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PLAN OF TALK:

1) Introduction
2) Chandrasekhar and Fermi (CF) method and Angular Dispersion

function
3) Histogram of Relative orientations (HROs) between column

density structures and magnetic field structures
4) Polarization-Intensity gradient relation
5) Multi λ submm map analysis
6) Conclusions

REVIEW of the methods focused on:
● Observed polarization maps
● Thermal dust emission at submm wavelengths
● Galactic studies
● Mainly molecular cloud and core scales
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1) Introduction
Linear polarimetry of dust grains: a probe of Magnetic

Fields in the diffuse and dense ISM

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019

Picture from Arce et al. (1998)
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1) Introduction
Molecular clouds: the coldest phase of the ISM (CMB

excluded)

Formation and evolution of Molecular Clouds in our Galaxy ? 
Dense cold phase of the ISM where star-formation can occur :

n(H) > 10^3 cm-3 ; T < 100K ; M(dust) ~ 1% M(gas).
Table from . See also talk by Ph. André

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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1) Introduction
Molecular clouds formation and evolution 

→  2 main classes of models

2 main classes of Models for explaining the formation and
evolution of such Molecular Structures :

- Top down models :
Investigate formation of GMCs as triggered by large scale

gravitationnal, thermal and magnetic instabilities in the
rotating disk of the Galaxy (e.g. Kim & Ostriker 2002)

- Bottom-up models : 
Explore formation of GMCs by compression of substructures of

the ISM by SNRs, shocks produced by superbubbles or
compression in converging flows (e.g. Heitsch et al. 2009,
Van Loo et al. 2007, Vásquez-Semadeni et al. 2011).
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1) Introduction
Star-Formation in Molecular Clouds

Fig. from Dust in the Galactic
Environment by DCB Whittet. 
© IOP publishing (2003)

Table : Bergin and Tafalla (2007)

Figure : SPICA-POL (B-BOP) article (2019)
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2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function

Initially applied to the Galactic Disc and the diffuse ISM (1953) :
Hypothesis :

- turbulence of the ISM is isotropic
- gas coupled to Alfvénic perturbations such that there is

equipartition between kinetic and perturbed magnetic energies
Dispersion of magnetic field lines based on polarized starlight - data

catalog from Hiltner (1951)

→  Bpos  = 6 μG in
the diffuse ISM

Example of polarization map at low Galactic latitude by Hiltner (1951) → 
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CF method transposed on spatial scales of cores and molecular clouds in
denser regions of the ISM (e.g. Gonatas et al. 1990), i.e. on spatial scales
~ 1000 - 10000 times lower than the Galactic disk.

The method was then used for analysing many submm polarization maps

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function
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← Analog to CF method adapted from the angular dispersion function

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function

← The SF of the polarization angles is
defined as the average of the square
differences between the polarization
angle measured at two points
separated by a distance l. 

← Bt and B0 are the turbulent and uniform magnetic field components in
the plane of the sky, respectively.  this equation returns a direct estimate
of the Turbulent-to-Mean magnetic field ratio (CF method).

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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Hildebrand et al. (2009)

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function
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Tested with MHD simulations :
- Ostriker et al. (2001) : correction factor C ~ 0.5
- Falceta-Gonçalves et al. (2008) 

• Isotropic turbulence
• Equipartition between kinetic and mag. Energies

For a review on the correction factors see discussion by Poidevin et
al. (2013) 

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function
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Planck IR result XIX

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function
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Planck IR result XIX
2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function
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Planck 2018 XII
2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function

Two-dimensional histogram showing the joint distribution
function of S and p at 160′ resolution, using a lag δ = 80′.
The black curve is the running mean of S as a function of
the mean p, in bins of ordered p, with each bin containing
the same number of pixels. The error bars represent the
standard deviation of S in each bin of p. The dashed white 
line shows our fit S = 0◦.31/p to this running mean.

Sxp relation

w=resolution

p[%] is also found to decrease with column density N
Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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On the other hand Fissell et al. (2016) discuss the
dependence of p on the column density parameter N and on
the dust temperature T in Vela C.

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function
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Dispersion function 1 − ⟨cos[ΔΦ(l)]⟩ for
OMC-1 using the 350 μm data obtained
with SHARP.
Include the averaging of the turbulent
components (Number of turbulent cells)
through the column of dust.  

