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Presenter: Jannes Wübbena
Title: Cooling Optimisation in Quantum Logic Clocks
Description:
A quantum logic clock is an atomic ion clock where the laser cooling/state
detection transition on the one hand and the clock transition on the other
hand are not located on the same ion but split between the “cooling ion”
and the “clock ion”. This makes it necessary to trap two ions of different
species in the same trap. These form two-ion-crystals that possess an
oscillatory mode structure of 6 normal modes that has to be accounted for
in Doppler cooling theory.
One of the major contributors to the uncertainty of todays quantum logic
clocks is the second order Doppler shift due to the kinetic energy of the
clock ion that remains after cooling. The presence of anomalous heating
will in general lead to crystal energies larger than the theoretical
Doppler cooling limit. Depending on the mass ratio of the two ions in the
quantum logic clock, modes can exist that are strongly heated and poorly
cooled such that the cooling limit will be very large.
Here we report on our calculations of the remaining second order Doppler
shift for different ion crystal combinations. We focused especially on Al+
/X+ crystals where the Al+-clock ion is sympathetically cooled by a
suitable logic ion X+ with X+ being one of {Be+, Mg+, Ca+, Sr+, Yb+}. We
show that, depending on the intensity of the anomalous heating, the cooling
laser parameters (intensity, detuning) and the ratio between radial to
axial trap frequencies need to be adjusted to obtain minimal crystal
energies.
We also show how the kinetic energy stored in the intrinsic micromotion of
the two-ion-crystals affects the total second order Doppler shift.
Lastly we report on simulations of the cooling times in the crystal that
are required to cool it after a collision with a background gas particle.
We also investigate the optimal detuning of an additional cooling laser.
We find that for Al+ clocks three of the considered cooling ions will
perform well even in the presence of moderate heating rates (namely Be+, Mg
+, Ca+) and that Sr+ performs fair as long as the heating rates are low.
***

Presenter: Martin Enderlein
Title: An Ion Trapped in an Optical Lattice
Description:
In 2010 we trapped an ion in an optical dipole trap for the first time [1,2].
Optically trapped ions are promising in several ways: For example to study
ultra-cold atom-ion collisions not suffering from micromotion-induced heating
and as potentially scalable systems with long-range interaction for quantum
simulations. The motivation for a quantum simulator is to gain insight into
complex quantum dynamics (e.g. of a solid-state system) via experimentally
simulating the quantum behaviour of interest in another quantum system (e.g.
trapped ions). In order to gain genuinely new insights one has to scale these
simulations to particle numbers that cannot be handled efficiently on a
classical computer. One promising approach to reach scalability is based on
micro-arrays of radio-frequency surface traps [3]. An alternative approach
might be to combine the advantages of trapped ions with those of (atoms in)
optical lattices [3]. Here we report on trapping of an ion in an optical
lattice, an important step towards larger systems, e.g. combining atoms and
ions. Furthermore, we present a new setup dedicated to optical ion trapping
which will allow us to make further progress towards the above-stated goals.
[1] Schneider et al., Nat. Photonics 4 (2010)
[2] Schneider et al., arXiv:1112.3858 (2011)
[3] Schneider et al., arXiv:1106.2597 (2011)
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Presenter: Adam Deller, Tim Mortensen
Title: Progress towards the production of Rydberg Ps atoms
A. Deller, C. A. Isaac, T. Mortensen, H. Telle, D. P. van der Werf, M. Charlton Physics Dept.
Vivian Tower, Swansea University
Description:
We outline the development of a broadband 243 nm pulsed laser system for resonant
excitation of the 1S-2P interval of positronium (Ps) to be used as a precursor for transitions
to higher-n states. The Ps will be formed when positrons from a two-stage molecular
buffer gas accumulator are implanted into a sample of porous silica. The preliminary
experiments will involve ionization of the 2P Ps by a 532 nm laser pulse and recapture of
the unbound positrons in a Penning trap. Excitation events will be inferred by detection of
the gamma-ray annihilation signal as positrons are released from the trap.
***

Presenter : Oscar Versolato
Title:
Description:
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Presenter: Pauline Ascher (MPIK), Mathias Gerbaux (CENBG) and Stéphane Grévy
(CENBG)
Title: "PIPERADE"
Description:
"Some experiments require ultra pure samples of exotic nuclei, like the ones performed by
the "Exotic Nuclei" group at CENBG on Fermi superallowed transitions. The major obstacle
for these measurements is that the nuclei of interest are produced along with loads of
contaminants for which the production cross-section are much higher. One has hence to
"filter" the nuclei to elimininate the contaminants that pollute the measurement and
ultimately limit its precision.
The most classical method consists in using high resolution separators combining magnetic
dipoles, quadrupoles and higher orders elements playing on the charge over mass ratio
difference between the different nuclei. However this does not allow to fully separate
isobars when their masses are close (typically for A > 30 or 40) especially if the
contamination rate and the beam emmittance are important. To go further, it is necessary
to go to ion trapping techniques, the best suited being the use of Penning traps.
PIPERADE (PIège de PEnning pour les RAdioisotopes à DESIR) will consist in a double
Penning trap system combining a high capacity (>> 106) with a mass resolution around 105
sufficient to eliminate almost any contaminant from a radioactive ion sample. A RFQ
cooler will be used to slow down and bunch the radioactive ions coming from the SPIRAL2
facilities before injection in the first trap where each bunch will be cleaned. It is then
transfered to the second trap where the bunches accumulate until the sample is big
enough to be measured."
***

