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Dust Grains and Nanoparticles

Emission from IS Dust: Photoluminescence

e Photoluminescence (PL) is process in which absorption
of UV/optical photons is followed by electronic
transitions associated with the emission of photons

Interstellar dust in nebulae, H 11 regions, planetary
nebulae, external galaxies as well as in the diffuse ISM
exhibits photoluminescence in the 500 nm to 1000 nm
spectral range, known as Extended Red Emission
(ERE).
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Emission from IS Dust: Photoluminescence
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# Known now for over three decades, the carrier of the
ERE is still unknown.



Outline

Q Introduction
Dust Grains and Nanoparticles
® PAHSs in the ISM

e Blue Luminescence
e Presence of Small PAHs in the ISM

e The Excitation of ERE

e Summary

Introduction

Dust Grains and
Nanoparticles

PAHSs in the ISM

Blue
Luminescence

Presence of
Small PAHs in
the ISM

The Excitation
of ERE

Summary



PAHS in the ISM

Infrared Emission Bands

PAHSs are ubiquitous in
space and form the class of

Introduction

largest known molecules in oun rars
the ISM
Blue

The IR spectra of many Luminescence
classes astronomical Presence of

) ) Small PAHs in
objects are dominated by the ISM
emission features at 3.3, The Exciaton
6.2,7.7,8.6,11.2 and Summary
12.7 ym

These features (called UIR
or AEFs) coincide with the The 1SO-SWS spectra of NGC 7027

stretching and bending and the PDR in the Orion Bar (From
modes characteristic of Peeters et al. 2004, in ASP Conf.
aromatic materials Proc. 309, 141) B

o = = = DA



PAHS in the ISM

Infrared Emission Bands

e PAHSs are ubiquitous in
space and form the class of

Introduction

largest known molecules in oun rars
the ISM
Blue

The IR spectra of many Luminescence
classes astronomical Presence of

) ) Small PAHs in
objects are dominated by the ISM
emission features at 3.3, The Exciaton
6.2,7.7,8.6,11.2 and Summary
12.7 ym

These features (called UIR
or AEFs) coincide with the The 1ISO-SWS spectra of NGC 7027
stretching and bending and the PDR in the Orion Bar (From
modes characteristic of Peeters et al. 2004, in ASP Conf.

aromatic materials Proc. 309, 141) _

APAN G4



PAHSs in the ISM

Infrared Emission Bands

& PAHSs are ubiquitous in
space and form the class of

Introduction

largest known molecules in oun rars
the ISM PAHS in the ISM
Blue

e The IR spectra of many Luminescence

classes astronomical Presence of
. . Small PAHs in

objects are dominated by the ISM
emission features at 3.3, oSy
6.2,7.7,8.6,11.2 and Summary
12.7 pm

These features (called UIR
or AEFSs) coincide with the ~ The 1ISO-SWS spectra of NGC 7027
stretching and bending and the PDR in the Orion Bar (From
modes characteristic of Peeters et al. 2004, in ASP Conf.

aromatic materials Proc. 309, 141) _



PAHSs in the ISM

Infrared Emission Bands

® PAHs are ubiquitous in
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PAHSs in the ISM

Optical Fluorescence

® The vibrational
transitions responsible
for the AEFs are largely
independent of size,
structure and ionization
state of the molecule.
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dust torus

Outflow through polar
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stage of such a system
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geometry
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The BL Spectrum

Detection

® Blue emission
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The BL Spectrum

Comparison with solid-state candidates
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The BL Spectrum

Comparison with PAHs
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Detection of BL in Other Nebulae
Ced 201

Central star: BD +69 1231, B9.5 V, Tes ~ 10,000 K
(Vijh et al. 2005, ApJ, 633, 262)
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Detection of BL in Other Nebulae
Ced 112

Central star: HD 97300, B9 V, Tet ~ 10,500 K
(Vijh et al. 2005, ApJ, 633, 262)
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Detection of BL in Other Nebulae
NGC 5367

Central star: Her 4636, Herbig Ae/Be, Tef ~ 18,700 K
(Vijh et al. 2005, ApJ, 633, 262)
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Detection of BL in Other Nebulae
NGC 2023

Central star: HD 37903, B1.5V, Ty ~ 23,000 K
(Vijh et al. 2005, ApJ, 633, 262)
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Ced 112: Correlation with mid-IR emission

ISOCAM image (Iw9) (from Siebenmorgen et al. 1998, A &
A, 339, 134), overlaid with slit
(Vijh et al. 2005, ApJ, 633, 262)
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BL Spectra in Other Nebulae
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The Excitation of ERE

® The determination of the exciting wavelength for ERE
further constrains the ERE carrier

Existing ERE models propose

Introduction
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fluorescence/phosphorescence by organic molecules Luminescence
or photoluminescence by semiconductor nanoparticles Presence of
For most such systems the Stokes shiftis < 1 eV e Skl
However, ERE is observed only in sources with UV e
radiation: specifically photons with 7.3 < E < 11.2 eV e

Results

seem to required for ERE initiation (Darbon et al. 1999, A & A,
348, 990; Witt & Schild 1985, ApJ, 294, 225)

The above implies a Stokes shift of 6 eV, if in fact UV
photons required for initiation are also the exciting
photons

We determine this critical wavelength of ERE initiation
using HST observations of ERE filameﬁnts in NGC 7023
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The Excitation of ERE

Observations: NGC 7023

(Witt et al. 2006, ApJ, 636, 303)
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The Excitation of ERE

Observations: NGC 7023
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(Witt et al. 2006, ApJ, 636, 303)
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The Excitation of ERE

Results

e ERE is initiated by photons with A < 118 nm '
(N 10.5 eV) Introduction

Blue
None of the existing ERE models satisfies this condition  Luminescence

Presence of

UV photons with E > 10.5 eV alone are insufficient to Small PAHs in

generate the required number of ERE photons .

ERE must therefore be a two-step process: ofERE
Creation of the ERE carrier by far-UV photons with ot

10.5 eV < E < 13.6 eV, by photoionization or
photodissociation

Followed by pumping of this carrier by optical/near-Uv
photons

Summary

PAH di-cations with masses < 500 amu appear to be a
suitable candidate
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The Excitation of ERE

Results

» ERE is initiated by photons with A < 118 nm
(~10.5eV)

» None of the existing ERE models satisfies this condition

e UV photons with E > 10.5 eV alone are insufficient to
generate the required number of ERE photons
ERE must therefore be a two-step process:

Creation of the ERE carrier by far-UV photons with
10.5 eV < E < 13.6 eV, by photoionization or
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Followed by pumping of this carrier by optical/near-Uv
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The Excitation of the ERE
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The Excitation of the ERE
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Summary

e A new emission band of blue luminescence (BL) was

discovered in the Red Rectangle nebula IS
BL was attributed to small, neutral PAHs with 3-, Eiminescence
4-rings, using spectral shape, spatial correlation with Fissarsl
the 3.3 um emission and the far-UV ionization the ISM
discontinuity in the attenuation curve of the central The Excitation
source r—

BL was detected in several ordinary reflection nebulae,
establishing the BL as an ubiquitous component of the
ISM

Wavelength of ERE initiation was determined to be
A < 118 nm, which leads to the conclusion that the
ERE is a two-step process
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