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A 35.1 Thu 16:15 S Fobau Physik
Axion-induced Lamb-shift in atomic and muonic hydrogen —
e ALINA GoLUB, SELYM VILLALBA-CHAVEZ, and CARSTEN MULLER —
Institut fiir Theoretische Physik I, Heinrich-Heine-Universitat Diissel-
dorf, Deutschland

Vacuum polarization effects due to hypothetical axion-like particles,
which are predicted in some extensions of the standard model, are
considered. The self-energy operator of the electromagnetic field is
determined with an accuracy of second-order in the axion-diphoton
coupling. The result is utilized for establishing the axion-modified
Coulomb potential of a static pointlike charge. In connection, the
plausible distortion of the Lamb-shift in hydrogenlike atoms is estab-
lished and the scopes for searching axion-like particles in high-precision
atomic spectroscopy are investigated. Particularly, we show that these
hypothetical degrees of freedom are ruled out as plausible candidates
for explaining the proton radius anomaly in muonic hydrogen [1].

[1] Axion-modified photon propagator, Coulomb potential, and
Lamb-shift; S. Villalba-Chavez, A. Golub, C. Miiller accepted for pub-
lication in Phys. Rev. D [arXiv:1806.10940v1]

A 35.2 Thu 16:15 S Fobau Physik
Coherent Control of Thermal Atoms with Photonic Crystal
Cavities — eHADISEH ALAEIAN, RALF RITTER, ARTUR SKLJAROW,
HaraLD KUBLER, TiLMAN Prau, and RoBeErRT LOw — 5.Physikalis-
ches Institut and Center for Integrated Quantum Science and Tech-
nology, Universitdt Stuttgart, Pfaffenwaldring 57, D-70569 Stuttgart,
Germany

Unless proper modifications are employed, the atom-photon interac-
tion is an inefficient process in free space. Historically, optical and
superconducting cavities have been used successfully to increase the
atom-photon interaction probability for the optical and microwave
photons, respectively. With recent advancements in nanofabrication,
integrated Nano-photonic devices have been used to enhance the
quantum optical phenomena in several solid-state based platforms like
quantum dots and vacancy centers. In this work, we present our re-
cent theoretical and experimental efforts on the integration of high-Q
cavities with thermal atoms beyond the perturbative limit. In partic-
ular, we discuss about an optimized cavity in a SigN4 photonic crystal
supporting a high-Q mode with small volume at 780nm, i.e. 5S—5P of
rubidium. Through a detailed Monte-Carlo calculation incorporating
all the device effects, including the Purcell and Casimir-Polder, we
demonstrate the feasibility of reaching a strong atom-light coupling
down to a single photon.

A 35.3 Thu 16:15 S Fobau Physik
A fresh computational approach to atomic structures, pro-
cesses and cascades — oSTEPHAN FRiTzscHE — Helmholtz Insti-
tute, Jena, Germany — Friedrich-Schiller University Jena

The recent years have seen an increasing demand for accurate atomic
computations. Apart from the traditional fields of astro- and plasma
physics, accurate atomic data are needed today in various emerging
areas, such as laser spectroscopy, quantum optics and metrology, x-ray
lithography, or even in material science, to name just a few. — In this
contribution, I present a new (Julia) code for modelling atomic proper-
ties and processes. To this end, a high-level toolbox has been designed
(and already implemented to a sizable extent) for dealing more effi-
ciently with complex systems. Here, I shall introduce these tools and
explain by simple examples how they help provide accurate theoreti-
cal predictions and may serve for (requests from) the spectroscopy of
atoms and multiply-charged ion and in various fields elsewhere.

