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Shedding light on Isobars — eRoBIN GOLSER — University of
Vienna, Faculty of Physics, Isotope Physics

Accelerator Mass Spectrometry (AMS) is an extremely sensitive
method to measure minute amounts of radionuclides. An electrostatic
accelerator of the Tandem type is utilized to break-up molecules and
to provide sufficient energy to identify atoms by their nuclear charge.
Abundance sensitivities can routinely be measured as low as 1E-15 if
no isobar interferes. Isobars, i.e. atomic or molecular ions with almost
the same mass as the ion of interest, are /the/ challenge in (A)MS.
Exploiting electronic properties of the isobaric anions at sub-eV ki-
netic energies is becoming a breakthrough for isobar suppression. Key
of a new method implemented at the Vienna Environmental Research
Accelerator (VERA) is the (non-resonant) laser photo-detachment of
the unwanted isobars in a linear, gas-filled radio-frequency quadrupole.
The negative ions of interest remain unaffected by the laser light, when
their electron affinity is greater than the photon energy. Although the
technique has proven robust and reliable in all cases tried so far, we ob-
serve some unexpected phenomena. For example, certain molecules get
significantly suppressed without laser, and a strong ”chemical reaction”
with oxygen occurs when, e.g. Hf-fluoride anions are used in order
to measure Hf-182. We envision both new (A)MS isotopes and new
(A)MS applications.

MS 1.2 Mon 11:00 U A-Esch 2
Cs isotope by means of ILIAMS —
eJouANNES LAcHNER!, ALEXANDER WIESER!, Dac HANSTORPZ,
Maxk1r Honpal, Hamer Liang2, D1 Lu2, OscaR MARCHHART!,

MARTIN MAaRTscHINI', ALFRED PRILLER!, PETER STEIER!, JuU-

LiA SUNDBERG2, JakoB WELANDER?, and RoBIN GoOLSErR! —
Hsotope Physics, Faculty of Physics, University of Vienna, Austria

— 2Department of Physics, University of Gothenburg, Sweden

measurements
1

The sensitive analysis of the trace isotopes 135:137Cs in natural sam-
ples, which is of interest for environmental and radio-ecological studies,
is one of the aims in the development of Ion Laser InterAction Mass
Spectrometry (ILIAMS) at the Vienna Environmental Research Ac-
celerator (VERA). Following the extraction of CsF; and BaF, from
the sputter ion source, a suppression of the 13%:137Ba isobars can be
accomplished using a combination of 1) collisional detachment in a He
buffer gas filled radiofrequency quadrupole, 2) chemical reactions by
admixing a small fraction of O2 to the He buffer gas, and 3) photode-
tachment with 2.3eV photons (A=532nm).

Experiments at the Goteborg University Negative Ion Laser LAb-
oratory (GUNILLA) suggest that increasing the photon energy from
2.3eV to 3.8eV or 5.0eV is not applicable since both CsF, and BaF;
are detached at higher energies. On the other hand, the experiments
revealed that the interfering isobar BaF; is easier detached in colli-
sions than CsF; . First ILIAMS assisted AMS measurements at VERA
resulted in the successful detection of 135Cs and 137Cs using in-house
reference materials.

MS 1.3 Mon 11:15 U A-Esch 2
AMS of 998r with ILIAMS — eMARTIN MAaRTscHINI', Os-

cAR MARcHHART!, Makr Honpal, Dac HANSTORP2, JOHANNES

LacuNer!, HaiMer Lianc2?, ALFRED PRILLER', PETER STEIER!,
ALEXANDER WIESER!, and RoBIN GoLser! — lIsotope Physics, Uni-
versity of Vienna - Faculty of Physics, Austria — 2Department of

Physics, University of Gothenburg, Sweden

The fission product 2°Sr (T1/2 =28.64a) is of high environmental in-
terest both for its radiotoxicity as well as its potential as a tracer.
Present 90Sr detection limits of mass spectrometric techniques like
RIMS, ICP-MS or AMS are similar to the radiometric limit of 3 mBq.

The new Ion Laser InterAction Mass Spectrometry (ILIAMS) tech-
nique at the Vienna Environmental Research Accelerator (VERA)
overcomes the limiting isobar problem in AMS. It provides near-
complete suppression of isobar contaminants in negative ion beams
via selective laser photodetachment in a gas-filled radio frequency
quadrupole (RFQ). With 12W of laser power from a 532nm cw-laser
and He-O2 mixtures as buffer gas, ILIAMS provides a suppression of
9OZng and 89YF3_ vs 8BSrF3T of >107. Extraction of SrF3 from the
ion source and elemental separation in the ionization chamber provide
additional suppression of Zr. First measurements on a dilution series
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from TAEA-TEL-2016-03 reference solution and Zr- and Y-spiked tar-
gets were successfully conducted. One of the remaining challenges is
the low sputter output from SrFg attributed to ionizer poisoning by
Sr. In this contribution, we will detail these measurements including
efficiency and the present sensitivity limit.

