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Magnetic clumping of charged dust in the dense interstellar
medium

V. Vallucci-Goy!, P. Hennebelle!, U. Lebreuilly', and G. Verrier.?

Context. Dust grains undergo significant growth in star-forming environments, especially in dense regions prone to gravitational
collapse. Although dust is generally assumed to represent 1% of the gas mass, dust density variations are expected on small scales due
to differential dynamics with the gas, leading to enhanced coagulation rates in regions of dust enrichment.

Aims. We aim to investigate the clumping of charged dust in the turbulent magnetized dense regions of the interstellar medium.
Methods. We develop a dusty model that goes beyond the standard non-ideal MHD and use the code shark to perform multifluid 1D
simulations of a single size charged dust species and neutral gas with large scale driven turbulence and including ion-neutral friction.
Results. Propagating non-linear circularly polarized Alfvén waves, we identify a mechanism similar to.the parametric.instability that
efficiently forms dust clumps_even in presence of dissipative processes such as Ohmic dissipation, Hall effect and magnetic drag.
Such strong clumping survives and is sustained when driving turbulence, and thus high levels of dust concentration are produced due
to compressive magnetic effects in regions of shocks. Dust density enhancements are favored by a high transverse-to-longitudinal
magnetic ratio B, /B which is controlled by the two following simulation parameters: transverse Mach number M, and plasma
parameter 8. We find that a substantial fraction of dust experiences a density increase of more than a factor of 10 under reasonable
conditions (subsonic turbulence, = 0.7 and dust size s4 > 1 um), thus promoting dust growth.

Conclusions. Our novel dusty non-ideal MHD model shows that dust grains (main charge carriers) are subject to small-scale com-
pressive magnetic effects driven by a parametric instability - like mechanism in regions of shocks, and consequently experience high
density enhancements in turbulent environments that go beyond those permitted by pure hydrodynamical processes, making in-situ
formation of large grains (sq ~ 100 ym) in protostellar envelopes a plausible scenario.
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Parameter exploration
B [0.1,0.3,0.7, 1]
np |em™? | [10%,10°, 10°]
Sq [pem] 0.1, 1,10, 100]
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Chemical modeling of aminoketene, ethanolamine, and glycine
production in interstellar ices

Sydney A. Willis,! Serge A. Krasnokutski,” Nathaniel J. Morin' and Robin T. Garrod'-?

Context. Icy interstellar dust grains are a source of complex organic molecule (COM) production, although the formation mechanisms
of these molecules are debated. Laboratory experiments show that atomic carbon deposited onto interstellar ice analogs can readily
react with solid-phase ammonia to form the CHNH, radical, a possible precursor to COMs, including aminoketene (NH,CHCO).
Aims. We used astrochemical kinetics models to explore the role of the reaction of atomic C with ammonia as well as the subse-
quent reaction with CO in the formation of aminoketene and other COMs, including ethanolamine (NH,CH,CH,OH) and glycine
(NH,CH,COOH).

Methods. We applied the three-phase chemical model MAGICKAL to hot molecular core conditions from the cold-collapse through
to the hot-core stage. The chemical network was extended to include NH,CHCO and a range of associated gas-phase, grain-surface,
and bulk-ice products and reactions. We also implemented a model approximating conditions in a shocked cloud, including sputtering
of the ice mantles.

Results. Aminoketene is formed on grains at low temperatures (~10 K) with a peak solid-phase abundance of ~2x107'% ny. Its
formation is driven by nondiffusive reactions, in particular the Eley-Rideal reaction of C with surface NHj, followed by immediate
reaction with CO. Surface hydrogenation of aminoketene produces ethanolamine with a significant abundance of ~8x107% ny. In the
gas-phase, although ethanolamine reaches a modest abundance peak immediately following its desorption from grains under hot-core
conditions, it is destroyed more rapidly due to its high proton affinity. Molecular survival is much higher in the shocked regions, where
these species seem most likely to be detected. Glycine abundances are modestly enhanced by the new chemistry.

Conclusions. Aminoketene is produced efficiently on simulated interstellar grain surfaces, acting subsequently as an important pre-
cursor to more complex organics, including ethanolamine and glycine. lon-molecule gas-phase destruction of amine-bearing COMs
is less efficient in (weakly) shocked lower-density regions, in contrast to hot cores, enhancing their abundances and lifetimes.
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Species Source Fractional
Abundance