A 35.4 Thu 16:15 S Fobau Physik
Two-loop QED diagrams for the bound-electron g factor: ra-
diative corrections to the magnetic loop — ¢ VINCENT DEBIERRE,
BasTiaNn Sikora, HavriL CAkIR, NaTaLiaA S. ORESHKINA, ZOLTAN
HarmaN, and CurisTorH H. KeITEL — Max Planck Institute for
Nuclear Physics, Saupfercheckweg 1, 69117 Heidelberg

The g factor of bound electrons in light and medium-light hydrogen-
like ions (e.g. C, Si) has been measured with an accuracy of a few
parts in 1011 [S. Sturm et al., Nature 506, 467 (2014)]. Experiments

Location: S Fobau Physik

such as ALPHATRAP and HITRAP aim at reaching this accuracy
with heavy, few-electron ions, motivating the evaluation of two-loop
radiative corrections.

We calculate a specific set of two-loop corrections to the bound-
electron g factor in the hydrogen-like ground state. Diagrams belong-
ing to this set include the magnetic loop as a subprocess and vanish
in the free-loop approximation [V.A. Yerokhin and Z. Harman, Phys.
Rev. A 88, 042502 (2013)]. At the lowest nonvanishing order, they in-
volve the scattering of the external magnetic field in the Coulomb field
of then ionic nucleus. We computed the electric-loop-magnetic-loop
diagram, the magnetic-loop-after-loop diagram, and the self-energy-
magnetic-loop diagrams, while also shedding light on some other dia-
grams, which feature a self-energy loop inside the magnetic loop. Our
approach treats the binding of the electron to the nucleus nonpertur-
batively.

The computed corrections to the g factor are of order up to 10~7 in
the case of 82Pb. These corrections will be relevant to the projected
determination of the fine-structure constant from g-factor measure-
ments.

A 35.5 Thu 16:15 S Fobau Physik
Collinear laser spectroscopy with ion trap accuracy - Fu-
ture perspectives for atomic and nuclear physics — e KRISTIAN
Konia, PaiLLip IMGrAM, JORG KRAMER, TiM RATAJCZYK, and WIL-
FRIED NORTERSHAUSER — Institut fiir Kernphysik, TU Darmstadt

At the newly constructed collinear laser spectroscopy apparatus
COALA at TU Darmstadt an unprecedented accuracy in the determi-
nation of rest-frame transition frequencies was recently demonstrated
with stable Ba®t ions. To our knowledge, this measurement represents
the most-precise collinear laser spectroscopic experiment realized so
far and can compete with modern ion trap measurements on dipole-
allowed transitions. We will present the results and the future po-
tential for precise and accurate measurements of atomic and nuclear
properties at this setup. Required techniques like optical pumping and
probing deep-UV transitions as well as a frequency-comb based laser
stabilization have already been demonstrated with Int ions, paving
the way for collinear spectroscopy on helium-like light ions, which is
of great interest from a nuclear structure perspective.

A 35.6 Thu 16:15 S Fobau Physik
Scheme to generate and filter photon pairs from atoms in a
hollow-core fibre — eMARK ZENTILE, JoanNis CarLTziDpiS, HARALD
KUBLER, ROBERT LOw, and TiLmMAN Prau — 5. Physikalisches Insti-
tut and Center for Integrated Quantum Science and Technology IQST,
Universitat Stuttgart

Single photon sources are essential for quantum optics. It has been
shown that a heralded source with high-spectral brightness can be
achieved using four-wave mixing (4WM) in a thermal-atomic vapour
[1]. These systems are particularly useful the photons are to be inter-
faced with other atomic systems, e.g. quantum memories [2]. However,
the schemes used so far require expensive high-power lasers (~ 1W) to
pump the 4WM process. The aim of this project is to develop a source
of heralded single photons with a much higher efficiency, thereby al-
lowing the use of a single diode laser as the pump. We will achieve this
by using an alkali-vapour contained in a hollow-core micro-structured
fibre and exploit the higher efficiency expected [3]. A challenge of this
scheme will be to split the photon pairs. Since the wavelengths of the
light emerging from the fibre are close to each other, and the beams
are overlapped, many common techniques (such as using interference
filters and /or spatial filtering) will not work. However, we have identi-
fied a scheme using an atomic vapour as a beam splitter for the photon
pairs.

