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16. “lce chemistry in starless molecular cores”
J. Kalv'ans

Accepted by Apd  http://arxiv.org/pdf/1504.06065

ABSTRACT

Starless molecular cores are natural laboratories for interstellar molecular chemistry research.
The chemistry of ices in such objects was investigated with a three-phase (gas, surface, and
mantle) model. We considered the center part of five starless cores, with their physical con-
ditions derived from observations. The ice chemistry of oxygen, nitrogen, sulfur, and complex
organic molecules (COMs) was analyzed. We found that an ice-depth dimension, measured,
e.g., in monolayers, is essential for modeling of chemistry in interstellar ices. Particularly, the
H50:C0:C0O2:N2:NH;3 ice abundance ratio regulates the production and destruction of minor
species. It is suggested that photodesorption during core collapse period is responsible for high
abundance of interstellar HyO5 and O2H, and other species synthesized on the surface. The
calculated abundances of COMs in ice were compared to observed gas-phase values. Smaller ac-
tivation barriers for CO and HoCO hydrogenation may help explain the production of a number
of COMs. The observed abundance of methyl formate HCOOCHj3 could be reproduced with
a lkyr, 20K temperature spike. Possible desorption mechanisms, relevant for COMs, are gas
turbulence (ice exposure to interstellar photons) or a weak shock within the cloud core (grain
collisions). To reproduce the observed COM abundances with the present 0D model, 1-10% of
ice mass needs to be sublimated. We estimate that the lifetime for starless cores likely does not
exceed 1Myr. Taurus cores are likely to be younger than their counterparts in most other clouds.

Subject headings: astrochemistry — molecular processes — ISM: clouds — ISM: abundances — ISM:
individual objects (CB 17, CB 26, CB 27, B 68)
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Fig. 2.— Calculated ice thickness and abundance in MLs for major species in the sublayers for the modeled
cloud cores. The number in parenthesis indicates the number of the respective sublayer, while ‘Other’ stands
for all other icy species in that sublayer. The vertical gray line indicates t5o for each model.

Table 1: The constant physical parameters of modeled starless cores during their stable Phase 2.

Observational data Calculated data
Core | nn,0, cm™3  rg, AU 711, AU n Nout, cm™2  Ref. | Ay, mag T, K t1, kyr
CB 17 S - SMM1 2.3E+5 9.5E+3 3.0E+4 4.9 0 S& 13.8 8.2 1465
CB 17 L - SMM 1.3E+5 1.1E+4 3.0E4+4 5.0 3.6E+20 Lb 9.1 9.2 1451
CB 26 - SMM 8.7TE+4 8.0E+3 4.0E+4 3.0 2.2E+420 L 6.5 11.1 1437
CB 27 - SMM 1.3E+5 1.3E+4 6.6E4+4 6.0 3.1E+20 L 9.5 8.9 1451
B 68 - SMM 4.0E+5 7.0E+3 2.7E+4 5.0 3.0E+20 L 17.6 7.9 1482

NoTE.—Assumed physical parameters: ny o—density at the center of the core; ro-radius of the central density plateau; n—
power-law slope for density; r1-radius of the region (core) in consideration; Nout—column density of the surrounding cloud.
Calculated parameter t; is the length of the cloud core collapse Phase 1.

%Schmalzl et al. (2014)
bLippok et al. (2013)
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Table 4: Changes in reactions respective to the original network by Laas et al. (2011).

