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An Improved Value of the Atomic Mass of the Proton — eFLORIAN
KOHLER-LANGES

Production, Separation and Implantation of '*Ho for Neutrino Mass
Measurements — e¢ToM KIECK, HOLGER DORRER, CHRISTOPH E. DULL-
MANN, KrLAUS EBERHARDT, LISA GAMER, CHRISTIAN ENSS, LOREDANA
GASTALDO, CLEMENS HASSEL, ULLl KOSTER, CHRISTOPH MOKRY, JORG
RUNKE, ANDREAS TURLER, KLAUS WENDT

Direkte Massenmessungen der schwersten Elemente — eMICHAEL
Brock

First molecular beam cooled to its lowest quantum states at the Hei-
delberg Cryogenic Storage Ring — eCHRISTIAN MEYER, ARNO BECKER,
KrLAaus BLAUM, CHRISTIAN BREITENFELDT, SEBASTIAN GEORGE, JURGEN
GOCK, MANFRED GRIESER, FLORIAN GRUSSIE, CLAUDE KRANTZ, HOL-
GER KRECKEL, PREETI M. MISHRA, OLDRICH NOVOTNY, FELIX NUESSLEIN,
AobpH P. O’CONNOR, ROLAND REPNOW, SUNNY SAURABH, STEFAN SCHIP-
PERS, LUTZ SCHWEIKHARD, KAIJA SPRUCK, STEPHEN VOGEL, ROBERT VON
HAHN, PATRICK WILHELM, ANDREAS WOLF

Nachweis von Beryllium-10 aus exotischen Zerfiallen mit Hilfe
von Beschleunigermassenspektrometrie (AMS) — eOLIVER FORSTNER,
SILKE MERCHEL, JOHANNES LACHNER, 1S541 KOLLABORATION

High precision radiocarbon analysis of annual tree-ring samples —
eLUKAS WACKER, STEPHANIE ARNOLD, SILVIA BOLLHALDER LUCK, MARCUS
CHRISTL, HANS-ARNO SYNAL

A Gas Ion Source and its extension by Laser Ablation for Online
Radiocarbon Analyses — eCHRISTIANE YEMAN, LUKAS WACKER, BODO
HATTENDORF, MARCUS CHRISTL, CAROLINE WELTE, HANS-ARNO SYNAL
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Floquet engineering of interacting quantum gases in optical lattices
— e ANDRE ECKARDT

Experiments on driven quantum gas and surprises — e¢CHENG CHIN
Exploring 4D Quantum Hall Physics with a 2D Topological Pumps
— oODED ZILBERBERG, MICHAEL LOHSE, CHRISTIAN SCHWEIZER, IM-
MANUEL BLOCH, HANNAH PRICE, YAACOV KRAUS, SHENG HUANG, MOHAN
WANG, KEVIN CHEN, JONATHAN GUGLIELMON, MIKAEL RECHTSMAN
Floquet Discrete Time Crystals in a Trapped-Ion Quantum Simula-
tor — e¢GUIDO PAGANO, JIEHANG ZHANG, PAUL HESS, ANTONIS KYPRIAN-
IDIS, PATRICK BECKER, JACOB SMITH, AARON LEE, NORMAN YAO, TOBIAS
GRAsSS, ALESSIO CELI, MACIE] LEWENSTEIN, CHRISTOPHER MONROE
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oNICK FLASCHNER
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Mon 14:00-15:30 R 1.020 Laser Assisted Mass Spectrometry
Mon 16:15-17:15 R 1.020 Precision Mass Spectrometry 2
Tue  14:00-14:45 R 1.020 New Developments
Wed 14:00-15:45 R 1.020 Accelerator Mass Spectrometry 1
Thu 10:30-12:00 R 1.020 Accelerator Mass Spectrometry 2
Thu  14:00-14:30 R 1.020 Annual General Meeting of the Mass Spectrometry Divi-
sion
Thu 14:30-15:30 R 1.020 Accelerator Mass Spectrometry 3
Thu 16:15-18:15 Redoutensaal Poster 1
16:15-18:15  Orangerie Poster 2

MS 10.1-10.10 Thu

Annual General Meeting of the Mass Spectrometry Division

Thursday 14:00-14:30 R. 1.020
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Monday

MS 1: Precision Mass Spectrometry 1

Time: Monday 10:30-12:00

Invited Talk MS 1.1 Mon 10:30 R 1.020
An Improved Value of the Atomic Mass of the Proton —
eFLORIAN KOHLER-LANGES — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany

In combination with the neutron and the electron, the proton is one
of the basic building blocks of atomic matter. The precise knowledge
of its properties, e.g. its mass, is of utmost importance for tests of
fundamental physics and the clarification of 3 to 4 sigma discrepancies
between high-precision mass measurements of various light atoms.

Therefore, a new cryogenic five-fold Penning trap setup was con-
structed. The measurement principle is based on a phase-sensitive
comparison of the proton’s cyclotron frequency to that of a bare car-
bon nucleus. In order to measure both frequencies in the same elec-
tric and magnetic field configuration, both single ions are transported
alternately into an ultra-harmonic Penning trap, consisting of seven
cylindrical electrodes. Exactly the same electric field configuration for
both ions with different charge/mass ratio requires two separate, pre-
cisely tuned axial resonators for non-destructive frequency detection.

At this conference, the new experimental setup will be introduced
and the latest result on the atomic mass of the proton will be pre-
sented. This new value is 3 times more precise than the current liter-
ature value and reveals a disagreement of about 3 standard deviations
to it [1]. Aiming for relative precisions of a few parts per trillion the
next upgrade will be discussed.

[1] F. Heifte et al., Phys. Rev. Lett. 119, 033001 (2017)

MS 1.2 Mon 11:00 R 1.020
Towards parts per trillion mass measurements on light nuclei
— oSascua Raul, FaBian Heisse!2, FLoriAN KOHLER-LANGES?,
WoLFcaNG QUINT2, GUNTER WERTH®, MICHAEL JENTSCHEL?, SVEN
SturM!, and Kraus Braum! — !Max-Planck-Institut fiir Kern-
physik, Saupfercheckweg 1, D-69117 Heidelberg, Germany — 2GSI-
Helmholtzzentrum fiir Schwerionenforschung, D-64291 Darmstadt,
Germany — 3Institut fiir Physik, Johannes Gutenberg-Universitit
Mainz, D-55099 Mainz, Germany — *Nuclear and Particle Physics

Group, Institut Laue-Langevin, Grenoble, France

Light nuclei play a fundamental role in physics. The proton and the
neutron, together with the electron make up all matter we encounter
in our everyday life, making their properties highly interesting for
metrology. Another application is the determination of the electron-
antineutrino mass at KATRIN [1], where the mass difference of tritium
and helium-3 is required.

We developed a cryogenic Penning-trap setup dedicated to mass mea-
surements on light ions. With this setup we were recently able to mea-
sure the proton’s atomic mass at a relative uncertainty of 3 x 1011
by comparing the cyclotron frequencies of a proton and a 2C%*t-ion
utilizing a phase-sensitive measurement technique [2].

In this talk I will present our progress to push relative mass uncertain-
ties down to the 10~ 12-regime and extend the measurement to other
light ions.

[1] E. W. Otten & C. Weinheimer, Rep. Prog. Phys. 71, 086201 (2008)
[2] F. Heife et al., Phys. Rev. Lett. 119, 033001 (2017)

MS 1.3 Mon 11:15 R 1.020
Precision Measurements of Neon Isotopes at THe-Trap —
eTom SEGAL, MARTIN HOCKER, JoCHEN KETTER, MARC SCHUH,
SEBASTIAN STREUBEL, and KrLaus BLaum — Max-Planck-Institut fiir
Kernphysik
THe-Trap is a precision Penning-trap mass spectrometer [1] at the
Max-Planck-Institut fiir Kernphysik (MPIK) in Heidelberg. It aims to
solve the 4-o discrepancy in the mass measurements of helium-3 [2,3]
by measuring its mass with a relative uncertainty of about 10710, Left
unresolved, the discrepancy increases the uncertainties of the hydro-
gen and deuterium masses, as well as the values of physical constants
such as h, kg and Na. A new gas injection system was developed in

Location: R 1.020

preparation for the helium measurement. To test it, neon gas was suc-
cessfully injected into the traps region and ionized by a field emission
point. The produced ions were trapped and their cyclotron frequency
measured. The measurement process will be presented, as well as pre-
liminary mass results for 2°Ne, 22Ne and future plans.

[1] S. Streubel et al., Applied Physics B: Lasers and Optics (2014),
114(1-2), 137-145

[2] R.S. Van Dyck et al., Metrologia (2015), Volume 52, Number 2

3] E.G. Meyers et al., Phys. Rev. Lett (2015), 144,013003

MS 1.4 Mon 11:30 R 1.020

Current status of the high-precision Penning-trap mass spec-

trometer PENTATRAP — oM. Door!, J. R. Crespo Lo6PEz-

UrruTial, S. Eriseev!, P. Fiuianin!, Y. Novikov2, A. RiscHkal,
R. X. ScuUssLEr!, CH. ScHWEIGER!, S. Sturm!, S. ULMER3,
and K. Braum! — Max-Planck-Institut fiir Kernphysik, 69117 Hei-
delberg, Germany — 2Peterburg Nuclear Physics Institute, 188300
Gatchina, Russia — 3RIKEN, Ulmer Fundamental Symmetries Labo-

ratory, Wako, Saitama 351-0198, Japan

The high-precision Penning-trap mass spectrometer PENTATRAP [1] is
being commissioned at the Max-Planck-Institut fiir Kernphysik in Hei-
delberg. We are aiming at mass ratio measurements of stable and long-
lived highly charged ions with relative uncertainties of 10~11. This
allows, among others, contributions to neutrino physics research, i.e.
the mass difference of the mother and daughter nuclide of the electron
capture decay of '63Ho to 193Dy or a direct test of special relativity [2],
i.e. via the mass difference of the mother and daughter nuclide of the
neutron capture in 35Cl to 36ClL. After a revision of the cryogenic setup
and the ion transfer beamline we have recently trapped the first sin-
gle ion in our trap system, demonstrated transport between traps and
showed full control over the three eigenmotions by means of resonant
dipolar and quadrupolar radiofrequency excitations.

