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Outline	For	This	Talk
• Why is it important to study magnetic fields 

and turbulence?
–What have we learned from polarimetry to date.
– Discussion will mostly focus on magnetic field 

studies.
• Polarimetry with the OST – Far IR Polarimeter
– OST vs other Polarimeters
– How do the descope options affect our science?



The	Goal:	Understanding	Gas	Dynamics	and	
Energy	Transport	on	All	Scales	in	the	ISM

What$is$turbulence?$
Iner2al$range$provides:$compressibility$of$
the$media,$$dynamic$range$of$the$cascade,$
and$$comparison$with$analy2cal$predic2ons.$

Kolmogorov$1941$scaling:$
E/t~C,$t~L/v$!$
$v~L1/3$
$
E(k)*k~E~v2,$$
k~1/L$
!$
$

E(k)~k&5/3*
*
*
*

•  Eddies$becoming$increasingly$anisotropic$
along$B$with$kpara.&~kperp.2/3&(scale&dependent&
anisotropy;&Goldreich&&&Sridhar&1995,&Cho&
Lazarian&2003&)&

Turbulence:
Ms =	v/cs

HI4PI 21 cm HI
Parkes/Effelsberg
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turbulence	anisotropic	
Turbulence	can	amply	
B-Field	strength

Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds

Fig. 1. Magnetic field and column density measured by Planck towards the Taurus MC. The colours represent column density. The
“drapery” pattern, produced using the line integral convolution method (LIC, Cabral & Leedom 1993), indicates the orientation of
magnetic field lines, orthogonal to the orientation of the submillimetre polarization.

of relative orientation, so that the statistical significance of each
study is dependent on the total number of clouds observed. In a
few regions of smaller scale, roughly a few tenths of a parsec,
Koch et al. (2013) reported a preferential orientation of the mag-
netic field, inferred from polarized dust emission, parallel to the
gradient of the emission intensity.

1.0. New studies using Planck

By measuring the intensity and polarization of thermal emission
from Galactic dust over the whole sky and down to scales that
probe the interiors of nearby MCs, Planck2 provides an unprece-
dented data set from a single instrument and with a common
calibration scheme, for the study of the morphology of the mag-
netic field in MCs and the surrounding ISM, as illustrated for the
Taurus region in Fig. 1. We present a quantitative analysis of the
relative orientation in a set of nearby (d < 450 pc) well-known
MCs to quantify the role of the magnetic field in the formation
of density structures on physical scales ranging from tens of par-
secs to approximately one parsec in the nearest clouds.

2 Planck (http://www.esa.int/Planck) is a project of the
European Space Agency (ESA) with instruments provided by two sci-
entific consortia funded by ESA member states (in particular the lead
countries France and Italy), with contributions from NASA (USA) and
telescope reflectors provided by a collaboration between ESA and a sci-
entific consortium led and funded by Denmark.

The present work is an extension of previous findings, re-
ported by the Planck collaboration, on the study of the polarized
thermal emission from Galactic dust. Previous studies include an
overview of the polarized thermal emission from Galactic dust
(Planck Collaboration Int. XIX 2014), which reported dust po-
larization fractions up to 20 % at low NH, decreasing system-
atically with increasing NH to a low plateau for regions with
NH > 1022 cm�2. Planck Collaboration Int. XX (2014) presented
a comparison of the polarized thermal emission from Galactic
dust with results from simulations of MHD turbulence, focus-
ing on the statistics of the polarization fractions and angles.
Synthetic observations were made of the simulations under the
simple assumption of homogeneous dust grain alignment e�-
ciency. Both studies reported that the largest polarization frac-
tions are reached in the most di↵use regions. Additionally, there
is an anti-correlation between the polarization fraction and the
dispersion of the polarization angle. This anti-correlation is well
reproduced by the synthetic observations, indicating that it is es-
sentially due to the turbulent structure of the magnetic field.

Over most of the sky Planck Collaboration Int. XXXII
(2014) analyzed the relative orientation between density struc-
tures, characterized by the Hessian matrix, and polarization, re-
vealing that most of the elongated structures (filaments or ridges)
have counterparts in the Stokes Q and U maps. This implies
that in these structures the magnetic field has a well defined
mean direction at the scales probed by Planck. Furthermore, the
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Magnetic	Fields:
MA =	v√(4πρ)/B

Galaxy	Feedback
~kpc

Molecular	cloud	
formation
~50	pc

~0.1 to 10 pc
<	0.05	pc

dense	filaments cores	and	disks



Polarized	Dust	Emission

• Alignment of grains perpendicular to the magnetic field
– most likely through radiative torques

• Requires an anisotropic source of radiation with λ < a
• Can trace the orientation of the BPOS

– (weighted by grain alignment and dust emissivity)

AA53CH13-Andersson ARI 23 July 2015 16:20

DISSIPATION OF ENERGY

Both the Barnett effect and paramagnetism (the ordering of internal spins in response to an applied, external field)
involves a finite response time in the solid, requiring the reordering of spins in response to external forces. If the
time variation of the external process (e.g., grain rotation, nutation, etc.) is faster than the response of the material,
the imaginary part of the magnetic susceptibility becomes dynamically important, resulting in dissipation of the
energy stored in the magnetization into heat (Purcell 1979, Lazarian & Draine 1999b).

