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PHOTODISSOCIATION REGIONS
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UV PHOTONS

PHOTOPHYSICS OF PAHs

MePAH + hν → MePAH+ + e-

MePAH+ + hν → (MePAH-H)+ + H
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Marciniak et al. A&A(2021)
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C11H9

+

MeN

(METHYLNAPHTHALENE-H)

+ H

•How fast does C11H9
+ relax?

•Which are the long-lived isomers?
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H loss from

CH3 group

m/z 141
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Superconducting magnet (5T)

FT-ICR-MS cell

- Long time 
scale
(~ 1000s)

- P ≈ 10-10mbar

- T ≈ 300K

PIRENEA SETUP
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FT-ICR-MS cell

1.Production  m/z 141

1-MeN/2-MeN
(gaseous)

A. neutral precursor

PIRENEA SETUP
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Superconducting magnet (5T)
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FT-ICR-MS cell

266 nm 

141

142

115

m/z

+

+

B. 266 nm laser  

PIRENEA SETUP

1.Production  m/z 141

A. neutral precursor
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Superconducting magnet (5T)
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FT-ICR-MS cell

Isomer A

Isomer B

m/z

141

PIRENEA SETUP

2. Isolation m/z 141
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Superconducting magnet (5T)



FT-ICR-MS cell

OPO 
laser

+

+

Isomer A

Isomer B

m/z

141
115

Visible range

PIRENEA SETUP

3. Irradiation OPO

C2H2

loss
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Superconducting magnet (5T)



0

0.2

0.4

0.6

0.8

1

0 200 400 600 800 1000

N
o

rm
. I

n
te

n
si

ty

OPO irradiation time (s)

0

0.2

0.4

0.6

0.8

1

0 200 400 600 800 1000

OPO irradiation time (s)

516 nm

● Parent
● Fragment
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─ A+B+C
─ Ao = 0.5
─ Bo = 0.2
─ Co = 0.3

─ A+B+C
─ Ao = 0.5
─ Bo = 0.2
─ Co = 0.3



INITIAL POPULATION OF THE UNKNOWN ISOMERS

Ao ≈ 50% 
Bo ≈ 20% 
Co ≈ 30%

Ao ≈ 30% 
Bo ≈ 40% 
Co ≈ 30%

2-MeN 1-MeN
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+

C11H9
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REACTIVITY

1.Production m/z 141

2.OPO laser

3.Isolation m/z 141

4.Reactivity 

+

+

Isomer A

Isomer B

Information about the 
remaining population 
after OPO irradiation
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REACTIVITY WITH 1-MeN
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+

Benzylium

+ (Bz + CH2)+ + 78
✓

Tropylium

+

+ (Tr + CH2)+ + 78

(TOLUENE-H) REACTIVITY
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PIRENEA SUMMARY

2-NyMe+ 1-NyMe+ NyTr+A B C

+ + +
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✓NyTr does 
not absorb 
above 500 
nm

~30 %~ 70 %

•Which are the long-lived isomers?



Wenzel et al. J. Mol. Spectrosc. (2022)

Infrared spectroscopy of C11H9
+ formed from 2-MN

2-NyMe
~ 70%

NyTrUp to 
40%

e-
17 eV

PIRENEA SUMMARY
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•How fast does C11H9
+ relax?

WHAT HAVE WE DONE?

Mini-Ring (Lyon)

•Which are the long-lived isomers?

PIRENEA (Toulouse)
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- Tω ≈ 5.8µs

- KE ≈ 12 keV

- P ≈ 10-10mbar

- T ≈ 300K

Natural decay

Mini-Ring SETUP
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Magnetic 
sector C11H9

+

Mini-Ring

Neutral 
detectors

ECR ion 
source

e-

e- e-

e-
e-

- short time 
scale (30 µs to 
100 ms)

time



- Tω ≈ 5.8µs

- KE ≈ 12 keV

- P ≈ 10-10mbar

- T ≈ 300K

Natural decay

Mini-Ring SETUP
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Magnetic 
sector C11H9

+

Mini-Ring

Neutral 
detectors

ECR ion 
source

e-

e- e-

e-
e-

- short time 
scale (30 µs to 
100 ms)

LID

time



TIMES IN Mini-Ring
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Storage time

100 ms

10 laser shots 
(100Hz)



TIMES IN Mini-Ring
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10 laser shots 
(100Hz)

100 ms

Storage time



TIMES IN Mini-Ring

t’: time after laser 
firing 
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INTEGRATED YIELD: POWER LAW FIT
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● 1st shot (7.9 ms)

─ α = 1.11

● 5th shot (47.9 ms)

─ α = 0.99

● 10th shot (97.9 ms)

─ α = 0.79

Fitting the 10 first peaks for 350nm
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α decreasing
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INTEGRATED YIELD: POWER LAW FIT

• Ion ensemble with infinitely narrow Internal Energy Distribution (IED)

𝑁 𝑡 = 𝑁0 exp −𝑘𝐷𝑡

Only
considering
dissociation!

t-1
𝑁 𝑡 = 𝑁0𝑡

−1

• Ion ensemble with an infinitely broad IED

Ji et al. J. Chem. Phys. (2017)

Only
considering
dissociation!



Mini-Ring SUMMARY
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•How fast does C11H9
+ relax?

✓Dissociation is quenched in the 100 ms range for our IED

Recurrence fluorescence and/or isomerization

✓Cooling slower than for similar molecules
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SynPAHcool PROJECT

• Aim: relaxation dynamics of Astro-PAHs 

• Methods: coupling a cryogenic electrostatic storage ring to 
the DESIRS VUV beamline at SOLEIL

• Envisioned investigations:

✓ To more closely mimic PDR environments 

✓ IR emission

✓ To provide experimental dissociation rates

✓ To provide experimental RF rates
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