This contribution will report on the experimental setup and current
to near future measurements at PENTATRAP.
[1] Repp, J. et al., Appl. Phys. B 107, 983 (2012)
[2] Rainville, S. et al., Nature 438, 1096, (2005)

MS 1.5 Mon 11:45 R 1.020
SHIPTRAP upgrades for mass measurements beyond Z=103
— oM. EiBacu?, K. Braum®, M. BrLock?%5, S. CHENMAREVS,
P. Cunetri®, S. Eriseev3, P. Fiuianin37, F. Giacopro?4, S.
GoTz24% Yu. Gusev?, F.-P. HessBerGer??, O. KaLeja®% M.
Laatiaour®, S. Louse®%, E. MiNaya RaMmirez?, A. K. MisTry??,

T. MurBock?4, Yu. Novikov”10 S. Raeper?4, D. Ropricuez!l,

F. Scunemer?%, L. ScHWEIKHARD!, and P. THIROLF!? —
IUniversitdt Greifswald — 2GSI Darmstadt — 3SMPIK Heidelberg —
4Helmholtz Institut Mainz — ®Universitdt Mainz — TU Darmstadt
— "PNPI KI Gatchina — 8KU Leuven — 2IPN Orsay — 9SPbSU

St.Petersburg — 11Universidad de Granada — 2LMU Miinchen

With the goal of locating the island of stability, it is essential to study
the predictive power of nuclear mass models. This for example is car-
ried out with precise mass measurements of the heaviest nuclei which
provide anchor points for nuclear masses. In previous experiments,
the masses of several 192No and j03Lr isotopes have been measured
directly for the first time with the Penning-trap mass spectrometer
SHIPTRAP. Further extending mass spectrometry towards the su-
perheavy elements required accommodating the low production rates
through major modifications. The Penning-trap system was moved
to a new location in order to integrate a cryogenic buffer-gas cell for
a more efficient thermalization of the fusion-evaporation products of
interest.

An overview of the technical developments and the latest high-precision
off-line measurements in the context of neutrino and nuclear astro-
physics will be presented in this contribution.
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Monday

MS 2: Laser Assisted Mass Spectrometry

Time: Monday 14:00-15:30

Invited Talk MS 2.1 Mon 14:00 R 1.020
Production, Separation and Implantation of 163Ho for Neu-

trino Mass Measurements — eTom Kieck!, HoLcEr DoRRER!,

CurisTorH E. DoLLManN®2, Kraus EBERHARDT!, Lisa GAMERS,
CHRISTIAN Enss3, LorEDANA GAsTALDO3, CLEMENS HassgL3, ULLI
KosTER?, CHRIsTOPH MOKRY!, JORG RUNKE!2, ANDREAS TURLER?,
and Kraus WENDT! — 'JGU, Mainz, Germany — 2GSI, Darmstadt,
Germany — 3Heidelberg University, Heidelberg, Germany — 4ILL,
Grenoble, France — °PSI, Villigen and University of Bern, Bern,

Switzerland

The ECHo collaboration aims at measuring the electron neutrino mass
by recording the spectrum following electron capture of 3Ho us-
ing metallic magnetic calorimeters (MMCs). The radioisotope 63Ho
is produced from enriched '62Er in the ILL high flux nuclear reac-
tor, chemically and mass spectrometrically separated and purified and
is fully embedded into the 180x180 um? Au-absorber of the ECHo
MMCs. Resonance ionization at the RISIKO mass separator guaran-
tees elemental and isotopic selectivity for ultra-pure 193Ho ion implan-
tation with a sub millimeter beam spot size. The performance of the
laser ion source and the implantation process was improved to mini-
mize sample losses. On-line in-situ deposition of Au using pulsed laser
deposition (PLD) ensures homogeneous %3Ho/Au layer formation in
the implantation area. To verify the purity of the ECHo source ma-
terial from production up to implantation and data taking a varity of
different analytical techniques is applied, including «-ray spectrometry,
NAA, ICP-MS and RIMS.

MS 2.2 Mon 14:30 R 1.020
Single-ion Penning-trap mass measurements using a laser-
cooled °Cat ion as sensor — eMaNUEL J. GUTIERREZ!, JESUS J.
DEL Pozo!, Francisco Dominguez!, RAUL A. Rical2, MICHAEL
Brock?®%5, and DanNier, Ropricuez!? — !Departamento de Fisica
Atoémica, Molecular y Nuclear, Universidad de Granada, 18071
Granada, Spain — 2Centro de Investigacién en Tecnologias de la
Informacién y las Comunicaciones, Universidad de Granada, 18071
Granada, Spain — 3Institut fiir Kernchemie, Johannes Gutenberg-
Universitit, 55128 Mainz, Germany — %GSI Helmholtzzentrum
fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany —
5Helmholtz-Institut Mainz, 55099 Mainz, Germany

Mass measurements on superheavy elements demand a technique that
is single-ion capable and fast, while maintaining the level of precision
required for nuclear physics studies. Our proposed technique arises
from an existing Paul-trap experiment, where a laser-cooled 40Cat
(sensor) ion is used as motional energy detector, but now implemented
in a Penning-traps beamline. First, the axial motion of the sensor ion
is characterized. The target ion is then loaded into the trap, where it
forms a two ion crystal, together with the sensor ion, along the axial
direction. By measuring the modified axial frequencies through the
fluorescence photons emitted by the sensor ion, the target mass is cal-
culated. This contribution will focus on the cooling of the target and
sensor ions in 7 Tesla and the analysis method, presenting also the
developments carried out for the implementation of the technique.

MS 2.3 Mon 14:45 R 1.020
Progress in spatially resolved ultra-trace analysis on pluto-
nium containing particles by rL-SNMS — eHauke Boscol,
MARTIN WEIss!, MANUEL Rarwal, Kraus WENDT?, and CLEMENS
WartHeEr! — !Institute for Radioecology and Radiation Protection,
Leibniz Universitdt Hannover, Germany — 2Institute of Physics,
Johannes-Gutenberg Universitdt Mainz, Germany

The resonant laser secondary neutral mass spectrometry (rL-SNMS)
system at the IRS in Hanover has been previously tested for its sen-

Location: R 1.020

sitivity to plutonium, uranium and other elements on synthetic and
mineral samples. After these first test measurements, hot particles
from the Chernobyl exclusion zone have been measured and influences
of insulating sample materials instead of conductive bulk samples have
been investigated. As a result, the omnipresent background of the mea-
surement process could be lowered to a minimum, so that the signal
to noise ratio has been increased. Furthermore, significant progress in
suppression of isobars could be achieved, for example non-resonantly
ionized uranium 238 as interfering signal for plutonium 238. In addi-
tion, further elements like fission products and transuranium elements
have been tested. Results of the progression and improvements will be
presented.

MS 2.4 Mon 15:00 R 1.020
ISOLDE’s Highly Selective Laser Ion Source LIST - Up-

grades and Development — eREINHARD HEINKE!, KATERINA

CHRysALIDIS2, DoMINIK STUDER!, VALENTIN FEDOSSEEVZ, Tom

Kieck!, BRucCE MARsH?, SEBASTIAN RAEDERS3, SEBASTIAN ROTHEZ,
MarceL TroMPER!, and Kraus WENDT! — lInstitut fiir Physik,

JGU Mainz — 2EN Department, CERN — 3Helmholtz-Institut Mainz

Laser ion sources based on resonance ionization techniques today are
well-established core techniques at all leading radioactive ion beam fa-
cilities worldwide. Ensuring both, highly efficient and element-selective
ion beam production for on-line experiments on low-yield isotopes,
these devices in addition allow for direct laser spectroscopic investi-
gations on exotic nuclides. The Laser Ion Source and Trap (LIST)
approach comprises preeminent suppression of contaminations from
competing non-selective ionization mechanisms by spatially separat-
ing the hot atomization cavity from a clean laser - atom interaction
volume, permitting access to nuclides previously inaccessible.

For this year’s measurement campaign, a ”"next generation” LIST
has been derived from operation experience and systematic studies:
Revised repelling electrode and geometrical design yield further im-
provements in selectivity and efficiency.

On top, recent developments comprise a fast and robust cavity heat-
ing current switch to allow for both laser repetition rate synchronized
heating and quick in-situ polarity switching to select between addi-
tional suppression and ion guiding operation.