[1] MacRae, A. et al., Phys. Rev. Lett. 109, 033601 (2012)

[2] Sprague, M. R. Et al., Nature Photon. 8, 287 (2014)

[3] Londero, P. et al., Phys. Rev. Lett. 103, 043602 (2009)

A 35.7 Thu 16:15 S Fobau Physik
Realistic atomic clock simulations with single to hundreds
of atoms — eMAaRIUS SCHULTE!, VicTOR J. MARTINEZ-LAHUERTAL,
Pier O. ScumipT?3, and KLEMENS HAMMERER! — !Institute for
Theoretical Physics and Institute for Gravitational Physics (Albert-
Einstein-Institute), Leibniz University Hannover — 2Physikalisch-

Technische Bundesanstalt, 38116 Braunschweig — 3Institute for Quan-
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tum Optics, Leibniz University Hannover

Recently, optical atomic clocks have shown great success in achieving
systematic fractional frequency uncertainties on the order of 10718 us-
ing few hundreds of uncorrelated reference atoms. However the extent
to which entanglement can improve such atomic clocks in practice,
including realistic local oscillator noise, preparation errors and dead
time, has so far been little researched. To answer this question we
investigate numerically the long-term stability of optical atomic clocks
with entangled atoms. We tackle in particular the exact dynamics of
symmetrical systems containing single to few hundred atoms, which
lie beyond the validity of Gaussian approximations.

A 35.8 Thu 16:15 S Fobau Physik
Cold Atomic Hydrogen Source @ T-Rex — eJaN Haack,
MERTEN HEPPENER, STEFAN SCHMIDT, HENRIK-LUKAS SCHUMACHER,
MARCEL WILLIG, ANDREAS WIELTSCH, and RANDOLF PoHL — Insti-
tut f. Physik Johannes Gutenberg-Univertitat, Mainz

The Triton-Radius Experiment T-Rex at JGU Mainz aims at a first
measurement of the 1S-2S transition in atomic tritium[1]. Such a
measurement has the potential to improve the charge radius of the tri-
ton nucleus by a factor of 400, with an experimental accuracy of only
1kHz. This is 100x less precise than the current measurements of the
1S-2S transition in H and D, [2,3]. T-Rex will use a cryogenic hydrogen
(later tritium) beam and select low atomic velocities by a magnetic
quadrupole guide. The slowest atoms will then be stopped using a
Li MOT as a cold buffer gas, and trapped in a magnetic minimum
trap. We will present the state of the experiment as well as an outlook.
[1] S. Schmidt et al. J. Phys. Conf. Ser. accepted (2018), arXiv 1808.07240
[2] C. Parthey et al. Phys. Rev. Lett. 104 233001 (2010)

[3] C. Parthey et al. Phys. Rev. Lett. 107 203001 (2011)

A 35.9 Thu 16:15 S Fobau Physik

First Measurement Results of the ALPHATRAP g-factor Ex-
periment eBincsHENG Tul, IoaANNA ArRaPOGLOUL, JoSE RaMON
CrEspo Lo6pPEz-URrUTIAY, ALEXANDER EcL!, MARTIN HOCKER!,
T Saer!, Timo STEINSBERGERD2, ANDREAS WEIGEL!, ROBERT
WoLr!, SvEn STurMm!, and Kraus Braum! — 1Max-Planck-Institut
fiir Kernphysik, 69117 Heidelberg — 2Fakultiit fiir Physik und As-

