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Invited Talk MS 6.1 Wed 14:00 MS-H9
PUMA: nuclear structure with low-energy antiprotons —
e ALEXANDRE OBERTELLI — Technische Universitdt Darmstadt

Nuclear halos are a fascinating manifestation of quantum physics.
They belong to a subset of low-density clustering for which most of
the probability to find the halo nucleon extends to a region of space
that is classically forbidden. Their properties show universal aspects
of few-body systems such as scaling laws. Advances in the production
of radioactive isotope beams give access to loosely-bound neutron-rich
systems at the nuclear driplines, where halos are found.

Low-energy antiprotons offer a very unique sensitivity to the neutron
and proton densities in the tail of the nuclear density. Such studies
with stable nuclei at ELENA, CERN, and with short-lived nuclei at
ISOLDE, CERN, are the motivation of the recently-accepted exper-
iment PUMA (antiProton Unstable Matter Annihilation). The con-
cept, sensitivity and status of the experiment will be introduced.

MS 6.2 Wed 14:30 MS-H9
A novel transportable PI-ICR Penning-trap mass spectrom-
eter — oD. Lance!2, M. Door!, S. Eriseev!, P. Fiianin!, J.
HerkeNHOFF!, K. KroMER!, A. Riscukal, CH. ScHwEIGER!, and
K. Braum! — Max-Planck-Institut for Nuclear Physics, Heidelberg,
Germany — 2Heidelberg University, Heidelberg, Germany

The new, transportable PILOT-trap (Phase-Imaging Located in One
Transportable-trap) experiment aims to measure masses of short-lived
nuclides with low production rates and half-lives down to 100 ms with
relative uncertainties of about 10~8. This should be realised with a
Penning-trap based modified buffergas cooling and PI-ICR technique
[1]. In order to deal with the low production rates of some isotopes a
modified dynamic buffer gas cooling technique is used in only a sin-
gle measurement trap. Therefore a fast piezo valve is being devel-
oped, which enables a fast and precisely timed helium injection into
the Penning-trap, followed by a fast helium release to be directly able
to measure in the same trap. This increases the overall efficiency by
also avoiding the transport. The setup is situated in the warm bore of
a 6T superconducting cryocooled magnet which ensures transportabil-
ity to different radioactive beam facilities. Here, mass measurements
of e.g. rare superheavy nuclides become possible contributing to nu-
clear physics and the search for the island of stability, see e.g. [2]. The
current status as well as the developed dynamic cooling method of this
experiment are presented.

[1] Eliseev, S. et al., Phys. Rev. Lett. 110, 082501 (2013).

[2] Block, M. et al., Nature 463, 785-788 (2010).

MS 6.3 Wed 14:45 MS-H9
New developments in radiation-detected resonance ionization
towards the heaviest actinides — eJEssicA WARBINEK 2, BRAN-
kica ANDELIGU3, MicHAEL Brock!?%4, PrEmMADITYA CHHETRID?,
ARNO CLAESSENS®, RAFAEL FERRER®, FraNceEsca Giacoppol?,
OLiver KarLeial®, Tom Kieck!#, EunKane Kiv2, MUsTAPHA
Laatiaout?, Jeremy LanTis?, ANDREw MisTryD7, DANNY
MionzBerc!24 STEVEN NoTHHELFER!'2*, SEBASTIAN RAEDER!'?,
EMMANUEL REv-HErME®, ELisABETH RIckerT!'?4,  JEKABS
RomaNns®, ELisa RoMERO-ROMERO2, MARINE VANDEBROUCK®, and
Pier Van Duppen® — 1GSI Helmholtzzentrum fiir Schwerionen-
forschung, Germany — 2Johannes Gutenberg-Universitét, Mainz, Ger-
many — 3KVI-CART, Groningen, The Netherlands — “Helmholtz In-
stitut Mainz, Germany — °KU Leuven, IKS, Belgium — SUniversitét
Greifswald, Germany — 7TU Darmstadt, Germany — 8CEA Saclay,
France

Laser spectroscopy can be a powerful tool to get insight into atomic and
nuclear structures of exotic elements such as the heavy actinides. How-
ever, commonly applied techniques often lack the required sensitivity
as most of these nuclides are very short-lived and can only be produced
in atom-at-a-time quantities. The efficient and sensitive RAdiation-
Detected Resonance Ionization Spectroscopy (RADRIS) method en-
abled the first laser spectroscopy of nobelium and it was recently ap-
plied to study a chain of fermium isotopes. To expand this technique
for the search of atomic levels in the heaviest actinide, lawrencium
(Z=103), the sensitivity of the setup needs to be further improved.
Therefore, a new movable double-detector setup was developed, which
allows an enhancement in the overall efficiency by about 60 % com-

Developments

Location: MS-H9

pared to the single-detector design. Further development work was
performed to enable the study of shorter-lived (<1s) and longer-lived
(>1h) nuclides with the RADRIS method. The most recent results on
the commissioning of the new setup will be presented.

