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THE EFFICIENCY OF GRAIN ALIGNMENT IN DENSE INTERSTELLAR CLOUDS:
A REASSESSMENT OF CONSTRAINTS FROM NEAR-INFRARED POLARIZATION

D. C. B. WHmET,' J. H. HOUGH,2 A. LAZARIAN,3 anp Taiem Hoang®

Received 2007 October 12; accepted 2007 October 31

ABSTRACT

We present the results of a detailed study of interstellar polarization efficiency (as measured by the ratio p;/7;) to-
ward molecular clouds, with the aim of discriminating between grain alignment mechanisms in dense regions of the
interstellar medium. The data set includes both continuum measurements in the K (2.2 ym) passband and values based
onice and silicate spectral features. Background field stars are used to probe polarization efficiency in quiescent regions
of dark clouds, yielding a dependence on visual extinction well-represented by a power law (p;/7; oc[4y]7%2), in
agreement with previous work. No significant change in this behavior is observed in the transition region between the
diffuse outer layers and dense inner regions of clouds, where icy mantles are formed, and we conclude that mantle forma-
tion has little or no effect on the efficiency of grain alignment. The field-star data are used as atemplate for comparison
with results for embedded young stellar objects ( YSOs). The latter generally exhibit greater polarization efficiency com-
pared with field stars at comparable extinctions, some displaying enhancements in p; /7; by factors of up to ~6 with re-
spect to the power-law fit. Of the proposed alignment mechanisms, that based on radiative torques appears best able to
explain the data. The attenuated external radiation field appears adequate to account for the observed polarization in
quiescent regions for extinctions up to Ay ~ 10 mag. Radiation from the embedded stars themselves may enhance
alignment in the lines of sight to Y SOs. Enhancements in p;/7; observed in the ice features toward several YSOs are of
greatest significance, as they demonstrate efficient alignment in cold molecular clouds associated with star formation.

Subject headings: dust, extinction — infrared: ISM — ISM: magnetic fields — polarization
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ABSTRACT

We present near-IR polarimetry data of background stars shining through a selection of starless cores taken in the K
band, probing visual extinctions up to Ay ~ 48. We find that Fx/7x continues to decline with increasing Ay with a
power law slope of roughly —0.5. Examination of published submillimeter (submm) polarimetry of starless cores
suggests that by Ay = 20 the slope for P versus 7 becomes ~—1, indicating no grain alignment at greater optical
depths. Combining these two data sets, we find good evidence that, in the absence of a central illuminating source,
the dust grains in dense molecular cloud cores with no internal radiation source cease to become aligned with the
local magnetic field at optical depths greater than Ay ~ 20. A simple model relating the alignment efficiency to the
optical depth into the cloud reproduces the observations well.

Key words: dust, extinction — ISM: clouds —~ ISM: magnetic fields
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Figure 5. Same as Figure 2, with the addition of submm observations and a
simple model fit to the trend at high extinctions. The L183 data is plotted as
open triangles and the L43 data as open circles. Each submm data set was
shifted vertically by an arbitrary amount to line up with the K band data (see
Appendix B). The solid line is the result of a simple model where the alignment
of the grains decreases as a function of optical depth into the cloud.
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Figure 1. Multi-scale view of the magnetic field around Ser-emb £ (apgen = 18:29: 48089, §jagg = +1:16:43.32). Line segments represent the magnetic field
orientation, rotated by 90° from the dust polarization (the length of each segment is identical and does not represent any other quantity). Grayscale is total intensity
(Stokes /) thermal dust emission. Panel (a) shows 870 pem JCMT observ ations (Matthews et al. 2009), (b) shows 1.3 mm CARMA observations (Hull et al. 2014), and
(c) shows 870 pm ALMA observations, revealing the magnetic field morphology with ~ 10,000, 1000, and 140 au resolution, respectively. For the ALMA data, line
segments are plotted where the polarized intensity P > 3cp; the ms noise in the polarized intensity map op = 25 yJy beam™. The dust emission is shown starting at
3 x o, where the rms noise in the Stokes / map o; = 50 pJybeam™'. The peak polarized and total intensities in the ALMA data are 0.693 mJy beam™" and
102 mbeean". respectively (the two peaks do not coincide exactly). The red and blue arows indicate the redshifted and blueshifted lobes of the bipolar outflow
(Hull et al. 2014). The text below each of the panels indicates the physical size of the image at the 436 pc distance to the Serpens Main region (Ortiz-Leén et al. 2017;
see earlierresults by Dzibetal 2010, 201 1). The black ellipses in the lower left corners of the ALMA and CARMA maps I?resentthe synthesized beams (resolution
elements). The ALMA beam measures 035 x 0732 at a position angle of —63°; the CARMA beam measures 2789 x 2¥43 at a position angle of 13°. The JCMT
data have a resolution of 20",

(The data used © create this figure are available.)
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Figure 5. Same as Figure 3 but rotated by 90° with near-infrared polarization vectors (white dotted vectors) from Kwon et
al. (2015). Scale vectors of 5% at submillimeter and near-infrared wavelengths are shown in the bottom left corner.
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Figure 2. SCUBA-2/POL-2 data (this work) compared with SCUPOL (previous work). The intensity gray scales are different
between the POL-2 and SCUPOL data. (a)-(c) Stokes I, @, and U images (linear scale) of the p Oph-A core region obtained
with the JCMT with SCUBA-2/POL-2. The Stokes Q and U images (b and c) have the same gray scale in picowatt (pW)
units. The SCUPOL field of view (d)—(f) is indicated by a black box in Figures 2(a)-(c), respectively. (d)—(f) 850 um Stokes I,
Q. and U images of the p Oph-A core region obtained from the JCMT with SCUPOL (from The SCUBA Polarimeter Legacy

Catalogue). The Stokes Q and U images (e and f) have the same gray scale in volts units (see Matthews et al. 2009).
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Figure 7. Degree of polarization (P) vs. Intensity (I). Unfilled circles: I > 0, I /6I > 20, and P > 0. Filled circles: I > 0,
P/6P > 2, and 6P < 4%. Double circles: Overlap between unfilled and filled circles.
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