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Q 10: Precision Spectroscopy of atoms and ions Il (joint session A/Q)

Time: Monday 14:00-15:45

Invited Talk Q 10.1 Mon 14:00 S HS 2 Physik
Laser spectroscopy of transferium elements — eS. RAEDERDZ,
D. AckerMmANNZ3 H. Backe?, M. Brock!2?4, B. CueaL®, P.
CuueTrI>®, Cr. E. DuLLmann®24 M. Emsacu2, J. Even’, R.
FErRrER®, F. Giacoppol2, S. Gorzh 24, F.P. HessBerGeEr?, O.
KaLeia249  J. KnuvagBaatar! 2, P. Kunz!®, M. Laartiaour’?,
W. Laurn?, L. LEns®4, N. Lecesne®, A. K. Mistry" 2, E. MINAYA
Ramirez!!, T. MurBdck!2, P. van Duppen®, TH. WAarLTHERS, and
A. YakusHEv!2 — 1HI Mainz — 2GSI — 3GANIL — 4JGU Mainz —
5U. of Liverpool — 6TU Darmstadt — “KVI-CART, U. of Groningen
— 8KU Leuven — “MPIK — °TRIUMF — 'IPNO

Laser spectroscopy of the heaviest elements is a versatile tool to pre-
cisely measure the energies of shell electrons, which are strongly in-
fluenced by electron-electron correlation, relativity and QED effects.
The study of transfermium elements with Z>100 is hampered by low
production rates and the fact that any atomic information is at best
available from theoretical predictions. Using the sensitive radiation
detected resonance ionization spectroscopy technique coupled to the
SHIP separator at GSI, a strong optical 1So—1P; ground-state transi-
tion in the element nobelium (Z=102) was identified and characterized.
In further studies the isotopes 252:253,254No were measured and high-
lying Rydberg levels were identified which enabled the extraction of the
first ionization potential with unreached precision. These results will
be discussed as well as the prospects for future investigations involving
the study of additional nobelium isotopes and the exploration of the
atomic structure of the next heavier element, lawrencium (Z=103).

Q 10.2 Mon 14:30 S HS 2 Physik
High-resolution laser resonance ionization spectroscopy of
143-147ppy; — eDomINIK STUDER!, REINHARD HEINKE!, SEBAS-
TIAN RAEDERZ?, Jiri ULricu3, RuGarRD DREsSLER?, DOROTHEA
ScHUMANN®, NICHOLAS VAN DER MEULEN®, SAVERIO BRACCINI?,
Tommaso STerFaNo CarzaNiGa?, and Kraus WeNDT! — ! Johannes
Gutenberg-Universitdt Mainz — 2Helmholtz Institut Mainz — 3Paul

Scherrer Institut Villigen — *AEC-LHEP, University of Bern

Due to its exclusively radioactive nature with a maximum half-life of
17 years, the light lanthanide element promethium (Z = 61) is scarcely
studied. In order to extract atomic and nuclear properties using the
accessible miniscule sample amounts, extensive spectroscopic studies
were performed at Mainz University by laser resonance ionization spec-
troscopy.

In the 2017 campaign we could reveal over 1000 new atomic transitions
and determine the first ionization potential experimentally for the first
time. Recent results focus on the extraction of isotope shifts and nu-
clear moments from hyperfine spectra of two different ground state
transitions at 452 nm and 468 nm. For these studies the long-lived iso-
topes 143—147Pm were produced by irradiation of natural neodymium
oxide using the external beam line of the 18 MeV medical cyclotron
at the Bern University Hospital, followed by chemical separation and
purification at PSI Villigen. In this talk we present our dedicated
spectroscopy ion source and laser setup as well as the spectroscopic
results.

Q 10.3 Mon 14:45 S HS 2 Physik
Laser spectroscopy of the fine structure of stored
relativistic ions — eSeBasTiIAN Krammes'2, AxeL Buss3,
MicHAEL BussMANN®, OLIVER BoINE-FRANKENHEIMY2, CHRISTIAN
EceLkamp?, LEwIN Empam?, DanieL Kierer?, VoLkER HANNENS,
Zuonckul Huanag?, Tromas Konn'®, Markus Loser®?, XIn-

WEN Ma?, WiLFRIED NORTERSHAUSER?, FriTz NOLDEN!, RoDOLFO

SANcCHEZ!, ULricH ScHraMM®7, MarHIAS SiEBoLD®, PETER
SPILLER', MAaRKUs STeEck!, THOMAS STOHLKER!®8 JOHANNES
2 4

ULLMANN2® TrOMAS WALTHER?, HaNBING WaNnc?, WEIQIANG

WEeN?, CHRISTIAN WEINHEIMER®?, DANIEL WINZEN3, and DANYAL
WiNTERs! — 1GSI Darmstadt — 2TU Darmstadt — 3Uni Miinster
— 4IMP Lanzhou — 5HI-Jena — SHZDR Dresden — 7TU-Dresden
— 8Uni-Jena

High resolution laser spectroscopy is a very precise method for inves-
tigations of the atomic structure, being sensitive to the smallest ef-
fects (e.g. relativity, QED). In order to challenge modern theory, few-
electron ions are interesting because of their strong EM fields. These
ions can be studied at heavy-ion facilties, such as GSI in Darmstadt, or

Location: S HS 2 Physik

IMP in Lanzhou, China. In order to create high charge states, the ions
must be accelerated to almost the speed of light. Laser spectroscopy
of e.g. fine structure transitions is then possible by exploiting the huge
Doppler shift (anti-collinear laser). We report on results from experi-
ments performed at the ESR (GSI) and the CSRe (IMP) storage rings,
using C31 and 051 ion beams, respectively. Finally, we present our
preparations for laser spectroscopy of Be-like krypton.

