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I-Free electron in an EM field:
Classical treatment

Drift motion

Oscillatory motion
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I-Free electron in an EM field:
Relativistic treatment
( ) x 0 y 0F q E v B ; E E cos t; B B cos t= + × = ω = ω

G G GG

E
G

B
G k

G

electron at rest

e-

2
pU /mc 1≤

ω
2ω

ω
Photon dragging

Radiation pattern

Newton Relat. (pert reg.                  )

ω 2ω



General case: analytical solution

Periodic motion
HARMONIC DECOMPOSITION

Fundamental oscillation frequency:

Fundamental emission frequency :
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I-Free electron in an EM field:
Quantum treatment

Hamiltonian: 
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Analytical solution!
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VOLKOV STATE

- STATIONNARY STATE BUT TIME DEPENDENT ENERGY



VOLKOV STATE
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Even harmonics Odd + Even harmonics:
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New effects : 
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II- Atom in a strong laser field
Model: Bound - Unbound transition for a single electron

Fundamental state

continuum
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Dynamics depends strongly on the laser intensity
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Perturbative multiphoton ionisation :



Above Threshold Ionisation

Scenario with I
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Experimental manifestation



Electron spectrum Radiation spectrum
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- Quantification: transition into 
a Volkov state

- Cut-off energy? -Odd harmonics: inversion symmetry

-Cut-off energy?

ATI Tunneling→ Intra at.trans. ATI Tunneling→ +



Above Threshold Ionisation:
Important features

Classical explanation. 
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(phase shift effect)



2- Peak suppression

( ) P
elec. ion

U if conversion potential kinetic
E n s E

0 else
≥ ↔

= + ω−  ≥
=

PPeak sup ressi(1) long pulse on when U→ ≥ ω=

(1)

(2)

(2) Short pulse

13 22 10 /I W cm×�

12 22.2 10 /I W cm= ×

12 27.2 10 /I W cm= ×

12 27.2 10 /I W cm= ×



Tunnel Ionisation

Time dependent Barrier

Maximum of Ionisation when 
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Tunnel Ionisation: Keldysh parameter
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Tunnel Ionisation: cut-off energies

Three-step model

Re-collision
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TRAJECTORIES

…. : No return  
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Re-collision:

Diffusion ATI Plateau

Recombinaison HHG plateau
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FURTHER DEVELOMENTS

• Attosecond pulse generation (mode 
locking of HH)

• Coherent sources in the VUV and XUV
• Cluster explosion : 

neutron sources
Highly energetic particles



CLUSTER EXPLOSION




