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Imprints of Stellar Feedback on Magnetic Fields in the Iris Nebula NGC 7023

Ekta Sharma, Kate Pattle, Di Li, Chang Won Lee, Maheswar Gopinathan, Tao-Chung Ching, Mehrnoosh Tahani, Shinyoung Kim

We present 850 um polarized continuum observations carried out with the POL-2 polarimeter mounted on the James Clerk Maxwell Telescope (JCMT) towards NGC 7023 located in the
Cepheus Flare region. NGC 7023 is a reflection nebula powered by a Herbig Ae Be star HD 200775 and also identified as a hub in the hub-filament cloud, LDN 1172/1174. We detect
submillimetre emission well towards the northern (identified as C1) and the eastern region of the reflection nebula. We investigated the polarization structure and the magnetic field (B-
field) morphology, which is found to be curved and follows the clump morphology. The comparison of the B-field morphology at the clump scales (~0.02 pc) with that of the envelope(
~0.5 pc) suggests that the field lines are not preserved from envelope to clump |‘mply|ng that an 'xternfalctr may'be' rsponslblfr'lurbmg the B-fi I‘strut‘ We
estimated a magnetic field strength of 179+50 ,uG in the starless core, 12 1+34 ,uG in the protostellar core with a class | source and 150+42 ,uG in the protostellar core with a class Il
source using the N,H* (1-0) line observed with 13.7 m single dish radio telescope at Taeduk Radio Astronomy Observatory (TRAQ). The stability analysis using these B-field strengths
gives magnetically sub-critical values, while the magnetic, gravitational, and outflow kinetic energies are roughly balanced. We also suggest that the reordering of the magnetic field
lines could be due to the interaction with the already evolved high-velocity outflow gas around the central star, which hints at the presence of outflow feedback.
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Figure 1. Left: Dust temperature map of NGC 7023 derived from Herschel maps of L.1172/1174 cloud (Di Francesco et al.

2020). The central star is marked in black with PDRs labelled. The solid black circle marks the POL-2 field of 6 radius. The
cyan box shows the area of interest considered in later figures. Right: SCUBA-2 850 pum Stokes I map obtained with our
polarization observations. The clump C1 is labelled.
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Figure 4. Left: Herschel dust column density map of NGC 7023. The white star marks the position of the intermediate-mass
star HD 200775. The magenta lines show the magnetic fields derived from Planck polarization data, and the yellow lines show
the magnetic field lines measured using optical polarization vectors (Saha et al. 2021). Right: SCUBA-2 850 um Stokes I map
towards C1. The zoomed-in region is marked with a cyan box in the main image. The integrated intensity contours of NoH™
(1-0) in cyan are in the range from 0.47-1.4 K kms™' (step size ~ 0.1 K kms™'). Red vectors show our POL-2 observations

towards C1 with p/dp > 3.
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Figure 5. The distribution of polarization angles rotated
by 90° to infer the magnetic field orientations obtained us-
ing JCMT POL-2 is shown in green. The B-field orientations
from optical R-band Saha et al. (2021) and from Planck po-
larization data (rotated by 90°) are plotted in grey and red,
respectively. The black and red vertical lines around the
R-band (~ 0.6 pm) and Planck distribution are the mean
magnetic field direction with their range of dispersion.
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Bpos = Qv/4mp (7) the clump is unstable to grav1tat10nal collapse and is -
:: not supported well by the magnetic field. We estimated :
:: the mass-to-flux ratio (Crutcher 2004):

where o, is the centroid velocity dispersion of the re-
gion in km s™! | p is the gas density in g ecm™3, and
060 is the polarization angle dispersion over the selected

_ —21
region. @ is the constant of order unity (0.7 < @ <1 ) A=1T7.6x10 X N, (em” )/BPOS(/‘G) (13)
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Figure 3. Extracted filament in black dotted line overplot-
ted on the SCUBA-2 image with the magnetic field lines
shown in white. The magenta triangles show three cores
labelled as P17 21, P17 23 and P17 24. The names were
adopted from Pattle et al. (2017). The circles show the re-
gions I, II, and III, chosen to calculate the average magnetic
field around the three cores.

