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* [ntroduction
Why are massive star forming regions interesting and why do
we want to understand their magnetic field structure?

* Model
An analytical solution of the magnetic field in a spherical bubble-shell

structure

* Observations
Polarized dust emission from Planck and radio rotation measures towards
the Rosette nebula, the canonical massive star forming region

* Summary
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Introduction

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

* Powerful stellar winds
* HII (ionized) regions
* Supernovae

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

What are the effects of massive star
formation and feedback on the
structure of the magnetic field?

Simulation by Arthur et al. (2011)
Blue [OIll], green [Ha], red [NII]

Studies of B structure in massive star forming regions:

« using high resolution dust polarization in emission and extinction restricted to small
regions of the sky (e.g., Zeng 2013, Santos et al. 2014)

« using rotation measure observations (e.g. Harvey-Smith et al. 2011, Savage et al. 2013)

« analytical and numerical (e.g., Ferriére et al. 1991, Krumholz et al. 2007, Arthur et al. 2011)
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Introduction

Planck provides the first all-sky map of dust
polarized emission, which we can use to
study the magnetic field as traced by
interstellar matter (F. Levrier’s talk)

Combine Planck polarization data with radio
rotation measure observations to study the
magnetic field structure in the nebula

The Rosette nebula and its parent molecular cloud:
IRAS 12pm (red), Planck 353 GHz (green), SHASSA Ha (blue)

We develop an analytical description of the magnetic field in a spherical bubble-shell
structure and use it to reproduce the sub-mm and radio observations consistently

M. I. R. Alves — PCMI 2014 4/14



Model: The magnetized Stromgren sheli

« Massive stars form and ionize the surrounding gas

up to the Stromgren radius: HIl region \ /

* The ionized gas starts expanding in response to an
increase in pressure %

* This expansion sweeps up the surrounding ISM into / \

a shell, formed around the HIl region

* Frozen-in condition: the magnetic field lines are
dragged with the expanding gas

HII region

The change in the initial magnetic
field structure is due to a change
in the distribution of matter

Dust shell
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Model: The magnetized Stromgren sheli

Derive an analytical description of the radial
expansion of matter in a uniform and spherical
structure (conservation of mass):

rﬁnal = f (’/;'nitial)

Start from a uniform magnetic B, field and modify it
according to the radial displacement law (Parker 1970):

B =g(B,,0,,¢,)

|

Azimuthal angle (plane-of-the-sky Bo orientation)

Polar angle (between Bo and the line of sight)

v
Initial field strength - field in the parent molecular cloud
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Model: Magnetic field compression?

The displacement law defines where the magnetic field is
compressed and where the field lines are pulled apart

Slice through the centre of the shell,

in the plane of the sky (xy plane) Line of sight
' = g N
The field is most compressed Bo
in the direction perpendicular to
Along Bo the field strength
0.6 :

decreases radially towards
the cavity due to magnetic
flux conservation
- Axial symmetry

jo

B/B,
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Model: reproducing the observables

Stokes parameters of dust polarized emission: we consider a uniform medium with
constant dust alignment efficiency P

O/1=p,cos(2¢)*(1-sin’(8))  U/I = p,sin(2¢)*(1-sin>(6))

1J[100 1[50
6, =90’
¢, =0
50 0
0, =35
¢, =0
/1) W/
Poster by 1 Po Do
D. Arzoumanian o 18.50%
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Model: reproducing the observables

Faraday rotation — rotation measure: rotation of the plane of polarization of a
background radio emission by free electrons and thus occurs in the HIl (ionized) region

0
RM = dXz _ : 4f Bn, ds Line-of-sight component of the field B,
dl 2am-c vYS Electron density 7,

We consider a uniform electron density distribution and integrate B” along the line of sight

600 . : . .
Radial profile of the mean B, along the line of sight
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The Rosette nebula and the Mon OB2 molecular cloud

Rosette HIl region is powered by the OB cluster NGC2244, formed in the Mon OB2 cloud at d =1.6kpc

« The HIl region is close to a spherical shell with dr,-,ffiﬁ Tpc | Tyey=19pc and M, =1.4x10°M,,,

ust
*  The dust shell is seen in the Planck map with 7y = 22Pcand has M, =8.6x10* M, (Heyer et al. 2006)
* From mass conservation = displacement law

Planck 1 353 GHz

5
........ 24.0
ok
[@)]
35,
-5
19.5
-10
2101 [degree] 205 K 15.0
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Observations: Planck Stokes parameters

_0.6

s Background
annulus (2°-3°)

ﬁ,ﬁ—

Q 353 GHz\"""

The polarized emission does not define the same shell as seen in intensity; there is significant
emission outside the Rosette complex (“background”)

- We tested the statistical

. .07 E T T T T 3 0.07F T T T T T E
difference between shell and i 0 1 U Background
. . 0.06 4 006F ust shell 3
background when considering
.05E 3  005F 3
the shell as a whole 0055
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5 N
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02E 3 002F 3
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01E 3  001F 3
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0.00E L hinnd  0.00Ex 1 L L

0.0 0.2 0.4 0.6 -0.4 -0.2 0.0 0.2 0.4

Q[MJy sr] U MJy sr]
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Comparison with observations: Planck Stokes parameters

We compare the ratio of the mean Stokes

1.0 T T T
parameters Q// and U/l measured within the dust [ [Py =4% )
shell that surrounds the Rosette HIl region. i 20°.80% 4o=5° )
05F - 8% -~ s
For constant density, temperature, and alignment IS 30° ,,101’/ 1
efficiency of the dust: X ook 200 -~ $g=0° _'
L L\i\ l .
* The Stokes parameters only depend on the Yoo J )
geometry of B, (and not on its strength) 0.5 ol - g
* The ratio <U>/<I> constrains the plane-of-the-
sky orientation of Bo
@, =0° > along the Galactic plane ( x axis)
* The ratio <Q>/</>yields, for p, =4% (the
polarization fraction of the Rosette’s parent -
molecular cloud) an upper limit of 6, = 40° <
B, is at most 40° from the line of sight

0 5 10 15 20
<Q>/<I>x 10°
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Comparison with observations: rotation measures

We use the RM data from Savage et al. (2013):
6 measurements towards the Rosette HIl region and 14 outside (r > 7. =19pc )

RM x B, = Bcos(0)

T
_ Z (RMmod RMobs)

2

80
Npoms 9T RM,o0bs ]
137

0 Radial proﬁle of the modeIIed RM map

800}

" 600} T S
© i > i /// 1
s [ 3 40 i From Planck’s polarization data
s s L ]
= 400 .
200} or il
I i X.>contours at 1.1 and 1.3
ol _ ol e v . 4 ., offheminimum of77]
0 10 20 30 40 50 6 8 10 12
. B, [1C]
Dist. from centre [parsec]
RM scatter can be due to non-uniform medium, Degeneracy between the strength of the
fluctuations in the magnetic field direction, initial field and its orientation relative to
departures from spherical expansion the line of sight

For 6,=40", the strength of the field in the Mon OB2 cloud is Bo =5.0uG
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Summary

* We have developed an analytical model of the magnetic field in a spherical bubble-
shell structure:

- The change in the initial magnetic field structure is defined by the change in the
distribution of matter
- The model can be used to reproduce radio and sub-mm polarization observations

* We have studied the magnetic field structure in the Rosette massive star forming
region in the Mon OB2 molecular cloud

- The model reproduces the mean polarization properties observed by Planck
towards the dust shell and the radio polarization measured in the HII region

* This methodology can be directly applied to other objects to constrain the structure as
well as the strength of the magnetic field in massive star forming regions
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