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The precise shape and extent of
this shell have remained
uncertain for a long time, largely
due to the low-resolution models
of the Local ISM...



The Solar Neighborhood in the Age of Gaia
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When did this story begin?
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Papers about the Local Bubble

- W. T. Sanders, et al. (1977)

- P. B. Lucke (1978)

- D.P. Cox. & R. J. Reynolds (1987)

- ...
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The birth of the Local Bubble
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The UCL and LCC clusters in the 
Sco-Cen OB Association

start to shine
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UCL cluster

LCC cluster
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Momentum analysis indicates that 
15 supernovae were needed to 
power the bubble’s expansion

UCL cluster

LCC cluster
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Swept-up shell mass ~ 1.4 million M☉

Momentum analysis indicates that 
15 supernovae were needed to 
power the bubble’s expansion

UCL cluster
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Swept-up shell mass ~ 1.4 million M☉

Current bubble expansion velocity ~ 7 km/s

Momentum analysis indicates that 
15 supernovae were needed to 
power the bubble’s expansion

UCL cluster

LCC cluster

Open or close bubble?
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Swept-up shell mass ~ 1.4 million M☉

Current bubble expansion velocity ~ 7 km/s

Momentum analysis indicates that 
15 supernovae were needed to 
power the bubble’s expansion

UCL cluster

LCC cluster

Star forming complexes in the 
solar vicinity lie on the LB surface

Open or close bubble?
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The Local Bubble and the polarization of 
radiation



Leah Hustak (STScI) - https://sites.google.com/cfa.harvard.edu/local-bubble-star-formation
C. Zucker, et al. (2022)

62



Samples of interplanetary dust

Properties of Interplanetary Dust: Information from Collected Samples.  E. Grün, et al.; pp. 253–294, Springer-Verlag.
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B B B

Magnetic field morphology

produced by the expansion of a super-bubble
[Ferriere et al. 1991]



66

B B B

Magnetic field morphology

produced by the expansion of a super-bubble
[Ferriere et al. 1991]



67

B B B

Magnetic field morphology
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The walls of the bubble are a dusty environment 
crossed by coherent magnetic field lines
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Mapping the Local Bubble’s Magnetic Field in 3D
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First 3D map of magnetic field morphology on the 
surface of the Local Bubble



T. O’Neill et al. (2023; in preparation)
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Synthetic polarization observations for a Local Bubble-like cavity



Magnetohydrodynamic simulation of the ISM with:
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Magnetohydrodynamic simulation of the ISM with:

• Time-dependent chemistry

• Star formation

• Stellar feedback (SN explosions)
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Synthetic observations at 353 GHz

Radiative transfer code: POLARIS

Input

- Gas density

- Gas temperature

- Magnetic fields

- Dust model

- Radiation sources

Output

- Dust grain alignment

- Dust temperature

- polarization

- Column density

- …

POLARIS website:   http://www1.astrophysik.uni-kiel.de/~polaris/ 111
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Observer
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Observer
Distance to the bubble
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Maconi et al. (Submitted to 
MNRAS, see arXiv: 

2212.06598)

118



Maconi et al. (Submitted to MNRAS, see arXiv: 2212.06598)

119



Maconi et al. (Submitted to MNRAS, see arXiv: 2212.06598)

120



Maconi et al. (Submitted to MNRAS, see arXiv: 2212.06598)

121

The Local Bubble acts as a 
translucent polarization filter
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This project Planck

Maconi et al. (Submitted to MNRAS, see arXiv: 2212.06598); Planck Collaboration Int. XLIV 2016, A&A, 596, A105
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The Solar System entering the Local Bubble



Leah Hustak (STScI) - https://sites.google.com/cfa.harvard.edu/local-bubble-star-formation
C. Zucker, et al. (2022)

The Sun was over 300 pc away 
when the bubble first started 

forming…
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The Heliosphere
NASA
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Voyager 1

Credit: Ed Stone
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Heliosphere shields Earth from 
75% of the Milky Way’s cosmic 

rays



The Heliosphere: Earth’s Protective Cocoon

Voyager 1

Credit: Ed Stone
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Heliosphere shields Earth from 
75% of the Milky Way’s cosmic 

rays

Credit to C. Zucker for this slide

NASA
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Mars

Earth

Opher, Loeb, Zucker et al. 2023 (in prep)
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Credit to C. Zucker for this slide
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Credit to C. Zucker for this slide

The timeline is consistent with 
supernova iron deposits in the 

Earth’s crust! 

[1] Wallner et al. 2016 
[2]  Breitschwerdt et al. 2016
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Wallner et al. 2021

Sun passed through 
bubble’s dense shell 

&
60Fe deposited on 

Earth?

Present DayCredit to C. Zucker for this slide
142

60Fe tracer

Created in supernova explosions

Half-life of 2.6 Myr

Over-abundances found in:
deep ocean, antarctic, lunar samples, 

cosmic rays
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Created in supernova explosions
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Created in supernova explosions

Half-life of 2.6 Myr

Overabundances found in:
deep ocean, antarctic, lunar samples, 

cosmic rays
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60Fe tracer

Created in supernova explosions

Half-life of 2.6 Myr

Overabundances found in:
deep ocean, antarctic, lunar samples, 

cosmic rays



Video created by Micah Acinapura & Catherine Zucker using the OpenSpace software
High resolution: tinyurl.com/sf-across-scales
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Conclusions

The Sun’s trajectory through the ISM over
the past 10 Myr shaped the properties of
the heliosphere

Sun crossed the Local Bubble’s shell 6 Myr ago,
shrinking the heliosphere, exposing Earth to
ISM and triggering influx of 60Fe isotopes on
Earth.
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Local Bubble over the past 15 Myr

The Local Bubble is originated by the
explosions of 15-20 SN. It is currently
expanding. Most of the nearby star-forming
regions are located on its surface.

The Local Bubble acts as a translucent
polarization filter

Part of the Planck dust polarization map can be
explained by the Local Bubble.
A coherent large-scale field component may be
necessary for explaining the observed
polarization pattern at high Galactic latitudes.
First 3D map of the magnetic field morphology
on the surface of the Local Bubble.
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