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Outline

- Numerical methods

- Semi-classical calculations : H2
+ (1-d &2d) & H2 (1-d) 

- Sub-Femtosecond nuclear motion of HCl
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Methods

Born Oppenheimer: Fixed nuclei 

Lowest molecular states (No ionization)

Full quantum Computation (moving nuclei)

Bandrauk, Ivanov, Corkum ...

Weiner, Frasinski …

Bandrauk, Kulander …

Nuclear motion           richer dynamics

Why & (How) molecules ?
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Semi-classical Approach
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Molecular ion H2
+

1-D Computations
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Pulse duration role
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Molecular ion H2
+

2-D Computation

ω  =1.55 eV
I= 1014 W/cm2

Fixed nuclei

ω  =1.55 eV
I= 5.1013 W/cm2



Typical nuclei trajectories
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« Observables »
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Comparison Quantum vs Semi-classical

2-particles  (1-D) Time Dependant Schrödinger Equation

- Electron + Nuclei
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Nuclear initial distribution
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τ =7fs
ω  =1.17 eV
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τ =50fs

Ionization probability
Nuclei positions
Electronic Density

Comparison Quantum vs Semi-classical
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Comparison Quantum vs Semi-classical
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H2 : 1-D Computations

Fixed Nuclei

ω  =1.55 eV



H2 : 1-D Computations

Fixed Nuclei

Moving Nuclei

ω  =1.55 eV
I= 3 1014 W/cm2



H2 : 1-D Computations

Fixed Nuclei

Moving Nuclei

ω  =1.55 eV
I= 3 1014 W/cm2



H2 : 1-D Computations

ω  =1.55 eV



Competition between nuclear motion and core-hole relaxation:

~ Subfemtosecond scale

Core-hole lifetime in Cl: 0.9 fs

Final states: neutral

Femtosecond nuclear motion of HCl
probed by resonant x-ray Raman scattering in the Cl 1s region
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X-ray emission
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Can we see that motion?



Experimental Set-up

LCPMR Ideal Resolution (200 meV)

R Guillemin, D. Lindle UNLV,  ALS

Synchrotron
radiation
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Theoretical treatment of RIXS 
(2nd order Perturbation Theory)

Spectral bandwith of excitation: Δω ~ 0.25eV
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Kβ  Lines
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Pressure Effect



Kβ line : Elastic peak



Kβ line : Elastic peak



Kα  Line
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Kα line



Theory vs experiment


