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Heiles (1982a), a very significant new body of Zeeman effect
measurements has accumulated which adds to the statistical
significance of thesc data and extends them to regimes of
higher density, From these new data, a clearer (although still
incomplete) picture of the (B, n) relationship emerges.

1. A COMPILATION OF EXISTING ZEEMAN EFFECT RESULTS

In Figure 1 we present a plot of B versus n which spans more
than five orders of magnitude in estimated density and many
regimcs of the interstellar medium. These regimes include the
warm, low-density, partially ionized interstellar gas, diffuse H 1
shells and clouds, denser H 1 absorbing regions, and molecular
clouds. The figure is similar to Figure 6 of Troland and Heiles

(1985). Not shown in Figure 1 are ~ 50 upper limits on B
derived from H 1 Zeeman effect results of Heiles. These upper
limits are typically ~5 uG, and they refer to a variety of H i
emission regions where densities are mostly in the range 1-
50 em ™2

Finally, the Zeeman-derived field strengths of Figure !
{except for the rectangular boxes) have all been multiplied by
two. This procedurc accounts for the fact that the Zceman
effect is sensitive to just one component of the magnetic ficld,
and with an a priori probability of one-half, the actual field
strength in any locale is at least twice the line-of-sight lield
strength. That is, twice the measured field strength represents a
median value since the actual field strength has an equal prob-
ability of lying above or below this value.

T n hnirn mnt s léinlinAd tha ractnemcnlos havan sm Tianen 1 e

Zeeman¥h &8 {8 - THIFE Troland & Heiles 1986



experimental conditions, several upper limits an order of magni-
tude below detected F-amplitudes are derived. In particular,
towards W49N due to the source wide velocity coverage and
high luminosity, good quality spectra for in total 9 individual
velocity features were obtained simultaneously [including limits
as low as 6 - 7 mG; five detections with comparable fietd strength
(B> ~ 40 mG, one of these reversing field orientation]. Second,
as H,O masers occur in clusters, features closebhy in velocity
space, coupling differentially to the LHC and RHC beam, may
combine to mimic a true Zeeman pattern. For a beam squint of
~1” and a maser linewidth of ~(0.5kms !, [rom modelling
synthetiL F-spectra we eslimate typical amplitudes of
T(Vy/T(I) <1073 Au, - Ad,. Experimental limits to the relative

offsets between the two components in position, Ag, [*] < a few
arcsec, amd in velocity, Ap, [kms™ '] < the maser line width,

337

ficlds ever directly observed in the interstellar medium. These
results compare well with constraints from theoretical radiative
transfer calculations on the lincar polarization characteristics of
H,0 supermasers. To explain their often high degree of linear
polarization (Q/I ~0.6 for the 1980 Orion outburst) field
strengths, though quite model dependent, of the order of ~0.1 G
are required (Degucht and Watson, 1986). From the linear polar-
ization characteristics of the Orion-KL supermaser, Garay et al.
(1988) estimate B ~ 30 m@G, a factor of ~ 2 below our (leakage-
limmited) upper limit (Table 1, fealure at 2 ~ 74 kms *!).

There is no direct aceess to the physical characteristics in the
H,0O maser clumps, and the numbers for density and kinetic
fcmperature depend on details of the pump scenario (see Genzel,
1986, Reid and Moran, 1981). In the following, we adopt

n~ 1011 o™, with thpi%dbci:gltlgzﬁgtj &BI1986
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Heiles (1982a), a very significant new body of Zeeman effect
measurements has accumulated which adds to the statistical

incomplete) picture of the (B, ) relationship emer

M. A COMPILATION OF EXISTING ZEE FECT RESULTS

In Figure 1 we present a plot of rsus #1 which spans more
than five orders of magnitude in estimated density and many
regimcs of the interstellar medium. These regimes include the
warm, low-density, partially ionized interstellar gas, diffuse H 1
shells and clouds, denser H 1 absorbing regions, and molecular
clouds. The figure is similar to Figure 6 of Troland and Heiles
{1982a), in that all measurements of the field strength and

1ramim e Hemnitn nra Aavieen A Frrmen tha Fanrmnan affand

Vol. 301

. Not shown in Figure 1 are ~ 50 upper limits on B
erived from H 1 Zeeman effect results of Heiles. These upper
limits are typically ~5 pG, and they refer to a variety of H 1
emission regions where densities are mostly in the range 1-

50 cm 3
Finally, the Zeeman-ditived figld strengths of Figure 1

{except for the rectangul.Qve all been multiplied by

two. This procedurc accounts for the fact that the Zeceman

effect is sensitive to just one component of the net Eiﬁi

and with an a prieri probability of one-half, th Lﬁ & Heiles 1986

strength in any locale is at least twice the line-of-sight lield

strength. That is, twice the measured field strength represents a

median value since the actual field strength has an equal prob-

ability of lying above or below this value,

W hasrn snt mailiimlind tha rantammalos havan .
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HEEEELR + 5

|t = 3.50

FiG. 1.—Snapshots of magnetized turbulent clouds. (a—e) Initially magnetically subcritical cloud with I'; = 1.2. (f~h) Supercritical cloud with I'; = 0.8. The
clouds are stirred at t = 0 by the same random velocity field of Mach number M = 10. The color bar is for column density (in units of the initial value Z).
The time labeled is in units of the gravitational collapse time 7,, and the length unit is the Jeans length L,. Shown in each panel are contours of critical flux-to-
mass ratio (in white) and the velocity field (in arrows). The arrow length is proportional to the flow speed, with normalization indicated above the panel.

