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Coherent X-Ray Pulse Generation
based on

High Order Harmonics of an Optical Laser.
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Coherence vs brilliance
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Coherence Brilliance
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X ray lasers laser = coherent
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Radiofrequency

Microwaves Harder to get
IR lasers coherence as
visible frequency

UV lasers  Excimer lasers increases

X ray lasers ...




Outline
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The tool: CPA Ti:Sa laser
The fields: Record man-made electric fields

The applications:
Generation of coherent VUV radiation

Short electron bunches




Femtosecond lasers

Abscrplion Fluorescence

Pushing mode-locking to the limit

Short pulse length implies a material able to
lase in a very broad band
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What about intensity?
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G Mourou, Rochester, 1985: Stretch, amplify and compress

Chirped pulse amplification
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Un problema de traduccién: chirping (=glisado)




Compressed output pulse
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The laser system at Salamanca

Intensity 1017 W/cm2
Electric field amplitude 1012 V/m




22  JANUARY 1998 PHYSICS TODAY

© 1998 American Institute of Physics, 5-0031-9228-9801-010-2

ULTRAHIGH-INTENSITY
LASERS: PHYSICS OF THE
 EXTREME ON A TABLETOP

ver the past ten years,

laser intensities have
increased by more than four
orders of magnitude?! to reach
enormous intensities of 10%°
W/em?. The field strength at
these intensities is on the or-
der of a teravolt per centime-
ter, or a hundred times the
Coulombic field binding the
ground state electron in the
hydrogen atom. The elec-
trons driven by such a field
are relativistic, with an oscillatory energy of 10 MeV. At
these intensities, the light pressure, P = I/c, is extreme,
on the order of giga- to terabars. The laser interacting
with matter—solid, gas, plasma—generates high-order
harmonics of the incident beam up to the 3 nm wavelength
range, energetic ions or electrons with mega-electron-volt
energies (figure 1), gigagauss magnetic fields and violent
accelerations of 102! g (g is Earth’s gravity). Finally, the
interaction of an ultraintense beam with superrelativistic

By stretching, amplifying and then
compressing laser pulses; one can reach
petawatt powers, gigagauss magnetic
fields, terabar light pressures and
10%? m/s? electron accelerations.

Gérard A. Mourou, Christopher P. J. Barty
and Michael D. Perry

time-resolved x-ray experi-
ments in the femtosecond
range, or at the Stanford
Linear Accelerator Center
(SLAC) to test nonlinear
quantum electrodynamics by
the interaction of the high-
intensity pulses with super-
relativistic electrons.

Some of the new table-
top-laser principles have
been implemented on exist-
ing large laser systems built
for laser fusion. Lawrence Livermore National Labora-
tory, Los Alamos National Laboratory, the Commissariat
a4 VEnergie Atomique (CEA) in Paris, the Rutherford
Appleton Laboratory in the UK and the Institute of Laser

Engineering in Osaka, Japan, have all added subpicosec-

ond pulse capabilities to their nanosecond lasers, pushing
their peak power by three orders of magnitude from 1
terawatt to 100-1000 TW.

Figure 2 presents the focused intensity of lasers as a




Harmonic generation
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Ordinary nonlinear optics

Second harmonic generation is a standard technique now

1064 nm 532 nm
Nd YAG laser _>
0 2 0

Low order nonlinear effects
N Bloembergen




High-order harmonics
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Harmonic 100 of
Ti:Sa laser is 8 nm
X ray laser

cut-of
plateau i
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Relativistic effects
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Relativistic effects
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At 800 nm and for intensities beyond 108 W/cm?2
electrons are promoted to relativistic speeds.

Over the barrier ionization

10 MeV electrons are now “normal”
Direct acceleration
Indirect Acceleration



What is a sxnchro’rr‘on?

VNIVERSITAS STVDIil SAVAAANTINI

For my a synchrotron is a relativistically moving mirror,
a bunch of electrons moving close to the speed of light

incident reflected

shift




X rays from Elasmas
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Plasma mirror
(relativistically moving)




Peak brilliance
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Conclusions
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CPA Femtosecond laser pulses provide
monster electric fields over very short times
in a controlled way.
Applications in
- High order harmonic generation

Several possible ways to combine
such lasers with synchrotrons




