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Primary Nature: 
High-energy charged 
particles

For geoscientists: high energy protons



Dunai (2010), after Simpson and Fagot (1953)

Transmutations in 
the atmosphere: 
The nuclear cascade  

For Geoscientists:

- The secondary cosmic ray 
flux decreases exponentially 
with atmospheric depth

- At the Earth’s surface it are 
the neutrons that remain   
(~90 % of the nucleon flux)



Secondary nature: Neutrons 

Dunai (2010), data Goldhagen (2002)

For Geoscientist of primary importance…



Production of cosmogenic nuclides

cosmogenic 
nuclides & 
nucleons

Cosmic rays

‘target’-
nuclide

production rate

N – N00 atoms/g·a

nuclides used:
3He, 10Be, 21Ne, 26Al, 36Cl



The concentration of cosmogenic nuclides in a sample is a 
function of the duration of exposure
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Duration of exposure to cosmic rays

This is the ideal case: no erosion

Slope corresponds 
to production rate 
(known)

measured 
concentration

exposure age

Radio-nuclide



The production rate of cosmogenic nuclides decreases 
exponentially with depth

In 3m depth the production rate droped 
by 99%D
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Production rate

every ~50-60 cm, in rocks, the 
production rate drops by 1/e 
(~63%)



What can be dated?

... in principle any surface that is created by a geological 
process (and more)

rock-falls glacial and fluvial deposits

fault scarps volcanic deposits



The concentration of cosmogenic nuclides is a 
function of the erosion rate

The width of the cone indicates the 
change of produciton rate with depth

erosion of
surface

conc.=P/(λ+ε/z*)

P= production rate
ε = erosion rate
λ = decay constant
z* ~ 50-60 cm
(z*=Λ / ρ)



conc.=P/(λ+ε/z)





From: Dunai (2010); source ISI web of knowledge

Papers on Earth science applications of cosmogenic nuclides



CologneAMS (June 2010)

ASTER, CEREGE, Univ. Marseille (2008)

Emerging
Research Infrastructure in Europe



Smiles all around? Or are there 
problems…Smiles:

-Combined calibration efforts of CRONUS-EU (FP6 MC-RTN) and 
CRONUS-Earth (NSF) reduced systematic uncertainties to < 5 % 
for many localities world-wide.
- analytical methodology is improved and research infrastructure 
built (e.g. four dedicated AMS-facilities in Europe since 2005). 
- training of young scientists (e.g. 10 postdocs in CRONUS-EU, all 
found further employment in research institutions).

Problems:
-CRONUS calibration studies revealed inadequacies of models for 
high-mountain altitude, the site of unique climate records (e.g. 
tropical glaciers). 
-This problem arises mainly from our patchy knowledge of 
neutron energy spectra for the deep atmosphere (i.e. the part 
that is relevant for geosciences).



All currently used scaling factors rely on data from station and survey monitors that have 
a marginal capacity to resolve the neutrons’ energy



http://www.universe.nasa.gov/astroparticles/programs/bess/figures.html

Balloon-borne Experiment with Superconducting Spectrometer
(ISAS/JAXA & NASA; 2004-2007)

http://www.universe.nasa.gov/astroparticles/programs/bess/BESS.html


From: Sato et al (2008)





Bonner Spheres allow the detailed 
description of the secondary neutron 
energy spectrum

- available since the 1960’s

- environmental surveys since 2002

http://www.ptb.de/en/org/6/65/nemus_details.htm



From: Sato et al (2008)

12 km

Sea 
level

A gaping hole, as if 
the Earth’s surface 

does not exist



From: Dunai (2010)



Required next steps
• Latitude and altitude surveys with energy-

dispersive neutron monitors at altitudes relevant 
for Earth-surface processes.

• Conduct surveys at solar minimum and 
maximum.

• This would allow the full description of the 
neutron flux relevant for cosmogenic nuclide 
production.

• Merging this information with new reaction 
cross-section data.

• Result: accurate exposure ages would be 
routinely possible at all latitudes and altitudes.



Why do I state this here?

• The (astro-)physics community helped to generate the 
present methodological framework for cosmogenic 
nuclide production for geoscientists as a by-product 
(which served geosciences remarkably well).

• The quality upgrade sought, would require a tailor-made 
product; this to achieve the accuracy needed for 
pertinent research questions (e.g. paleo-climatology).

• The astrophysics community has the infrastructure, as 
well as the expertise, to help to realize this enterprise in 
collaboration with dedicated ‘cosmogenic’ geoscientists.

• What is needed is - hard to come by - interdisciplinary 
funding.







From: Clem (1999)



From: Sato et al (2008)