tronomie, Universitdt Heidelberg, 69120 Heidelberg

The ALPHATRAP experiment, situated at the Max Planck Institute for
Nuclear Physics in Heidelberg, aims for stringent tests of Bound-State
Quantum Electrodynamics (BS-QED) in extremely strong electromag-
netic fields via high-precision measurements of the magnetic moment
(g-factor) of bound electrons in highly charged ions up to hydrogen-
like 208Pb31+ | Sub-parts-per-billion precision can be achieved in the
double Penning-trap setup which consists of cryogenic 7-electrode and
5-electrode cylindrical Penning traps. The highly charged ions are
created in three external ion sources: the Heidelberg EBIT, the room-
temperature HC-EBIT and the laser ion source, each for different ex-
perimental motivations. Boronlike 0Ar!3+ has already been produced
and captured in the ALPHATRAP setup. Furthermore, a first g-factor
measurement with a relative uncertainty in the 10~° range has been
performed on this system, which exceeds the current calculations by
two orders of magnitude. Based on the spin-state detection, laser
spectroscopy of the fine structure of boronlike 40 Ar'3+ has also been
implemented by using a novel technique to detect forbidden transi-
tions. The present status and the future plans of ALPHATRAP will
be presented.

A 35.10 Thu 16:15 S Fobau Physik
Simulation of an atomic beam under magneto-optical in-
fluence — eANDREAs CHRISTIAN WIELTSCH, JAN HaAck, STE-
FAN ScHMIDT, MARCEL WILLIG, and RANDOLF PoHL — Johannes
Gutenberg-Universitat Mainz, QUANTUM, Institut fiir Physik &
Exzellenzcluster PRISMA™, Mainz, Germany

We are developing a simulation software to track the movement of
atoms in a laser spectroscopy experiment. In such an experiment
atoms are slowed down under magneto-optical influence. The sim-
ulation can be used for evaluating different designs of the magnetic
field in the slower or optimizing positions and diameters of apertures.
This software is build for the Lithium experiment at the University of
Mainz.

One way to model the light-atom interaction is using rate equa-
tions which are widely used for simulating the movement of atoms
in such an experiment. The problem can also be described by the

Optical Bloch equations, a set of differential equations describing the
transitions between the energy states more precisely. We will present
the generic implementation of the simulation program using both ap-
proaches, show results of the simulation and compare both methods.
Due to the generic implementation, parts of the simulation software
can also be used in e.g. the T-REX experiment.

A 35.11 Thu 16:15 S Fobau Physik
Two-loop self-energy corrections to the bound-electron g-
factor — eBASTIAN SIKORA!, VLADIMIR A. YEROKHINZ, NATALIA
S. OresHKINA', HaLiL Cakir!, Curisorn H. KEeITEL!, and ZoLTAN
HarMAN! — 'Max-Planck-Institut fiir Kernphysik, Saupfercheckweg
1, 69117 Heidelberg, Germany — 2Center for Advanced Studies, Peter
the Great St. Petersburg Polytechnic University, 195251 St. Peters-
burg, Russia

We present the status of our ongoing calculations of the two-loop self-
energy correction to the bound-electron g-factor. This correction cur-
rently gives rise to the largest uncertainty of theoretical g-factor predic-
tions. We have obtained full results for the loop-after-loop diagrams,
and partial results for the nested and overlapping loop diagrams, in
which we treat the Coulomb interaction in intermediate states to zero
and first order.

Our results will be highly relevant for planned g-factor measure-
ments with high-Z ions in the near future as well as for an indepen-
dent determination of the fine-structure constant « from the bound-
electron g-factor— [1] B. Sikora, V. A. Yerokhin, N. S. Oreshkina et
al., arXiv:1804.05733v1 |physics.atom-ph| (2018).

A 35.12 Thu 16:15 S Fobau Physik
Approaching sympathetic cooling of trapped 22°Th3* ions
— o(GREGOR ZITZER, JOHANNES THIELKING, DAVID-MARCEL MEIER,
MaxksiM OkHAPKIN, and EKKEHARD PEIk — Physikalisch-Technische
Bundesanstalt, Braunschweig, Germany

With only a few eV above its nuclear ground state the isomer of 229Th
is accessible for direct laser excitation. The isomeric transition may be
used as a frequency reference for a new type of optical clocks which is
exceptionally insensitive to field-induced frequency shifts.

For the realization of an optical nuclear clock with laser-cooled
trapped ions the charge state 3+ of 229Th is preferred, due to its
relatively simple and convenient electronic level structure. Direct laser
cooling of 229Th3* and 232Th37* has been demonstrated [1,2].

