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A Tale of Three: Magnetic Fields along the Orion Integral-
Shaped Filament as Revealed by JCMT BISTRO survey

Jintai Wu et al.

Abstract

As part of the BISTRO survey, we present JCMT 850 um polarimetric observations towards the Orion
Integral-Shaped Filament (ISF) that covers three portions known as OMC-1, OMC-2, and OMC-3. The
magnetic field threading the ISF seen in the JCMT POL-2 map appears as a tale of three: pinched for OMC-1,
twisted for OMC-2, and nearly uniform for OMC-3. A multi-scale analysis shows that the magnetic field
structure in OMC-3 is very consistent at all the scales, whereas the field structure in OMC-2 shows no
correlation across different scales. In OMC-1, the field retains its mean orientation from large to small scales,
but shows some deviations at small scales. Histograms of relative orientations between the magnetic field
and filaments reveal a bimodal distribution for OMC-1, a relatively random distribution for OMC-2, and a
distribution with a predominant peak at 90. for OMC-3. Furthermore, the magnetic fields in OMC-1 and

OMC-3 both appear to be aligned perpendicular to the fibers, which are denser structures within the filament,
but the field in OMC-2 is aligned along with the fibers. All these suggest that gravity, turbulence, and
magnetic field are each playing a leading role in OMC-1, 2, and 3, respectively. While OMC-2 and 3 have
almost the same gas mass, density, and non-thermal velocity dispersion, there are on average younger and
fewer young stellar objects in OMC-3, providing evidence that a stronger magnetic field will induce slower
and less efficient star formation in molecular clouds.

Journal ref: ApJL, 977, L31 (2024)
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- OMC-1: B-field is mostly perpendicular to the main filaments, but is parallel to the sub-filaments;

hour-glass shape fields near the Orion BN/KL
- OMC-3: B-field is ordered, mostly perpendicular to the main filaments
- OMC-2: relatively chaotic B-field structure
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Relation between B-
field and filamentary
structures

(a) “Skeltons”, determined by “filfinder”
- Colors correspond to different
angles
- Main filament + sub-filament
(b) B-field orientation relative to Skelton’s
for OMC-1
- Bimodal (0° or 90°)
(c) Same as (b) but for OMC-2
- Uniform
(d) Same as (b) but for OMC-3
- Perpendicular (90°)
(e) NoH+ “fibers”, intertwined filamentary
bundles in OMC-1 & 2
(f) Same as (e) but in OMC-3
(g) - (i) B-field orientation relative to fibers
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Discussion & Summary (1)

OMC-1: “Gravitational”

> e.g., hour-glass shape structure

OMC-2: “Turbulent”

> B-field directions change at different locations and size-scale
OMC-3: “Magnetic”

> ordered field direction

“Relative” B-field strength estimate with Davis-Chandrasekhar-Fermi (DCF) method

> OMC-1 > OMC-3 > OMC-2



Discussion & Summary (2)
The impact of B-field on
star formation

e Active star formation in OMC-1
- a lot of YSOs with disks (D) + high-
mass star formation

e Star formation activity: OMC-2 > OMC-3
- stronger B-field in OMC-3 regulates
star formation activities ?
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Solid and Gaseous Methane in IRAS 23385+6053
as seen with Open JWST Data

Nakibov, R. et al.