MS 2.5 Mon 15:15 R 1.020
Isotopentrennung von Mangan mittels Resonanzionisations-
Massenspektrometrie - Charakterisierung von Effizienz und
Selektivitdt — eNina KNEIP, REINHARD HEINKE, ToMm KiECK, Pas-
cAL NAUBEREIT, DoMINIK STUDER und Kraus WENDT — Institut fiir
Physik, Johannes Gutenberg-Universitat Mainz

Das Paul Scherrer Institut in der Schweiz beschéftigt sich im Rahmen
des MeaNCoRN-Projekts mit Nachweismethoden zur zeitlichen Ein-
ordnung von Supernovae im ndheren Umfeld unseres Sonnensystems.
Fiir die Experimente werden isotopenreine Targets mit 5 - 1017 im-
plantierten 53Mn-Atomen bené&tigt. Bei der Implantation von >3Mn in
das Target am RISIKO-Massenseparator in Mainz miissen die im Pro-
benmaterial im hohen Uberschuss vorliegende Isotope *Mn und 5°Mn
separiert werden und gleichzeitig das wertvolle ®>Mn mit hoher Effi-
zienz transmittiert werden. Dazu wird eine hocheffiziente und selekti-
ve Resonanzionisations-Laserionenquelle verwendet. Fiir Mangan wur-
de mittels zweier frequenzverdoppelter konventioneller Ti:Saphir-Laser
und eines weitabstimmbaren gittergestiitzten Ti:Saphir-Lasers dezi-
diertes Anregungsschema am stabilen Isotop ®Mn entwickelt. Durch-
gefiihrt wurden damit Effizienzmessungen an unterschiedlichen Pro-
bengréfien und mit Ionenstréomen bis zu 1 A, um das neue Verfahren
zu charakterisieren. Dabei konnten in Proben mit 10'* Atomen durch-
schnittliche Effizienzen von 23 % erreicht werden, die bei sehr hohen
Tonenstromen deutlich abfallen.
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Monday

MS 3: Precision Mass Spectrometry 2

Time: Monday 16:15-17:15

Invited Talk MS 3.1 Mon 16:15 R 1.020
Direkte Massenmessungen der schwersten Elemente —
eMicHAEL Brock — GSI Helmholtzzentrum fiir Schwerionen-
forschung Darmstadt — Helmholtz Institut Mainz — Johannes
Gutenberg-Universitéat

Hochprézise Massenmessungen von Radionukliden mit Penningfallen
liefern Informationen iiber deren Kernstruktur durch die Bestimmung
der Bindungsenergie. Bestimmte magische Anzahlen von Protonen und
Neutronen stabilisieren Kerne besonders stark. Die schwersten Ele-
mente im Periodensystem verdanken ihre Stabilitdt solchen nuklearen
Schaleneffekten, die sie gegen die starke Coulombabstossung stabilisie-
ren, die ansonsten zur spontanen Kernspaltung fithren wiirde. Kerne
mit etwa Z=114 und N=184 sollen sogar eine Insel der Stabilitdt bil-
den. Solche Kerne kénnen zurzeit noch nicht experimentell hergestellt
werden. Daher sind Experimente mit leichteren Kernen in der Region
um Nobelium-254 von Interesse, mit denen theoretische Modelle getes-
tet werden konnen, die eine bessere Vorhersage der Insel der Stabilitat
erlauben. Solche Messungen kénnen mit der Penningfalle SHIPTRAP
durchgefiihrt werden. Der aktuelle Status sowie zukiinftige Perspekti-
ven werden présentiert.

MS 3.2 Mon 16:45 R 1.020
Status and Recent Results of the FRS Ion Catcher — ¢SONKE
Beck!2 and THE FRS Ion CaATCHER COLLABORATION? — !Justus-
Liebig-Universitit, GieRen — 2GSI Helmholtzzentrum fiir Schwerio-
nenforschung GmbH, Darmstadt

The Fragment Separator at GSI produces and separates exotic nu-
clei in-flight at relativistic energies. The ions are then slowed down
and thermalized in a cryogenic stopping cell (CSC), extracted and
transferred to a Multiple-Reflection Time-of-Flight Mass-Spectrometer
(MR-TOF-MS) for high precision mass measurements or isobar and
isomer separation.

The current setup is a prototype for the future Ion Catcher at the
low energy branch of the Super-FRS at FAIR and provides scientific re-
sults now. More than 40 short-lived isotopes and 15 isomers have been

MS 4: New
Time: Tuesday 14:00-14:45

Invited Talk MS 4.1 Tue 14:00 R 1.020
First molecular beam cooled to its lowest quantum states at
the Heidelberg Cryogenic Storage Ring — ¢CHRISTIAN MEYER!,
ArNo Becker!, KLaus BrauM!, CHRISTIAN BREITENFELDT! 2, SE-

BASTIAN GEORGE!, JURGEN Gock!, MaNFreED GRrieser!, FLo-

RIAN Grussie!, CrLaupe Krantz!, HoLceErR KRECKEL!, PREETI
M. Misural, OrpricH Novorny!, FeLix NuessLEIN!, AopuH
P. O’ConnNor!, RorLanp REpPNow!, SUNNY SAURABH!, STEFAN
Scuippers®, Lurz ScHWEIKHARD?, Kawa Spruck!3, STEPHEN
VogeL!, RoBerT voN Haun!, Patrick WiLueLM!, and ANDREAS
WoLr! — Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg,
Germany — 2Institut fiir Physik, Ernst-Moritz-Arndt Universitét
Greifswald, 17487 Greifswald, Germany — 2 Justus-Liebig-Universitt

Gieflen, 35392 Gieflen, Germany

The Heidelberg Cryogenic Storage Ring (CSR) [1] is a fully cryogenic,
electrostatic ring with a circumference of 35 m. By cooling the experi-
mental chambers down to 6 K, a residual gas density below 140 cm™—3
can be reached. Thus ion beams can be stored up to several hours.
Under such conditions infrared-active molecules can radiatively cool
down to their rovibrational ground state. The excitation of OH™ was
probed in a 60 keV ion beam by near-threshold photodetachment re-
vealing radiative lifetimes of the lowest rotational states (~190 s for
J = 1) and an effective molecular temperature of 15 K [2]. Hence
we are ready to study molecular ions in collisions with neutral atoms,
electrons and photons under truely interstellar conditions. The exper-
imental approach and results will be discussed.

[1] R. von Hahn et al., Rev. Sci. Instrum. 87, 063115 (2016)

Location: R 1.020

measured. Among these measurements is a systematic study of isomer-
to-ground state ratios and excitation energies of neutron-deficient odd
indium isotopes.

In the upcoming GSI beamtime period (2018/19), several experi-
ments with the FRS Ion Catcher will be performed. These experiments
cover a wide range of topics, including new isotope searches and mea-
surements of unknown masses. Investigations of beta-delayed neutron
emission probabilities and studies of multi-nucleon transfer reactions
have also been approved.

MS 3.3 Mon 17:00 R 1.020
Production of Highly Charged 93Ho Ions in a Room Tem-
perature Electron Beam Ion Trap — eRima X. ScHUSSLER!,
CHRrIsTOPH SCHWEIGER!, ALEXANDER Riscukal, PETER Mickr!?2,
José R. CRrespo Lo6pPEz-UrRruTiAl, PaveL FiLianiN!, SERGEY
Euiseev!, Yurt Novikov!, and Kravs Braum! — IMax-
Planck-Institut fiir Kernphysik, Saupfercheckweg 1, 69117 Heidel-
berg — 2QUEST Institute for Experimental Quantum Metrology,
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braun-

schweig

The ECHo experiment [1] aims to investigate the value of the electron
neutrino mass in the sub-eV range by analysing the de-excitation spec-
trum of 163Dy following the electron capture process in 163Ho. In order
to reduce systematic uncertainties in the analysis of the endpoint re-
gion, the Q-value of this process will be directly measured as the mass
difference of '%3Ho and 93Dy with the high-precision Penning-trap
mass spectrometer PENTATRAP |[2]. The aim is to achieve a relative
mass uncertainty of 10711. At this level of precision the use of highly
charged ions is required, which will be produced in an electron beam
ion trap (EBIT). Due to the small sample size of 163Ho of less than
103 atoms, the wire probe technique [3] will be applied for the pre-
cise injection of the sample into the trapping volume of a Heidelberg
compact EBIT.

[1] Gastaldo, L. et al.. J. Low Temp. Phys. 176, 876 (2014)

[2] Repp, J. et al., Appl. Phys. B 107, 983 (2012)

[3] Elliott, S.R. et al., Nucl. Instr. and Meth. B 100, 523 (1995)

Developments

Location: R 1.020

[2] C. Meyer et al., Phys. Rev. Lett. 119, 023202 (2017)

MS 4.2 Tue 14:30 R 1.020
High-resolution mass separation by transversal contaminant-
ion ejection from a multi-reflection time-of-flight device
— eoPauL FiscHER, STEFAN KNAUER, GERRIT MARX, and Lutz
SCHWEIKHARD — Institut fir Physik, Universitiat Greifswald, 17489
Greifswald, Germany

Synchronized transversal ejection of unwanted species in an electro-
static ion-beam trap (EIBT) or multi-reflection time-of-flight (MR-
ToF) device [1,2,3] has been studied in detail at a new setup at the
University of Greifswald [4]. As this separation is performed within the
trap, there is no need for additional devices such as ion gates or further
traps for either pre- or postselection of ions of interest. Contaminant
ions are kicked out by appropriate deflector pulses.

