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Invited Talk A 41 Mon 14:30 N 3
Bound-electron g factor of highly charged ions — eANDREY
Vororka — Helmholtz-Institut Jena, D-07743 Jena, Germany

In recent years, remarkable progress in experimental and theoretical
investigations of the bound-electron g factor of highly charged ions
has been achieved. In particular, it has led to the determination of the
electron mass [1], tests of the many-electron QED [2| as well as rela-
tivistic recoil [3] effects. Here, we summarize recent results in theoret-
ical calculations of the bound-electron g factor of H-, Li-, and B-like
ions. Moreover, we discuss possibilities for investigations of nuclear
and nonlinear effects as well as fine structure constant determination
from g factors of heavy ions.

[1] S. Sturm et al., Nature 506, 467 (2014)

[2] A. V. Volotka et al., Phys. Rev. Lett. 112, 253004 (2014)

[3] F. Kohler et al., Nat. Commun. 7, 10246 (2016)

A 42 Mon 15:00 N 3
A Laser Ion Source for the ALPHATRAP experiment —
oT1m SaiLERY'2, JoaANNA ARaPoGLOUL2, ALEXANDER Ecrl:2, MAR-
TIN HocKkER!, SANDRO KRAEMERD2, ANDREAS WEIGELD2, ROBERT
Worr!3, Kraus Braum!, and SveN Sturm! — !Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany — 2Fakultit fiir Physik
und Astronomie, Universitit Heidelberg — 3ARC Centre of Excellence
for Engineered Quantum Systems, School of Physics, The University
of Sydney, NSW Australia

The Penning-trap experiment ALPHATRAP, located at the Max-
Planck-Institut fiir Kernphysik, aims to measure the g-factor of bound
electrons in highly charged ions up to hydrogen-like 208Pb81+ . In the
resulting electrical field strength of the order of 10'®V/cm bound-
state quantum electrodynamics can be tested with highest precision in
extreme conditions.

A Laser Ion Source (LIS) based on a pulsed Nd:YAG laser will be
designed and built to produce 9Bel* ions, which will subsequently be
laser cooled inside the trap using a 313nm laser system. Highly charged
ions, which cannot be directly addressed by the laser, will be sympa-
thetically cooled by the beryllium ions. This will enable measurements
beyond the current thermal limits. The LIS will be attached to the
existing beamline, allowing the external production and insertion of
the 9Bel ™ ions into the trap as well as enabling easy adjustments such
as target material switching for future uses.

A 43 Mon 15:15 N 3
The ALPHATRAP g-Factor Experiment — eANDREAS
WeiGeLb2, ToanNa ARraPoGLoub 2, ALEXANDER EcLD2, MARTIN
Hocker!, SaANDRO KRAEMERY'2, TiM SaILER!'2, RoBERT WOLF!,
JosE Ramon Crespo L6pez-UrruTtial, SveEN SturMm!, and Kraus
Braum! — Max-Planck-Institut fiir Kernphysik, Saupfercheckweg 1,
69117 Heidelberg — 2Fakultét fiir Physik und Astronomie, Universitit
Heidelberg

The Penning-trap based experiment ALPHATRAP is currently in the
commissioning phase at the Max-Planck-Institut fiir Kernphysik in
Heidelberg. It is the follow-up to the Mainz g-factor experiment,
which has performed the most sensitive test of bound-state quantum
electrodynamics (BS-QED) by measuring the g-factor of the remain-
ing electron bound in hydrogen-like 28Sil3+ at an uncertainty level of
107! [1]. ALPHATRAP aims for g-factor measurements on even
heavier highly charged ions up to hydrogen-, lithium- and boron-like
lead, with simultaneously improved accuracy. To achieve this, the
ALPHATRAP experiment, consisting of an improved cryogenic double
Penning-trap setup, is coupled via an ultra-high vacuum beamline to
various ion-sources including the Heidelberg Electron-Beam Ion Trap.
In combination with currently conducted BS-QED calculations, the
measurements are expected to further contribute to the exploration of
the limits of BS-QED and also aim for an independent determination
of the fine-structure constant a. The current status of the project will
be presented.

