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Analysis of engineered and laser generated aerosols by Laser Abla-
tion Inductively Coupled Plasma Mass Spectrometry — ¢DETLEF (GUEN-
THER, JOACHIM KOCH, LUCA FLAMIGNI, SABRINA GSCHWIND

Recent atomic mass measurement results from JYFLTRAP — eToOMMI
ERONEN, DMITRY GORELOV, JANI HAKALA, ARI JOKINEN, ANU KANKAINEN,
VELI KOLHINEN, JUHO RISSANEN, JUHA AysSTO

The resonance ionization laser ion source RILIS - leading all-rounder of
on-line ion sources — eSEBASTIAN ROTHE, VALENTIN FEDOSSEEV, DANIEL
FINK, RALF ROSSEL, MAXIM SELIVERSTOV, KLAUS WENDT

Present and future mass measurements at the FRS-ESR Facility at
GSI — eRONJA KNOBEL

Prézisionsmassenmessungen an ISOLTRAP fiir Kernstrukur- und As-
trophysik — eSUSANNE KREIM

Optimizing small AMS systems beyond C-14 — ¢CHRISTOF VOCKENHU-
BER

Structure and dynamics of finite Fermi systems: simple metal clusters
and fullerenes — eBERND V. ISSENDORFF

Light induced reactions (LIR) in a cold 22-pole ion trap — OSKAR
ASVANY, SANDRA BRUNKEN, eSTEPHAN SCHLEMMER

Invited talks of the joint symposium SYAD
See SYAD for the full program of the Symposium.

SYAD 1.1 Mon

SYAD 1.2 Mon
SYAD 1.3 Mon

SYAD 1.4 Mon

14:00-14:30

14:30-15:00
15:00-15:30

15:30-16:00

V47.01

V47.01
V47.01

V47.01

A Quantum Information approach to Statistical Mechanics —
e¢GEMMA DE LAS CUEVAS

Bose-Einstein condensation of photons — eJAN KLARS

Broadband Optical Quantum Memory at Room Temperature —
oKLAUS REIM

First Spin-Flips Ever Observed with a Single Trapped Proton —
oSTEFAN ULMER, CRICIA RODEGHERI, KLAUS BLauM, HOLGER KRACKE,
ANDREAS MOOSER, WOLFGANG QUINT, JOCHEN WALZ

Invited talks of the joint symposium SYIB
See SYIB for the full program of the Symposium.

SYIB 1.1 Tue

SYIB 1.2 Tue

SYIB 1.3 Tue

10:30-11:00

11:00-11:30

11:30-12:00

V55.22

V55.22

V55.22

Nuclear physics with stored highly-charged radioactive ions — eYURI
LiTviNov

High Precision Laser Spectroscopy at the Storage Ring ESR —
e WILFRIED NORTERSHAUSER

Storage-ring measurements of hyperfine-induced one-photon transi-
tions in highly charged ions — eSTEFAN SCHIPPERS



Mass Spectrometry Division (MS)

Overview

SYIB 1.4 Tue 12:00-12:30 V55.22 Low-Temperature Molecular Recombination from fast Electron and
Ion Beams — ¢OLDRICH NOVOTNY

SYIB 2.1 Tue 14:00-14:30 V55.22 TIon induced fragmentation of large (bio)molecules — eTHOMAS
SCHLATHOLTER

SYIB 2.2 Tue 14:30-15:00 V55.22 Using femtosecond lasers for determining the structure and dynamics
of complex molecules — ¢JASON GREENWOOD

SYIB 2.3 Tue 15:00-15:30 V55.22 Fast beam momentum spectroscopy on XUV excited molecular ions
— oHENRIK PEDERSEN

SYIB 2.4 Tue 15:30-16:00 V55.22 Electron Emission from Hot Stored Molecular and Cluster An-
ions — eMICHAEL LANGE, KLAUS BLAUM, CHRISTIAN BREITENFELDT,
MiCHAEL FROESE, SEBASTIAN MENK, ANDREAS WOLF, SWARUP DAS,
MANAS MUKHERJEE

Sessions

MS 1.1-1.7  Mon 10:30-12:30 V57.06 Resonance Ionization MS, ICPMS and others I
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MS 7.1-7.7  Thu 10:30-12:30 V57.06 Accelerator Mass Spectrometry and Applications I

MS 8.1-8.7 Thu 14:00-16:15 V57.06 Ion Trap and FT-ICR-MS, Molecules, Clusters and Reactions

MS 9.1-9.8  Fri 10:30-12:30  V57.06 Accelerator Mass Spectrometry and Applications IT
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MS 1: Resonance lonization MS, ICPMS and others |

Time: Monday 10:30-12:30

Invited Talk MS 1.1 Mon 10:30 V57.06
Analysis of engineered and laser generated aerosols by Laser
Ablation Inductively Coupled Plasma Mass Spectrometry —
eDETLEF GUENTHER, JoAacHIM KocH, LucAa FLaMIGNI, and SABRINA
GscHwIND — ETH Zurich, Wolfang Pauli Strasse 10, CH-8093 Zurich

The most recent trend in LA-ICP-MS is focused on quantitative, high
spatial resolution elemental mapping, which is required to reconstruct
the trace element distribution in tissues, in stalagmites or in alloys and
steel samples and many others. Therefore, low dispersion and sample-
geometry independent ablation cells have been developed, which allow
monitoring minimum changes in trace element concentrations. Some
most recent ablation cell geometries will be discussed and their features
on selected applications will be shown. A recently introduced atmo-
spheric sampling system, allowing the analysis of samples without an
airtight ablation cell will be explained and some promising applications
will be discussed in detail [1]. Furthermore, the analysis of individual
nanoparticles becomes more an more important. A well defined sample
introduction system for quantitaitve analysis of nanoparticles will be
introduced and preliminary figures of merit for some selected elements
will be discussed.

[1]*Kovacs, R., Nishiguchi, K., Utani, K., Glinther, D., Development
of Direct Atmospheric Sampling for Laser Ablation - Inductively Cou-
pled Plasma - Mass Spectrometry. J. Anal. At. Spectrom., 2010, 24,
142-147

MS 1.2 Mon 11:00 V57.06
Untersuchungen von Uran und Plutonium mittels nano-ESI
TOF Massenspektrometrie — eMicHAEL STEPPERT, CLEMENS
WALTHER, SEBASTIAN BUcHNER und Markus Fuss — Karlsruher
Institut fiir Technologie (KIT), Institut fiir Nukleare Entsorgung,
Hermann-von-Helmholtz-Platz 1, D-76344 Eggenstein-Leopoldshafen

Uran und Plutonium, selbst in kleinsten Mengen, erregen in der &f-
fentlichen Wahrnehmung besondere Besorgnis. Daher kommt diesen
Elementen schon seit langem eine Schliisselrolle bei Speziationsunter-
suchungen zu, insbesondere auch im Kontext der tiefen geologischen
Lagerung nuklearen Abfalls iiber mehrere 100.000 Jahre. Eine beson-
dere Herausforderung hierbei ist die quantitative Speziation Radionu-
klide in Losung. Sowohl sechswertiges Uran als auch Plutonium bilden
aufgrund von Hydrolyse im nahe-neutralen pH-Bereich kleine Polyme-
re. Als Methode zum direkten Nachweis aller in Lésung vorkommender
Hydrolysespezies wurde die nano-ESI TOF MS eingesetzt. Losungen
von U(VI) und Pu(VI) wurden in HNO3 zwischen pH 3-6 untersucht,
um die Unterschiede in den gebildeten Hydrolyseprodukte dieser bei-
den Actiniden herauszuarbeiten. Im Uranyl-System konnten erstmalig
neben den monomeren und trimeren Hydrolysespezies die dimere Spe-
zies [(UOz2)2(OH)2]?* mittels ESI MS nachgewiesen werden. Auch in
den Pu(VI)-Losungen gelang der erste quantitative massenspektrome-
trische Nachweis aller in Lésung vorhandener Hydrolysespezies: Pu(VI)
bildet im Gegensatz zum U(VI) maximal dimere Hydrolysespezies. Ei-
ne Bildung von Trimeren kann ausgeschlossen werden.

MS 1.3 Mon 11:15 V57.06
Progress of the ILIAS project for selective isobar suppres-
sion by Laser photodetachment — eOLIVER FORSTNER!, PON-
TUs ANDERSSON!, ROBIN GOLSER', MARTIN MARTScHINI', ALFRED
PriLLER!, PETER STEIER!, DAc HANsTORPZ, and ANTON LINDAHL2
— 1VERA Laboratory, Faculty of Physics, University of Vienna, Aus-
tria — 2Department of Physics, University of Gothenburg, Sweden

At the VERA Laboratory of the University of Vienna a test facility
for studying selective isobar suppression of negative ions by Laser pho-
todetachment is currently under construction. The ILIAS (Ion Laser
InterAction Setup) test setup consists of a negative ion spectrometer
providing mass separated beams of negatively charged atomic or molec-
ular ions with energies up to 30 keV. The negative ions are produced
in a Middleton type cesium sputter ion source. The mass selected ions
are stopped in a gas-filled radio frequency quadrupole cooler where
they overlap with a strong continuous wave Laser beam. By careful
selection of the photon energy only unwanted isobars are neutralized
while the isobar of interest remain as ions. With this scheme a selective
suppression of isobars can be achieved.

After a description of the setup and a status report of the commis-
sioning of the negative ion spectrometer, the progress of the construc-

Location: V57.06

tion of the RFQ cooler will be presented. As a future outlook the
first photodetachment experiments with the RFQ cooler and a possi-
ble scheme for application of this new method to a 3 MV AMS facility
will be described.

MS 1.4 Mon 11:30 V57.06

Kombination einer Miniatur- Radiofrequenz-Quadrupolstruktur

mit der resonanten Laserionisation zum Aufbau einer
massenselektiven Ionenquelle — eFaABIAN ScHNEIDER!, Kraus
EBERHARDT2, WILFRIED NORTERSHAUSERZ, SVEN RICHTER!,
SziLaRD Nacy? und Kraus WEeNDT! — lInstitut fiir Physik,
Johannes-Gutenberg-Universitit Mainz — 2Institut fiir Kernchemie,

Johannes-Gutenberg-Universitat Mainz

Die Verwendung von resonanter Laserstrahlung zur Ionisation erlaubt
eine elementspezifische Ionisation und wird in vielen off-line und on-line
Tonenquellen sehr erfolgreich eingesetzt. Die Nutzung von heiften Ka-
vitdten als Atomisationsofen bewirkt aber immer eine Kontamination
des Ionenstrahls durch unerwiinschte Oberflachenionisation primér von
Alkalielementen. Der Einsatz einer Radiofrequenz-Quadrupolstruktur
mit einer geringen Baugrofie erlaubt eine Massenfilterung direkt am
Ort der Quelle und damit eine effektive Aussonderung der Kontamina-
tionen zur Reduktion der Belastung des nachfolgenden Massensepara-
tors durch hohe Raumladungsdichten, die zur Beeintriachtigung der fiir
das Experiment relevanten Ionenstrome fiithren kénnten. Eine weitere
Anwendung der massenselektiven Quelle bietet sich auch bei Nutzung
nicht-resonanter Laserdesorption/-ionisation, z.B. zur Erzeugung ei-
nes Massenreferenzkamms aus Kohlenstoff-Clustern fiir Penningfallen-
Massenmessungen an. Es werden Simulationen sowie erste Testmes-
sungen vorgestellt.

MS 1.5 Mon 11:45 V57.06
The Laser Ion Source and Trap (LIST) at CERN: Improving
the Selectivity of the Resonance Ionization Laser Ion Source
— eDaNIEL Finkb23 Kraus Braum?3, RicHARD CATHERALL!,
BeERNARD CREPIEUX!, VALENTIN FEDOSSEEV!, BRUCE MARsH!, SVEN
RicuTER?, RALF RosseL!%, SEBasTIAN RoTHE!"4, THIERRY STORAL,
PExkAa SuoMINEN', and KLaus WENDT? — 'CERN — 2Universitét
Heidelberg — 3Max-Plack-Institut fiir Kernphysik, Heidelberg —

4Universitit Mainz

The on-line isotope mass separator ISOLDE at CERN is a facility ded-
icated to the production of a large variety of radioactive ion beams.
Various experiments, coupled on-line, cover front-line research in, e.g.,
atomic, nuclear, and solid-state physics. A high ionization efficiency
combined with ultimate isotope selectivity is of utmost importance for
all on-line experiments on exotic, short-lived radionuclides with the
lowest production rates. The ionization technique that most closely
meets this requirement is the element selective Resonance lonization
Laser Ion Source (RILIS). Unfortunately, even when the RILIS is used,
many rare isotope beams produced at ISOLDE remain contaminated
with surface ionized isobars. In order to suppress the surface ions, a
radio-frequency quadrupole device known as the Laser Ion Source and
Trap (LIST) has been developed at the University of Mainz and at
CERN. The LIST was tested at ISOLDE for the first time online at a
radioactive beam facility in spring 2011. Characteristics such as trans-
mission, selectivity, and ionization efficiency were determined. The
results of the on-line run and the latest studies will be presented.

MS 1.6 Mon 12:00 V57.06
Weiterentwicklungsmoglichkeiten der On-line Laserionen-
quelle LIST — eSveN RicHTER!, KLAaUus BrLaum?, DaNIEL FINk3,
SEBASTIAN RoTHE3, FABIAN ScHNEIDER! und Kraus WenpT! —
Hnstitut fir Physik, Universitdt Mainz — 2Max-Plank-Institut fiir

Kernphysik, Heidelberg — 3CERN, Genf, Schweiz

Als Weiterentwicklung der On-line Laserionenquelle RILIS bei ISOL-
DE am CERN wurde am Institut fiir Physik der Universitdt Mainz
die LIST (Laser Ion Source and Trap) speziell zur hochselektiven Ioni-
sation exotischer Radionuklide entwickelt. Die bisher bei der ISOL-
DE/RILIS verwendete heife Kavitat wird in der LIST als Quel-
le eines kollimierten Atomstrahls eingesetzt, der axial in die LIST-
Quadrupolstruktur einlduft und dort durch Laserstrahlung mehrstufig
resonant ionisiert wird. Dabei gleichzeitig generierte Oberflachenionen,
die den Grofiteil des Untergrunds darstellen, werden durch eine Re-
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pellerelektrode unterdriickt. Die LIST-Quadrupolstruktur bietet eine
Reihe von Weiterentwicklungsmoglichkeiten fiir die Optimierung eines
moglichst untergrundfreien, selektiven und effizienten Ionisationspro-
zesses an. Dazu gehort die Optimierung des Uberlapps zwischen Atom-
und Laserstrahlen, die Ausnutzung der Zeitstruktur der gepulst er-
zeugten Laserionen wie auch ein moglicher massenselektiver Betrieb
der LIST. Fiir diese Entwicklungsschritte sind Adaptionen der Ionen-
optik sowie Geometriedinderungen der Kavitdat und der LIST Elektro-
den notwendig. Der aktuelle Entwicklungsstand dieser Aktivitaten, Si-
mulationsrechnungen sowie entsprechende Testmessungen am Mainzer
Off-line Massenseparator RISIKO werden vorgestellt.

