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Rare Noble Gas Isotopes

Studying exotic nuclear structure, testing QED

6He and 8He or 3He and 4He

Searching for physics beyond the standard model

Rare Neon isotopes

Dating of ice and water

39Ar

Monitoring of the Nuclear Non-Proliferation Treaty

85Kr

Krypton contamination in Xenon Dark Matter detectors

Kr contamination in Xe
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Radioisotope Dating

Decay of 39Ar
with a half life 
of 269 years
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Radioisotope Dating

age [years before present]
10-4 10-3 10-2 10-1 100 101 102 103 104 105 106 107

222Rn

85Kr

3H-3He

14C

36Cl

81Krpost bomb

isotope half life

222Rn 3.824 d
3H 12.32 a
85Kr 10.76 a
14C 5730 a

81Kr 232 ka
36Cl 301 ka

39Ar 269 a

- Conservative tracer
not involved in chemical
processes

- Anthropogenic contribution
< 5 %

- Variations in atmospheric
39Ar concentration during
the last 1000 years < 7 %
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Radioisotope Dating

Atmospheric 
abundance of
about 8.1 10-16
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Radioisotope Dating

Atmospheric 
abundance of
about 8.1 10-16

~9000 39Ar
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39Ar : 40Ar = 1 : 1 000 000 000 000 000

Public debit of the USA in US-cents

4000x to the moon!

39Ar:40Ar = 4000 times to the moon and there is one cent
different!
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Detection methods for 39Ar

Radioactivity:
Low-Level-Counting (LLC): 39Ar→ 39K + e− + ν̄e
Only large samples (1-3 tons of water)

Mass:
Accelerator Mass Spectrometry (AMS):
Possible, but difficult for noble gases

Atomic spectrum:
Atom Trap Trace Analysis (ATTA)
Complement for rare and long-lived noble gases
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ATTA for Rare Krypton Isotopes

85Kr 81Kr 39Ar

half life 10.76 a 232 ka 269 a

relative abundance 2 · 10−11 6 · 10−13 8 · 10−16
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Principle of ATTA

Isotope shifts:
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Principle of ATTA

Isotope shifts:

Transition rate: ∼107 Hz
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Principle of ATTA

Isotope shifts:
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Principle of ATTA

Isotope shifts:

(Rate)5 × Iso. abundance
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Principle of ATTA

Isotope shifts:

(Rate)100 × Iso. abundance
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Principle of ATTA

Isotope shifts:

Coils
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s

Laser beams

Key characteristics:
Resonance & repetition

→ Zero background
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39Ar-ATTA System
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Atmospheric 39Ar count rate:
3.6 atoms/h
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How to translate an 39Ar count rate into a concentration?

No other abundant argon isotope with hyperfine structure (nuclear
spin of 39Ar I = 7/2)

→ Normalization with atmospheric 39Ar reference (3.6 atoms/h)

→ A stable count rate during and between all measurements is
required!
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First Groundwatersamples: Results
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First Groundwatersamples: Results
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14C [pmC] 84.03 ± 0.24 22.1 ± 0.4a 0.025 ± 0.020

39Ar age ATTA [a] 46 ± 71 574 ± 95 > 652

avalues from Beyerle et. al, 1998

→ Groundwater dating with 39Ar-ATTA demonstrated
F. Ritterbusch et al. (2014), Groundwater dating with Atom Trap Trace Analysis of 39Ar, Geophys. Res. Lett., 41
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First Results with 4ml Samples (Preliminary)

CCD

liquid nitrogen 
cooled source

Zeeman-Slower (ZSL)

collimator

magneto-optical
lens (MOL) MOT

40Ar-quench

argon
inlet

laser beam
for ZSL

compensation coil

RGA

fibre

avalanche-photodiode (APD)
outlet

turbomolecular
pump (TMP)

2000 l/s

2xTMP
50 l/s

TMP
50 l/s

TMP
250 l/s

40Ar -
 beamprofiler

differential 
pumping tube

photodiode for 
atomflux monitoring

CCD

(a)

(b)

and booster

Throughput configuration

Required sample size: 30 mL/h
0.5 -1 L STP argon ↔ 1000 - 2500 kg water or 500 - 1000 kg ice
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Required sample size: 30 mL/h
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Recycling configuration

Required sample size due to contamination:
4 -10 mL STP argon ↔ 10 - 25 L water or 4 - 10 kg ice
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First Results with 4ml Samples (Preliminary)
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Reduction of the needed sample size by more than a factor 100!
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In Progress: 39Ar Dating of Glacier Ice and Ocean Water
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Optical Pumping
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Optical Pumping

groundstate
J = 

1s2

1s4
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1s5
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impact
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Anika 
Frölian
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Hans

see: www.matterwave.de

In an 40Ar spectroscopy cell: 40% are gained by each transition,
together 80%

A realisation for 39Ar has to be investigated
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Bichromatic Force: Basic Principle

Radiative force

Bichromatic force

Force is limited: Frad < ~k γ2
Force is not limited by the
spontaneous decay rate

Calculation: Yatsenko (1991, 2004), Cs: J. Söding et. al. (1996),
Rb: Williams/Metcalf (1999), He: Cashen/Metcalf (2001)
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Bichromatic Force: Realisation

π/Δπ-pulse train

Ω

ω0 - Δ
ω0+Δ

ω0 - Δ
ω0+Δ

Average force F = ~k
π ∆ (only limited by power!)

Optimum phase φ = π
2
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Bichromatic Force: Experimental Results
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F = ~k
π ∆

For 39Ar the realisation of the repumper still has to be
investigated
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Summary
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39Ar and Atom Trap Trace Analysis
as an application of a rare noble gas
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First demonstration of ATTA of 39Ar
with groundwater (GRL 2014) and
reduction of the sample size down to
4 ml
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