[1] S. Sturm et al., Phys. Rev. Lett. 107, 023002 (2011)

A 44 Mon 1530 N 3
Towards Laser Cooling of Highly Charged Ions at the
ALPHATRAP Experiment — eSaNDrRO KRAEMERD'2, IoANNA

ArapocLou'2, ALExaNnDER EcrLb?, MarTiN Hocker!, Tim

Location: N 3

SaiLerb2, AnDREAs WEIGEL!2, RoBERT WoLr!3, KrLaus Braum!,

and SVEN STURM! — !Max-Planck-Institut fiir Kernphysik, Heidel-
berg, Germany — 2Fakultiit fiir Physik und Astronomie, Universitit
Heidelberg — 3ARC Centre of Excellence for Engineered Quantum
Systems, School of Physics, The University of Sydney, NSW Australia

ALPHATRAP, a Penning-trap experiment currently being set up at
the Max-Planck-Institut fiir Kernphysik, aims for a test of bound-state
QED in very high field strengths by measuring the g-factor of highly
charged ions (HCI) up to hydrogen-like 2°8Pb81+. In existing systems
the stored particles are cooled using resistive and electronic feedback
cooling.

As a novel development, laser cooled beryllium ions will be used
to sympathetically cool the HCIs stored in the same trap. A setup
for laser cooling of Bet-ions adressing the 281/2 > 2P3/2 transition
at 313 nm is currently being developed. The lower achievable ion tem-
peratures are expected to further increase the precision of the measure-
ment. Additionally, new measurement schemes, such as simultaneous
g-factor measurements on Coulomb crystallized ion pairs, become pos-
sible.

The laser system and the coupling into the trap will be discussed,
and a current status of the project will be given.

A 45 Mon 15:45 N 3

Development of a Modified-Cyclotron Detection System for
Resistively Cooling a Single Trapped Antiproton — eJAMES

HarriNegTOND2,  MusTara BESIRLIZ, MATTHIAS BORCHERTZ4,
Takasur Hicucni?®, Hiroki Nacganama?®, STErFAN SELLNERZ,
2,5

2,3 1,2
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CHRISTIAN SMORRA Tovya TANAKA®°, MATTHEW BOHMAN
ANDREAS Mo0sER?, GEORG ScHNEIDER®2, NaTALIE ScHONS, KLAUS
Braum?!, Yasuyukl Marsubpa®, CrrisTiaAN OsPeELKAUS®7?, WoLF-
cang QUINT®, JocHEN WaLz%9, Yasunorl Yamazakil®, and STEFAN
ULMER? — !Max-Planck-Institut fiir Kernphysik, Germany — 2Ulmer
Initiative Research Unit RIKEN, Wako, Japan — 3CERN, Geneva,
Switzerland — #Institut fiir Quantenoptik, Leibniz Universitit Han-
nover, Germany — ?Graduate School of Arts and Sciences, Univer-
sity of Tokyo, Japan — SInstitut fiir Physik, Johannes Gutenberg-
Universitit Mainz, Germany — ’Physikalisch-Technische Bunde-
sanstalt, Braunschweig, Germany — 8GSI-Helmholtzzentrum fiir
Schwerionenforschung, Darmstadt, Germany — 9Helmholtz-Institut
Mainz, Germany — !OAtomic Physics Laboratory RIKEN, Wako,
Japan

The development of an improved tuned circuit, for resistively cool-
ing the modified-cyclotron mode of a single trapped antiproton, is de-
scribed. Efficient cooling of the radial modified-cyclotron mode is of
the utmost importance when performing single particle spin quantum-
transition spectroscopy in Penning traps. This is because at low
modified-cyclotron quantum states the radial heating rates are small,
which improves axial frequency stability. This is necessary to improve
the spin-flip identification fidelity, which is crucial for our planned
high-precision measurement of the antiproton g-factor. This system
has been developed as an upgrade for the BASE experiment, located
at CERN’s antiproton decelerator facility.