MS 1.7 Mon 12:15 V57.06
Vorteile einer Nachweisapparatur fiir Referenzmessungen in
der RIS — eToBias KroN!, VOLKER SONNENSCHEIN!2 SEBASTIAN
RAEDER!3 und Kraus WENDT! — !nstitut fiir Physik, Universitét
Mainz, 55128 Mainz, Germany — 2University of Jyviskyls, Finland
— 3TRIUMF, 4004 Wesbrook Mall, Vancouver, BC V6T 2A3, Canda

Die Resonanzionisationsspektroskopie bedient sich der elementselekti-

ven Ionisation durch stufenweise Anregung mit resonant abgestimmter
Laserstrahlung. Die Methode wird erfolgreich in der Produktion von
Tonenstrahlen seltenster radioaktiver Nuklide an on-line Isotopentren-
nern wie z.B. ISOLDE bei CERN als Laserionenquelle, wie auch in
der modernen lasermassenspektrometrischen Ultraspurenbestimmung
radiotoxischer Kontaminationen genutzt. Die lonisationseffizienz des
mehrstufigen Ionisationsschemas hingt dabei mafgeblich von den Pa-
rametern Intensitit, Wellenlinge und értlicher sowie zeitlicher Uber-
lagerung der Laserpulse der verwendeten abstimmbaren Laser ab. Zur
bestédndigen Kontrolle dieser Parameter wahrend langwieriger Mess-
phasen an einem seltenen Zielisotop bietet sich der Einsatz einer kom-
pakten Referenzapparatur an, in welcher ein Bruchteil der Laserstrah-
lung zur resonanten Ionisation eines stabilen Referenzisotopes genutzt
wird. Ohne langwierige Abstimmung des Massenspektrometers kann
somit permanent der optimale Betriebszustand des Lasersystems veri-
fiziert und gleichzeitig eine zeitnahe Kalibration fiir Prézisionsmessun-
gen an bekannten Daten erfolgen. Die Bedeutung der Parameter des
Lasersystems und die Konstruktion einer kompakten Nachweisappara-
tur fiir ISOLDE/CERN werden vorgestellt.

MS 2: Precision Mass Spectrometry and Fundamental Applications |

Time: Monday 14:00-16:00

Invited Talk MS 2.1 Mon 14:00 V57.06
Recent atomic mass measurement results from JYFLTRAP
— eTommi Eronenb2, DmiTrRy Gorerov!, Jant Hakaral, Arr
JokINENT, ANU KANKAINEN', VELI KoLHINEN!, Juno RISSANENT,
and Juna Aystd! — lUniversity of Jyviskyld, Finland — 2Max-
Planck-Institut fiir Kernphysik, Heidelberg, Germany

JYFLTRAP [1] is a double Penning trap setup located at the acceler-
ator laboratory of the University of Jyvéskyld. It has been built for
measuring atomic masses of short-lived isotopes produced using the
IGISOL method [2], which is fast and enables the extraction of any
element, including refractory ones. Until the summer of 2010, before
the setup was shut down for upgrade, masses of about 300 short-lived
nuclei ranging from 0C to 293Bi were measured, many of them for the
first time.

In this contribution, an overview of JYFLTRAP mass measurement
is given with emphasis on the most recent work. These include tests of
the conserved vector current hypothesis (CVC) [3], nuclear structure
studies on the neutron rich side of the nuclide chart [4], and decay
energy measurements of double 8 decay emitters and double electron
capture candidates for neutrino studies [5].

[1] A. Jokinen et al., Hyperfine Interact. 173, 143 (2006)
[2] J. Aysts, Nucl. Phys. A 693, 477 (2001)

[3] T. Eronen et al., Phys. Rev. C 83, 055501 (2011)

[4] J. Hakala et al., Eur. Phys. J. A 47, 1 (2011)

[5] S. Rahaman et al., Phys. Lett. B 703, 412 (2011)

MS 2.2 Mon 14:30 V57.06
Double-beta transition Q-value and direct mass measure-
ments with TRIGA-TRAP — e¢CHRISTIAN SMORRA1'2:3 THOMAS
BeveEr'2, Kraus Braum!, MicaaEL Brock?, CurisTor E.
DoLLMaNN?%5  MarTin Emsacu?3, SereeEy ELISEEV!, SEBAS-
TIAN KLEIN2, SziLARD Nacy!#*, WILFRIED NORTERSHAUSERZ?,
and Dennis Reniscu!?2 — IMax-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, D-69117 Heidelberg — Z2Institut fiir Kern-
chemie, Johannes Gutenberg-Universitit, Fritz-Strassmann-Weg 2, D-
55128 Mainz — SFakultdt fiir Physik und Astronomie, Ruprecht-
Karls-Universitit, Philosophenweg 12, D-69120 Heidelberg — 4GSI
Helmholtzzentrum fiir Schwerionenforschung, Planckstrafe 1, D-
64291 Darmstadt — ®Helmholtz-Institut Mainz, Johannes Gutenberg-
Universitdt, D-55099 Mainz

Neutrinoless double-beta transitions are difficult to observe due to their
long half-lives. In case of neutrinoless double-electron capture, a reso-
nant enhancement of the decay rate by several orders of magnitude
occurs if the energy levels of initial and final state are degenerate
in energy. In order to search for nuclides undergoing a resonantly-
enhanced double-electron capture the @Q-values of the transitions in
106Cd, 198Cd, and '8*Os were determined by the double-Penning trap
mass spectrometer TRIGA-TRAP with a precision better than 1 keV.
The double-beta decay Q-value of 110Pd was investigated as well. The
recent results will be presented.

Location: V57.06

MS 2.3 Mon 14:45 V57.06
A New Method for Ion Separation in Penning Traps

— GErorgEs Aupt!, DieTricH Breck?, Kraus Braum?®, CHRIs-

TINE BéuM?3, CHRISTOPHER BORGMANN®, MARTIN BREITENFELDT?,
R. Burcu Cakirni®, TaoMas Erias CocoLios®, SERGEY
ELISEEV3, SEBASTIAN GEORGE®, FRANK HERFURTHZ, ALEXAN-
pER HERLERT’, JURGEN KLUGE?, MaGDALENA KowaLska®, Su-
saNNE KRreIM3:5, Davip LunNEvy!, ENRIQUE MINAYA RAMIREZZ,
SArAH Namvi®, DeENNis NEIDHERR2, eMarco RosenBuscH?, STE-
FAN ScuwARz®, LuTz ScHWEIKHARD?, JuLiaNE Staniall, Mencg
WanaG!, Frank WieNHOLTZ?, ROBERT N. WoLF?, and Kar ZuBer!'0
— 1CSNSMIN2P3-CNRS, Université de Paris Sud, Orsay, France —
2GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt,
Germany — 3Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many — “Instituut voor Kernen Strahlingsfysica, Leuven, Belgium
— SCERN, Geneva, Switzerland — SNSCL, Michigan State Univer-
sity, East Lansing, USA — 7FAIR GmbH, Darmstadt, Germany —
8RIKEN Research Facility, Japan — ?Ernst-Moritz- Arndt-Universitét,

Greifswald, Germany — '9Technische Universitéit, Dresden, Germany

The beams delivered by radioactive ion-beam (RIB) facilities mostly
consist of a mixture of the ions of interest and other isobaric and
isomeric species. However, experiments performed with such beams
usually depend crucially on the purity of the ion ensemble. Ion pu-
rification by mass-selective buffer-gas cooling [1] in Penning traps has
been employed successfully with resolving powers of up to 10°. How-
ever, new techniques are are needed to further increase the resolving
power or, equivalently, to reduce the duration of the separation pro-
cess. In addition, buffer gases cannot be utilized in experiments which
require a high vacuum, e.g. experiments with highly-charged ions. A
new method for isobaric purification will be presented based on the
superposition of a dipolar excitation of the magnetron motion of all
trapped ions and a quadrupolar excitation at the cyclotron frequency
of the ions of interest. Preliminary results of off-line measurements at
the ISOLTRAP mass spectrometer at the RIB facility ISOLDE/CERN
have shown a resolving power of 4 - 10° as for an excitation duration
of 400ms.

[1] G. Savard et al., Phys. Lett. A 158, 247-252(1991).

MS 2.4 Mon 15:00 V57.06
Online Commissioning of a Multiple-Reflection Time-of-
Flight Mass Spectrometer (MR-TOF-MS) at the FRS
Ion Catcher — eJens Eserr!, Timo DickeL!?2, WoLFGANG
R. Prass!2, SamueL Aver?, PETER DENDOOVEN®, ALFREDO
EsTrADE?, FaBio FariNoN?, HAaNs GErisseLb?, EMMA HAETTNERDZ,
CurisTiAN JescH!, NasseR KALANTAR-NAYESTANAKI®, RonNja
KnoeBeL!2, Jan Kurcewicz?, JoHannes Lanc!, TaIN MooRg?,
Cuiara NociForo?, STEPHANE PIETRI2, ANDREJ PRocHAZKAZ,
S1vasi PURUSHOTHAMANZ, MaNisEA RaNJaN®, MoriTz P. REITER!,

SaMi  RiNTA-ANTILA%, CHRISTOPH SCHEIDENBERGER!'2, MaAva
9 b
2 2

TakecHI?, JouN WINFIELD2, HeELMuT WEICK?, and MIKHAIL I.

Yavor® — 1JLU Giessen — 2GSI, Darmstadt — 3KVI, University
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of Groningen, Netherlands — *University of Jyvéskyld, Finland —
5Russian Academy of Sci., St. Petersburg

A MR-TOF-MS covers a wide field of applications, from ultra high-
resolution and broad band mass measurements to isobar separation.
To enhance the performance of our MR-TOF-MS several important
improvements have been implemented. Such as a new detector sys-
tem, that opens further application areas like decay-spectroscopy of
isobarically clean beams. Online commissioning of the MR-TOF-MS
has been performed using radioactive nuclei at the FRS Ion Catcher.
The ions were stopped in a novel cryogenic stopping cell and the MR-
TOF-MS was used for performance investigation of the stopping cell.
Results of the improvements and the online measurements will be pre-
sented as well as future perspectives.

MS 2.5 Mon 15:15 V57.06

On-line commissioning of the cryogenic stopping cell for the

Super-FRS — eS1vasi PurusHOTHAMAN!, PETER DENDOOVENZ,
Tmio Dicker!®, Jens EBerr®, ArLrFrepo EsTrADE!, FaBIO
1

FariNnoN!, Hans GeisseL!3, Emma HaerTNer!'?, CHRISTIAN
) ) )

JeEscu?, Nasser KALANTAR-NAYESTANAKIZ, RoNJA KNOEBELDS, JAN
Kurcewicz!, Jouannes Lanc!, Iain Moore?, Cuiara Nocirorol,
STEPHANE PIETRI}, WoLFcaNGc Prass!3, ANDREY ProcHAzZKAD,
ManisHA RANJANZ, MoRriTz PascAL REITER!, SAMI RINTA-ANTILAY,
CHRISTOPH SCHEIDENBERGER"3, Mava TakecH1', JouN WINFIELD!,
and HELMuT WEICK! — 'GSI, Darmstadt, Germany — 2KVI, Uni-
versity of Groningen, Netherlands — 3JLU, Giesen, Germany —

4University of Jyviskyls, Finland

(N

A cryogenic stopping cell developed for the low-energy branch of the
Super-FRS at FAIR has been successfully commissioned in combina-
tion with a multiple-reflection time-of-flight mass spectrometer at the
FRS at GSI. The stopping cell has a stopping length of 1 m and is
operated at 100 mbar helium at 100 K. The helium density used in
this test is several times higher than the gas densities achieved in
comparable room temperature stopping cells. In-flight separated and
range-focussed 223Th fragments from the FRS have been slowed down,
thermalized and extracted. Results of this test and the plans for future
experiments will be discussed

MS 2.6 Mon 15:30 V57.06

Investigation of work functions for precision experiments to
investigate the standard electroweak model — eMarcus BEck,

MS 3: Resonance lonization

Time: Monday 16:30-17:45

Invited Talk MS 3.1 Mon 16:30 V57.06
The resonance ionization laser ion source RILIS - leading
all-rounder of on-line ion sources — eSEBASTIAN RoTHED?,
VALENTIN FEpOsseEv!, Danier Fink!, RaLr Rosser!23, Maxim
SeLiversTov!, and Kraus WENDT2 — 1CERN, Geneva, Switzerland
— 2Institut fiir Physik, Uni Mainz, Germany — 3Hochschule Rhein-

Main, Wiesbaden, Germany

The resonance ionization laser ion source (RILIS) of the on-line isotope
separator facility ISOLDE at CERN, is based on the method of step-
wise resonant laser excitation and ionization of atoms. The element
selectivity of the RILIS complements the mass selection process of the
ISOLDE separator magnets to provide high purity ion beams of many
isotopes. The RILIS, which now includes two complementary and in-
dependent tunable laser systems (dye and titanium:sapphire lasers),
has been significantly improved since its first demonstration of selec-
tive ionization of Yb isotopes in 1992. Today, on account of the high
degree of selectivity for the 27 elements now offered, the annual op-
eration of RILIS exceeds 2500 h, making it the most versatile and
commonly used ion source at ISOLDE. The use of a narrow band dye
laser enables precision in-source laser spectroscopy of isotope shifts
and hyperfine structures of isotopes far from stability as well as the
production of isomer pure beams as has been demonstrated for Ag,
Cu, Pb, Bi, Po, and T1 . A recent upgrade of the RILIS comprises the
incorporation of a complementary all solid state laser system as well as
the Laser Ion Source Trap (LIST), which greatly enhances selectivity
by suppressing any surface ionized isobars.

MS 3.2 Mon 17:00 V57.06

CHRISTIAN ScHMIDT, WERNER HEIL, and ALEXANDER WUNDERLE —
Institut fiir Physik, Johannes Gutenberg-Universitdt Mainz

The standard model of the electroweak interaction is tested with ever
increasing precision by non-accelerator experiments, e.g. using beta
decay. The precision of these experiments has reached a point where
the variation of the work function of the materials used, e.g. for elec-
trodes, starts to limit the sensitivity. We investigate these variations of
the work function using a scanning Kelvin probe. In this talk we will
discuss the issue of the variation of the work function in the context
of the KATRIN experiment, which will measure the absolute mass of
the electron-antineutrino. The question of the variation of the work
function is especially important for the rear wall and the main retarda-
tion electrode of KATRIN. Together these two define the retardation
potential, which has to be known with an absolute precision of 50 mV.
First measurements of surfaces covered with a thin gold layer will be
presented.