Figure 5, we denote the torque component parallel to the grain angular momentum as the spin-up
torque H, and the component perpendicular to J and in the plane of the figure as the alignment
torque F. The alignment is described in terms of only these two torques. Due to the Barnett
effect, a spinning paramagnetic grain acquires a magnetic moment, thereby causing the angular
momentum J to precess around the magnetic field B (with the angle ξ in Figure 5). Because the
alignment torque F is perpendicular to J, the fast precession of the grain causes the average value
of F to approach zero as J approaches B (i.e., as ξ decreases). Thus the positions corresponding
to J parallel with B (ξ = 0 and ξ = π) are stationary points, regardless of the functional forms of
the radiative torques. The detailed dynamics of the grain, including whether the stationary points
are stable, attractor points, require the full solution of the equations of motion (cf. Draine &
Weingartner 1997, Lazarian & Hoang 2007a). Addressing the question of whether the alignment
can occur with J perpendicular to B requires use of the actual AMO expressions for the torque
efficiencies with respect to the radiation direction. The narrow range of radiation-to-magnetic

F is alignment torque (⊥ to J )
H is spin-up torque (II to J )

dF/dξ < 0 is an attractor point
If spin-up torques H > 0, we have high-J attractor
If spin-up torques H < 0, we have zero-J attractor

Grain

Light b
eam

Magnetic field B

F

H
J||a1

Stationary points:
F = 0 for ξ = 0 or π

Fast precession
about B

ξΨ

Figure 5
A simplified explanation of the grain alignment by radiative torques. The grain, depicted here as an ellipsoid,
should, in fact, be irregular in order to generate nonzero radiative torques. The grain has aligned (via
internal alignment) with its spin axis J parallel to its maximal moment of inertia, a1, and precesses about the
magnetic field B with angle ξ . Due to the incident radiation field, at angle " with respect to B, the grain
experiences a net torque with components H ∥ J and F ⊥ H. As shown by Lazarian & Hoang (2007a), the
positions J parallel (or antiparallel) to B correspond to stationary points in which the alignment torque F,
which changes the angle ξ , vanishes and the grain becomes aligned with the long axis perpendicular to B.
Reprinted from Lazarian & Hoang (2011) with permission of the Astronomical Society of the Pacific.
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Magnetic	Fields	as	traced	by	Polarization

• Median Polarization = 2.6%

BLASTpol
(PI:	Mark	Devlin)

BLASTPol	500	micron	
inferred	B-field



Planck:	Histograms	of	relative	orientation

Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds

Fig. 3. (continued).
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Fig. 3. (continued).
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||	to	B ⟂⟂

||	to	B ⟂⟂

Planck Int. XXXV (2016): 353	GHz,	10	MCs	within	400	pc,		10’	resolution	(0.4-1.2	pc)



Shape	Parameter	vs Column	Density	with	Planck

Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds

Fig. 3. Left: Columm density map, log10(NH/cm�2), overlaid with magnetic field psuedovectors whose orientations are inferred from
the Planck 353 GHz polarization observations. The length of the pseudovectors is normalized and so does not reflect the polarization
fraction. In this first group, the regions analyzed are, from top to bottom, Taurus, Ophiuchus, Lupus, Chamaeleon-Musca, and CrA.
Right: HROs for the lowest, an intermediate, and the highest NH bin (black, blue, and red, respectively). For a given region, bins have
equal numbers of selected pixels (see Sect. 4.1.1 and Appendix A) within the NH ranges labelled. The intermediate bin corresponds
to selected pixels near the blue contours in the column density images. The horizontal dashed line corresponds to the average per
angle bin of 15 �. The widths of the shaded areas for each histogram correspond to the ±1� uncertainties related to the histogram
binning operation. Histograms peaking at 0� correspond to B? predominantly aligned with iso-NH contours. Histograms peaking at
90� and/or �90� correspond to B? predominantly perpendicular to iso-NH contours.

mass star formation known as the IC 5146 Northern4 Streamer
(Harvey et al. 2008). The Cepheus Flare, called simply Cepheus
in this study, is a large complex of dark clouds that seems to
belong to an even larger expanding shell from an old supernova
remnant (Kun et al. 2008). Orion is a dark cloud complex with
ongoing high and low mass star formation, whose structure ap-
pears to be impacted by multiple nearby hot stars (Bally 2008).

Taking into account background/foreground emission and
noise within these regions, pixels are selected for analysis
according to criteria for the gradient of the column density
(Appendix A.2) and the polarization (Appendix A.2).

4 In equatorial coordinates.

4. Statistical study of the relative orientation of the
magnetic field and column density structure

4.1. Methodology

4.1.1. Histogram of Relative Orientations

We quantify the relative orientation of the magnetic field with
respect to the column density structures using the HRO (Soler
et al. 2013). The column density structures are characterized by
their gradients, which are by definition perpendicular to the iso-
column density curves (see calculation in Appendix B.1). The
gradient constitutes a vector field that we compare pixel by pixel

6
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Planck Collaboration: Vela molecular ridge magnetic field

19.0  24.0    log10   (NH  /cm-2  )

 

Fig. 1: Selected regions over the gas column density map obtained from the Planck observations. The squares mark the regions
shown in Fig. 2.