No. New gas phase reactions® «a 15} v Reference

1 CH;OH+H — CH; + OH 1.6E-10 0 0 NIST

2 CH,OH 4+ O — H,CO + OH 1.5E-10 0 0 NIST

4 CH,OH + CH3 — CoH5;0H 1.0E-15 -3.00 0 Vasyunin & Herbst (2013b)P
No. New surface (ice) reactions E4 K Reference

5 H+HCO — CO + H, 0 This work

6 OH +HCO — CO + H,0O 0 This work

7 NH,; + HCO — CO + NHj3 0 This work

8 Hy; + HCO — CH30 2100° This work

9 OH+ SO — SO, +H 0 Gas phase

10 O+HS—S+OH 956 Gas phase

11 O+HS—SO+H 0 Gas phase

12 H+ CL — HCL 0 Gas phase
No. Changed surface (ice) reactions Ea K Reference

13 CO+0 — COq 290 Roser et al. (2001)

14 Oy+H— O0.H 600 Du et al. (2012)

15 H+ HyCO — CH30 2100 Woon (2002)

16 Os3+H— O2,+OH 0 Mokrane et al. (2009)

In addition to the four reactions from Vasyunin & Herbst (2013b). Reaction rate coefficient k = a(T/300)% exp(—~/T)
bData adopted from CH30 + CHgs reaction
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Fig. 3.— Calculated abundances, relative to H atom number density, of major species in ice for the five
modeled cores.
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ABSTRACT

" resolution, CoH

We have used the Submillimeter Array to image, at ~1.5
N = 3 — 2 emission from the circumstellar disk orbiting the nearby (D = 54 pc),
~8 Myr-old, ~0.8 Mg, classical T Tauri star TW Hya. The SMA imaging reveals
that the CoH emission exhibits a ring-like morphology. Based on a model in
which the CoH column density follows a truncated radial power-law distribution,
we find that the inner edge of the ring lies at ~45 AU, and that the ring extends
to at least ~120 AU. Comparison with previous (single-dish) observations of
CoH N = 4 — 3 emission indicates that the CyH molecules are subthermally
excited and, hence, that the emission arises from the relatively warm (T R 40 K),
tenuous (n << 107 cm~3) upper atmosphere of the disk. Based on these results
and comparisons of the SMA CyH map with previous submm and scattered-light
imaging, we propose that the CoH emission most likely traces particularly efficient
photo-destruction of small grains and/or photodesorption and photodissociation
of hydrocarbons derived from grain ice mantles in the surface layers of the outer
disk. The presence of a CoH ring in the TW Hya disk hence likely serves as
a marker of dust grain processing and radial and vertical grain size segregation
within the disk.
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Fig. 4.— Distribution of CoH for the best-fit model, overlaid as grey shading on contour
plots of disk density (left, in cm™) and gas kinetic temperature (right, in K).
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Accepted by Astrophysical Journal

http://arxiv.org/pdf/1501.05659
ABSTRACT

We investigate pathways for the formation of icy super-Earth mass planets
orbiting at 125-250 AU around a 1 M star. An extensive suite of coagulation
calculations demonstrates that swarms of 1 cm to 10 m planetesimals can form
super-Earth mass planets on time scales of 1-3 Gyr. Collisional damping of
1072—10% cm particles during oligarchic growth is a highlight of these simulations.
In some situations, damping initiates a second runaway growth phase where
1000-3000 km protoplanets grow to super-Earth sizes. Our results establish the
initial conditions and physical processes required for in situ formation of super-
Earth planets at large distances from the host star. For nearby dusty disks in
HD 107146, HD 202628, and HD 207129, ongoing super-Earth formation at 80—
150 AU could produce gaps and other structures in the debris. In the solar
system, forming a putative planet X at a < 300 AU (a 2 1000 AU) requires a
modest (very massive) protosolar nebula.