MS 2.7 Mon 15:45 V57.06
WITCH - Erste Ergebnisse mit 3°Ar-Ionen — eMARTIN

BREITENFELDT!, Towmica Porosic!, MicHAEL Tanpecki!, SI-

MON VAN Gorpl!, ANNA BaAKENECKER?, Marcus BEeck?, PETER

FRIEDAG2, CHRISTIAN WEINHEIMERZ, DALIBOR ZAKOUCKYS, FE-

rENC GLOck?, VaLENTIN KozLov? und NaTHAL SEVERLINS! —
Hnstitut voor Kern een Stralenfysika, Katholieke Universiteit Leuven
— 2Institut fiir Kernphysik, WestfilischeWilhelms-Universitat Miins-
ter — 3Nuclear Physics Institute of ASCR, Rez near Prague —

4Karlsruher Institut fiir Technologie

Mit dem WITCH-Experiment wird die Riickstoenergieverteilung von
Tochterkernen nach dem Betazerfall von Ionen in einer Penningfal-
le untersucht. Diese wird durch die Variation eines Potentials im
Retardierungsspektrometer gemessen. Aus dieser Verteilung 1aft sich
dann die Beta-Neutrino-Winkelkorrelation a extrahieren. Das Ziel des
WITCH-Experiments ist es, a mit einer Genauigkeit von Aa < 0,5%
zu bestimmen, was Riickschliisse auf eine skalare Komponente in der
schwachen Wechselwirkung erlaubt. Im letzten Jahr gelang es zum
ersten Mal ein Riickstofispektrum des 3°Ar mit geniigend Statistik
aufzunehmen, um a zu extrahieren. Die geschieht mittels weitreichen-
den Bahnverfolgungs- und Penningfallensimulationen, deren Ergebnis-
se mit den Messungen verglichen werden. In dieser Kombination von
Simulation und Experiment werden auch die systematischen Unsicher-
heiten des WITCH-Experiments bestimmt.

MS, ICPMS and others Il
Location: V57.06

Performance of a high repetition rate pulsed laser system for
in-jet laser ionization and spectroscopy studies in the Leuven
laser ion source, LISOL — eVOLKER SONNENSCHEIN!, RAFAEL
FERRER?, MaARk Huvse?, Tosias Kron?, YUrRt KUDRYAVTSEVZ,
NatHALIE LEcESNE?, IAIN MoORE!, JonANNES ROSSNAGEL?, SEBAS-
TIAN RAEDER?, HERVE Savasors?, PAUL VaN DEN BercH?, PIET VAN
DuppeN?, and KLaus WENDT® — 1University of Jyviiskyld, Finland
— 2Instituut voor Kern- en Stralingsfysika, Katholicke Universiteit
Leuven — 3Institut fiir Physik, Universitit Mainz — *GANIL, Caen,
France — °TRIUMF, Vancouver, Canada

The laser ionization efficiency of the Leuven gas cell-based laser ion
source at the LISOL facility was investigated under on- and off-line
conditions using two distinctly different laser systems - a medium rep-
etition rate dye laser system (200 Hz) as well a high repetition rate
Ti:sapphire laser system (10 kHz). A systematic study of the ion signal
dependence on repetition rate and laser pulse energy was performed
in off-line tests on stable cobalt and copper isotopes. Off-line studies
also included high resolution in-jet laser spectroscopy measurements
of the hyperfine structure of 63Cu and the investigation of laser ion
pulse time profiles.

A final on-line run with the short-lived radioisotope >?Cu showed a
very comparable yield from the two laser systems for in-cell ioniza-
tion, however, a considerable advantage of using the high-repetition
rate system for in-jet laser ionization within the sextupole extraction
structure could be demonstrated.

MS 3.3 Mon 17:15 V57.06

High Resolution Mass Identification with Calorimetric Low
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Temperature Detectors — eARTUR EcHLERY2, ALEXANDER

BreiLe! 2, PETER EcELHOF!:2, STOYANKA ILIEVA!, SASkia KRAFT-
BERMUTH®, JAN PaTrick MEIErR!, and MANFRED MUTTERER! —
1GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Ger-
many — 2Johannes Gutenberg Universitdt, Mainz, Germany —

3 Justus-Liebig-Universitit, GieRen, Germany

Calorimetric low temperature detectors (CLTD’s) for heavy-ion detec-
tion provide, as compared to conventional ionisation detectors, due
to their detection principle, substantial advantages in detector perfor-
mance, such as energy resolution and linearity, etc. The absence of
any pulse height defect makes them an ideal tool for detection of low
energetic heavy ions. CLTD’s have been frequently demonstrated to
achieve an excellent relative energy resolution of AE/E = 1-2x10~3
in a wide range of ions and energies. The combination of CLTD’s
as high resolution energy detectors with time-of-flight (ToF) detectors
provides a detector system for high resolution mass identification of
low energetic heavy ions. Possible applications are, among others, the
mass identification of superheavy elements, of heavy fission products,
or of reaction products in experiments with radioactive beams. Recent
experiments with an array of 8 CLTD-pixels with a total active area
of 12x6 mm? combined with a ToF-detector have shown a mass reso-
lution of Am (FWHM) = 1.3 amu for 238U-ions in an energy range of
65 - 150 MeV. These and other results from experiments with various
ions and energies will be presented and discussed.

MS 3.4 Mon 17:30 V57.06
First Performance Results of a Mobile High-Resolution MR-
TOF Mass Spectrometer for in-situ Analytical Mass Spec-

trometry — eJonanNnNes Lanc!, Timo Dicker!2, WoLrcaNG
Prass’?, Jens Eerr!, Hans Grissserb?, Emma HAETTNERDZ,
MIKHAIL Yavor?, and CHRISTOPH SCHEIDENBERGERD:Z — 1II.

Physikalisches Institut, JLU Giessen — 2GSI, Darmstadt — 3RAS
St. Petersburg

A mobile multiple-reflection time-of-flight mass spectrometer (MR-
TOF-MS) has been designed, built and commissioned. While other
mobile mass spectrometers are restricted to low or medium mass re-
solving power, this MR-TOF-MS allows for the first time for a mass
resolving power exceeding 100.000 and a sub ppm accuracy in a trans-
portable format. It can thus resolve isobars and enables to accu-
rately determine the composition and structure of biomolecules. An
atmospheric pressure interface provides compatibility to various atmo-
spheric ion sources. The mass spectrometer part comprises an RFQ
mass filter, ion cooler, ion trap, time-of-flight analyzer and detector.
Supply electronics, DAQ and control system are mounted together
with the spectrometer into a single frame with a total volume of only
0.8m3. First results with the MR-TOF-MS will be presented, and an
overview of envisaged life science applications will be given, such as re-
altime tissue recognition in electrosurgery, identification of mycotoxins
and analysis of soil samples for environmental studies.

MS 4: lon Storage Rings

Time: Tuesday 10:30-11:45

Invited Talk MS 4.1 Tue 10:30 V57.06
Present and future mass measurements at the FRS-ESR Fa-
cility at GSI — eRonja KnOBEL — GSI Helmholtzzentrum fiir
Schwerionenforschung GmbH, Planckstrafle 1, 64291 Darmstadt, Ger-
many

Schottky and Isochronous Mass Spectrometry were developed at the
FRS-ESR facility at GSI and are essential methods for precise and ac-
curate mass measurements. New developments of experimental tools
and refinements in the analysis were achieved for both methods which
led to the discovery of new isotopes and new isomers along with new
mass and half-life measurements. Recent results from both methods
will be presented and comparisons to theoretical predictions will be
given. These results improve the understanding of nuclear structure
and of the astrophysical nucleosynthesis-pathways.

MS 4.2 Tue 11:00 V57.06
Isochronous mass spectrometry with longer observation of
ions and improved timing performances of a time-of-flight de-
tector at ESR — eNaraLia KuzmincHUK!) 2, MarceL Diwiscal,
SAMUEL AvYET?, Timo Dicker!2, Hans GeisseLl2, Ronsa
KN6BEL2, WoLFGANG Prassb2, CHRISTOPH SCHEIDENBERGERD?Z,
Baonua Sunb2, and HELMuT WEIck? — !Justus-Liebig-Universitit
Gieflen — 2GSI, Darmstadt

Using Isochronous Mass Spectrometry at the FRS-ESR the mass of
the exotic nuclei can be deduced from precise revolution time mea-
surements by a time-of-flight detector. In the detector, the ion im-
pinge on a thin carbon foil and the emitted secondary electrons are
deflected by 180° with an applied electric and magnetic fields to two
MCP detectors. Due to the high revolution frequencies of the ions in
the ESR (~2 MHz), a high rate acceptance is required as well as good
timing characteristics. The rate capability improvements developed in
offline work using MCPs with smaller pore size and employing thinner
carbon foils were studied online with 233U fragments for the first time
at the FRS-ESR facility. As a result, up to 10 times more revolutions
of the stored ions in the ring were observed. To improve the timing
accuracy the TOF detector was modified for higher kinetic transport
energies of the secondary electrons from the foil to the MCPs. Offline
measurements with a radioactive alpha source showed that the time
accuracy of the detector was improved by up to 50 %.

MS 4.3 Tue 11:15 V57.06
Investigation of heavy neutron-rich nuclides with time-
resolved Schottky mass spectrometry — eD. SuuBiNal:Z,
M.W. Reep?, I.J. CuLLEN®, P.M. WALKER®, YU.A. LitrviNov}h?,
K. Braum!, F. Boscu?, C. Branpau?, R.B. Cakirri!® J.J.
CarroLr®7, R.F. Casten®, D.M. CuLLen?, A.Y. Deo®, B.
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6, C. Dimorourou?, F. Farmvon?* H. GrisseL*10,

DETWILER®,
E. Haerrner!'0, M. Hen?, R.S. KemprLey3, R. KnoBerL?, C.
Kozuunarov?, J. Kurcewicz?, N. KuzmiNcHUK?, S.A. LiTviNnov?,
Z. L', R. Mao!?, C. Nociroro?, F. NoLpEN?, Z. Paryk?, W.R.
Prass!?, A. Procuazka?, M.S. Sanjari?, C. SCHEIDENBERGER®10,
M. Strck?, Tu. STOHLKER?*, B. Sun*, T.P.D. Swan3, G. TrREES®,
H. WEeick?, N. WinckLeEr!, M. WinkLER?, P.J. Woops!!, and T.
Yamacucui'3 — 'MPIK, Heidelberg — 2Heidelberg Uni. — 3Surrey
Uni. — 4GSI, Darmstadt — ®Istanbul Uni. — 9YSU, Youngstown —
7US Army RL — 8Yale Uni. — ?Manchester Uni. — 10Giefen Uni.
— U Edinburgh Uni. — 2IMP, Lanzhou — !3Saitama Uni.

Neutron-rich heavy nuclides, which were produced by fragmentation
of a 197 Au primary beam and separated in the FRS, were investigated
with Schottky Mass Spectrometry (SMS) using the GSI ESR. Masses
for nine nuclides were measured for the first time: 181,183[,y, 185,186 f,
187,188, 191\ and 192:193Re. Also, the accuracy of the mass values
for three other nuclides (¥%19°W and 19°0s) was significantly im-
proved. The new data was used for nuclear structure investigations
by studying the behavior of two neutron separation energies, Sa,, and
comparing them with the energies of the first excited 21 states.

MS 4.4 Tue 11:30 V57.06
Direct mass measurements of short-lived proton-rich nu-
clides at CSRe — oX.L. Yan!2, X.L. Tub2, M. Wanc!, Yu.A.
Lirvinov!:34 Y. H. Zuanc!, H.S. Xul, Z.Y. Sun!, G. Aupr®, K.
Braum®, C.M. Dub2, W.X. Huanc!, Z.G. Hu!, P. Gengl2, S.L.
Jinb2) L.X. Liwv'?, Y. L', B. Mer!, R.S. Mao!, X.W. Mal,
H. Suzuki®, P. Suuar’, Y. Sun®® S.W. Tanc!:2, J.S Wanag!,
S.T Wanel2 G.Q. Xmaol, X. Xul2, J W Xial, J.C. Yancl,
R.P. YE!'2, T. Yamacucu?, Y.J. Yuan!, Y. Yamacucui'?, Y.D.
Zancl2) H'W. Zuaol, T.C. Zuaol, X.Y. Zuanc!, X.H Znoul,
and W.L Zuan! — '1IMPCAS, China — 2GUCAS, China — 3MPIK,
Germany — 4GSI, Germany — >CSNSM-IN2P3-CNRS, Université de
Paris Sud, France — 6Uni. of Tsukuba, Japan — “USTC, China —
8SJTU, China — 9Saitama Uni., Japan — 1°RIKEN, Japan

Masses of A = 2Z — 1 proton-rich nuclides were measured with the
experimental cooler storage ring CSRe in Lanzhou by employing the
isochronous mass spectrometry (IMS) method. The short-lived proton-
rich nuclides were produced via "8Kr projectile fragmentation, sepa-
rated in the radioactive beam line RIBLL2 and then stored in CSRe.
A typical mass resolving power of R = m/Am =~ 1.7-10° was achieved.
After the improvement of the stability of CSRe dipole magnet power
supplies, a new measurement with 58Ni projectile fragments was car-
ried out. The data analysis methods for both experiments will be
presented.
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MS 5: Precision Mass Spectrometry and Fundamental Applications Il

Time: Tuesday 14:00-16:00

Invited Talk MS 5.1 Tue 14:00 V57.06
Préazisionsmassenmessungen an ISOLTRAP fiir Kernstrukur-
und Astrophysik — eSusaNNE KREIM — Max-Planck Institut fiir
Kernphysik, Saupfercheckweg 1, 69117 Heidelberg

Penningfallen-Massenmessungen liefern u.a. fiir neutronenreiche Kerne
schwerer als Blei hochprazise Massenwerte, die uns Aufschluss iiber die
Kernstruktur und Nukleosyntheseprozesse in dieser Region geben. Von
besonderem Interesse ist hier der schnelle Neutroneneinfangprozess (r-
Prozess). Anderungen in der Bindungsenergie, welche aus der Bestim-
mung der Masse extrahiert werden kann, geben Information iiber die
im Kern wirkenden Kréfte. Mit dieser Motivation wurden Hochprézi-
sionsmassenmessungen an langen Isotopenketten von Rn, Fr und Ra
mit ISOLTRAP durchgefiihrt, die im Vortrag mit theoretischen Vor-
hersagen verglichen werden.

Auflerdem kann die in diesem Massenbereich stattfindende Kernspal-
tung zur Erklarung fiir ein Wiederaufleben des r-Prozess gereichen. Mit
den sechs neuen, jlingst gemessenen Massen von Ra und Fr Isotopen
konnen Betazerfallsenergien berechnet und deren Auswirkung auf den
r-Prozess-Pfad untersucht werden. Es wird aufferdem erwartet, dass
die kiirzlich am ISOLTRAP-Experiment bestimmte Masse und Halb-
wertszeit von Zn-82 eine grofie Auswirkung auf den r-Prozess um den
Abschluss der Neutronenschale N=50 haben wird.