Q 10.4 Mon 15:00 S HS 2 Physik
Spectroscopy of an electric-dipole-forbidden fine structure
transition with a single °Ar'3t jon at ALPHATRAP —
e ALEXANDER EcL!, JoaNNA ArRAaPOGLOU!, MARTIN HocKER!, KRis-
TIAN Konig2, Tim Rarasozyk?, Tim SaiLer!, Bingsueng Tul,
ANDREAS WEIGEL!, RoBERT WoLF!, WILFRIED NORTERSHAUSERZ,
Kraus Braum!, and SvEN STURM! — ! Max-Planck-Institut fiir Kern-
physik, Heidelberg, Germany — 2Institut fiir Kernphysik, Technische
Universitat Darmstadt, Germany

Highly charged ions are excellent candidates to test fundamental the-
ories such as bound-state quantum electrodynamics (BS-QED). The
strong electromagnetic fields which can be found in those systems can
shift the energies of fine structure or even hyperfine structure transi-
tions into the optical regime. Measuring such transitions constitutes a
stringent test on BS-QED including relativistic many electron calcula-
tions and nuclear contributions.

We present a novel method that does not rely on any fluorescence sig-
nal which allows to find straight forward a transition by using the con-
tinuous Stern Gerlach effect. Using this method we have recently per-
formed laser spectroscopy of the magnetic dipole (M1) 2p 2P1/2 72P3/2
fine structure transition in °Ar'3+ stored in a cryogenic Penning-trap
system of the ALPHATRAP g-factor experiment at the Max-Planck-
Institut fiir Kernphysik. Results of this will be presented.

Q 10.5 Mon 15:15 S HS 2 Physik
Determination of the electron affinity of astatine for IS615
— eDavip LeEmvBacH — CERN, Geneva, Switzerland — Institut fiir
Physik, Johannes Gutenberg-Universitat, Mainz, Germany — Depart-
ment of Physics, University of Gothenburg, Gothenburg, Sweden

Astatine is a purely radioactive and the rarest naturally occurring el-
ement on earth, exhibiting a number of short lived alpha emitting
isotopes. E.g. one of the longer lived isotopes, 211At, is of special
interest as an agent for targeted alpha therapy (TAT), a method of
treating cancer directly at the location of a tumor with alpha emitting
particles. On the other hand, the fundamental quantity of the electron
affinity (EA) of astatine is not known. Together with the just recently
measured first ionization potential (IP) this value is of importance to
determine the unknown electronegativity of this element which could
give valuable benchmarks for quantum chemical calculations predict-
ing the chemical properties of this element and its compounds. In or-
der determine the EA of radioisotopes via laser photodetachment, the
Gothenburg Anion Detector for Affinity measurements by Laser PHo-
todetachment (GANDALPH) was built. Following the first ever mea-
surement of the EA of a radiogenic isotope in 2016 [4], GANDALPH
has recently received multiple upgrades to facilitate beam tuning and
detection of low intensity (<1pA) ion beams. During an experimen-
tal campaign at CERN-ISOLDE in 2018, the GANDALPH beamline
was used to successfully measure the EA of astatine. Experiment and
results of these measurements will be presented and compared to ex-
pectations and recent theoretical calculations.

Q 10.6 Mon 15:30 S HS 2 Physik
Laser Spectroscopy of Boron Isotopes — eBERNHARD Maass?,
JasoN Crark?, PuiLLip IMGrRAM!, SiMoN KAUFMANN!, KRISTIAN
Konig!, Jore KrAMER!, JaN KRrAUSE!, ALESSANDRO LovaTOZ,
PETER MULLER?, KRzYSzTOF PacHUCKI®, MARIUSZ PUCHALSKI®,
Maria Piarurri?, Roserr Rorr!, RoporLro SANcHEZ?, Guy
Savarp?, FeLix SomMmER!, RoBERT WIrINGAZ, and WILFRIED
NORTERSHAUSER! — 1IKP, TU Darmstadt, DE — 2ANL, Lemont,
IL, USA — 3University of Warsaw, PL — 4Washington University, St.

Louis, MO, USA — ®GSI Darmstadt, DE

We report on the first determination of the nuclear charge radius
of stable boron isotopes by resonance ionization mass spectrometry
(RIMS). By combining high-resolution measurements of the isotope
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shift in an atomic ground state transition and high-accuracy ab ini-
tio mass-shift calculations of the five-electron system, the difference
in the mean-square charge radius between the stable isotopes 10:11B
can be extracted. The result is then used to benchmark new ab ini-
tio nuclear structure calculations using the no-core shell model and
Greens-Function Monte Carlo approaches. In near future, collinear
laser spectroscopy will be performed in the same transition on the

short-lived (770 ms) proton halo candidate 8B at Argonne National
Laboratory. The difference in mean-square charge radius will deliver
a model-independent test of its proton halo character.

This work is supported by the U.S. DOE, Office of Science, Office
of Nuclear Physics, under contract DE-AC02-06CH1135, and by the
Deutsche Forschungsgemeinschaft through Grant SFB 1245.



