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European
XFEL | Outline

o Introduction
« Two-color (XUV-FEL + Optical Laser) photoionization
 Circular Dichroism (CD) in the photoionization

o Two-color two-photon Photoionization

« CD for FEL beam diagnostics

o Two-color multi-photon Photoionization

 CD for studying photoionization dynamics

o Two-color resonant multi-photon Photoionization

« CD for characterizing intermediate states

o Summary
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Theory: Maquet, Taieb, J. Mod. Opt. 54, 1847 (2007)

M. Meyer, Science@FEL_2014, PSI, September 17, 2014



1 Dichroism in two-color photoionization

European

XFEL | Dichroism in the photoionization
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2 FEL1 parameters:
Photon energy 19-62eV
Tunability continuous
Pulse length (FWHM) 30 - 100 fs
Bandwidths (rms) 5x 104
Polarization linear, circular
Repetition rate 10 Hz
Pulse energy 30-100 ud

DiProl: Diffraction and Projection Imaging
EIS: Elastic and Inelastic Scattering (TIMEX, TIMER)

LDM: Low Density Matter 3-Ways EIS-TIMER
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Parameters February 2013 il
VMI: e ,ions
A (hv) 784 nm (1.58 eV) s = E:1-100 eV
Energy/pulse 0.75mJ | AE: 4%
stability <1% rms TOF: ions
At 165 — 175 fs Am/m=350 (w/ VMI)
3 Am/m=14000 (alone)

Jitter <25 fs (conservative)

To be installed:
B-TOF
Scattering detector

Long-term position <2% of spot size rms
stability Feedback controlled

@breadboard

oo

V. Lyamayev et al. A modular end-station for atomic,

molecular, and cluster science at the Low Density Matter
beamline of FERMI@Elettra
J. Phys. B (Special issue Aug 2013)

Courtesy of Carlo Callegari, FERMI
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Two-color resonant two-photon ionization
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Angular Distribution

Two-color photoionization
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Experimental Circular Dichroism
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Circular polarized FEL beam !!

Excellent agreement with theory
CD (SB) =-0.04

N

1) Degree of circular polarization
P=0.95 +0.05/-0.08

2) Sign of CD -> Sign of helicity

Left-handed circular polarization
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FERMI

Circular dichroism in two-color two-photon lonization

= Characterization of FEL pulses

CD in two-color multi-photon ATI
= Characterization of multi-photon processes t .

= Partial electron waves

CD in two-color resonant multi-photon lonization pe= Lh
= Resonant multi-photon processes |

= Spectroscopy of ionic species
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