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Large quantum clusters and cold molecules

Supersonic Molecular Beams

Helium

Rare Gas Nanodroplets
Clusters

Isolation of molecules and Dynamics Special properties of
molecular complexes at low . clusters as size-limited bulk
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Quantum Interferences — Level scheme of Rb

AE = 2.96 cm"

od « 5p:
E,= 12885.78 cm™’
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Pump-probe spectrum of RbHe exciplexes
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Comparison with vibrational levels from potentials

RbHe: vib. levels
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RbHe potential:
J. Pascale, Phys. Rev. A 28, 632
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Seeded ignition of nano plasmas
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O High-field IR pulses, few cycle IR pulses

Number of doped Xe atoms

O Pump-Probe experiments — expansion of cluster, helium plasmon resonance

0 Different location of dopants

Collaboration with R. Moshammer, et al.,
MPIK Heidelberg

S. R. Krishnan, et al., Phys. Rev. Lett. 107, 173402 (2011)
S. R. Krishnan, et al., New J. Phys. 14, 075016 (2012)

S. R. Krishnan et al.,chapter 64 in Multiphoton Processes
and Attosecond Physics, Springer Verlag (2012)




Probing ,longer” times: Pump-probe dynamics of He ions

Plasmon resonance feature
at 200fs — 1000fs
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- Fast/narrow resonance at low doping levels
—=2>Very similar dynamics irrespective of species

- Strong dependence of resonance position / width on droplet size
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Helium plasma resonance !

UNI
FREIBURG

Krishnan et al., N. J. Phys. 14, 075016 (2012)




High Photon Energies (XUV)
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Laser - atom interaction in the IR

Weak field: Multiphoton regime Strong field: Tunneling /
Over-barrier regime
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q Elettra and FERMI lightsources

Eletira Sincrotrone Trieste
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Low Density Matter Beamline
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FEL Experiments with Beams of Molecules, Clusters,
Molecular Complexes and Nanostructures
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The Low Density Matter Beamline

Fundamental physics

Material science
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Chemistry/Biochemistry

0, H,0,—> OH
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Aerosol / Atmospheric chemistry

V. Lyamayey, Y. Ovcharenko, R. Katzy, M. Devetta and L.
Bruder et. al, J. Phys. B 46 164007 (2013)
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Collective Autolonization — Interatomic Coulombic Decay

ICD electron:
KER=2 X E o+ - IPy

He(1s2p P): 17.8eV
He(1s2s 1S): 16.6eV

Coulomb explosion of the cluster
Nanoplasma formation!
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Kuleff et. al. Phys. Rev. Lett. 105, 043004 (2010) LaForge A, et al., Scientific Reports, 4, 3621 (2014)
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Collective manybody autoionization dominates
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Ovcharenko Y, et al., Phys. Rev. Lett. 112, 073401(2014)




Photoelectron spectra
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Photoelectron Spectra: kinetic energies of electrons identify different processes!
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Dynamics

/ ELECTRON CREATES He"(235,).
BUBBLE FORMS. CLUSTER
EVAPORATES AND COOLS,

VIBRATIONALLY EXCITED Hej(v)

VIBRATIOMAL RELAXATION.
RECOIL EJECTION OF Hel(v')

~ 30 I.Jsec'.

He~ CAFTURES ATOM AND FORM

energy / eV

atomic 1snp, 'P levels

20 10 0 bulk » surface
droplet absorbance f arb.u.

Buchenau, Toennies et al.,
J. Chem. Phys. 95, 8134 (1991)

O. Bunermann, O. Kornilov, S. Leone, D. Neumark, and O.
Gessner., IEEE J. Sel. Top. Quantum Electron.18, 308 (2012)




XUV = UV pump-probe experiment
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