Primary interest are Tmap and Nmap, bmap shows the overal1

from spire bands with 160, sigN is
p

(�2
N)/N and similarly for2

sigT where �2
N is from diagonal element of covariance matrix,3

primarily used by me to look at fractional errors to gauge the4

quality of the fit.5

4. Analysis6

4.1. The histogram of relative orientations7

We quantify the relative orientation of the magnetic field with8

respect to the column density structures using the HRO (Soler9

et al. 2013). In this technique, the column density structures are10

characterized by their gradients, which are by definition perpen-11

dicular to the iso-column density curves. The gradient consti-12

tutes a vector field that can be compared pixel by pixel to the13

magnetic field orientation inferred from the polarization maps.14

Maps of relative orientation angle Fig. 4.15

Histograms of relative orientation are presented in Fig. 516

4.1.1. Relative orientation parameter ⇣17

The changes in the HROs are quantified using the histogram
shape parameter ⇣, defined as

⇣ =
Ac � Ae

Ac + Ae
, (1)

where Ac is the area in the centre of the histogram (0� < � <18

22.�5) and Ae the area in the extremes of the histogram (67.�5 <19

� < 90.�0). The value of ⇣, the result of the integration of the20

histogram over 45� ranges, is independent of the number of bins21

selected to represent the histogram if the bin widths are smaller 22

than the integration range. 23

A concave histogram corresponding to B? mostly aligned 24

with NH contours would have ⇣ > 0. A convex histogram cor- 25

responding to B? mostly perpendicular to NH contours would 26

have ⇣ < 0. A flat histogram corresponding to no preferred rela- 27

tive orientation would have ⇣ ⇡ 0 . 28

The uncertainty in ⇣, �⇣ , is obtained from

�2
⇣ =

4 (A2
e�

2
Ac
+ A2

c�
2
Ae

)
(Ac + Ae)4 . (2)

The variances of the areas, �2
Ae

and �2
Ac

, characterize the jitter of 29

the histograms. If the jitter is large, �⇣ is large compared to |⇣ | 30

and the relative orientation is indeterminate. The jitter depends 31

on the number of bins in the histogram, but ⇣ does not. 32

Plots of ⇣ vs lognhNHin Fig. ?? 33

5. Discussion 34

5.1. Relative orientations over the whole cloud 35

Fig. 6 36

5.2. Nests vs. ridges 37

Fig. 8 38

5.3. The effect of variations in the dust grain alignment in 39

relative orientation studies 40

The polarization morphology is similar for all three observation 41

bands, as expected for the results of Gandilo et al. (2015). 42

2
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Fig. 11. Histogram shape parameter ⇠ (Eqs. 4 and 5) calculated
for the di↵erent NH bins in each region. Top: relative orienta-
tion in synthetic observations of simulations with super-Alfvénic
(blue), Alfvénic (green), and sub-Alfvénic (red) turbulence, as
detailed in Soler et al. (2013). Middle: relative orientation in
the regions selected from the Planck all-sky observations, from
Fig. 7. The blue data points correspond to the lowest NH regions
(CrA and the test regions in Fig. 8, ChamSouth and ChamEast)
and the orange correspond to the rest of the clouds. Bottom:
comparison between the trends in the synthetic observations (in
colours) and the regions studied (grey). The observed smooth
transition from preferentially parallel (⇠ > 0) to perpendicular
(⇠ < 0) is similar to that in the simulations for which the turbu-
lence is Alfvénic or sub-Alfvéic.

might arise from the random component of the magnetic field
along the line of sight. On the other hand the sharp drop in
the polarization fraction at NH > 1022 cm�2 (reported in Planck
Collaboration Int. XIX 2014), when seen at small scales, might
be interpreted in terms of a decrease of ✏ with increasing column
density (Matthews et al. 2001; Whittet et al. 2008).

A leading theory for the process of dust grain alignment in-
volves radiative torques by the incident radiation (Lazarian &
Hoang 2007; Hoang & Lazarian 2009; Andersson 2015). A crit-
ical parameter for this mechanism is the ratio between the dust

grain size and the radiation wavelength. As the dust column den-
sity increases, only the longer wavelength radiation penetrates
the cloud and the alignment decreases. Grains within a cloud
(without embedded sources) should have lower ✏ than those at
the periphery of the same cloud. There is evidence for this from
near-infrared interstellar polarization and submillimetre polar-
ization along lines of sight through starless cores (Jones et al.
2015), albeit at smaller scales and higher column densities than
considered here. If ✏ inside the cloud is very low, the observed
polarized intensity would arise from the dust in the outer layers,
tracing the magnetic field in the “skin” of the cloud. Then the
observed orientation of B? is not necessarily correlated with the
column density structure, which is seen in total intensity, or with
the magnetic field deep in the cloud.

Soler et al. (2013) presented the results of HRO analysis on
a series of synthetic observations produced using models of how
✏ might decrease with increasing density. They showed that with
a steep decrease there is no visible correlation between the in-
ferred magnetic field orientation and the high-NH structure, cor-
responding to nearly flat HROs.

