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12C/13C ratio of COMs toward IRAS 16293-2422B

ALMA PILS Survey of the Class 0 low-mass
= MWMM - protostellar object IRAS 16293-2422B has detected
i i several COMs (Complex Organic Molecules)
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12C/13C of COMSs could provide insights
into their formation pathway
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T2C/"3C ratios of COMs reflect their formation
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Aims

e Investigate the '2C/'3C fractionations of COMs in a star-forming core.

e Discuss the chemical pathways occurring within these star-forming cores.
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What environments and pathways could generate COMs
and determine their >C/'3C ratio ?




Astrochemical Model : Chemical Kinetics Model

Gas-phase reaction, adsorption, desorption,
diffusion reaction on the grain surface

:ré;\; ______ e_ - _2|:|2_ _________ . e Rate equation approach.

. C"(g) —> C(g9) —> CHz+(g): |

' Isotope!, o . . Basec{ on gas-grain Model
:Exchange\ | (Rokko; Furuya et al. 2015)

H +
' CO (g) — HCO+ (g)

. e |sotope exchange reactions
' (Roueff et al. 2015; Colzi et al. 2020; Loison et al. 2020)



Prestellar Phase (106yr) : Cold Phase Protostellar Phase : Warm-up Phase

Gas & Dust temperature: 10 K
Number density of H: 2.28 x 10 (/cm?)
Visual Extinction: 4.5 (mag)
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CR lonization rate:
1.3 x 10" (s7) for the base model
H and L model (Padovani et al, 2018)
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Carbon Isotope Fractionation
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13C-poor Source
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12¢/13Cratio
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12C/13C ratio
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We compare °C/'3C ratios of
sublimated molecules with
observations

e Our results represent the
observation of some molecules.

h\

e CH30CHS3 has higher '>C/™*C
ratio than observation.

{l Solid line: Our Results
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Effect of CR on chemistry of CH30CHS3

—— CH3O0CH3
—— CH3O0H
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The "2C/3C of sublimated CH30CH3
approaches to that of GH30H by
Cosmic Ray ionization.

(proton transfer induced by CR ionization)

13C rich
cH3oH MU,  cH30H2

CH30CHa* —— CH30CH3
13C rich

15



CR ionization rate
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e H (High CR ionization rate) model: comes from H3* emission in diffuse clouds.
e L (Low CR ionization rate) model: comes from the Voyager 1 data.
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High Cosmic Rays lonization Rates (H model)
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Cosmic Ray Acceleration after protostar formation

Ice Sublimation
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CR acceleration after protostar formation

CR ionization rate is increased from 1.3 x 107"/s
to 1.3 x 10""%/s after the protostar formation
(Padovani et al., 2015, 2016).

Sublimated CH30OCHS3 is destroyed by CR.

CH30OCHS3 is newly formed from CH30OH and has
low "2C/'3C.

The "?C/'3C ratio of CH30OCH3 is still higher than
the observation.

Dotted : the base model
: CR acceleration model
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sSummary

We investigate the carbon isotope fractionations of COMs in star-forming core.

High Cosmic Ray ionization rate model cannot reproduce the observations of
12C/13C ratios of CH3OCH3

Cosmic Ray acceleration after birth of protostar could make slightly low carbon
isotope ratio of CH3OCHS3.
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