The parameters affecting selection effectivity and resolving power
are illustrated with tin-cluster isotopologues. Deflection voltages of
10V were found to be sufficient for the transversal ejection with as
few as three deflection pulses. The duty cycle, i.e. the pulse dura-
tion with respect to the period of ion revolution, has been optimized
with respect to separation resolving powers, leading to values of up to
several tens of thousands.

[1] M. Dahan et al., Rev. Sci. Instrum., 69:76-83(1998).

[2] W. H. Benner, Anal. Chem. 69:4162(1997).

[3] H. Wollnik et al., Int. J. Mass. Spectrom., 96:267-274(1990).

[4] S. Knauer et al., Int. J. Mass. Spectrom., online:

https://doi.org/10.1016/j.ijms.2017.10.007(2017).
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MS 5: Accelerator Mass Spectrometry 1

Time: Wednesday 14:00-15:45

Invited Talk MS 5.1 Wed 14:00 R 1.020
Nachweis von Beryllium-10 aus exotischen Zerfillen mit Hil-
fe von Beschleunigermassenspektrometrie (AMS) — eOLIVER
ForsTNER!2, SILkE MERCHEL®, JOHANNEsS LAcHNER? und 1S541
KOLLABORATION® 1FSU Jena — Z2HI Jena — 3HZDR —
4Universitit Wien — SISOLDE/CERN, Genf

Der Ein-Neutronen Halokern ! Be geht iiber einen Beta-Minus-Zerfall
in "B iiber (t1/2 = 13,76 s). In seltenen Fillen jedoch erfolgt iiber
eine anschlieRende Emission eines Protons die Umwandlung zu '°Be.
Ziel dieser Studie ist es, das nach theoretischen Vorhersagen bei un-
ter 1077 liegende Verzweigungsverhiltnis dieses raren Zerfallskanals
zu messen. Mit Hilfe der Md&glichkeiten der AMS zur Messung extrem
niedriger Isotopenverhéltnisse ist dies erstmalig experimentell gelun-
gen und wurde zu 8,3(0,9) x 1076 bestimmt [1].

Zur Bestimmung dieser Rate wurde an ISOLDE / CERN ein Strahl
radioaktiver ' Be Ionen produziert und in Kupfer-Targets implantiert.
Daraus wurde chemisch Beryllium extrahiert und mittels AMS das Ver-
hiltnis 1Be/?Be bestimmt sowie die Menge des implantierten °Be
berechnet. Aufgrund des niedrigen Verzweigungsverhaltnisses und der
daraus resultierenden niedrigen Zahl von entstehenden 'Be-Atomen
ist eine moglichst hohe Effizienz und niedriger Untergrund im °Be-
Tragermaterial [2] essentiell. Fiir die Datenanalyse wurde besonderes
Augenmerk auf die Methodik der Produktion gelegt, um mogliche sys-
tematische Fehler ausschliefen zu kénnen.

[1] K. Riisager, et al., Phys. Lett. B 732 (2014) 305

[2] S. Merchel, et al., Nucl. Instr. and Meth. B 266 (2008) 4291

MS 5.2 Wed 14:30 R 1.020
Beryllium-7 at DREAMS — eGEorRG RUGEL!, SILKE MERCHEL',
ANDREAS ScHARF!, REBEcCA QUERFELD?, GEORG STEINHAUSERZ,
and CorLLiN TiessEn'3 — THZDR, Dresden, Germany — 2IRS Han-

nover, Germany — 3AEL AMS Laboratory, Canada

Half-lives of routine AMS nuclides range from thousands to millions of
years. We measured short-lived "Be (T1/2 = 53.2d) at the DREsden
AMS-facility (DREAMS) [2] as low as 90 mBq, which can be chal-
lenging for rapid y-counting. Simultaneous determination of “"Be and
10Be (T2 = 1.387 Ma) via AMS is advantageous for improved under-
standing of production, transport, and deposition of atmospherically
produced 7-910Be [2].

Data was normalized to a “Be sample produced via "Li(p,n)”Be,
measured by y-counting and chemically processed to BeO ("Be/°Be
~ 10712). The isobar 7Li is completely eliminated by chemistry and
the degrader foil technique ("Be?t, 10.2MeV). The blank ratio of
5 x 10716 "Be/Be (0.8mBq) and simple and fast chemistry allows
for the measurement of rainwater samples, collected in Germany, as
small as 10 ml corresponding to a few times 10~ "Be/9Be [3,4].

Thanks to D. Bemmerer (HZDR) and G. Gyérgy (ATOMKI, Hun-
gary) for help with the "Be normalization material.

Ref.: [1] G. Rugel et al., NIMB 370 (2016) 94. [2] A.M. Smith et
al., NIMB 294 (2013) 59. [3] R. Querfeld et al., JRNC 314 (2017)521.
[4] C. Tiessen et al. JRNC' (submitted).

MS 5.3 Wed 14:45 R 1.020

The Flux of Interplanetary Dust on Earth: Status. —

eDavip Kriec!, Curistopn Busser!, THoMAs FAESTERMANN',

LeTicia Fivmiant!, J. M. Gomez-Guzman!, ANGELINA KinasT!,

Dominik KorL!, GuntHER KorscHINEK!, MANUEL LEBERT!, SILKE

MercHEL?, JAN WELcH?, and Sepp KiprsTunL? — ITechnische
Universitit Miinchen, Garching, Germany — 2Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany — 3Atominstitut of the

Technischen Universitit Wien, Vienna, Austria — %Alfred-Wegener-
Institut, Bremerhaven, Germany

Earth’s accumulation rate of Interplanetary Dust Particles (IDPs) is
a matter of discussion, ranging from 5 (middle atmosphere measure-
ments) up to 300 (space borne dust detection) tons per day.

A new approach for a more precise measurement of this accumulation
rate is made by extracting manganese from 500 kg of Antarctic snow
collected near the Kohnen station, and measuring the concentration of
53Mn with AMS at the MLL in Munich.

This ®3Mn (t1/2 = 3,7 Ma) is mostly produced by nuclear reactions
of cosmic rays on the iron of the IDPs. Relating the amount of 53Mn
to the precipitation rate, a meridional transport and deposition model

Location: R 1.020

based on 19Be measurements, and to a chemical model of meteoritic
ablation will help to reduce the uncertainty of the IDP input on Earth.
The method of our measurement and the status of this study will be
discussed.

MS 5.4 Wed 15:00 R 1.020
Search for Recent %°Fe Deposition in Antarctic Snow
via AMS — eDowminik KorL!, CaristorH Busser!, THomMmAs
FAEsTERMANN!, LeTicIA Fimmiant', J. M. Gomez-Guzman!, AN-
ceLINA KinasT!, GUuNTHER KoORscHINEK!, Davip Kriec!, MANUEL
LeBERT!, SILKE MERCHEL?, JOHANNES STERBAZ, JAN WELCH3, and
Sepp KiprsTunL? — !Physik Department, Technische Universitit
Miinchen, Germany — ?Helmholtz-Zentrum Dresden-Rossendorf, Ger-
many — SAtominstitut, Technische Universitit Wien, Austria —
4 Alfred-Wegener-Institut, Germany

60Fe with a half-life of 2.6 Myr [1] is produced in stellar environments
and ejected into space mainly by core-collapse supernovae. Due to its
long half-life, traces of 89Fe were deposited and incorporated on Earth
and on the Moon and have been detected there [2,3,4,5].

Here, a new possible reservoir will be presented: Antarctic snow.
This time, in contrast to former investigations, any signal detected
would be recent material which might origin from the local interstellar
cloud. 500 kg of Antarctic snow were chemically processed and are
going to be analyzed by AMS in Munich at the 14 MV tandem. First
results for 99Fe measurements will be presented as well as chemical
extraction methods applied.

[1] Rugel et. al. ; Phys. Rev. Lett. 103, 072502 (2009)

[2] Knie et. al. ; Phys. Rev. Lett. 93, 171103 (2004)

[3] Ludwig et. al. ; PNAS 113 (33), 9232-9237 (2016)

[4] Wallner et. al. ; Nature 532, 69-72 (2016)

[5] Fimiani et. al. ; Phys. Rev. Lett. 116, 151104 (2016)

MS 5.5 Wed 15:15 R 1.020
The first (°*Mn/55Mn) isotopic ratio measurements at
the Cologne FN-Tandem Accelerator — eMARKUS SCHIFFER,
RicHARD ALTENKIRCH, CLAUS MULLER-GATERMANN, SUSAN HERB,
Craus FEUERSTEIN, STEFAN HEINZE, ALEXANDER STOLZ, and AL-
FRED DEwALD — Institute for Nuclear Physics, University of Cologne,
Germany

The new AMS system at the Cologne 10 MV FN accelerator is finalized
in its first stage. The system has been designed for the measurement
of medium mass isotopes, especially for >3Mn and 69Fe. It provides
the opportunity to use several detector systems in different combina-
tions: degrader foils with an electrostatic analyzer, a 4m time-of-flight
system, a 135° gas filled magnet and different gas ionization detectors.

The whole system was tested with measurements of stable ion beams
and isotopic ratios. During the test measurements of (*'Ca/9Ca)
isotopic ratios without passive absorbers a detection limit lower
5.3x10~13 was reached. A high 33Cr suppression in the (°3Mn/3°Mn)
isotopic ratio measurement with the electrostatic analyzer was reached
by using the optimal silicon nitride degrader foil thickness.