In any case, the HRO analysis of MCs carried out here re-
veals the presence of a correlation between the polarization ori-
entation and the column density structure. This suggests that the
dust polarized emission is sampling the magnetic field struc-
ture homogeneously on the scales being probed at the resolu-
tion of the Planck observations, or alternatively that the field
deep within high-NH structures shares the same orientation as
that probed in the skin.

6. Conclusions

We have presented a study of the relative orientation of the mag-
netic field projected on the plane of the sky (B?), as inferred
from the Planck dust polarized thermal emission, with respect
to structures detected in gas column density (NH). The relative
orientation study has performed by using the histogram of rel-
ative orientations (HRO), a novel statistical tool to characterize
extended polarization maps. With the unprecedented statistics of
polarization observations in extended maps obtained by Planck,
we analyze the HRO in regions with di↵erent column densities
within ten nearby molecular clouds (MCs) and two test fields.

In most of the regions analyzed we find that the relative ori-
entation between B? and NH structures changes systematically
with NH from parallel in the lowest column density areas to
perpendicular in the highest column density areas. The switch
occurs at log10(NH/cm�2) ⇡ 21.7. This change in relative ori-
entation is particularly significant given that projection tends to
produce more parallel pseudovectors in 2D (the domain of ob-
servations) than exist in 3D.

The HROs in these MCs reveal that most of the high NH
structures in each cloud are oriented preferentially perpendicular
to the magnetic field, suggesting that they may have formed by
material accumulation and gravitational collapse along the mag-
netic field lines. According to a similar study where the same
method was applied to MHD simulations, this trend is only pos-
sible if the turbulence is Alfvénic or sub-Alfvénic. This implies
that the magnetic field is significant for the gas dynamics at the
scales sampled by Planck. The estimated mean magnetic field
strength is about 4 and 12 µG for the case of Alfvénic and sub-
Alfvénic turbulence, respectively.

We also estimate the magnetic field strength in the MCs stud-
ied using the DCF and DCF+SF methods. The estimates found
seem consistent with the above values from the HRO analysis
but given the assumptions and systematic e↵ects involved we

16

parallel perpperp

diffuse	clouds
dense	clouds

Grey	(data),	Colours RAMSES	MHD	Simulations (Soler et al. 2013):
weak	field	(B=	0.35	μG)
intermediate	field	(trans-Alfvenic,	B=	3.5	μG)
strong	field	(sub-Alfvenic,	B=	11	μG)
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Figure 7
HI, OH, and CN Zeeman measurements of BLOS versus NH = NHI + 2NH 2 . The dashed blue line is for a
critical M/! = 3.8 × 10−21 NH /B. Measurements above this line are subcritical, those below are
supercritical.

analysis (Heiles & Troland 2003) showed that the structure of the HI diffuse clouds cannot be
isotropic but instead must be sheet-like. Heiles & Troland (2005) found B̄TOT ≈ 6 µG for the
cold HI medium, a value comparable to the field strength in lower-density components of the
warm neutral medium. Hence, although flux freezing applies almost rigorously during transitions
back and forth between the lower density warm and the higher density cold neutral medium,
the magnetic field strength does not change with density. This suggests that HI diffuse clouds
are formed by compression along magnetic fields; an alternative would posit formation of clouds
selectively from regions of lower magnetic field strength. They also find that the ratio of turbulent
to magnetic energies is ∼1.5 or approximately in equilibrium; both energies dominate thermal
energy. They suggest that this results from the transient nature of converging flows, with the
apparent equilibrium being a statistical result that is a snapshot of time-varying density fields.

A second argument that Figure 7 does not show an evolutionary sequence driven by ambipolar
diffusion is the lack of molecular clouds that are subcritical. Although the Zeeman measurements
give directly only a lower limit to BTOT , the upper envelope of the BLOS defines the maximum
value of BTOT at each NH ; for some fraction of the clouds B should point approximately along
the line of sight, so BLOS = BTOT cos θ ≈ BTOT for θ ≈ 0. For NH ! 1021 cm−2 most of the
points come from OH or CN observations; these molecular clouds are mainly self-gravitating, so
this should be the region of transition from subcritical to supercritical clouds. Yet, there are zero
definite cases of subcritical clouds for NH > 1021 cm−2! The two points that seem to be above

48 Crutcher
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Studying	the	Properties	of	Polarized	Dust
p250/p350

p500/p350

p850/p350

Vela C Polarization Spectrum 5

Figure 4. Polarization spectra from previous work (grey), with new Vela C data added (colors). Points at 850µm separated horizontally for
clarity. W51, OMC-1 p100/p350, and DR21 p1300/p350 from Vaillancourt (2002). All previous measurements of p850/p350 from Vaillancourt
& Matthews (2012). Solid circle represents their median ratio for 15 clouds. OMC-1 p450/p350 from Vaillancourt et al. (2008). M17 from
Zeng et al. (2013). Red triangles are median polarization ratios with MAD error bars. Red circles are best-fit slopes to scatter plots of
p/p350. Magenta lines are spectra using the power-law fit parameters, and blue lines are spectra using the second-order
polynomial fit parameters. Solid lines use the median values of the fit parameters and dashed lines reflect the distribution in the fit
parameters (see text).

