From Molecules to Dust
(and back)
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Chemistry is just like cooking

(but don't lick the spoon).



O©-rich dust: diversity

High mass loss rates: Silicates
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Low mass-loss rates: Oxides



C-rich dust: Diversity
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We don’t really understand the carbon chemistry
leading to large aromatics and carbonaceous dust in

evolved star environments.




Wavelengths, widths & relative strengths
match measured (lab) values.

Cami et al. (2010)
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High He pressure

Low He pressure



Conditions & formation
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Ceotocarbondust.

Dunk et al., 2013, PNAS.
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Dunk et al., 2013, PNAS.

Metallofullerenes:

form as easily as
fullerenes in "dirty”

atmospheres.
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Cami et al., in prep



Teas ofthe Fullering
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Cami et al., in prep



Tca Decomposed

Molecules to dust

Red: Dust Continuum
Green: Fullerenes
Blue: lonized Gas
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PAHs = Fullerenes?

PAHs & Cqe IN NGC 7023



PAHSs & Cg, in NGC
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Meanwhile at the lab (i)
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266 nm

Zhen et al (2014)



Conditions & formation
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Fullerenes and T
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Fullerenes appear in low-
excitation (low-Teff) objects.

Sloan et al. (2014)



Fullerenes’ true
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Sloan et al. (2014)



Conditions & formation
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Ceo dust in PNe?
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HOUSTON,
WE HAVE

DIBS

Diffuse
Interstellar
Bands

lecules to dust
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1919: Mary Lea Heger detects first 2 DIBs;
their carrier unidentified.

2018: Many hundreds of unidentified DIB
carriers.
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DIBs in Antennae Galaxy

Monreal-Ibero et al., 2018




DIB carriers are stable, widespread and
abundant = carbonaceous carriers that
lock up ~0.5% of the cosmic carbon.
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Profiles point to
molecular carriers.
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The power of DIB line profiles

Line Profile Variations of 6614 DIB

Cami et al., 2004



DIB behavior points
to family of DIB

carriers (one DIB,
one carrier).

r = 0.82

'/DOF = 48.44

Distance
Indicator
Bands

400
W,(5780.5)

Friedman et al., 2010 Molecules to dust
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DIB carrier candidates



Laboratory confirmation of C;,

as DIB carriers
Campbell et al., 2015




The Key DIB Questions

The DIBs point to a voluminous chapter of

Iinterstellar physics and chemistry that we have
yet to discover and understand.




~ DiBs and their tool potential

A Principal Component Analysis of the DIBs
Ensor et al., 2017



Abundances / Strengths



M-Cgo complesces
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Charge Transter Bands




The Way Forward

We can turn the DIBs into powerful probes of physical

conditions in the Universe near and far even without
knowing the identity of their carriers!




The ESO Diffuse Interstellar Band
Large Exploration Survey

(EDIBLES)



The EDIBLES Survey

The EDIBLES Survey
Cox et al., 2017; Cami et al. 2018



~ EDIBLES target distribution



Cosmic ray ionization rate from OH*

Bacalla et al., under review.




Normalized flux
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C,-DIBs and their profiles

Elyajouri et al., in press




Results: sensitivity & resolution
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The profiles of the C;, -DIBs.

Lallement et al., in prep.
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