Presenter : K-R. Sütterlin
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Presenter : Andrii Borodin
Title: Addressing and manipulation of individual hyperfine states in cold trapped
molecular ions and application to HD+ frequency metrology
Description :
Advanced techniques for manipulation of internal states, standard in atomic physics, are
demonstrated for a charged molecular species for the first time. We address individual
hyperfine states of ro-vibrational levels of a diatomic ion by optical excitation of individual
hyperfine transitions, and achieve controlled transfer of population into a selected
hyperfine state. We use molecular hydrogen ions (HD+) as a model system and employ a
novel frequency-comb-based, continuous-wave 5 µm laser spectrometer. The achieved
spectral resolution is the highest obtained so far in the Optical domain on a molecular ion
species. As a consequence, we are also able to perform the most precise test yet of the abinitio theory of a molecule.
***

Presenter : Štěpán Roučka
Title : Ion Trap Study of Anion Chemistry at Low Temperatures
Description :
The contribution presents the ion trapping technology used in our laboratory and results
of the recent measurement of the H- + H → H2 + e- associative detachment reaction rate. A
cryogenic 22-pole radiofrequency ion trap in combination with a discharge source of
atomic hydrogen was used for the measurements of the température dependence of the
reaction rate. A novel apparatus combining an ion trap with an electron spectrometer is
under construction in our laboratory. The apparatus will be able to measure the energy of
electrons produced in the ion trap. The current state of the apparatus and our future plans
regarding measurement of energy distributions of electrons produced in associative
detachment reactions will be presented.
***

Presenter ; Jonas Keller
Title: Comparison of reference cavities for an optical clock with improved short-term
stability
Authors:
Jonas Keller, Stepan Ignatovich*, Maksim Okhapkin*, Stephen Webster+, David-M. Meier,
Karsten Pyka, Tanja E. Mehlstäubler
Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Germany
*Institute of Laser Physics, 630090 Novosibirsk, Russia
+National Physical Laboratory, Teddington, UK
Description:
Our work is targeted on the development of an optical frequency standard with a relative
short term stability below 10-15 in 1s based on Coulomb crystals of 115In+ and 172Yb+
ions in a linear segmented Paul trap.
This requires two highly stable lasers for interrogating the 1S0 to 3P0 clock transition in
115In+ and the 2S1/2 to 2D5/2 transition in 172Yb+ for studying and controlling the
dynamics of the ion crystals.
To achieve these stabilities, we are experimentally comparing two different designs for
reference cavities with ULE® spacers and fused silica mirrors. A simple setup using a
horizontally mounted cavity of 12 cm length yielded a thermal time constant of 44 h and
allowed the stabilization of a diode laser to a relative frequency instability of 6·10-16. The
second cavity has a length of 30 cm, giving a thermal noise limit of 1·10-16. Its spacer
design is based on FEM calculations to ensure a sufficiently low vibration sensitivity. In
order to refine this experimentally, the support points can be moved freely along the
optical axis. The resulting sensitivity can be measured using the short cavity as a reference.
***

Presenter : Pierre Grandemange
Description :
The Gravitational Behaviour of Antimatter at Rest experiment (GBAR) is designed to
perform a direct measurement of the weak equivalence principle on antimatter. Its goal is
to measure the acceleration (named g ) of antihy- drogen atoms in free fall. Its originality
is to produce + ions to make use of sympathetic cooling and achieve the necessary μK
temperature.
+ ions are produced by the reactions p
s→
e−, and
s → + +e−, where p is
an antiproton and P s stands for positronium, the bound- state of a positron and an
electron. To produce enough P s atoms, 2 × 1010 positrons must be trapped for 100 s and
quickly ejected on a porous silicate oxide target within 100 ns. With the Multi Ring Trap
(MRT) from RIKEN, already 106 positrons have been successfully trapped, and fast-ejection
of 1010 electrons has been achieved.
A positron injector for GBAR is being commissioned at CEA Saclay. It con- sists of a
Penning-Malmberg trap fed by a slow positron beamline. A 4.3 MeV electron linac shooting
on a tungsten target produces a pulsed positron beam. Positrons are moderated by a multigrid tungsten moderator. A magnetic separator for fast e+ and e− is already implemented
in order to use a solid neon moderator in the future.
Since the installation of the MRT at CEA Saclay in January 2011, a few 1010 electrons have
been trapped. The present slow positron �ux of 3.4×106e+s-1 is comparable to that from
radioactive sources. The junction between the beamline and the trap is under construction.
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Presenter : Aroji Jain
Title : Magnetic Dipole transition in Ti-like Bismuth.
Description :
***

Presenter : Manoj Kumar Joshi
Title :
Description :
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Presenter: Jurriaan Biesheuvel
Title: Molecular hydrogen ions, the proton-electron mass ratio and the proton size

Description:

Progression towards precision measurements on molecular hydrogen ions from which the
proto-electron mass ratio and proton size can be determined.

***

