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COULOMB EXPLOSION IMAGING (CEI)

CEI 1s performed by:

 Femtosecond X-ray free-electron (XFEL) and strong
IR lasers

* Charge up of molecules through sequential
multiphoton 1onization

* Explosion of charged fragments!
* Final momenta of fragments recorded

* Want to understand the molecular dynamics during a
pump-probe experiment (“molecular movie’)

* Current: Geometry determined through manual
analysis and indirect path from experimental data

X. Liet. al., Phys. Rev. Research 4 (2022)
https://doi.org/10.1103/PhysRevResearch.4.013029 2



https://doi.org/10.1103/PhysRevResearch.4.013029

DESCRIPTION OF MOLECULES

How do we get the structure of fast-moving gas molecules that
react at the attosecond timescale?

* One possible * Bonds and molecular orbitals

energetic pathway
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* Molecular Schrodinger equation for an N-atom molecule

H(Ry, Ry, ..., Ry)V(R, 71,73, ...,17) = Ecleyele
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NEWTONIAN DYNAMICS
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* (Can use standard integration methods to solve the tqo

second order differential equations

* Initial conditions: Positions and Momenta



Presenter Notes
Presentation Notes
Newtonian dynamics provide a relatively straight-forward problem:



DEVELOPMENT OF CODE F=mii =y 2l
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Goal: Predict molecular geometries directly from final momentum data obtained
from CEI

[ Molecule class ] [ Testing class ] [ Inverter class ]




INVERSION METHOD  F=mi= Z 447
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* From CEI we only have final momenta (no starting position or momenta)

* Determine the final kinetic energy

« Partition the kinetic energy into the degrees of freedom of the initial conditions
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(Simulated) CEI

Partition final into
initial energy
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SIMULATIONS (0+C+S+ CHANNEL)
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INVERTER SOLUTIONS

Final Momentum (Solutions)
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Assumptions:
No 1nitial KE
- No KE partition terms

Partitions:

n = 15 =9 91 solutions

n = 30 —» 406 solutions
n = 60 = 1711 solutions
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SIMULATION GEOMETRY
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ERROR COMPARISON

15 partitions OCS Error comparison
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High density of points at low
momentum error suggests
that there is a promise to this
methodology
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LIMITATIONS AND NEXT STEPS

* Non-unique solutions of the initial geometry

* Preciseness of energy partitions?

* Do we need to increase the computation power?

* Generalization to N-fragment molecule
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* Generalization to 2 and 3 dimensional spaces
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* Comparison to CEI experimental data
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 What does the laser do to the molecule while it 1s charging up?

 Error in method?
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Cori “Haswell” supercomputer with peak performance
of 30 petaflops (Floating Point Operations per Second)
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