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Minimum Energy Conical Intersections

• CIs are points of degeneracy between 

two or more PES.

• The MECI is a local point in the CI seam 

which has the lowest energy.

• Intersections can be thought of as 

analogous to transition states in the 

ground state.

• There are multiple algorithms for finding 

the MECI, but the main two categories 

are with or without derivative coupling 

vectors.

• You generally compute CIs by simply 

minimising the gap between the two 

states you are interested in.

• To find the MECI you must also minimise 

the overall energy of the states, which 

increases the complexity of the problem.

• It’s hard to know the lowest level of 

theory sufficient for the system you are 

studying: MS-CASPT2 [1], SF-TDDFT 

[2], SA-CASSCF [3], TDDFT(TDA) [4] 

and more.

Overview of conical intersections Simple method for finding the MECI [1]

Machine learning enters the stage
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• Penalty methods are computationally 

expensive, no research exists on the 

MECI of large molecules [2].

• Some methods exist for MECI 

computation via KRR but they 

haven’t been applied to larger 

systems [6]. 

• MLIPs such as MACE output 

continuously differentiable functions, 

making the problem well-posed.

• Using them to train a model would 

severely reduce the computational cost.

• Can also use existing databases to 

reduce the computational cost of 

running DFT calculations.

[6] J. Phys. Chem. Lett. 2023, 14, 7780.

Photoexcitation and de-excitation mechanism [5].
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