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Section of the Vela Molecular Ridge (250, 350, and 500 μm) 
[BLAST Collaboration. Netterfield et al. ApJ, 2009]

~ 12 pc

Why is star formation 
so inefficient?

• Turbulence 
• Gravity 
• Radiation 
• Stellar winds 
• SNe explosions 
• Magnetic fields 
• Cosmic rays   
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Zeeman OH observations courtesy of T. Troland

OH 
103 to 104 cm-3
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Zeeman OH observations courtesy of T. Troland
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Wavelength (µm)

Frequency (GHz)

Atmospheric Transmission @ Mauna Kea 
CSO Atmospheric Transmission  

Interactive Plotter
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Balloon-borne 
250 µm (1’ res.) 
350 µm 
500 µm 
polarimetry.
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2008 2009 2010 2011 2012 2013 2014 2015

Spring: Scheduled first flight 
Alice Springs, Australia

Winter: Scheduled first flight 
Palestine, TX

BICEP1 ends BICEP2 begins

Planck launch

B-modes, jobs, and a chicken in every pot
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2008 2009 2010 2011 2012 2013 2014 2015

BLASTPol first flight 
McMurdo, Antarctica

BICEP1 ends BICEP2 begins
BICEP2  
ends

BICEP2  
preprint

Planck launch Planck runs out of 3He

BLASTPol first flight 
McMurdo, Antarctica

Spider first flight 
McMurdo, Antarctica

US Congress 
budget sequestration

Spider integration 
Palestine, TX

B2/Planck MOU

Planck XXX 
preprint

First cryogenic run 
Princeton, NJ
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McMurdo, Antarctica. December 27, 2010

Juan D. Soler (CEA/Saclay). Jan. 2016



250 µm 
350 µm 
500 µm
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• Magnetic field 
• Turbulence 
• Gravity

Relative orientation

Observations Simulations
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Histogram of Relative Orientations

Simulations of MHD turbulence by P. Hennebelle 
HRO: Soler et al, 2013

Weak magnetic field (β = 100.0) Strong magnetic field (β = 0.1)

L = 4 pc (29 to 211 resolution) 
T = 11. 4 K 
n0 = 536.4 cm-3 
M = 10.0 (decaying)
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Histogram of 
Relative  
Orientations

Weak magnetic field Strong magnetic field 
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Soler et al, 2013



Juan D. Soler (CEA/Saclay). Jan. 2016



Juan D. Soler (CEA/Saclay). Jan. 2016



Juan D. Soler (CEA/Saclay). Jan. 2016



30 GHz 40 GHz 70 GHz   100 GHz   143 GHz   217 GHz   353 GHz  545 GHz   857 GHz

[Planck Collaboration 2011] 

The foreground emission
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Schematic SEDs of the polarized microwave diffuse emissions
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Planck 2015 results. I. Overview of products and results

Polarized fraction

The polarized sky as seen by Planck
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• Angle dispersion 
Planck intermediate results. XIX  

• Polarized fraction 
Planck intermediate results. XX 

• Power spectrum 
Planck intermediate results. XXX 

• Geometric modelling 
Planck intermediate results. XXXIII 
Planck intermediate results. XXXIV 

• Relative orientation 
Planck intermediate results. XXXII 
Planck intermediate results. XXXV 

• Relation to E- and B-modes 
Planck intermediate results. XXXVIII

Magnetic field and polarization statistics

353 GHz 
Polarization angle

353 GHz 
Polarized flux

http://planckandthemagneticfield.info
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Column density and magnetic field orientation

• NH derived from dust optical depth - Planck Collaboration XI.   
• B⊥ estimated from Planck 353 GHz polarization. 
• Texture obtained with line integral convolution - Cabral & Leedom 1993.