U LU DL Table 1. DCF results and energetics determined using the (1-0) line
— :
Core n(Hz) b Ou,NT Nturb : B A : Ept Eq Ep  Eoutflow Type
(x10* em™®) (degrees) (kms™') (1G) x10%?  x10** x10**  x10*°
21 11.5+07 170+ 1.7 0.26+0.08 3.4 1794+ 50 0.6 +0.2 1.5 0.4 3.8 3.9 Starless
23 5.3+0.4 170£+£1.7 0.26+008 34 121434 0.5+£0.1 2.3 1.0 2.8 5.9 Protostellar
24 8.1+0.8 170£1.7 0.26+008 34 E 150 + 42 0. 6 + 0.2 E 2.3 0.7 4.3 5.9 Protostellar
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Figure 9. Spitzer 8 um emission map of NGC 7023 taken
from c2d catalog (Evans et al. 2003). The red contours and
yellow vectors show the SCUBA-2 emission contours and the
magnetic field orientation derived from our POL-2 measure-
ments, respectively. The dotted cyan curves mark the outer
periphery of the biconical structure of the nebula, and the
magenta star shows the central source HD 200775. The ex-
tent of the emission region around HD 200775 corresponds

Figure 11. Schematic view of the clump C1 in the NGC 7023 region. Black solid lines show the bipolar outflow, and the double
arrow shows the direction of the outflow axis. The central source HD 200775 is marked by a blue star. The black ellipses show
three cores in the blue-coloured clump. The dashed lines show the derived magnetic field direction in the clump using POL-2.
Black arrows show the direction of the compression across the outflow walls. The red and blue structures show the red- and
blue-shifted gas traced in outflow wings.

to the ye Table 1. DCF results and energetics determined using the NoH™ (1-0) line
gressrrsserssirnasenas,
Core n(Hz) b Ou.NT Niturb B A Ept Ec = EB  Eoutfiow = Type
(x10* em™®) (degrees) (kms™') (1G) x10%7  x 1042§ x10**  x10*?
21 11.5 4+ 0.7 170+1.7 026+0.08 34 179+50 06+0.2 1.5 0.4 3.8 3.9 Starless
23 0.3+04 1704+ 1.7 0264008 34 121434 0.5£0.1 2.3 1.0 2.8 5.9 :Protostellar
24 8.1+0.8 170+1.7 026+0.08 34 150+42 0.6+0.2 2.3 0.7 4.3 5.9 Protostellar

TEnergy values are in the units of ergs
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Magnetic fields in the multiphase interstellar medium of the Milky Way: turbulent kinetic and magnetic
energy density relation

Amit Seta, N. M. McClure-Griffiths

Magnetic fields are an important component of the interstellar medium (ISM) of galaxies. The thermal gas in the ISM has a multiphase structure, broadly divided into ionised, atomic,
and molecular phases. The connection between the multiphase ISM gas and magnetic field is not known and this makes it difficult to account for their impact on star formation and
galaxy evolution. Usually, in star formation studies, a relationship between the gas density, n and magnetic field strength, B, is assumed to study magnetic fields' impact. However, this
requires the knowledge of the geometry of star-forming regions and ambient magnetic field orientation. Here, we use the Zeeman magnetic field measurements from the literature for
the atomic and molecular ISM and supplement the magnetic field estimates in the ionised ISM using pulsar observations to find a relation between the turbulent kinetic, Ey;,, and
magnetic, E,, , energy densities. Across all three phases and over a Iarge range of densities (10 cm” S <n< 10" cm 3) we find E,, Ekm Furthermore, we use phase-wise