MS 6.4 Wed 15:00 MS-H9

Commissioning and status of a gas-jet apparatus for laser
spectroscopy of the heaviest elements — eJEREMY LanTis':2,
JuniaN  Aurer!, MicHAaEL Brock!?3, PRrREMADITYA CHHETRI?,
ARrRNO CrLaEssens?, CHrisTorH E. DULLMANND23,  RAFAEL
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KaLejal3% Tom Kieck®, Niva Knep!, SaNDrRo KRAEMER?,
MusTaPHA LaaTiaour?3, NaTHALIE LECESNE®, VLADIMIR MANEAS7 |
Danny  Monzeerc!23,  STEvEN  NotHHELFERD23,  JEKABS
Romans?, HeErvE Savajors®, SiMon SeLs?, Marou STEMMLER!,
DowMminik STUDER!, BARBARA SuLIGNANOS, PiET VAN DuUPPEN?,
MARINE VANDEBROUCK®, THOMAS WALTER?, JEssicA WARBINEK!3,
Feuix WeBER!, and Kraus WENDT! — 1Johannes Gutenberg Uni-
versity Mainz, 55099 Mainz, Deutschland — 2Helmholtz Institute
Mainz, 55099 Mainz, Germany — 3GSI Helmholtzzentrum fiir Schwe-
rionenforschung GmbH, 64291 Darmstadt, Germany — 4KU Leuven,
Instituut voor Kern- en Stralingsfysica, B-3001 Leuven, Belgium —
5Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany —
6Grand Accélérateur National d’Tons Lourds, 14000 Caen, France —
"Laboratoire de Physique des 2 Infinis Iréne Joliot Curie, 91400 Or-
say, France — 8CEA Saclay, 91190 Saclay, France — 9TU Darmstadt,
64289 Darmstadt, Germany

Laser spectroscopy measurements can provide information about fun-
damental properties of both atomic and nuclear structure. These tech-
niques are of particular importance for the heaviest actinides and su-
perheavy elements, where atomic data are sparse. Recent resonance
ionization spectroscopy experiments at GSI, Darmstadt have focused
on in-gas-cell measurements using the RADRIS technique, with suc-
cess measuring several nobelium and fermium isotopes. However, the
resolution of these measurements is limited by collisional and Doppler
broadening and cannot be applied to isotopes with half-lives shorter
than one second. Simultaneously, work has been performed at KU
Leuven performing laser spectroscopy on atoms in a hypersonic jet,
allowing for high resolution measurements in an almost collision-free
and reduced Doppler broadening environment. A new gas- jet appa-
ratus has been constructed combining the sensitivity of the RADRIS
technique with the resolution of in-gas jet spectroscopy to overcome
these limitations. Commissioning experiments have been performed
using thulium and dysprosium to optimize the experimental condi-
tions, ensuring that the achievable resolution is sufficient for planned
online experiments with nobelium. The most recent results will be
presented.
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MS 6.5 Wed 15:15 MS-H9
Efficiency measurements of in-gas-jet resonance ionization
spectroscopy — eJULIAN AULER!', MicHAEL Brock!:2:3, PREMA-
pITYA CHHETRI?, ARNO CLAESSENS?, RAFAEL FERRER?, MAGDALENA
Kasal, Tom Kieck3, Nina KNep!, JEREMY LaNTIs!2, VLADIMIR
ManeA® S Danny MonzeerRG23, STEVEN NoTHHELFERDZ3, SE-

BASTIAN RaEDER?2, JEKABS Romans?, Smon SeLs?, Marou
StemMMLER!, Dowminik STuper!, PIET VAN DuppreEN?, JEssica
WaRrBINEK D3, FELix WEBER!, and Kraus WENDT! — lJohannes

Gutenberg-Universitat Mainz, 55099 Mainz, Germany — 2Helmholtz
Institute Mainz, 55099 Mainz, Germany — 3GSI Helmholtzzentrum
fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany — KU
Leuven, Institutuut voor Kern- en Stralingsfysica, B-3001 Leuven, Bel-
gium — S5Laboratoire de Physique des 2 Infinis Iréne Joliot Curie,
91400 Orsay, France — 9Grand Accélérateur National d’Ions Lourds,
14000 Caen, France

‘We present a new gas-jet experiment intended to study optical transi-
tions of the heaviest elements at the Separator for Heavy Ion reaction
Products (SHIP) at GSI, Darmstadt. The novel aspect of the gas-
jet experiment is the extraction of previously stopped and neutralized
heavy ions in a well-defined, low-temperature, homogeneous, hyper-
sonic gas-jet. Laser resonance ionization spectroscopy is performed in
the gas jet, yielding high spectral resolution due to reduced Doppler
broadening. Considering the limited production rate of heavy ions at
on-line facilities, such as GSI, a high total efficiency is a crucial require-
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ment for the gas-jet experiment. The overall efficiency can be factor-
ized into different contributions, like the injection of heavy ions into
the setup, the ion transport efficiency, the re-evaporation efficiency, the
efficiency of resonance ionisation and the detector efficiency. Addition-
ally, for radioactive elements the losses due to decay have to be taken
into account. Efficiency measurements are performed with both stable
and radioactive samples. The results of the efficiency measurements
will be presented.

MS 6.6 Wed 15:30 MS-H9
Sympathetic cooling of single ions in a Penning trap using
a self-cooled electron plasma — eJosT HERKENHOFF, MENNO
Door, SERGEY ELISEEV, PAVEL FiLiaNIN, KATHRIN KROMER, DANIEL
LANGE, ALEXANDER RISCHKA, CHRISTOPH SCHWEIGER, SVEN STURM,

and Kraus BLaum — Max-Planck-Institut fiir Kernphysik, 69117 Hei-
delberg, Germany

The amazing evolution of precision in recent Penning-trap experiments
is driving the need for ever-improving cooling techniques. In this talk,
the prospect of a new sympathetic cooling technique using an electron-
plasma coupled to a single ion is presented. Utilizing the synchrotron-
radiation of electrons in a strong magnetic field enables cooling to very
low motional quantum numbers, almost to their ground state. Using
a common-resonator, the motion of this self-cooled electron plasma
can be coupled to a single ion stored in a spatially separated Penning
trap, allowing sympathetic cooling of all modes of the ion. The ex-
tremely low expected temperatures in the milllikelvin range open up
an exciting new frontier of measurements in Penning traps.