Abstract

We present a new description of the 7.7um region towards the high-mass star-forming region IRAS
23385+6053 taken from open James Webb Space Telescope Mid-Infrared Instrument Medium Resolution
Spectrometer (JWST MIRI/MRS) data. This area is commonly attributed to the v4 deformation mode of
methane ice. For the first time gaseous and solid methane were analyzed simultaneously in IRAS
23385+6053. The band at 7.58--7.8 um (1320--1280 cm-1) is interpreted as a wide solid absorption methane
feature overlapped by the sharp features of the methane emission. We report the detection of gaseous
methane and estimate its emitting area radius R, temperature T and column density N as R=2940 au,
T=103+13_41 K, and N=0.78-064,6458 x 1077 cm—2, correspondingly. The ice content was analyzed with the
laboratory spectra dataset of methane in different molecular environments obtained on the Ice Spectroscopy
Experimental Aggregate (ISEAge). We were able to describe the wide feature of solid methane with the
following laboratory spectra: CHs : CO2 = 1 : 5 (at 27.4+6.0_105 K) and CHs : H2O = 1 : 10 (at 8.4+16.4_4 7 K)
deposited at 6.7 K and warmed up at a rate of 0.5 K per minute. The derived column densities are NcH4(CO»)
= 2.97+037_557x1017 cm~—2 and Ncha(H20) = 1.02+0-46_5 o7x1017 cm-2. According to the best fit solid methane is
mostly surrounded by CO2 rather than H20O. The residuals analysis reveals the unassigned region at
1283--1297 cm-1 (7.71--7.79 pm) which is tentatively assigned to nitrous oxide (N20) in various environments.

Accepted to ApJL



Backgrounds

 Methane (CHa) is ...
> one of the most abundant molecules in space; is found both in gas and solid states in various
objects, including molecular clouds, protostars, protoplanetary disks, comets, atmosphere In

planets and exoplanets

> one of the simplest carbonaceous molecules, a precursor of more complex organic molecules
and a key species in WCCC

* The shape and position of CH4 solid state absorption bands in IR depend on the molecular
environment

> Comparisons with laboratory experiment is essential to describe observational results

* This paper: CH4 deformation mode at 7.7pum detected with JWST is reinterpreted based on their
laboratory spectra of astrophysical relevant ice mixtures + gaseous CH4 emission.



IRAS 23385+6053

Young high-mass star forming regions » Jotal envelope mass ~ 510M®

with 6 dense cores, two YSOs and
three high-velocity outflows * Cold gas & dust (50K) + warm (~400
K) gas created by outflows
d=4.9 kpc
« JWST data taken from MAST
~3000L® database (!)
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Figure 1. Intensity maps of IRAS 2338546053 at different wavelengths from the first, second, third and fourth channels of
JWST MIRI-MRS spectrograph. The white circle shows 2.4” aperture from which the spectrum is extracted. Channels have
different pixel size and map size depending on the observed wavelength. The young stellar objects are designated as A and B as
in Francis et al. (2024). The white circle in the lower left corner shows the FWHM. The red circle shows the surface emission
area of gaseous methane. The red cross shows the methane gas emission peak.



Obtained spectra at 5-25um

* Global continuum subtraction:
mixtures combination of (olivine
+ pyroxene) with carbon [87%:
13%] produced by “optool”
(Dominik+ 2021)

* Local continuum subtraction:
the third-order polynomial with
guiding point place at 6.80,
/.15, 7.80, 8.42 ym (Rocha et
al. 2024)
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Figure 2. Panel a — The IRAS 2338546053 spectrum after background subtraction. Global continuum is adopted from
Rocha, W. R. M. et al. (2024). The inset shows a zoom in on the 7.7 pm region. Panel b — A processed spectrum after global,
local continuum and a silicate profile subtraction. Panel ¢ — Same as b, but with non-CHy4 ices (OCN™, CH3CH2OH, SO2)
subtracted following Rocha, W. R. M. et al. (2024)



Fitting procedures

 The prominent gaseous features and heavy outliners of unknown origins were
masked and the spectrum itself was smoothed so that the continuum that
represents ice was obtained.

e The resultant ice continuum iIs subtracted.

A simple LTE slab model was adopted to emulate emission of gaseous methane:

F(1)= 1B/(T)(A1 €)= 2B (T)A! €)" 2B (Tk(", TN,

where Q) = S/d?, k(v, T) is the absorption coefficient, and N the column density of
gaseous methane.

» |ce fit was made to the spectrum after subtracting global and local continuums.