Due to limitations in the reachable laser cooling power we plan to in-
vestigate sympathetic cooling of 229Th3+ with 88Srt for experiments
with large Coulomb crystals and a future clock operation. In a new
setup 229Th3+ and 88Srt will be trapped in a linear radiofrequency
ion trap. It is planed to extract the 229Th3* ions generated by a
233U source via a-decay [3] and guide them to a segmented linear
Paul trap. In this trap the laser cooled 88Sr* ions will surround the
229Th3+ forming a prolate spheroid. Here the concept, design and
current status of the experiment on 229Th3+ will be shown.

[1] C. J. Campbell et al., Phys. Rev. Lett. 102, 233004 (2009)

[2] C. J. Campbell et al., Phys. Rev. Lett. 106, 223001 (2011)

[3] L. v. d. Wense, On the direct detection of 229" Th, Springer
International Publ., DOI: 10.1007,/978-3-319-70461-6 (2018)

A 35.13 Thu 16:15 S Fobau Physik

Compact Collinear Laser Spectroscopy Setup for Educational

Usage — ePHiLIPP BoLLINGER, TiM RataiczyK, and WILFRIED
NORTERSHAUSER — Institut fiir Kernphysik, Technische Universitét
Darmstadt

Collinear laser spectroscopy is widely used to perform highly precise
measurements of atomic spectra to extract nuclear properties, namely
charge radii, magnetic dipole and electric quadrupole moments [Neu-
gart et al. J. Phys. G. 44 064002 (2017)]. It has also been used to test
QED calculation of higher ions [Nortershiuser et al. PRL 115, 033002
(2015)] and was applied on relativistic beams to test special relativ-
ity [Botermann et al. PRL 114, 239902 (2015)| and strong-field bound
state QED in heavy ions [Ullmann et al. Nat. Comm. 8, 15484 (2017)].
To give students the possibility to get experienced with this technique,
a compact setup for collinear laser spectroscopy is being prepared at
TU Darmstadt to be used in the advanced lab classes. The setup uses
a specially designed 90° dipole bender to superimpose laser and ion
beam which will be tested for its usability in laser spectroscopy. An
optical detection region with photomultipliers and a mass spectrome-
ter allow further investigations. We will present the layout and current
status of the project.
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A 35.14 Thu 16:15 S Fobau Physik

Low emittance laser ablation ion beam source — eTiMm
LeLLingER!, Tmm RaTajczyk!, VicTror VarenTsovZ3, and WiL-
FRIED NORTERSHAUSER! — lInstitut fiir Kernphysik, TU Darmstadt

— 2Facility for Antiproton and Ton Research in Europe (FATR GmbH)
— 3Institute for Theoretical and Experimental Physics, Moscow, Rus-
sia

Laser ablation provides access to the production of a wide range of ion
beams for various researches and applications. When the laser ablation
occurs in a vacuum the high temperature and large angular divergence
of the produced plasma plume do not allow the production of high qual-
ity ion beams. This can be avoided if the laser ablation is performed in
the presence of a He buffer gas, where the ablated ions are stopped and
cooled due to collisions with He atoms and then transported by the
gas flow through a miniature nozzle into an RF-only funnel. After that
the ions are effectively extracted into high vacuum conditions under
a combined action of gas dynamic and electric fields. We present the
design and first test measurements of such an ion beam source having
two RF funnels. This ion source will be able to produce low emittance
ion beams in both continuous and pulsed operation mode.

