring et al. (1996). These catalogs consist of stars from
the Bright Star Catalog (Hoffleit 1982) with associated
infrared emission. Pertinent stellar data is displayed in
Table 1. Distances to all stars were estimated by spectro-
scopic parallax using B and V magnitudes from the
SIMBAD database.

We have analyzed the IRAS photometric data at 12, 25,
60, and 100 um using the IRAS Sky Survey Atlas (ISSA)
data product (Wheelock et al. 1994). A 2° x 2° subimage
around each embedded source was created and analyzed.
All B stars appeared as distinct bright spots at 60 ym and
enhanced patches of 100 um emission with respect to
nearby cirrus. In general, enhancements in the 12 and 25 um
emission were coincident with the 60 um peak, and the
morphology of the emission was similar at all wavelengths.
The supergiants showed enhancements at 12 and 25 um
with nearby diffuse emission at 60 and 100 ym.

We have adopted stringent criteria upon the background
IR emission for the B stars in order to minimize the contri-
bution of other sources to the infrared emission. All B stars
are greater than 20° from the ecliptic plane and 5° from the
Galactic plane. Stringent criteria were not applied to the
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TABLE 1
SOURCE LISt

Name R.A. (1950) Decl. (1950) Spectral Type A2 Distance® T equal
€ Aps ......... 14 16 13.1 —79 52484 B4V 0.3 215 11.5
HR 890....... 257175 5209 16.1 B7V 04 121 9.5
HR 241....... 048 41.8 5117 58.7 BOV 0.2 146 4.5
HR 189....... 041 39.0 47 35 25.8 B5V 0.2 221 8.5
HR 533....... 148413 54 54 03.0 B15V 0.3 402 19.5
HR 1719...... 515 08.6 58 03 57.7 B5V 0.5 236 8.5
HR 7030...... 18 39 48.0 3134 05.7 B8V 0.2 200 45
HR 7570...... 19 49 55.5 052332 F6 Iab 0.0 677¢ 175
HR 8232...... 2128 55.6 —05 47 31.7 GO Ib 0.2 661 175
HR 9003...... 23 43 329 46 08 33.6 G51b 0.1 1458 7.5

Note—Units of right ascension are hours, minutes, and seconds, and units of declination are

degrees, arcminutes, and arcseconds.

2 Calculated using intrinsic colors of Lang 1991 and R, = 3.01 (Whittet 1992).

® In parsecs, determined by spectroscopic parallax.

¢ Angular size of region around star in arcminutes, for which the contribution to the radiation field

from the star is equal to or greater than the ISRF.
4 Distance from Dring et al. 1996.

selection of supergiants since only three such stars are listed
in Dring et al. (1996).

To account for zero-point offsets in the IRAS data and
foreground/background emission, we have subtracted a DC
background level from each subimage. This simple correc-
tion is sufficient since the backgrounds for each source are
reasonably uniform. In addition, a DC correction factor will
only change the magnitude of any variations in color ratios,
but not the shape of the trend, and therefore it cannot sub-
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stantially bias our conclusions. The background level
removed was the minimum pixel value in the 2° x 2° image.

For each offset-corrected set of images, maps of the
12/100, 25/100, 60/100, and 12/25 color ratios were made by
calculating a pixel-to-pixel ratio of the image data. Uncer-
tainty maps for each ratio were also calculated by propagat-
ing the statistical uncertainty in each map. To examine the
variations in infrared colors as a function of distance from
the exciting source, each map was azimuthally averaged in
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Fi1c. 1.—Ratio of IRAS passband flux densities averaged over annuli of 6" width for € Aps (diamonds) and HR 890 (triangles). The annuli are centered on
(14216™17%, —79°52'48"4) for € Aps and on (2"57™17¢, +52°9'14"5) for HR 890; 6’ corresponds to 0.38 pc at the distance of € Aps (spectral type B4 V) and 0.21
pc at the distance of HR 890 (B7 V). The 1 ¢ uncertainties for each point are displayed when the error bars are larger than the data symbols. (a) 12/100; (b)

25/100; (c) 60/100; and (d) 12/25.
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F1G. 2—Ratio of IRAS passband flux densities averaged over annuli of 6’ width for HR 1719 (diamonds) and HR 7570 (triangles). The annuli are centered
on (5%15™09°, + 58°03'57"7) for HR 1719 and on (1949™56°, 0°52'33"2) for HR 7570; 6’ corresponds to 0.41 pc at the distance of HR 1719 (B5 V) and 1.18 pc
at the distance of HR 7570 (F'6 Iab). The 1 ¢ uncertainties for each point are displayed when the error bars are larger than the data symbols. (a) 12/100; (b)

25/100; (c) 60/100; (d) 12/25.

annuli 1 pixel wide and centered on the coordinates of the
exciting star. Each average was then smoothed to 6,
approximately the resolution of ISSA plates at 100 ym.

3. DESCRIPTION OF COLOR VARIATIONS

While the morphology of the infrared emission and the
variation in the 12/100, 25/100, and 12/25 infrared colors
varied considerably from source to source, all sources
(except HR 8232) displayed a peak in the 60/100 color at the
position of the exciting star. The supergiants show increased
12/100, 25/100, and 60/100 colors toward the star because
of the enhanced heating of interstellar and circumstellar
material near the star. The magnitude of the 60/100 peak for
the B stars is correlated with spectral type and distance. The
60/100 colors for the B stars decrease smoothly from the
peak to the background cirrus value (0.2; Laureijs 1989).

