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Solar flares and energetic particles
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SOHO (Credit NASA)




Spectra of SEP events
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Hardness of spectra
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GLE (Ground Level Enhancement) 23-02-1956
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Hardness of GLE events
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 Strong GLE (Ground Level Enhancement) events are hard;
 Moderate events are uncertain;
» \Weak events are hard:




SPE: space era
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Shea & Smart (1990, 2012), Reedy (2012):
No events with F,,>10%° cm-2 since 1956.




Ccosmogenic radionuclides
14C and 1°Be:
last 11 millennia




Potential signature in annual 1°Be
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Some candidates in IntCall3 series
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Candidates from rougher series
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19 events F;,=(1-3)*101% cm

1event F;,=(4-5)*101° cm2

no events with F;;>5*10%° cm-2

Statistics for 11400 years:
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Final result
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Lunar/meteoritic samples
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14C activity in a lunar sample 68815 (Jull et al., 1998).




Specific event of 775 AD




14C signal

Baseline adjusted A™C (%o)
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10Be signal

“Be flux [107 atoms/cm?’/s]

Be flux [10” atoms/cm®/s]
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Energy spectrum of 775 AD event
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Hardness of GLE events
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The worst case scenario?




OPDF of solar flares

Schrijver & Beer, EOS, 2014
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Events to look for in A4C
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Summary

Four potential candidates with F;,=(1+1:5)*10'° cm-? and no events with
F2,>2*101° cm- identified since 1400 AD in the annually resolved 1°Be data.

For the Holocene, 20 SPE candidates with F,,=(1+5)*10'° cm- are found in the
14C and °Be data and clearly no event with F;,>5*10'° cm->

The greatest event was ca. 775 AD F;,~5*10'° cm-. It may serve as the worst
case scenario.

On average, extreme SPEs contribute about 10% to the total SEP flux.

Practical limits are: F, =1, , and 5*10'° cm-? for the occurrence probability =
102, and 10 yeart, respectively.




Plan

From candidates =

case studies of all events.