Li & Nakamura 2004
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Candidate Progenitor Companion to Tycho’s Supernova 1572
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Hubble Space Telescope (Optical)

B Enlarged * 4%
Inter Stellar Dust . SR . . (nen) Eectd Matsuura et al. 2011

Ring

1 arcsec

1-arcmin

SN1987AM b
R S
AEFEE T

fd: O —C L \ é Herschel Space Observatory

E PACS 100 micron ., F PACS 160 micr

H SPIRE 350 micron

Fig. 1. (A to H) The Herschel images of SN 1987A, | Background Subtracted

together with the Spitzer infrared (20) and the Hubble

optical (56, 57) images. North is top, and east is left. The two horizontal white lines indicate the position of
SN 1987A measured from radio observations. (I) Background-subtracted 350-ium image, where the back-
ground is estimated from the 250-um residual image after the subtraction of the PSF at the position of SN
1987A. The PSFs show the resolution of the Herschel instruments. (B) shows an enlarged HST optical image,
indicating the morphology of the SN remnant. [Source: (A) Hubble Heritage Team (Association of
Universities for Research in Astronomy (AURA)/Space Telescope Science Institute (STScl)/NASA); (B) NASA,
ESA, P. Challis, and R. Kirshner (Harvard-Smithsonian Center for Astrophysics)]
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Matsuura et al. 2011

Table 4. The dust mass assumes 100% dust condensation of the available elemental mass (my). The
range of dust masses reflects the difference in compositions in Table 3. All silicates are assumed to be in
the form of MgO and SiO, dust. The mass of carbon dust assumes that no substantial fraction of carbon is
locked up in CO molecules.

. myq (Mg)
Dust species
Model 1 Model 2
Amorphous carbon 0.11 0.26
Silicate 0.52 0.37
Iron 0.08 0.08
Total 0.71 0.71
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Molster et al. 2001
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Fig. 1. The SWS spectrum of IRAS 09425—6040 (solid line),
compared with the spectrum of a typical silicate carbon star
V778 Cyg (dotted line). The spectral features are indicated in
the figure
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Kemper et al. 2004

FOME(ISO)T, SRR
FRIDERBFRA LMD
ARY FILZEEA

EfRFRAMDI)5A FT
EmEDLD
0.2+ 0.2 %
l
ERZEMICIE, HRED
B AR F X FETE LA O

fam B EARMALFIE, Z2EZEE
T, BONZITEILT7RIE
N5

Tresidue

Tresidue

9 10 11 12 9 10 11 12
A (gm) A (um)

Fic. 4—Optical depth observed in the 10 pm silicate feature toward Sgr A*.
(@) The best x? fit consisting of a mixture of amorphous silicates (dashed line)
to the optical depth in the feature (solid line). The lower part of (a) shows the
residual optical depth after the fit is subtracted from the observed optical depth.
(b—d) The best x? fit (dashed line) to the ISO data (solid line) of partially
crystalline mixtures of silicates with the same ratio of pyroxenes over olivines
as in (a). In each panel the degree of crystallinity is indicated in the upper right
corner, and the lower part of each panel shows the residual optical depth. In the
case of the completely amorphous dust composition, the residuals are at most
~3% of the optical depth of the amorphous silicates. The x? values are smallest
for the 0.2% degree of crystallinity, which is evident from the residuals as well.
With increasing crystallinity, the fit quickly deteriorates, which becomes vis-
ible as larger residues. At ~0.5%, the fit is already worse than a completely
amorphous composition.



Mathis et al. 1977
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U574 +FUEY

NTERSTELLAR GRAINS 429

required for the monotonically decreasing as well as
for the single bin distributions. Again, the substance
other than graphite shows a smaller range of sizes than
the graphite does, but shows about the same exponent.

Figure 4 shows the calculated extinction from the
(C + Ol) mixture of Figure 2 and the contribution to
that extinction from the graphite. Graphite is the

major contributor to the extinction at all wavelengths.

The same is true for the other acceptable mixtures.
According to our models, one or more of the heavy
elements (Si, Mg, or Fe) contained in our materials is
completely locked up in the grains, naturally into the
material used with the graphite. Sometimes, but not
always, carbon was also used up. However, lowering
the allowed abundance of C relative to H from 3.7 x
107% to 2.4 x 10~* made little difference. but further
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Goodman et al. 1993
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Fiiting a complex of clumps topether of
ferent result than fitting pizces individuatly
show that combinations of the gradients
clumps labeted “L14958E” and “L1495N
and “B2175W,” clearly do not suggest |
to all of 11495, or B217, respectively. Th
Just observing smaller pieces of a coheren
gradient.

The mean LSR velocity of L14955E diffe
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The velocity map in Figure 42 makes it p
clumps are kinematically distinct. Therefon
data for the “whole cloud,” we are actu
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smocth gradient over the whole map. It is
of lower density tracers (such as C!30% n
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Fig. 12. Infall a), turbulence b), and rotation c) velocity fields inferred in the IRAM 04191 envelope based on our 1D (Sect. 4) and 2D (Sect. 5)
radiative transfer modeling. The shaded areas show the estimated domains where the models match the CS and C%*S observations reasonably
well. In a) and b), the solid lines show the infall velocity and turbulent velocity dispersion in both the 1D and 2D models (cf. Figs. 8 and 14,
respectively) as a function of radius from envelope center. In ¢), the solid line represents the profile of the azimuthal rotation velocity in the 2D
envelope model (cf. Fig. 14) as a function of radius from the outflow fotation axis. The point with error bar at 11000 AU corresponds to the
velocity gradient observed in C'80 (cf. Sect 3.2). Panel d) shows the corresponding angular velocity profile.
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