probability density functions of den5|ty, magnetlc ﬁelds ‘and turbulent velocities to show that the magnetlc field fluctuations are controlled by both density and turbulent velocity
fluctuations. This work demonstrates that a combination of both the density and turbulent velocity determines magnetic fields in the ISM.
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Figure 1. The relationship between density, n [cm™], and line-of-sight
magnetic fields, By [#G], for Zeeman measurements probing atomic
(Zeeman, HI) and molecular (Zeeman, Mol) ISM and for the ionised ISM
added using pulsars in this work. ng,nyp represents the number of data points
in each sample. The dashed orange and green lines show broken power-law
relations taken from the literature. The Crutcher et al. 2010 line shows 10 uG
for n < ngg ~ 300cm™ and 10 /.lG(n/ncm)z/ 3 for n > ney and the Whit-
worth et al. 2024 line shows 9.685 uG (n/ng; )2 forn < Ny ~ 924cm=3
and 9.685 uG(n/ ncrit)0°54 for n > ngi. The Crutcher et al. 2010 relation is
only shown across Zeeman, HI and Zeeman, Mol datasets as it was derived
only for those range of densities whereas the Whitworth et al. 2024 relation
was derived using a much larger range of densities (without studying the
ionised phase though). The Whitworth et al. 2024 relation seems to better
capture the data, also for the ionised ISM phase which was not used to derive
that relation.
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Figure 2. The turbulent kinetic, E};;,, and magnetic, Ey,,, energy densities for the ionised (red, probed using pulsars), atomic (magenta, probed with Zeeman, HI),
and molecular (blue, probed with Zeeman, Mol) ISM with a power-law fit (dashed orange line) for ionised gas turbulent velocities, vy, computed using Har
(panel (a), v yp 1) and HI (panel (b), é vy, y1) spectra. The uncertainties in Ey;, values are higher for the Ha case due to a larger velocity channel width
of 12kms~! for the Ha spectra as compared to ~ 1 kms™! for the HI spectra. The exponent of the fitted power-law is slightly higher for the Her (a) case in
comparision to the HI (b). But, for both cases, Ep,e o< Eyj,, over all three phases and by extension a large range of densities (103em™3 s n <107 cm™3, see
Fig. 1).
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Figure 3. Probability density functions (PDFs) for gas density, n (panel (a)), the absolute value of line-of-sight magnetic fields, | Bjos| (panel (b)), and turbulent fields are an important component of all the ISM phases.
velocities, vy Hao (panel (¢)) and dvyyp ur (panel (d)), for ionised (ion), atomic (atm), and molecular (mol) phases of the ISM. For all the distributions,
we fit a lognormal function to the PDF (the current data size and quality is insufficient to fit further complicated models, see the text in Sec. 3.2 for further
discussion), and the estimated mean and standard deviation of the underlying normal distribution are reported in the legend. The sharp peak for 6vyh Ho at Phase n[cm™3] T[K] [Bs| [HG] Bplasma
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The width of the magnetic field distribution is highest for the molecular ISM and that is a combination of (relatively wider) turbulent velocity and density Molecular =~ 3200em~> =~ 10K ~ 6.3 uG ~3.0

distributions (note that the density distribution is the widest for the ionised ISM). This further emphasises that the properties of the ISM magnetic fields are
determined by both the density and turbulent velocity and not just the density. The corresponding quantitatification in terms of the mean and standard deviation

of the fitted distributions is given in Table 1. |:| |:| |:| |:| | plasma! ]
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I than in Fig. 2, which includes all three phases (ionised, atomic, and molecular), where the analysis involving the ionised phase requires multiple assumptions
and approximations (see Sec. 4). This further supports the idea that Epag o< Eyjy, 1s @ more fundamental physical relationship than B — n.
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Turbulent dynamos in a collapsing cloud

