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Outline

- Numerical methods
- Semi-classical calculations : H,* (1-d &2d) & H, (1-d)

- Sub-Femtosecond nuclear motion of HCI



Why & (How) molecules ?

Nuclear motion === richer dynamics

World is made of molecules

Methods
[ Born Oppenheimer: Fixed nuclei
Small i Lowest molecular states (No ionization)
Molecules . . :
| Full quantum Computation (moving nuclei)
Fixed TDDFT

nuclei MCTDHF
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Scaled photoelectron spectrum
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Why & (How) molecules ?

Nuclear motion == richer dynamics

World is made of molecules

Methods
[ Born Oppenheimer: Fixed nuclei
Small i Lowest molecular states (No ionization)
Molecules . . :
| Full quantum Computation (moving nuclei)
Fixed TDDFT
nuclei MCTDHF

Multicomponent Density-Functional
Theory for Electrons and Nuclei



Semi-classical Approach
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Pulse duration role
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Ionization, e probability , f(t)
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Molecular ion H,*
2-D Computation

Fixed nuclei
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Typical nuclei trajectories
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« Observables »
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Position (a.u.)

« Observables »
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Comparison Quantum vs Semi-classical

- Electron + Nuclei
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- Initial distribution for the positions and the velocities of the nuclei

“CTMC approach”
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Nuclear initial distribution
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nuclei position (a.u.)
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Quantum Spectrum (arb. un.)

Comparison Quantum vs Semi-classical

— 15 e 15fs
—>50fs e 50fs

1 . — 0.1

0.8 | i

0.6
-4 0.05

0.4

0.2

(‘un ‘gre) wnnoadg [BIISSB)-TWAS

0.1 0.15
Energy (a.u.)

0.05



H, : 1-D Computations

PROBABILITED'IONISATION A LA FINDE L'IMPULSION
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Probabilité d’ionisation

Probabilité d’ionisation

H, : 1-D Computations
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H, : 1-D Computations

PROBABILITE D'IONISATION A LA FIN DE L'IMPULSION
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Ener

Femtosecond nuclear motion of HCI
probed by resonant x-ray Raman scattering in the Cl 1s region

Competition between nuclear motion and core-hole relaxation:

~ Subfemtosecond scale
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RIXS : Resonant Inelastic X-ray Scattering
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Can we see that motion?
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Experimental Set-up
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Absorption (unités arb.)
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Theoretical treatment of RIXS
(2" order Perturbation Theory)
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Intensity (arb. units)
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Intensity (arb. units)

Pressure Effect

T | T T T T T ] T T I - I , | : l
. - 440 t
top = 2823.5 eV exp - 440 torr

o exp - 250 torr
— theory

Q =-0.81eV

Q=-1.56eV

&
"V‘VQ?‘Q:”I I fl L
2808 2810 2812 2814 2816 2818 2820 2822 2824 2826
Photon energy (eV)




)

Energy (a.u

-356.8

-357

-357.2

-357.4

-357.6 -
-452.8

b 1]
& &
(I

-453.4

KP line : Elastic peak




Elastic peak
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HCI K, line
Is-(v=0) -> o%*
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Theory vs experiment
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