MS 5.2 Tue 14:30 V57.06

Direct mass measurements above Z = 100 — eE. MiI-

Nava Ramirez!, D. Ackermann?, K. Braum®4, M. Brock?, C.

Drogese®, Cu.E. DoLLMann?2:6 M. Dworscuak?, M. Eisacub,

S. Eriseev?, E. HAETTNER?7, F. HERFURTHZ, F.P. HESSBERGER?
b b K b
2 KeTeLaer3, J. Kerrer®, G. Marx®, M.

S. Hormann<, J.
Mazzocco®, D. NesTERENKO?, Yu. Novikov?, W.R. PrLass?7,

S. Ramaman'? D. Robpricuez!'!, C. ScHEDENBERGERZ7, L.
ScHwEIKHARD?, P.G. TuiroLr'2, G.K. Vorossev?? and C.
WEBER'? — !Helmholtz-Institut Mainz — 2GSI Helmholtzzen-
trum fiir Schwerionenforschung, Darmstadt — 3Max-Planck-Institut

fiir Kernphysik, Heidelberg — *Ruprecht-Karls-Universitit Heidel-
berg — S5Ernst-Moritz-Arndt-Universitit, Greifswald — 6Johannes
Gutenberg-Universitat Mainz — 7 Justus-Liebig-Universitat GieRen —
8Dipartimento di Fisica and INFN Sezione di Padova — PNPI RAS
Gatchina, St. Petersburg — 1°LANL, Los Alamos — 1 Universidad
de Granada — '2Ludwig-Maximilians-Universit&t Miinchen

High-precision mass measurements of radionuclides are a direct way
to obtain the nuclear binding energy, a crucial parameter to inves-
tigate the nuclear shell structure. Furthermore, the combination of
a-decay spectroscopy and directly measured masses above fermium (Z
> 100) allows determining the masses of higher-Z nuclides to support
the search for the island of stability of superheavy elements. Besides,
mass measurements of the heaviest actinides allow studying the de-
formed shell gap N = 152 connected to the spherical shell gap in
much heavier nuclei by the same single-particle orbitals. Recently, the
masses of the nuclides 2°°No and 255:256Lr have been measured with
high accuracy using the Penning trap mass spectrometer SHIPTRAP
at GSI Darmstadt. In addition, the accuracy of the 252No and 254No
masses (previously measured at SHIPTRAP) was further improved.
The radionuclides were produced in fusion-evaporation reactions and
separated from the primary beam by the velocity filter SHIP. Until
now the masses of the lawrencium isotopes were only estimated from
systematic trends and the extension to 256Lr represents a new stage in
mass measurements of elements with very low cross sections performed
with a Penning trap. Work supported in part by BMBF (06ML9148).

MS 5.3 Tue 14:45 V57.06

Status of THe-Trap — eJocHEN KerTErR!, Tommi ERONEN!,
MAaRTIN HOcKER!, SEBASTIAN STREUBEL!, ROBERT S. VAN Dyck
Jr.2, and Kraus Braum! — !Max-Planck-Institut fiir Kernphysik,

Heidelberg — 2Department of Physics, University of Washington,
Seattle, WA 98195-1560, USA

Originally developed at the University of Washington and relocated
to the Max-Planck-Institut fiir Kernphysik in 2008, the Penning-trap
spectrometer THe-Trap [1] is specially tailored for a 3H/3He mass-
ratio measurement, from which the Q-value of the beta-decay of 3H
to 3He can be derived. Improving the current best value [2] by at
least an order of magnitude will provide an important independent test

Location: V57.06

parameter for the determination of the electron-antineutrino’s mass by
the Karlsruhe Tritium Neutrino Experiment (KATRIN) [3]. However,
Penning-trap mass spectrometry has to be pushed to its limits in a
dedicated experiment for a sufficiently accurate mass-ratio measure-
ment with a relative uncertainty of 10~1. Unlike the closed-envelope,
single-trap predecessor, the new spectrometer features an external ion
source, owing to the radioactive nature of tritium, and two traps in
order to speed up the measurement cycle. While the double-trap tech-
nique holds great promise, it also calls for more intricate procedures,
such as ion transfer. Details about the recent progress of the experi-
ment will be given.

[1] C. Diehl et al., Hyperfine Interactions (2011) 199:291-300

[2] Sz. Nagy et al., Europhys. Lett., 74 (3), pp. 404-410 (2006)

[3] E. W. Otten et al., Int. J. Mass Spectrom. 251 (2006) 173-178

MS 5.4 Tue 15:00 V57.06
Extraction of neutron-rich fission products from a nuclear re-
actor: status of the online-coupling at TRIGA-SPEC — T
BeveEr"2, K Braum®2, M Brock?, K EBERHARDT®, M EiBacu?3,
Cu DuLLmann®?, F Herrurte?, D Lunney®, Sz Nacv!?, W
NorTeRsHAUSER??, D RENisca™®, and Cu Smorral? — 1Max-
Planck-Institut fiir Kernphysik, 69117 Heidelberg — 2Physikalisches
Institut, Universitit Heidelberg, 69120 Heidelberg — S3Institut fiir
Kernchemie, Universitit Mainz, 55128 Mainz — *GSI Helmholtzzen-
trum fiir Schwerionenforschung GmbH, 64291 Darmstadt — >CSNSM,
Université de Paris Sud, 91495 Orsay, France

Precise experimental data of the ground-state properties of short-lived
nuclei are required to test the predictive power of nuclear mass models
and to support astrophysical nucleosynthesis calculations. Besides the
measurement of these properties with high precision, the creation and
preparation of the nuclides of interest is one of the biggest challenges
in this field of physics. The TRIGA reactor in Mainz provides high
neutron fluxes for the production of exotic nuclei by neutron-induced
fission of suitable actinoide targets. The extraction and preparation
of these nuclei for both a double-Penning-trap mass spectrometer and
a collinear-laser-spectroscopy setup is achieved by using an aerosol-
loaded gas-jet system, a high-temperature surface ion source, a sepa-
rator magnet, and an RF quadrupole cooler/buncher. The status of the
online-coupling as well as intermediate test results will be presented.

MS 5.5 Tue 15:15 V57.06
The multi-Penning trap experiment PENTATRAP —
oCHRISTINE BouMY23, José R. Crespo Lo6PEz-UrRruUTIAL, AN-
prEAs DORR!2, SerGey ELisEEv!, MikHAIL GoNcHAROVDZ,
Jocuen KeTTERD2, YUR! N. Novikov®?, Juria Reppl2, CHris-
TiaN Rouxb2?, Sven Sturmb®, STeEraNn ULMER®, and Kraus
Braum!?2 — 1Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg
— 2Fakultét fiir Physik und Astronomie, Ruprecht-Karls-Universitiit,
Heidelberg — 3ExtreMe Matter Institute EMMI, Helmholtz Gemein-
schaft, 64291 Darmstadt — %Petersburg Nuclear Physics Institute,
188300 Gatchina, Russia — ®Johannes Gutenberg-Universitit Mainz,
Institut fiir Physik, 55099 Mainz — 6Atomic Physics Laboratory,
RIKEN Advanced Science Institute, Hirosawa, Wako, Saitama 351-
0198, Japan

The PENTATRAP experiment is under construction at the Max-
Planck-Institut fiir Kernphysik Heidelberg. It aims for high-precision
mass ratio measurements of long-lived and stable, highly charged nu-
clides with masses up to uranium with an accuracy of m/m =~ 10712,
Primary goals are for example tests of quantum electrodynamics and
neutrino oriented mass measurements. In order to reach the desired
accuracy the PENTATRAP experiment contains a stack of five cylin-
drical cryogenic Penning traps and a dedicated detection system. The
current status of the experimental setup will be presented.

MS 5.6 Tue 15:30 V57.06
Ion production at the mass spectrometer PENTATRAP
— eJuLia Repp!2, CHrisTINE Bo6HMY2:3, Josi CREspo LOPEz-
UrruTial, ANDREAs DORrRD2, SErRGEY ELSEEv!, MIKHAIL
GoncHAROV!2| CHRisTIAN Roux!b2, and Kraus Braum®2 — 1Max-
Planck-Institut fiir Kernphysik, 69117 Heidelberg — 2Fakultét fiir
Physik und Astronomie, Ruprecht-Karls-Universitét, 69120 Heidelberg
— 3ExtreMe Matter Institute EMMI, Helmholtz Gemeinschaft, 64291
Darmstadt
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A main feature of the high-precision mass spectrometer PENTA-
TRAP is an access to highly charged long-lived and stable ions. Well
proven sources for highly charged ions are electron beam ion traps
(EBITs). PENTATRAP has access to two EBITs for ion production:
a small commercial room temperature Dresden-EBIT3 with an addi-
tional Wien filter and the Heidelberg-EBIT. The Dresden-EBIT3 is
limited to the production of helium- and neon-like ions for medium-
and high-Z elements, respectively. Therefore, this ion source will be
used for the commissioning of PENTATRAP and for the investigation
of its performance. Moreover, it can be used to produce ions for mea-
surements in the field of neutrino physics. For physics applications,
which require extremely high charge states of long-lived and stable
nuclides, e.g., bare or hydrogen-like lead or uranium, PENTATRAP
will obtain ions from the Heidelberg-EBIT. The talk will focus on the
Dresden-EBIT3 and first measurements will be presented.

MS 5.7 Tue 15:45 V57.06
Detection electronics at the Penning-trap mass spectrome-
ter PENTATRAP — eAnDREAS DOrRR!2, CHRISTINE BouM!2:3,
SErRGEY ELISEEV?, MikHAIL GoNcHAROVZ, JuLia Reppl2, CHRis-

TIAN Rouxb2, Sven Sturm??, STEraNn ULMER®, and Kraus

Braum!'»2 — !Fakultit fiir Physik und Astronomie, Ruprecht-Karls-
Universitit, 69120 Heidelberg, Germany — 2Max-Planck-Institut fiir
Kernphysik, 69117 Heidelberg, Germany — 3ExtreMe Matter Insti-
tute EMMI, Helmholtz Gemeinschaft, 64291 Darmstadt, Germany —
4Institut fiir Physik, Johannes Gutenberg-Universitit, 55099 Mainz,
Germany — ®Atomic Physics Laboratory, RIKEN Advanced Science
Institute, Hirosawa, Wako, Saitama 351-0198, Japan

The five Penning-trap mass spectrometer PENTATRAP is currently
being built at the Max-Planck-Institut fiir Kernphysik in Heidelberg.
Measurements of masses of single stable and long lived highly charged
ions with a relative uncertainty on the order of 10~!1 are aimed for.
The experiment is based on the non-destructive detection of image cur-
rents the ion induces in the trap electrodes. Essential part of each de-
tection circuit is a cryogenic high- @ inductance, configured either as a
copper wire coil or as a superconducting toroid, in both cases mounted
in a copper housing. The following amplification stages consist of cryo-
genic GaAs FET amplifiers, which provide high input impedances and
have low input-related noise densities. With these cryogenic detection
systems, the tiny image currents (~fA) induced by a single ion become
detectable. The current status of the detection electronics as well as
future perspectives will be presented in the talk.
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A year-by-year record of 236U /238-U in coral as a step to-
wards establishing 236-U from nuclear weapons testing fall-

out as oceanic tracer — STEPHAN WINKLER!, PETER STEIER!,
and Jessica CARILLI? — 1 University of Vienna, Faculty of Physics,
Vienna, Austria — 2Australian Nuclear Science and Technology Or-

ganisation, Lucas Heights, Australia

Since uranium is known to behave conservatively in ocean waters,
236-U has great potential in application as oceanic tracer. 236-U
(t1/2=23.4Ma) was introduced into the oceans by atmospheric nu-
clear weapon testing with amount estimates ranging from 700kg to
1500kg. Thus a resulting initial average 236-U/238-U ratio of at least
5e-9 is expected for an oceanic mixed layer depth of 100m. This ratio
is already higher than the natural pre-nuclear background, which is
expected to be at 10e-14 levels.

Even the elevated ratios of global stratospheric fall-out are beyond
the capabilities of ICPMS and TIMS methods. However, the excep-
tional sensitivity and ultra-low background for 236-U of the Vienna
Environmental Research Accelerator’s Accelerator Mass Spectrometry
system allows us to measure down to 10-13 detection limits.

We present a year-by-year record of 236-U/238-U for a Caribbean
coral core covering years 1944 to 2006, thus allowing to us put con-
straints on the oceanic input of 236-U by atmospheric testing. More-
over modelling of the results also demonstrates the capabilities of 236-U
as oceanic tracer.

MS 6.2 Tue 16:30 Poster.IV

Magnetic Field stabilization in THe-Trap — eSEBASTIAN
STREUBEL!, ToMM1 ERONENY, MARTIN H6CKERY, JocHEN KETTER!,
RoBERT S. VAN Dvck Jr.2, and Kraus Braum! — 'Max-Planck-

Institut fiir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Ger-
many — 2Department of Physics, University of Washington, Seattle,
WA 98195-1560, USA

THe-Trap is a Penning trap mass spectrometer dedicated to measure
the 3H to 3He mass ratio aiming to a relative mass uncertainty bet-
ter than 10711, The most vital prerequisite for this measurement is
a stable magnetic field: The relative temporal fluctuations during a
measurement cycle of typically 1 hour, should be better than 10711,
The 5.26 T field is provided by a superconducting magnet. Unfortu-
nately, the materials within the cryostat have a temperature-dependent
susceptibility which necessitates a temperature stabilization. The sta-
bilization is achieved by controlling the liquid helium level above the
traps, and by keeping the pressure of the liquid helium constant. An
important part of the system is the pressure reference, which is stable
at a 0.04 Pa level.

In addition to the stabilization of the field fluctuations within the
cryostat itself, a system to cancel external fluctuations is set up con-
sisting of a passive coil with a shielding factor of up to 180 build into

Location: Poster.IV

the cryostat. Furthermore, a Helmholtz coil pair is placed around the
cryostat. The compensation signal is provided by a custom-built flux-
gate magnetometer.

Technical details about the stabilization systems will be given.

MS 6.3 Tue 16:30 Poster.IV
Mass measurements of 52:83Kr — eMarTIN HockER!'2, KLAUS
Braum!, and Epmunp G. MyERs? — Max-Planck-Institut fiir Kern-
physik, Heidelberg — 2Department of Physics, Florida State Univer-
sity, Tallahassee, 32306-4350, USA

In 2005, The Florida State University Precision Penning Trap group
made mass measurements of 8%86Kr and 129:132Xe, which revealed
a three sigma deviation to the previously adopted value of the mass
of 84Kr [1,2]. Because noble gases can serve as readily available ref-
erence masses for a wide range of mass spectrometers, the group con-
curred to measure two more krypton isotopes, 82:83Kr, to cross-check
whether similiar deviations are present in these isotopes as well, and
to provide state-of-the-art reference mass values for all major krypton
isotopes.

