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The interac-on of light and ma5er is responsible for a variety of photophysical and photochemical 
phenomena occurring in nature, like photosynthesis, in the human body, like vision, and in 
technological devices, like photovoltaics. Theore-cal modeling of these phenomena requires to be 
able to describe the complex interplay of electronic and nuclear mo-on beyond the Born-
Oppenheimer approxima-on [1], ie including nonadiaba-c effects, over ultrafast -me scales ranging 
from femtoseconds to picoseconds. 
 
The exact factoriza-on of the electron-nuclear wavefunc-on is a formalism introduced in 2010 by 
Gross and coworkers to analyze and to simulate nonadiaba-c processes [2,3]. Its original electron-
nuclear formula-on has been used to derive various flavors of trajectory-based algorithms [4,5] to 
simulate ultrafast relaxa-on processes ini-ated by photoexcita-on, like photoisomeriza-on [6] or 
photodissocia-on [7]. However, extensions of the original formalism to treat electron-only systems 
(exact electron factoriza-on) [8,9] and photon-electron-nuclear systems (exact PEN factoriza-on) 
[10, 11] have been proposed to study processes such as the dynamics of electrons in a strong laser 
field or photodynamics in the strong coupling regime.  
 
In this talk, I will present an introduc-on to the theory of nonadiaba-c ultrafast dynamics with the 
exact factoriza-on and I will give an overview of its recent applica-ons. 
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