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A 2.1 Mon 11:00 F107
Scattering of twisted electron wave packets by crys-
tals — eSopuia StrNnarh?, DmiTRy KAarRLOVETS®, and ANDREY
SurzHYKOV1:2 — 1Physikalisch-Technische Bundesanstalt, Braun-
schweig, Deutschland — 2Technische Universitit Braunschweig,
Braunschweig, Deutschland — 3Max-Planck-Institut fiir Kernphysik,
Heidelberg, Deutschland

The transmission electron microscopes (TEM) is one of the main tools
in material studies. Nowadays TEMSs provide beam sizes down to
the sub-angstrom scale [1]. Further, electron beams carrying non-
zero angular momentum with energies up to few hundred keV can be
produced. These so-called twisted electron beams posses a magnetic
moment which allows for additional probing of magnetic properties of
materials. We describe the twisted electrons as spacially localized wave
packets to take the finite beam size in TEMs into account. In particu-
lar, we investigate the elastic scattering of a Bessel-Gaussian electron
mode by graphene in a generalized Born approximation (developed in
[2, 3]). We study the scattering of a 80 keV electron wave packet with
a size ranging from 0.5 A to 5 A and show that a non-zero orbital an-
gular momentum projection significantly alters the scattering pattern.
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A 2.2 Mon 11:15 F107
Radiation-field-driven ionization in laser-assisted slow atomic
collisions — eANDREAS JAcoB, CARSTEN MULLER, and ALEXAN-
DER VoITKlv — Institut fiir Theoretische Physik I, Heinrich-Heine-
Universitat Diisseldorf

It is generally assumed that for ionization processes, which occur in
slow atomic collisions, the coupling of the colliding system to the quan-
tum radiation field is irrelevant. We show [1], however, that — contrary
to expectations — such a coupling can strongly influence ionization of
a beam of atomic species A slowly traversing a gas of atomic species B
excited by a weak laser field. Our results imply furthermore that the
Breit interaction can, in fact, dominate over the Coulomb interaction
at very low energies.
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A 2.3 Mon 11:30 F107
Entanglement created in collisions governed by the Coulomb
interaction — eYImMENG WaNG, KarRL P. HornN, and CHRISTIANE
P. KocH — Fachbereich Physik, Freie Universitdt Berlin, Arnimallee
14, 14195 Berlin, Germany

Entanglement or inseparability is central to quantum physics. How-
ever, the test for separability can be rather hard to implement with
increasing Hilbert space dimension, especially for entanglement in mo-
tional degrees of freedom where the von Neumann entropy as well as
other quantum entropies are divergent or ill-defined. The goal of this
work is to quantify the entanglement of the scattering between an
electron and a proton, by calculating the momentum uncertainty of
either particle, extending earlier work [1,2] on entanglement in low-
energy hydrogen bound states. We inspect both Rydberg states and
scattering states and evaluate the behavior of entanglement versus en-
ergy near zero, to study the analytical properties of the “spectrum of
entanglement” across the ionization threshold. The quantification of
entanglement for scattering states will provide a new perspective on
quantum scattering states, and demonstrate the difference between the
weakly-bound states, a flat continuum, and shape resonances.
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A 24 Mon 11:45 F107
Calculations of Delbriick scattering to all orders in oZ
— eJoNAS SOMMERFELDT!2, VLADIMIR YEROKHIN®, and ANDREY
SurzHykov!2 — lPhysikalisch Technische Bundesanstalt, D-38116
Braunschweig, Germany — 2Technische Universitidt Braunschweig, D-
38106 Braunschweig, Germany — 3Max-Planck Institut fiir Kern-
physik, D-69117 Heidelberg, Germany

Location: F107

Delbriick scattering is the process in which photons are elastically scat-
tered by the electric field of an atomic nucleus via the production of
virtual electron-positron pairs. It is one of the few non-linear quan-
tum electrodynamical processes that can be observed experimentally
[1] and, hence, testing the respective theoretical predictions serves as
an important test of QED in strong electromagnetic fields. Despite the
strong motivation for the theoretical analysis of Delbriick scattering,
most of the previous studies have been limited to some approximation
regarding the coupling between the virtual electron positron pair and
the nucleus leading to large disagreements between theory and experi-
ment for certain parameter regimes [2]. In this contribution, therefore,
we present an efficient approach to calculate amplitudes for Delbriick
scattering that accounts for the interaction with nucleus to all orders
including the Coulomb corrections [3].
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A 2.5 Mon 12:00 F107
First Dielectronic Recombination Measurements with Low-
Charged Heavy Ions at the Cryogenic Storage Ring
— eLeoNARD W. IsBErRNERY2, MANFRED GRIESER?, ROBERT
voN Haun2, ZorrAn Harman?, ABeL KAvrosi®2, CHRISTOPH

H. Kerrer?, Craube Krantz?, DanieL Paur®2, Danien W.

Savin3, SuvaM SiNneH?, ANDREAS WOLF2?, STEFAN SCHIPPERS!,
and OvLDRICH Novorny? — !I. Physikalisches Institut, Justus-
Liebig-Universitit GieRen, GieRen, Germany — 2Max-Planck-Institut
fiir Kernphysik, Heidelberg, Germany — S3Columbia Astrophysics
Laboratory, Columbia University, New York, NY, USA — 4GSI

Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany

Accurate plasma modeling, e.g. for astrophysical environments, re-
quires detailed information on fundamental processes such as the re-
combination of free electrons with atomic ions. Although electron-
ion recombination has been investigated in magnetic heavy ion stor-
age rings over the past three decades, those studies were restricted to
ions with low to moderate mass-to-charge ratios due to the relatively
high residual gas pressure in magnetic storage rings. The electrostatic
Cryogenic Storage Ring (CSR), located at the Max-Planck-Institut fiir
Kernphysik in Heidelberg, provides excellent vacuum conditions and
thus offers a unique environment for recombination studies with high
mass-to-charge ratio ions. Here we report on the first recombination
measurements with atomic ions at CSR. Our observations of resonant
recombination features for Ne2t and Xe3t demonstrate the feasibility
of atomic recombination studies with low-charged heavy ions at CSR.