The measurements were carried out in the FSU/MIT-trap, which
currently provides the most accurate mass ratios for stable, low-
charged atomic and molecular ions. The measurement technique uses
two single ions in the trap simultaneously, with the ions alternately
being parked on a large cyclotron orbit and measured in the center of
the trap with the pulse-and-phase technique.

The new measurements are presented and an overview of the statis-
tical and systematic limitations is given.

This work was supported by the U.S. National Science Foundation.
[1] W. Shi et al., Physical Review A 72 022510 (2005)

[2] M. Redshaw et al., Physical Review A 74 012506 (2009)
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MR-ToF Isobar Separation for Mass and Life-Time Measure-
ments of Neutron-Rich Zinc at ISOLTRAP — Grorces Aubpi!,
DietricH Brck?, Kravs Braum®, CurisTine Bonm®, CHRIsTO-
PHER BORGMANN®, MARTIN BREITENFELDT?, R. BUrRcU CAKIRLI3,
TuomMmas Erias Cocorios®, SERGEY ELISEEVS, SEBASTIAN GEORGES,
FRANK HERFURTHZ, ALEXANDER HERLERT’, JURGEN KLUGEZ, MaG-
pALENA KowaLska®, Susanne Krem®®, Davip LUNNEY!, ENRIQUE
Minaya Ramirez2, SaraH Nami®, DenNnis NEIDHERRZ2, eMARCO
RosenBUscH?, STEFAN ScHwaRz®, LuTz SCHWEIKHARD?, JULIANE
Staniall Menc Wana!l, FrRank WienHOLTZ?, ROBERT N. WOLF?,
and Kar Zuer'® — 'CSNSMIN2P3-CNRS, Université de Paris Sud,
Orsay, France — 2GSI Helmholtzzentrum fiir Schwerionenforschung
GmbH, Darmstadt, Germany — 3Max-Planck-Institut fiir Kernphysik,
Heidelberg, Germany — “4Instituut voor Kernen Strahlingsfysica, Leu-
ven, Belgium — SCERN, Geneva, Switzerland — 8NSCL, Michigan
State University, East Lansing, USA — 7“FAIR GmbH, Darmstadt,

Germany — SRIKEN Research Facility, Japan — 9Ernst-Moritz-
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Arndt-Universitiit, Greifswald, Germany — '9Technische Universitiit,
Dresden, Germany

High-precision Penning-trap mass measurements of short-lived nu-
clei are performed with ISOLTRAP at the on-line isotope separator
ISOLDE/CERN. An important prerequisite to achieve relative uncer-
tainties of dm/m = 108 is the availability of purely isobaric ion en-
sembles. To enhance the purity of radioactive ion beams, a multi-
reflection time-of-flight mass separator developed at the University
of Greifswald [1,2] has recently been implemented at the ISOLTRAP
setup. A mass resolving power of R = 2-10° and a contaminant reduc-
tion of four orders of magnitude by use of a Bradbury-Nielsen ion gate
have been achieved. The performance of the combined setup (includ-
ing an RFQ ion buncher, the MR-ToF MS and the two Penning traps)
in both offline tests as well as in first applications with radioactive ion
beams will be presented. Furthermore, the physics case and recent
results of mass measurements of neutron-rich Zinc will be shown.

[1] R. N. Wolf et al., Hyperfine Interact. 199, 115 (2011)

[2] R. N. Wolf et al., Int. J. Mass Spectrom., accepted

MS 6.5 Tue 16:30 Poster.IV
Multianionen-Erzeugung in der Penningfalle in Abhingigkeit
von der Fallenspannung — eFRANKLIN MARTINEZ, STEFFI BANDE-
Low, CHRISTIAN BREITENFELDT, GERRIT MARX, LUTZ SCHWEIKHARD
und FraNnk WiENHOLTZ — Institut fiir Physik, Ernst-Moritz-Arndt
Universitat, 17487 Greifswald, Deutschland

Die simultane Speicherung von Clusteranionen und Elektronen in ei-
ner Penning-lonenfalle eignet sich zur Erzeugung hoherer negativer
Ladungszustidnde der Cluster. Dabei muss zum einen die Fallenspan-
nung so grofs gewidhlt werden, dass gespeicherte Elektronen ausrei-
chend Energie haben, um das Coulomb-Potential der bereits anioni-
schen Cluster zu liberwinden. Zum anderen darf die Fallenspannung
zur Speicherung der Cluster aber einen kritischen Wert nicht iiberstei-
gen, welcher sich invers zum Masse/Ladungs-Verhéltnis der zu spei-
chernden Ionen verhélt. Da die Ausgangscluster jeweils einfach geladen
sind, und zur Erzeugung hoéherer Ladungszustidnde insbesondere gro-
Rere Cluster benétigt werden, widersprechen sich beide Kriterien fiir
die Fallenspannung. Durch schrittweises Aufladen der Cluster und Er-
hohen der Fallenspannung kann dieser Widerspruch jedoch umgangen
werden. Die experimentelle Umsetzung wird am Beispiel der Erzeu-
gung fiinffach negativ geladener Aluminiumcluster im 5-T-Feld vorge-
stellt. Der Zusammenhang zwischen der Héhe des Coulomb-Potentials
und der zur Elektronenanlagerung benétigten Fallenspannung werden
diskutiert, ebenso wie die erweiterten Moglichkeiten im kiirzlich instal-
lierten 12-T-Magneten.

MS 6.6 Tue 16:30 Poster.IV
Eine mobile Fallenapparatur fiir Cluster-Laser-Experimente
an massenselektierten Clustern — eMAaADLEN MULLER!, ROBERT
Irsic2, GERRIT MARx!, KarRL-HEINZ MEIwEs-BrRoER? und Lutz
ScHWEIKARD! — !Institut fiir Physik, Ernst-Moritz-Arndt Universi-
tét, 17487 Greifswald — 2Institut fiir Physik, Universitit Rostock,
18501 Rostock

Im Rahmen des SFB652 [1] wurde ein Ionenfallensystem zur Untersu-
chung von massenselektierten Clustern unter Einwirkung eines Laser-
feldes aufgebaut und getestet. In einer ersten linearen Paulfalle wird ein
Tonenensemble von einer Clusterquelle eingefangen, gekiihlt und mas-
senselektiert. Die so praparierten Ionen kénnen entweder direkt einer
Wechselwirkung mit Laserlicht ausgesetzt werden oder in eine zweite
lineare Paulfalle transferiert werden. Nachgewiesen werden die in der
Falle verbliebenen Reaktionsprodukte {iber eine Flugzeitanalyse. Eine
variable Speicherzeit erlaubt kurze, aber auch definierbar ausgedehnte
Wechselwirkungszeiten mit Laserlicht und nachfolgende Reaktionszei-
ten. In ersten Experimenten konnten COJFO— und C%—Fullerene akkumu-
liert, gespeichert, gekiihlt und selektiert werden. Die mit Photoanre-
gung in der Falle erzeugten und weiter gespeicherten Reaktionsproduk-
te wurden mittels Flugzeitmassenspektrometrie analysiert. Im néchs-
ten Schritt soll das Fallensystem mit einer Magnetron-Ionenquelle ver-
bunden werden, um die Untersuchungen an Metall-Clustern fortzuset-
zen.

[1] http://web.physik.uni-rostock.de/sfb/
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Spin and orbital moments of isolated clusters - synchrotron
radiation elucidates nanomagnetism — SERGEY PEREDKOV!,
MarTHiAs NEEB2, WoOLFGANG EBERHARDT!, JENNIFER MEYERS,
MarTHiAs TomBERS?, and €GEREON NIEDNER-SCHATTEBURGS —

ITU Berlin, Institut fiir Optik und Atomare Physik, Hardenbergstr.

36, 10623 Berlin, Germany — 2Helmholtz-Zentrum Berlin fiir Materi-
alien & Energie, BESSY II, Albert-Einstein-Str. 15, 12489 Berlin, Ger-
many — 3TU Kaiserslautern, Fachbereich Chemie und Foschungszen-
trum OPTIMAS, 67663 Kaiserslautern, Germany

The determination of spin and orbital magnetic moments from the
free atom to the bulk phase is an intriguing challenge for nanoscience,
since most magnetic recording materials are based on nanostructures.
‘We present temperature-dependent X-ray magnetic circular dichroism
(XMCD) measurements of free Co-clusters (N=8-22) from which the
intrinsic spin and orbital magnetic moments have been deduced [1].
An exceptionally strong enhancement of the orbital moment is veri-
fied for free magnetic clusters which is 4-6 times larger than the bulk
value. Our temperature-dependent measurements reveal that the spin
orientation along the external magnetic field is nearly saturated at ca.
20 K and 7 T while the orbital orientation is clearly not. The compar-
ison of the magnetic moments as deduced from XMCD and previous
Stern-Gerlach measurements might help to reconcile divergent results
of the total magnetic moments of small Co-clusters published earlier.
‘We present an outlook towards other transition metal clusters.
References: [1] S.Peredkov et al., PRL 107, 233401 (2011)

MS 6.8 Tue 16:30 Poster.IV
Normal and inverse H/D-isotope effects in the reactions
of size selected transition metal cluster ions with aro-
matic hydrocarbon molecule — ¢ CHRISTINE MERKERT, MATTHIAS
ToMBERS, LARS BARZEN, ANKE StaAMM, MAXIMILIAN GAFFGA, and
GEREON NIEDNER-SCHATTEBURG — TU Kaiserslautern, Fachbereich
Chemie und Foschungszentrum OPTIMAS, 67663 Kaiserslautern, Ger-
many

Isolated transition metal cluster ions have been subject of reactiv-
ity studies ever since appropriate ion sources became available. We
have utilized high resolution mass spectrometry in conjunction with
ion trapping for the investigation of aromatic hydrocarbon reactivity
of Iron, Cobalt and Nickel cluster cations and anions in the cluster
size range from 3 to 30 atoms per cluster under single collision con-
ditions. The measurements serve to determine relative rate constants
for various reaction channels observed. Reaction rates of normal and
perdeuterated reactants reveal remarkable isotope effects, that are in
part normal and in part inverse. Mechanistic interpretations are to
discuss.

MS 6.9 Tue 16:30 Poster.IV
A Detector for 3D Molecular Fragmentation Imaging at the

Cryogenic Storage Ring — eArNo Brcker', Kraus Braum!,
Craupe KranTtz!, OrLpricH NovoTNY2, ANDREY SHORNIKOV!,
Kawa Spruck®, and ANDREAS WoLF! — !Max-Planck-Institut fiir

Kernphysik, Saupfercheckweg 1, 69117 Heidelberg — 2Columbia As-
trophysics Laboratory, 550 West 120th Street, New York, NY 10027,
USA — 3lInstitut fiir Atom- und Molekiilphysik, Leihgesterner Weg
217, 35392 Giessen

The electrostatic Cryogenic Storage Ring (CSR), currently under con-
struction at the Max-Planck-Institute for Nuclear Physics in Heidel-
berg, will enable long time storage of slow molecular ions with ener-
gies up to 300 keV and low blackbody radiation corresponding to the
~10 K temperature of the storage ring enclosure. Under these condi-
tions, polyatomic ions up to high masses can be prepared in or near the
rovibrational ground state. Their fragmentation can be studied by fast-
beam coincidence fragment momentum imaging. A detection system
for 3D imaging of neutral fragments from Dissociative Recombination
reactions is being developed. The requirements of the CSR regarding
the huge temperature range from operation at ~10 K to bakeout at
~520 K as well as an extremly high vacuum of 1073 mbar place high
demands on the detector design. The use of an MCP-based detector
with a multi-hit-capable position- and time-resolving delay-line anode
is investigated. Simulations of the achievable multi-hit resolution per-
formance for typical fragmentation events to be studied at the CSR
and the cryogenic implementation will be presented.
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A Converter-Plate Ion-Counting Detector for the Cryo-
genic Storage Ring — eKawa Spruck!, ArNOo BECKER?,

Kraus Braum?, CLaube Krantz2, ALFRED MULLER!, OLDRICH
2

Novorny3, STEFAN ScHIPPERS!, ANDREY SHORNIKOVZ, and AN-
DREAS WorLr2 — lInstitut fiir Atom- und Molekiilphysik, Lei-
hgesterner Weg 217, 35392 Giessen — 2Max-Planck-Institut fiir Kern-
physik, Saupfercheckweg 1, 69117 Heidelberg — 3Columbia Astro-

physics Laboratory, 550 West 120th Street, New York, NY 10027, USA
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The electrostatic Cryogenic Storage Ring (CSR), currently under con-
struction at the Max-Planck-Institute for Nuclear Physics in Heidel-
berg, will allow for experiments with atomic, molecular and cluster ions
of 300 keV or lower energy in extremely high vacuum (XHV) condi-
tions. XHV will be achieved by cryopumping at 2 K in a chamber kept
at about 10 K. Collisions of the stored ions with photons, electrons,
or neutral heavy particles will lead to reaction products with masses
and/or charge states that differ from those of the primary particles. For
the detection of the reaction products a high-efficiency single-particle
detector based on a converter plate and electron detection by a mi-
crochannel plate detector has been designed and is currently being
tested. It has a sensitive area of ~20x50 mm? and will be mounted
on a translation stage with a travel range of up to ~40 cm inside the
cryogenic XHV. The layout is compatible with the cryogenic operating
conditions and a high-temperature bakeout of up to ~250°C.

MS 6.11 Tue 16:30 Poster.IV
Das CSR-Reaktionsmikroskop — eJoHANNES GOULLON, SHAO-
FENG ZHANG, Kraus Braum, MANFRED GRIESER, ROBERT VON
Hann, ANDREAS WoOLF, ALEXANDER DORN, DANIEL FiscHER, Ro-
BERT MOSHAMMER, CLAUS DIETER SCHROTER und JoAcHIM ULLRICH
— Max-Planck-Institut fiir Kernphysik, Heidelberg

Am Max-Planck-Institut fiir Kernphysik in Heidelberg wird derzeit
ein kryogener elektrostatischer Speicherring (CSR) aufgebaut. Unter
Fliissig-Helium-Kiihlung werden Temperaturen weniger Kelvin bei ex-
tremen Vakuumbedingungen (< 10713 mbar) erreicht. Dies erlaubt die
Durchfithrung von Experimenten mit niederenergetischen, hochgelade-
nen lonen, zustandsselektierten Clustern oder ultra-kalten, wohlpréapa-
rierten Molekiilionen (20-300 keV / Ladungszustand) mit langen Spei-
cherzeiten und denkbar geringen Stérungen durch die Umgebung, d.h.
durch Restgas oder Warmestrahlung. Wir berichten iiber den Auf-
bau eines kryogenen Reaktionsmikroskops (REMI) mit einem Gasjet-
Target und dessen Implementierung in den CSR.

