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Outline

| ntroduction into relativistic Laser-Atom Interaction:
Free Electrons, |onization and the Lorentz Force

Relativistic Laser-Single lon Interaction

Quantum Features. Interferences and Spin
High Energy Acceleration and X-Ray Emission

| nteraction with vacuum and 1ts control



Dirac Dynamicsin strong Laser Fields
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Mott Scattering In strong Laser Fields

Scattering at naked Uranium
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Mean E-fidlds |sbound dynamics possibe  H-like Uranium
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L aser-induced tunneling
for multiply charged ions
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Tunnel-Recollision Dynamics for
Multiply Charged lons
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Sub-Angstrom Harmonics
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Resonant Multiphoton X-Ray Optics with Multiply/Highly Charged lons
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Multiply Charged lons
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Therole of the vacuum and spontaneous emission
SUppression via guantum interference

| nterferences via
additional
low-frequency field
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Nuclear Physics. Fusion & Neutrons
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High energy physicsvia GeV acceleration
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Left to right: M. Macovel, K. Hatsagortsyan, G. Mocken, B. Henrich,
CHK, U. Jentschura, J. Evers, D. Bullock, M. Haas, A. Staudt
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Relativistic Laser-lon Interaction:

Tunnel Regime & Multi-Photon Resonances

=> Generation of coherent hard X-ray pulses
Spontaneous emission control via quantum interference
GeV laser acceleration towards high engery physics
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Atoms in Intense Laser Fields
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Radiation (atomic units) Population of Ig>  <x> (atomic units)

Sub-Angstrom Harmonics. Mechanism

200

100

—100
—200

0.8

0.6 |

0.4

0.2
2e—16

H6e—16

3e—16

0e+00

? 0.6571 o
B 0.6356 1
a2 0.6123 A _ B
. LA |
8 9 10 11 12 13

Interaction time (unit of laser periods)

[~ = |
. T
/ L
L e
1
—IR —12 —6 L Hilp 129¥ LS50

polarization dir. (a.w.)

10" Wi/end
248 nm (KrF)

6
N°" lons

CHK, SHu, APL 80, 541 (02), see aso without Coulomb attraction DB Milocevic et a, PRA (01), M Walser et al, PRL (00)



Spin Signatures for Tunneling Harmonics
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Spectra of Laser-Driven Hydrogen-like Xenon
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Thin Crystalsin Intense Laser Pulses
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Phase M atched Harmonics from
Crystalsin the Tunneling Regime
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Radiative Reaction / QED Effects
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GeV El €ectron acceleration in Tighly Focussed Beams
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