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ﬂCs is an important branching point in the /> Discrepancy of a.strophysic.al sites. for
s-process which defines the 134Ba/!3¢Ba ratio ;‘(—)processzjfllowmg detection of |I\{e
(Li et al. 2021) by two parameters: Fe and ***Pu in deep-sea reservoirs

> Detection of live "*?Hf (T, = 8.9 Ma)

* The beta-decay rate at stellar
can help in solving this puzzle. No

temperatures
e The **Cs(n,y)'*5Cs cross sections at keV natural production on earth 2 live 1&2Hf
energies must stem from recent nucleosynthesiy

B 24Py flux measured Previoiis work
> 244py, flux upper limit (20)
B 244py) fiux ISM-model
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Detection limits of 13>Cs/133Cs =~ 10714 neededJ
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» Both nuclides (13°Cs & 182Hf)
have half-lifes in Ma range
and low abundances of 10714
need to be detected > AMS
is the measurement method
of choice

» No separation of isobars
(13°Ba & '¥2W) in classical AMS
at this level possible >
ILIAMS setup at VERA
absolutely  necessary  for
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ILIAMS

isobar suppression
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ILIAMS is a buffer-gas filled RFQ where 30 keV anions are slowed to near-thermal energies
and are collinearly overlapped with a laser beam = Low-energy isobar suppression

It can act as an
» ion cooler to extend the interaction time between ion beam and laser beam for laser
photodetachment (A-+y 2> A+e”) or
» asagas reaction cell to suppress interfering isobars by molecular transitions /
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» 135Cs is extracted as CsF,™ because it makes suppression of BaF,~ with a green laser achievable

1 |
= 233eV !
%‘é’ ' » Barium reduction by lon-Laser interaction by
2 |
58 1 - 107 and Cs stays unaffected!
32 BaF,
g v
R | .. . o _c
a5 / | / » BaF,” has a lower ionization efficiency by
0 I | factor 10
|
» Measurements on Ba-spiked material give
. isobaric suppressions > 10% at VERA and make
4] detection limits of 13°Cs/133Cs = 101! with
255 ILIAMS possible
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ILIAMS as a gas reaction cell
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Reproducibility on standard material < 5%
with detection limit of
as 182W3* and 182Hf3* are not separable in
GIC = monitoring 183W3*

in the gas
reaction cell 2 Cross contamination in the
ion source was not observed above this
background level
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> 182Hf is extracted as 182HfF.~
since 182WF;~ can be
suppressed by a
182W|:5— 9
182\WF.,O~ & 18WF,0,™ with
oxygen-containing buffer gas
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Conclusion

» The detection of both 13°Cs for neutron capture cross section measurements and live ¥2Hf in
deep sea archives is under development at VERA with the

> For both nuclides abundance sensitivities of 10714 are needed

» For Cs, and low ion source output prevent measuring lower isotopic ratios
than 10711

» For Hf, the by molecular transitions in the ion cooler is limiting the blank values

» For both nuclides, AMS at VERA provides the , still the
detection limits need to be improved to detect 82Hf also in and
135Cs in irradiated 33Cs samples
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G y detection of 134Cs (T,,,=2.06 yrs) is half-life -
limited = unsuitable for long-term tracing » First results on TIMS measurements give
consensus values on 33Cs/137Cs for Chernobyl
» 135Cs is a pure beta-emitter with long half- and Fukushima [Bu et al., J. Anal. At. Spectrom.
life - radiometric measurement hardly 2019] )
possible
J
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AMS ... or how it‘s normally done

Cs" ion flux

» MC SNICS: Cs* sputtering to get suitable Condensed

R ] . neutral Cs lonizer
negative ions = Rb* or ,,self-sustainable” Extractor

¥

sputtering process \ /

¥

Cathode
material

Cs oven

[https://tandem.nipne.ro/9MV_Pelletron.php]
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5 W:\éﬁrs'tat AMS ... or how it‘s normally done

Cs" ion flux
» MC SNICS: Cs* sputtering to get suitable Condensed _
. . N . " neutral Cs lonizer
negative ions = Rb* or ,,self-sustainable / Extractor
sputtering process /
| 4 / /
7 2 .
) . Cathode ' ' ' ' '
» Elemental analysis methods in the gas- material 3500
filled ionization chamber > complete 3000 - 135843+ 4 135C g3+
suppression of Ba is necessary 32500_'
/ [https://tandem.nipne.ro/9V ?,
8 2000 -
g 902r2+
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buffer-gas filled RF quadrupole