Experimental methods

* Ural Federal University ISEAge setup

> An ice growth controlled composition under
ultrahigh vacuum condition and cryogenic
temperature

> Gaseous material composition is monitored by
a Mmass spectrometer

> The temperature of Ge window on which ice is
condensed can be 6.5K-305K

> Transmittance IR spectra can be acquired
 Some obtained spectra in the left panel:

> The CO2 mixture is strongly influenced by the
deposition temperature

CH4: CO;3 =
1:5

CH4: H20 =
1:10
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Spectral fitting results(1) gaseous methane
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Figure 4. Best simulated gaseous methane spectrum plotted against observational data with subtracted ice continuum. A good
agreement is shown between the prominent gaseous features and outlying sharp features in the observational spectrum.

The high best-fit temperature of gaseous methane implies that
the emitting methane is located only in the most massive source (source A) with a
supermassive accretion disk.

Based on the fitted temperature, we assume that
the emitting methane is located at the edge of the accretion disk or in the envelope.




Spectral fitting results(2): solids

Table 1. The list of derived column densities and absorption band strengths for the deformation mode of methane (!4) at 7.7 um

solid CH4 Temperature Band Strength References IRAS 23385+6053 IRAS 23385+6053
T, K A, cm T,K Nice (ch 4y ! 10", cm' 2
pure 8 1.04 10 " Gerakines & Hudson (2015
with CO » 6.7 1.0 10 ¥/ This work 27 4% 297,93
1:5
with H ;0 6.7 8.9 10 18 This work 8.4/} 1.027%55
1:10
gaseous CH Emitting area radius Reference IRAS 23385+6053 IRAS 23385+6053
R, au T, K Ngas(cH ) ! 10, cm' 2
2940 This work 10313 0.78.5 %%

Note N' The lower limit for CH 4 : H>,O mixture is the deposition temperature: 6.7 K.

The spectrum after the subtraction of gas features shows broad ice
features (the upper panel of the figure).

The ice features are well reproduced by the mixture of CH4+CO>
and CH4+H20 ices as listed in the above Table and the middle
panel of the figure.

 Remaining spectrum still exhibits additional broad feature,
tentatively assigned as N2O ? (based on ISEAge setup, Bottom
panel)
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Hydrogenation of acetaldehyde on interstellar
Ice analogs reveals limited destruction

German Molpeceres, Thanh Nguyen, Yasuhiro Oba, Naoki Watanabe

Abstract

We sought to determine which are the main hydrogenation paths of acetaldehyde (CH3CHO). As a partially
unsaturated molecule, CH3CHO can have links with more hydrogenated species, like ethanol (C2HsOH) or
with more unsaturated ones, like ketene (H2CCQO). We used highly accurate quantum chemical calculations to
determine the reaction rate constants for the CH3CHO + H/D reaction. Our theoretical results are confronted
against our experiments on the hydrogenation and deuteration of CH3zCHO ice. We find that acetaldehyde
resists hydrogenation, with only a 10\% of conversion to products different than CH3CHQO. This is due to a
predominance of H-abstraction at the HCO moiety, with reaction rate constants up to four orders of
magnitude higher than the next possible reaction channel, that is hydrogenation at the aldehydic carbon. The
formed CHsCHO radical experiences barrierless or nearly barrierless reactions in all possible reaction
positions, reforming CH3CHO and creating a closed loop that protects the molecule against hydrogenation.
We constrain the branching ratios for the second reaction from experiments. Our experiments agree with the
calculations and from the combination of both we can explain the presence of H.CCO, CO, CH4, C2HsOH,
H-CO or CH3sOH as minor products at the end of the reaction. We provide recommendations for future
modeling efforts. Our results show limited destruction of acetaldehyde, reinforcing the vision of this molecule
as an abundant and resilient COM. From the experiments, we are not able to observe the reactive desorption
of this molecule. Our results align with other modeling works, showing that the link between CH3zCHO and
CoHsOH is not direct. Finally, our results can explain the excess of CH3sCDO found in prestellar cores.
environments.




