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| Introduction Chemistry during low-mass star formation
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Spectral surveys in the radio/s ar composition of star-forming regions

Observational studies — «

= Physico-chemical models are used to understand the origins of these differences
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| Introduction Episodic accretion

Some young stellar objects undergo episodic accretion

e long periods + low accretion rate = quiescent phase
e short periods + high accretion rate = outburst phase
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e R
Some young stellar objects undergo episodic accretion

e long periods + low accretion rate = quiescent phase
e short periods + high accretion rate = outburst phase

Episodic accretion — Luminosity outbursts

( Quiescent

Artist representation - Credit: T. Pyle (Caltech/IPAC)
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Release of molecules
_into the gas phase
N\ (desorption)

Quiescent Phase Outburst Phase

e Long-term
impact on
chemistry?



Method

Overview

Simulation of material infall in the envelope

e different trajectories

e particles experience the outburst at
different points in their trajectories




| Method Overview

Fiducial model

without luminosity outburst

APE code

Marchand et al. in prep.

Chemical model
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Il Method Overview

Fiducial model

without luminosity outburst
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Fiducial model Outburst impacted model

without luminosity outburst with a luminosity outburst

Physical model
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Fiducial model Outburst impacted model
without luminosity outburst with a luminosity outburst
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I Method Outburst implementation

Quiescent phase
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100 yr

Quiescent phase Outburst phase
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Results
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11 Results Chemical expansion (T~20-50K)
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1] Results Chemical expansion
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1] Results Increase/decrease of abundance: warm inner region
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1] Results Increase/decrease of abundance: 30-50K region
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Summary 16

Espagnet et al. in prep.

e Modeling the chemistry of protostellar envelopes: APE + Nautilus
e Study the impact of a luminosity outburst on the chemistry

Chemical expansion

majority of molecules
~300 molecules

R

Warm .|nner 30-50K

o region
(T>100K) 9

long-term shorter term

~60 molecules ~10 molecules
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Mass of the collapsing cloud Source Physical Model Time evolution of
Final position of the particle T, n, Av

Age of the protostar Parameters APE for the given particle

Marchand et al. in prep.

Time

Amplitude Outburst Outburst

Duration Parameters Implementation

Molecular cloud Initial

10° yr evolution Abundances Chemical Model Time evolution of
- . chemical abundances

800 species Chemical Nautilus for the given particle

9000 reactions Network Ruaud et al. 2016

Abundances Abundances
predicted with predicted without
luminosity outburst luminosity outburst




No burst
Burst
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A (Lm) Credit: Pierre Marchand

Flux density received at 10au.



Il. Method
Chemical model

Chemical model: Nautilus
(Ruaud et al. 2016)

3 phase gas-grain chemical code

Chemical network
(developed by Jean-Christophe Loison)
o 800 species
o 9000 reactions

Provides time evolution of
chemical abundances —

Abundance (relative to H)

CO abundance according to time
for a particle ending in the hot corino
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