MS 6.12 Tue 16:30 Poster.IV
Status of the Cryogenic Storage Ring (CSR) — eSEBASTIAN
MeNk!, ArNo Brcoker!, FELix Berg!, KLaus Braum!, FLORIAN
FELLENBERGER!, MIcHAEL FRrorse!, JoHaANNEs GourLon!, MAN-
FRED GRIESER!, CLAUDE KraNTZ!, MicHAEL LaNnce!, FELix Laux!,
Roranp REPNow!, ANDREY ScHORNIKOV!, Ka1iA SPRUCK?, ROBERT
voN Haun!, and ANDREAS WoLF! — Max-Planck-Institut fiir Kern-
physik (MPIK), 69117 Heidelberg — 2Institut fiir Atom- und Molekiil-
physik Justus-Liebig-Universitat, 35392 Giessen

A novel cryogenic storage ring is currently under construction at the
MPIK. By electrostatic ion optical elements, the 35 m circumfer-
ence Cryogenic Storage Ring will be able to store ions at energies
of up to 300 keV per charge unit without any mass limitations. The
CSR consists of a cryogenic (~5 K) beam pipe surrounded by two
radiation shields (40 and 80 K) in a large outer, thermal insulation
vacuum. Extreme vacuum (density ~10% cm~3) will be achieved by 2
K cryopumping as demonstrated in a prototype ion beam trap. The ion
optics was completely assembled within the precision cryogenic mount-
ing and shielding structure of the first corner. There, cooldown tests
to ~40 K were performed which confirmed the required sub-millimeter
accuracy of the specially designed electrode positioning under large
temperature changes. The high-voltage connections to the cryogenic
electrodes were installed and breakdown tests will be reported. Based
on the test results the beam pipe, electrode mounting and shielding
structures are under final construction for mounting during 2012.

MS 6.13 Tue 16:30 Poster.IV
Status of the Low-Energy Electron Cooler for the Cryo-

genic Storage Ring — eCrLaupe KranTz!, ArRNO BECKER!,

Kraus Braum!, OLpricH NovoTnY2, STEFAN SCHIPPERS®, AN-
DREY SHORNIKOV!, Kaja Spruck®, and ANDREAS WorLr! — Max-
Planck-Institut fiir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg
— 2Columbia Astrophysics Laboratory, 550 West 120th Street, New
York, NY 10027, USA — 3Institut fiir Atom- und Molekiilphysik, Lei-

hgesterner Weg 217, 35392 Giessen

The Cryogenic Storage Ring (CSR) under construction at the Max-
Planck Institute for Nuclear Physics in Heidelberg is a next-generation
electrostatic storage ring for atomic, molecular, and cluster ions. The
CSR beam pipe will be cooled to ~10K, thereby reducing the residual
gas density and the black body radiation background to very low val-
ues. This will allow precision experiments on IR-active or very mas-
sive ionic species that are not possible in room-temperature setups.
The CSR features an electron-ion merged beams section that can be

used both for electron cooling of the stored ions and for low-energetic
electron-ion collision experiments. The design of the cooler must com-
ply with the requirements of the CSR with regard to its very large
range of operating and bakeout temperatures and the target vacuum
of 10713 mbar. The cooler will use a combination of superconduct-
ing and cold copper coils for magnetic guiding of the electron beam.
The latter will be produced by a cold photocathode source already in
operation. The cooler entered its construction phase in 2011 and is
expected to become operational for the commissioning phase of the
CSR.

MS 6.14 Tue 16:30 Poster.IV
High resolution in-jet resonance ionization laser spectroscopy
using an injection-locked Ti:sapphire laser @ RIKEN —
oVOLKER SONNENSCHEIN!, HIpEKI ToMmITaZ, IaIN MoorE!, MIKAEL
RepoNEN!, TETsuo SonNoba3, MicHiHARU Wapa3, and KrLaus
WEeNDT* — Institute of Physics, University of Jyviskyli, Finland —
2Department of Quantum Engineering, University of Nagoya, Japan
— 3RIKEN, Tokyo, Japan — *University of Mainz, Germany

The combination of resonant laser ionization with a radiofrequency
based ion guide extraction structure from a gas cell or hot cavity has
proven to provide high purity ion beams at radioactive ion beam fa-
cilities. So far this technique has been predominantly applied in com-
bination with a hot cavity atomizer, i.e. as the Laser Ion Source Trap
(LIST) at ISOLDE. The adaptation of this technique at facilities using
a buffer gas-filled stopping chamber like JYFL, LISOL, or BigRIPS to
stop and extract nuclear reaction products should provide further ben-
efits. The velocity spread of the atoms exiting the target chamber in
a supersonic jet is greatly reduced allowing for in-jet high resolution
studies of hyperfine structures as well as isotope shifts of the produced
isotopes. An injection locked pulsed Ti:sapphire laser is an ideal system
for studies in this environment as it provides both a narrow bandwidth
of less than 20 MHz as well as high photon flux enabling efficient single
pass frequency conversion to access the corresponding atomic ground
state transition wavelengths for the first step of the resonant ioniza-
tion process. A description of modifications made to the existing laser
geometry will be given together with first spectroscopic results.

MS 6.15 Tue 16:30 Poster.IV
Hochprizise Messungen der Kohlenstoff-Konzentration in
Silicium mittels SSMS — eBERNHARD WIEDEMANN', MICHA-
EL DEeveEAUx!, MicHAEL PETRI', HaNs CHRISTIAN ALT2, MARIA
PorriNI3, MaRiA GiovanNa PreTTO3 und RoBERTO ScaLad —
Hnstitut fiir Kernphysik, Goethe-Universitét, Max-von-Laue-Str. 1, D-
60438 Frankfurt am Main — 2University of Applied Sciences, D-80335

Miinchen — *MEMC Electronic Materials, I-39012 Merano

Die Kohlenstoff-Konzentration in hochreinem kristallinem Silicium
wird mittels hochauflésender FTIR-Absorptionsspektroskopie bei tie-
fen Temperaturen (77K) gemessen. Multikristallines Silicium zeigt ge-
geniiber monokristallinem Silicium eine stark verédnderte Phononen-
struktur, so dass fiir kleine Kohlenstoff-Konzentrationen die FTIR-
Absorptionsspektroskopie nicht unmittelbar anwendbar ist. Dies wird
erst durch eine Warmebehandlung bei 1360°C ermdglicht, die zu
einer Annadherung der Phononenstruktur von multikristallinem an
die von einkristallinem Silicium fiihrt. Hochprazise Messungen mit-
tels SSMS-Methode ergeben an mono- und an multikristallinen
Silicium-Proben hohere Kohlenstoff-Konzentrationen als die FTIR-
Absorptionsmethode, die materialabhéngig zwischen 20ppb(atomar)
und 80ppb(atomar) liegen. In ultrahochreinem multikristallinem Ma-
terial sind oberhalb von 10ppb(atomar) unter gleichen Bedingungen
keine Kohlenstoff-Konzentrationen mittels SSMS nachweisbar. Es wer-
den experimentelle Vorgehensweisen beschrieben, die zu einer richtigen
Bestimmung der Kohlenstoff-Konzentration im Bereich oberhalb einer
Nachweisgrenze von 5ppb(atomar) notwendig sind.
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Ion Beam Camera for Mass Spektrometers — eANN-
KatarIN Rink!, Jens EBert!, Timo Dicker!2, Hans GeisseLl2,
MARTIN  PETRICK!, WoLFGANG Prassb?, and CHRISTOPH
ScHEIDENBERGERD2 — 1Justus-Liebig-Universitit, Giessen — 2GSI
Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt

For the design and performance optimisation of a mass spectrometer
the spatial distribution of the ion beam plays an important role. In
particular, for a multiple-reflection time-of-flight mass spectrometer it
is important to know how the spatial distribution of ions evolves with
increasing number of turns. The ion beam camera has been developed,
which allows to determine the ion distribution.
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For detecting the ions two micro-channel-plates (MCP) in chevron
configuration are used to generate conversion electrons and amplify the
signal. The electrons are post-accelerated onto a phosphor screen. The
fluorescence light is recorded by a CCD camera mounted in vacuum.
The advantage of such a detector system is the fast method of posi-
tion distribution determination, the simplicity of the required setup
and electronics and the single ion sensitivity. Furthermore the MCP
detectors can be tested for their spatial homogeneity.

The instrument was designed, constructed and successfully tested.
The setup and results will be shown and discussed.
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A monitoring and control system for the ISOLDE reso-
nance laser ion source RILIS — eRaLF Rosser!2:3, VALENTIN
Feposseev!, BrRuce Marsu!, SeBasTiaN RorTue!2, and Kraus
WENDT? — lEngineering Department, CERN, Geneva, Switzerland
— 2Institut fiir Physik, Johannes Gutenberg-Universitit, Mainz, Ger-
many — SFachbereich Design Informatik Medien, Hochschule Rhein-
Main, Wiesbaden, Germany

The RILIS laser ion source is one of the central components of the
ISOLDE on-line isotope production facility. A record of about 2500
hours of on-line operation for the year 2011 shows the major impor-
tance and high demand for RILIS which provides radioactive ion beams
of various elements with the highest efficiency and unmatched isobaric
purity. The RILIS is currently operated 24/7 with the operators con-
tinuously present to control and possibly correct the crucial laser pa-
rameters, i.e. wavelength, output powers and beam positions of all
individual lasers in use. Moreover, the operator acts as contact person
for the ISOLDE user to inform about its current status. Deploying a
widely automated, network-based monitoring and control software will
not only enable manpower to devote their time to system improvement
rather than supervision but also greatly improve health issues and work
safety as stay in areas with increased levels of radiation exposition will
be significantly reduced. The on-going software and hardware devel-
opment covers the four key aspects: Machine protection, monitoring
of beam parameters, automated correction and a RILIS status dis-
play for the users. The concept and the status of implementation are
presented.

MS 7: Accelerator Mass Spectrometry and Applications |
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Optimizing small AMS systems beyond C-14 — eCHRISTOF
VocKENHUBER — ETH Zurich, Zurich, Switzerland

Measurements of long-lived radionuclides are becoming more and more
important in many fields of sciences. Accelerator Mass Spectrometry
(AMS) is the most sensitive method for these investigations. In this
respect, radiocarbon is one the most often used long-lived radionu-
clide. Its importance has grown as smaller, more compact and cheaper
measurement devices have become available.

Other long-lived radionuclides such as 19Be, 26 Al, 41Ca, 1291, 2367y
and Pu isotopes are often still measured at larger facilities. However,
developments in recent years have shown that these nuclides can be
measured at small AMS facilities (with terminal voltages below 1 MV)
at a level comparable to larger facilities. In some cases, the perfor-
mance is even better allowing for higher sample throughput, higher
precision and higher efficiencies.

In this presentation I will give an overview of recent developments of
small AMS facilities with the focus on the activities at the Laboratory
of Ton Beam Physics at ETH Zurich.

MS 7.2 Thu 11:00 V57.06
93Zr measurements with Accelerator Mass Spectrometry us-
ing a passive absorber — ¢KARIN HAIN!, THOMAS FAESTERMANN!,
LeticiA Fimiant!, GuntHER KorscHINEK!, PETER Lupwic!, and
Grorc RugrL? — lFakultdt fiir Physik, Technische Univer-
sitdt Miinchen, D-85748, Garching, Germany — 2Forschungszentrum
Dresden-Rossendorf, D-01314, Dresden, Germany

First test measurements for the detection of the long-living fission
product 23Zr (T1/2:1.54106a) were performed at the Maier Leibnitz
Laboratorium in Munich. For the suppression of the isobaric back-
ground due to 93Nb, a passive absorber with a subsequent Time of
Flight path and a multi-anode ionization chamber was used. From
blank measurements a region of interest (ROI) for *3Zr events could
be calculated by linear interpolation between 92Zr and 9*Zr events.
The separation of this ROI from the background events at different
experimental settings was compared. In this way Silicon Nitride foils
with a total thickness of approximately 2.4 mg/cm? were determined as
optimal passive absorber. An upper detection limit of 93Zr/Zr=6-10"°
was obtained. In this talk, the method of isobar separation with the
help of a passive absorber will be presented and the results of the
measurements using a ZrOg blank sample will be discussed.

MS 7.3 Thu 11:15 V57.06
1'Be und 206A1 Messungen mit Niederenergie-AMS —
eJoHANNES LAcCHNER!, Marcus CHrisTL!, ARNOLD MULLER!,
Hans-ArRNO SyNaLl, Mirjam ScHALLER? und CoLIN MADEN? —
1Labor fiir Ionenstrahlphysik, ETH Ziirich — 2Geodynamik, Univer-

sitét Tiibingen — 3Institut fiir Geochemie und Petrologie, ETH Ziirich

An der Niederenergie-AMS Anlage Tandy wurden Tests und Messun-
gen der Radionuklide 1Be und 26 Al durchgefiihrt.

Location: V57.06

Eine Vergleichsstudie einer trigerfreien Bestimmung des 1°Be/9Be
Verhéltnisses mit Niederenergie-AMS und einer konventionellen Mes-
sung, in der das Verhiltnis durch die Kombination aus AMS fiir 19Be
und ICP-MS fiir 9Be ermittelt wurde, zeigte eine gute Ubereinstim-
mung der beiden Methoden an natiirlichen Proben. In einem ersten
grofieren Projekt wurde die neue tragerfreie Methode zur Untersuchung
von marinen Sedimenten im Zeitbereich der magnetischen Feldumkehr
vor 800.000 Jahren (Brunhes-Matuyama) angewandt.

Durch die Verwendung von He als Strippergas konnten auch fiir Al
hohe Transmissionen fiir die Ladungszustdnde 1+,2+ und 3+ erreicht
werden. Das macht auch eine Messung dieses Radionuklids attraktiv
fir die Niederenergie-AMS.

MS 7.4 Thu 11:30 V57.06
Herkunftsbestimmung von Innenraumschadstoffen mittels
Beschleunigermassenspektrometrie — eMATTHIAS SCHINDLER!,
WoLrcaNG KRETSCHMER!, ANDREAS SCHARF!, ALEXANDER STUHL!,
KariN KriTzLER! und EwaLD HANNAPPEL? — !Physikallisches Insti-
tut (KORA), Uni Erlangen, Erwin-Rommel-Str. 1, 91058 Erlangen —
2Institut fiir Biochemie, Emil-Fischer Zentrum, Fahrstrafie 17, 91054
Erlangen

Mit Hilfe der *C-Methode ist es moglich, rezente und fossile Pro-
ben anhand ihres 1*C-Gehalts zu unterscheiden. Diese Methode eignet
sich auch, um Umweltschadstoffe auf ihren Ursprung zu untersuchen.
Umweltschadstoffe konnen sich durch ihre allergene und kancerogene
Wirkung zeigen. Um die Quellen der Schadstoffe abzuschaffen, ist es
noétig, ihren Ursprung zu bestimmen.

