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Ultrafast Nanoscience – goal: watch materials in action*!

*the fundamental 
processes governing 
device functionality



Sketch of solar cell, 1 

electron vs. 2 electrons1 photon→ 1 electron



Sketch of solar cell, 1 

electron vs. 2 electrons1 photon→ 2 electrons!!

Does this 
actually work?

Let‘s look at 
the life cycle ...
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The exciton life cycle in pentacene
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identical!!!

What is the 
mechanism of 
this process?
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Time- and angle-resolved 
photoemission spectroscopy 
(trARPES)
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The signal at the triplet energy rises 
simultaneously with the singlet signal!

First observed by Chan et al., Science 334, 
1541 (2011) from Columbia University.

→ “Manhattan Model”:  X = T
coupling between singlet and triplets is so 
strong that singlet fission occurs 
immediately!



Manhattan model



Manhattan model



The clubbing-hangover model: X=S
(Berlin model)



The clubbing-hangover model: X=S
(Berlin model)
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Utilizing the momentum-space distribution, we 
can decompose the signal into HOMO-like and 
LUMO-like orbitals.

X has the same dynamics as S!
T rises with the decay of the singlet!

→ Berlin model rocks, Manhattan model sucks!

original publication: Neef et al., Nature 616, 275 (2023)

https://www.nature.com/articles/s41586-023-05814-1
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