OrionTaurus
Perseus

Cepheus

IC5146

CrA

Chamaeleon-Musca
Lupus

Ophiuchus

Aquila Rift



Histogram of Relative Orientations
All sky after selection

Planck intermediate results. XXXII 
arXiv:1411.2271 A&A accepted
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Histogram of Relative Orientations

16 deg (40 pc @ d=140 pc)

10’ FWHM (0.4 pc @ d=140 pc)

Taurus region!
• NH from dust optical depth  
• B⊥ from Planck 353 GHz pol.

Planck intermediate results. XXXV
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Histogram of Relative Orientations

Planck intermediate results. XXXV
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Histogram of Relative Orientations

Planck intermediate results. XXXV
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Statistical Significance  
of Relative Orientations

Random magnetic field

P(k) ~ k-1.5

Same mean and dispersion

Planck intermediate results. XXXV
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Relative Orientations
Weak field!
Equipartition!
Strong field!

EkE

EB

EB ≥ Ek

MAGNETIC

GRAVITATIONAL KINETIC

Planck intermediate results. XXXV
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EkEg

EB

EB ≥ Ek

MAGNETIC

GRAVITATIONAL KINETIC

HRO

Magnetic fields  
in molecular cloud formation

Eg ≈ Ek
Virialized structure

DCF
EB ≥ Eg?

What have we learned?

• Magnetic field at least in 
equipartition with turbulence. 

• Magnetic field comparable to 
gravity?

B⊥

Planck intermediate results. XXXV
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Magnetic fields and cloud formation

• Density structures and B 
stretched in the same direction. 

EB ≤ Ek
!
Planck intermediate results. XXXII 
Hennebelle, P., 2013 
Banerjee, R., 2009 
Matthaeus, W. et al, 2008

• Flows occur mainly along B.

EB > Ek

Inutsuka, S., 2015 
Nakamura F. & Li, Z., 2008
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Zoom in
Vela C region

Planck 850 micron 
at 10’

BLASTPol 500 micron 
at 2’

Gandilo, N. and BLASTPol collaboration, 2015 in preparation 
Shariff, J. and BLASTPol collaboration, 2015 in preparation 
Santos, F. and BLASTPol collaboration, 2015 in preparation  
Soler, J.D. and BLASTPol collaboration, 2016 in preparation

Fissel, L. et al, 2015 
http://arxiv.org/abs/1509.05298

Juan D. Soler (CEA/Saclay). MPIA. Nov. 2015
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Open questions

16 deg (40 pc @ d=140 pc)

• Line of sight integration 
• Dust grain alignment 
• Field structure at smaller 

scales
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NIKA2
IRAM 30m telescope 

1.2 mm (10’’ res.) 
polarimetry. 

 6.5’ FoV 
!

2x2000 MKID 
!

BLAST-TNG
Balloon-borne 
250 µm (22’’ res.) 
350 µm 
500 µm 
polarimetry. 
!
1000 MKIDs  
!
Flying from Antarctica 
in 2017
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~16x increase in mapping speed 
~6x increase in resolution 
~3x longer obs. time



Challenging observations call for 
challenging simulations 

Hennebelle & Iffrig, 2014, 2015 
Juan D. Soler (CEA/Saclay). MPIA. Nov. 2015

RAMSES simulation 
L = 1 kpc (29 to 2X resolution) 
Turbulence driven by SNe



@Planck polarization observations provide an unprecedented data set 
for the study of the magnetic field in molecular clouds #PlanckRocks

#InDustWeTrust, but we have to improve our understanding of 
#DustGrainAlignment, combine #MultipleScales, and contrast the 
observations with #MHDSims

In 10 nearby MCs, high-NH structures mostly perpendicular to the field. 
May have formed by #ConvergingFlows or #GravitationalCollapse along 
the field. #MagneticFieldMatters

Planck intermediate results. XXXV 
Corresponding author: Juan D. Soler (IAS, France) 

arXiv:1502.04123 A&A accepted

Visit http://planckandthemagneticfield.info

Conclusions

Juan D. Soler (CEA/Saclay). MPIA. Nov. 2015
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