Muhammed Irshad P, Pallavi Bhat, Kandaswamy Subramanian, Anvar Shukurov

The amplification of magnetic fields is crucial for understanding the observed magnetization of stars and galaxies. Turbulent dynamo is the primary mechanism responsible for that but
the understanding of its action in a collapsing environment is still rudimentary and relies on limited numerical experiments. We develop an analytical framework and perform numerical
simulations to investigate the behavior of small-scale and large-scale dynamos in a collapsing turbulent cloud. This approach is also applicable to expanding environments and
facilitates the application of standard dynamo theory to evolving systems. Using a supercomoving formulation of the magnetohydrodynamic (MHD) equations, we demonstrate that
dynamo action in a collapsing background leads to a super-exponential growth of magnetic fields in time, significantly faster than the exponential growth seen in stationary turbulence.
The enhancement is mainly due to the increasing eddy turnover rate during the collapse, which boosts the instantaneous growth rate of the dynamo. We also show that the final
saturated magnetic field strength exceeds the expectation from considerations of pure flux-freezing or energy equipartition with the turbulence, scaling as B p5/6, where p is the
cloud density. Apart from establishing a formal framework for the studies of magnetic field evolution in collapsing (or expanding) turbulent plasmas, these findings have significant
implications for early star and galaxy formation, suggesting that magnetic fields can be amplified to dynamically relevant strengths much earlier than previously thought.

oo boddboooddbodidn o



| " g v" 1/a oooooooooood

#" a2

1/#

B" expt/#




~

u=v+Hr, H=dlna/dt, 2) V‘v=0~ (4)
» g_v +(V-V)V=—— + ;O X4B) xB + vy, (3)
¥ =r/a, df=dt/a®>, p() =a’p(?), ! ) p e
N N 5 . , (3) oB - _ . wne = o
v()) = av(t), p@) =a’p®), B@{) =aB(@), i VX(vxB)+nV'B, V-B=0. (6)
(4)U (3)L (6) MHD

(3)

aB*|8n ~ %ﬁi’)z (13) e——) Boxa '~ p’'°, (14)



(4)0 (5)U (6)

SSDU] small scale dynamo
LSDL large scale dynamo

SSDU U U U OO OOOOLSDU

L UL L

Joooduboddbndd

oo ot

10?

B/ By, Collapse, no dynamo
B/ By, Standard dynamo
-===a*B/By, Dynamo & collapse

02| —— B/By, Dynamo & collapse
()~

10"}

10-4

-
—
’’’’

10" i 1

10-®
t/to

FIG. 1. Comparison of magnetic field evolution in SSD for different
cases. Without collapse, there 1s exponential growth due to standard
dynamo (dash-dotted). With collapse (g = 50) and without forcing
(dotted), there 1s no dynamo; flux freezing competes with resistive
diffusion. With both collapse and forcing the dynamo grows the mag-
netic field super-exponentially (dashed), which is further enhanced by
the collapse (solid). The dashed curve factors out the 1/a* growth due
to overall collapse and emphasizes on the super-exponential growth
due to dynamo.
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FIG. 2. As Fig. 1 but for the LSD with Re = 180 and R, = 18.
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FIG. 3. The rms supercomoving magnetic field strength compensated FIG. 4. As Fig. 3 but for the LSD. a,
for the compression, B,,/By, in the SSD, for various values of #;.
The sghd and dotted curves represent two choices of 'the scale fgctor 000000000 00n FIG. 5. The dependence of the saturated rms strength of the physical
at which the collapse ends, a. = 0.5 and 0.2, respectively. The inset e e : -
plot presents the physical B, focusing on the nonlinear stage. The magnetic field on g, for tg = 50. The error bars show the 5o~ deviation.
rms . . ' ERERERERERE The dashed lines show the scaling of Eq. (13).
green dots on the curves represent the point at which the collapse has BRNRRRNRRRERNRRARRNRRRNRE g of Eq. (13)
been stopped. blue curves correspond to 7 < #, and the others to 11 r
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