Table 3
Median and MADs of p(�) fit parameters

Di↵use emission Linear fit Power-law fit Polynomial fit
subtraction method bl(⇥10�4) p350/al bpl p350/apl b2p(⇥10�6) c2p(⇥10�4) p350/a2p

Conservative 1.3± 2.9 1.03± 0.06 0.06± 0.13 1.02± 0.06 0.8± 1.4 �2.1± 5.8 1.04± 0.05
Aggressive 0.4± 3.2 0.98± 0.03 �0.01± 0.15 0.98± 0.03 1.8± 1.3 �6.7± 5.5 1.00± 0.03
Intermediate 1.0± 2.9 1.01± 0.04 0.04± 0.14 1.01± 0.04 1.2± 1.2 �3.8± 5.2 1.03± 0.03
Intermediate (p/p350) �2.9± 3.5 . . . �0.17± 0.14 . . . 1.9± 1.1 �7.9± 3.8 . . .

the overall uncertainty is dominated by the dif-
fuse emission subtraction method which a↵ects
all four bands. Therefore each of the bands was
given equal weight in the fits to p(�).
Figure 6 shows the results of fitting the power-law and

second-order polynomial functions to the data for three
example pixels. The linear fit is not shown, because the
linear and power-law spectrum look very similar in the
250-850µm range.
The distribution of the fit parameters over all pixels

in the Vela C map was then analyzed. The first three
rows of Table 3 list the median values obtained
for each of the fit parameters that relate to the
spectrum shape (bl, bpl, b2p, and c2p), for the three
methods of di↵use emission subtraction. Table 3 also

contains the median values of p350/a, showing how
closely the fits match the data at 350 µm. The
typical fractional uncertainty of the measurement
of p350 is compatible with the MAD. The values of
the spectral shape fit parameters are consistent
among the three subtraction methods, and their
distributions for the case of intermediate subtraction
are shown in Figures 7 (power law fit) and 8 (polynomial
fit).
The median of the linear fit parameters over

the cloud produces a spectrum that gradually rises from
p250/p350 = 0.99 to p850/p350 = 1.03. The median power-
law fit produces a spectrum that is virtually identical
to the median linear fit. The second-order polynomial
fit was used to probe curvature in the spectrum, look-

BLASTPol/Planck	

OST	FIP

Gandilo et	al.	2015



Magnetic	fields	in	Molecular	Cloud	Simulations
Weak magnetic field 

(|B0|=0.35μG)
Strong magnetic field 

(|B0|=10.97μm)

RAMSES	MHD	Simulations	from	Soler et	al.	2013

disordered		B-field	 ordered		B-field	
Can	be	used	to	estimate	|BPOS|	(Davis	1951,	Chandrasekhar	&	Fermi	1953,	
Ostriker,	Stone	&	Gammie 2001)

Characterize	the	MHD	turbuence power	spectrum	(e.g.	Houde et	al.	2011)



OST	Polarimetry	Case	Study:	Polaris	Flare

A&A 518, L104 (2010)
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Fig. 1. SPIRE 250 µm map of the Polaris flare. Units are in MJy sr−1. The zero level was set by correlation with the IRAS/IRIS 100 µm data.

the restoration of diffuse emission. The SPIRE data were pro-
cessed with HIPE (version 2.0) applying standard corrections
for instrumental effects and glitches. The 1/ f noise component
was removed using the “temperature drift correction” module,
and naive maps were computed.

This map reveals for the first time the structure of the dif-
fuse interstellar medium on scales ranging from 0.01 to 8 pc.
Compared to the previous vision of the diffuse interstellar
medium given by lower resolution observations (e.g. IRAS)
these observations reveal a structure with strong contrast at small
scales. Numerous small scale clumps are seen in the map even
in the most diffuse regions (see examples in the Appendix). This
high-resolution view of the diffuse ISM also reveals its highly fil-
amentary structure with narrow threads of matter following the
larger scale organisation. These observations bring new insights
into the small scale structure of the ISM, and they will certainly
help understand the physical processes dominating the dynami-
cal evolution of matter towards the formation of stars. This task
is obviously beyond the scope of the present paper.

3. Comparison with IRAS 100 µm: check of diffuse
emission restoration and dust spectrum

The estimate of the power spectrum of the interstellar medium
emission can only be done with observations that restore the
power observed at all scales. This implies a great control of

instrumental effects that could affect the baseline (additive ef-
fect) or the gain (multiplicative effect) of the detectors over the
whole period of the observations. In order to assess the quality of
the diffuse emission restoration by SPIRE over such a large field
we made a comparison over the whole field with the 100 µm
IRAS (IRIS) data (Miville-Deschênes & Lagache 2005) which
are known to have a good description of the interstellar emission
at all scales1. The main limitation of this exercise is the differ-
ence in wavelength between SPIRE and IRAS, but even though
local variations of the dust emission spectrum are expected, the
fact that both datasets are dominated by the emission from the
big grain population is instructive.