In dieser Arbeit wurde das Augenmerk auf Aldehyde und Ketone ge-
legt. Da diese gasférmigen Stoffe zum Messen in die fliissige oder fes-
te Phase gebracht werden miissen, ist eine Derivatisierung nétig. Da
bei Derivatisierungen in der Regel Fremdkohlenstoffe ohne 4C' ein-
gebracht werden, #ndert sich das Isotopenverhiltnis 12C/14C, was zu
einem erhéhten Messfehler fiihrt.

In dieser Arbeit wurden deshalb verschiedene Derivatisierungen ge-
testet. Dabei wurden sowohl klassische wie auch moderne solventfreie
Reaktionen als auch verschiedene Chromatographieverfahren (HPLC,
GC und DC) getestet.

Es werden die Ergebnisse der verschiedenen Versuchsreihen, sowie erste
Realdaten (biogen und anthropogen) vorgestellt.

MS 7.5 Thu 11:45 V57.06
Ergebnisse erster Messungen von CologneAMS fiir kos-
mogene Nuklide — oSTteran HEemnze!, ALFRED DEewaLD!,
MAaRTIN MEeLLES?, JaN Jouie!, ANDREAS ZiLgEs!, MICHAEL
StauBwasserR?, ULricH RaTke®?, JURGEN RICHTER® und FRIED-
HELM VON BLANKENBURGS® — !Institut fiir Kernphysik, Universitét
zu Ko6ln — 2Institut fiir Geologie und Mineralogie, Universitit zu
Koln — 3Geographisches Institut, Universitit zu Kéln — 4Universitét
Duisburg-Essen — SInstitut fiir Ur- und Friihgeschichte, Universitét

zu Koln — Deutsches GeoForschungsZentrum (GFZ), Potsdam

CologneAMS ist ein neues Zentrum fiir Beschleuniger-Massenspektro-
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metrie (AMS) an der Universitidt zu Koln. Es wurde durch die DFG
gefordert um die experimentelle Situation insbesondere fiir deutsche
Wissenschaftler, welche AMS fiir ihre Arbeit einsetzen, zu verbessern.
Die neue AMS-Anlage wurde von High-Voltage-Engeneering Europa
(HVEE) gebaut und im bestehenden Beschleunigergebdude des Insti-
tuts fiir Kernphysik installiert. Spezielle Labore fiir die Probenaufbe-
reitung wurden am Institut fiir Geologie und Mineralogie errichtet. In
Zukunft wird es einen umfassenden Service fiir die Probenaufbereitung
fir externe Nutzer geben. Die AMS-Anlage ist fiir die Spektrometrie
von Nukliden aller Massenbereiche wie z.B. 10Be, 14C, 26Al, 36ClI,
1291 als auch schwere Ionen bis hin zu 239U and 244Pu designed. In
diesem Report wird der Status von CologneAMS sowie die Ergebnisse
der Performance-Tests als auch der ersten Messungen présentiert.

MS 7.6 Thu 12:00 V57.06
Development of an ion source for volatile elements at
DREAMS — eSTEFAN PAVETICH, SHAVKAT AKHMADALIEV, SILKE
MEeRcHEL, and GeorG RuUGEL — Helmholtz-Zentrum Dresden-
Rossendorf (HZDR), Institute of Ion Beam Physics and Materials Re-
search, Dresden, Germany

After successful measurements of 1°Be, 26 Al and 4! Ca [1] at DREAMS
(DResden Accelerator Mass Spectrometry), extensive test measure-
ments of 36Cl started. Besides the challenge of separating the stable
isobar 368, which at DREAMS is accomplished by post-stripping and
a split-anode-ionization-chamber, the problem of ion source memory
must be solved [2]. To characterize this effect we use 35C1/37Cl samples
of natural composition and 3°Cl-enriched samples with a 35C1/37Cl-
ratio > 100. Similar measurements at the French AMS facility ASTER
[3] showed differences of 2-4% in the 3°C1/37Cl ratios of the highly en-
riched samples after 24 h of sputtering samples with natural isotopic
ratios [3]. To minimize the long-term-memory effect, two modified de-
signs of the original source (HVEE) were constructed at DREAMS. A
more open geometry was used to improve the vacuum level, and parts

of the target loading system were modified to allow the exchange of
the individual cathode aperture with each target.

[1] G. Rugel, these proceedings.

[2] K.M. Wilcken et al. NIM B, 268 (2010) 748-751

[3] M. Arnold et al. The French accelerator mass spectrometry fa-
cility ASTER after 4 years: Status and recent developments on 36Cl
and 1291 article submitted NIM B

MS 7.7 Thu 12:15 V57.06
Technical requirements for 14C analysis of airborne par-
ticulate matter — eSONKE SzipaT!, YANLIN ZHANG'2, PETER
ZoTTER?, ANDRE PREVOT?, and Lukas Wacker? — 1Universitét
Bern, Departement fiir Chemie und Biochemie & Oeschger-Zentrum
fiir Klima- und Klimafolgenforschung, Bern, Schweiz — 2Paul Scher-
rer Institut (PSI), Villigen, Schweiz — 3ETH Ziirich, Labor fiir Ionen-
strahlphysik, Ziirich, Schweiz
Carbonaceous aerosols are a major fraction of airborne particulate
matter. They contribute to climate and health effects of the total
aerosol burden of the atmosphere by counteracting the current trend of
global warming and inducing respiratory and cardiovascular diseases,
respectively. In spite of this general importance, only little is known
about composition and sources of carbonaceous aerosols. Analysis of
the long-lived radioactive isotope 14C is a unique source apportion-
ment tool, as it unambiguously separates fossil from non-fossil sources.
However, 14C analysis of carbonaceous aerosols involves two major
drawbacks. First, sample masses amount typically <0.05 mgC and
sometimes even <0.01 mgC. Second, various fractions of the carbona-
ceous aerosol may originate from distinctly different sources, which
makes subsampling of individual portions for 14C measurement nec-
essary. This work presents strategies of optimized sample preparation
and 14C analysis based on a MICADAS accelerator mass spectrometer
with a gas ion source.

MS 8: lon Trap and FT-ICR-MS, Molecules, Clusters and Reactions

Time: Thursday 14:00-16:15

Invited Talk MS 8.1 Thu 14:00 V57.06
Structure and dynamics of finite Fermi systems: simple metal
clusters and fullerenes — eBERND V. IsSENDORFF — Physikalis-
ches Institut, Universitdt Freiburg, 79104 Freiburg

Of all metallic systems sodium clusters are the ones which are clos-
est to the ideal case of a finite free electron gas. Their electronic
density of states is strongly discretized and shows a clear similarity
with the electron shell structure of a spherical free electron system,
although with some perturbation caused by the usually nonspherical
outer shape and the internal atomic structure of the clusters. Re-
cently we have shown by angular resolved photoelectron spectroscopy
that in spherical sodium clusters these perturbed electron states still
exhibit well defined angular momentum eigenstate character. Here
similar results on strongly spheroidally deformed clusters will be pre-
sented, which show that even in such cases the angular momentum
eigenstate character is preserved. In fact the deformation just lifts the
degeneracy of the m;-substates of a given [-state and causes a mixing
between certain states which follows a strict selection rule. Fullerenes
with their delocalized valence electron system are well suited for the
study of electron dynamics due to their high stability. Time-resolved
photoelectron spectroscopy has been applied to gas phase Cgo anions
of controlled temperature. The results show a strong temperature de-
pendence of the relaxation time of the final (and slowest) process in
the chain of relaxation processes of the excited excess electron, the
t1g — t1y transition, which can be seen as a textbook example of the
vibrational excitation dependence of a radiationless transition.

Invited Talk MS 8.2 Thu 14:30 V57.06
Light induced reactions (LIR) in a cold 22-pole ion trap —
OskAR AsVANY, SANDRA BRUNKEN, and eSTEPHAN SCHLEMMER —
I. Physikalisches Institut, Universitdt zu Kéln

Ton molecule reactions play an important role in astrophysics and other
plasma environments like planetary atmospheres. They are studied in
a variable temperature 22-pole ion trap where the temperature depen-
dence of the rate coefficient and thus related activation energies are
determined. Reactions with competing product channels are of par-

Location: V57.06

ticular interest because the outcome often strongly depends on the
internal states of the reaction partners. In the experiments described
vibrational and/or rotational levels of the stored ions are excited by
IR or FIR photons. The increase or decrease of the number of product
ions monitored by mass spectrometry as a function of the excitation
wavelength results in a very sensitive method of action spectroscopy
of the parent ions. Examples include protonated hydrogen, H;, the
most abundant molecular ion in space, the very floppy CHgL molecule
or a radical like CHDT. Experiments at low temperatures lead to
simplified spectra and to significant changes in reactivity based on the
population of particular states, an effect with significant consequences
on the molecular composition of the interstellar medium.

MS 8.3 Thu 15:00 V57.06
Electrostatic ion beam traps: self-bunching, intrabeam scat-

tering, and RF-bunching — eMicHAEL FRrorse!, MANFRED

Grieser!, Opep HEBER?, MicHAEL LaNGge!, FeLix Laux!, Se-
BASTIAN MENK!, Roranp ReEpNow!, Yoni TokEerR?, ROBERT VON
Hanun', ANDREAS WoLF!, and Kraus Braum! — !Max Planck In-
stitute for Nuclear Physics, 69117 Heidelberg — 2Weizmann Institute

of Science, Rehovot 76100, Israel

The Cryogenic Trap for Fast ion beams (CTF) has been used to in-
vestigate the properties of ion bunches in electrostatic ion beam traps
(EIBTs). The main ion loss mechanism in these traps (collisional de-
tachment) has been made negligible via our high vacuum levels. For the
self-bunching trapping mode achievable with EIBTs, the longitudinal
ion bunch density distribution has been measured by photo-detaching
aluminum dimer anions, which also revealed the presence of a DC ion
beam component co-existing with the oscillating bunch. Stable coher-
ent bunch observation in self-bunching mode was extended from 100 ms
in room-temperature EIBTs to times as long as 12 s using N2+ and Aly
with kinetic energies of 6-7.1keV. The decay of the bunch signal am-
plitude was observed to be intensity dependent. A model employing
intrabeam scattering as well as the expansion of the bunch with time
is found to well reproduce the data. This model was also found to re-
produce the decay of the bunch signal when RF bunching was applied
in agreement with the newly developed EIBT bunch dynamics. These
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bunches were observed for 600s placing correspondingly small upper
limits on all other EIBT losses.

MS 8.4 Thu 15:15 V57.06
Electron auto-detachment of excited SF; ®SEBASTIAN
Menk!, Krauvs Braum!, Swarup Das?, MicHAEL FRoEese!,
MicHAEL LaNGE!, MaNAs MUKHERJEEZ, ROBERT voN HaHN!, DIRK
ScawaLm!-3, RoBERT voN HauN!, and ANDREAS WoLr! — IMPI fiir
Kernphysik, 69117 Heidelberg — ?Raman Center for AMO Science,
IACS, Kolkata 700 032 — 3Weizmann Institute of Science, Rehovot,
76100, Israel

Electron auto-detachment of excited SFg has been investigated us-
ing the Heidelberg cryogenic electrostatic ion beam trap (CTF), where
ions can be confined as a beam at keV energies and a time-dependent
decay signal is gained by detecting neutralized fragments which escape
from the trapping region. The cryogenic conditions provide extremely
high vacuum and accordingly low background rates. Hence, they offer
the possibility to observe this decay, in principle, over minutes. For the
initial auto-detachment stemming from the SFg excitation in the ion
source, we followed its rate until it naturally vanished at ~100 ms after
ion injection. This enabled us to observe for the first time its fall-off
from the previously seen power-law behavior. By detailed modeling of
the vibrational auto-detachment, this fall-off is found to reflect the de-
tachment threshold and the rotational excitation, with the power-law
separately representing the vibrational excitation in the ion source.
Corresponding excitation temperatures could be inferred. Over the
longer storage time scale uniquely accessible at the CTF, studies of
the same process following laser excitation are in preparation.

MS 8.5 Thu 15:30 V57.06
Buffer-gas cooling in a linear radiofrequency quadrupole trap
at the CTF — oCHRISTIAN BREITENFELDT!, KLAUS BLaum?, MIKE
FroEse?, MicHAEL LaNGE2, GERRIT MaRx!, SEBASTIAN MENKZ,
BirGIT ScHABINGER!, and Lurz ScHWEIKHARD! — lInstitut fiir
Physik, Ernst-Moritz-Arndt Univ., 17489 Greifswald, Germany —
2Max-Plank-Institut fiir Kernphysik (MPIK), 69117 Heidelberg, Ger-
many

The Cryogenic Trap for Fast ion beams (CTF) is an Electrostatic Ion
Beam Trap (EIBT) setup investigating the decay of anions with com-
plex multi-body internal structure at cryogenic temperatures, located
at the MPIK in Heidelberg. Recent measurements showed a strong
influence of the rotational and vibrational temperatures in the decay
of SFy . For more detailed studies using, e.g. laser excitation from
well defined initial states, the injection of pre-cooled molecular ions
and clusters into the CTF will be of great advantage. Hence, we plan
to install a linear RadioFrequency Quadrupole (RFQ) trap to store
the hot ions from the source and cool them via buffer gas before their
injection into the EIBT. Internal pre-cooling of ions in this buffer-gas
RFQ trap can be much faster than in the EIBT. In addition, the im-
plementation of a linear RFQ trap will allow a more effective use of
the ions produced by the source. As we typically employ microsecond
long pulses, which are stored for several seconds, all other ions are

currently lost. By the use of the linear RFQ trap, however, it will
be possible to accumulate ions throughout most of the injection cycle,
vastly improving the sensitivity and the number of different species
accessible.

MS 8.6 Thu 15:45 V57.06
One- and two-pulse quadrupolar excitation schemes of the
ion motion in a Penning trap investigated with FT-ICR de-
tection — eMicuAEL Heck!, KLaus Braum!, R.Burcu CAKIRLI»2,
HenDRIK GoLrzke!3, MARTIN KrETzZSCHMAR?, GERRIT MARX?,
Lutz ScHWEIKHARDS | STEFAN STAHL?, and MaRrTA UBIETO-DI1az! —
I Max-Planck-Institut fiir Kernphysik, Saupfercheckweg 1, 69117 Hei-
delberg, Germany — 2Department of Physics, University of Istanbul,
Istanbul, Turkey — 3Karlsruher Institut fiir Technologie, Karlsruhe,
Germany — “Institut fiir Physik, Johannes Gutenberg-Universitit,
55099 Mainz, Germany — SInstitute of Physics, Ernst-Moritz-Arndt-
University Greifswald, 17487 Greifswald, Germany — SUniversidad de
Granada, 18071, Granada, Spain — ’Stahl-Electronics, Kellerweg 23,
67582 Mettenheim, Germany

Penning traps are widely used as storage devices for charged parti-
cles in the fields of analytical and precision mass spectrometry. The
coupling of the radial motional modes is achieved by using azimuthal
quadrupolar radio frequency (rf) fields. In this work we studied the
interconversion of radial modes by applying one- and two-pulse (Ram-
sey) quadrupolar rf-fields. Dipolar-detection of the Fourier transform
ion cyclotron resonance (FT-ICR) signal at the modified cyclotron fre-
quency has been studied as a function of the interaction parameters
such as excitation frequency, amplitude and duration and is compared
with the theoretical results.