We will present the first (°3Mn/55Mn) ratio measurements in a
range from 1092 to 10719, and background spectra measured with
blank sample material. Transmission tests show an overall efficiency
of 0.0033%, including sputter efficiency, charge state yield, transmis-
sions and software gates.

MS 5.6 Wed 15:30 R 1.020

Ultra-trace analysis of Tc-99 with AMS in environmental
samples — eFRANCEscA QuiNTo!, CHRISTOPH BUSSER2, THOMAS
FAaEsTERMANNZ, HorsT GECKEIs!, JosE-MANUEL GoMEZ-GUZMANZ,
KariN Hain3, Dowminik Korr?, GUNTHER KORSCHINEK?, PE-
TER LUDWIG?, MARKUS PLascHKE!, and THORSTEN SCHAFER! —
Hnstitute for Nuclear Waste Disposal, Karlsruhe Institute of Technol-
ogy, Karlsruhe, Germany — 2?Physics Department, Technical Univer-
sity of Munich, Garching, Germany — 3Isotope Research and Nuclear

Physics, University of Vienna, Vienna, Austria

Tc-99 originating from global fallout, accidents and activities related to
nuclear energy production shows environmental levels down to 1E+47
atoms/g (ca. 1.6 fg/g). The analytical capability of determining Tc-99
at such ultra-trace levels offers the possibility to investigate its behavior
in a variety of environmental systems. The main limitation to the sen-
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sitivity of the mass spectrometric analysis of Tc-99 is the background
of its stable isobar Ru-99. For ultra-trace analysis, in addition to a
chemical separation of Tc from Ru, the Gas-Filled Analyzing Magnet
System (GAMS) at the 14 MV Tandem AMS facility of the Technical

University of Munich is greatly effective in suppressing the interference
from Ru-99. In the frame of studies on the safe management of nuclear
waste, we present our recent results in the analysis of Tc-99 in natural
samples and reference materials using AMS.

MS 6: Accelerator Mass Spectrometry 2

Time: Thursday 10:30-12:00

Invited Talk MS 6.1 Thu 10:30 R 1.020
High precision radiocarbon analysis of annual tree-ring sam-
ples — eLukas WACKER, STEPHANIE ARNOLD, SILVIA BOLLHALDER
Ltck, Marcus CHRISTL, and HANs-ARNO SyNaL — LIP, Otto-Stern-
Weg 5, CH-8093 Ziirich

Trees catalogued by dendrochronology are the most valuable source for
radiocarbon calibration throughout the Holocene, as trees rings pre-
serve atmospheric radiocarbon concentrations from the time they were
formed. The longest continuous European tree ring chronology reaches
back to 12 300 BP. However, the majority of the tree-ring based inter-
national radiocarbon calibration curve (IntCall3) is presently based
on measurements with decadal resolution. We will show that high-
est precision radiocarbon analysis on annual tree-ring samples are now
possible on a routine basis with compact AMS systems, which require
less material than for previous measurements performed with decay
counting. The newly acquired data will not only improve the next it-
eration of IntCal, but also carries new, high fidelity information about
past solar activity and therefore will allow for synchronization with
other not-so-well dated environmental archives.

MS 6.2 Thu 11:00 R 1.020
Design of a new Gas Interface for biomedical *C analyses —
eDANIELE DE MARIA!, StMoN FaHRNIZ, Lukas WACKER?!, and HaNs-
ArNo SynaL! — lLaboratory of Ion Beam Physics, ETH Zurich,
Switzerland — 2Ionplus AG, Dietikon, Switzerland

Radiocarbon analyses by accelerator mass spectrometry (AMS) have
a great potential for biomedical applications, in particular in pharma-
cokinetic studies using 1*C as a microtracer. Thus, the AMS approach
for this research field was investigated in a validation study conducted
in collaboration with Novartis (Basel, Switzerland) to evaluate the
performance of the MICADAS. Since these studies require the mea-
surement of a large number of samples in a short period of time, a
key problem of AMS technology is its low sample throughput. There-
fore, our aim is to develop a new gas handling system to achieve a
faster measurement process for applications where low precision but
higher throughput is required. The design of the new interface will
be presented, focusing in particular on the strategies to overcome the
time consuming cleaning procedure required after each sample to avoid
cross-contamination.

MS 6.3 Thu 11:15 R 1.020

Optimierung von 4CO32-Gasmessungen am CologneAMS

— eA. Srorz!, A. DewaLp!, S. Hemwze!, G. Zirzer!, R.

ArvteEnkircn!, M. Scuirrer!, S. Her!, C. MOLLER-GATERMANN?,

A. Worte?, J. RETHEMEYER? und T. Duna1? — !Institut fiir Kern-

Location: R 1.020

physik, Universitit zu Koln — 2Institut fiir Geologie und Mineralogie,
Universitat zu Koln

Zur Messung von 14C04-Gasproben wurde eine zweite HVEE SO-110B
Sputterquelle mit einem Gasfiihrungssystem von Ionplus AG am Kol-
ner 6 MV Tandetron Beschleuniger installiert und weitere Optimierun-
gen in Hinblick auf die Steigerung der Sputtereffizienz, Reproduzierbar-
keit, und Betriebssicherheit durchgefiihrt. Dariiber hinaus wurde ein
EuroVektor EA3000 an das Gassystem angeschlossen und das Magazin
des Gassystems von 8 auf 16 Proben erweitert. Zur Einbindung neu-
er Hardware und der Erweiterung des Funktionsumfangs wurde eine
eigene Steuersoftware entwickelt. Unbeaufsichtigte Ubernachtmessun-
gen mit dieser Software wurden mit EA-Proben und Ampullen erfolg-
reich durchgefiihrt. Der Blankwert von Proben aus Glasampullen liegt
bei 2...3-10~ 1%, Die Reproduzierbarkeit von typischerweise 0.5...1.5 %
liegt im Rahmen der Zahlstatistik. Zur Erh6hung der Betriebsstabilitét
wurde die Temperatur des Cs-Reservoirs von 130 °C auf 116 °C verrin-
gert. Die Sputtereffizienz betrigt mit den neuen Einstellungen 4...5 %.
Ergebnisse zu Reproduzierbarkeit und Blankwerten fiir verschiedene
Probengrofien und zu ersten Tests mit dem EA werden vorgestellt.
Das Projekt wurde teilweise aus Mitteln des ULDETIS Projekts der
Universitat zu Koln im Rahmen der DFG Exzellenzinitiative finanziert.

Invited Talk MS 6.4 Thu 11:30 R 1.020
A Gas Ion Source and its extension by Laser Ablation
for Online Radiocarbon Analyses — eCHRISTIANE YEMAN',
Lukas Wackier!, Bopo HATTENDORF2, MaRrRcus CHRIsTL!, CARO-
LINE WELTE!, and HaNs-ArNO SyNaL! — 1Laboratory of Ion Beam
Physics, ETH Zurich, Switzerland — 2?Laboratory of Inorganic Chem-

istry, ETH Zurich

In 2017, 5000 gaseous samples were analysed for radiocarbon with a
versatile gas interface at the gas ion source of the MICADAS (MIni-
CArbonDAtingSystem) at ETH Zurich. It is a fast way for radiocar-
bon analysis, for many applications favored over graphitization due to
higher sample throughput and the smaller sample sizes that are re-
quired.

Even faster radiocarbon analyses can be achieved by using the novel
laser ablation (LA) interface coupled to the AMS. A full radiocarbon
record can be collected in a single measurement. The sample surface
is scanned with a focused pulsed laser beam of UV light producing a
gas mixture of CO, CO2 and Oz, which is directly and continuously
introduced into the gas ion source of the MICADAS.

The pros and cons of the continuous online measurements of laser
ablation are compared in detail with the routine sequential gas mea-
surements using the versatile gas interface.

MS 7: Annual General Meeting of the Mass Spectrometry Division

Time: Thursday 14:00-14:30

Location: R 1.020

MS 8: Accelerator Mass Spectrometry 3

Time: Thursday 14:30-15:30

MS 8.1 Thu 14:30 R 1.020
Recent applications and developments of actinide detection
at VERA — eKarIN HaiN!, PETER STEIER!, ROBIN GOLSER!, JIXIN
Q1a02, GABRIELLE WALLNER®, STEPHAN WINKLER?, and PHILIPP
ZiMa3 — lFaculty of Physics, University of Vienna, Austria —
2Technical University of Denmark, Denmark — 3Faculty of Chem-
istry, University of Vienna, Austria — %iThemba LABS, Johannes-

Location: R 1.020

burg, South Africa

Long-lived actinides like 241 Am and in particular 236U are
routinely analyzed in environmental samples at the Vienna Environ-
mental Research Accelerator (VERA). The aim is to understand the
migration of these elements by studying their distribution in the envi-
ronment and also biosphere, and their emission sources. In this con-

239,240y,
K
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text, for example, depth profiles of these nuclides and 23"Np in the
Pacific Ocean and the 236U concentration in human lungs ashes were
studied. Most recently our portfolio was extended by anthropogenic
233U which can be found in global fallout at around 1% of 236U on
the Northern Hemisphere where it seems to offer the opportunity to
discriminate between U releases from thermonuclear weapons and civil
nuclear industry. First measurements on corals and snow from Antarc-
tica, however, indicate a considerably lower 233U/236U ratio on the
Southern Hemisphere. Current developments mainly focus on the in-
crease of the negative ion yield of actinides from the sputter ion source
by using fluoride based targets and to simplify sample preparation by
detecting 236U directly from the soil matrix. The results of the men-
tioned applications and developments will be discussed in this talk.

