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Why star formation?

One of the major open problems in astrophysics
Intensely interdisciplinary
requires knowledge of different areas of physics:

fluid dynamics, plasma physics, interaction of radiation with matter,
condensed matter physics, atomic and nuclear physics

Prerequisite for the understanding of galaxy formation/ evolution
Connects luminous universe (stars) with dark/exo’ric sector (DM,DE)
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“We are made of star stuff” Carl Sagan



Stars Form in Molecular Clouds

 Massive
(103-106 M@)

e Cold
(T =~ 10K)

* Molecular
(mostly H,,
dust = 1% by mass)

Taurus Optical ESO/Davide De Martin

* Turbulent & Magnetized

Too cold for H, emission. Most of the mass not visible.
MCs appear dark in the visible.
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How are MCs observed?

CO emission
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How are MCs observed?

Dust Emission

IC 5146

Polaris

Vela C Herschel/ Gould Belt Survey Andre et al. 2010



Galactic Latitude

Cores
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How do cores form?

Weak B Field

Molecular clouds supported
by turbulence

Turbulence (super-)Alfvenic
magnetic fields weak

Overdensities created by
compression in converging
flow regions

- Some become jeans
unstable (collapse)

- Some reexpand
(transient clumps)

Eventually, hydrostatic
protostars are formed in
the collapsing cores

Strong B Field
Molecular clouds mainly
magnetically supported
Turbulence (sub-)Alfvenic
Ambipolar Diffusion

— Damps MHD turbulence
below a critical scale

(cloud fragmentation)

— Formation of
magnetically
supercritical cores

Supercritical cores contract
dynamically

Eventually, hydrostatic
protostars are formed



Looking Through the Chemical Lens
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The Coming Flood
of Molecular Line Data




The Plan: Produce Toolkit for
Connecting Observations to Theories

Chemistry + Dynamics + Radiative Transfer + Free
Parameters + Projection Effects = Observables

Produce database of observables from all combinations

Make freely available, easily accessible

Uses for such a database:

— Identify observables that discriminate between theories
— Design observing strategies, future observatories

— Provide initial conditions for star and planet formation



Coupling of chemistry and dynamics

No B field

%> :j){ Chemistry affected by Dynamics but
' dynamics not affected by chemistry

With B field
g F B
Xe

Chemistry affected by dynamics
and vice versa when B-field included

ﬂterminal velocity

Ambipolar drift and other non-ideal
MHD phenomena depend sensitively on chemistry



First Step: The Chemical Network

Gas-phase species

H* H HJ H, H3 He He™" (o C CH CH* CH; CH, N N* CH;
NH* CH; NH NH; (0] CHy4 CH} ot NH, CH; OH OH* N H; NH3 H,0 NHZ
H,O" H;0* C CE C,H* C>H CzHir C2H> CN CN~* HCN* G H; HCN HNC Sit C; H:;
HoNC* Si N> CO* HCNH" CO N3 HCO N;H* HCO* H,CO H,;CO* NO NO* H3;CO* CH;3;0H
0, O; CH3OH; C; C3H™ C,NT CNC* G4y H; CH;CN Cs3H, CO, CO§ HCO}‘ HC;N

Grain mantle species
H C CO H,CO Si ) 0, CH OH NO CH, H,0 CO, CH; CH,4 HNC
C,H, HC;N N, CN NH HCN C;H NH; CH;CN CH;OH NH; N 0] H, HCO Cs;H»
CH,;0OH

« 78 gas phase species + 33 grain ice mantle species (H, He, C, N, O, Si),
1553 reactions from UMIST

* Embedded cores (A, 2 3 mag), CO self-shielding

* Grains: MRN distribution of grains, negatively charged, fixed abundance,
Grain Processes: freezeout, thermal desorption, cosmic-ray heating,
& surface reactions

* Non-Equilibrium chemistry



First Step: Collection of Models

— Magnetic models
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Degeneracies in Unresolved Cores
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nCO/nH

Neo/ Ny

Central Parts Evolve
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Magnetic models
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Interesting Abundance Ratios

Chemical Chronometers?
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Degree of Ionization
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The future

Select one or more molecules from the "Molecule” column and add them to the "Selections" box.
. . Select either Central Density or Radial Profile.
. Select one or more models from the "Model" column and add them to the "Selections" box.
. Select the initial conditions as needed from the "Initial Conditions” column.
. Click "Display Table," "Display Graph," or both.

PL  WHIMSICAL

Jet Propulsion Laboratory . .
California Institute of Technology  Web Hosted Interface for Molecular preStellar Infalling Core Abundances and Lines

WHIMSICAL is designed to help scientists obtain theoretical data from models of collapsing prestellar molecular cloud cores. To use this program,
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Download Table as .txt ™ Use logyo(X) scale [ Include Time (Myr) ™ Draw Grid

#Use logyo(Y) scale () Connect points with lines [ Make nice graph (non-interactive)

(Redraw Graph Download Graph as eps. Open Graph in New Window
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