A 35.15 Thu 16:15 S Fobau Physik
Negative Ions Studies in the Frankfurt Low Energy Stor-
age Ring (FLSR) — eOuLivER ForsTnERD'Z3, JAN MULLER?,
MARKUS SCHOFFLER?, LoTHAR ScHMIDT?, THOMAS STOHLKERD2:3,
and Kurr STiEBING? — lFriedrich-Schiller-Universitét Jena, Jena —
2Helmholtz-Institut Jena, Jena — 3GSI Helmholtzzentrum, Darm-
stadt — “Goethe Universitat, Frankfurt

In order to allow for studies of the electronic structure of negative
atomic and molecular ions by laser photodetachment, a commercial
rf charge exchange ion source for negative ions (Alphatross, National
Electrostatic Corporation [1]) has been installed at the injection ter-
minal of the Frankfurt Low Energy Storage Ring (FLSR) facility [2].
First tests with negative ions stored in FLSR at 20 keV have success-
fully been conducted. So far, the storage times of 50 nA He™, 260
nA O~ and 110 nA OH™ have been measured. They are in good
agreement with the theoretical predicted storage times based on the
residual gas pressure (prrsgr =~ 1,0 - 2,0x10~ 19 mbar, corrected for Ho
as residual gas). Also, the measured lifetime of the metastable He™ of
about 300 us is in good agreement with previous measurements [3].

In a next step photodetachment of the stored ions with tunable laser
beams in the VIS and NIR range will be performed.

[1]  http://www.pelletron.com/products/rf-charge-exchange/ [2]
K.E. Stiebing, V. Alexandrov, R. Dérner et al., Nucl. Instr. and
Meth. A614, 10 (2010). [3] U.V. Pedersen, M. Hyde, S.P. Mgller, T.
Andersen, Phys. Rev. A64, 012503 (2001)

A 35.16 Thu 16:15 S Fobau Physik
Laser spectroscopic characterization of the nuclear clock iso-
mer 229"Th — eJoHaNNES THIELKING!, MAKsIM V. OKHAPKIN!,
PRrzEMYSEAW GLOWACKIY, DaviD-MARCEL MEIER!, LARS VON DER
WENsE?, BeNepicT SEIFERLEZ, CHRIsTOPH E. DULLMANNS®D,
PETER G. THIROLF?, and ExkkeHARD PEIk! — !Physikalisch-
Technische Bundesanstalt, 38116 Braunschweig, Germany — 2Ludwig-
Maximilians-Universitat Miinchen, 85748 Garching, Germany — 3GSI
Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darm-
stadt, Germany — 4Helmholtz-Institut Mainz, 55099 Mainz, Germany

— 5Johannes Gutenberg-Universitit, 55099 Mainz, Germany

An optical clock based on the transition between ground state and
low-lying isomer in the nucleus 22°Th would be highly immune to
field-induced frequency shifts and a sensitive probe of temporal vari-
ations of fundamental constants [1]. We recently performed the first
measurement of the nuclear magnetic dipole and electric quadrupole
moments and the mean square charge radius of the isomer [2]. This was
achieved via high-resolution laser spectroscopy of the hyperfine struc-
ture of trapped 229Th2t ions, loaded from the o decay of 233U. We
are now preparing an experiment to investigate the excitation of the
nucleus via electronic bridge and NEET processes [3,4] in the energy
range from 7.2 to 10.2 eV, using two-step laser excitation in Th2.

[1] E. Peik, Chr. Tamm, Europhys. Lett. 61, 181 (2003).

[2] J. Thielking et al., Nature 556, 321-325 (2018).

[3] S. G. Porsev et al., Phys. Rev. Lett. 105, 185501 (2010).

[4] F.F. Karpeshin et al., Nucl. Phys. A, 654, 579 (1999).

A 35.17 Thu 16:15 S Fobau Physik
Towards a XUV frequency comb for high resolution spec-
troscopy on highly charged ions — e ALEXANDER ACKERMANN,

Janko Nauta, JAN HENDRIK OELMANN, JULIAN STARK, STEFFEN
KuUHN, Josgé Cresro LOPEzZ-URRUTIA, and THOMAS PFEIFER — Max-
Planck-Institute for Nuclear Physics, Heidelberg, Germany

Highly charged ions (HCI) have been proposed as a candidate for novel
frequency standards [1] and for testing of the variation of the fine struc-
ture constant [2]. To carry out high resolution spectroscopy on forbid-
den transitions in HCISs, stable and coherent extreme ultraviolet (XUV)
radiation is required. The nonlinear process of high harmonic genera-
tion in a gas target in the focus region of a femtosecond enhancement
cavity located in a vacuum chamber, is used to convert a near infrared
frequency comb into the XUV [3]. A home built chirped pulse amplifi-
cation system, containing a prism- and grating-based pulse compressor,
which enables compensation of second and third order dispersion, is
employed to reach 70 W of sub-200 fs pulses at a repetition rate of
100 MHz. Pulses are characterized with a second harmonic frequency-
resolved optical gating setup, based on a self developed Echelle grating
spectrometer and an autocorrelator.

