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Introduction

Key Observational Constraints

Although the PAH hypothesis has been very successful in explaining many aspects of the AIB 
spectrum, there are a number of open questions regarding the PAH hypothesis.

– Lack of spectral diversity. Why do sources with varying excitation conditions show a 
nearly identical R and B? This implies two small, distinct PAH populations-- one emitting 
primarily at 3.3 m and the other at 11.2 𝜇m, which has consequences for interpreting the 
AIB band ratios.

– Conflict with current models for the AIB emission. Current modeling of the AIBs usually 
assume 30-50 PAH molecules of different types and sizes (see for example refs 4,5,6).  How 
do we reconcile the constant λR and λB with current PAH emission models?

– Absence of UV/optical absorption features. Up to 20% of the IR emission of a galaxy is 
emitted in the AIBs, and therefore a small number of PAH species would be expected to 
produce strong absorption bands at 300-700 nm. Why are there no observed absorption 
features from PAH molecules (refs 7,8)? 

– Selective Formation and Survival. Why are only a small number of gas phase PAH 
molecules consistently produced and preserved in the ISM?

We hope this poster will stimulate further research addressing these unresolved questions.

Key Questions for the PAH Hypothesis

The peak wavelengths of the AIBs are remarkably constant (ref 1,2). In addition, there are 
two key observational constraints in Class A sources:

– Red Wing of the 3.3 μm AIB: The wavelength at half peak intensity of the red wing (λR) is 
remarkably consistent, with an extremely small observed spread of ±0.0012 μm (see Figure 
1). Since this band is emitted by small PAHs (30-50 carbon atoms) and is highly temperature-
sensitive (ref 3), the constant λR implies that there are a limited set of PAH species with 
similar excitation temperatures across diverse astrophysical environments.

– Blue Wing of the 11.2 μm AIB: The wavelength at half peak intensity of the blue wing (λB) 
is nearly constant, with a spread of only ±0.002 μm (see Figure 2). This band is primarily 
emitted by large PAHs (≥80 carbon atoms), and models using the NASA Ames PAH database 
show a strong species-dependent variation (see Figure 3). Thus the constant λB is very 
difficult to understand unless there is a very specific set of PAH species.

We examine PAH hypothesis, which says that the Aromatic Infrared Bands (AIBs) observed 
at 3.3, 6.2, 7.7, 8.6, and 11.2 μm originate from gas-phase PAH molecules.   We focus here 

on the dominant Class A sources (ref 1,2).

The core issue: the lack of spectral diversity across diverse astrophysical environments (HII 
regions, planetary nebulae, reflection nebulae, the diffuse ISM) suggest that there is a 
small set of PAH molecules with nearly source invariant compositions and UV excitation 
energies. 
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Figure 1. Normalized JWST spectra of the atomic PDR region and DF3 regions of the Orion Bar (ref 9) 
compared to the normalized ISO spectrum of NGC 7027 (ref 10) and the JWST spectra of IRAS 21282, M17, 
NGC 1333, and NGC 2023 (ref 11; grey solid lines). The continuum, plateau, and emission lines were removed.

Figure 2. Normalized spectra of the atomic PDR regions of the Orion Bar compared to the ISO SWS spectra of 
the Orion Bar H2S1, TY CrA, and NGC 7027. The continuum, plateau, and emission lines were removed.  The 
DF3 Orion Bar spectrum is a Class B type and is not shown.

Figure 3. Vertical lines show 
the out-of-plane bending 
mode wavelengths for 
symmetric, compact PAHs 
from the NASA Ames PAH 
database (ref 12, 13), 
without corrections for 
anharmonic or temperature 
effects. The narrow range 
of λB places tight 
constraints on which PAH 
species can exist.  Although 
not shown, isomers also 
need to be taken into 
account.
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