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Detection of solar events by using radiocarbon in tree-rings

The sun as it appeared in October 2017, imaged by NASA’s Solar Dynamics Observatory
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14C

Cosmogenic radionuclide

http://www2.yukawa.kyoto-u.ac.jp/~crphys2020/

Radiocarbon

Halflife: 5700 yrs



Nicolas Brehm
3

Solar energetic particle (SEP) events

http://cdn.sci-news.com/images/enlarge5/image_6983e-Solar-Proton-Event.jpg

Sun irregularly expels large 
amounts of particles 
(solar flares)

Solar energetic protons 
(SEP) induce global 
radionuclide production spike
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Dendrochronology

https://www.crowcanyon.org/index.php/dendrochro

nology

• Tree-rings grow annually

• Trees can be matched based on 

common tree-ring growth signal (n≥ 
50)

• Overlapping trees of different ages 

can securely build up a chronology (n≥ 
20)

https://www.crowcanyon.org/index.php/dendrochronology
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Measurement of Radiocarbon in tree rings

Sampling and 

Dendrochronology
Modelling and Results

Sample preparation 

and Measurement

https://www.tagesanzeiger.ch/zuerich/stadt/der-aelteste-
wald-der-welt-/story/10797271



Nicolas Brehm
6

Solar energetic particle (SEP) events

Sakurai et al. 2020

775 CE 993 CE 664 BC

Miyake et al. 2013Miyake et al. 2012

3 events were so far detected by using radionuclides (775 AD, 993 AD and 664 BC)
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Solar energetic particle (SEP) events

3 events were so far detected by using radionuclides (775 AD, 993 AD and 664 BC)

Usoskin et al. (2020)
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2021

Reconstruction of solar activity
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2021

Reconstruction of solar activity
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Solar energetic particle (SEP) events during the last 
1000 years

993 1052 1280



Nicolas Brehm
11

Solar energetic particle (SEP) events during the last 
1000 years

993 1052 1280
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Solar energetic particle (SEP) events during the last 
1000 years

993 1052 1280

Miyahara et al. 2022
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Search for new SEP events

Past ~ 12‘000 years available from tree rings

~16% Measured annually (~2000 yr)
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Search for new SEP events

• Looking at different low temporal 

resolution 10Be and 36Cl records 

from ice cores

• Finding time periods where 

multiple records show anomaly

https://www.researchgate.net/figure/Map-of-both-polar-regions-indicating-

selected-ice-core-drilling-sites-in-Greenland-NEEM_fig6_301173005

Adolphi et al.
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Search for new SEP events

• Looking at different low temporal 

resolution 10Be and 36Cl records 

from ice cores

• Finding time periods where 

multiple records show anomaly

https://www.researchgate.net/figure/Map-of-both-polar-regions-indicating-

selected-ice-core-drilling-sites-in-Greenland-NEEM_fig6_301173005 Adolphi et al.
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Search for new SEP events

• Looking at different low temporal 

resolution 10Be and 36Cl records 

from ice cores

• Finding time periods where 

multiple records show anomaly

https://www.researchgate.net/figure/Map-of-both-polar-regions-indicating-

selected-ice-core-drilling-sites-in-Greenland-NEEM_fig6_301173005 Adolphi et al.
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Search for new SEP events
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Search for new SEP events

Miyake et al 2021
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Search for new SEP events

Miyake et al 2021
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Search for new SEP events

• Looking at different low temporal 

resolution 10Be and 36Cl records 

from ice cores

• Finding time periods where 

multiple records show anomaly

https://www.researchgate.net/figure/Map-of-both-polar-regions-indicating-

selected-ice-core-drilling-sites-in-Greenland-NEEM_fig6_301173005 Adolphi et al.
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Search for new SEP events

• Looking at different low temporal 

resolution 10Be and 36Cl records 

from ice cores

• Finding time periods where 

multiple records show anomaly

https://www.researchgate.net/figure/Map-of-both-polar-regions-indicating-

selected-ice-core-drilling-sites-in-Greenland-NEEM_fig6_301173005 Adolphi et al.
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Detection of SEP events

(at 7176 BCE/9125 BP)
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Detection of SEP events

(at 7176 BCE/9125 BP)
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Search for new SEP events

• Looking at different low temporal 

resolution 10Be and 36Cl records 

from ice cores

• Finding time periods where 

multiple records show anomaly

https://www.researchgate.net/figure/Map-of-both-polar-regions-indicating-

selected-ice-core-drilling-sites-in-Greenland-NEEM_fig6_301173005 Adolphi et al.
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Search for new SEP events

• Looking at different low temporal 

resolution 10Be and 36Cl records 

from ice cores

• Finding time periods where 

multiple records show anomaly

https://www.researchgate.net/figure/Map-of-both-polar-regions-indicating-

selected-ice-core-drilling-sites-in-Greenland-NEEM_fig6_301173005 Adolphi et al.
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Detection of SEP events

(at 7176 BCE/ 7208 BP)
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Comparison of different events
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Characterization of events using 
a carbon cycle box model
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Characterization of events using 
a carbon cycle box model
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Influence of Geomagnetic shielding

Earth magnetic field is not 
constant over time

For direct comparison of
the event the magnetic
field has to be considered
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Influence of Geomagnetic shielding
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Influence of Geomagnetic shielding
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Influence of Geomagnetic shielding
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Conclusion

5 new SEP events found!

Events compared and 
characterized in terms of
additionally produced
Radiocarbon

Better statistics for such 
extreme events can be
obtained

Usoskin et al. 

in preparation
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Outlook
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Thank you!

Lukas Wacker, Supervisor

Marcus Christl, Hans- Arno Synal

Emmanuelle Casanova, 

Richard P. Evershed, 

Silvia Bollhalder, Raimund Muscheler, 
Kurt Nicolussi, Timothy Knowles, 

Alex Bayliss, Florian Adolphi,

Florian Mekhaldi, Charlotte Pearson, 

Rashit Hantemirov, Ilya Usoskin, Daniel 
Nievergelt, Sami Solanki

Ion Beam Physics Group
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Influence of Geomagnetic shielding
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Solar energetic particle (SEP) events

Wang et al. 2017
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Solar energetic particle (SEP) events

Wang et al. 2017 Jull et al. 2021
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Modelling
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Modelling
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Modelling