We performed the following linear regression fit: S (λ) =
G × S (100) + S 0, where S (100) is the 100 µm IRAS/IRIS map
from which the average value of the cosmic infrared background
at 100 µm (0.7 MJy/sr – Miville-Deschênes et al. 2007) was re-
moved, and S (λ) is the SPIRE map at wavelength λ, convolved
to the IRAS resolution (4.3 arcmin) and projected onto the na-
tive 1.5′ grid of IRAS. The regression coefficients G and off-
sets S 0 found at each SPIRE wavelength are given in Table 1.
Even though the correlations are good (correlation of 0.85),
there is significant variation around the linear fit. Looking at

1 In IRIS the variation with scale of the IRAS detectors gain was cor-
rected and the emission at scales larger than 30′ was made consistent
with DIRBE, which was designed for full control on systematic effects.
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>8000,	FIP	beams	could	fit	into	1	
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In	this	cloud	at	240	microns,	FIP	would	
probe	scales	from	1,000	AU	to	20	pc	(a	
factor	of	4000	in	spatial	scale)	with	up	
to	4,000,000	independent	
measurements	of	B-direction.
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Fig. 1. SPIRE 250 µm map of the Polaris flare. Units are in MJy sr−1. The zero level was set by correlation with the IRAS/IRIS 100 µm data.

the restoration of diffuse emission. The SPIRE data were pro-
cessed with HIPE (version 2.0) applying standard corrections
for instrumental effects and glitches. The 1/ f noise component
was removed using the “temperature drift correction” module,
and naive maps were computed.

This map reveals for the first time the structure of the dif-
fuse interstellar medium on scales ranging from 0.01 to 8 pc.
Compared to the previous vision of the diffuse interstellar
medium given by lower resolution observations (e.g. IRAS)
these observations reveal a structure with strong contrast at small
scales. Numerous small scale clumps are seen in the map even
in the most diffuse regions (see examples in the Appendix). This
high-resolution view of the diffuse ISM also reveals its highly fil-
amentary structure with narrow threads of matter following the
larger scale organisation. These observations bring new insights
into the small scale structure of the ISM, and they will certainly
help understand the physical processes dominating the dynami-
cal evolution of matter towards the formation of stars. This task
is obviously beyond the scope of the present paper.

3. Comparison with IRAS 100 µm: check of diffuse
emission restoration and dust spectrum

The estimate of the power spectrum of the interstellar medium
emission can only be done with observations that restore the
power observed at all scales. This implies a great control of

instrumental effects that could affect the baseline (additive ef-
fect) or the gain (multiplicative effect) of the detectors over the
whole period of the observations. In order to assess the quality of
the diffuse emission restoration by SPIRE over such a large field
we made a comparison over the whole field with the 100 µm
IRAS (IRIS) data (Miville-Deschênes & Lagache 2005) which
are known to have a good description of the interstellar emission
at all scales1. The main limitation of this exercise is the differ-
ence in wavelength between SPIRE and IRAS, but even though
local variations of the dust emission spectrum are expected, the
fact that both datasets are dominated by the emission from the
big grain population is instructive.

We performed the following linear regression fit: S (λ) =
G × S (100) + S 0, where S (100) is the 100 µm IRAS/IRIS map
from which the average value of the cosmic infrared background
at 100 µm (0.7 MJy/sr – Miville-Deschênes et al. 2007) was re-
moved, and S (λ) is the SPIRE map at wavelength λ, convolved
to the IRAS resolution (4.3 arcmin) and projected onto the na-
tive 1.5′ grid of IRAS. The regression coefficients G and off-
sets S 0 found at each SPIRE wavelength are given in Table 1.
Even though the correlations are good (correlation of 0.85),
there is significant variation around the linear fit. Looking at

1 In IRIS the variation with scale of the IRAS detectors gain was cor-
rected and the emission at scales larger than 30′ was made consistent
with DIRBE, which was designed for full control on systematic effects.
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Fig. 2. Average big dust emission spectrum in the Polaris flare as de-
termined by correlation of the SPIRE and 100 µm data over the whole
field. In this plot the correlation coefficients (G in Table 1) were scaled
to the average 100 µm brightness in the SPIRE field. The fit of the big
grain emission spectrum gives Td = 14.5 ± 1.6 and β = 2.3 ± 0.6.

the difference map (i.e. S (λ) −G × S (100)) localized variations
are seen, which reflect expected modifications of the dust emis-
sion spectrum. These small and intermediate scale variations sit
on a fainter large scale structure uncorrelated with the emission
and therefore probably unrelated to variations of dust properties.
This residual, which is less than 10% of the large scale emission
fluctuations, could be attributed to residual imperfections in the
data processing.

The factors G obtained for the SPIRE-IRAS correlation can
be used to estimate the average dust emission spectrum in the
field. The fit of a grey body2 to the IRAS-SPIRE correlation co-
efficient shown in Fig. 2 gives Td = 14.5± 1.6 and β = 2.3± 0.6,
in agreement with what was measured by Bernard et al. (1999)
using PRONAOS and ISOPHOT data on a 30′ × 6′ region in
the brightest part of the Polaris flare (Td = 13.0 ± 0.8 and
β = 2.2 ± 0.3). This provides a first order sanity check of the
quality of the SPIRE gain calibration. In addition, looking at
(S (λ)− S 0)/S (100), we find no systematic correlation of G with
intensity which agrees with the fact that the SPIRE diffuse emis-
sion calibration is not scale-dependent at scales larger than the
IRAS beam.

