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related opportunities for applications with long-lived radionuclides




6 MV Tandem: “good old times in nuclear physics” ETHzirich

1984-2008 jointly operated between SIN/PSI-ETHZ



Versatlle mstrumentatmn for AMS and Ion Beam Analyses ETHz(irich

1.7 MV Tandetron (IBA) ~ S 200 kV ProtoMlcadas 14C AMS
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AMS: a unique detection technique ETHzirich

important AMS radionuclides
10Be, 14C, 26A|, 36C|, 41Ca, 12|, actinides
Half-lives: 5700 -12"700°000 yrs

Single atom detection capabilities
= High accuracy (%o)
= Dynamic range (10%)
=  Extreme sensitivity

Isotope ratios: 109 - 1015

Log(Abundance) by Number

Atomic Number




Decay counting

Number of Atoms
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How many Atoms we need
for a good measurement (1%) ?

A At
N =— — .
) A(t)=A,-e
A
N: Number of atoms
A: Activity
A Decay constant

Reasonable assumptions:

— Measurement time: 10° s (12 days)
- Minimum count rate: 0.01 cps
— Detection efficiency: 100 %



Counting atoms
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Mass spectrometric separation

lon source

-

-

Mass: 14 amu (*4C, 13CH, 12CH,)

—

isobar/ mass Amass
molecule (MeV/c?) (MeV/c2) m/Am
14¢ 13044.0422
14N 13043.8861 0.1561 83562
12CH, 13055.6004 11.5582 1129
13CH 13051.4364 7.3942 1766

\>

Mass 12 amu (*2C)

ETH:zurich




State-of-the-Art AMS system ETH:iirich
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Molecule dissociation ETHziirich

atomic &

molecular ions:
14C,13CH,12CH2

only atomic

ions
14C,13C,12C, H

@ @ @

mass 14 amu

mass: 14 amu
13 amu
12 amu
1 amu




Optimizing performance of AMS instruments ETH ziirich

Nuclear scattering

Gas flow model lon optics/ray tracin . :
ptics/ray & simulation

o
—
|99 %
99 %
l91
191
191
91'%
|

pump pump + < coupling

width / mm
o
T
1

103 mbar

stripper tube
—

position / cm

Determine and optimize:

* Gas density distribution Monte Carlo simulation

* Total gas flow * Arbitrary geometries

* Direct injection into adjacent tubes * Inhomogeneous density profiles



State-of-the-Art AMS system ETH:iirich
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Charge state yield with ion energy ETHiirich

Traditional AMS
2.5-9 MV

Coulomb

Argon gas stripping disintegration
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“golden rule in AMS”: light molecules are unstable if charge state 3+ of higher is reached



Traditional 3-6 MV AMS systems ETHziirich
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Charge state yield with ion energy
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Compact AMS
0.2-1MV

Multiple ion gas collisions

Traditional AMS
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Stripping Process ETHziirich

Injected negative
mass 14 ions g=1, 0, 1%, 2%, 3*,..

13Cq

13CHq
12Cq
12CH,q
Ha

T T T T T T

Destruction ¢

SAMPLE CONTAINING ]
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* Electron-loss
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THE >CH3* MOLECULE AND RADIOCARBON DATING BY ACCELERATOR MASS —

H.W. LEE, A. GALINDO-URIBARRI *, K.H. CHANG, L.R. KILIUS and A.E. LITHERLAND

ISOTRACE Laboratory, University of Toronto, Toronto, Ontario M38 IA7, Canada ..
Schulze-Konig, T., NIMB 269 (2011) 34-39



The Generation of Compact AMS Systems ETHziirich

The first compact AMS system (1998) using charge state 1*

Commercial systems are on the market from NEC and HVEE



Cross section for molecule dissociation ETHzurich

He stripper gas
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He areal density of = 0.5ug / cm?2 should be sufficient to get rid of molecules



Physical properties of Ar/N, stripping

charge state fraction
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Vacuum insulated High Voltage platform ETHziirich




Physics of He-stripping at low energies ETHziirich
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MICADAS: high-performance **C AMS system ETHziirich