The instrument consists of a helical superconducting coil inside of a
cylindrical copper shield which produces an unloaded @Q-value on the
order of 15000 at 29.774 MHz. When connected to the trap and active-
amplifier electronics, a cooling time constant of 7 ~ 18 s is achieved
— a 17-fold improvement compared to the resistive damping system
currently used in the experiment.

A 46 Mon 16:00 N 3
Proof of concept of Precise High Voltage measurements
by collinear laser spectroscopy — eTiM Rarasczyk!, KRISTIAN

KoniGg!, CHRIsTOPHER GEPPERT?, PHILLIP IMGRAM!, BERNHARD

Maass!, ErnsT OTTEN3, JoHANNES ULLMANN!, JORG KRAMER!,
and WILFRIED NORTERSHAUSER! — lInstitut fiir Kernphysik, TU
Darmstadt — 2Institut fiir Kernchemie, Johannes Gutenberg Univer-
sitdt Mainz — S3Institut fiir Physik, Johannes Gutenberg Universitét

Mainz

The ALIVE experiment at the TU Darmstadt is a new collinear laser
spectroscopy setup. The goal of the experiment is the measurement
of high voltages in the range of 10 to 100 kV using precise laser spec-
troscopy of ions with a well-known transition frequency as it has been
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suggested in [1]. The aim is to achieve an accuracy of 1 ppm, which is
of interest for many applications.

First measurements have been performed to test collinear laser spec-
troscopy with a new two chamber approach as a high voltage standard.
To show the feasibility of this concept the well-known 4s1/2 -> 4p3/2
transition of 40Ca+ was used to mark a velocity class with a narrow
bandwidth laser, as the multiply excited ions decay into the meta sta-
ble 3d5/2 state. The marked ions are accelerated by the unknown
static high voltage and can be probed by re-exciting them from the
3d5/2 state. The shift of the resonance frequency introduced by the
Doppler effect is then used to refer the high-voltage measurement to a
high accuracy frequency measurement. First results will be presented.

[1] O. Poulsen, Nuclear Instruments & Methods in Physics Research
202 (1982) 503.

A 4.7 Mon 16:15 N 3
Determination of ground-state hyperfine splitting energies
in Bi%%1+:82t+ jons to test QED — eJouannNes UrLmannb2, Zo-
RAN ANDELKOVIC®, CARSTEN BranDAUS ! ANDREAs Dax®, WoLF-
GANG GEITHNER®, CHRISTOPHER GEPPERT?, CHRISTIAN GORGESZ,

MicHAEL HAMMEN®7, VoLKER HaNNEN?, KRrisTiaN KoNIG3, SI-

MON KAUFMANNZ, YURI Litvinov3, MaTTHIAS LOCHMANNZ, BERN-
HARD Maass?3, Jouann MEisNERS, Tosias MurBock!?, RopoLro
SANCHEZ®, STEFAN ScHMIDT27, MATTHIAS ScHMIDT®, MARKUS
Steck®, THoMAS STOHLKERD3, RicHARD C. THomPsoN?, CHRIs-
TIAN TrRAGESER!!, JoNAs VoLLBRECHT?, CHRISTIAN WEINHEIMER?,
and WILFRIED NORTERSHAUSER? — !Helmholtz Inst. Jena — 2Inst. f.
Kernphysik, TU Darmstadt — 3GSI Darmstadt — 4Inst. f. Kern-
physik, Uni Miinster — 5Helmholtz Inst. Mainz — SPTB Braun-
schweig — TInst. f. Kernchemie, Uni Mainz — 8PSI, Villigen, Switzer-
land — 9Imperial College London, UK — 10Inst. f. Angew. Physik,
TU Darmstadt — 1. Phys. Institut, Uni Gieen

The measurement of the ground state hyperfine splittings in Bi®?* and
Bi80t ions tests the theory of bound-state quantum electrodynamics
(QED) in the strong field of the nucleus. Precise theoretical predictions
use a specific difference of both splitting energies to cancel the large
uncertainty of nuclear contributions. In the recent laser spectroscopy
beamtime at the storage ring ESR at GSI Darmstadt, we reduced the
largest experimental uncertainty by an order of magnitude. System-
atic effects will be discussed and we will present the first high precision
value of the specific difference, which deviates significantly from theory.