Subject headings: planetary systems — planets and satellites: formation — solar
system: formation
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Fig. 4— Maximum planet radius at @ = 125 AU as a function of 7y and ¢ for b = 9/8.
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indicates the radius of an Earth-mass planet with p, = 1.5 g cm™3. Calculations with ry =
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Fig. 6.— Comparison of cumulative (lower panel) and relative cumulative (upper panel) size
distributions for three idealized power law size distributions. To construct the relative size
distribution, we adopt a normalization with ¢, = 2.7 which yields n.,o = 1 at 7 = 1 cm.
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2.6,¢; =17, ¢ =4.0. ry = 0.3 km, r, = 100 km. Relative size distributions allow an easier
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ABSTRACT

We utilize observations of sub-millimeter rotational transitions of CO from a Herschel Cycle 2
open time program (“COPS”, PI: J. Green) to identify previously predicted turbulent dissipation by
magnetohydrodynamic (MHD) shocks in molecular clouds. We find evidence of the shocks expected
for dissipation of MHD turbulence in material not associated with any protostar. Two models fit
about equally well: model 1 has a density of 10% cm ™3, a shock velocity of 3 km s~!, and a magnetic
field strength of 4 G; model 2 has a density of 10%° cm™3, a shock velocity of 2 km s~!, and a
magnetic field strength of 8 uG. Timescales for decay of turbulence in this region are comparable
to crossing times. Transitions of CO up to J of 8, observed close to active sites of star formation,
but not within outflows, can trace turbulent dissipation of shocks stirred by formation processes.
Although the transitions are difficult to detect at individual positions, our Herschel-SPIRE survey of
protostars provides a grid of spatially-distributed spectra within molecular clouds. We averaged all
spatial positions away from known outflows near seven protostars. We find significant agreement with
predictions of models of turbulent dissipation in slightly denser (103-° cm~2) material with a stronger
magnetic field (24 p4G) than in the general molecular cloud.
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Hearschel D CO[Ll#n B D& Al ZFIR U 1c
RBENTRELGWE 2 A2 TMHDELRIC K 2B&TTHEND > 3 v I DIl ZHE
DFER TERDEBCED T 1 L AT — )L (S IERTIRFRE & 1L
- DR DBENFEL(013.5 cmA-3) DB T— R D FE L D Hi8LV\EIZ(24uG)
TOEARBEDETILFERERS —&E U,

TABLE 1
SOURCE LIST
Source Cloud Dist RA (J2000) Dec
L1455-IRS3 Per 250 03h28m00.4s +30d08mO01.3s
TRAS 03301+3111 Per 250 03h33m12.8s +31d21m24.2s
L1551-IRS5 Tau 140  04h31m34.1s +18d08m04.9s
TMR 1 Tau 140  04h39m13.9s +25d53m20.6s
TMC 1A Tau 140  04h39m35.0s  +25d41m45.5s
TMC 1 Tau 140  04h41m12.7s +25d46m35.9s
L1157 Core 325 20h39m06.3s +68d02m16.0s
Isolated MC Tau 140  04h39mb53.0s  +25d45m00.0s
NoTE. — List of protostellar sources and the isolated molecular cloud
position used in this sample, sorted by RA. Distances are measured in
parsecs.
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ABSTRACT

We have developed a modified form of the equations of smoothed particle magnetohy-
drodynamics which are stable in the presence of very steep density gradients. Using
this formalism, we have performed simulations of the collapse of magnetised molecu-
lar cloud cores to form protostars and drive outflows. Our stable formalism allows for
smaller sink particles (< 5 AU) than used previously and the investigation of the effect
of varying the angle, 1, between the initial field axis and the rotation axis. The nature
of the outflows depends strongly on this angle: jet-like outflows are not produced at all
when 9 > 30°, and a collimated outflow is not sustained when 9 > 10°. No substantial
outflows of any kind are produced when 9 > 60°. This may place constraints on the
geometry of the magnetic field in molecular clouds where bipolar outflows are seen.

Key words: accretion, accretion discs — MHD — stars: formation — stars: winds,
outflows.
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Figure 11. Cross-sections of |v| at T = 27870 yrs (i.e. late enough
that the magnetic effects seen in fig. 8 will have been able to dis-

~r—3IJ O/'[ 0 rupt the outflow). The two upper plots show the strongly colli-
mated outflows seen for low values of ¥ whilst the ¥ = 45 and
90° plots show the more complicated, diffuse outflows which at
steeper angles essentially cease altogether.
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