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Outline

* Evolution of massive star-forming regions and its impact on the magnetic field:

- some examples: strength & orientation of the field
- what happens to the magnetic field in photodissociation regions (PDRs)?

* An analytical solution of the magnetic field in an interstellar bubble (HII region +
PDR + molecular cloud)

* Under which conditions do we expect magnetic fields to dominate the dynamical
evolution of PDRs?

* The future: study the magnetic field in PDRs with SOFIA, IRAM 30m & ALMA



Massive stellar feedback

Massive stars are the main sources of
turbulent energy injection in the interstellar
medium (ISM):

* Powerful stellar winds
* Starlight momentum
* HIl regions

* Supernovae

The surrounding ISM is swept up into a
dense shell = interstellar bubble

Cygnus X (HOBYS/Herschel — PACS/SPIRE, Motte et al. 2010)

Photodissociation regions (PDRs) are found at the edge of these interstellar bubbles: the
interface between the HIl region and the molecular clouds, illuminated by the FUV photons
from the massive stars.

PDRs are usually modelled ignoring gas dynamics (Hollenbach & Tielens 1999):
—> Is the magnetic field important for the dynamical evolution of PDRs?

How is the magnetic field affected by massive stellar feedback?




Magnetic fields in PDRs: Sh2-29 Hll region

E lines are pilled
up at the border of
the HIl region.
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Magnetic fields in PDRs: Omega Nebula M17

Direct measurements of B in PDRs via Zeeman effect observations (give Biine-of-sight

€.0. Bggma = 790uG in PDR of M17 (Brogan & Troland 2001)
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The Ophiuchi region as seen by Planck

Colour: l35564, (5)

Pattern: (15’)
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agnetic fields in PDRs: L1721
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Magnetic fields in PDRs: L204
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Magnetic fields in massive star-forming regions

How is the magnetic field affected by massive stellar feedback?

—> Field lines are dragged with the gas (frozen-in condition)

Uniform Bo in uniform
molecular medium

#

HII region:

1| Molecular cloud

expansion of gas; I
decrease of B

PDR: concentration of
gas; increase of B



Analytical model: the magnetized Stromgren shell

Planck intermediate results. XXXIV. (2015): The
magnetic field structure in the Rosette Nebula

* Radial expansion of the gas:
- uniform and spherical structure
- using conservation of mass

Minal = f(rinitial)

* Frozen-in condition: .
- start from a uniform Bo
- field lines follow the gas A(r) = (Vro) - Ao(ro)
(Parker 1970)

2
= = r = 1, dr - -
B(r)=(T°) B, er+T°d—r°(Bog o+ By, e¢)

HIl region

(Previous analytical and numerical studies: e.g. Ferriere
et al. 1991, Krumholz et al. 2007, Arthur et al. 2011)



Analytical model: the magnetized Stromgren shell

Planck intermediate results. XXXIV. (2015): The
magnetic field structure in the Rosette Nebula

Bo B —

On the plane > 4@—-
of the sky 4\_/—
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B/B,

The field is most compressed
perpendicular to B, .

Along By, B= B, at the outer
surface and B decreases inwards.

Note: Exact B/ B, ratios depend
on Tina = T (huga) - the way that
matter has expanded — this
particular example applies to the
Rosette Nebula.




Magnetic fields in PDRs

Under which conditions does the magnetic field dominate in the PDR? (ignoring turbulent
pressure)
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Future observations

Looking for the signatures of
magnetic field compression...
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Summary

* Depending on the physical conditions (G,,n):

- magnetic fields are dragged by the expansion of matter in massive
star forming regions (by radiation pressure + ionized gas pressure)

—> field lines are compressed in PDRs

—> magnetic pressure increases and may become comparable to the
gas pressure

Magnetic fields should be taken into account in the dynamical
evolution of PDRs, as they may influence their structure.