NH,CHO Sgr B2(N1S)? (2.0 £ 0.8) x 107°
Sgr B2(N2) (2.5+0.7)x 10°®

G+0.693-0.027¢ (9.3 +2.0) x 10710

CH,(CO)NH, Sgr B2(N1S)° (29+0.8)x 1077
Sgr B2(N2)° (9.9 + 0.8) x 1078

G+0.693-0.027° (8.5 +0.1)x 10710

CH,NH, Sgr B2(N18)? (9.9 + 0.8) x 1077
G+0.693-0.027° (2.2+0.5)x 1078

NH,(CO)NH, Sgr B2(N1S)° (1.9 +0.8) x 107%
G+0.693-0.027° (1.0 +0.1)x 10710

NH,CH,CN  Sgr B2(N1S)® (7.7 £0.8) x 1078

aminoketene (NH2CHCO), ethanolamine (NH2CH2CH20H), glycine (NH2CH2COOH)
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Reaction Ea (K)
la C + NH, — CHNH, 0
1b C + NH, — CH,NH 0
2 CHNH, + CO — NH,CHCO 0
3a H + NH,CHCO - NH,CH,CO 61
3b H + NH,CHCO — NH,CHCHO 750
4 H + NH,CH,CO — NH,CH,CHO 0
Sa H + NH,CHCHO — NH,CH,CHO 0
5b H + NH,CHCHO — NH,CHCO + H, 545
6a H + NH,CH,CHO — NH,CH,CH,0 1717
6b H + NH,CH,CHO — NH,CH,CHOH 2612
6¢ H + NH,CH,CHO — NH,CH,CO + H, 895
6d H + NH,CH,CHO — NH,CHCHO + H, 1625
7Ta H + NH,CH,CH,0 — NH,CH,CH,OH 0
7b H + NH,CH,CH,0 — NH,CH,CHO + H, 0
8 H + NH,CH,CHOH - NH,CH,CH,0OH 0
9a H + NH,CH,CH,OH — NH,CH,CH, + H,0 7400
9b H + NH,CH,CH,OH — NH,CH,CHOH + H, 2134
10a* OH + NH,CH,CO — NH,CH,COOH ] ) < >/ 0
10b OH + NH,CH,CO — NH,CHCO + H, 0
11a H + CHNH, — CH,NH + H 0
11b H + CHNH, — CHNH + H, 0
I1c H + CHNH, — CH,NH, 0
12 H + CH,NH, — CH;NH, 0
13 CH + NH, — CHNH, 0
14 O + CHNH, — NH,CHO 0
15 H, + CHNH, — CH;NH, 4 010t
16 CH, + CHNH, — CH;CH,NH, 12 200%
17a HCO + NH,CH,CH,0 - NH,CH,CH,OH + CO 0
17b HCO + NH,CH,CH,0 — NH,CH,CHO + H,CO 0
18a CH,0H + NH,CH,CH,0O — NH,CH,CH,OH + H,CO 0
18b CH,0H + NH,CH,CH,0 — NH,CH,CHO + CH;OH 0
19 OH + NH,CH,CH,0 — NH,CH,CHO + H,0 0
20 NH, + NH,CH,CH,0 — NH,CH,CHO + NH; 0
21 OH + NH,CH,CHO — NH,CHCHO + H,0 597
22 NH, + NH,CH,CHO — NH,CHCHO + NH; 3390
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Model ID  Description BR  (Final) Gas Density CR ionization rate 1076
(em™) sh B 100K low CRIR
100K med CRIR
0ld Hot core; Model M5 of Garrod & Herbst (2023) n/a 2 x 108 1.3x 107"V L B 100K meh CRIR
Basic Hot core; new NH,CHCO chemistry 50/50 2 x 108 310" d .
BR-high Hot core; CHNH,-favored 100/0 2% 108 1.3 x 1077 I 100K very high CRIR
BR-low  Hot core; CH,NH-favored 10/90 2x 108 13510 10-8 - o0
BR-off Hot core; Reactions 1 and 2 excluded n/a 2% 108 1.3x 1077
S-LCR Shock model; low cosmic-ray ionization rate 50/50 2 x 104 1.3x 107"
S—-MCR Shock model; medium cosmic-ray ionization rate  50/50 2 x 10* 1.3 x 1071° o
S—-HCR Shock model; high cosmic-ray ionization rate 50/50 2 x 10* 1.3 x 1071 ° I
S—-VHCR  Shock model; very high cosmic-ray ionization rate ~ 50/50 2 x 104 1.3x 10714 I o
~ 10710 I
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S
(@)
8 I
s - s < o 10124
BRI B> THRWVWERICHER R 2D,
Sputtering degree 5%) NN T EHDH D
10-—14 il
ERREETIE 7 A bR ADELND T, §CICHRERIND
(NH,* etc)
$ L AshocklZ & D suptteringd A H A EIER T LY
10—16 Al - : | | | | . || | |

SgrB & DEEEA 75 H - 7=

aCH5OH
bNH,CH,CH,OH -
‘NH,CHO-
“NH,C(O)NH, -
¢CH3C(O)NH, -
‘CH3NHCHO -
dCHsNH, -
eNH,C(O)CH,0H-

|



Morphological and Kinematical Diagnostic of FU Orionis-type Outburst Mechanisms

Jinsui SAa1®.'? Epuarp 1. VoroByov® ** ALEXANDR SKLIAREVSKII®,* AND MicHIHIRO TakAMI !

We investigated the possibility of determining the mechanism of the FU Orionis-type outburst based
on_molecular line observations of protoplanetary disks with synthetic observations of distinct numeri-
cal burst models. The morphology of the synthetic.C'®Q emission is sensitive to gas temperature and
does not _coincide with the actual gas disk structures, particularly in the magnetorotational instability
(MRI) and clump-infall models, which exhibit peculiar temperature distributions. This highlights the
need for careful interpretation of morphologies of line emission from disks under accretion outbursts.
The synthetic C'®0 emission of each model exhibits_distinct _kinematic features that can be used to
distinguish outburst scenarios. In the MRI model, kinematic features of the gravitational instability
(GI), which fuels MRI-driven accretion bursts, are small in both amplitude and spatial extent, resulting
in no prominent local features in the residual velocity map at a typical distance for FU Orionis-type
objects. In contrast, the clump-infall model shows a clear sign of gas expansion along a spiral, which
is caused by exchange of angular momentum between an infalling clump and surrounding gas. The
intruder model exhibits a highly asymmetric velocity structure with respect to the systemic veloc-
ity of the primary protostar in velocity channel maps. These distinct kinematic features may serve
as promising diagnostics for distinguishing the physical mechanisms responsible for FU Orionis-type
outbursts.
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