LEA: A 50kV AMS system for 50kyears dating ETHziirich
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ineering scientific instruments

Design protected under European patent: 2559055 licensed to lonplus AG



Compact multi-isotope AMS systems ETHziirich

o 10Be
° 14C
. 2
o 4lCa
° 129|
* Actinides (U, Pu, Pa, Np,...)
Stripper LI
815 =
0.6 MV NEC Pelletron
90° Magnet 90° Magnet
* Progress A Ssonten
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e Better understanding of 130° Magnet P
Stripping processes | e
MC-SNICS e
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Particle identification: Gas ionization detector

Detector window
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Particle Identification (AE-E,..) isobar suppression ETHZziirich
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Enhancing actinide yields @ low energies

Stripping vield 300 keV

He instead of Ar:

factor 3-4 more > 30% transmission

previous transmissions

at other facilities: < 5% transmission

transmission [%]

ETH:zurich
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Universal AMS: 10Be, 14C, 2°A| 41Ca, 12°] and actinides  ETHirich
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Physical properties of molecule dissociation ETHziirich

Because focusing effect of acceleration depends on particle charge state
v’ Can be corrected by using a quadrupole lens system
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Multi Isotope Low Energy AMS system (MILEA) ETHziirich

A versatile AMS system for:
1OBe’ 14C’

26A|, 41Ca’
129] 2
9|’ 36U,

239,240,242,244P u
’

lonplus”

engineering scientific instruments an d Ot h era Ct' n |d es



Actinide measurement sequence: uranium ETHziirich

233U/238U 236U/238U

LE-magnet

accelerator  quadrupole HE1-magnet

ia triplet
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high total detection efficiency of up to 1% for U and Pu
236 /238 background in the 1014 range
multiple isotope ratio measurement capability: 233 /238; 236 /238Y; 23> /238U



Dissemination of LIP technologies ETH:iirich

Today: World market leader for

Founded: February 2013 Ionplus-% compact AMS systems

25 Employees
engineering scientific instruments Annual turnover:  >10 MioCHF

EE
uli‘li /

commercializing LIP
technical developments

MICDAS AMS system
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ETH :ziirich



Accelerator Mass Spectrometry worldwide
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Radiocarbon age ETHziirich

14C Half-life = 5'700 Years

Alt)=A, e

14C Atoms

0 5'000 10'000 15'000 20'000 Time / Years



Precondition for dating ETH ziirich

= 14C Production variable with time?

Intensity variation of cosmic radiation
modulation of Earth magnetic field
Solar activity

= variation of CO, concentration in atmosphere!
Release of fossil CO, (Suess-Effect)
Variation of CO, exchange from different reservoirs (Climate)

= No additional’#C-sources! 20 ‘ w w

NH zone 1
------- NH zone 2
—-=w- NHzone 3
SH zone

Atomic bomb testing
Nuclear activities
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Tree ring chronologies ETHziirich

« Same growing pattern can be
matched.

Tree 3
« Time range can be extended

over the lifetime of one tree.

B W O NN W BB W T B B B W W e W e e ]
40 35 30 25 20 15 10 5 0

Making an absolute time scale by counting individual tree-rings




Radiocarbon Dating Procedure

Radiocarbon age BP (year)

SwissCal 1.0 L. Wacker (2010) / Atmospheric data from Reimer et al (2009)
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Refining radiocarbon calibration data

Results of reference material: 1515AD

Mean Radiocarbon Age:

344.3 + 1.3 BP
sample scatter: 12 years
slightly less than
average uncertainty: 14 years
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Box model:

Global carbon cycle

Sunlight COz2 in the
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Comparison: direct observation - reconstruction ETHziirich
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ETH:zurich

A new sunspot record over 1000 years!
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Annually resolved tree ring data ETHziirich

A signature of cosmic-ray increase in AD 774-775
from tree rings in Japan

Fusa Miyake!, Kentaro Nagaya', Kimiaki Masuda' & Toshio Nakamura®
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strong solar proton events ETHziirich
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