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First observations of the magnetic field inside the Pillars of Creation: Results from the BISTRO survey
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1. Introduction
B-Fields in Star-Forming Region Observations (BISTRO) survey

(Ward-Thompson+17)
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Figure 4. Signal-to-noise in P/dP, on statistically-independent pixels. Red/pink vectors show pixels included in the CF
analysis; black/grey vectors show pixels not included. Pink/grey vectors have 3 > P/§P > 2; red/black vectors have P/6P > 3;

all vectors have I/51 > 10. Contours show Stokes I values of 50, 100, 200, 500 mJybeam™'. Beam size is shown in lower
right-hand corner.

(a) Shock approach (b) Pillar formation (c) Pillar erosion

Figure 5. Our proposed evolutionary scenario: (a) an ionization front moving perpendicular to the ambient B-field approaches
an existing over-density in the molecular gas. (b) The ionization front is slowed by the over-density. The flux-frozen B-field
‘bows’ into the forming pillar. (¢) The compressed B-field supports the pillar against radial collapse, but cannot support against
longitudinal erosion by the shock interaction. Dark blue represents molecular gas; light blue represents ionized material; black
line indicates the shock front. Grey dashed lines indicate local B-field direction. Red arrows represent photon flux/ablation

pressure, black arrows represent magnetic and internal gas pressure, and green arrows represent confining gas pressure, possibly
supplemented by ram pressure.
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Gaia DR2 reveals a very massive runaway star ejected from R136
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1. Introduction
Dynamical ejection form young massive cluster
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Fig. 2. Relative proper motions (0.1 mas yr~'~25 kms™!) for the 79 O-type VFTS stars in 30 Doradus that have proper motion errors less than
0.07mas yr~'. VFTS 16 and 72 are labelled (marked with +), as are three additional outliers (marked with x) that are discussed briefly in the text.
The left-hand figure (a) is the standard proper motion diagram with the error ellipses indicated for these 5 stars, though for clarity the ellipses for
the full sample are omitted. The inner dashed ellipse denotes the velocity dispersion of the local reference frame around R136/NGC2070 sample
discussed in section 2.2. In the right-hand figure (b) we show a polar plot of the radial and tangential components relative to the direction from
R136, concentric circles denoting relative proper motions of 0.1, 0.2 and 0.4 mas yr~". In this diagram the positive x-axis, 0°, denotes a direction
radially outward from R136, with positive angles indicating that the tangential component is counterclockwise with respect to the position angle
of the star relative to R136.
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Table 1. Properties of the candidate runaway O2 stars. Relevant stellar parameters in the upper section of the table are from the VFTS as indicated,
while in the lower section we give the Gaia source identifier, relative proper motion components, position angle of proper motion (PA,,), distance
in projection to R136 (dg;3¢) in arcsec, and position angle (PAg;36) of source with respect to R136 (East of North) in degrees, and time of flight

tr136 from R136, calculated simply as dgj36/(rel. pm).

VFTS 16 VFTS 72
Spectral Type“ O21II O2 III-V(n)((f*)
Tes” (K) 50 600f§88 54000 +1500
Current Mass” (M) 91.6%];2 97.6%%:%
Age” (Myr) 0.7 0.1 0.4+0%
vsini (kms™) 112+30 185+30
vios? (kms™) 189.2+1.2 273.4+1.9
Gaia Source id 4657690620070706432  4657698454092124416
rel. pmRA (masyr~!) -0.336 + 0.046 -0.372 + 0.050
rel. pmDec (mas yr~') —-0.038 £ 0.045 +0.125 £ 0.061
PA -96°*], —71°%1
PAR136 -99° =51°
dr136 (arcsec) 506 370
rel. pm (mas yr~!) 0.338 + 0.048 0.392 + 0.062
tangential speed (kms™')¢ 80+ 11 93+ 15
3D speed’ (kms™!) 112+8 93+ 15
r136 (Myr) 1.50 +£0.21 0.94 £0.15

Notes.  Walborn et al. (2014) ® Schneider et al. (2018) but see the Sect. 3 ) Ramirez-Agudelo et al. (2013) ” Sana et al. (2013) © Assuming a
distance to the LMC of 50.1 kpc ¥ We adopt 267.7 kms~' as the LOS velocity of R136 from Hénault-Brunet et al. (2012)
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Fig. 3. The magenta arrows illustrate the proper motions of VFTS 16
and 72 relative to the cluster R136, that resides within the centre of
the association NGC2070. The lengths of the arrows are scaled to their
tangential proper motions. Red arrows indicate the projections of these
stars’ proper motions backwards in time, scaled to their ages, and their
approximate opening angles. The green arrow denotes the denotes the
distance the star would cover to R136. The other major grouping of
O-type stars in this region, NGC2060, is also indicated.

40 T

30 -

10 -

Fig. 4. In this figure we illustrate the positions of VFTS 16 and 72 in the
surface nitrogen enrichment versus effective temperature diagram, su-
perimposed on the evolutionary tracks of Kohler et al. (2015) for LMC
metallicity. The tracks are labelled with their initial rotational velocity,
with time-steps indicated along with surface helium abundance. Since
02 dwarfs and giants typically have T 2 50 000 K one can see that for
such a star to have an age of ~1.5 Myr it would be significantly more
nitrogen rich than is derived for VFTS 16, and it should be helium rich
(also not inferred from the observations).
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