» ion beam is overlapped with a laser beam of
suitable energy

» non-resonant neutralization of anions with

electron affinities < photon energy /

» electrostatic deceleration to = 30 eV
: » buffer gas cooling down to = 1 eV
= 2.33 eV : :
= § T » RF quadrupole field keeps ions on track
£ L [ . : :
56 | » ion residence times: 1-10 ms
33 BaF,” J
o @
58
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photon energy (~eV)
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B lon Production and Detection
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w{\ére]rsnat 135,137CsF,~ for isobar suppression with ILIAMS
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Extracting CsF,” from the ion source makes suppression of Ba achievable with green (2.33 eV) laser.

AI T T T T T T
AN
104F-F—© 4 E > . : 1
5 A : Ba reduced by collisions with the gas by 1x10
x10 o) % A
A e O- = ] . . .
= 10° » Further reduction by lon-Laser interaction by
2 ] 1x10* and Cs stays unaffected!
£ 102
g 2 expected Cs count rate ] . o
O . A . &, 1 » 30% ion cooler transmission, 25% accelerator
g L — transmission for Cs
e * . x10t| ]
+ 400 .. . . .
@ 10 > BaF,” has a lower ionization efficiency by
o ® Blank Laser on T | 1
g O Blank Laser off factor 1x10
10'H A Reference Material Laser on T
A Reference Material Laser off
, » Measurements on Ba-Spike give isobaric
10* 1 M 1 L 1 M 1 " 1 " .
0.15 0.20 0.25 0.30 0.35 0.40 suppressions > 10° at VERA
He buffer gas pressure (mbar)
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Reference materials

» No 13°Cs/133Cs and no 13>Cs/13/Cs reference materials available

D.5ay BZ_ —> measurements relative to ICP-MS measured consensus values and
iy in-house standard for 13>Cs/*37Cs

J

| typical range 1"
' . ' % 1.067—-—:._:_:_- —————————— 0
» 13’Cs Amersham UK solution mixed with °
Cs,SO,-carrier and PbF, as reference material g °e
§ E - 0.6
» 135Cs/137Cs ratio not known a priori 5 |[Fukushima] I
b 0.34
S 030 ‘
. . . e 1| Chernobyl | o2
» First measurements at VERA give a ratio of ::l \
— 0.0

thermal neutron flux (cm™? s™)

135Cs/137Cs = 0.73 £ 0.08 / T
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Environmental samples
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» First real samples measured at VERA show

Chernobyl and Fukushima signature

» Samples prepared and measured at ICP-QQQ-MS at

IRS Hannover

J

Samples measured by ICP-QQQ-MS and AMS

[Data taken from Zok et al., Environ. Sci. Technol. 2021]

» Abundance sensitivity of ICP MS sufficient for
heavily contaminated samples = estimations for
general oceanic samples in $3°Cs/Cs = 10714 range

- AMS needed

J
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f> Detection limit at VERA 13>13/Cs/Cs = 1011

» Major problem for reaching desired detection
limit of 1074 is cross contamination in ion
source (and not isobaric interferences from

barium) J
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135Cs - State of the Art
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cell with oxygen

> ICPMS/MS measurements use concept of reaction

» Abundance sensitivity 13°Cs/133Cs ~ 10-°

-

» AMS measurements at ISO Trace Laboratory
(University of Ottawa) - Cs ions captured in
RFQ-reaction cell

) » Abundance sensitivity 13°Cs/133Cs ~ 10710

y
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[MacDonald et al. 2014]
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» Barium (even at 8') is not -

Why do we need ILIAMS?

2500 R
separable from Cesium in the %mo_— S
gas-filled ionization chamber §1500_. %072+ |
» Near complete suppression of 3] ‘%
barium is necessary 10007 -
500  45g¢t+ -

Ba spike (laser off)

» M/q interferences are well
@ ® Cs reference material
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135Cs and 137Cs — Applications

half-life of 13°Cs not well known (0.7 - 3.0 Ma) = low level /> modeling of
activity measurement and low level MS measurement anthropogenic
necessary radionuclide dispersion
» studying erosion
T,5(13°Cs) = n(2) W (N133¢5/As3scs) ) > dating sediments )
AMS
2
Spiked material O
E e E
Low-level activity =1 < @:
measurement 3 2
L

1500 1000 500
Distance (km)

[Smith et al. 2015]