For two of the B stars, € Apodis and HR 890, the 12/100
and 25/100 colors decline toward the star. These variations
are similar to those observed in H 1 regions (Cox, Dehar-
veng, & Leene 1990; Shipman 1994). The 12/25 color for €
Aps exhibits complex behavior, reaching a maximum 9’
from the star and then decaying to the background value
40’ away. The remaining B stars show a variety of 12/100
and 25/100 profiles from increasing to slightly decreasing
toward the embedded star. All profiles show small-scale
fluctuations that are not due to image noise. These varia-
tions are due to real structure in the infrared cirrus, as noted
by Heiles et al. (1988).

From this data set, it is difficult to determine how
common color deficits around B stars are. It is quite pos-

sible that deficit regions exist around the remaining B stars
but are unresolved because of a combination of later spec-
tral types and larger distances, or because the regions are
masked by background emission. One measure of the
region of influence of a star is r,,,, which is the angular size
of the region in which the radiation field is equal to or
greater than the interstellar radiation field (ISRF; Mathis,
Mezger, & Panagia 1983). As shown in Table 1, of the B
stars, only HR 533 has a larger r.g,, than € Aps and HR
890. However, HR 533 also has the most complicated back-
ground (as determined by visual inspection) of all the B
stars studied.

The supergiants studied show 12/100 and 25/100 increas-
ing toward the stars. By comparing the color variations of
the supergiants with the B stars, we are able to examine the
relative importance of the hardness and energy density of
the radiation field to the observed color deficits. The color
deficits were observed only for the B stars, indicating that
an enhancement in the UV radiation field is the cause of the
observed 12/100 and 25/100 color deficits. This conclusion
is reasonable since the small grains responsible for most of
the emission at 12 and 25 um are preferentially heated by
UYV photons (Puget & Léger 1989). However, the radiation
field of € Aps is not significantly harder than the interstellar
radiation field, and HR 890 is even softer. From our limited
data set, we conjecture that an enhancement in the soft UV
component of the radiation field is sufficient to produce the
observed color deficits around € Aps and HR 890, as well as
the UV-rich environments of S264 and the Rosette Nebula.
The color profiles of e Aps and HR 890 are shown in Figure
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1, while the profiles of one of the supergiants (HR 7570) and
a B star not showing a deficit (HR 1719) are displayed for
comparison in Figure 2.

4. COLOR DEFICIT MECHANISMS

While the declining 12/100 and 25/100 colors could be
explained by the presence of a second, cooler dust com-
ponent along the line of sight to the embedded star, the
increasing 60/100 color for our sources rules out this possi-
bility. The declining 12/100 and 25/100 colors in the pres-
ence of an enhanced radiation field cannot be explained by
the equilibrium heating of classical grains. Current emission
models (Lis & Leung 1991; Bernard et al. 1992; Shipman
1994) for transiently heated small grains indicate that the
12/100 and 25/100 colors increase in the presence of an
enhanced radiation field since the larger density of UV
photons is responsible for increased emission by the sto-
chastically heated very small grains. No standard grain
emission model consisting of classical silicate and graphite
grains, small transiently heated grains, and PAHs can
explain the decline in 12/100 and 25/100 color observed for
€ Aps and HR 890.

Grain destruction can possibly account for the declining
12 and 25 pym emission. In an enhanced UV radiation field,
the smallest grains will be destroyed first (Guhathakurta &
Draine 1989). The remaining large grains will be heated by
the enhanced radiation field as evidenced by the 60/100
color peak. While grain destruction may explain the infra-
red colors of HR 890, the peak in the 12/25 color for € Aps
cannot be explained simply by the destruction of small
grains. The majority of 12 ym emission is predicted to come
from grains smaller than the grains responsible for the bulk
of the 25 um emission; therefore, if grain destruction is
responsible, then the process must preferentially destroy the
carriers of 25 um emission over those emitting at 12 ym.

Small grains, which are conglomerates of either large
molecules or smaller grains weakly bound together, are a
possible carrier for the 25 ym emission (Clark et al. 1995).
Weak bonds between the subunits (large molecules and/or

smaller grains) could be broken by the enhanced UV radi-
ation in the vicinity of the star. The fragmentation of the
conglomerate grains may replenish the very small grains
responsible for the bulk of the 12 ym emission, partially
offsetting the photodestruction of the 12 um carriers. In this
scenario, the decline in 12/100 and 25/100 colors is
explained by destruction and conversion of the small grains
as the star is approached. The rise in 12/25 is caused by the
shattering of conglomerate grains, producing enough 12 ym
emitters to partially offset the destruction of very small
grains, and the minimum in 12/25 is the result of the
destruction of most of the very small grains by the UV
radiation field of the star. The unresolved, central 25/100
peak may be explained by heating of the remaining classical
grains to temperatures in excess of 39 K (observed 25/100
color temperature) close to the star.

5. SUMMARY

We have examined the infrared color variations of seven
main-sequence B stars and three late-type supergiants
embedded in interstellar cirrus. All three supergiants show
increasing 12/100, 25/100, and 60/100 colors as the embed-
ded star is approached. The B stars have increasing 60/100
colors approaching the stars, as predicted by standard grain
emission models. Two of the B stars, € Aps and HR 890,
show decreasing 12/100 and 25/100 colors toward the star.
This is contrary to the predictions of current grain emission
models in the presence of an enhanced radiation field. One
interpretation of this effect is that the small grains are
destroyed by the enhanced UV radiation field in the vicinity
of a B star. The deficiency of 25 um emission relative to 12
um around € Aps suggests that the 25 um carriers are con-
glomerates that are fragmented by the UV radiation field.

This work was performed while S. J. C. held a National
Research Council-AFGL Research Associateship. This
research has made use of the SIMBAD database, operated
at CDS, Strasbourg, France.
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