MS 8.7 Thu 16:00 V57.06
Broad-band detection and mass comparison between lithium
ions by FT-ICR MS — eHenDrIK GorLzke!:2, KLaus Braum?!,
R. Burcu Cakirri’3, MicHaEL Heck!, DANIEL RODRIGUEz?,
Lutz ScHWEIKHARD®?, STEFAN STAHL®, and Marta UsieTo-Diaz!
— !Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany —
2Institut fiir Experimentelle Kernphysik, Karlsruher Institut fiir Tech-
nologie, Karlsruhe, Germany — 3Department of Physics, University of
Istanbul, Istanbul, Turkey — 4Departamento de Fisica Atémica Molec-
ular y Nuclear, Universidad de Granada, Granada, Spain — ®Institute
of Physics, Ernst-Moritz-Arndt-University Greifswald, Greifswald,
Germany — %Stahl Electronics, Kellerweg 23, 67528 Mettenheim, Ger-
many

Penning traps are widely used as storage devices for charged particles.
With such a trap a mass-spectrometry system for the KArlsruhe TRI-
tium Neutrino (KATRIN) experiment has been developed and charac-
terized at the Max-Planck-Institute for Nuclear Physics in Heidelberg.
A broad-band non-destructive Fourier Transform Ion Cyclotron Res-
onance (FT-ICR) method which is able to record simultaneously the
eigenfrequencies of different stored particles over a wide range is used.
In this talk the dipolar and quadrupolar detection technique and a
recent mass comparison between °LiT and 7Lit will be presented.

MS 9: Accelerator Mass Spectrometry and Applications Il

Time: Friday 10:30-12:30

MS 9.1 Fri 10:30 V57.06
Helium Strippergas bei Radiocarbon AMS — eMARTIN SEILER,
SascHA MAXEINER und HANs-ARNO SyNAL — ETH Ziirich, 8093 Zii-
rich, Schweiz

Bei der Entwicklung von kleineren AMS-Systemen ist die Reduktion
der Beschleunigerspannung ein entscheidender Faktor. Bei der Ver-
wendung von Helium konnten bereits hohe Ladungsausbeuten im 1+
Zustand fiir Kohlenstoffionen bei Energien unterhalb von 200 keV ge-
messen werden. Diese Messungen wurden auf weitere Ladungszustin-
de ausgeweitet und systematisch untersucht. Die Messungen an einer
modifizierten Version des MICADAS erlaubten auch sehr geringe Fla-
chendichten im Strippergas. Bei diesen Messungen liessen sich die Um-
ladungsprozesse genauer analysieren und durch Wirkungsquerschnitte
quantifizieren. Neben den Umladungsdaten werden auch die Ergeb-
nisse durchgefiihrter 14C-Messungen prisentiert und ein Ausblick auf
weitere Entwicklungen gegeben.

MS 9.2 Fri 10:45 V57.06

Location: V57.06

in meteorites — oSILKE MERCHEL?!,

Cosmogenic nuclides

SHAVKAT AKHMADALIEV!, GEORG RuckL!, JuLia A. CARTWRIGHT?Z,
ULricH OTT2, THOMAS FAESTERMANN®, LETICIA FIMmiani®, GUN-
THER KORscHINEK®, and PETER Lubpwic® — !Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany — 2MPI fiir Chemie, Mainz,

Germany — 3TU Miinchen, Garching, Germany

After successful installation of the Dresden Accelerator Mass
Spectrometry (DREAMS) facility [1], determinations of the lighter
radionuclides 1°Be, 26Al, and 41 Ca are now easily attainable in Ger-
many. Accompanied by data for the heavier radionuclides (i.e. 53Mn
and %0Fe) that can be measured at the 14 MV tandem at Munich and
stable nuclides such as 21:22Ne and 38Ar from noble gas mass spec-
trometry at MPI Mainz, complete and unique exposure histories of
extraterrestrial material can be reconstructed.

For example, recent analyses of the 100" Martian meteorite Ksar
Ghilane 002 [2] and four samples from the nickel-rich ataxite Gebel
Kamil 3] show interesting features revealing amazing stories.
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Ackn.: A. Bischoff and L. Folco are thanked for providing meteorite
material and data for bulk chemical data.

Ref.: [1] G. Rugel et al., this meeting. [2] J. Llorca et al., submitted
to Meteorit. Planet. Sci.. [3] L. Folco et al., Science 329 (2010) 804.

MS 9.3 Fri 11:00 V57.06

53Mn and %°Fe measurements in lunar samples by means of
accelerator mass spectrometry (AMS) — eLrTiciaA FiMiant!,
TuoMAs FAESTERMANN!, JosE MaNuEL GomEz GuzMAN!, KARIN
Hain', GREGory HerzoG?, KLaus KNiE2, GUNTHER KORSCHINEK!,
BreT Licon?, PETER Lupwic?!, Jisun Park?, and GEorc RugrLb4
— lFakultdt fiir Physik, Technische Universitit Miinchen, D-
85748, Garching, Germany — 2Department of Chemistry & Chem-
ical Biology, Rutgers University, Piscataway, NJ 08854, United
States — S3GSI, Planckstrasse 1, D-64291, Darmstadt, Germany
— 4Forschungszentrum Dresden-Rossendorf, D-01314, Dresden, Ger-

many

Cook et al, 40th LPSC 1129 (2009) reported a concentration of 14J_rg
dpm %0Fe/[kg Ni (T1/2:2.62-106a) in a surface sample of the Apollo
12 12025/8 drive tube. This value is higher than the one expected
due to galactic or solar cosmic ray production and may suggest the
deposition of supernova debris on the lunar surface about 2 Ma ago.
In order to try to reproduce this result, new measurements were made
in material from the same core and position. To widen the search for
supernova debris, we also analyzed four near-surface samples of lunar
drive tube 15008; and one each from the skim, scoop and under-boulder
samples 69921/41/61 via AMS in the Maier Leibnitz Laboratorium in
Garching, Germany. The measuring technique and the preliminary
results will be discussed.

MS 9.4 Fri 11:15 V57.06
Bestimmung des Iod-129/Iod-127-Verhéltnisses in Umwelt-

proben mittels AMS — eABDELOUAHED DaRraoull, MAREI-

KE SCcHWINGER!, Monika Corny!, Beate RieBr!, CHRISTOF
VocokeNHUBER? und Hans-Ar~No Synar? — !Institut fiir Radiodko-
logie und Strahlenschutz, Leibniz Universitdt Hannover, Deutschland

— 2Jon Beam Physics, ETH Ziirich, Schweiz

Das langlebige Radionuklid I-129 (HWZ = 15,7 Ma) aus natiirlichen
und anthropogenen Quellen wird mit dem Niederschlag aus der At-
mosphére eingetragen, mit dem Oberflaichenwasser transportiert, infil-
triert das Grundwasser, wird in Boden akkumuliert und macht seinen
Weg durch die Biosphéare. Dabei sind die 6kologischen Wege des lTod,
und speziell die Radiodkologie des I-129 immer noch nur unvollstédndig
bekannt. In einem vom BMU geférderten Forschungsvorhaben wird ei-
ne aktuelle Bestandaufnahme von I-129 in Deutschland vorgenommen.
Ein wesentliches Ziel dieses Forschungsprojektes ist es, eine bundes-
weite Bilanzierung der vorhandenen Iod-Inventare in der Pedosphére
(Bodenproben) zu machen und eine Erfassung der atmosphérischen
Eintrage (Luft, Niederschlage) sowie des Austrags (Oberflaichenwas-
ser) von I-129 vorzunehmen. Der Gehalt an 1-129 wird mittels AMS
bestimmt. Mit der Anwendung von Helium-Gas als Stripper im Ver-
gleich zum Argon-Gas, wird die Transmission bei der I-129-Messung
erhdht (> 40 %). Fiir die Messung wird dabei der Ladungszustand
2+ verwendet. Hier wird iiber den aktuellen Stand des Forschungs-
vorhabens im Hinblick auf erste Ergebnisse fir I-129 und 1-129/1-127
Isotopenverhaltnisse berichtet.

MS 9.5 Fri 11:30 V57.06
Investigations of the sputtering process in Middleton type
ion sources — eMARTIN MARTSCHINI', PoNTus ANDERssON!,
OLIVER ForsTNER!, RoBIN GoLser!, Dac Hanstorp?, ANTON O.
LinpasL?, and JoHAN RouLEN? — lUniversity of Vienna, Faculty
of Physics - Isotope Research, VERA Laboratory, Vienna, Austria —
2University of Gothenburg, Gothenburg, Sweden

Since 1977, sputter ion sources of the Middleton type have been the
main tool used to create stable, intense negative ion beams for injec-
tion into AMS machines. Nevertheless, the theory behind negative ion
formation is not fully agreed upon. As part of the work in trying to
unravel the mechanisms of hard sputtering in a cesium rich environ-
ment, we have resolved the spectrum of blue light emitted from the
cathode region during high current output. A fiber coupled spectrom-
eter was used to detect light in the wavelength region 200 to 1100 nm.
The spectrum showed that the emitted light consists almost entirely of
persistent lines from neutral cesium and no persistent lines from other

species or charge states such as Cst were observed.

In another experiment, the surprising effect of continuous wave laser
light directed onto the cathode surface was studied. The laser light in-
duced a significant change in oxygen, sulfur and chlorine negative ion
production from a AgCl target. Independent from laser wavelength,
~100 mW of laser light changed the elemental composition of the ion
beam by up to one order of magnitude. This technique was success-
fully applied during a regular AMS measurement of 36Cl at VERA.
However, the physics behind the effect requires further investigations.

MS 9.6 Fri 11:45 V57.06
Aktinidenmessungen am ETH Kleinbeschleuniger TANDY —
eMAaRrcus CHRISTL, JOHANNES LACHNER, CHRISTOF VOCKENHUBER
und Hans-ARNO SyNAL — Labor fiir Ionenstrahlphysik, ETH Ziirich

Dieser Beitrag soll einen umfassenden Uberblick iiber die Aktiniden-
messungen am Kleinbeschleuniger TANDY der ETH-Ziirich geben. Es
werden der Messaufbau, die Messparameter (z.B.: Sensitivitat, Detek-
tionseffizienz) sowie aktuelle Anwendungsbeispiele fiir Aktinidenmes-
sungen prasentiert. Durch die Verwendung von Helium anstelle von
Argon als stripper Gas konnte eine etwa dreimal hohere Transmission
von Aktiniden (z.B. Uran: 12 - 15% mit Ar vgl. 35 - 42% mit He) durch
den Beschleuniger erreicht werden. Die Anwendungsbeispiele umfas-
sen eine Evaluierungsstudie zur Isotopenanalyse von Femtogramm bis
Attogramm Mengen Pu in menschlichem Urin, sowie erste flichende-
ckende Messungen von anthropogenen U-236 in der Nordsee.

MS 9.7 Fri 12:.00 V57.06
Status von AMS—Messungen an DREAMS — eGrorc Ru-
GEL, SHAVKAT AKHMADALIEV, SILKE MERCHEL und STEFAN PaAvVE-
TicH — Helmholtz-Zentrum Dresden-Rossendorf, Bautzner Landstr.
400, 01328 Dresden

Am Helmholtz—Zentrum Dresden—Rossendorf wurde im Jahr 2010 die
Dresdner Accelerator Mass Spectrometry (DREAMS) Anlage mit ei-
nem 6 MV Beschleuniger installiert. Fiir die Routinemessungen mit
10Be und 2% Al wurden Vergleichsmessungen mit anderen Laboren vor-
genommen. Ausserdem wurden die verwendeten in—house—Standards
an sogenannte Primérstandards ankalibriert. Von Testmessungen an
volatilen Elementen wie Chlor (36Cl) berichtet S. Pavetich [1]. AMS-
Messungen von *!Ca/Ca—Verhéltnissen wurden an Proben aus dem
Riickbau nuklearer Anlagen und an Meteoritenproben (siehe [2]) vor-
genommen. In Kooperation mit externen Partnern wurden bisher zahl-
reiche terrestrische Proben auf 1Be und 26 Al untersucht.

Danksagung: Wir danken dem Verein fiir Kernverfahrenstechnik
und Analytik Rossendorf e. V. fiir die Bereitstellung von Probenma-
terial.

Ref.: [1] S. Pavetich et al., diese Tagung.

[2] S. Merchel et al., diese Tagung.

MS 9.8 Fri 12:15 V57.06
A new TOF-BPM system for CologneAMS — eCLAUS
MULLER-GATERMANN!,  GHEORGHE Pascovicr!, Lukas Fink!,
Craus FEUERSTEIN!, ALFRED DEwALD!, STEFAN HEINZE!, MARKUS
ScuIFrER!, MicHAEL PFEIFFER?, JAN JoLIE?, KARL-OSKAR ZELLZ,
and FRIEDHELM VON BLANCKENBURG? — 1CologneAMS, Universitit

zu K6ln — 2IKP, Universitit zu Kéln — 3GFZ, Portsdam

At the center for accelerator mass spectrometry at the University of
Cologne (CologneAMS) a complex beam detector consisting of a high
resolution Beam Profile Monitor (BPM) and a Time of Flight (TOF)
spectrometer with tracking capabilities was developed especially for
the needs of the Cologne AMS facility. The complex beam detector
assembly is designed to match the beam specifications of the 6MV
Tandetron AMS setup and is fully compatible with its DAQ system.
The TOF-BPM system was designed in a reconfigurable structure,
namely: either a faster TOF subsystem with a smaller active area or
a more complex TOF-BPM detector with beam tracking capabilities
and with a larger active area of ~16 sq.cm. The system was put in
operation in Nov. 2011 and it was successfully tested with various ion
beams of Be, C, Cl etc. The system aims for background suppression
in case of the spectrometry of heavy ions, e.g. U, Cm, Am etc. Using
additional thin degraders mounted in the first detector head, the sys-
tem could also be used for tagging isobars, i.e. isobar separations. We
will report on details of the design and on first experimental results
obtained with accelerated beams (timing resolution, spatial resolution
and tracking capabilities in conjunction with some auxiliary detectors)