A 26 Mon 12:15 F107
Hyperfine-induced effect on angular and polarization be-
haviors of the Ka; line following electron-impact excitation
of He-like T17°F ions — eZuonawen Wul:2:3 Ziqianeg Tianl,
Jun Jianc!, CreEnzHONG Donc!, and STEPHAN FRITZSCHEZ3:4 —
INorthwest Normal University, P. R. China — 2Helmholtz-Institut
Jena, Germany — 3GSI Helmholtzzentrum fiir Schwerionenforschung
GmbH, Germany — “4Friedrich-Schiller-Universitit Jena, Germany

For atoms or ions with nonzero nuclear spin, the hyperfine interaction
of nuclear magnetic moment with those of bound electrons leads to
splitting of their fine-structure levels and, thus, affects their excitation
and decay properties. In this contribution, we studied angular and
polarization behaviors of the Kaj line following electron-impact ex-
citation of He-like spin-1/2 T179F ions using the multiconfigurational
Dirac-Fock method and relativistic distorted-wave theory. Special at-
tention was paid to the effect of the hyperfine interaction on the be-
haviors. It was found that the hyperfine-induced effect depends dom-
inantly on impact electron energy. For low energies close to the exci-
tation threshold, the hyperfine interaction contributes to making the
K line more anisotropic and polarized. In contrast, such an effect di-
minishes quickly with increasing energy and even vanishes at medium
and high energies, which is rather different from the case of radiative
electron capture. The present study is accessible at both electron-beam
ion traps and ion storage rings and thus accurate angular or polariza-
tion measurements of the Koy line at low energies are expected to
probe the hyperfine interaction in highly charged few-electron ions.

A 2.7 Mon 12:30 F107
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Search for Exotic Molecules in Rydberg Positronium-Neutral
Atom Mixtures — eMILENA SiMI¢ and MaTrTHEW EILEs — Max
Planck Institute for the Physics of Complex Systems, Dresden, Ger-
many

The interaction between a Rydberg atom and a distant ground-state
atom can bind the two atoms together into a long-range Rydberg
molecule. The mechanism behind this interaction is the scattering
of the low-energy Rydberg electron off of the ground-state atom. By
replacing the Rydberg atom with Rydberg positronium, an additional
interaction plays a role. This interaction, between the positron and
the neutral atom, is also determined by low-energy scattering phase
shifts, but now of the positron off of the ground state atom. These
phase shifts, like those of electrons, have been computed for a variety
of atoms. In this talk, we discuss the prospects of forming exotic long-
range Rydberg molecules composed of both matter and antimatter.
Compared to normal long-range Rydberg molecules, the replacement
of the heavy atomic core with a positron brings new physics into play:
the molecular bond is now determined by two scattering processes in-
stead of one, the reduced mass of the molecule is very light, and the
decay channel opened by annihilation could be significant.

A 2.8 Mon 12:45 F107

Berechnung der Ruhemassen von Elementarteilchen durch
Polynome mit der Basis m — eHeELMuUT ScHMIiDT — LMU Miin-

chen

Losungen der Schrodingergleichungen kénnen in ein Polynom mit der
Basis 27 transformiert werden. Fiir jedes Objekt ergibt die Energie als
Polynom E = 7(t)(2m)%+zy(t) (2m) ¢~ 4 2(t) (2r)¢~2. Jeder Koeffizient
fiihrt zu einer archimedische Spirale. Besitzen 2 Objekte und eine Be-
obachter einen gemeinsamen Schwerpunkt, konnen die Energien durch
ein einziges Polynom in Beziehung gesetzt und berechnet werden. Die
ganzzahligen Quantenzahlen r, xy, z und d bewirken einen Zusammen-
halt und fithren zu den vier fundamentalen Wechselwirkungen. Davon
ist unser Weltbild, mit 3 isotropen Dimensionen x, y und z und Rota-
tionen mit 27, zu unterscheiden. Die Polynome werden durch einfache
Operatoren (Addition) fiir die Paritét, Zeit und Ladung umgeformt.
Zahlreiche Rechnungen zu Elementarteilchen werden angefiihrt.
Mneutron/Me = (21)* + (27)3 + (27)2 — (27)! — (2m)° — (2m)~ 1 +
2(2m) 72 +2(2m) "4 — 2(27) 76 + 6(27) ~® = 1838.6836611
Ladungsoperator fiir alle Teilchen:
C=—-7m4+2r1—ag 34275 g T4 79— x712
Protonenmasse: ~
Mproton = Mneutron + Cme = 1836.15267363m.
Feinstrukturkonstante:
lja=n*4m4m2—1—7"t 4772 -
2r~ 1 — 27 ~12 = 137.035999037
Gravitationskonstante: hGc®s8/m10\/r% — 72 —1/m —1/m3 =
1.00000
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