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Outline

1 - One-colour experiments (FEL)

- One-photon ionization (FEL characterization)
- Multi-photon processes (Nonlinear vs. Higher order)

2 - Two-colour experiments (FEL + optical laser)

- TWO-phOtOﬂ Cross correlation (Temporal characterization)
- Multi-photon ATI (Nonlinear effects)
- Pump-probe applications

- polarization dependence
- coupling of autoionization states
- molecular fragmentation



VUV-FEL Experimental Hall - BL 2

(August 2005, May/June 2006)

FEL - Parameters

- 32.2 nm (2005)
- 25.5, 13.8 nm (2006)

-30-50fs
-1-10 pJ (average)

-2 - 5 Hz (macro)
- < 30 bunches
&P - 1 Us separation

optical laser



Experimental set-up

MBES: Magnetic Bottle Electron Spectrometer _
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One - Colour / One - Photon

Photoionization
of rare gazes




One-photon ionization of Xenon

thermopile - signal photoelectron - signal
Xenon
- AT (bunch) = 1 usec - photoionization of Xe
- relative intensity - time-of flight

- definition of T, - single-shot spectra



One-photon ionization of Xe

U(ret) = -15V Xenon
Signal : 70 mV
- 10° - 106 electrons/pulse
op 1011 - 1012 photons/pulse
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- nonlinear effects
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One-photon ionization of Xe
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Statistical behavior of higher harmonics

Single shot correlation

fundamental - third harmonic
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Higher harmonics of FEL radiation

32.2 nm
Measured harmonic ratios August 2005
gas 2nd / 1st 3rd / 1st | (FEL)
e 0.6 (2) % 0.5(2) % 5-7ud
0.3 (2) % 0.2 (2) % 3 ud
Ar 0.3 (2) % 0.35 (20) % 3 ud
He 0.5(2) % 0.85 (2) % 5-7ud

average over 254 single-shot spectra



Higher harmonics vs. multi-photon

2nd harm. 4 ? 2-photon
[
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Higher harmonics vs. multi-photon

Harmonics (Auqust 2005): Multi-photon (August 2006):

- similar values for He, Ar, Xe

- observed in focused and unfocused beam - FEL pulse energy > 50 pJ

- observed in the spectral distribution - focus size 30 um
- TDSE calculations
(R. Taieb, A. Maquet, LCP-MR, Paris)

- FEL intensity >3 x 1013 W/cm?

FEL (38.8 eV), I =7 x 10M W / cm? 1
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Two-photon double-ionization in He

Lambropoulos, Nikolopoulos, Makris, Phys.Rev. A 72, 013410 (2005)
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Two - Colour / Two - Photon

Photoionization
of dressed atoms




Two-photon (two-color) ionization

General idea: photoionization in a strong field

intenisty (arb. units)
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FEL + Optical Laser

bending magnet
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One-photon ionization of He
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Two-photon ionization of He

FEL: 32nm, 1-3ud, 50 umfocus, 50fs, ~ 10'2W/cm?
Laser: 523 nm, 250 pJ, 50 um focus, 12 ps, ~ 10" W/cm?

- TDSE calculation (R. Taieb, A. Maquet
He 15" [1s:SB~1-2 % ( quet)

-1
0.008 — . 1s
=
- 0.006 @ H
- 0.004 > = | _
B =
ooz g @
| 0000 <€ > | 7
- =
— _ ~
_aa 15 2 g
-10 gf @
5 @ L= B
D ~J
: & i 1.59‘%1} \ 1.95%]
& 0 —
_ 10 2 ' ' I
— r 15 & 10 12 14 16 18
e S Kinetic energy [eV]
15 16 17 S ”

Electron kinetic energy [eV]
M. Meyer et al., Phys.Rev. A74, 11401(R) (2006)



Two-photon (FEL + ps laser) ionization of He

Cross correlation FEL (32.2 nm) - optical laser (523 nm)
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Two-photon (FEL + fs laser) ionization of He

intensity (arb. units)

FEL: 25 nm, 5puJ, 50 um focus, 30 fs
Laser : 800 nm, 20 uJ, 50 um focus, 150 fs
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Two-photon (FEL + fs laser) ionization of He

FEL: 25 nm, 5puJ, 50 um focus, 30 fs
Laser : 800 nm, 20 uJ, 50 um focus, 150 fs
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Two-photon (FEL + fs laser) ionization of Xe

intensity (arb. units)
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Two-photon (FEL + fs laser) ionization of Xe

intensity (arb. units)
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Two - Colour / Two - Photon

First applications




Two-photon (FEL + fs laser) : Polarization effects
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H, + hv (FEL) -—-> H*+ H* (21, 3l ...

) hv (laser) ---> H* + H*
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Summary

One-color experiments

- single shot spectra (high photon flux)
---> statistical behavior of the FEL

- two- and multiphoton processes (short pulses)

---> non-linear processes (coming up!)

Two-color experiments

- sideband spectra of He, Xe and Kr (ps and fs optical laser)

---> temporal stability of FEL
- polarization effects
---> two-photon ionization continua
- pump-probe applications
---> electron and nuclear dynamics in atoms and molecules



