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Magnetic field in the Orion-Eridanus superbubble
Soler, Bracco, & Pon, A&A 609L (2018) 3S
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H-alpha towards the Orion-Eridanus superbubble

Hα ( SHASSA, Gaustad et al. 2001)

Heiles 1976; Reynolds & Ogden 1979; Heiles et al. 1999; Ochsendorf et al. 2015; Pon et al. 2016
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Magnetic field in the Orion-Eridanus superbubble

HI  (HI4PI Collaboration 2016) 
Hα ( SHASSA, Gaustad et al. 2001) 
Planck Collaboration, 2016 
Heiles 1989, 1997.
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Magnetic field in the Orion-Eridanus superbubble
Soler, Bracco, & Pon, A&A 609L (2018) 3S

Turbulence          😕  
Magnetic fields   🙂 
Large scale flow  😀  

Reynolds, R. J. & Ogden, P. M. 1979, ApJ
Expansion velocity 15 to 23 km s-1
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Column density and magnetic field orientation
Planck 2015 results I. A&A, 594 (2016), A1
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Column density and magnetic field orientation
Planck XXXII. A&A, 586 (2016) A135
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Relative orientation between B⟂ and NH structures
Planck XXXII. A&A, 586 (2016) A135
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Relative Orientations
Soler, J.D., et al, ApJ. 774 (2013), 128 (HRO method) 
Planck intermediate results. XXXV. A&A, 586 (2016) A138 (c.a. Juan D. Soler)
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Soler, J.D., et al, ApJ. 774 (2013), 128

Relative orientation between NH and B⟂
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Quasi-hydrodynamic
Equipartition
Magnetized



Magnetic fields and cloud formation
Soler, J.D., et al, ApJ. 774 (2013), 128 
Planck intermediate results. XXXV. A&A, 586 (2016) A138

Turbulence          🙂  
Magnetic fields   🙂 
Gravity                 🙂  
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Serpens South - Aquila Rift
Soler, J.D. and the BLASTPol Collaboration A&A 603A (2017) 64S
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Soler, J.D. and the BLASTPol Collaboration A&A 603A (2017) 64S

Turbulence          🙂  
Magnetic fields   🙂 
Gravity                 😀  

Turbulence          🙂  
Magnetic fields   🙂 
Gravity                 😐  
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Serpens South - Aquila Rift



Juan D. Soler (MPIA). Tracing the Flow. July, 2018.

Soler, J.D. and the BLASTPol Collaboration A&A 603A (2017) 64S
Serpens South - Aquila Rift



Balloon-borne 
250 µm (3’ res.) 
350 µm 
500 µm 
polarimetry.

BLASTPol 2012
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Also see: 
Gandilo et al, ApJ, 2016 

Fissel et al, ApJ, 2016 
Santos et al, ApJ, 2017

Relative Orientations
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• Density structures and B 
stretched in the same direction. 

Hennebelle, P., 2013 
Banerjee, R., 2009 
Matthaeus, W., et al. 2008

• Flows occur mainly along B.

Hartmann, L., et al. 2001. 
Inutsuka, S., 2015 
Nakamura F. & Li, Z., 2008

Magnetic fields and cloud formation
Planck intermediate results. XXXV. A&A, 586 (2016) A138
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Relative orientation between NH and B⟂
Soler J.D. & P. Hennebelle, A&A 607A (2017) 2S
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Conclusions

The magnetic field matters 
in the formation of molecular clouds

out of diffuse atomic gas. 

Juan D. Soler (MPIA). Tracing the Flow. July, 2018.



@Planck 10 nearby MCs, relative orientation between NH and B⊥: 
#BfieldMattersForMCformation. 
Planck intermediate results. XXXV. A&A. 2016.

@BLASTPol Vela C: relative orientation between NH and B⊥ related to the 
NH distribution #BfieldAndPowerLawTail. 
Soler, J.D. and the BLASTPol collaboration. A&A. 2017.

Conclusions

NH and B⊥ parallel or perpendicular are equilibrium points of MHD 
transport equations. Changes are related to velocity divergence.  
#BfieldAndISMflows. Soler J.D. & P. Hennebelle, A&A. 2017.

@OrionEridanusSuperbubble large scale motions set the initial conditions 
of MC formation, including the magnetic field. #BfieldAndSNe. 
Soler, Bracco, & Pon. A&A. 2018.

https://github.com/solerjuan/magnetar
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Extra slides



Hall, 1949 
Hiltner, 1949 
Davis & Greenstein, 1951 
Hoang & Lazarian, MNRAS. 2008

Dust polarized emission/absorption
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Comparison with starlight polarization

Juan D. Soler (MPIA). Heidelberg. July, 2017

Soler, J.D., Alves, F., et al, 2016 A&A 596, A93 (2016)



Comparison with starlight polarization

Juan D. Soler (MPIA). Heidelberg. July, 2017

Soler, J.D., Alves, F., et al, 2016 A&A 596, A93 (2016)

MuscaLupus I



Magnetic field in the Orion-Eridanus superbubble
Soler, Bracco, & Pon. 2017. A&A in press.

Juan D. Soler (MPIA). PSF coffee. Jan. 2018

bHeiles, C. 1989, ApJ, 336, 808



Column density and magnetic field orientation
Planck 2015 results I. A&A, 594 (2016), A1
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• Colors: NH from dust optical depth - Planck Collaboration XI.   
• Texture: B⊥ from Planck 353 GHz polarization. 
• Contours: X-ray emission from ROSAT

Vela C

Juan D. Soler (MPIA/Heidelberg). ITA. May, 2017



Simulations of MHD turbulence by P. Hennebelle

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)

Soler, J.D., et al, ApJ. 774 (2013), 128
Relative Orientations
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Histogram of 
Relative  
Orientations

Weak magnetic field Strong magnetic field 
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3D Weak field    
Equipartition   
Strong field    

Soler, J.D., et al, ApJ. 774 (2013), 128 
Soler, J.D & Hennebelle, P., 2017 A&A in press.
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Davis-Chandrasekhar-Fermi method
Davis, L., 1951; Chandrasekhar, S. & Fermi, E., 1953; Hildebrand, R. et al., 2009; Houde, M., 2009

Juan D. Soler (MPIA). PSF coffee. Jan. 2018

1. Magnetic field not always frozen into the gas. 
2. NH is not n 
3. B⊥ is not only due to transverse incompressible Alfvén waves.  
4. v|| depends on molecular tracer. 
5. B⊥ and v|| are not projected in the same way. 



Relative Orientations
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Histogram of Relative Orientations

Jow, D. et al (incl. JDS). A&A submitted.  
arXiv:1708.04063 

Planck XXXV. A&A, 586 (2016) A138 (corresponding author: J.D. Soler)
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Relative Orientations
Planck intermediate results. XXXV. A&A, 586 (2016) A138 (c.a. Juan D. Soler)
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The Projected Rayleigh Statistic
Jow, D., et al. (incl. J. D. Soler). MNRAS (2018) 474, p.1018-1027. 
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