Top: fit of Equation (43) (solid curve) to the data (symbols) when plotted
as a function of l2, the broken curve does not contain the correlated part
of the function (see the text)

middle: same as top but plotted as a function of l. 

bottom: the turbulent component of the dispersion function (symbols),
as obtained by subtracting the data points to the broken curve in the
middle graph, while the broken and solid curves are, respectively, the
contribution of the (assumed Gaussian) telescope beam alone (i.e., when
δ = 0) and the fit to the data (i.e., with δ = 7. 3).

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function

For finer analyses the area sustended by the beam + effect of the signal integration through
the thickness of the cloud have to be taken into account. Houde et al. (2009)
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2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function

Liu et al. (2019) BISTRO collaboration 
Rho Oph with POL2 compared to SCUPOL

A blue dashed line shows the fitted dispersion func- tion. The cyan dashed
line shows the large-scale component (1/N)(⟨δB2⟩/⟨B0⟩) + a2′l2 of the best
fit. (b) Correlated component of the dispersion function. The corre- lated
component (1/N)⟨δB2⟩/⟨B0⟩)e−l2/2(δ2+2W2) is shown in blue dashed line.
The cyan line shows the correlated component solely due to the beam.
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3) Histogram of Relative Orientations (HROs) between
column density structures and magnetic field structures

Left: filamentary structure in the simulated column density. Overlaid are the gradient vectors obtained with derivative kernels with 9 × 9
(yellow), 25 × 25 (red), and 49 × 49 (green) pixels. The squares on the upper right corner of the image show the sizes of these kernels.
Right: histogram of orientation angles of the iso-Σ contours (ψ) calculated with each derivative kernel. The histograms show that the
structure is predominantly oriented at ψ from 135◦ to 150◦ but also shows a secondary structure at 45◦
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Soler et al. (2017) – BLASTPol 250, 350, and 500 μm, Vela C molecular ridge. 3’ resolution = 0.61 pc
See also Planck IR XXXV. Probing the role of the magnetic field in the formation of structure in molecular clouds

3) Histogram of Relative Orientations (HROs) between
column density structures and magnetic field structures
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Also defined in Soler et al. (2013) is the histogram shape
parameter ξ :

where Ac is the area in the centre of the histogram (−22◦. 5 < φ
< 22◦. 5) and Ae the area in the extremes of the histogram
(−90◦. 0 < φ < −67◦.5 and 67◦.5 < φ < 90◦.0). The uncertainty
is given by :

The trend in ξ vs. log10(NH/cm−2) can be fit roughly by a linear
relation :

 

3) Histogram of Relative Orientations (HROs) between
column density structures and magnetic field structures

For a smoother definition of ξ see Jow et al. (2018) 
Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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All these studies show a change
of orientation from low to high
density columns.

For a similar approach but with
various gas density tracers see
Fissel et al. (2019)

3) Histogram of Relative Orientations (HROs) between
column density structures and magnetic field structures
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In relation to the HRO method one can also refer to Alina et al. (2019) where not only the
HRO is investigated but also the column density contrasts between filamentary molecular
clouds and clumps. The analysis show a loss of alignment between the magnetic fields and the
clumps at densities nH > 10³ cm-3  

3) Histogram of Relative Orientations (HROs) between
column density structures and magnetic field structures

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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4) Polarization-Intensity gradient relation 

Koch et al. (2012) – Assumptions of negligible
viscosity and infinite conductivity (ideal MHD
case) : the force equation is:

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019

B : mag. Field ; P : pressure ; G : Gravity
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4) Polarization-Intensity gradient relation 

Koch et al. (2012) : Collapsing core W51 e2 (Tang et al. 2009). Contours show the Stokes I dust
continuum at 0.87 mm with a synthesized beam resolution of about 0. 7. Overlaid are the magnetic field
segments (thick red segments). The blue vector field displays the gradient directions of the dust continuum
emission, with most vectors pointing toward the emission peak.

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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Very complete analysis for the case of G34 by Tan et al. 2019 (see arxiv) where CF and
angular dispersion function + polarization-intensity gradient methods are used and
compared.