MS 8.2 Thu 14:45 R 1.020
Developments towards AMS of 182Hf with ILIAMS —

eMARTIN MARTscHINIY, XI1AOHE ZHANG!, Dac HansTorp?, Jo-

HANNES LaAcHNER!, ALFRED PRILLER!, PETER STEIER!, PauL
WasserBURGER!, and RoBIN GoLser! — 'VERA Laboratory, Uni-
versity of Vienna - Faculty of Physics, Austria — 2Department of

Physics, University of Gothenburg, Sweden

The Ion Laser InterAction Mass Spectrometry (ILIAMS) technique is
currently developed at the Vienna Environmental Research Accelerator
(VERA). It provides suppression of isobar contaminants in negative ion
beams for AMS via selective laser photodetachment in a gas-filled ra-
dio frequency quadrupole (RFQ). Measurement of the longlived trace
isotope 82Hf (T1/2 =8.9Ma) is one of the main objectives of this
project. '82Hf is of high astrophysical interest, however, despite sub-
stantial efforts, could not be measured at its natural abundance level
with conventional AMS so far due to strong isobaric interference from
stable 182W.

With He-O mixtures as buffer gas in the RFQ, suppression of
182WF5_ Vs 180HfF5_ by up to 10 has recently been achieved with
W-spiked targets. Mass analysis of the ejected anion beam identi-
fied the formation of oxyfluorides as an important reaction channel.
Furthermore, first tests with '82Hf reference materials have been con-
ducted. In this contribution, we will give details on these measure-
ments including the overall detection efficiency and the present sensi-
tivity limit. In addition, we will report on a survey of several sputter
materials for highest negative ion yields of HfF; .

MS 8.3 Thu 15:00 R 1.020
Progress in detection of Cs isotopes with ILIAMS at VERA —

MS 9:
Time: Thursday 16:15-18:15

MS 9.1 Thu 16:15 Redoutensaal
36Cl, a Tool to Determine Atmospheric Neutrons in Aircrafts.
— oeMANUEL LEBERT, CHRISTOPH BUSSER, THOMAS FAESTERMANN,
J. M. GoMEz-GuzMAN, ANGELINA KinasT, Dominik KoLr, GUN-
THER KoRrscHINEK, and Davib KRiEG — Technische Universitat
Miinchen, Garching, Germany

For ultra-sensitive AMS measurements, the initial radioisotope con-
centration must not be altered by transportation or storage.

To investigate if transportation by aircrafts leads to alteration, NaCl
was transported by plane for around 90 hours and afterwards the 36Cl
(t1/2 = 310 a) concentration, produced by 3*Cl(n,y)3®Cl reactions,
was measured with AMS at the MLL in Munich. We found that these
atmospheric neutrons had no effect on the samples.

In addition to that, the small concentration of 36C1/Cl of few 10~ 16
which we found in the samples will be studied further. The effect of
high energy muons formed in the atmosphere and the emission of neu-
trons by spontaneous fission of uranium in the salt stock beside others
will be considered. Further measurements of unprocessed NaCl from
the same salt mine are going to be performed.

MS 9.2 Thu 16:15 Redoutensaal
Optimierter Gasionisatioinsdetektor zum Nachweis von 26 Al
am 6MV Tandetron am CologneAMS — eGEREON HACKEN-
BERG, RICHARD ALTENKIRCH, ALEXANDER STOLZ, MARKUS SCHIF-
FER, SUSAN HERB, CLAUS MULLER-(GATERMANN, STEFAN HEINZE und
ALFRED DEwALD — Institut fiir Kernphysik, Universitat zu Koln

¢JOHANNES LACHNER, MARTIN MARTSCHINI, ALFRED PRILLER, PE-
TER STEIER, XIAOHE ZHANG, and RoBIN GoLseErR — VERA Labora-
tory, University of Vienna, Faculty of Physics, Austria

The development of Ion Laser InterAction Mass Spectrometry (IL-
TAMS) establishes new prospects for sensitive Accelerator Mass Spec-
trometry analyses of isotopic systems. The reliability of the new
method was proven with measurements of 36Cl and 26Al. Inside a
radiofrequency quadrupole filled with ~0.2 mbar He buffer gas the iso-
bars 368 and 26Mg could be suppressed by up to 10 orders of magnitude
via laser photodetachment using 532 nm photons from a 18 W cw laser.

Further application of the technique is expected by studying isotopic
systems that are new to AMS: Here, one focus is on the detection of the
trace isotopes 13%137Cs as the measurement of these two Cs isotopes
has widespread applications in the environmental sciences for dating or
source apportionment. In this case a suppression of the isobars 13°Ba
and 137Ba is required.

I will present the benefits of the use of either Cs™ or CsF; as pri-
mary extracted negative ion and their performance in the ion source
and transmission through the ion cooler. By generating the di-fluoride
anions CsF, and BaF, a suppression of the 135,137B isobars can be
accomplished using 532 nm photons in the photodetachment process.
The suppression furthermore profits from an additional chemical effect
inside the ion cooler, which is enhanced by an admixture of Oz to the
He buffer gas.

MS 8.4 Thu 15:15 R 1.020
AMS measurement of Cl-36 with Gas-Filled Magnet at 6 MV
— oCHRISTOF VOCKENHUBER — Laboratory of Ion Beam Physics,
ETH Zurich, Otto-Stern-Weg 5, 8093 Ziirich

Cl1-36 is one of the AMS nuclides that still requires high ion energy
to suppress the interfering isobar S-36 and is often used to justify a
(relatively) large tandem accelerator with a terminal voltage of 5-6
MYV. Over the past decades several methods have been developed by
the different AMS laboratories to solve the S-36 problem, each with
its own advantages and disadvantages. At ETH we recently switched
to the method of the gas-filled magent (GFM) for routine Cl-36 mea-
surements. Traditionally the GFM method has been only employed
by even larger accelerators at higher ion energies. In this talk I will
discuss the setup of the GFM at the 6 MV tandem accelerator at ETH
Zurich and the performance of Cl-36 under routine measurement con-
ditions. Additionally the question of how low in energy one can go
with the GFM will be addressed.

Poster 1

Location: Redoutensaal

Um am CologneAMS bei 26 Al-Messungen den statistischen Fehler zu
reduzieren, ist geplant neben elementarem Al auch AlO fiir Standard-
messungen zu nutzen, da dies zu einem hoheren Quellenoutput fiihrt.
Zur Unterdriickung des dabei auftretenden Isobars 26 Mg wurde ein
neuer Gasionisationsdetektor entworfen und direkt hinter dem Gas ge-
fullten Magneten installiert.

Dabei musste beachtet werden, dass der Detektor leicht aus dem
Strahlgang entfernbar ist, um den dahinter liegenden Aufbau fiir Be-
Messungen unverandert nutzen zu kénnen.

Der neue Detektor verfligt iiber 5 Anoden, von denen 2 diagonal
gesplittet sind. Hierdurch wird es moglich gestreute Strahlen in der di-
spersiven Ebene zu trennen. Zusétzlich wurden X-Schlitze in die Detek-
torkammer integriert. Aufferdem verfiigt der Detektor {iber eine grofie
Akzeptanz auf Grund seines 4cm? groRen SiN-Eintrittfensters.

Neben dem Aufbau und den Detektoreigenschaften werden erste
Messungen und Ergebnisse vorgestellt.

MS 9.3 Thu 16:15 Redoutensaal
Improving the accuracy in the analysis of 99Tc using
AMS — eCHrisTOPH Busser!, THoMas FAESTERMANN!, Josg
MAaNUEL G6MEz-GuzMANY, KARIN HAIN?, ANGELINA KiNasT!, Do-
MINIK KorL!, GuNTHER KORSCHINEK!, FLORIAN KORTMANN?, DAVID
Kriec!, MANUEL LEBERT!, CHRISTOPH LIERSE v. GosTOMSKI3, PE-
TER Lupwic!, and Francesca QuinTo? — 1Physics Department,
Technical University of Munich, Garching — 2Isotope Research and
Nuclear Physics, University of Vienna, Vienna — 3Radio Chemistry
Munich, Technical University of Munich, Garching — “Institute for
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Nuclear Waste Disposal, Karlsruhe Institute of Technology, Karlsruhe

Significant amounts of Tc-97 are released in to the environment by
nuclear bomb tests, nuclear reprocessing plants, nuclear accidents and
nuclear medicine. Further, as a fission product, Tc-99 is a concern for
the storage of spent nuclear fuel concerning the high mobility of the
pertechnetate ion. Hence quantitative ultra trace analysis of it is of
great importance. However the lack of stable Tc isotopes hampers the
measurements by AMS. Our approach to overcome this obstacle is to
utilize the long lived isotope Tc-97. Therefore we have produced Tc-
97 in two ways, by Ru-96(n,y)Ru-97 -> Tc-97 in our research reactor
FRMII and by the nuclear reaction of Li-7 with Nb-93 at our tandem
accelerator. An important issue is the proceeding sample chemistry to
suppress Mo-97 and Ru-99 to achieve low backgrounds for the AMS
measurements. In this presentation we will report on the nuclide pro-
duction, our sample chemistry and details of the first AMS measure-
ment.