[1] V.A. Dzuba et al., Phys. Rev. A 86, 054502 (2012)

[2] J.C. Berengut et al., Phys. Rev. Lett. 106, 210802 (2011)

[3] J. Nauta et al., ScienceDirect 408, Pages 285-288 (2017)

A 35.18 Thu 16:15 S Fobau Physik

A proton source for precision experiments in the QLEDS
project — eNicorLas PurLipo!, JoHaNNES MIELKE!, TERESA
MEINERS', MALTE NIEMANN', JuaN M. CorNEJO!, MATTHIAS
BorcHERT! 3, JoNATHAN MoORGNERD2, AMaDO BauTisTAb2, STEFAN
ULMER?, and CHRISTIAN OSPELKAUSY2 — lInstitut fiir Quantenop-
tik, Leibniz Universitit Hannover — 2Physikalisch-Technische Bunde-
sanstalt, Braunschweig — 3Ulmer Fundamental Symmetries Labora-
tory, RIKEN

Penning traps are an essential tool for high precision measurements on
the g-factor of protons and antiprotons to perform tests of the CPT
theorem [1]. This is the goal pursued by the BASE collaboration.
Here we discuss techniques for sympathetic laser cooling and detec-
tion to support these tests [2,3]. We present the design of an off-axis
proton source that also allows the introduction of an on-axis antipro-
ton beam in the Penning trap system within the BASE collaboration.
The source, consisting of an electron gun and a storage trap, will be
commissioned in a cryogenic test setup.

The test setup is composed of a 2-stage cryocooler and a Penning
trap with permanent magnets. We discuss different methods of non-
destructive ion detection for the test setup.

[1] C. Smorra et al., Nature 550, 371-374 (2017)

[2] C. Smorra et al., EPJ-ST 224, 3055 (2015)

[3] D. J. Wineland et al., J. Res. NIST 103, 259-328 (1998)

A 35.19 Thu 16:15 S Fobau Physik
Cold Atomic Hydrogen Source @ T-Rex — eJan Haack,
MERTEN HEPPENER, STEFAN SCHMIDT, HENRIK-LUKAS SCHUMACHER,
MAarceL WiLLiG, ANDREAS WIELTsSCH, and RaNDpDoLF PoHL —
Johannes Gutenberg-Univertitat Mainz, QUANTUM, Institut fir
Physik, Exzellenzcluster PRISMA T

The Triton-Radius Experiment T-Rex at JGU Mainz aims at a first
measurement of the 1S-2S transition in atomic tritium [1]. Such a
measurement has the potential to improve the charge radius of the tri-
ton nucleus by a factor of 400, with an experimental accuracy of only
1kHz. This is 100x less precise than the current measurements of the
1S-2S transition in H and D, [2,3]. T-Rex will use a cryogenic hydrogen
(later tritium) beam and select low atomic velocities by a magnetic
quadrupole guide. The slowest atoms will then be stopped using a
Li MOT as a cold buffer gas, and trapped in a magnetic minimum
trap. We will present the state of the experiment as well as an outlook.
[1] S. Schmidt et al. J. Phys. Conf. Ser. accepted (2018), arXiv 1808.07240
[2] C. Parthey et al. Phys. Rev. Lett. 104 233001 (2010)

[3] C. Parthey et al. Phys. Rev. Lett. 107 203001 (2011)