4) Polarization-Intensity gradient relation 

Schematic illustration of the change of
the relative significance between uG, PB, 
and PT from the 2 pc clump scale (upper
panels) to the 0.6 pc core scale (lower
panels) for MM1, MM2, and MM3. White
segments indicate B field orientations.
The bars represent the relative
significance between uG (dark grey), PB
(red), and PT (light grey), arbitrarily
normalized to one.

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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← Total flux spectrum and derived
temperature components of the
molecular cloud W49A. Adapted from
Sievers et al. (1991). (Area
sampled includes warm component in
core.)

5) Multi λ submm map analysis 
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Hildebrand et al. (2000). Combining data obtained at different wavelengths (e.g. left
figure) one can probe polarization spectra (upper right figure). A simple cloud can not
reproduce the polarization spectra shape. Assume suprathermal rotation of magnetic grains. 

5) Multi λ submm map analysis 
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Hildebrand et al. (2000). Left: 2 dust component model with different temperatures. Right: 3 dust
components model with different temperatures can reproduce polarization spectra shape. 
Fit with two dust grain populations with different polarization Properties also possible as shown and
discussed by Vaillancourt et al. (2002). See also Vaillancourt and Matthews (2012) where JCMT 
and CSO polarimetry data are combined and compared.    

5) Multi λ submm map analysis 
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BLASTPol 250, 350 and 500 μm combined with Planck 850 μm (353 GHz).
Model by Guillet et al. (2018) reproduce flat polarization spectrum in translucent cloud 

5) Multi λ submm map analysis 
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5) Multi λ submm map analysis 

DUST GRAIN ALIGNMENT BY THE ISRF AND MAGNETIC FIELDS IN
THE ISM

Current paradigm: dust grains with 'elliptica'l shape are aligned by the
interstellar radiation field (and will relax with short axis preferentially
aligned with local B-field). See Hoang and Lazarian works based on first
ideas proposed by Dolginov & Mytrophanov (1976).  

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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Santos et al. (2019): HAWC+/SOFIA toward ρ Oph A -bands C (89 μm) and D (154 μm).
RDC = pD/pC → clear correlation between RDC and the molecular hydrogen column density
across the cloud. RDC > 1 dominates the lower density and well illuminated portions of the
cloud, that are heated by the high mass star Oph S1. RDC < 1 is observed toward the denser
and less evenly illuminated cloud core. (1) Warm grains at the cloud outskirts, are efficiently
aligned by the abundant exposure to radiation from Oph S1, as proposed in the radiative
torques theory; (2) Cold grains deep in the cloud core, are poorly aligned due to shielding
from external radiation.

   

5) Multi λ submm map analysis 

Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019



32

6) Conclusions

Possibily interesting points to address with NIKA2 260 polarization maps of hubs of
filaments in molecular clouds:
 
1 – Angular dispersion function: is there a loss of dispersion at the typical scale of about
0.1 pc? Can we say anything about the turbulent state inside the filaments?

2 – HROs: do we see a change of orientation of B fields from outside to inside such hubs
of filaments?

3 – Polarization-Intensity gradient relation: Do we see a specific change of regime in
‘fragmented’ regions where the gravity field dominates (virial mass).

4 – Multi λ maps: regions of interests (e.g. IC 5146, Rho Oph) have been observed with
POL2 the data from which could be combined with NIKA2 for polarization spectra studies
and probes of effects of radiation fields on grain alignment efficiencies.

5 – The method presented by J.F. Robitaille could also be applied to such regions and
the results compared with those obtained with the other methods.   

  
Frédérick Poidevin mm Universe @ NIKA2 Grenoble, June 05 2019
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6) Polarimetry of dust grains as a probe of
Magnetic Fields in the diffuse and dense ISM

From the analysis of such maps it is possible: 

- to check on the impact of outflows and jets on magnetic field structures

- to derive a 3D model of the magnetic field by combining polarimetry by
emission and absorption data sets

- to study the impact of mag. Field on core structures and look for
correlation between star-forming cores and magnetic fields structure

References: Poidevin et al. 2010, 2011 & 2013
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Poidevin et al. 2013: comparison of data with MHD models →
possibility to retrieve average angle of uniform ‘large’ scale magnetic
field component with respect to line of sight.

2) Chandrasekhar & Fermi (CF) method and Angular
Dispersion Function
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