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A Note on Stellar 
Evolution:

Need dying stars to release heavy elements!



◆Stellar winds from bright, 

hot young stars carve out 

cavities in surrounding gas 

and dust;

◆The bright orange signify 

polycyclic aromatic 

hydrocarbons (PAHs);

◆The deeper red signifies 

molecular hydrogen.

JWST NIRCam NGC 604



Emission Features

Smith, E.C.D., & McLean, I.S. 2008, ApJ, 676:408-415.
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Emission Features

Absorption:

E₂

E ₁

Smith, E.C.D., & McLean, I.S. 2008, ApJ, 676:408-415.
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Emission Features

E ₁

E₂ Eₚₕₒₜₒₙ = E₂ - E ₁

Absorption:

E₂

E ₁

Emission:

Smith, E.C.D., & McLean, I.S. 2008, ApJ, 676:408-415.

λ  = hc / Eₚₕₒₜₒₙ
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Broad features at:
3.3, 6.2, 7.7, 8.6,

11.3, and 12.7 μm

Each corresponds 
to different 
vibrational modes!

PAH Emission



Vibrational Modes

In-Plane Out-of-Plane

Bending
Bond angle changes

Stretching
Bond length changes



The molecular structures of PAHs
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PAH Emission Varies With....
1. Grain Size
2. Molecular Edge Structure
3. Charge State

Relative intensities of PAH features gives insight 
into the physical properties of the PAH population!



1. Grain Size

Small

• Larger molecules have more 
vibrational degrees of freedom

• Average energy per mode is lower 
• Photons emitted will have lower 

energy — longer wavelength! Large

More large molecules = Stronger long-wavelength 
emission relative to short-wavelength emission



2. Edge Structure
Influences the relative strengths of 
the features associated with the C-H 
out-of-plane bending mode:

11.3 μm: Smoother, straighter edges
12.7 μm: More corners

* either smaller or have more irregular edges

Irregular

Smooth

Strength of the 12.7 μm feature relative to the 11.3 μm 
feature is a reflection of PAH molecular edge structure



PAH-
e-

PAH + e-

3. Charge State
When a PAH molecule becomes 
charged, an oscillating electric 
dipole is induced
Increases the intensity of the C-C 
stretching modes
As a result, features between 5-10 
μm are weak in the spectra of 
neutral PAHs, but dominant in the 
spectra of ionized PAHs

Relative intensity of the features between 5-10 μm 
is an indication of the ionization fraction



The aromatic/aliphatic C-H/C-D stretches
Aromatic C-H 

Aliphatic C-H 

Aromatic C-D 

Aliphatic C-D 

E. Peeters et al 2004 ApJ 604 252
E. Peeters et al A&A, 685, A74 (2024)
X. J. Yang, & Aigen Lin, ApJ,2025
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toelect ron photoion coincidence (iPEPICO) spectroscopy at the Swiss Light synchrotron with

a model based on the Rice-Ramsperger-Kassel-Marcus (RRKM) theory has been successful to

quant ify act ivat ion energies and dissociat ion rates by studies in the 1 100µs range [15]. In this

t ime window, dissociat ion is not in compet it ion with radiat ive cooling. It is only in the analysis

of the experiments in ion traps and storage rings (e.g. in the PIRENEA setup described below)

that this compet it ion has to be taken into account considering the involved long t imescales.
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Figure 2. Schemat ic of the different relaxat ion

processes of astro-PAHs upon VUV photon

absorpt ion and involved characterist ic molecular

t imescales.

An interest ing result in the last years of the

photophysics of PAHs has been the confirma-

t ion in the laboratory of recurrent fluorescence

as a main radiat ive cooling mechanism. Re-

current fluorescence, also called Poincaré flu-

orescence, has been predicted by Léger et al.

[16]. Boissel et al. [17] reported evidence for

its role in the cooling of t rapped anthracene

cat ions submit ted to the radiat ion of a Xe

lamp. The process was confirmed and quant i-

fied in the Mini-ring storage ring [18,19]. The

use of storage rings has opened the possibilit y

for dynamical studies over the ms window for

the study of the fast radiat ive cooling of ener-

gized PAHs. Timescales longer than seconds

arenow becoming accessible with thenew gen-

erat ion of cryogenic rings such as DESIREE

at the University of Stockholm or the electro-

stat ic cryogenic storage ring CSR at the Max-

Planck Inst itute for Nuclear Physics and University of Heidelberg. These will be really valuable

to address the infrared cooling of PAHs [20].

3. M et hods

3.1. Experimental methods

We have used ion trap experiments to invest igate the effect of size on the dissociat ion of PAHs.

More specifically, we discuss here the importance of the C2H2 loss channel and the variat ion of

the H dissociat ion rate with the PAH size. Two setups have been used: PIRENEA, a dedicated

setup for astrochemist ry, and the commercial linear ion trap available at the VUV DESIRS

beamline. These setups are briefly discussed below.

The PIRENEA setup for astrochemist ry is a cryogenic Fourier t ransform ion cyclot ron

resonance mass spectrometer (FTICR-MS) that has been specifically designed to approach the

condit ions of the interstellar medium in terms of isolat ion of the trapped species. It is therefore

best suited to study the photophysics of PAH ions on long t imescales. It is unfortunately

not interfaced with a tuneable VUV source, therefore a mult iple photon absorpt ion scheme

with lower energy photons is used to achieve fragmentat ion. In this scheme, the photons are

absorbed sequent ially. Due to fast internal conversion (t imescale typically less than ps [21]), the

energy absorbed in an excited elect ronic state is rapidly converted into internal energy of the

ground state before absorpt ion of the next photon. Boissel et al. [17] have demonstrated that

the use of a Xe lamp is convenient to control the heat ing of the ions and study their dissociat ion

in compet it ion with radiat ive cooling, which we call the dissociat ion at threshold. In these

condit ions, branching rat ios between the different fragments can be obtained as illust rated in

this art icle. In these experiments, one can easily follow the relat ive abundance of the parent and

the different fragments as a funct ion of the irradiat ion t ime. The fit t ing of these curves with a

kinet ic Monte Carlo model can be used to extract a dissociat ion rate (close to the threshold).

Congcong Zhang, Doctoral thesis, 2025

PAH Co-evolution with UV photon



JWST & SPHEREx
➢Image：NIRCam

➢Spectrum：NIRSpec IFU

Congcong Zhang, et al. ApJS 280:4(21pp) 2025
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