A 35.20 Thu 16:15 S Fobau Physik
A detector for atomic hydrogen — eHENDRIK-LUKAS ScHU-
MACHER, AHMED OUF, JAN HAck, STEFAN ScHMIDT, and RANDOLF
PonL — Johannes Gutenberg-Universitdt Mainz, Institut fir Physik,
QUANTUM & Exzellenzcluster PRISMA 1, Mainz, Germany

Laser spectroscopy of atomic hydrogen and deuterium has yielded the
most precise values for the Rydberg constant and, for a long time,
of the proton and deuteron charge radii. The biggest obstacle for
improved spectroscopy is however the atom’s motion and the result-
ing large systematic uncertainties due to Doppler and time-of-flight



Rostock 2019 — A

Thursday

broadening. Trapping of atomic hydrogen would solve many of these
problems.

To this end, our group plans to trap atomic hydrogen using a cloud
of Li atoms in a MOT as a cold buffer gas. This would for the first time
also enable high-precision spectroscopy of atomic tritium, eventually
leading to a 400fold improved value for the triton charge radius.

Here we report on a simple detector for atomic hydrogen and its
isotopes which is based on the heat deposited in a thin (10s of mi-
crometers) metal wire where the 4.5 eV released in the recombination
of two H atoms leads to an increase in resistivity. This detector en-
ables measurements of the spatial profile and the flux of atoms from
our cryogenic hydrogen beam.

A 35.21 Thu 16:15 S Fobau Physik
Optically transparent solid electrodes for precision Pen-
ning traps — Marco WieseLb?3 GErRHARD BIRKL?, MoHAM-
MAD SapeEGH EBrammi’2, Zuexi Guol2?4 eKanika Kanikal:2,
JerrrEY KLiMEs!24 ALEXANDER MARTIN®, WoLFeang QuinTh2,
NiLs StaLLkamp!:®, and MaNUEL VoceL!® — 1GSI Helmholtzzen-
trum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany
— 2Physikalisches Institut, Universitit Heidelberg, 69120 Heidelberg,
Germany — 3Institut fiir Angewandte Physik, Technische Universitt
Darmstadt, 64289 Darmstadt, Germany — *Max-Planck-Institut fir
Kernphysik, 69117 Heidelberg, Germany — 5Helmholtz-Institut Jena,

07743 Jena, Germany

The concept of an electrically conducting yet optically transparent
solid electrode was conceived, and subsequently materialised, tested
and implemented in a cryogenic Penning trap. Dedicated to spec-
troscopy and imaging of confined particles under large solid angles,
this trap utilises a ’half-open design’ with an open endcap for easy
ion ingress and a closed endcap that mainly consists of a glass win-
dow coated with a highly transparent conductive indium tin oxide

layer. This closed endcap retains the desired trapping capabilities of
a conventional endcap electrode and yields flexible access for optical
excitation and efficient light collection from the trapping region. With
its superior surface quality and its high as well as homogeneous opti-
cal transmission, the window electrode is an excellent replacement for
partially transmissive electrodes that use holes, slits, metallic meshes,
and the like.
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The isotope shift between two isotopes A and A’ of the same element
is parametrized in terms of the mass and field-shift parameters. The
former arises due to the nuclear recoil, while the latter is caused by
the finite extent of the nuclear charge distribution. Generally, only the
lowest order in the expansion of the field shift is considered and t/his al-
lows to extract differential mean squared charge radii & <r2>A’A from
measured isotope shifts using a known value for the field shift factor F'.
The field shift factor can be computed to good precision from atomic
computations without a detailed knowledge of the nuclear parameters.

We present multiconfiguration Dirac-Hartree-Fock (MCDHF) com-
putations of isotope shift parameters for several heavy elements such
as bismuth and gold that are provided to support experimental work.
In addition, different strategies for evaluating the accuracy of the com-
puted results are discussed.

Instead of describing the field shift by a single parameter F' an ex-
pansion into higher-order moments can be utilized. Methods for the
computation of the corresponding field shift factors are discussed and
possibilities for extracting higher order nuclear moments from experi-
mental data are presented.



