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UNIDENTIFIED INFRA-RED EMISSION

UIR emission when there is UV-lit dust
Emission 3.3,6.2,7.7,8.6 and 11.2 um.

Dying stars, forming stars/planetary systems, ISM
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UNIDENTIFIED INFRA-RED EMISSION

UIR emission when there is UV-lit dust
Emission 3.3,6.2,7.7,8.6 and 11.2 um.

Dying stars, forming stars/planetary systems, ISM
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PAHS: SOURCES OF UIR EMISSIONS

olycyclic “romatic -'ydrocarbons

Phenanthre ne
CiyHyg

Pentaphene
CyoHyy

Molecular bands near correct wavelengths
Reasonable physical model for UV-driven IR emission




EVERY PAH IS AN INDIVIDUAL

Spectra for ~1000 PAH species known
from lab or theoretical work Coronene

neutral, ions, and D, N, Fe,
Mg-substituted

Intensity

Each PAH has unique spectral features

Phenanthrene
J—_M_MLW_.__.\____.A_A;AA‘—‘;
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WHY ARE PAHS INTERESTING?

10-20% of all carbon atoms in the Interstellar Medium (ISM) are in PAH molecules

For this reason, PAH emissions are found in almost every cosmic environment in
which there are concentrations of dust illuminated by ultraviolet radiation

They could be used to characterize the conditions of the ISM, and could be used as
a tracer of star formation in the Milky Way

PAHs now appear to be important molecules on the pathway to life




PAH IDENTIFICATION PROBLEM

astrophysical source shows the unique signature of any
identifiable PAH

Astrophysical sources appear to have:
multiple PAR species present
different PAH-species concentrations depending on:

UV-intensity, temperature, and composition




COMPLEX SPECTRA

FPAH Ermissions
Thermal Emissions
Absorption Lines
Thermal Emissions Thermal Emissions
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MODELING IMPORTANT FEATURES

F(1) = Zplcp5pPAH o(A)+ iAkPlanck(/l;TkH iAg N(E;Zg,ag)

p=1 k=1 g=1

PAH contributions
Cp— PAH concentration
9,— PAH presence (YES or NO)




MODELING IMPORTANT FEATURES

F(1) = Zcp5pPAH p(/1)+ZAkPIanck(/1 Tk)+ZAgN(/I Ag:0g)
p=1 k=1 g=1

Planck Blackbody Radiators
A, — Planck Amplitude

T,— Planck Temperature

exp hc//l kT
/1 exp(hc/AKT) -1

Planck (1;T,) =




MODELING IMPORTANT FEATURES

F(1) = Zplcp5pPAH o(A)+ iAkPlanck(/l;TkH iAg N(E;Zg,ag)

p=1 k=1 g=1

b

Mixture of Gaussians
A, — Gaussian Amplitude
— Gaussian Mean

— Gaussian Mean




MODELING IMPORTANT FEATURES

F(1) = ZP:Cp5pPAH o (1) + iAkPlanck(/l;TkH iAg N(4;Ag,04)

p=1 k=1 g=

1. PAH contributions (and atomic and ionic transitions)
2. Planck Radiators
3. Mixture of Gaussians

These three models describe the spectrum to first order.




PAHS POSE UNIQUE DIFFICULTIES

Most source separation problems consist of multiple mixtures and a
handful of unknown sources with unknown contributions.

PAH spectral source separation consists of one mixture and numerous
known sources with unknown contributions (and even some unknown

sources).
There are potentially 100s to 1000s of species present.
= How do we tell which ones?

= How do we deal with the large number of spectra?




ASTROPHYSICAL SPECTRUM PORTAL

The PAH spectra database at NASA Ames Research Center contains
~1000 PAH spectra

/ The Astrophysical Spectrum Portal - Microsoft Internet Ex

View Favorites Tools Help
| Search avorites <5<
b the asp

The Astrophysical Spectrum Portal

NAS Synthetic Stellar Spectrum Libra
cility" mputing resources

Last Update: ki
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ESTIMATING PLANCK BLACKBODIES




ESTIMATING PLANCK BLACKBODIES

This figure shows a spectrum

taken from the Orion Bar Orion Bar

The black curve is the original
data, the blue curve is the
background estimation.
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ESTIMATING PLANCK BLACKBODIES

This figure shows a spectrum

taken from the Orion Bar Orion Bar

Atomic —
Emission Lines
/ / Unrealistic flux

The black curve is the original
data, the blue curve is the
background estimation.
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LINEAR LEAST SQUARES

187 PAHSs in a synthetic mixture
LSQLIN Solution for Mix_187d Using 187 Templates - Run 179102833
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METROPOLIS HASTINGS MCMC

187 PAHSs in a synthetic mixture

Correct vs. Calculated PAH values
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ESTIMATING BACKGROUND




WHAT TO DO WITH BACKGROUND?

15 20 25 30 35 40 45

Wavelength (micrometers)




SPLINE MODEL

Spline Approximation of a Sine Curve
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PIECEWISE GAUSSIAN LIKELIHOOD

«  Weighted Gaussian Likelihood Function

if ypred ~ Ydata <0
exp(_ (ypred - Zdata)zl
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SMOOTHNESS PRIOR (OPTIONAL)

Gaussian Prior on the Integral of the Second Derivative

([ y"wdz)ZJ

21°

Prior oc exp{

’ 1\ y)-2y(i+D)+y(i+2)
Iy ()i = ( N —ZJ; (x(1+2) —x(1+1))(x(1 +1) — x(1))




SYNTHETIC BACKGROUND REMOVAL
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M82 STARBURST

0

"Recorded IR Spectrum with Fitted Background
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PORTION OF THE ORION BAR

Recorded IR Spectrum with Fitted Background

6.1 6.2 6.3 6.4
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