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Laser Methods Based on Isotope Shifts

Isotope shift due to the change in nuclear mass, charge radii and moments
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Laser Methods Based on Isotope Shifts

Isotope shift due to the change in nuclear mass, charge radii and moments
Kr-78 80 82 84 86 Kr-81 83 85

-997 -713 -130 0 87
1s.--2p, 811nm Laser Frequency (MHz)

>

8 10-2_“ 83Kr
=
S 10% - 10 photons
S .
2 10° -
<
ok ™
0
o
0_10-10_
10 g . 85Kr
(PrOb) X IA :.810'12— 81Kr
Q10"
LLJ
107 - I I I I I
-150 -100 -50 0 50 100

Frequency (MHz)



Spontaneous Scattering Light Force
Resonance & Repetition
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Krypton Atom (81 amu, 811 nm)

Single photon kick dv: 6 mm/sec

Transition rate: 107 Jsec mmmm)  Acceleration: 6 x 10* m/sec?
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ATTA - Krypton
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ATTA-1: Chen et al., Science 286, 1139 (1999)



Counts (arb. units)

Single Atom Detection
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81Kr / 83Kr Isotope Ratio

Test linearity and reliability
on relative isotope ratios
Modern samples measured
under different conditions
Vary laser power, alignment,

discharge, pressure ...
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True isotope ratio:
81Kr / Kr = (5.3 +/- 1.2) x 1013
Collon et al. NIM B123 (1997)

81Kr/Kr is the ideal integrator of
cosmic-ray flux over ~ 300 kyr.



ATTA-3 vs. Decay Counting - Roland’s Test

81Kr / Kr=5 x 1013 85Kr/ Kr=1012- 1010
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81Kr Dating: From Dream to Practice

Polar Ice
Groundwater
Water or Ice | | | | | | | |
Sample Size (kg) 107 106 105 104 103 102 10 1
Efficiency I | | ' ' | | |

108 1077 10® 10> 104 103 102 10!

1 [ |
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1969 1999 1997 2003 2011

Present Status of ATTA-3:
e Selectivity requirement: Done;

e Efficiency requirements: Practical, but far from perfection

ATTA-1: Chen et al., Science (1999)
ATTA-2: Du et al., Geophys. Res. Lett. (2003)
ATTA-3: Jiang et al., Geochim. Cosmochim. Acta (2012)



81Kr Dating: Sample Size
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One Million Years of Nubian Aquifer
Groundwater History

Neil Sturchio et al., Geophys. Res. Lett. (2004)

» Analyses performed with ATTA-2
» Groundwater at six sites dated,;
» Flow direction and speed measured.
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Smce Nov 2011, 8Kr/Kr and #Kr/Kr analyzed using ATTA-3

\// Great Artesian Basin, Australia ---- 19 samples
/ Yellowstone National Park ---------- 6 samples
‘/' Waste Isolation Pilot Plant ---------- 2 samples
‘/I Guarani Aquifer, Brazil --------------- 5 samples
/ Locust Grove, Maryland ------------- 7 samples

Antarctic Ice -----------------m - 4 samples

More samples in preparation at UIC and Bern
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2 — 3 hours: typical 8Kr/Kr analysis

36 hours:  wash with xenon
2 days: analysis—wash cycle for one sample
120 samples per year




Summary

At present
e 5-10 micro-| of Kr; 100-200 kg of water; 40-80 kg of ice
e 120 samples per year

Assuming no technical advances:
e an additional beamline = + 120 samples / year

Incremental technical advances are possible

Transformational advance (optical production) is under
Investigation



ATTA-4: Optical Production of Kr*
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Optical production of Kr*
via two-photon excitation:

124 nm + 819 nm

Young et al., J. Phys. B (2002)
Ding et al. RSI (2007)
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Determine the Loading Rate of 83Kr — The Quench Method
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