MS 1.4 Mon 11:30 U A-Esch 2
Tracing Nuclear Weapons Fallout Actinides and 9°Tc by AMS
— oKariN Hain!, Fapmme Gorce!, MicuaeL Kern!, GUNTHER
KORSCHINEK?, JOHANNES LACHNER!, MARTIN MARTSCHINI!, PETER
StrIER!, JAN WELCcH3, MasaTrosHr Yamapa?, and RoBIN GoLSER!
— 1Universitit Wien, Austria — 2Technische Universitdt Miinchen,
Germany — 3Technische Universitit Wien, Austria — *Hirosaki Uni-
versity, Japan

Long-lived radionuclides emitted into the environment by nuclear
weapons tests can be used to study their migration behaviour under
different physio-chemical conditions. In order to allow a direct com-
parison, at VERA (Vienna Environmental Research Accelerator), we
aim to analyse as many radionuclides as possible from the same sam-
ple. This requires a high overall detection efficiency including chemical
sample preparation. The current procedure, which allows us to analyze
233,2361y 239,240py, 237Np and 24! Am from the same 10 L ocean water
sample, and depth profiles from the Pacific Ocean analysed accordingly
will be discussed. In this context, experiments on the negative ion yield
of Uranium from the ion source are being conducted from which the
latest results will be presented. We recently started a project on the
detection of nuclear weapons fallout 9°Tc in different environmental
reservoirs. A chemical purification procedure adjustable to the respec-
tive sample matrix is currently being developed using a 99™Tc tracer.
Preliminary results on the chemical recovery of different approaches
and test measurements at the Maier-Leibnitz-Laboratory will be dis-
cussed.

MS 1.5 Mon 11:45 U A-Esch 2
Long-term Behavior of Actinides from Global Fallout and
In-situ Tracer Tests — oFraNcEsca QuiNTo!, HorsT GECKEIS!,
KarIN HaiN?, MARKUSs PrLascHKE!, THORSTEN ScHAFER!, and PE-
TER STEIER? — !Institute for Nuclear Waste Disposal, Karlsruhe In-
stitute of Technology, Karlsruhe, Germany — 2Isotope Research and
Nuclear Physics, University of Vienna, Vienna, Austria

In order to evaluate the safety of nuclear waste disposal in deep geo-
logical formations, the long-term behavior of the actinides (An) in the
environment must be studied. This is possible, e.g., with the investiga-
tion of chronologically defined nuclear contaminations like the global
fallout and in situ radionuclide tracer tests. At the Grimsel Test Site
(GTS) located in the granitic rock of the Aar Massif in Switzerland,
we have analyzed the global fallout derived U-236, Np-237 and Pu-239
and the tracers U-233, Np-237, Pu-242, Pu-244, Am-241 and Am-243
employed in several in situ tests. Thanks to the sensitivity of accelera-
tor mass spectrometry, we have determined An concentrations ranging
from pg/g down to ag/g in groundwater samples sized 0.1 to 250 g.
Such analytical capability has allowed gaining valuable experimental
data on the retention and migration of An during more than a decade
in the crystalline rock at the GT'S.

MS 1.6 Mon 12:00 U A-Esch 2
Development of an analytical method for the determination
of actinides in clay systems at ultra-trace levels with accelera-
tor mass spectrometry (AMS) — eD. GLckmaN!, F. QuinTO!,
K. Hain?, C. JosepH!, V. MonToval, P. STEIER?, and H. GECKEIs!
— lInstitute for Nuclear Waste Disposal, Karlsruhe Institute of Tech-
nology, Karlsruhe, Germany — 2Isotope Physics, Faculty of Physics,
University of Vienna, Vienna, Austria

A potential host rock for the final disposal of high-level nuclear waste
(HLW) is clay rock. In the case of the release of radionuclides from the
repository, diffusion represents their main transport process in this for-
mation. Under reducing conditions, which are expected in the repos-
itory, actinides are stabilized in low valence states (+III, +IV) nor-
mally resulting in low solubility and strong sorption in clay minerals
which makes it difficult to study diffusion processes. For this reason,
an analytical procedure capable of determining actinides at ultra-trace
levels (fg/sample) was developed. For detection, accelerator mass spec-
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trometry (AMS) was applied. The analytical procedure comprised the
preparation of Opalinus Clay and Callovo-Oxfordian Clay / pore wa-
ter samples spiked with U-233, Np-237, Pu-244, Am-243 and Cm-248,
group extraction of these nuclides and their measurement with AMS.
The analysis of these actinide nuclides at concentrations down to 1E+6
atoms/sample (ca. 0.4 fg/sample) from the same sample has been
demonstrated by AMS. Such analytical capability will allow for the
investigation of actinide diffusion under reducing conditions which will
contribute to the safety assessment of HLW repositories.

MS 1.7 Mon 12:15 U A-Esch 2
Test of Projectile X-ray AMS for Nuclear Waste Manage-
ment — eMARKUS SCHIFFER, LENA BussmaNN, Craus MULLER-
GATERMANN, RICHARD SPANIER, SUSAN HERB, ALEXANDER STOLZ,
STEFAN HEINZE, GEREON HACKENBERG, and ALFRED DEWALD —
University of Cologne, Institute of Nuclear Physics, Germany

Projectile X-ray AMS (PXAMS) is a well-known method for isobar

separation by the measurement of characteristic X-rays. The discrim-
ination of AMS nuclide and isobar suffers from low X-ray production
yields and detection efficiencies, compared to the detection with par-
ticle detectors. New commercial Fast Silicon Drift Detectors (FSDD)
with large active area of 50 mm? with high energy resolution, AE=123
eV at 5.9 keV, allow nowadays a high detection efficiency.

We investigate the projectile X-ray production yield at energies of 2
MeV /amu for medium mass isotopes on heavy stopper materials, like
Au or U, to test its suitability as an alternative detection technique
to liquid scintillator counting for the determination of isotopic concen-
trations of e.g. 99Sr, which plays an important role for nuclear waste
management.

In this kind of reaction we observed shifts in X-ray energies which
are explained in literature by molecular-like electron states for heavy
ion collisions. This may became important for the background by Kg,
Lg and Mg lines.



