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The purpose of the STSM project was to start a collaboration between the Debrecen 

group and the UCM group to plan scenarios where laser-induced conical intersections 

(LICIs)1,2 have important roles by creating new deactivation (or ignition) mechanisms in 

photo-physical or photo-chemical processes and to address the characterization and 

manipulation of the dynamics through LICIS using the techniques of quantum control3. 

Under the effect of a strong field the electronic landscape of the molecule can change 

dramatically. New photochemical processes can then be described in terms of the 

dynamics of nuclear wave packets in light-induced potential4 (LIP) energy surfaces. The 

motion of the wave packet in the LIP gives raise to electronic absorption, which can be 

achieved with adiabatic properties, as in adiabatic passage in light-induced potentials5 

(APLIP). However, non-adiabatic processes may occur as well.  

The outcome of the dynamics in excited states of molecules in mainly governed by conical 

intersections (CI). The LIPs also have CIs, called LICIs, which can severely destroy the 

effects of adiabatic passage. In particular, considering the effect of the orientation of the 

molecular axis with respect to the field, the LICIs already show up in a diatomic molecule2. 

However, one advantage of the LICIs is that they are created by the laser and hence they 

can be controlled externally as well. Recent studies have characterized the features of 

the LICIs and the dynamics around their neighborhoods using transformed limited pulses 

as well as chirped pulses6. However, these phase choices represent just the simplest pulse 

modulations that are currently possible. In order to adjust the phases to the dynamics 

one needs to use the full machinery of quantum control3 (typically, quantum optimal 

control).  

The first task during my stay was to deliver a short “hands-on” course on quantum 

control. During the course we reviewed basic formalism of quantum control 

(controllability, physically motivated schemes, optimal control theory, local control 

theory, learning algorithms, landscapes) with a focus on quantum optimal control 

algorithms (QOCA). 

The discussion meetings were organized suggesting three possible lines of research of 

common interest between our groups: 



i) New scenarios where a LICI could become the main (or an important) source 

of decay. 

We have recently proposed a novel mechanism to create large dipoles in 

molecules with charge resonant states, such as the molecular Hydrogen 

cation, under the presence of a strong static or slowly oscillating field7. The 

dipole requires concerted electronic and vibrational motion on the excited 

electronic state dressed by the field. The model calculations were performed 

assuming alignment of the molecular axis with respect to the field 

polarization. If the molecule can rotate, however, a LICI occurs which may 

open a fast-decay mechanism for the wave packet in the excited electronic 

state. We plan to solve the time-dependent Schrödinger equation for the two 

potentials allowing vibrational and rotational motion to investigate if the 

rotational motion opens a new efficient mechanism of deactivation of the 

coherent motion of the dipole. The first calculations are in progress. In 

addition, we evaluated the interplay between vibrational trapping, molecular 

(wave packet) squeezing and decay through LICI in the molecular deuterium 

cation8. 

ii) The use of quantum optimal control algorithms to manipulate the dynamics 

through LICIs. 

In order to choose the proper QOCA one must evaluate the best suited 

functional form, the possible field constraints, and the converge properties of 

the algorithm. As a first example, we seek to maximize the dissociation 

probability in a process whose only open channel at low energies is through a 

LICI. This demands constraining the pulse intensity of the control field in 

addition to the dressing field that creates the LIP. Also, only a certain range of 

frequencies should be allowed to avoid other dissociating channels. The need 

to use not-very-strong fields and to constrain the pulse spectra, puts strong 

demands on the possible choice of QOCA. In our case we plan to use the Zhu-

Rabitz optimization scheme9. One possible optimization procedure follows 

the road of Shu and Henriksen10. 

In short, during my stay we had many hours of open discussions and I was impressed by 

the technical level of the discussions and the full implication of all the people in the group. 

I believe that many possible interesting scenarios have been outlined and we paved the 

way to develop a full research project in cooperation. Some of the research lines are right 

now being pursued. For this, I would like to thank the COST for the support. 
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