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3D Interstellar Magnetic Fields
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Pesky Galactic Foreground? !  
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3D Galactic Structure & Evolution

ESA/Gaia/DPAC, CC BY-SA 3.0 IGO

http://www.esa.int/spaceinvideos/Terms_and_Conditions
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B Fields in Star Formation
Friend, Enemy, Frenemy?

We know

• Influence from the early phases
• Can slow down the process 

(depending on orientation)
• No stars without magnetic 

fields! (magnetic braking)
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3D Magnetic Fields of Molecular Clouds
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3D Magnetic Fields of Molecular Clouds
Line of Sight 

B

l

• Linearly polarized 
electromagnetic wave

• Magnetized region with 
free electrons

• Plane of polarisation 
rotates

λ: wavelength
ne: electron volume 
density
RM: rotation measure

� (rad) = �2

✓
0.812

Z
neB · dl

◆
= �2RM

� 



8

Finding B of Molecular Clouds Using 
Faraday Rotation

Q1: How can we decouple the 
Galactic Faraday rotation from 
the filamentary structure?
 on-off approach

Q2: How can we find electron 
density and dl?
0.812

Z
neB · dl = RM (radm�2)

B

l

Column density maps (Kainulainen 
et al. 2009)
Chemical evolution code
(René Plume)
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• Significant Results
– Consistent with existing 

nearby molecular Zeeman 
measurements

– Orion A cloud: 
• Previous observations
• Investigated in 

theoretical studies

Line-of-Sight B Fields

~10 pc

Tahani et al. 2018, A&A, 614, A100

GitHub: 
MehrnooshTahani/
MappingBLOS_MolecularClouds
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• Planck’s plane-of-sky 
and our line-of-sight 
magnetic field results

• Constructed models 
that could explain the 
line-of-sight 
observations

~10 pc

The 3D Magnetic Field of Orion A

Tahani et al. 2019, A&A 632, A68
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• Planck’s plane-of-sky 
and our line-of-sight 
magnetic field results

• Constructed models 
that could explain the 
line-of-sight 
observations

~10 pc

The 3D Magnetic Field of Orion A

Tahani et al. 2019, A&A 632, A68
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Monte-Carlo Analysis

Investigating a range 
of systematic biases

Χ2  probability values

+

+

Tahani et al. 2019, A&A 632, A68

The 3D Magnetic Field of Orion A
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Monte-Carlo Analysis

Investigating a range 
of systematic biases

Χ2  probability values

+

+

Tahani et al. 2019, A&A 632, A68

The 3D Magnetic Field of Orion A
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Complete 3D Magnetic Field Morphologies
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Star-forming
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Tahani, M., Lupypciw, W., Glover, J. et al. 2022, A&A

~7pc

BPOS: Plank 
BLOS: Tahani + 2018

Perseus
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Dense 
clouds

Dense 
HI shell

Inutsuka et al. 2015

Astrophysical Insights from B Field Observations
Cloud Formation
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Astrophysical Insights from B Field Observations
Cloud Formation 3

FIG. 2.— 3D views of the Per-Tau shell (for an interactive version of this figure click here a b. See Fig. 5 for more static visualizations). Plotted are density
iso-surfaces at levels n = 5 cm�3 (grey) and n = 25 cm�3 (color), overlaid with our spherical shell model,radius Rs = 78 pc, distance from the sun d = 218 pc.
The n = 25 cm�3 surfaces are colored by distance from the sun (blue-to-red). Upper-left: View from the sun (compare with Fig. 1). Upper-right: A side view of
the region. Perseus and Taurus and their diffuse envelopes are arranged on two opposing sides of the Per-Tau shell. Lower-left: Another side view emphasizing
the Tau Ring. The ellipse is the Tau Ring model (Appendix B). Lower-right: 2D density slices along the xy, xz, yz planes. All planes intersect at shell’s center.
In all panels xyz are the Heliocentric Cartesian Galactic Coordinates.

a URL address for the interactive figure: https://faun.rc.fas.harvard.edu/czucker/Paper Figures/sbialy/pertau superbubble.html.
b For Augmented Reality (AR) experience, scan the QR codes with a mobile device (CoSpaces App required): Left code for viewing with a Merge Cube, right

code for a tabletop AR. If you are already reading this article with a mobile device, click here (Merge Cube), or here (tabletop AR).

Bialy et al. 2022
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Astrophysical Insights from B Field Observations
Cloud Formation

3

FIG. 2.— 3D views of the Per-Tau shell (for an interactive version of this figure click here a b. See Fig. 5 for more static visualizations). Plotted are density
iso-surfaces at levels n = 5 cm�3 (grey) and n = 25 cm�3 (color), overlaid with our spherical shell model,radius Rs = 78 pc, distance from the sun d = 218 pc.
The n = 25 cm�3 surfaces are colored by distance from the sun (blue-to-red). Upper-left: View from the sun (compare with Fig. 1). Upper-right: A side view of
the region. Perseus and Taurus and their diffuse envelopes are arranged on two opposing sides of the Per-Tau shell. Lower-left: Another side view emphasizing
the Tau Ring. The ellipse is the Tau Ring model (Appendix B). Lower-right: 2D density slices along the xy, xz, yz planes. All planes intersect at shell’s center.
In all panels xyz are the Heliocentric Cartesian Galactic Coordinates.

a URL address for the interactive figure: https://faun.rc.fas.harvard.edu/czucker/Paper Figures/sbialy/pertau superbubble.html.
b For Augmented Reality (AR) experience, scan the QR codes with a mobile device (CoSpaces App required): Left code for viewing with a Merge Cube, right

code for a tabletop AR. If you are already reading this article with a mobile device, click here (Merge Cube), or here (tabletop AR).
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Tahani et al. 2022

Bialy et al. 2022

Kounkel et al. 2022
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To map the 3D magnetic field employing multi-
wavelength approaches, we require new and improved 

observations!
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Summary

• Magnetic fields influence the evolution of galaxies and the formation of 
structures, clouds, substructures within clouds, and ultimately stars. 

• We developed techniques to probe the line-of-sight and three-
dimensional magnetic fields of molecular clouds. 

• Observations of 3D magnetic fields enable us to paint a comprehensive 
picture of various astrophysical phenomena, such as cloud formation.