MS 9.4 Thu 16:15 Redoutensaal
Concept of the automatic measurement using AMS setup at
the Cologne FN Tandem Accelerator — eSusaNn HERB, NiMma
SaED-Samil, CrLaus FEUERSTEIN, MARKUS SCHIFFER, RICHARD AL-
TENKIRCH, MARIO CAPPELLAZZO, STEFAN HEINZE, CLAUS MULLER-
GATERMANN, GEREON HACKENBERG, and ALFRED DEWALD — Insti-
tut fiir Kernphysik, Universitiat zu Koéln

The parameters of the hardware components of the AMS setup at
the FN Tandem Accelerator are controlled by the in-house developed
control software (phoenix software). In a first test phase AMS mea-
surements at the FN Accelerator were performed manually using a
standard amperemeter and the rare isotope data were processed by
the commercial analog MPA3-system from FAST ComTec. In this
contribution, we describe the concept and realization of an automated
AMS-measurement. The timing for the sequential isotope injection is
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MS 10.1 Thu 16:15 Orangerie
Resonant Laser Ionization Spectroscopy for Highly Selective
Extraction of Specific Lanthanides — eFELIX WEBER, VADIM
GADELSHIN, DowMmINIK STUDER, PascaL NauBerelT, and Kraus
WENDT — Johannes Gutenberg-Universitidt, Mainz

Resonance ionization spectroscopy is a versatile technique for efficient
and selective ionization as well as to study the energy levels of exotic
species. Due to the unique energy level structure a multi-step ion-
ization scheme is selective for a specific element. The combination of
resonance ionization with techniques from mass spectrometry allows
the selection of a single isotope of interest. The LARISSA group in
Mainz uses a high-repetition rate pulsed Ti:sapphire laser system with
tunability from about 680 to 1000 nm for spectroscopy, which can be
extended using frequency doubling, tripling and quadrupling. All lan-
thanide elements can be ionized by a two stage excitation using SHG
for both steps. An automatized tunable grating laser with intra-cavity
frequency doubling provides high output power over a wide wavelength
range. In order to combine high ionization efficiency and selectivity
with the ability to rapidly switch between different lanthanides, ded-
icated ionization schemes are developed at Johannes Gutenberg Uni-
versity Mainz. These will be used within the CERN-MEDICIS project
which aims to produce lanthanide isotopes for medical applications
and in addition serve as preparation for few-element detection of mi-
nor actinides by laser based ultratrace determination techniques.

MS 10.2 Thu 16:15 Orangerie
Laserablations unterstiitzte RIMS refraktirer Elemente —
eFELIX JULIAN WIESCHER, REINHARD HEINKE, DOMINIK STUDER und

Kraus WENDT — Johannes Gutenberg Universitat, Mainz, Deutsch-
land

Optische Spektren refraktdrer Elemente wurden bisher nur einge-
schrankt untersucht, da diese aufgrund ihres hohen Schmelzpunktes
und hoher Reaktivitat fiir die meisten Experimente an neutralen Ato-
men nur schwer zugénglich sind. An der Mainzer Atomstrahlapparatur
MABU wurde daher die urspriingliche Quellenregion, eine resistiv ge-
heizte Kavitét, durch eine kompakte Quadrupolfallenkonstruktion, den

handled by an Arduino micro-controller which provides logical signals
used to control the bouncer unit and as trigger for the acquisition. The
detection signals are processed via a new in-house programmed digital
DAQ-system based on CAEN digitizers. The phoenix software and the
data acquisition are coupled over an Ethernet interface. Therefore the
complete AMS data analysis is provided by the phoenix software.

MS 9.5 Thu 16:15 Redoutensaal
Development of an efficient high-current ion source for
Accelerator Mass Spectrometry — FEeLIPE Lipp BREGOLIN',
elaNs Horsiss!, GEorG RUGEL?, SHAVKAT AKHMADALIEVZ, SILKE
MERcHEL?, and JENNY FEIGE? — !Georg-August-Universitiat Gottin-
gen — 2Helmholtz-Zentrum Dresden-Rossendorf — 3Technische Uni-

versitat Berlin

A new high-current negative ion source for Accelerator Mass Spectrom-
etry (AMS) is being built to quantify the ratios of long-lived cosmo-
genic radionuclides in micrometeorites, which are of great astrophysical
interest. Measuring these extremely small ratios is at the technological
limits of present AMS systems. The new source is designed specifically
to provide a higher AMS detection sensitivity by having an optimal
ion-optics design, incorporating new concepts for the construction and
operation of the Cs ionizer, optimized Cs ion beam currents and Cs
vapor transport. The operation with higher cathode, extraction and
pre-acceleration voltages than usual is possible. Moreover, its design
is modular providing ease of access and simplifying maintenance while
having better mechanical stability at the same time. Several opera-
tional parameters can be controlled and measured during operation to
achieve a higher ion source performance. Detailed ion-optics simula-
tions of the ion source are compared with test measurements, and the
design optimized based on its results. The authors would like to thank
the Federal Ministry of Education and Research of Germany for its fi-
nancial support (project 05K2016), and the HZDR’s Ion Beam Center
for its essential contribution to the realization of this project.

Poster 2

Location: Orangerie

sogenannten Mini-RFQ [1], ersetzt. Dieser beinhaltet ein rotierendes
Laserablationstarget an dessen einem Ende. Unter Einsatz hochrepe-
tierender Titan:Saphir-Laser Mainzer Bauart (Pulsldnge ca. 50 ns, Pul-
senenergie ca. 0.4 mJ) werden Atome aus dem rotierendem Target ab-
latiert und erzeugte Neutrale in mehreren Anregungsschritten selektiv
resonant ionisiert. Das Durchstimmen der einzelnen Anregungsschritte
erlaubt die Messung der Spektrallinien, wodurch fundamentale atom-
physikalische Grofen wie Energielagen hochangeregter Zustdnde und
z.B. das Ionisationspotential prézise ermittelt werden kénnen. [1] - F.
Schneider et al., Eur.Phys. J. A (2015)

MS 10.3 Thu 16:15 Orangerie
An improved value of the proton’s atomic mass — eFaBIAN
Heisse!2, FLoriaN KOHLER-LaNGEs!, Sascaa Raul, Jiamin Houl,
SveN Junck®, ANkE Kracke!, ANDREAs Mooser?, WoLFGANG
QuinT2?, STEFAN ULMER?, GUNTER WERTH®, KLAUS BrLaum?!, and
SVEN STURM! — !Max-Planck-Institut fiir Kernphysik, Saupfercheck-
weg 1, D-69117 Heidelberg, Germany — 2GSI Helmholtzzentrum fiir
Schwerionenforschung, D-64291 Darmstadt, Germany — 3Institut fiir
Physik, Johannes Gutenberg-Universitdt Mainz, D-55099 Mainz, Ger-
many — *RIKEN, Ulmer Fundamental Symmetries Laboratory, Wako,
Saitama 351-0198, Japan

The proton is a central building block of the visible universe. The
precise knowledge of its properties is of great interest for tests of fun-
damental physics and metrology.

To measure the proton’s mass in natural units, a new cryogenic five-
fold Penning-trap setup was constructed. The measurement principle
is based on a phase-sensitive comparison of the proton’s cyclotron fre-
quency to that of a bare carbon nucleus (12C%7) in a highly harmonic
and purpose-built Penning trap.

The setup as well as the proton’s atomic mass will be presented.
The result improves the current literature value by a factor of 3 and
reveals a disagreement of about 3 standard deviations to it [1].

[1] F. HeiRe et al., Phys. Rev. Lett. 119, 033001 (2017)
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High-precision mass measurements with PENTATRAP — oCH.
Scuweicer!, R. X. ScuUssLEr!, A. Riscukal, M. Door!, P.
FiLianiNt, Y. Novikov?!, S. Sturm!, S. ULMERZ2, S. ELIsEEV!, and
K. Braum! — Max-Planck-Institut fiir Kernphysik, 69117 Heidel-
berg — 2RIKEN, Ulmer Initiative Research Unit, Saitama, Japan

The high-precision Penning-trap mass spectrometer PENTATRAP [1] is
currently being commissioned at the Max-Planck-Institut fiir Kern-
physik in Heidelberg. It aims at mass-ratio measurements of stable
and long-lived highly-charged ions with a relative uncertainty below
10~ through measurements of their respective cyclotron frequencies
in the strong magnetic field of a Penning trap.

Mass data at this level of precision have numerous applications, es-
pecially for tests of fundamental interactions and their symmetries,
among others in neutrino physics research or a direct test of the theory
of special relativity (SR). For a determination of the electron neutrino
mass on the sub-eV level within the ECHo collaboration [2] PENTA-
TRAP contributes with an independent measurement of the Q-value of
the electron capture transition of 163Ho to 163Dy. In collaboration
with the Institut-Laue-Langevin (ILL) a direct test of SR by conver-
sion of a mass to electromagnetic radiation as e.g. in the neutron
capture process of 3°Cl is planned. The mass ratio of 35Cl1/36Cl will
be precisely measured at PENTATRAP whereas the photon wavelength
is measured by means of crystal Bragg spectroscopy at the ILL.