4. Power spectrum analysis

The power spectrum of the 250 µm map of the Polaris flare, con-
verted to Jy2/sr is shown in Fig. 3. The black dots in the bottom
plot show the power spectrum computed on a 2.8◦ × 3.1◦ area of
the map where all data points are defined and from which bright
point sources were removed. An apodization factor of 0.97 was
applied prior to the Fourier Transform (Miville-Deschênes et al.
2002).

The power spectrum is typical of infrared emission of high
Galactic latitude fields with a power-law type spectrum con-
volved by the instrument transfer function (φ), and a flat noise
part (N) at high k. The power spectrum is modeled accordingly :
P(k) = φ(k)Psky(k) + N(k). The white noise term stands out very
clearly in all power spectra. Its level is estimated as the average
of P(k) for 0.75kmax < k < kmax, where kmax is the maximum k
available (i.e. twice the pixel size – see Table 1). At each SPIRE
wavelength this corresponds to scales smaller than the beam size
where the noise dominates. The recovered noise levels are given
in Table 1. They are comparable with the expected sensitivity for
two repeats.

2 Iν ∝ Bν(Td)ν−β, where Td and β are the big grain temperature and
emissivity index, and Bν is the Planck function.
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Fig. 3. Power spectrum of the SPIRE 250 µm map of the Polaris flare.
Bottom: the black dots are the raw power spectrum (computed with an
apodization of 0.97). The horizontal black line is the white noise level
estimate. Blue dots are the power spectrum noise removed and divided
by the psf estimated on Neptune observations. The green horizontal line
and the dashed line are the source and interstellar components estimated
from the blue dots power spectrum respectively, on scales 0.025 < k <
2 arcmin−1. Top: the green dots are the power spectrum of the interstellar
component (i.e. corrected for noise, psf and sources) multiplied by k2.65.
The red dots are the power spectrum of the IRAS/IRIS 100 µm emission
in a 12◦ ×12◦ region centered on the SPIRE field. The dashed line is the
same as in the bottom figure.

The dark blue dots in Fig. 3 show the power spectrum of the
250 µm map, noise removed and divided by the transfer function
φ(k) estimated using the official SPIRE beam profiles obtained
on observations of Neptune. We emphasize here that the SPIRE
beam shapes cannot be approximated by a Gaussian for the level
of precision needed in this power spectrum analysis. Not taking
into account the secondary lobes of the transfer function with a
Gaussian would produce an artificial break in the power spec-
trum at scales of 0.1–0.2 arcmin−1 with a steepening of the slope
at small scales.

Once corrected for noise and φ(k) the power spectrum shows
a rather straight power law with a slight flattening at wavenum-
bers larger than 1 arcmin−1, typical of a white component due to
point sources and the unresolved cosmic infrared background
(CIB) Poissonian fluctuations. To extract the interstellar con-
tribution to the power spectrum we fitted the dark blue curve
with Psky(k) = AISMkγ + P0, where P0 is the white level due
to point sources and the CIB. The fit was done on scales be-
tween k = 0.025 arcmin−1, to exclude the largest scales where
the IRIS-SPIRE comparison showed significant differences, and
about twice the FWHM (2.0, 1.2 and 0.86 arcmin−1 at 250, 350
and 500 µm respectively) to exclude scales contaminated by
residual noise. The recovered γ and P0 are given in Table 1. The
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Assume	β	=	2,	T	=	16	K
FIP	at	240	microns	has	~400x	the	
mapping	speed	of	BLAST-TNG!



If	the	FIP	had	a	longer	wavelength	band	we	
could	better	study	the	magnetic	fields	in	cold	

early	stage	star	forming	regions.
M.-A. Miville-Deschênes et al.: Herschel-SPIRE observations of the Polaris flare
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Fig. 2. Average big dust emission spectrum in the Polaris flare as de-
termined by correlation of the SPIRE and 100 µm data over the whole
field. In this plot the correlation coefficients (G in Table 1) were scaled
to the average 100 µm brightness in the SPIRE field. The fit of the big
grain emission spectrum gives Td = 14.5 ± 1.6 and β = 2.3 ± 0.6.

the difference map (i.e. S (λ) −G × S (100)) localized variations
are seen, which reflect expected modifications of the dust emis-
sion spectrum. These small and intermediate scale variations sit
on a fainter large scale structure uncorrelated with the emission
and therefore probably unrelated to variations of dust properties.
This residual, which is less than 10% of the large scale emission
fluctuations, could be attributed to residual imperfections in the
data processing.

The factors G obtained for the SPIRE-IRAS correlation can
be used to estimate the average dust emission spectrum in the
field. The fit of a grey body2 to the IRAS-SPIRE correlation co-
efficient shown in Fig. 2 gives Td = 14.5± 1.6 and β = 2.3± 0.6,
in agreement with what was measured by Bernard et al. (1999)
using PRONAOS and ISOPHOT data on a 30′ × 6′ region in
the brightest part of the Polaris flare (Td = 13.0 ± 0.8 and
β = 2.2 ± 0.3). This provides a first order sanity check of the
quality of the SPIRE gain calibration. In addition, looking at
(S (λ)− S 0)/S (100), we find no systematic correlation of G with
intensity which agrees with the fact that the SPIRE diffuse emis-
sion calibration is not scale-dependent at scales larger than the
IRAS beam.

