lecture 9.12.2010
we had so far:

- photoionization
- correlated processes, detection
- momentum detection

NOW.

- Interatomic Coulomb decay studied with COLTRIMS
- velocity map imaging detector

- cluster physics: cluster production and detection



momentum detection with space and time resolving system
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lon and electron momentum spectrometer
COLTRIMS: cold target recoil ion momentum spectrometer

the 'bubble chamber' of atomic physics

§ red:
i position and
time

blue:
position and
time

sensitive sensitive
ion electron
detector detector

Horst Schmidt-B6cking, Stern-Gerlach medal 2010
of the German Physical Society (DPG)
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He photo double ionization at 529 eV photon energy

Arrow: direction of electron 1 (with given energy)
symbols: emission of electron 2 (at 2 eV, left, and 30 eV)




Carbon k-shell photoelectrons from CO at 10 eV energy

C : black
O: grey
arrow: light polarization




Interatomic Coulombic Decay (ICD) in Neon Dimers

well known: Auger emission, which is always from the same atom (1925)
new effect: Auger-like electron can come from a neighboring atom (1997)

(a) Photoionization

a) Creation of a 2s hole in a neon
dimer by photoionization

b) Successive Interatomic
Coulombic Decay: the 2s hole
is filled by a 2p electron, the
excess energy is transferred to
the neighboring neon atom
causing the ejection of one of

(@ Colanl Bxp oxien its 2p electrons.

| * c) Back-to-back emission of the
o - fragments after Coulomb
explosion of the Ne-dimer




momenta of the emitted particles are measured in coincidence
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Coincidently measured
momenta of the two Nel+
ions. The events are found
along a diagonal line pzl = -
pz2, where pz1;2 is the
momentum component of
lon 1 and 2. This proves
directly that the two ions
result from a Coulomb
explosion of a dimer, i.e. it
unambiguously identifies
step (c)



electron energy in coincidence with the kinetic energies of the ions

electron energy (eV)

photo-

500
electron

400

300

= 200

100

ICD electron

theory says:

In ICD, the sum of the ICD
electron's energy and the
Kinetic energy of the ionic
fragments is a constant.
Therefore by looking at the
relation of the electron's
energy and the kinetic
energy of the ionic fragments
events of ICD appear on a
diagonal line

Cederbaum Theory, Hergenhahn, Dérner Experiments



newest result: single photon double ionization of the helium dimer
Havermeier et al., Phys. Rev. Lett. 104, 153401 (2010)

a single photon can ionize the two helium atoms of the helium dimer in a distance up
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double ionization of He dimer by one 63.86 photon

angular distribution of KER KER in coincidence with energy
of one electron

line: total available energy. IP(He) = 24.59 eV
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last method: velocity map imaging spectrometer
VMI

work by Slawomir Skruszewicz Instrumental resolution ~ AE; .. / E=0.07 at 1eV
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above-threshold ionization in Xenon atoms

Imaging Spectra Angle-Integrated Spectra
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above-threshold ionization in Xenon

Imaging Spectra Angle-Integrated Spectra
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above-threshold ionization in Xenon

Imaging Spectra Angle-Integrated Spectra
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above-threshold ionization in Xenon

Imaging Spectra Angle-Integrated Spectra
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high photon energies - Neon atoms

Imaging spectrum of Neon atoms hv =230 eV Photoelectron spectrum of Neon
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Neon - angular distributions

Theoretical fit

hv =110 eV
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* anisotropy parameter increases
from -0.2 up to 1 for low energies
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theory: D.J. Kennedy and S. T. Manson Phys. Rev. A, 5, 227, (1972)



Ceo INn INtense laser fields

... at low electron energies
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really the end of atomic physics
now: cluster physics
IN some respect

clusters can be considered
as giant atoms




Introduction — What is a cluster ?

Clusters — Intermediate range between atoms and bulk matter

Aggregates of 2-10" particles

(n—>60r7) ZaN\N
2
N/
Cluster Size N Diameter / nm(Nay)
Small <107 <1.9
Medium 102-10% 1.9-8.6
Large > 104 > 8.6




Types of Clusters -1

Based on the type of constituent particles & type of bonding

Metal Clusters Semiconductor Clusters Rare gas Clusters

S block — Metallic bond Bonding — Covalent Bonding -Van der Waals
(e.g. alkali & alkaline earth) : Inter-atomic attraction

e.g.C, Si & Ge
SP metals — Covalent bond 9 Increases with increasing

e.g. Al .
(e.9.Al) atomic mass (He—Rn).
http://www.tc.bham.ac.uk/~roy/Teaching/CHM3T1




Types of Clusters - 2

lonic Clusters Molecular Clusters Cluster molecules

- r
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atoms with large difference yan der Waals,

In electronegativity dipole-dipole interactions,
Bonding — lonic and hydrogen bonding
e.g. (NaCl),,, [Mg,O,J]26* e.9. (Ny),, (CgHe),, (H0),

e

thermodynamically
and/or Kinetically
stable with respect
to coalescence

e.g. Al;;MgAl,,



binding strenght
will be a topic next week

Table 2.1. Classification of clusters according to their binding [Jortner (1984)]

Cluster type Type of binding Binding Examples
energy [eV]
van der Waals Dispersive forces <03 (Ar)n, (N (COL)N
Molecular Dispersive forces, weak 0.3 -1 (org.molecules)y,
electrostatic forces (I)n

Hydrogen- Intermolecular hydrogen 0.3 - 0.5 (HF)y, (H,O)y
bonded bridges

Ionic Heteropolar bonding 2-4 (NaCl)y, (CaF,)y
Valence Covalent bonding 1-4 Cys Sg, As,
Metal Metallic bonding 0.5-3 Nay, Aly, Cuy, Wy