[1] Repp, J. et al., Appl. Phys. B 107, 983 (2012)

[2] Gastaldo, L. et al., Eur. Phys. J. ST 226, 1623 (2017)

MS 10.5 Thu 16:15 Orangerie
Commissioning and First Experiments with TITAN’s
Multiple-Reflection Time-of-Flight Isobar Separator and
Mass Spectrometer — S. Beck!'4, C. Hornung!, S. Averh?,
M.P. Rerrer'2, J. Beramann!, T. Dickerl?, J. DiLing?3,
A. Finpavy23, H. GrsseL#, F. Gremer!, C. Jescu!, A.A.
Kwiarkowski?, E. LEISTENSCHNEIDER?S, W.R. Prassl4, C.
ScHEIDENBERGERD?, D. SHorr?, C. WiLL!, M. Yavor®, and THE
TITAN coLLABORATION? — !Justus-Liebig-Universitit, GieRen —
2TRIUMF, Vancouver — 3University of British Columbia, Vancouver
— “4GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darm-

stadt — ®Russian Academy of Sciences, St. Petersburg

Exotic nuclei can be produced with very high rates at the ISOL facil-
ity ISAC at TRIUMF (Vancouver, Canada). TRIUMF’s Ion Trap for
Atomic and Nuclear Science (TITAN) is a multiple ion-trap system
for high-precision mass measurements and in-trap decay spectroscopy.
Recently a Multi-Reflection Time-of-Flight Mass Separator and Spec-
trometer (MR-TOF-MS) has been installed and commissioned at TI-
TAN. It is based on an established concept tested at the FRS Ion-
Catcher at GSI. The ion of interest can be spatially separated from
isobaric contaminations with mass-selective dynamic re-trapping. Fur-
thermore, the device is well suited to perform high precision mass mea-
surements, particularly for short-lived isotopes produced at low rate.

High-precision mass measurements of neutron-rich titanium isotopes
were performed by the MR-TOF-MS to probe the existence of the
N=32 sub-shell closure above calcium.

MS 10.6 Thu 16:15 Orangerie
MOCCA: A 4k-pixel molecule camera for the position and
energy resolving detection of neutral molecule fragments

at the Cryogenic Storage Ring CSR — eDEeNNIs SchuLz!,

STEFFEN ALLGEIER', CHRISTIAN Enss!, ANDREAs FLEISCHMANN',
Lisa GameR!, LorEDANA GAsTaLDO!, SEBASTIAN KEMPF!, OLDRICH
Novorny?, and ANDREAS WoLr? — !Kirchhoff-Institute for Physics,

Heidelberg — 2Max Planck Institute for Nuclear Physics, Heidelberg

The Cryogenic Storage Ring CSR at the Max Planck Institute for
Nuclear Physics in Heidelberg can be used to prepare and store molec-
ular ions in their rotational and vibrational ground states, enabling
state-resolved studies on electron-ion interactions. The use of Metal-
lic Magnetic Calorimeters for particle detection allows for identifying
all neutral reaction products, using the deposited energy of incident
particles into MMC absorbers as a measure of the particle mass. To re-
solve the complete reaction kinematics, a position sensitive coincident
detection of multiple reaction products is necessary.

For those measurements we designed MOCCA, a 4k-pixel molecule
camera based on MMCs with a detection area of 45 mmx45 mm, which
is segmented into 64x64 absorbers and read out using only 32 SQUIDs.
We discuss the detector design, multi-hit capability, cross-talk and the
integration of its 3He/*He dilution refrigerator into the setup of the
CSR. We show first measurements and the expected energy resolution.

10

MS 10.7 Thu 16:15 Orangerie

Multi-reflection time-of-flight mass spectrometry with com-
bined in-trap lift capture and mirror-switch ejection — ePauL
Fiscuer', STEFAN KNAUER!, GERRIT MARX!, BIRGIT SCHABINGER!,
Lutz ScuwrikHARD!, and RoBERT N. WorLr? — Institut fiir Physik,
Universitit Greifswald, 17489 Greifswald, Germany — 2ARC Centre
of Excellence for Engineered Quantum Systems, School ofPhysics, The

University of Sydney, NSW 2006 Australia

Multi-reflection time-of-flight (MR-ToF) devices are mass separators
and analyzers with high resolving powers and fast processing times.
For ion injection and ejection, either the electrostatic ion-mirrors or
an in-trap lift electrode [1] can be switched. Both methods result in
advantages as well as drawbacks. We show the results of a combination
of the two, i.e. in-trap lift switching is employed for ion capture with
increased mirror-potential stability and exit-side mirror switching for
increased ejection mass band width.

Measurements with small lead clusters illustrate the individual tech-
niques as well as the gain from their combination [2].

[1] R. N. Wolf et al., Int. J. Mass Spectrom. 313:8-14(2012)

[2] S. Knauer et al., Int. J. Mass. Spectrom., online:

https://doi.org/10.1016/j.ijms.2017.10.007(2017).

MS 10.8 Thu 16:15 Orangerie
A laser ablation ion source for the MR-TOF-MS at the
FRS Ion Catcher — eLizzy GROF!, DALER AMANBAYEV!, SAMUEL
AveT!2, JuLiaNn BereMANN!, Tivmo DickerL!?, Hans GrisseLl2,
FLoRIAN GREINER!, CHRISTINE HornuUNG!, WoLrcanc Prass!:2,
ANN-KaTHRIN RINk!, and CHRISTOPH SCHEIDENBERGER!:?
1 Justus-Liebig Universitit Giefen, Germany — 2GSI Helmholtzzen-
trum fiir Schwerionenforschung GmbH, Darmstadt, Germany

High resolution mass spectrometry of exotic nuclei is an important
tool to provide information about nuclear structure. Multiple reflec-
tion time-of-flight mass spectrometers (MR-TOF-MS) proved to be
the perfect devices in particular for short-lived (~ms) isotopes. For
MR-TOF-MS it is necessary to have calibrant ions over a broad mass
range and a high repetition rate(=~100 Hz). These requirements can
be full-filled by the laser ablation carbon cluster ion source (LACCI),
which is a part of the new diagnostics unit for the FRS Ion Catcher.
The new diagnostics unit consists in addition of an RFQ based beam
transport and distribution system, differential pumping sections and
an RF Quadrupole mass filter. It will be integrated in 2018 in the
beam line of the FRS Ion Catcher, which consists of a cryogenic stop-
ping cell, a RFQ based beamline and a MR-TOF-MS. With LACCI
a stable ( 10 hours) and high repetition rate (100Hz) ion production
from different target materials is possible due to a 2D movable target
table. The capabilities of the new diagnostics unit and first long term
measurements with LACCI will be presented.

MS 10.9 Thu 16:15 Orangerie
Analysis of isobaric interferences in the analysis of Tc-99 with
SF-ICPMS — eMAaARKUS PLASCHKE, FrRANCEscA QUINTO, FRANK
GEYER, and HorsT GEckEIs — Institute for Nuclear Waste Disposal,
Karlsruhe Institute of Technology, Karlsruhe, Germany

Tc-99 is, due to its long half-life and high mobility in the environ-
ment, a fission product of concern for the safe management of nuclear
waste. SF-ICPMS constitutes a powerful tool for the analysis of Tc-99
in samples from nuclear decommissioning activities or experiments on
the geochemical behavior of Tc. Isobaric background in the determina-
tion of Tc-99 with SF-ICPMS arise from the molecular species Mo-98H
and from the stable nuclide Ru-99. Chemical separation of Tc from
Mo and Ru is effective in removing a relevant part of the interfering
nuclides. However, for some applications the direct measurement of Tc-
99 in water samples without previous chemical separation is required.
It is of great interest to verify which levels of Tc-99 can be reliably
determined in presence of variable concentrations of Mo and Ru. We
present a systematic investigation of the influence of Mo and Ru at
various orders of magnitude on the background for the determination
of Tc-99 in samples with different matrices.

MS 10.10 Thu 16:15 Orangerie
Lab Intercomparison for the Establishment of a New Multi-
Isotope Plutonium Standard — BiornN DitTMANND2, RAFFAE-
LE Buowmpane3, ELeNa CHaMizo*, Marcus CHRISTL?, ALFRED
DewaLp®, TiBor Dunar?, Cravus FEUersTEIN®, KieTH FIFIELD?,
FaBio MarzatoL®, CARSTEN MUNKER?, ANTONIO PETRAGLIAS,
Erik STrUB!, CARMINA SIRIGNANO?, HANS-ARNO SYNAL®, MICHAEL
FROHLICH, eSTEFAN HEINZE®, FiLiPPo TERRASI®, STEPHEN Tims’
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und ANTON WALLNER” — !Division of Chemistry, University of Colo-

gne — 2Institute of Geology and Mineralogy, University of Cologne —
3VanCentre for Isotopic Research on the Cultural and Environmental
Heritage, University Luigi Vanvitelli — 4Centro Nacional de Acelera-
dores, Universidad de Sevilla — ®Laboratory of Ion Beam Physics,
ETH Zurich — SInstitute of Nuclear Physics, University of Cologne —
"Department of Nuclear Physics, Research School of Physics & Engi-
neering, Australian National University

A new multi-isotopic plutonium standard for isotopic ratio measure-
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ments with AMS was created by mixing different single-isotope IRMM
standards (Pu-239, Pu-240, Pu-242, Pu-244). This standard materi-
al has been measured at the AMS facilities at Canberra (Australia),
Cologne (Germany), Caserta (Italy), Sevilla (Spain) and Zurich (Swit-
zerland). Aditionally, the material was characterized using a Neptune
MC-ICPMS (multi-collector inductively coupled plasma mass spectro-
metry) at the joint Cologne-Bonn facility and with RIMS (resonant
ionisation mass spectrometry) at the University of Mainz (Germany).
Consensus values for the standard material will be proposed.