4. Power spectrum analysis

The power spectrum of the 250 µm map of the Polaris flare, con-
verted to Jy2/sr is shown in Fig. 3. The black dots in the bottom
plot show the power spectrum computed on a 2.8◦ × 3.1◦ area of
the map where all data points are defined and from which bright
point sources were removed. An apodization factor of 0.97 was
applied prior to the Fourier Transform (Miville-Deschênes et al.
2002).

The power spectrum is typical of infrared emission of high
Galactic latitude fields with a power-law type spectrum con-
volved by the instrument transfer function (φ), and a flat noise
part (N) at high k. The power spectrum is modeled accordingly :
P(k) = φ(k)Psky(k) + N(k). The white noise term stands out very
clearly in all power spectra. Its level is estimated as the average
of P(k) for 0.75kmax < k < kmax, where kmax is the maximum k
available (i.e. twice the pixel size – see Table 1). At each SPIRE
wavelength this corresponds to scales smaller than the beam size
where the noise dominates. The recovered noise levels are given
in Table 1. They are comparable with the expected sensitivity for
two repeats.

2 Iν ∝ Bν(Td)ν−β, where Td and β are the big grain temperature and
emissivity index, and Bν is the Planck function.
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Fig. 3. Power spectrum of the SPIRE 250 µm map of the Polaris flare.
Bottom: the black dots are the raw power spectrum (computed with an
apodization of 0.97). The horizontal black line is the white noise level
estimate. Blue dots are the power spectrum noise removed and divided
by the psf estimated on Neptune observations. The green horizontal line
and the dashed line are the source and interstellar components estimated
from the blue dots power spectrum respectively, on scales 0.025 < k <
2 arcmin−1. Top: the green dots are the power spectrum of the interstellar
component (i.e. corrected for noise, psf and sources) multiplied by k2.65.
The red dots are the power spectrum of the IRAS/IRIS 100 µm emission
in a 12◦ ×12◦ region centered on the SPIRE field. The dashed line is the
same as in the bottom figure.

The dark blue dots in Fig. 3 show the power spectrum of the
250 µm map, noise removed and divided by the transfer function
φ(k) estimated using the official SPIRE beam profiles obtained
on observations of Neptune. We emphasize here that the SPIRE
beam shapes cannot be approximated by a Gaussian for the level
of precision needed in this power spectrum analysis. Not taking
into account the secondary lobes of the transfer function with a
Gaussian would produce an artificial break in the power spec-
trum at scales of 0.1–0.2 arcmin−1 with a steepening of the slope
at small scales.

Once corrected for noise and φ(k) the power spectrum shows
a rather straight power law with a slight flattening at wavenum-
bers larger than 1 arcmin−1, typical of a white component due to
point sources and the unresolved cosmic infrared background
(CIB) Poissonian fluctuations. To extract the interstellar con-
tribution to the power spectrum we fitted the dark blue curve
with Psky(k) = AISMkγ + P0, where P0 is the white level due
to point sources and the CIB. The fit was done on scales be-
tween k = 0.025 arcmin−1, to exclude the largest scales where
the IRIS-SPIRE comparison showed significant differences, and
about twice the FWHM (2.0, 1.2 and 0.86 arcmin−1 at 250, 350
and 500 µm respectively) to exclude scales contaminated by
residual noise. The recovered γ and P0 are given in Table 1. The
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I250~20	MJy/SrTd =	14.5	± 1.6
β	=	2.3	± 0.6	

Dust	temperatures	are	not	actually	uniform	even	in	clouds	without	star	
formation:	dust	is	warmer	near	the	cloud	surface.	

At	240	microns	20K	dust	is	6x	brighter	than	10K	dust.
Magnetic	field	direction	measured	is	weighted	toward	the	lower	
density	cloud	regions.

At	500	microns	20K	dust	is	only		1.6x	brighter.

Polaris	Flare	SED
Miville-Deschênes 2010



Descope Options:

• We would really not like to lose:
– Dynamic range in instrument sensitivity.
– Ability to recover polarization structure on large 

scales (up to 10 degrees).
– The 240 micron band!



Other	Descope Options

• Sensitivity:
– 2x decrease in sensitivity would mean we could map ¼ as many 

clouds to the same depth OR not target as many diffuse ISM 
clouds.

• Resolution:
– This limits the cloud distance (and number of clouds) for which 

we can get high resolution.  
• Example: For the 120 µm we can resolve the core scale (~0.03pc) out 

to 2kpc.
– A moderate degradation in resolution (e.g. ~25%) wouldn’t

degrade our science case very much.
• Instantaneous Field of View:

– Shouldn’t affect us as long as we can recover emission on scales 
larger than the FOV.



Conclusions

• Polarimetry allows us to trace magnetic and turbulent 
energy over all ISM scales, from galactic feedback to 
star forming cores.

• OST will be revolutionary in terms of:
– Ability to trace MHD turbulence over range in spatial scale 

and column density scales.
– Mapping speed, which will allow OST to map hundreds of 

clouds.


