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Why take the square root?
An assessment of interstellar magnetic field strength estimation methods
R. Skalidis, J. Sternberg, J. R. Beattie, V. Pavlidou, K. Tassis (2021) A&A, 656, A118

Context. The magnetic field strength in interstellar clouds can be estimated indirectly from measurements of dust polarization by
assuming that turbulent kinetic energy is comparable to the fluctuating magnetic energy, and using the spread of polarization angles
to estimate the latter. The method developed by Davis (1951, Phys. Rev., 81, 890) and by Chandrasekhar and Fermi (1953, ApJ,
118, 1137) (DCF) assumes that incompressible magnetohydrodynamic (MHD) fluctuations induce the observed dispersion of polar-
ization angles, deriving B o« 1/66 (or, equivalently, 66 ec M,, in terms of the Alfvénic Mach number). However, observations show
that the interstellar medium (ISM) is highly compressible. Recently, Skalidis & Tassis (2021, A&A, 647, A186) (ST) relaxed the

incompressibility assumption and derived instead B oc 1/ Vo6 (equivalently, 66 o« M,?).

Aims. We explored what the correct scaling is in compressible and magnetized turbulence through theoretical arguments, and tested
the assumptions and the accuracy of the two methods with numerical simulations.

Methods. We used 26 magnetized, isothermal, ideal-MHD numerical simulations without self-gravity and with different types of
forcing. The range of M4 and sonic Mach numbers M; explored are 0.1 < My < 2.0 and 0.5 < M; < 20. We created synthetic
polarization maps and tested the assumptions and accuracy of the two methods.

Results. The synthetic data have a remarkable consistency with the 56 o« M3 scaling, which is inferred by ST, while the DCF scaling
fails to follow the data. Similarly, the assumption of ST that the turbulent kinetic energy is comparable to the root-mean-square (rms)
of the coupling term of the magnetic energy between mean and fluctuating magnetic field 1s valid within a factor of two for all M4(with
the exception of solenoidally driven simulations at high M,, where the assumption fails by a factor of 10). In contrast, the assumption
of DCF that the turbulent kinetic energy is comparable to the rms of the second-order fluctuating magnetic field term fails by factors
of several to hundreds for sub-Alfvénic simulations. The ST method shows an accuracy better than 50% over the entire range of M,
explored; DCF performs adequately only in the range of M, for which it has been optimized through the use of a “fudge factor”. For
low M4 it 1s inaccurate by factors of tens, since it omits the magnetic energy coupling term, which is of first order and corresponds to
compressible modes. We found no dependence of the accuracy of the two methods on M;.

Conclusions. The assumptions of the ST method reflect better the physical reality in clouds with compressible and magnetized
turbulence, and for this reason the method provides a much better estimate of the magnetic field strength over the DCF method. Even
in the cases where DCF would outperform ST, the ST method will still provide an adequate estimate of the magnetic field strength,
while the reverse is not true.
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® Beattie et al. (2020; 2021) with FLASH code ... 19 models
® Burkhart et al. (2009) with Cho-ENO simulations ... 5 models
® Korgen & Soler (2020) with FLASH code ... 1 model

® Mocz et al. (2017) with AREPO code ... 1 model

F [CBeattie et al. (2020; 2021)HY/NT X —FZERE % IBH TULV B,
® Alfven Mach number:0.1 =M, = 2.0
® sonic Mach number: 0.5 = M, = 20
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Fig. 5. Left panel: Relative error of the DCF method versus the relative error of the ST method. Colors correspond to different M, as shown in

the legend. Dots correspond to simulations with M < 1, "x" to 1 < M, < 4, and triangles to M, > 4. The black dotted box marks the zoomed in
region shown in the right panel. Right panel: Zoomed region of the left panel.
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A train of shocks at 3000 au scale? Exploring the clash of an expanding bubble
into the NGC 1333 IRAS 4 region. SOLIS XVI
M. De Simone, C. Codella, C. Ceccarelli, et al. (2022) MNRAS, stac083

There is evidence that the star formation process is linked to the intricate net of filaments in molecular clouds, which may be
also due to gas compression from external triggers. We studied the southern region of the Perseus NGC 1333 molecular cloud,
known to be heavily shaped by similar external triggers, to shed light on the process that perturbed the filament where the Class
0 IRAS4 protostars lie. We use new IRAM-NOEMA observations of SiO and CH3;OH, both known to trace violent events as
shocks, toward IRAS 4A as part of the Large Program Seeds Of Life in Space (SOLIS). We detected three parallel elongated
(>6000 au) structures, called fingers, with narrow line profiles (~1.5 km s~!) peaked at the cloud systemic velocity, tracing gas
with high density (5-20x10° cm™) and high temperature (80—160 K). They are chemically different, with the northern finger
traced by both SiO and CH3OH ([CH3OH]/[Si0]~160-300), while the other two only by SiO ([CH3OH]/[SiO]< 40). Among
various possibilities, a train of three shocks, distanced by >5000 yr, would be consistent with the observations if a substantial
fraction of silicon, frozen onto the grain mantles, is released by the shocks. We suggest that the shock train is due to an expanding
gas bubble, coming behind NGC 1333 from the southwest and clashing against the filament, where IRAS 4A lies. Finally, we
propose a solution to the two-decades long debate on the nature and origin of the widespread narrow SiO emission observed in
the south part of NGC 1333, namely that it is due to unresolved trains of shocks.
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Table 2. 1o Confidence Level (range) from the Non-LTE LVG Analysis of
the CH3OH lines toward the three selected positions in the Fingers (marked

as yellow crosses in Fig. 2).

Species N(X) n{, Tgas size
[cm_z] [cm'3] [K] [arcsec]

Fingerla -offset (+12”, -16")

CH3;0H (8-30)x10'5  (5-20)x10° 80-160  0.6-1.5
Si0 (5-10)x10"3 ” " "

[CH3OHJ/[SiO] 160-300

Fingerlb - offset (+49.5", -15")

CH3;0H (4-12)x10%° (2-3)x10° 130-210  1.5-2.5
Sio (275)><10]3 r” ’” ”

[CH;OHJ/[SiO]  200-240

Finger2a - offset (-12”, -11.2"")

CH;0H" <1.6x10"%  (5-200x10°¢  80-210° 1-2¢
Sio (4-15)x1013 ’ o "
[CH;OH]/[SiO] <40

@ Assumed the same gas condition (ny, and Tg) of the Fingerl.
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Figure 5. Predicted chemical evolution of methanol (red lines) and SiO (green
lines) once injected into the gas phase by the passage of a shock. The solid lines
show the predictions using the non-LTE best fit (Section 4.1), namely ~ 140
K and ~ 5x 10° cm™>. The shadowed area represents the range of predictions
obtained using the limits on the gas density and temperature derived by the
non-LTE analysis and listed in Table 2. Bottom panel: Abundances normalized
to 1 as a function of time. Top panel: Normalised [CH3; OH]/[Si0] abundance
ratio as a function of time. The horizontal band represents the range of
normalized abundance ratio observed in Finger2 with respect to that observed
in Fingerl.
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