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Cosmogenic isotopes as
proxies for the solar activity

Edouard BARD & Mélanie BARONI

CEREGE, Aix-en-Provence
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eo- and helio-magnetic fields
odulate the arrival of protons
from galactic cosmic rays

Cascade of particle
reactions in the
atmosphere (air shower)




Anti-correlation between the solar activity and the
cosmic-ray flux measured by neutron monitors
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Geo- and heliomagnetic modulation
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Production ('°Be) as a function of altitude, the solar
modulation potential ® and the intensity of the
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Studying the solar activity with cosmogenic
nuclides from various “geological” archives”

10Be & 36CI

’ in polar ice
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14C & 1°Be in ,h
marine sedlments

14C in subfossil wood




14C & 1°Be ,
by accelerator
mass
spectrometry Iin
Aix-en-Provence




The most recent '4C calibration curve prepared by
the IntCal group: IntCal13 after 09, 04, 98, 93

Radiocarbon Volume in Open Access
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Atmospheric “CO, molecules diffuse in the
other reservoirs of the carbon cycle

Photosynthesis




Comparing '*C and '°Be records requires the use
of numerical models of various complexity

The Bern Carbon Cycle Muodel
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Bomb tests in the early 60s provide us with
the impulse response function
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A4 C (%0)

The bomb '%C has diffused into other
reservoirs of the carbon cycle, e.g. the ocean
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10Be measured in ice

cores from Antarctica

-

South Pole



19Be in ice cores from Antarctica and “C in tree-rings

\'“C atmosphére [permil]
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10Be records from Greenland and Antarctica
(GRIP and EDML)
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Extracting the solar activity from the IntCal '4C curve
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Sunspot number reconstruction over the Holocene
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An unexpected and mysterious result in
A14C records with annual resolution
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A signature of cosmic-ray increase in AD 774-775
from tree rings in Japan

Fasa Mivaks
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The spike has been replicated in trees from
Germany, California, Siberia and New-Zealand

10

® Larch
& Bristlecone Pine
—&— Cedar (Miyake et al. 2012)
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Carbon cycle box modeling shows it is compatible
with an increase of 15-20 kg of 14C
=~ 2-3 times the average yearly production by GCR



Another spike (10 %o.) detected around 994 AD
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Previously detected in a '°Be record from
Antarctica but at low resolution
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The spike is too rapid and too large for the solar

modulation of galactic cosmic rays, hence:
» Supernova (but no other evidence),
» Strong solar energetic particle (SEP) event



Many thanks for listening

- Sigurdur H. Stefnisson



