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Solar energetic particle (SEP) events

Sun irregularly expels large
amounts of particles
(solar flares)

Solar energetic protons
(SEP) induce global
radionuclide production spike

http://cdn.sci-news.com/images/enlarge5/image _6983e-Solar-Proton-Event
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Dendrochronology

Tree Cross
Section

* Tree-rings grow annually
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Measurement of Radiocarbon in tree rings

Sampling and Sample preparation Modelling and Results
Dendrochronolog and Measurement
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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)
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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)
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Reconstruction of solar act
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Solar energetic particle (SEP) events during the last
1000 years

993

-10

-12

-14

-16

AMCin %e

-18

=20

-22

-24

i

ETH: 11.5 + 1.0 kg

985

Nicolas Brehm

990

995

1000 1005
Time in year AD

1010

1015

1020

~ o

N
C* production rate
(normalized)

o

AYCin %o

1052

2.5

0.0

=25

-5.0

-7.5

-10.0

-12.5

-15.0

i

ETH: 9.7 =19 kg

Menjo: 8.3 £ 4.1 kg
Eastoe: 145 + 2.5 kg

o N B & o
(normalized)

C'* production rate

1047

1049

1051

1053 1055 1057
Time in years AD

1059

1061

1063

-15

-20

-25

1280

1270

T ETH:9.7 = 2.4kg
Hong: No event
Eastoe: No event
} ] { } ‘ ‘I l !
1275 1280 1285 1290
Time in year AD
10

~

N
C' production rate

o

(hormalized)

(e}



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

Nicolas Brehm

Looking at different low temporal
resolution 1°Be and 36Cl records
from ice cores

Finding time periods where
multiple records show anomaly
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Search for new SEP events e
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Search for new SEP events
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Search for new SEP events
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Search for new SEP events
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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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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
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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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Influence of Geomagnetic shielding
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Conclusion
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Outlook
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Influence of Geomagnetic shielding

1012 —y 102
— E 3
G100 - J 10t
e . E
© 108+ §10° E
Q 1 1101
» 10° E »2373
% 10* 110 >
| 1103
9102_ — M=9 -- GLE 05 1.
— -- GLE 24 310
10° ey ——— - =103
0.01 0.1 Energy (GeV) 1 10
5 | T T T E
& E
E s
L E
2! E
e ] ]
S E E
@© E 3
© E E
o 3 3
S ;
@4 3
(O T T T T T 1
4 6 8 10 12
M (1022 A-m?)
1.3 . : . : .
§ 1.2 -
S 1.1-
Na,
c 1
2
5 0.9
D
=08
o
O o7
0.6 T T T T
4 6 8 10 12

Nicolas Brehm

38



Solar energetic particle (SEP) events

80

75

AMC (%)

® Beta

O  IAA
Four-box carbon cycle model fit

65 -

60 -

55

) e
Rt

3390

Nicolas Brehm

3380

Year (gc)

3370

3360

Wang et al. 2017




Solar energetic particle (SEP) events
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Modelling
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Modelling
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Modelling
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